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1 SPECI FI CATI ON PROCESS FOR PRODUCI NG CYCLCOHEXANONE
OXI ME BACKGROUND OF THE | NVENTJ ON 5 Technical Field
The present invention relates to a process for
produci ng cycl ohexanone oxi ne. Cycl ohexanone oxine is
useful as a raw material of e-caprolactamand further,

.a raw material of nylony | i ke. 10
Description of the relatggEﬁﬁgqféﬁg ocess for '
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wi th hydrogen peroxi de and amonia in the 15 presence
of a titanosilicate catal yst has been known (see for
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has been obtai ned by the ammoxi nati on
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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 titahosilicate catalyst has been known (see
for example, JP-A-62-59256 (1987), JP-A-6-49015 (1994) and
JP-A-6-92922 (1994)). With respect to a process for
collect;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 is carried out
using water as a reaction solvent and cyclohexanone oxime
is extracted with toluene from the reaction solution after
removing the catalyst from the solution by filtration.

Further, .JP-Ar6-92922 (1994) discloses a process which



i ncludes carrying out the above-nentioned amoxi mati on
reaction using a m xed sol vent of t-butyl alcohol and
water as the reaction solvent, subjecting the
reaction solution fromwhich the catal yst has been
renmoved by filtration to 5 distpllation to renove
unreact ed ammoni a and wat er- containing t-butyl

al cohol as distillate, and extracting cycl ohexanone
oxime with toluene fromthe botton1product and t hen

SutieGidd) e RXHACT {0 ddk?ef ' 'A@&&é’%é € ammoximation

toluene as distilldate, and l ecting cy c o exanone
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EP 1270548 (2003) is directed to a method of purifying
cyclohexanone oxime from a solution of solvents immiscible
with water (e.g. toluene, benzene, etc.) which consists of
washing the solution with water or with an aqueous solution

15 of a base having a pK < 5 or by passing the solution of
cyclohexanone oxime through weakly alkaline exchange resin
and, optionally also through a weakly acid ion exchange
resin.

EP 0005291 (1979) is directed to the recovery of

20 cyclohexanone oxime from a solution of the oxime in toluene
by separating the toluene and oxime by distillation wherein
the process is characterized by the distillation step being
started from a solution of the oxime in toluene obtained by

the incomplete conversion of cyclohexanone and having a

25 cyclohexanone content of over 0.5 g/100g of oxime.




SUMVARY OF THE | NVENTI ON However, the thernal
stability of cycl ohexanone oxime which is collected
according to the above-nentioned conventiona
processes is not always adequate. For this 5 reason,
there are a probl em caused by eration of a tar and
probl ens of reduction in yield and deterioration in
quality, for exanple, when the collected cycl ohexanone
oxime is stored and transferred in a heated and nelted

a5l BaiE piFElactlon by ST et on o or”

B ion. T .

pr esent b RIBH oS- haU T brt 951 44 Y ut oy ohgheppgone oxine
f_d i for ad | .
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stability, in a process for producjng cycl.ohexanone ,
oSPRYCTES PR BFRAESASH | OfiedoamTKISR | OHCABRERT on. FOr this
As a resul&%ﬁ.the inventori have founﬂé}hat t he .
ab68#&°RentinGT&d W@sBrOP AMp SaXEES); dﬂﬁp‘?:%ﬁtdi?rthf a tar
out the ammoxi mation reaction 5 and then subjecting ) )
saPd RERRIYM sOfut TNl QP sdfy g5iefd gpgpeterioration in
consisting of predeterm ned distillatiaogn, extraction
afHahaski ngforo evapPLee tRepr ddint Godhtestiesh. cyRéohexanone
present jinvention is to provide a process for

pPBUTEI nkf cPEPTIREX aefe tanaL amriech iRAclaudbsatad and melted
followng 10 steps (1) to &6); (1) a step of reacting _
c§ERbRexanBfe, WAglr o§Bg collected cyclohexanone oxime is

10 gasified for purification by distillation or for the

Beckmann rearrangement reaction.
Then, the present inventors have intensively studied
for the purpose of developing a process for advantageously

collecting cyclohexanone oxime superior in thermal
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peroxi de and anmonia in the presence of a
titanosilicate catalyst to give a reaction solution
cont ai ni ng cycl ohexanone oxi ne, 3wat er, unreacted
amoni a and unreacted 15 cycl ohexanone (hereinafter,
this step is referred to as a "reaction step"), (2) a
step of subjecting the reaction solution obtained in
t hestakbplity, t dndistprdéetsonfoe irsiducielf cy@iBlésdanone oxime
and obtain a bottom product containing 20
cycdbyhekanabevexnent ionedr amnox hyst Dbwe xpeaction. As a result,
(hereinafter, this step is referred to as a "first
di sthe| dnventorephave (Sjumd sthptofthe xdbuwyrd-erdinidmed purpose
product obtained in the step (2) with an organic
sol Gaint beolatdrdaedy epeantyimg aubi ther eanmdxdimdtion reaction
organi c | ayer and an aqueous |ayer 25 (hereinafter,
t hiandt thens subfjectédgt cadsi aredetiomcso bt fonstep's) ,.series of
(4) a step of mxing the organic |ayer obtained in the
st 3Ly epnbishirg 66 preedteymiepar atiistd 1A 4826 eextraction
into an organic |ayer and an aqueous | ayer
( heéaral dsleing t i cdyslete ithe gfisggart tinvsnttion.
"washi ng step”), (5) a step of subjecting the organic
| ayer obkhe npdeisentt hinvempidr) itso dostprdweiden a oprocess for
distil] off the organic solvent and water and to
obPHafucing teysirhekanormnoxime nghickclinkdxdesnehe following
oxi me and cycl ohexanone (hereinafter, this 10 step is
refe&ensd (10 4w al6)second distillation step"), and (6)
a step of subjecting the bottom product obtained

(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 mnmixture into an organic layer and an aqueous layer

(hereinafter, this step is referred to as an "extraction
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in the step (5) to distillation to distil off

cycl ohexanone and to obtain a bqttom product
cont ai ni ng cycl ohexanone oxine (hereinafter, this
step is referred to as a "third 15 distillation
step"). In this production process, the anmonia
distjlled off in the first distillation step (2) is
des? %B|€ recycl ed as annnnia used in the reaction
step (1), Further, t sol ven

di s

in the séfbnd 8Fepi?P a%%% §t%ﬁgf%§ gagggl?gB?ined in the
;if §é§?éﬁ?3§83hf§?3?'° ??Lﬁe&égg yd§§?ﬁﬁ%§iqﬁﬁa pixture into
R L
the _ cyc| ohexgnone dLstllled off . in thf tner

i STFFP ot F ORC EPBRSI5EP635 8 (earpRy, S %ey fed as

| oh d (1 '

