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1 SPECI FI CATI ON PROCESS FOR PRODUCI NG CYCLOHEXANONE
OXI ME BACKGROUND OF THE I NVENTION 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 nylon-6, ang the like. 10
Description of the related art As a process for
produci ng cycl ohexanone oxine, a process wherein an
amoxi mati on reaction of cycl ohexanone is carried out

wi t h hydrogen peroxide %ﬁ%df?ﬁﬁﬂ N0 the 15 presence
of a titanosilicate catalyst hastﬁggﬂ known (see for

Ton 6 o3RRS IR RS ING (R hdidion e en

coll ecting cycl ohexanone oxine froma reaction
sol ution which has been obtai ned by the amoxi nation

PARKRAD] U e ARz ol A 620 59256 (1987)

a process wherein the above-nentioned
xi,mati rreaction is carried out wusing water as a
&ggg?ﬁ&ﬁas%ﬁﬁ and cycl ohexanone oxine is extracted
with | uene fromthg reacrion solution after
oo RESAR y A TEOEiORe SOMBERSN B9 {17 RETERSS  for
é%pgﬁkég%r’c%giéh%k%%%%% (%%g4e.dlsch%g %h%x h3%&Soxime is

useful as a raw material of e-caprolactam and further, a

raw material of nylon-6, and the like.

Description of the related art

As a process for producing cyclohexanone oxime, a
process wherein an ammoximation reaction of cyclohexanone
is carried out with hydrogen peroxide and ammonia in the
presence of a titanosilicate catalyst has been known (see
for example, Jf-A~62—59256 (1987), JP-A-6-49015 (1994) and
JP-A-6-92922 (1994)). With respect to a process for
collecting cyclohexanone oxime from a reaction solution
which haé been obtained by the ammoximation reaction, for
example, JP-A-62-59256 (1987) discloses a process whereiln
the above-mentioned ammoximation reaction is carried out
using water as a reaction solvent and cyclohexanone oxime
is extracted with toluene from the reaction sblution after
removing the catalyst from the solution by £iltration.

Further, JP-A-6-92922 (1994) discloses a process which
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i ncludes carrying out the above-nentioned amoxi mati on
reaction using a m xed solvent of t-butyl alcohol and
water as the reaction solvent, subjecting the
reaction solution fromwhich the catal yst has been
renoved by filtration to 5 distillation to renove
unreacted anmmoni a and water- cogtaining t-butyl

al cohol as distillate, and extracting cycl ohexanone
oxime with toluene fromthe bottom product, and then
subjecting the extract to distillation to renove

oxt IENEadE  EHEIAET oL e CBRRREAKE FBRKA" Binoxination
| W{A\%H%\h '@g\fr‘( Ma llhf:? &h.ﬁtgf@énﬁt ﬁ?' k:'— thﬁ. alcohol and water
cycl ohexanone oOXI ne rch Ts collNected atcording to

t hgs a@ﬂgeﬁwi%?ggsroﬁer?g nVSH{)hggt@gggg%%eesS:Leéaéf:b et solution

al ways adéquat é s teaso are a pro m

fg%%cg? Wigﬁn%il g ar?glfycfg:t t@c{s ngnpﬂt‘%mo% ng{ yfi%%:rration to

ionrn yie eritoratronTin ‘quali

o B o Rer T &S Tave, [UATRRCERD nERPRR Jy na  water-
i etibn allu it el s
gl fnrioabiind oo
oy nEReH o RuBiReHIbe, s CHRPR AN R ass U 4ER, 9 remove
MARLESS I AMIMY "%y CeNTEAING B dPonexanone oxime

as a bottom product..

SUMMARY OF THE INVENTION
However, the thermal stabillity of cyclohexanone oxime
which is collected according to the above-mentioned
conventional processes is not always adequate. For this
reason, there are a problem caused by generation of a tar
and problems of reduction in yield and dQeterioration 1in
-qual:l.ty, for example, when the collected cyclohexanone
oxime 1s stored and transferred in a heated and melted
state, and when the collected cyclohexanone oxime 1s
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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by the above-nenti oned anmoxi mati on reaction. As a
result, the inventors have found that the
above-nmenti oned purpose can be attained by carrying
out the anmoxi mation reaction 5 and then subjecting
said reaction solution to a series of steps
consisting of predetermned distjillation, extraction
and washing, to conplete the présent invention. The
present invention is to provide a process for
produci ng cycl ohexanone oxi me whi ch includes the

UL O opf bl KB oA SR EbBkadbne oxine
SR A e RLFEESRGe Ao 00, FLABREGRT 2hUCh mesuae.
O A BRSSO g B dE A Flpag pucpose
PO S S | BEEPTS B AR ) Benction
8 SR SR S G LT BRI BT p soritos of
R PN T T ——
SRl e ™ 45 Sab T B D SISk Ao on", e

O oot YAk . K Pgk Bl Fcoss £or
lEiégdégEkgncg Egﬁgiahgxgrbxime which includes the following

steps (1) to (6);

(1) reaction step: a step of reacting cyclohexanone,
hydrogen peroxide and ammonia in the presence of a
titanosilicate catalyst to give a reaction solution
containing c¢yclohexanone oxime, water, unreacted ammonla
and unreacted cyclohexanone,

(2) first distillation step: 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,

(3) extraction step: 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) washing step: a step of mixing the organic layer

obtained in the step (3) with water followed by separating
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(5) second distillation step: 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 5 bottom product containing cycl ohexanone

oxi me and cycl ohexanone, and (6) third distillation
step: a step of subjecting the , bottom product
obtained in the step (5) to dié%illation to distil

of f cycl ohexanone and to obtain a bottom product 10
cont ai ni ng cycl ohexanone oxi me; wherein a conpound

o Bl B ¥ siondt 03 éﬂgf. 3 ARG Gaver.
vet er ?gaﬁa"?ﬁn%h%%at&zue%ﬁogng%ﬁ B P e g cne
gf%%kggfIﬂ%#%ﬁ.%bﬁ?iﬁﬁgtﬁ L 2 tﬁgtggdg%%ﬁﬁalation to

S S SR St v

step (1). Further, the or c soIv d ed

i r‘i’otti?é’msecé’ﬁ&’ddﬁcﬁl I Iccﬂr}t(?r?‘ (cg) er ’L%{ASIH abléy}Hme and
recycled as the organic solvent used in the

e FYiCAONEFANONE, @3‘)% and the water distilled off in

the second distillation step ( i S deS|rab

as watlé) €FI Aiseliiaht %%% (3) SRR Her %ﬂ§é¥&ng the
the cyclohexanone distilled off in th hi,r d
d.b@tnu%tnrmusqfem%amd.%ndag?rasﬁy {80y s fagritiation to

cycl ohexanone used in the 5 5
3él:l.sti.l off cyclohexanone and to obtain a bottom product

containing cyclohexanone oxime;

wherein a compound selected from an oxide, an 0xo acid, an
oxo acid salt, an oxo acid ester and an oxo acid amide of
boron or phosphorous is added to at least one of the water
used in the step (4) and the organic layer obtained in the
step (4) to be subjected to the step {5).