CYS) onexpapne uped LB bBSeriRAChEToThgR; Lk ayer obtatned 1n
4 | ud t hj 4 - ‘
or U 0 SHeRy of bl AEF T TREL SRt ERIHERELTLpoF 8] fhe organic

m&%&%?g%s@gszgaq:%'gzéﬁ)ﬁ&s"ms?gsﬂacsfg 35 ipcatning
oD AESEASIEL SN2 SO el sl b naceer,  ents

SRRk, AP Rt kbl P M
ﬂgyzrepaﬁﬁégd | nt Lﬂ%;%d-][g'c LS ‘%&gtlﬁﬁa%t’gcgﬁileéygduct obtained

Iayer tﬁgts ep ?E?IEO distillation to distil off cyclohexanone

and to obtain a bottom product containing cyclohexanone
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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in the second washing step (4b) may be recycled as the
aqueous sol ution containing a base which is used in
the first washing step (4a), an@ the water distilled
off in the 15 second distillation step (5) may be
recycled as the water not substantially containing a

base which is used in the second washing step (4b).
A@d%ﬁ%ﬁ?kﬁ?(ﬁ?%@ bkksent invention, cycl ohexanone

oxi me superior in thernal stahilit an Qe .

advant agzgéfh% 3onabl$r odiicets ERFEFXBEQCF‘&% d&PGFWﬂ%mg step
DRAWNGS Fig. 1 is a flow chart schena caI %%f Qﬁ i
an (%&ah%?%u@?saacéﬁFFﬁuU@§ P@HG&ﬁHﬂ14ﬂ n the organic

cyclohexanone 25 oxine according to the present | .
IVERYerobEAIRPg. 1D Fhen ekESRCERATY StSfentdli O (Bixed with an
ShOMAng an exanpl e of a two-stage washing steg
| NRAYRIS asBaYE lofa @i ndahPEs kﬂPda thep g mixture is
col I ecting cycl ohexanone oxinme from water éers ;rom
t hesePAFaked oHnEP e (BFIARIC Laver waéh%gag? pugsiayer, and a
DETAI LED DESCRI PTI ON OF THE | NVENTI The g eni b d
| nvERReRsh Washitag sbeR (4bherheredn  hhe erdpRiclayer obtaine
the, attached draw ngs., The process for roducj
cycHbh&R&nokr Bki r‘t’@sé‘ﬂ-ntghes Rsdi@); n%r@nt"ilé%dco‘ﬁ%i:gt yater not
of a series of_ steps which inclu re ction

1) a
TR AL SARSA TN & casetoneh then '} mixture is

cyclohexanone wi th hydrogen peroxi de and anmnoni a i
carFeRaraked  InkEpean Organic layer and an aqueous layer. Here,

a mixture of a base and the aqueous 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 cyclohexanone

‘oxime according to the present invention.
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presence of a titanosilicate catalyst to give a

reaction 15 solution, (2) a first6 distillation step
wherein residual amonia is distilled off fromthe

reaction solution and a cycl ohexanone
oxi me/wat er-m xed solution (including unreacted

cycl ohexanone) i s, obtai ned as bqott om pr oquct,, 3) .

an extraft¥on &t el wier & "f:ytﬂ%(ﬂ"r' aﬁ%@’%&ﬁﬁ@% showing an
(i ncl udi ng unreacted cycl ohexanone) is extracgted lvviith b

an ®5aBBAEc 2Bl \@enttYI TR AtR d’iﬁcﬁ}%@(a involving a base
oxi me/water-m xed solution, (4) a shi ste

wheV2PRiRg: cREFREPaBIALAIDY Ry S%%%ﬁe&‘aﬂgﬁﬁ‘ﬂbﬁ%&i’f’#hexamne
wa- shed with water, ( a second istillation ste

whePELRet F&OB JHT e SE%VEHF ifgmfﬂ St &% fgch'Pnfro p (3) and
t he extract,containizg cycl ohexanone oxi ne which 7
hastBeeWasBiREdSteB éBlai n crude cycl ohexanone oxi ne,

and (6) athird distillation step wherein residual

cycl ohexanone is distilled off fromthe crude

bt RRRBULAS BERGRIBATON,PRaREE. TRENEEOhoce ot ops may

be carried out in a continuous

Al t er nat W%I WTesenk ¢ B}V%@%}‘eggseratﬁlﬁggébsﬁr g Kt with
1 ofSILARICUE, P! L BG4 NS AN P2 e ! BBcens for
AR HIERY GBSl e U | ShPUb A Unvention
oL oB3n S CRE el B AP ML HEENED G H, reaction
g;gg%%gxt ermaJJC&i aegiblﬁligfnﬁggpng{,gggl iéga&t.ion of cyclohexanone
with hydrogen peroxide and ammonia is carried out in the
presence of a tifanosilficate 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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this process. 15 Fig. 1 is a flow chart schematically
showi ng an enbodi nent of a continuous production
process of cycl ohexanene oxi ne &ccording to the
present invention. In this process, firstly, a
predet erm ned anmount of the reaction solution with
the catal yst dispersed therein is 20 he

in a .
o credasuarhed, T FRRAIIETUAS: EXELPBXRgONe oxime, and

conduct ed by feedi ng cycl ohexanone 11, hydrogen .
per i de @2, thindni adistiihatacsol véter f HgE§§§H}y residual
in the reaction solution while drawi ng the reaction
solapdlohexangnss ol s ahimbitled Qb tErAM aths ‘éﬁ‘éfg? ¢¥yclohexanone
those of the raw materials 25 (reaction step (1)),
Heraximeheandapurencyclohesanone; exgmepisi Sbfipeas A a bottom
such that only its liquid phase is drawn_ through ,

fi Inzgdugt + he Alke ofanghese c%‘i%P?stmafﬁén‘Hiensc?ﬁgl?ﬁe out in a
reaction vessel 1. Wien the catalyst is siﬁultaEeo%§léh