In this production process, the ammonia distilléd 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) 1s desirably recycled as the organic solvent used
in the extraction step (3), and the water distilled off in
the second distillation step (5) 1s 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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10 reaction step (1). According to the present

i nvention, cycl ohexanone oxinme superior in thernal
stability can be advantageously produced. BRI EF
DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a flow chart
schematically showi ng an exanple of a continuous
production process of cycl ohexanone oxine according
to the present invention. Fig. is a flow chart
schematically showing two exanples of a step of

col | ecting cycl ohexanone oxinme from water |ayers from
the extraction p (3) and the washing step (4). In
tﬁ?aﬁééﬂpn §&e ptaésnumerals i ndi cate the 15 follow ng

I Rk YR Sarenesdh S fprgprpeanen

di stil wa'she

. second dlstll ation coI thlrd
dPHMe AURFFIN uikﬁ\ t%e_ . m‘iﬁtbﬂjr% G pS S fdyantageously
... collector 11 ... cyclohexanone 25 12 ... hydrogen
pEFELIEE%

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1s a flow chart schematically showing an
example of a continuous production process of cyclohexanone

oxime according to the present invention.

Fig. 2 is a flow chart schematically showing two
examples of a step of collecting cyclohexanone oxime from
water layers from the extraction step (3) and the washing
step (4). |

In the drawings, the numerals indicate the
following members, respectively:

1 ... reactor

2 ... first distiliation column

3 ... extractor

4 ... washer

5 ... second distillation column
6 ... third distillation column

7 ... liquid/liquid separator

8 ... collector

11 ... cyclohexanone

12 ... hydrogen peroxide



13 ... amonia 17 ... organic solvent 20 ... water 24
crude cycl obexanone oxine 5 26 ... purified
cycl ohexanone oxime 27 ... a conpound of boron or
phosphor ous DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
present invention is described in detail wth 10
reference to the attached draw pgs. The process for
produci ng cycl ohexanone oxi ne of the present invention
consists of a series of steps which include (1) a
reaction step wherein the anmoxi mation reaction of
a,ﬁohexanone W th hydrogen peroxi de and ammnia is

ied SH™IHR he 15 presence of a titanosilicate

lyst to giyve a.reaction solution, (2) a first
d%sfl 11-at9 CFWMER n residual amonia is
distilled off fron1the reaction solution and a

ohex oxinE/mater-nixed sol ution (including
unreacted cIohe ne) is i ned as a bottom
pridtiuct 99%3)°%; Cg'!&’f ‘i"?% “é"fb wher ei n
cyclohexanone ox (i.ncl udin A eacted

5 oy ohex RS "e‘S&Jr%?’é?P% %" or gani ¢ sol vent,
fromthe cycl ohexanone oxi ne/ mat%?-nlxed sol ution,

(A7 & vashiHFRAEY \HerRIFPAP TR QRRREAIRi ni ng

cyclohexanone oxinme is washed with water, (5) a second
25 distillation step wherein the organic solvent is

distilled 7 off fromthe extract co {5&n|ng
Cy R HHELER RS RERRI QM QF THE INVENT

The present invention 1s described in detall with

10 reference to  the attached drawings. The process for
producing cyclohexanone oxime of the present invention
consists of a series of steps which include (1) a reaction

step wherein the ammoximation reaction of cyclohexanone

with hydrogen peroxide and ammonia is carried out in the

15 presence of a titanosilicate 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 solufion (including
unreacted cyclohexanone) 1is obtained as a bottom product,

20 (3) an extraction step wherein cyclohexanone oxime
(including unreacted cyclohexanone) 1s extracted with an
organic solvent from the cyclohexanone oxime/water-mixed
solutidn, {(4) a washing step wherein an extract containing
cyclohexanone oxime is washed with water, (5) a second

25 distillation step wherein the organic solvent is distilled
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has been washed, to obtain crude cycl ohexanone oxi ne,
and (6) a third distillation step wherein residua
cycl ohexanone is distilled off fromthe crude

cycl ohexanone 5 oxinme and pure cycl ohexanone oxinme is
obtained as a bottom product. In addition, the
present invention requires addyng a conpound sel ect ed
froman oxide, an oxo acid, an "oxo acid salt, an oxo
acid ester and an oxo acid am de of boron or
phosphorous to one of or both of the water used in 10

th hi t 4 d.th d
ol ey 5B ° Ryt B oo e FrllBERG, pRYILRERARBANS oxime which
| % oR808 nBpARRYe 0 (T “PRafde yehphEiRRbne oxine, and
h Lme. Al t
cofaY ea But FRTEACon A RGAd3 2538 At | GLEbal { SRAGRS R, esidual
e ol PR SO BT ESR PR Ry pygponexenone
oo B i Mo v SRR R BRODE, RiR, i S Yes = vorcom
Ho Lot f I that all st ied
R S L R S N T
of productivity of cyclohex none oxi me d the id. an
t RAHERY s? abPPPPY AN § oG oA tS °ﬂn&?oﬂ§§§ﬁ0n3ﬂ SKfGre?era-
Centhmiata! ph Lk bt o Cifafvbn, S SR st emee of
producti on process of C cIohexangne 0X]

25
aRRIFRN RF RNQFRNGRMUS O | R NPT AF PALR ?%FE“%HS%E%E, used in

firstly, a predeterm ned anpunt of the
the washing step (4) and the washed cyclohexanone oXime

extract to be subjected to the second distillation step (5)
in order to sufficiently increase thermal stability of the
purified cyclochexanone oxime. All of these steps may be
carried out in a continuous operation. Alternatively, a
part of the steps may be carried out in a contilnuous
operation and the other part of them may be carried out in
batch operations. Alternatively, all of them may be
carried out in batch operations. However, it is preferable
that all steps are carried out in 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
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reaction solution with the catal yst dispersed therein
is held in a reaction vessel 1. The anmoxi mati on
reaction is conducted by feeding cycl ohexanone 11,
hydrogen peroxide 12, 5 ammonia 13, and a solvent if
necessary in the reaction solution while drawi ng the
reaction solution 14 whose anoynt is substantially
equal to those of the raw materrals (reaction step
(1)). Here, the reaction solution 14 is preferably
drawn such that only its liquid phase is drawn 10

AN Sdddde Saaddiiy! K& i &eéllg%ﬁ# #ad Slat L "Sof  the
i " A gt oo 5
Rl ofn PEreoRtelin vERhet 18 contben Apm g i, gfeaction s
A S ST b g S5, O s 12
S g RSl 1 LTS S oaseion
59@3@3%'3 o0 & WiORLr ABPY LG £ nERAGRACR: RGRETPR 14 whose
f%ﬁﬁ%?ﬁﬁoﬁ%}el from Y wg@gﬁf &' &Y L Pai?' materials

titanosilicate used as a catalyst ma
i eaftien | 85APuh1 )i+ i cdPTSd B&?gé:r‘?aé%t%@"enﬁﬁ{"étion 14 1is
which 25 constitute the skel eton be _.on

WREAEQIRD 1 SRERER oRUFD ek | ITLb LBy SaBeLan Ay, {8 arawn

only titaniu
tﬁéough a E&lter or the like, and the catalyst remains in

the reaction vessel 1. When the catalyst 1s simultaneously
drawn, a step of separating the catalyst from the drawn
reaction solution 14 is reﬁuiréd and the catalyst is
required to be fed to the reaction vessel 1. The
-concentration of the catglyst depends on the activity,
reaction conditions and the like, and is usually within a
range of 1g/L to 200g/L, when the concentration is
indicated as the welght per the volume‘ of the reaction
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 titanosilicate used as a catalyst may be one

including titanium, silicon and oxygen as elements which

constitute the skeleton, which may be one in which the



silicon and oxygen or one in which further includes
other elenents as elenments which constitute the
skeleton. The titanosilicate preferably has an atom
ratio of 5 silicon/titaniumof 10 to 1000, and the
shape thereof may be, for exanple, in the form of
fine powder or pellets. The tk}anosilicate can be
prepared, for exanple, according to a method

di scl osed in JP-A-56-96720. The amount of hydrogen
peroxide is usually from0.5 to 10 3-fold by nol, and

f bly f 0.5.t . 5-f ol I
DS eon ob! BB et B Aot Rangypidy tiihsum,
ia i lly 1-fold b d

oFaRaras $ad1 o8YEbRqon oREl L0 PHIAE BREERSn HigAudss, ther
AR ERETRAa A% RAENGP L85 VB CPoRERE R e Ty AHGgaon - © The
peroxi de so -as to reside_in_the reaction | ution and
 RaFaBpsLifeatsnPERERADSY BPSI BRohThe S (e

5 PRARSEEBVEISaRISI SFu90d TPy TORE r 34 (B SRS TReTsEt maY
include, for exanple, alcohols such as ne%ﬂ%% alcoqqﬂts
ebBy| £9rc 6HSMPLe. pAdpFheaEogMorE Ed8s AR &hA° :

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

alfhen 311 tanesdddcatgmpany beo Rherareer faH exapblgy according
sol vent thereof. The reaction tenperature is usually

witehien me thafgdisclosedsda I8 -Pod€-9%87E%r ef er abl y

within a range of 70C to 10
The amount of hydrogen peroxide 1is usually from 0.5 to

10 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 1l-fold by mol or more and preferably
1.5-fold by mol or more based on the moles of cyclohexanone.
Ammonia 1s used in a more excessive amount than that of

15 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)

20 include, for example, alcohols such as methyl alcohol,
ethyl alcohol; n-propyl alcohol, isopropyl alcohol, n-butyl
alcohol, sec-butyl alcohol, tert-butyl alcohol and tert-
amyl alcohol, water and a mixed solvent thereof.

The reaction temperature is usually within a range of

25 50°C to 120°C, and preferably within a range of 70°C to
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100C. Further, the reaction is preferably carried out
under pressure for enhancing the solubility of ammonia
in the reaction solution. In the reaction solution 14
t hus obtained, water which 5 is produced by the
reaction is theoretically contained in an anount of
2-fold by nol based on the nol of cycl ohexanone,
together with the objective cycl ohexanone oxine
(C6H100 + NH3 + H202 - C6HLONCH + 2H20). Further,
since hydrogen peroxide is usually used in a formof a

3\2{) ?C70Wt %‘f:'f@gzrcor%haé nngclegiggObh? S %lrggie?ﬁtbtlhgecarried out

In thrs ofution IS al'so contarne

SR UL TG RNy 52 amonta 1n

unr eact’ed

?EHEE%%FE%ighsgoigﬁaghqu in the reaction solution

ernorée, since it is difficult for 15

cycl ohexangne 10 GOM gLSLY 166Gk, (HYLAHSned, water which

cycl ohéXanone™ 1's ‘al'so contai ned i e reaction

ST kg N b2 eRBRTLH0N & Ol ED 1a £RP! BoRkBlned 1n

( ( _ _ ,_anmmoni a and cy xanone

30 et o o i Eri 1% (Bh: Ahonb 8l A pE] BB1es of

" HrIbblbBrkt, ¢3RS AREL HANE PoeCrhAERAE Tyctonexanone

botian progiel 19 ghhey LSt 3 SLL 0L SHERP).  rucenes.

D55 S P T iy S PIE R e of o 10-
70wt% H.,0, containing aqgueous solution, the water in this
solution 1s 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 4is difficult for
cyclohexanone to completely react, unreacted cyclchexanone
is also contained in the reaction solution 14.

Next, the reactidn solution 14 containing
cyclohexanone oxime, water, ammonia and cyclohexanone is
introduced in a first distillation column 2 to be subjected
to distillation, ammonia is collected as a distillate 15,
and a mixture of cyclohexanone oxime, water and
cyclohexanone is obtailned as the—a bottom product 16 (the
first distillation step 2). The distillation 1s usually

carried out under normal pressure and may be carried out

under pressure or under reduced pressure, if necessary.
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Ammoni a collected as the distillate 15 is desirably
recycled to the reaction vessel 1. Further, when an
organic solvent is used in the reaction step (1), that
is, when an organic solvent is fed to the reaction
vessel 1, 5 the organic solvent is contained in the
reaction solution 14 and intrgﬁ ced into the first

e

distillation colum 2. It is desirable that also this
organi c solvent is collected as the distillate 15 and
recycled to the reaction vessel 1. The organic

S0 Ve i Ao Lt FEE! 18" BEPalLlhishd AAULEChestrably
%&'g%‘é C ”°{%§en¥h{ao THRSHER IR cd” 1 “gkbier, when an