dr santinuaus epesabien: i ndlbarnafiigid, 13 oRPLhe © e steps
drawn 5 reaction solution 14 is required and the
catmay e | @arriedi el LB Be COBY iROUSe AREFATIAN AR cthe other
1. The concentration of the catalyst depends on_the .
actpazit y of r §hem omayorkee t i GHET kAR W | iRe, PaRgh; soperations.
usually within a range ' of Ig/L to 200g/L, ,when the,
coddiranatisrely, 10lilndoEatiemshale R GATLHSA (Pt in batch
volume of the reaction solutjon (catal%st + qu;égi
phaereratignsher , HoWevegactitoris veseEerabie fhate ySteps are
gl ass-1ined one or made of stainless  steel_ fromthe . 1

vi G kR oPUBr dBert | SPRBINYPRS (BPBXREIPR] ffom the Viewpolnts

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 1is
held in a reaction vessel 1. The ammoximation reaction is
conducted by feeding cyclohexanone 11, hydrogen peroxide 12,
ammonia 13, and a solvent if necessary in the xreaction
solution while drawing the reaction solution 14 Awhose
amount ‘is substantially equal to those of the raw materials

(reaction step (1)). Here, the reaction solution 14 is



of hydrogen peroxide. 15 The anount of hydrogen

peroxide is usually fromO0.5 to 3-fold by noll and
preferably from0.5 to 1.5-fold $y nol based. on the

nol es of cycl ohexanone. Further, the amount of

amonia is usually 1-fold by nol or nore and

pr ef er abl 1.5-fold by nol or nore based on the noles

of RBAS shawrposuphpkhati ondyed tisn higwid phase is drawn
excessi ve anount than that of cycl ohexanone and

hy dtggaghn e ok Hees ootisthe Addiede dnd tHee eabedysh remains in

sol ution and thereby, the conversion of —cycl ohexanone
andhengeagtdon vesgeds loycheax dhencadaliyst drse simultaneously

enhanced. 25 Preferable solvents used in the reaction

st dyapmy, B shePudef fSepasriiple the conbadysticifrzem the drawn
nmet hyl al cohol, ethyl alcohol, n-propyl alcohol,

i s@asHlional sohytion- bldy| isal remelredecandit yohe catalyst is
al cohol, tert-butyl alcohol and tert- anyl alcohol,
vwaZeduiseda ¥exebesolfednt tohetdef . reathdoncamessel 1. The
tenperature is usually within a range of 50C to 120C
angopcepérabipnyi ehi rthe r sisd@lafst7odependsooen the activity,
Further, the reaction is preferably carried out under

pr €83gtdopocondidiansg and theubikery apd admowsyal hy within a
the reaction solution. 10 In the reaction solution 14 )
t h&f@RgBt aPfed, 1IMEt erttanhi 2909/ pridkieeedthe t Fencentration is
reaction is theoretically contained in an anmount of

2- ipAdcpierplahasbe oveidbt naxs the Madiuwrxgforkthe reaction

together with the objective cycl ohexanone
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.

The amount of hydrogen peroxide is usually from 0.5 to
3-fold by mol, and preferably from 0.5 to 1l.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.
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.

Preferable solvents used in the reaction step (1)
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oxi me (CsH oO + NH3 + H202 -+ C6HLONCH + 2H20)

Further, 15 since hydrogen peroxide is usually used in

a formof a 10- 70wt % H202 cont a®ni ng aqueous

solution, the water in this solution is also

contained in the reaction solution 14. Further, since
ammopni a 1 s excessively used as descri bed above,

unriddiusie andoni aexampleo cvltehalsl istichheaseawetipl 2Glcohol,
solution 14. Furthernore, since it is difficult for

cydtdex adsihale aomyoeydl yalasdetl, Umogaoped alcohol, n-butyl
cycl ohexanone 1is also contained in the reaction

soladGodelys. seexbutyhe alewhicdlon sertitbobtyll4 adawihalni agd tert-—
cycl ohexanone oxinme, water, ammoni a and cycl ohexanone

i s s jadiGadPleedaitera and ¢ ndixed islodvient dhleweo2 to

be subjected 10 to distillation, ammonia is coll ected

as a di 9 [RACtion teRpPeratiyderks ogsegtlphekbthinea range of
oxi me, water and cyclohexanone is obtained as the a

bo08¢h drodli20°Q6 ande préfetalsliywt wikhihora srapgd) .of 70°C to
The distillation is usually 5 carried out under nornal
prd980€e anBunthebe ddrer i edacttionunider ppefesabdyorcarried out
under. reduced pressure, if necessary. Anmoni a
coMRderepressure diex i enhapcingi $heesiolaiil itacyef edgmmonia in
to the reaction vessel 1. Further, when an organic
sofhenrepstiondsphuthenreaction step (1), that is, 10

when an_organic solvent is fed to the reaction vesse

1, the SngHFcr%F%ﬁP pelusioni Addthust pbtepinediowater which
solution 14 and introduced into the first

di 38 PERGYSR inkhe . reactiongds rthparetigaldyocontained in

organic solvent is collected as
n amount of 2-fold by mol based on the moles of

cyclohexanone, together with the objective cyclohexanone
oxime (CeHi100 + NHs + H0p, — CeHioNOH + 2H,0). Further,
since hydrogen peroxide is usually used in a form of a 10-
70wt% H0, 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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the distillate 15 and recycled to the reaction vesse

1. 15 The organic solvent used in the reaction step

(1) is required to have a |l owerl®oiling point than

that of cycl ohexanone oxine in order to recycle also

the organic solvent to the reaction vessel 1. Sonme of
organic solvents are distilled off acconpanying water

as wn dreciklopeian, tammoniai ke, dolltduitedcase, at Héstillate 15,
wat er may be al so recycled together with the organic

solaféht Bo thixtereti @f vesyellobexafioneexaopime, si neeter and
tert-butyl alcohol is distilled off as

watcdicledexanoney itserobibadd adsokble—eortai tomgpratdect 16 (the
in an anmount of 12%to 18% by wei ght, the

watfdrsordigtri hptti®d Steyl 2dl.cohBhensdistd Ieyidredigousvally
the reaction vessel 1. 11 Amonia is usually recycled

t o cepEiedaciitonundesehotmad Preagmemsafidr neysiby @arried out
conpressor. Alternatively, amonia nmay be recycled to

t hendexcpPrefaswesser inderaredugedopressube ngfcnektedsary.