S GG o b B HRgPE AR U e 1o,
a%&?@ﬁta""ri OFRES] Ba AR ockel a0 oy Y FEPEPLEn vessel 1,

ta|r.]t but r;‘:‘]::%gf?ﬁpg glﬁtsifignl&ed 06{ ﬁ%n{;g?nﬁ?act:lton solution

:Ngﬁgn,an@gm% of 12%to 1% L%‘IFOQI\A% %&Ftﬂéﬂr%t&yo cOthumn 2., It
t % h?@%.%%;a&&%%%%&'ssaasol TS g, SereR o e Teotea as

conpressor._ Alternatively, be rec Ied

i CESERA SR RN RPN LB R gt o SPearessel L.
to a | ow tenperature under ressu and di solve (1) is
aftr ggmeands véﬁ@-VSPtanu%?garﬁrb & efEAC350

containing water. 12
require to have a lower boiling point +than that of

cyclohexanone oximé 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 1is 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.
Ammonia is usually recycled to the reaction vessel } in a
gaseous form using a compressor. Alternatively, ammonia
may be recycled to the reaction vessel 1 as a solution by
being cooled to a 1low temperature under pressure and
dissolved in an organic solvent or an organic solvent

containing water.
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The bottom product 16 drawn fromthe first

distillation colum 2 is introduced in an extractor 3

foll owed by being mxed with an organic solvent 17,

and then the mxture is separated into an organic

| ayer 18 5 containi ng cycl ohexanone oxi ne and

cycl ohexanone which are extrac# d fromthe bottom

product 16 with the organic sdlvent and an aqueous

| ayer 19 which is a raffinate (the extraction step

(3)). The organic solvent 17 for extractionis

required to be able to be separgted_from 10 er,

have c3p&bi|Peltep di%Eﬁ§kﬁ%g ésiloﬁg?gﬁonefggﬁne tééki first
to have_a lower boiling, paint than.that, of

cfdistAdtatd e OFEPEE’.“nSu? t ati e ié"!%é'r?ﬂlué’? 4ot 1Pne?B; guRTRactor 3
sol vents .include an aromatic_ hydrocarbon_sal vent such

2 0LoMan Y aReAPECyRPHRA hYATBC A ORTIBPY En S Lt ag 17+ and
15 cycl ohexane, an aliphatic hydrocarbon_ sol vent .suc
adhefoxbie IHEF TR ok, SﬁPae"(%%‘?c{sgBﬁ%sa‘Hi CFE IS fayer 18
ether and tert-butyl nethyl ether, %n esﬁeb such _as ich are
eOItadadng: CHHPhedanansg LXiRR AVYr G¥S-BBR*EELIEN ™

such as toluene, cyclohexane and hepta ar

pleataiaghied af¥omhethg orRRATO™0 HRP@P&&ar Egn ggﬂ}en\?he organic
such as toluene is particularly Sfreferable. The £ te (th
afelvenss ant an gagheous| yaner1Ad i 1Fy 3 Fahfdnpte (the
to 2-fold by weight, and preferably from 0.3 &o 17 £

1 ep3r@chiopei gHieP baédd) on t h&heoREIFALc solvent oT
cycl ohexanone oxine in the bottom product 16. The 2

S
emtractden chperradiirad §oudeyabdeected he offRarated from

range of 13
water, to have capability of dissolving cyclohexanone oxime

and to have a 1lower boiling point than that of
cyclohexanone oxXime. 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 diisopropy; 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
hydrocarbon solvent such as toluene is particularly
preferable. The amount of the organic solvent 17 is
usually from 0.1 to 2-fold by weight, and preferably from
0.3 to 1-fold by weight, based on the amount of
cyclohexanone oxime in the bottom product 16. The

extraction temperature is usually selected from a range of
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a normal tenperature to the boiling point of the
organic solvent 17 and is preferably within a range
of 40C to 90C. The extractor 3 may be one by which
mul ti-stage extraction can be carried out, or a
single-stage or multi-stage mxer 5 settler type
extractor in which a m xing por%&on and a
l'iquid/liquid-separation portioh~are separated. The.
organic layer 18 fromthe extractor 3 is introduced
in a washer 4 followed by being mxed with water 20,

and then m xture i s _separ ed [ an organi ¢l r

1 AR L Tebbanas e ) PhRobeR] B aN s OF, S organte
the _organic |ayer 18 washi n h water and_an .. o
aiRB(ENY Jikrandois npmtleﬁawé rgﬁmirt?eﬁaaﬂs ot"40°c to so°C.
dlssolved t he washi ng _ste r|t|es

e R r%?t%&a?rpr‘e BroReufy Wi il ididde extraction

nrtrrte and the_like mhrch are yi el ed as 15

byE3 RRICEETTHEA 1RO ¢ aF| fn & étn@ﬁe(f) o b tese mixer
wat er _ 20 used for washing i uﬂﬁ re 0.05 t a

1 seR e tmpgrﬁxfb%%mnmh Fon ERIBRO R ASR, and 2
oxime in the organic |ayer and t he washi

C OB A RRATaE L9R (BRTELT e %P%?O’% 900C.
Further the washer 4 may 20 be one by whi

mul ti - StheyesORGERLE! | &PrYEEn 3 cFFatd Blﬁ? eacltrgctor 3 1is
singl e-stage or multi-stage m xer settler tg

exdraradiced, hia vashexi hEpbtavesh bihPelng mixed with water
[iquid/liquid- separation ortlon are_separat ed,

si#h4 20§ fherha miubtuge ois 3separated ijhfi @n [rganic layer

fromthe washer 4 is introduced 14
21 which is obtained by removing impurities <from the

organic layer 18 by washing with water and an aqueous layer
22 in which the iﬁpurities 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 wusually from 0.05 to 1-fold by
weight based on the weight of cyclohexanone oxime in the
organic layer 18, and the washing temperature 1s usually
within a range of 40°C to 90°C. Further, the washer 4 may
be one by which multi-stages extraction can be carried out,
or . a single-stage or multi-stage mixer settler type
extractor in which a nﬁxing portion and a liquid/liquid-
separation portion are separated, similarly to the
extractor 3.

The organic layer 21 from the washer 4 is introduced
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into a second distillation colum 5 to be subjected to
distillation, such that the organic solvent in the
organic layer 21 can be collected as a distillate 23
and the crude cycl ohexanone oxi ne containing the
above-nentioned 5 unreacted cycl ohexanone can be

obtai ned 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

SpEnts 'e"shagc% b ERLLOR b BUSU ltn O8 169 U adBBbrea to

a normal pressure and

R AR A G T

srfrab e organic

O
Ll 70 SRUER, SRR | B el fnciones
e eod RSSO o OB Cene  vocton
o L0 AL O 0
R ﬁﬁ%&yﬁ.w«%&ﬁ%ﬁe}ﬁ% 5, G fpentc 1ayer
R
;[Q%ai'gtcoxégfveg{] . OXOThaeCIdist:PllaXtoioax{: | Es S%'shalﬂ‘r YFried 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 separafor 7
to be separated into the organic layer 17 and the aqueous
layer 20, and then the organic layer 17 is introduced in
the extractor 3, and the aqueous layer 20 is introduced in
the washer 4.

One or two or more kinds of a compound 27 selected

from an oxide, an oxo acid, an oxo acid salt, an oxo acid
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ester and an oxo acid am de of boron or phosphorous
is/are added to the water 20 to be introduced to the
washer 4 for washing the organic layer 18 fromthe
extractor 3 in the above-nentioned washing step (4),
and/ or the organic layer 5 21 to be introduced to the
second distillation tower 5 frog% the washer 4 to be
distilled in the above-nentioned”second distillation
step (5). Were necessary, the conmpound can be added
in the formof a solution or suspension in water or an

0:‘% ni gafsﬁo \éex{;tro xq ﬁc%a%% %%d’q’;(lhgqu}? (}.gnd?yis/are
Oﬁ ﬁﬁ&*{qﬁgﬁ&g} %&%3}%5@ 5%@%,& ypgbor asher 4 for
e 3 S T B S BT 10 o

Ibg_{ %P"F‘Fena ncI ude e neris?toﬁt hf(rh@t'g%raﬁfro'}&% oﬁ%r%% layer
;ra]eiqr})gld)lé?gntetraphogﬁgorous hex«':ho;(adl[f j_(lF.3|.4aQ:§Lon wer 5 from
tetraphosphorous decaOX|de (P40lo | so ref%%%, 4(Pecond

pHESHIRTRRE ferfioads st ﬂexiaﬁrpﬁfb‘% Wbefb
of  phosphor ous may |nclude ortho hos hor at e

(He®3)( 5 )pho eSS Fpdde aﬁcgt&ugﬂnd can
referred to as phosphorous aci d) and phosphi ni c acid
(sPEsded d@ riateorkamn W&Zﬁa‘fﬁ%ﬁﬁb SRFARE L grater

25 condensed aci ds thereof Wiere necessary, these
AR &P ARgapsc solvent.

Examples of the oxide of boron may include diboron
trioxide (B;0,)} and the like, and examples of the oxo acid
of boron may include orthoborate (H;BO;), metaborate (HBO;},
hypoborate (H;B;0,) and the like, and condensed acids
thereof. Where necessary, these oxides and oxo axids of
boron may include elements other than boron and oxygen in
the skeleton.

Examples of the oxide of phosphorous may include
tetraphosphorous hexaoxide (P,0¢; also referred to
phosphorous trioxide) and tetraphosphorous decaoxide (P4O1o;
also referred to phosphorous pentaoxide), and examples of
the oxo acid of phosphorous may include orthophosphorate
(H;PO,), metaphosphate (HPO:), phosphonic acid (H3;PO3; also
referred to as phosphorous acid) and phosphinic acid
(HsPO;; also referred to as hypophosphorous acid), and

condensed acids thereof. Where necessary, these oxides and
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oxo aci ds of phosphorous may include el ements other
t han phosphorous and oxygen in the skel eton. The oxo
acid salts of boron or phosphorous nmay be a nornal
salt in which all protons of the oxo acid have been 5
substituted wth netal ions or anmoni umions, or an
acidic salt in which sonme protops have been
substituted with netal ions or ammoni um i ons.
Preferabl e exanples of the nmetal ion may include ions
of metals of Goup | (Goup IA) of the periodic table
1

h di d t [ t al f
R
CS T EL Rl S0 Ll G of e

ani umand zirconium and

Such adha (0 et sede R e, ek o BHRER A 8 be
O ARbee RO D Sl 135, W B e

al i phatic, ic.or, ,aromatic aniqt§%afghs' or an acidic

alicycl

q%m%mﬁhmq%.i%r% SR 0X0 ‘acl d

Sty o G GRP P P A Uhen mecal

;GO O I e o TRIRAAL (MM L Atietal

T S ARTIGTF SRR (45 M (P RUIHR T LTS Th) of the

2 PRSI AL e A GRATIR E P H ol atE of

ng%'%e.lSp o:I]ZCI a(nGrlo7up IIA) of the periodic table such as calcium
and magnesium, metals of Group IV (Group IVA) of the
periodic table such as titanium and zirconium, and metals
of Group XII (Group IIB) of the periodic table such as zinc.
Examples of ammonium ion may be those obtained by
protonation of ammonia, those obtained by protonation of
primary, secondary or tertiary aliphatic, alicyclic or
aromatic amines, or quaternary ammonium ions.

Examples of the oxo acid ester of boron oxr phosphorous
may be those in which all hydroxyl groups of an oxo acid
have been substituted with alcohol residues (groups
obtained by removing hydrogen atoms attached to the oxygen
atoms of alcohol molecules) or those in which some hydroxyl
groups have been substituted with alcohol residues.

Similarly, examples of the oxo acid@ amide of boron or

phosphorous may be those in which all hydroxyl groups of an
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oxo acid have been substituted with am ne residues
(groups obtained by removing hydrogen atons attached
to the nitrogen atons of am ne nol ecul es) or those in
whi ch sone hydroxyl groups have been substituted with
am ne residues. 5 Exanples of the al cohol residue for
the oxo acid ester may be resifyes of primry,
secondary or tertiary aliphatic, alicyclic or
aromati c al cohols. Exanples of the ami ne residue for
the oxo acid am de may be residues of primary or

secondariyﬁ 3l J Rl %tl S%fbsg:)ﬁl t%dorw I‘%,[incé Y (ﬁflggroups

e COITpOUﬂ oron or orous 1s a

th a {)tra&yg vsln\gas E% I?ha% aqlugtous scﬂ utlfntL of
27
té‘ﬁ-ﬂf % i gt e .mgji?%%#ilreaﬁ 9% Tipke, Up Wiflgn some
05 1
S i B el S mé,zfe%% gidues.

p%%?%\%%ﬂ %ﬁ:%é\é\%%]{]eﬁg g‘%g‘%nl%;o% 21%‘ ’g’l ester may

en t he organi 21 from he
v Rt r?fi@dﬁ%a&a’-ofsem@ ) g tpbatio,
O distill at th t of t,he
S aidGedls, an, aponalih er al f&g}% apipe

mol % preferably 0.5 nDI 0 0.1 nmol %relativet
eyl o Tt X8 AFLY ROTGo A, %ef%ﬁg%%sc qt, i imary
21. The crude c Iohexanon OXI whi ch has .been dr awn

aST FH£qoNd t%rﬁ S 1R PRGRELC dines-

dIStI||atI0n colunn 5 18
When the compound 27 of boron or phosphorous is added

to the water 20, i.e., when the organic layer 18 from the
extractor 3 is washed with an aqueous solution of the
compound 27 in the washer 4, the amount of the compound 27
to be added is generally 0.01 to 3 mol/l, preferably 0.05
to 2 mol/l represented by the concentration in an agueous
liquid (the water 20 and the compound 27). When the
compound 27 of boron or phosphorous is added to the organic
layer 21, i.e., when the organic layer 21 from the washer 4
is distilled with addition of the compound 27 in the second
distillation layer 5, the amount of the compound 27 to be
added is generally 0.1 mol ppm to 1 mol%, preferably 0.5
mol ppm to 0.1 mol% relative to the cyclohexanone oxime
included in the organic layer 21.