to a low tenperature under pressure and 5 dissolved in

an or gafiiBoBdpy @nllectad oagarihe sdisbhilatenid nisigdesirably
wat er. The bottom product 16 drawn fromthe first

di §eFf¥raedonteolthm Teactiom otreseeli nlan ex@urmitar, 3when an
foll owed by being mxed with an organic solvent 17,
anfrganifefolmenti isuuseds ige fhentmehdinion astep géh) £ that is,
| ayer 18 contai ning cycl ohexanone oxi me and
cy¥heheransrgamiichsalventxtisadiest to othehaehatttion vessel 1,
product 16 with the organic solvent and an aqueous

| abB® eyg@hileh sod ventaf¥s naontéihed in the reaction solution

14 and introduced into the first distillation column 2. It
is desirable that also this organic solvent is collected as
the distillate 15 and recycled to the reaction vessel 1.
The organic solvent used in the reaction step (1) 1is
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. Some 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 vessel 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 to the reaction vessel 1.
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extraction step (3)). The organic solvent 17 for 15
extraction is required to be able to be separated from

wat er, to have capability.of diskblving cycl ohexanone

oxime and to have a |lower boiling point than that of

cycl ohexanone oxinme. Suitable exanples of the organic

sol vents include an aromatic hydrocarbon solvent such )
asApmondlaydife ustably cyecyel eg dEoc dhsoreantian wwerfel 1 in a
as cycl ohexane, an aliphatic hydrocarbon sol vent such .
as JaferHse owm hupinde & aROBPHEFSahch aR1EeFR23PIVRYY, ammonia
ether and tert-butylnethyl ether, an ester such as .

ot By Rectzaeyalrfl Epectheksearkdony Fiegsglbon a%| efpdution by
such .as toluene, 25 cycl ohexane and heptane are

pr Bedngb| e0ghgdt hkcardmakow 1empgxAtEtes bdpdey vasessure and
such as _toluene is particularly_ preferable. The
anfidgsodvedheldr giihi OXAANIEht SPAVieRt y8Kal2Y fQXgALG solvent
to 2-fold by weight, and preferably from 0.3 to

1- Fengapping yaterbased on the amount of 5

cycl ohexanone oxine in the bottom product 16. The .
extract T8 t chpbkemur eyodualal 146 sedsewad ffopma the  first
range of a normal _tenperature to the boiling point of

t h8igtdddpEiono| Gehumn7 hnd S s iptapdugedy it iy gxtractor 3
range_of 40C to 90C. The extractor 3 may be one by
whitChlpiedi k¥ abelegt msgdbnwibhcan peréapifedodiientorl7, and
a single-stage or nulti-stage m xer settler type

exthgdt drhe nmiptikes +f xisepaFatieachninke pn organic layer 18
l'iquid/liquid-separation portion are_ separated. The .

or §aRtairapgr cyslphexangaee pxime And ¢ygclohexanone 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 is 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 solivent 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 toluene,

cyclohexane and heptane are preferable and the aromatic
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i ntroduced in a washer 4 foll owed by being mxed with

water 15 20, and then a m xture is separated into an

organic layer 21 which is obtaingd by renoving

inmpurities fromthe organic |layer 18 by washing with

wat er and an aqueous layer 22 in which the inpurities

are dissolved (the washing step (4)). The inpurities

i ndiydmcdrhorexaspleentimmsochm 265 ni toatene amdsni particularly
nitrite and the like which are yielded as by-products

I n prefersdrld on sThp (djourhe afinwie obrgahde 86lvent 17 is
used-for washing is usually from0.05 to 1-fold by
weightaldasefiram 0h2 wei Phifodid dyg! wekghtipnandxiprefierably from
the organic layer 18, and the washing tenperature is

usubld y 26 wiltlfodda tangeweigHOC t bageqd ' drurttlkee, theunt of
washer 4 may 13 be one by which nulti-stages
extaystiahmxaramebe adime edlmout the or battongl pretiage ol é. The
mul ti-stage mxer settler type extractor in which a

m Xt qudritarort enpea tuxpi ¥ | uswa lly sepdeat edn fpomt morange of
are separated, simlarly to the 5 extractor 3. The

or gamarmal etefperabnrehdonasher béildngntpodditceaf kheo organic
a second distillation columm 5 to be subjected to

di stdllvesiti A, andhis hpte tdrasIWani €hbwl ¥eping@ $0e40°C to 90°C.
organic layer 21 can be collected as a distillate 23
an@hiehesdmatet i) 3 yma p hee aomwe ebyx whk chomuditii-sialglee extraction
above-nenti oned unreacted cycl ohexanone can be

obcannée aantieedotiinmopradathg2é-sthgesecomthlti-stage mixer
distillation step (5)). Inthis step, water dissolved
anéesitlgrspbyped extrdadogr géni oviigler a mixing portion and a

liquid/liquid-separation portion are separated.

The organic layer 18 from the extractor 3 is
-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, ammonium
nitrate, ammonium nitrite and the like which are yielded as
by-products in the reaction step (1). The amount of water
20 used ' for washing is usually from. 0.05 to 1-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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21 is collected as the distillate 23 together with the

15 organic solvent. The distillation is usually

carried out at a pressure betweé&d a nornal pressure

and a slightly reduced pressure depending on the

boiling point of the organic solvent. It is desirable

that the organic solvent and water 20 which are

colbecere ¥ whickiimeltiaseagss extracyiordcas be hearried out,
organi c solvent 17 for extraction which is introduced

i n e xt r finGled shsgenarsr ROltérshagei ngimkichséttler type
i ntroduced in the washer 4, respectively.