The crude cyclohexanone oxime which has been drawn as

the bottom product 24 from the second distillation column 5
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Is introduced into a third distillation colum 6 to be
subjected to distillation such that the cycl ohexanone
can be collected as a distillate 25 and purified

cycl ohexanone oxi ne which contains no or reduced
anmount of cycl ohexanone 5 can be obtained as a bottom
product 26 (the third distilla%hon step (6)). The
distillation is usually <carried out at a tenperature
of 140C or |ess under reduced pressure of 10 kPa or

| ess. Since the purified cyclohexanone oxi me thus

t Cahidity, |
gefsglr gﬁgm@ﬁ?e s %“é%l y %@terl a{:]S:L baléi!cirzec'otluﬁnﬁn 6 to be
h Kk bl
p a%ﬂ:‘ %C (faF hi%%ﬁgﬁg‘%gﬁg asr%c ad?la'g? 51% cﬁ#:{ﬁ‘ieﬁ{anone can
%Cecf%i(ﬁ?]%ﬁ%d géﬁc lel g%é&ggﬂ\%‘s:z&h nocij es:iéﬂa = cyclohexanone
ViSRS LS S EORFALEP GO aoFs FAGUFERL (PTIT, 7hoCgghohexanone
a1 Py coBReAERBeadn n et SRR IR e enere
distillate 25 to th t I
S B s, L‘S@CJ{PQSVT e C adsp GHaHBh, WS uouary
i s remar kabl e because of eration for a
arftpRied jout at q‘e’é@‘t‘P%r?)g‘PF%n"%flﬁﬂé: o%t%gﬁt%n%{/ reduced
be purified by rectification or the |ike, Furtherli it ified
| PIRETILD| e°¥n d04erk®® r8HucdefS-0ss ofin the purifie

cycl ohexanone oxine in the above grocess t hat h 1
YT DRBaKRRRNe 29%sMend R cAPFR1RSM! é‘r%eﬁupﬁr§l°5erj§1 therma

smal | amount in the 19
stability, it can be preferably used as a raw material for

the gas phase Beckmann rearrangement. It is desirable that
the distillation conditions are adjusted so that the
concentration of cyclohexanone in sald 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 adistillate 25 to the reaction vessel 1.
Further, when the accumulation of dimpurities in the
distillate 25 1s remarkable because of operation for a long
term and the like, at least a potion of the distillate may
be purified by rectification or the like.

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

oxime which is contained in a very small amount in the
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aqueous | ayer discharged in the extraction step (3)
and the aqueous |ayer discharged in the washing step
(4) is extracted with an organic solvent to be

coll ected. The organic solvent used here may be the
same one as the 5 organic solvent used in the
extraction step (3). Accordingjy, it is desirable
that the organic solvent which 1s to be used in the
extraction step (3) is firstly used for collecting a
very small anmount of cycl ohexanone oxinme fromthe

bove- ment.i oned | :

BT o PRl LU And Brer 40 hte 8) ana the
| oh i e i s desiyabl | "

OSSN B ) R o0 0

Fig., 2(A) . th | t

aln%‘t'ﬁ?é:t%ﬁﬂ] e‘gggﬁﬂ%e}lgrgﬁ%g%fé s%ﬁ.érfe'h%m LthepextEsEi&itda.  The

romt 5 washer 4 are
i ntroduced i ol | ecto

8 mixed wi - .
sd?%ﬂiclﬁ"ogp{gn epdFs ez}lqtr'ﬁ g]rn)él ¥ht nefle s%[n%an'é)‘ﬁe as th

an organirc |ayer 2

d I 29. . Th [c | t ai
TEL GRS BIRRLCT Req TS0 SERLC ARG BB (3),
oS S ST AL SRS, AU sqpyent wnson

I 29 | ffi nat f t \ on,
orinte PRycies 12 Tpar PRGARI 08 (Nl Aotsr Sy veed
d th [ I t t '
9% EREHRFELS | Ro Vi THEH hoPPBIR € pPBudde R qRe O¥ime

i S bR s s SR v

the extraction step (3}. Further, the collection of

cyclohexanone oxime is desirably carried out by multi-stage
extraction.

Specifically, as shown in Fig. 2(aA), the agueous layer
19 from the extractor 3 and the aqueous layer 22 from the
washer 4 are introduced in a collector 8, mixed with the
organic solvent 17, and separated into an organic layer 28
and an agueous layer 29. The organic layer 28 contains a
very small amount of cyclohexanone oxime which has been
extracted from the water layer 19 and the aqueous layer 22
with the organic solvent 17. The agueous layer 29 is a
raffinate of extraction. The organic layer 28 1is
introduced in the extractor 3 and used as the organic
solvent for extracting cyclohexanone oxime from the bottoﬁ
product 16 of the first distillation column 2. Further,

the aqueous layer 29 is treated as waste water. As the
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organi c solvent 17 which is introduced in the
collector 8 the organic |ayer 17 obtained fromthe
distillate 23 from the second distillation colum 5
may be used. Further, the collector 8 may be one by
whi ch nmulti-stage extraction can 5 be carried out, or
a single-stage or nulti-stage n%d(er settler type
extractor in which a mxing portion and a
l'iquid/liquid-separation portion are separat ed,
simlarly to the extractor 3 and the washer 4.

PS8 ANENP LRYS £l opeLeRdLe. LHe sl ector 8.

i's advant ageously su ected to

e"cﬁ{a Ioapnisé ©Pa éé) t70%‘?)tt qhel & ﬁ%ﬂ%xaﬁﬁw%%tenzs from

Of Cy C exanon OoXl ne wat er ottom

glcﬁtegog{ndt 31%1 f'irls.Lati%nSth:L'Lﬁﬁl @n ére%e( %)sed N @flfher, the

exanone oxX1 nme con ned 1n a very

t%?l'g)ac gg:? It oﬁ“asx e a%sqg.()g? wﬁxgﬁagg}gﬁ# sttlg %@&%action can

L AL 2 ROS BRI (SORUSE e miver
(SR oE00R, HAHEHE /S, o MEL PG, Bkron ane o
Sy SR PSS o APATRAL smssarss
EEF ﬂ%ﬁ?gﬁgs C rrled o%%1$%% rg%tgrtgeaﬁgtﬁ:xlﬁéer
th e e i e b 16 an e TSt v

and Sepagatln tJE%éE&%éﬂg frgu }eéiéglto the extraction step

(3) together with the mixed solution of cyclohexanone oXxime
and water which 1s the bottom product of the first
distillation step (2), in order to collect cyclohexanone
oxime contaiﬁed in a very small amount in the aqueous layer.
In that case, the extraction step {(3) is more
advantageously cérried out by multi-stage extraction,
because the aqueous layer discharged from such an
extraction step (3) can become an aqueous layer not
substantially containing cyclohexanone oxime which is not
required to be subjected to a collection treatment.
Specificélly, as shown in Fig. 2(B), the extraction step
can be carried out by returning the water layer 22 from the
washer 4 to the extractor 3 and mixing the water layer with
the bottom 16 from the first distillation column 2 and the

organic solvent 17, and separating the mixture into the
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organi c layer 18 resulted fromextraction of

cycl ohexanone oxine and cycl ohexanone in the bottom
16 and a slight anount of cycl ohexanone oxine in the
water |ayer 22 with the organic solvent 17 and the
water |ayer 19 which is 5 extraction residue. The

wat er | ayer 19 can be treated %ﬁl wast e wat er.
EXAMPLES The present inventio s described by sone
exanples, 10 but it is not limted to these exanpl es.
In Exanple, '8" representing the content is based on

r BxlE R Rs A TRe i P e TSR Baf SHE cygronexanone
RIS rone o CHTRBAhRE < | Habud Py alactfﬁ'oﬁgﬁd @ slight
" ST, é%?%?%&x%gweh%eﬂ@e{ PEAER) Felly Urér 22 wien
ety TRehRe 1 8 St R wnsen 1
carrled out by drawing _a react|0ﬂ sol ution 14

a Strastion residus ng TRG cFahEXatdNeT11 2 6%R8 h 8rg§%ﬁted as

per oxi de aqueous solution 12, anmonia 13 and

t ¥astsyiEtez)-cohol contalnlng water in an 25 anount of
15% by weight into the vessel. The reaction was 22
carried out at 85C and a pressure of 0.25 MPa (gauge

EXAMPLES

The present invention is described by some examples,
but it is not limited to these examples. In Example, "%"
representing the content is based on weight unless
otherwise noticed.