Spe¥trachoy, int whighyaai oixdngemoxtricomased whi biquid/liquid-
collected as the 25 distillate 23 are introduced in a

I'i RARETaALON sppativor 7adel sepbratedar ateitildmly heto the
organic layer 17 and the aqueous |ayer 20, and then

t heeXrgpetiar I3yer 17 is introduced in the extractor

3, and the aqueous layer 20 is introduced in the

washer 4he anganicdéaypt| @lexfrmonctlvai weshkrcHd Has introduced
been drawn as the bottom product 24 fromthe second

di $i49 agi oveeendmdistiild atdonodeebami ntbo tot fier dsubjected to
distillation colum 6 to be subjected to distillation

sudi stHetl ationy csustexthahetbanorganicl sodvetitagna the organic
distillate 25 and purified cycl ohexanone 10 oxi ne

whil@yegortlai ¢an nee ocol bected aspantistidjeteh@dammde the crude
can be obtained as a bottom product 26 (the third

di sMalolexanofteep (BYime Thecdhntainingi onthe uswidve-mentioned
carried out at a tenperature of 140C or | ess under

r efjd¥e@cted 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 1is collected as the distillate 23 together with the
organic solvent. The distillation 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 solvent 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, respectively. 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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pressure of 10 kPa or less. Since the purified 15
cycl ohexanone oxi ne thus obtained is superior in
thermal stability, it can be pneferably used as a raw
material for the gas phase Beckmann rearrangenent. It
is desirable that the distillation conditions are
adjusted so that the concentration of cycl ohexanone
i nteabe peparated At thexopgari exilagers 17%040d the aqueous
wei ght or less and preferably 0.5% by wei ght or |ess
f r dbayehe 20, el ntheh SHpPASRNIG dlapésle1rededt i Ditidduced in
t he gas phase Beckmann rearrangenent. It is desirable
t othecgxtracyoroBgxandnehehiagindons dayeact2dl B§ ih€roduced in
distillate 25 to the reaction vessel 1. 25 Further,
whiine twieslaex udrul ati on of inpurities in the 15
distillate 25 is remarkabl e because of operation for a
| ong tBen anddéheytilbhexahoheaskimepatiioh ¢fad feen drawn as
distillate may be purified by rectification or the
| i tdee Bdmet ora i odust e24 (£yomaphdesaosnd | @fist DI1dbEon column 5
purpose 5 of further enhancing the thermal stability
ofipuintireduceyc| bk aronehdxdneiidt il 415 bt @blafinbye to be
the process as described above. Specifically, it is
adsabieatealistb hali stlid 1 avdohi ngnct eph4#) thensdysdlohfxahone can
first washing step (4a) wherein an aqueous sol ution
cde ot ertedass asdisedlantiea2b0 ssrt guk visdd ngy sl sipexanone
(4b) wherein water not substantially containing a
b ez e ovhciath edonit sins | 2d wat eedudedomeanht Wil etyclohexanone
purified water or the like) is used. The anmount of
t mamgususobbtginedhi ab i a gboétemedpiroduket Wa#d e (the third
washi ng

distillation step (6)). The distillation is wusually

carried out at a temperature of 140°C or lgss 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 so that tile
concentration of cyclohexanone in said purified
cyclohexanone oxime is 1% by weight 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 in the
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step (4) (or the amount of water supplied fromthe

outside 15 of the process systen) can be reduced by

using a solution which is produt®d by nixing the

water |ayer forned in the second washing step (4b)

with a base, as the aqueous solution containing a

basg which is used in the first washing step (4a).

Fuidiifdrl 1 hadiee 2 SaHisc i emankab I redaustee XD apfentdtsion for a long
second distillation step can be used as the water not
suberan@Eng (Sheohtkgni ay dedateanppthonsofisdhe mlistdllate may
second washing step (4b). Further, it is desirable in

or B&r PuF ifded bya restd fdfcatdhon ohetdeoddkeci me in the

above process that cycl ohexanone 25 oxinme which is

cont ai né#e washigry sbhep| (dhomaty ibe tiedifiedqfepushe purpose
| ayer discharged in the extraction step (3) and the
aq@€oudurther Erhereied ithe hdheamhilngstekbplity ief purified
extracted with an organic solvent to be collected. The

or GuRLeheyrneRe weimecvbichy be ohdaiaed dpy dhe Hprécess as
organic.solvent used in the extraction step (3).

AcEgegribed abeves dSpecifiicalfiay the isr gdviantageomst that the
which is to be used in the extraction step (3) is

f i Faehingsetter or(4dol FeBsintsa aferg Simist awashingf step (4a)
cycl ohexanone oxinme fromthe above-nenti oned aqueous

| ayBeseinngnt paHegysd spdutdonheontainingon base (8) used and a
Further, the collection of cyclohexanone oxine is

deSeFaBfy Washing eterby(4hll t vhereir weterachobnsubisgantially

2is aflowchart schematically show ng an
containing a base {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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enbodi nent of. the above-nentioned two-stage washi ng

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

and the part which is surroundedéy 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 fromthe extractor 3 is introduced in

a ageedussiaveshdisdhargedeinwthd ertagoedor sbept i(8h and the
20a containing a base and then separated into an

or gaweeus aybayepladisdhangedquedns thygerw@ghihghestepst (4) is
washi ng step (4a)]. The bases contained in the
acgebuactefiumidh 20a orgende, sébvemikampl e acollected. The
hydr oxi de and a carbonate of an al kali netal, 25
anpogariancsdalwent kasethehepacamy atieonthe t bambasme nas the
the 17 aqueous solution 20a is usually within a range
ofog@ii-t 0 sodhendnd psefler alil y whehi nestracigtomf step (3).
0.05N to 0.5N. The washing tenperature is preferably

- wWiAdtordinglge bf HHQléesirMOI: atiat hehanongénbé sbevent which

aqueous solution 20a containing 5 a base is preferably
f rien B0 2beo bl tin byheeieggitiravdsiech ostep hé3heiightfiofstly used
cycl ohexanone oxinme in the organic |layer 18. Next,
t hecr gahlectingr a2 mexy osmahk ampuntwadheryckohexanone oxime
i ntroduced in a second washer 4b, m xed with water 20b
ndfrom ubke anboyepentionied mpuedisselayers heand then used in
separated into an 10 organic |layer 21b and an aqueous
| dsher 24 Hadid ageceiep waSi.ng sFepthélr)] . thiextcolhection of
organic layer 21b is introduced in the second
dicyd ldheianonm | axind b ddesimilely ecatrni ed seut by immlti-stage
Furt her, the aqueous |ayer 22b

extraction.

Fig. 2 is a flow chart schematically showing an

embodiment of. the above-mentioned two-stage washing

- accompanied by collection of cyclohexanone oxime, ‘and the
part which is surrounded by the broken line in Fig. 1 can
be replaced with the flow <hart 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
2la 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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is mxed with a base or an aqueous solution of the

base 27 15 and the m xed solution is recycled as the

aqueous sol ution 20a containingld base which is

introduced in the first washer 4a. The aqueous | ayer

20 obtained fromthe distillate 23 fromthe second
distillation colum 5 nay be wused as the water 20b
notaguésusinso it yowod0ai hisngsaalaye withithiLhrarsge of 0.01N to
i ntroduced in the second washer 4b. Next, the

col2®ct and pirefecabliex avictiteiroXa N"eahge @ASCO] ORW. tdh® . 5N. The
aqueous layer 19 fromthe extractor 3 and the aqueous

| ayweasBeg ftampd hetdté Sis VOEELErdIB1pr Rithihr 2dvgagel Bf 60°C to
a collector 8 mxed with the organic solvent 25 17,
and&¢paral erheé nAzmoant obgathe ladyRiouds HILHEBRAREPUSontaining
18 layer 29. The organic |layer 28 contains a very

smed |bazeist poéfeyabbpefanmne . axitoe 2afiodd s weeRyht based on
extracted from the water |layer 19 and the aqueous

| ayldre 2Pxight hof heycboheranonel vriihelin the asppolic layer 18.
layer 29 is a raffinate of. 5 extraction. The organic

| apax 28 thei oirgadiicedlayet helaexiract the3 HrbtISRdsBer 4a is
the organic solvent for extracting cyclohexanone
oxiimd fodwneadheirba t ecqudduashdpd @b, t hexbidr stith water 20b not
distillation colum 2. Further, the aqueous |ayer 29
i s subsdandd add wasindvaiireing As base oagdnicheaolsepatratad into an
which is 10 introduced in the collector 8, the organic
| ap&iganic obayene@ iy oantiheanli siqulebaise Payér oR2the (the second
second distillation colum 5 may be used. Further,
t helasdiingct step8 db)be oneNextwhi the mubtgasi@gelayer 21b is
extraction can be carried
introduced in the second distillation column 5 and
subjected to distillation. Further, the aqueous layer 22b
- is mixed with a base or an aqueous solution of the base 27
and the mixed solution is recycled as the aqueous solution
20a containing a base which is introduced in the first
washer 4a. The aqueous layer 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 d4a are
introduced in a collector 8, mixed with the organic solvent

17, and separated into an organic layer 28 and an aqueous
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out, or a single-stage or nulti-stage m xer settler

type 15 extractor in which a m xing portion and a
liquid/liquid- separation portiamsare separat ed,

simlarly to the extractor 3 and the washer 4.

Further, the aqueous |ayer discharged in the washing

step (4) is advantageously subjected to the extraction

st dpYe20 493) . t ofke harrgartilc t Aayeirxe2l8 saontaimsof a very small
cycl ohexanone oxi me and water which is the bottom

pr swountopft kycllohekandnet oklimei ahishehas2beennestdacted from
to coll ect cycl ohexanone oxine contained in a very

snihe afier ilayelre hBuemids thgeraquédsus hdlayease22hhavith the
extraction step (3) is nore 25 advantageously carried
oubrgsnial solveagel@xt r thei aquedfs bagewseot ie aquadfSnate of.
| ayer discharged from such an extraction step (3) can
beewhraghiagueoufhkbaymrgamte Jdalyztrankéalilsy £ntiredncs8@ in the
cycl ohexanone oxinme which is not required to be
sukeraetioro3aand eeti ars thlmatorgdnid SXNEhESfoFfhextracting
present invention is described by sone exanples, but

| tcyelobexanone coxime t fiese thanbbttohnpEaduptelé" & the first
representing the content is based on weight unless 10

ot b3t Thatbon cedluina®nl e FuFithergspdnd | quebdass layér 29 is
thermal stability test were <carried out by applying

t herewled nays awalste| walbeéf on As the organic solvent 17 which is

introduced in the collector 8, the organic 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 to 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 aqﬁeous layer.

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

advantageously carried out by multi-stage extraction,



operations shown in Fig. 2 to the continuous

production 15 process shown in Fig. 1. [The reaction

step (1)] A 'reaction solution irmahich the

titanosilicate .catalyst was dispersed was hold in

astirring vessel-type reaction vessel 1, and reaction
was_carried out by drawing 20 a reaction solution 14

t hr bggRUSGef | Ithe wadheotisedilayexycl dheokapted 11 £r68% such an
hydr ogen peroxi de aqueous solution 12, ammonia 13.
andeﬁgFﬁcﬁaP?I gkephol(3) coanai heagmeat en i Ag@Bous layer not
amount of 15% by weight into the vessel. The reaction
wasSUPgEApEdadly gondedning cyrlkstmxanafe Oo25mdPwhich is not
(gauge 25 pressure) under a feed nolar ratio of 20
cycFefiBxandnto hper agbhected to a collection treatment.

per oxi de/ anmoni a/ water/tert-butyl al cohol -
1/1.1/1.8/4.29/4.0. Nitrogen gas which was vyielded as

a 3¥- roduct in the reaction was renoved out of the

sy PHBY anmoni a gas whi ch acconpani ed the nitrogen

5 gas was absorbed in water to be collected. The
concemnTﬂ¢oh§eé¢nto¢p@ne¢ﬁ9mridhéeseﬁtbé@anMQHﬁéﬂbxamples,
14 were 20.89% of cycl ohexanone oxinme, 21.69% of

watHt Pt3ds, neft akimitted toOtVeske apcdmilexanolin @xdmple, "g©
55.03% of tert-butyl alcohol. 10 [The first

di StSRYesenng ept%e) ] cPhsentactiison lsased i oonl4 walight unless
was drawn fromthe reaction vessel 1 was introduced

i nAFhervise netdaed.ation columm 2 together with the

above- nenti oned water wherein
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 continuous 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

bressure) under a feed molar ratio of
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amoni a was absorbed, and subjected to distillation at

a 15 tenperature of 83C and a pressure of 5kPa (gauge
pressure) such that anmoni a and2gat er - cont ai ni ng
tert-butyl alcohol were collected as a distillate 15

and a m xture consisting of 46.23% of cycl ohexanone
oxime, 53.45% of water and 0.205% of cycl ohexanone
wasyobbhexrefloné/RAylpdbgem perox DdeLamiéni d/watie Bl tétatbutyl
15 was used as a portion of amonia which was fed to