Example 1

The respective steps and thermal stability test
were carried out by applying the collection operations
shown in Fig. 2(A) 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 agqueous solution 12,
ammonia 13 and tert-butyl alcohol containing water in an

amount of 15% by weight into the vessel. The reaction was



pressure) under a feed nolar ratio of

cycl ohexanone/ hydr ogen

per oxi de/ ammoni a/ water/tert-butyl al cohol =
1/1.1/1.8/4.29/4.0. Nitrogen gas which was 5 yi el ded
as a by-product in the reaction was renoved out of
the system and ammoni a gas whi acconpani ed t he
nitrogen gas was absorbed in er to be collected.
The concentrations of conponents in the reaction
solution 14 were 20.43% of cycl ohexanone oxi ne,

22.13% of water, 2,32% 10 of ammoni a, Oﬂlfgﬁﬁ% o
cparshedanyie 24n855% apd, afPreFPuURRtOf Ox P (93He
first distillation steﬁe&%ﬁ The .reacti on sol ution 14

WREEH SHES ) d MRABTS RofrPE cEREHOv8Esel 1 was
introduced into a first distillation &SVCqu

2
t SYELREeXARORY RYARRGRE- ReFCrIfed AEPBI2(HaF§F( tert-butyl

ammoni a was absor bed, and sub'ectﬁg to distillat,i n%tS
aalcongdr st dv'd -3 188¢%atd/4 -Fres E°§Pn5€?§aw%ﬂéﬁbév
pressure) such that ammonia and vvater-containingt t of
5 tarrixel@mtfﬂas & bInBrofucE Ao the £gagtigngWes; el efs out ©
and a m xture 20 consisting of 47.97% of cycl anone
osthee sYStempAsa appEddaq 9@ so WA GCC g Natrogen
was obtained as a bottom product 16.. The distjllate
1 Yagawags 8sesbedpdn; Watedt toaheomed 1RGtEs \waded to
the reaction vessel 1 and the 15% water-cqontainin
t clomogin taladdienis, ofs componentoinsthe Eepctiennelution 14

bott om product 16 fromthe first distillation
were 20.43% of cyclohexanone oxime, 22.13% of water, 2,.32%

10 of ammonia, 0.10% of cyclohexanone and 52.32% of tert-butyl
alcohol.
[The first distillation step (2)]
The reaction solution 14 which was drawn from the
reaction vessel 1 was introduced‘into a first distillation
i5 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
20 consisting of 47.97% of cyclohexanone oxime, 51.20% of
water and 0.317% of cyclohexanone was obtéined 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.

25 [Extraction step (3)]1]




10

15

20

25

colum 2 and tol uene 28 whose wei ght was the sane as
that of cycl ohexanone oxi nme contained in said bottom
product 16 were introduced in an extractor 3, and the
m xture was 5 stirred at about 72C and then separat ed
into a toluene |ayer 18 and an aqueous | ayer 19. [The
first washing step (4)] The tolﬂgne | ayer 18 fromthe
extractor 3 and water 20 whose“amount was the sane in
wei ght as that of 10 cycl ohexanone oxi ne contained in
said toluene layer 18 were introduced in a washer 4,

d the mixt ] i (7
Separatca | s Py A Hhip e FkdiMstiiation

I 22. [ Oxi | | [ h I
JECAERE T RERE e A T TORE S

the washer. 4 were m xed, the ni xe aque I r

{ G IcEe ToP Aot AT HOT FALAEY) B fand otk Prbavor 16
m xture was stirred at about,k 72C and _then_.separa

i ere datFeAucedy & 28 bR Gk ods |398rq§tf E‘Sg‘t“re was
The toluene layer 28 was used as tol uene 28 mhich was

i tigenrddatn ahputex? et 8PA3. themhesepagafed into a toluene
distillation step (5)] To the toluene layer 21 from

t FR¥RE N D AERAPS 188K i bhr of ort hophosphat e

(3 nol mrelative to 25 the é%clohexanone oxi me

cont ai ndthe vt vmaleing 1skeR Y4)] 24 in a small

anmount of water. The ni xture was introducgd
The toluene layer 18 from the extractor 3 and

water 20 whose amount was the same in weight as that of
cyclohexanone oxime contained in said toluene layer 18 were
introduced in a washer 4, and the mixture was stirred at
about 72°C and then separated into é toluene layer 21 and
an aqueous layer 22.

[Oxime collection step]

The aqueous layer 19 from the extractor 3 and the
aqueous layer 22 from the washer 4 were mixed, the mixed
aqueous layer and toluene 17 were introduced in a collector
8. The mixturer was stirred at about 72°C and then
separated into a toluene layer 28 and an aqueous layer 29.
The toluene layer 28 was used as toluene 28 which was
introduced in the extractor 3.

[The second distillation step (5)1

To the toluene layer 21 from the washer 4 was

added a solution of orthophosphate (3 mol ppm relative to

the cyclohexanone oxime contained in the toluene layer 21)
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into a second distillation colum 5, subjected to
distillation under reduced pressure of 30kPa at a
tenperature of 107C and such that a m xture of toluene
and 5 water was collected as a distillate 23 and crude
cycl ohexanone oxinme with a purity of 98.10% whi ch
contained 1.077% of cycl ohexangpe was obtained as the
bottom product 24. The distillate 23 was introduced
inaliquid-liquid separator 7 and separated into a
toluene layer 17 and an 10 aqueous | ayer 20 at about

393G  IhentdhuelRob ¥ ehrl WwdBsSr . USefhdSmikeuie! ware ddtroduced

which was 1T ntroduced in the collector 8 and the

agUES gay%‘e&ﬁld\asd#%?ghféfirﬁﬁ Wl Bhumr20 ¥hi CRupdected to

i ntroduced in the was e third distillation

T

] on col unm was | ntrodu Iinto athird

O b0 LIS, B A L ene ane
LYyl P RS 07 SAULPEIRL 2595 ang  oruce
Ao SR i ST EF, B0y o coneasnes
0o B kTP AntF Ly, B s, b proact
g%%hm %%sztié%t 65t Lyathe RELLEHELa cY ! P expge8-11quia
separator 7 and separated into a toluene layer 17 and an
agqueous 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 agueous layer 20 was used as the water
20 which was introduced in the washer 4.
[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 oxime with a purity of 99,78% which
contained 0.04% of cyclohexanone was obtained as a bottom
product 26. The distillate 25 was used as a portion of
cyclohexanone which was fed to the reaction vessel 1.