_thaleehelionlyessel.8/ang9) heo 159 i vebeén Coas ity was

t-butyl alcohol. [Extraction step (3)] The bottom
prpietdedbasranbyhprbébdnust ithsthél pbaoviorR5wad! téfioded out of
and tol uene .28 whose wei ght was the sanme as that 21

of tley cs phiearan card oxmentangas neldich s6ccmpahied) the nitrogen
product 16 were introduced in an extractor 3, and the

m g4 sireasasbsstbed etin awadouto 12€ aolll édesd sepEiiat ed

into a toluene |layer 18 and an aqueous |ayer 19. 5

[ Mendenstanbehs ngf stempédentd imethel teactimyesolBtion 14
fromthe extractor 3 and a O 1N sodi um hydroxi de

aguERIS2 60898 | off 2Pal shasEn® LoKkimes 21he69% bl wdter, 2.30%
wei ght as that of cycl ohexanone oxine contained in
sl dnmhareie, | Gy@?s 16 wveyel ochd xaxsbice cand) 36 f03%tof tert-butyl
washer 4a, 10 and the m xture was stirred at about 72C
armladhenl . separated into a toluene | ayer 2la and an
aqueous | ayer 22a. [The second washing step (4b)] The
t ol uenel Ty efi2dta di=sid X et fon sdstems{@y] 4a and
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)]
The bottom product 16 from the first distillation

column 2 and toluene 28 whose weight was the same as that
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wat er 20b whose anpbunt was the sanme in weight as that
of 15 cycl ohexanone oxine contained in said tol uene
| ayer 2l1a were introduced in a sedaond washer 4b, and
the m xture was stirred at about 72C and then
separated with a decanter into a toluene |layer 21b
and an aqueous | ayer 22b. Sodi um hydroxi de was added
t o ehecHglebexsananer oximet coptepaed amG4id Nbsocbmnproduct 16
hydr oxi de aqueous solution and this was used as the
0. Iwesediimhnediraed dénacqreoestsaktbiror3 20andhi the wasi xture was
introduced in the first washer 4a. (Oxine collection
st epfifhed aquiteoalSolitly 912°¢9 dridnthés @€paaitdd 3iABE a toluene
the 25 aqueous |layer 22a fromthe first washer 4a
werkavexelf ahd 22 agueedsabpperisl®ayer and tol uene 17
were introduced in a collector 8 The m xture was
stirred HfhebbBins72Gsningtdteep sepayhted into a
tol uene | ayer 28 and an aqueous |ayer 29. The tol uene
| ayer 2&Thmstoadeeneaslayerel® ZXromitie wastbachdrodueedi a 0.1N
in the extractor 3. (The second distillation step (5)]
Thesadiure eydrgeide 18qaeoust keluttond 20as whoskh amgsunt was the
introduced into a second distillation colum 5,
suljams ebh velghtt akl &hiabn ofindwc Lokdxeener essimee afntained in
30kPa at a 10 tenperature of 107C and such that a
m &akck teflueneichayemnid wre imtradhidedtin asfirst washer 4a,
distillate 23 and crude cycl ohexanone oxine with a
purnd; dhel8 mi3dbue chwanntsthackd 0. 584% shout 72°C and then
cycl ohexanone was obtai ned as the bottom product

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 2la
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 aqueous solution and this was used as
the 0.1N sodium hydroxide aqueous solution 20a which was
introduced in the first washer 4a. H

[Oxime collection step]

The aqueous layer 19 from the extractor 3 and the

aqueous layer 22a from the first washer 4a were mixed, the
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24. The distillate 23 was introduced in a

[iquid-liquid 15 separator 7 and separated into a

toluene layer 17 and an aqueous22ayer 20 at about

35C. The toluene layer 17 was used as the toluene 17

whi ch was introduced in the collector 8 and the

aqueous | ayer 20 was used as the water 20b which was

i nviFedc calieouse lagesndandsiteduéne 2107 | Weeet hintroduced in a
distillation step (6)] The bottom product 24 fromthe
secoddeditotri |8 at i dfhe colintore was | stiedededt nAbodt 72°C and
third distillation colum 6, and subjected to

di $hen seperaiededntedac b Iyeres layeaf 284ldRal @n aqueous layer
tenperature of 120C such that cycl ohexanone was 25

coRPect dhead cllutine ildyer 28 was psedfasdtoluene 28 which was
cycl ohexanone 23 oxinme with a purity of 99.70% whi ch
coAngradycedoim the exdrakdoandne was obtai ned as a

bottom product 26. The distillate 25 was used as a

porti on [Bhecgecohdxdistd ldkaitdon waepf d6)tjo t he

reaction vessel 1. 5 (Thermal stability test) The

puri fi edheydcdhstenchayexi ik Virianh the ekicondedvaasher 4b was
the bottom product 26 was subjected to reduced

pr é8§gpducegfstintoatd osegond wdmtdddadienofcdih afgd subjected
under a pressure of 15torr (2kPa) until the

di §pi | disklihbathon omedevedredicdhe pimssuref aobsiddkia at a
tar was 0.01% based on the charge fed to distillation

(t hémpenatumeuwit coo7%spamdled such ehamauniixtfudedrof toluene
before heating treatnent). Further, the cycl ohexanone

ox@Re \watembjwas edold dutad ngst reatdbstiblate 23 and crude

cyclohexanone oxime with a purity of 98.13% which contained
0.54% of cyclohexanone was ‘obtained as the bottom product
24. The distillate 23 was introduced in a liquid-liquid
separator 7 and separated into a tolﬁene layer 17 and an
aqueous 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 thi.rd 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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tenperature of 200C under nitrogen gas flow for 5

hours, 15 and then it was subjected to distillation

under reduced pressure in the sam®e manner as in the
above-nentioned reduced pressure distillation. The

amount of residual tar was 0.54% based on the charge

fed to the distillation (this tar anobunt corresponded

t 0 odbmanwuith od tparr Afyt eofhedd | TaR 2Qhtichat SEBmMtaindde 0.02% of
increnent of tar due to the heating treatnent was

0. 5396l chemaiatie v easx astpt £ided hasr eacbbetofit girddicttndé.  The
the first distillation step (2) were carried:out in

t hedssinkl hetree2 5 awabnuExdnpise al pord o MEOMNi ¢ipe Fothé2done which
was charged in the bottom product 16 from 24 the

fingas died itd dthenreattion vessa@l der to separate the
bott om product into an organi c solvent and an aqueous

| ayer. [Trewiskistabirianitedtalyer was cycl ohexanone

oxime with a purity of 96.8% which contains 0.11% of

cycl ohexBreomazitied Tyhafexamiare obhiend hetiieh was obtained as
stability test was carried out in the sane manner as

i n thearsitdoln \wintdduats (@R twd 0 dute) ety Al psitedpr@ssure
obt ai ned. The anmount of tar was 0.21% before heating

tr etitstrriilatiiled AUt ipdrAt ks 01t5%2&f°€e%ndhﬁ%§i'e&g a pressure
treatnent, and the increnent of tar due to the

he &t d@ﬁm&at(@ﬂa)wamthéﬂ. e diGiaratid W&a@tﬂ)’ﬁﬂcﬂas”erved.
The reaction step (1), the first distillation step
(2fthe tamouatt 1ol triecriditadp Had) wash® falts basashiorng tHewharge
(4af)edar1]:% 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-mentione’d
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
treatment). The increment of tar due to the heating
treatment 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 second washing step (4b) were carried out in the
sane 15 manner as in Exanple 1. The tol uene | ayer 21b
fromthe second washer 4b was suylj ected to batch
concentration under reduced pressure of 65kPa to
30kPa at a tenperature of 104C to 108C over 16 hours
to obtain cycl ohexanone oxine wth a purity of 99.1%

whi thecirat ndist 51 5&¢ 0bn2cO1amal 2hexaspaerasoasBghkale the
product. The thermal stability test was carried out

I n bhttemneroducerinsoi anExagphec lsoMéAtr 868€6h hGueous layer.
cycl ohexanone oxi ne obtai ned. The anmount of tar was

0. 0Thé&o betaived oot gagitr Bay8E Wast 89cPIRERANGhe bRime with a
was 7.1% after heating treatnent, and the increnment of

25 puarityeot 096 hes halel ERgcbheai nend . ¥8$ Jf 03Y818Rexanone and
CLAIMS 1. A process for producing cycl ohexanone oxi e

i NC2 Utk noft tweetdol | oTheotié oRs] (38abP1{6) tedl)wasSt&Pried out

of reacting cycl ohexanone, hydrogen 5 peroxide and

anmimi the nsdnee nAIESENCes Oin ELARFIOS] |DE! re$54SE VES the
to give a reaction solution containing cyclohexanone

oxi ems L abeEmone raeitie bpfaiie @, anthe HRAHE b tar was 0.21%
cycl ohexanone, (2) a step of subjecting the reaction

solhgfiare hiktobigitnesh tmeritie tHerdunt © £litdd |wad i 8% after
to distil off ammonia and obtain a bottom product

coltemtning trastimEretarne the NhcMieit A tar due to the
cycl ohexanone, (3) a step of m xing the bottom product
obtheiatdthg k*reatment was 14,79%.
Comparative Example 2
The reaction step (1), the first distillation step (2),
the extraction step (3), the fifst 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 16 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%.
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the step (2) with an organic solvent followed by
separating 15 a mxture into an organic |ayer and an
aqueous layer, (4) a step of mxing the organic |ayer
obtained in the step (3) with water foll owed by
separating a mxture into an onganic |ayer and an
aqueous | ayer, (5) a step of subjecting the organic

| ayer obtained in 20 the step (4) to distillation to
distill off the organic solvent and water and to
obtain a bottom product contaj 'Pgs cycl ohexanone

oxi me and cycl ohexanone, anda?gé step of subjecting

G <t 151 o CoEAPSERP o Pocy G SHAE G b digranpne  oxcime
oo RS i el B e 1D 3% ﬁq‘ixaﬂﬁ(ﬂfe?ﬁ

the or nlc sol ve din the step (3) is one or

nor e @iven?s é1ébtéﬁgfrBﬁ?StEQHro&MQ%ﬂhgﬁﬂnﬂﬂﬁ apydrogen

ether 5, sol v and an, ester solvent. 3. The process,
°d?1rﬁiget6n§| AVHOPIG 1 GREr ANeSaNRe offpRi £itanosilicate

d| illed off in the step (2) is recycled to the step

(ﬁ 3413’ e frDceFH R cordi nf%?ta]rﬁﬁ oneéefutgien ns gontaining

to 3, .10 mhereln the organic solvent distilled off in

t Y oleXagiong OXigec|waFah tHreaed nmaniarmnd unreacted

process according to any one of clains 1 to 4,

wWCdioheXa@anger distilled off in the step (5) is

recycl ed )
(2) a step of subjecting the reaction solution

10 obtained in the step (1) to distillation to distil off

15

20

25

ammonia and obtain a bottom product containing
cyclohexanone oxime, water and cyclohexanone,

(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 agueous 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 organic
solvent and water and to obtain a bottom product containing
cyclohexanone oxime and cyclohexanone, and

(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 cyclohexanone
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to the step (4). 15 6. The process according to any
one of clains 1 to 5, wherein the cycl ohexanone
distilled off in the step (6) is recycled to the step
(1). 7. The process according to any one of clains 1
to 6, wherein the step (4) incEgdes the foll ow ng
steps (4a) and 20 (4b) : (4a) a step of mxing the
organic layer obtained in the step (3) with an

aqueous sol ution containing a base followed by
separating a mxture into an organic layer and an
aqueous’ | ayer, and 25 (4b) a step of m xing the
organigglay obtai ned in 27 éhe step §4a with water
not sutfstantidl | PTEERESI MAPE 1 MAsESF of 3WRd lpy Wherein the
sgﬁgrating a.mxture igto,an organi c layer and an

adifEIE 9 afelveRid PRE%r §8ni tF ay¥reRbt @) nedsi noRfle or more
ste 4b) is .5 sugjected to the step (5). 8. The

pF%ﬁééﬁl c8FdFR§eto EraPm¥, hwdkiasiarhore sgdvepts an ether
I%%S{ obtained in the step (4b) is mxed wwth a base
afPLifR G e 8% iaRy S8R0 $C1¥ENE i on cont ai ni ng a base

is recycled to the step (4a). 10 9. The process

accordi‘ng t Fh@ RFRTeIP BCCRKELBDN ta heladmed or 2, wherein

distilled off in the step (5) is recycled to the step
(&ﬁﬁ ammonia distilled off in the step (2) is recycled to

the step (1).

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

10 wherein the organic solvent distilled off in the step (5)

15

20

25

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 organic 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

(4b) a step of mixing the organic layer obtained in
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the step (4a) with water not substantially containing a
base followed by separating a mixture into an organic layer
and an aqueous layer, and

the organic layer obtained in the step (4b) 1is
subjected to the step (5).

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

9. The process according to claim 7 or 8, wherein
the water distilled off in the step (5) is recycled to the

step (4b).