[Thermal stability test]

The purified cyclohexanone oxime which was
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obt ai ned as the bottom product 26 was subjected to
reduced pressure distillation at a tenperature of
120C and under a pressure of 15torr (2kPa) until the
distillate was not observed. The anmount of residua
tar was 0.01% based on 5 the charge fed to
distillation (this tar anmount corresponded to the
anmount of tar before heating tr%%tnEnt). Further, the
cycl ohexanone oxi me was subjected to heating

treatnment at a tenperature of 200C under nitrogen gas
flow for 5 hours, and then it was subjected to

dichtiaingd g fheuReditom RRAIP G & o8 (SHRIRE B Fo reduced

manner as in the above- nentioned reduced pressure

dipgteisisune cHistiid atimmiatofa tempenatuteofid2QCrang undexr a

based on the charge fed to the distillation (this tar &

ampseRsurs rafs doieay t(2RA% itk tie qigtilake was no

heating treatnent). The increnment of tar due to 15 thec,i

hedisenyed catThman@n o of gesigndartan Watnfht b based on

Purified cycl ohexanone oxinme having the purity of

o e whangs Ukt it © . Dikidilatian AT \#OWMk ai ned

as the bottom 26 fromthe third distillation colum

5 catrespdtidta the AR tbRg £ Refere RRRtHY treatment).

Exanple 1 except that orthophosphate was not added to

t Funtdiarencche ayprldhexanane cing was SWleGkeddir hpating

to the second distillation columm 5 in the second

ditateéd inpdritoratste preriperatinee tdfer200°Cs uadielr mi tmegen gas £low

carried out in the sanme 25 manner as in Exanple 1 with

r dped hautse anyt|dhexadonwageubjected to distillation
under reduced pressure in the same manner as in the above-
mentioned reduced pressure distillation. The amount of
residual tar was 0.12% based on the charge fed to the
distillation (this tar amount corresponded to the amount of
tar after heating treatment). The increment of tar due to
the heating treatment was 0.11%.

Comparative Examplie 1
Purified cyclohexanone oxime having‘the purity of

99.23% (including 0.01% of cyclohexanone) was cbtained as
the bottom 26 from the third distillation column 35,
according to similar 6perations to those of Example 1
except that orthophosphate was not added to the toluene
layer from fhe washer 4 to be introduced to the second
distillation column 5 in the second distillation step (5).
The thermal stability test was carried out in the same

manner as in Example 1 with respect to the cyclohexancne
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oxi me obtai ned. The ampbunt of tar was 0.028 before
heating treatnent, the anount of tar was 1.808 after
heating treatnent, and the increnent of tar due to
the heating treatnment was 1.78% 5 As descri bed
above, the present invention provides, as a first
enbodi nent, a process for produ?éng cycl ohexanone
oxime including the followi ng steps (1) to (6): (1)
reaction step: a step of reacting cycl ohexanone, 10
hydrogen peroxide and ammonia in the presence of a

LSRR R L A Syl U AE064  OF Bhke neating
e g R i régr“rir%“zce.ancg@zahfter@tneamg

é.et?%ah%?&qst&'q“%rﬁ R amahsth Lo P16 e BET5HRS

product containjn cyclohexanone oxi me, water and

cyIHEEHo MRS ()78 &t raction step: a step of mixing
the bottom product obtained in the step (2) with an
or gani ¢ sol vent 20 fol |l oned by separating a mxture

into an or nrc er and an a ueous I %# ides, as
washi nd St rFtb‘?V?n iy B 'P prov

obtai ned in the step (3) with water fo
sé%af%??ﬁgemQOFFWFHFel tEF%ﬁP%ﬁggﬁFcREﬂﬁgg%W% Gyclohexanone
gggeous layqq.gi 25 (5) ngf&dﬂ%sstéé:l,sati )n tePG)a step

(1) reaction step: 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,

(2) first distillation step: a step of subjecting the
reaction solution obtained in the step (1) to distillation
to distil off ammonlia and obtain a bottom product
containing cyclohexanone oxime, water and cyclohexanone,

(3) extraction step: 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) washing step: a step of mixing the organic layer
obtalned in the step (3) with water followed by separating
a mixture into an organic layer and an agueous layer,

(5) second distillation step: a step of subjecting the
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organic layer obtained in the step (4) to distillation
to distill off the organic solvent and water and to
obtain a bottom product containing cycl ohexanone
oxi me and cycl ohexanone, and 5 (6) third distillation
step: a step of subjecting the bottom product
obtained in the step (5) to disﬁtllation to distil

of f cycl ohexanone and to obtain bot t om pr oduct
cont ai ni ng cycl ohexanone oxi ne; wherein a conpound

sel ected from an oxide, an oxo acid, an 10 oxo acid

bl St o B M cion
_ ; |
OBRRtH (4R HEhe pERRRAF POIBETSUBIELIBETD GHG fpegPtatn o

5). .The present invention provides, as a second
éﬁ%ﬁ&pﬁbn?prqﬂyqqma %ﬂ% rqxﬁhﬁhﬁfanone oxime and

cycl ghexanone oxi nme, according to the first

e FFSdORSFRNRfer &M t he organic sol vent used in the
step (3) .is one or nore solvents sel ected fr%n1a £ th
hydr ocdfdortsigrd edtstiblatipn SBeRent, SHRR F &iplecting the
sol vent. The present invention provide as a fhir
eﬁﬁiﬁqﬁﬂﬂﬁ°d€Rﬁt?R¢?ﬁQﬁ%s§nfBngFEBBCiﬁd o difbdfliation to
cycl ohexanone oxi ne according to the first or th% duct
s&detd Llenobi msrlohgrananse  ARdadkfbnPhtadPstd | PafEMy produc
in the step (2) is recycled to the step (1). The

preedd@l ninge HYOPHRFRAREs 0%ldey f ourt h enbodi nent,

the process for producing cycl ohexanone oxi ne

astersing & ccommpunty spteeted hErem ap P¥lidfe AR e acld, an

enbodi nents, wherein the 28
oxo acid salt, an oxo acid ester and an oxo acid amide of

boron or phosphorous is added to at least one of the water
used in the step {(4) and the organic layer obtained in the
step (4) to be subjected to the step (5).

The present invention prbvides, as a second embodiment,
the process for producing cyclohexanone oxime according to
the first embodiment, wherein the organic solvent used in
the step (3) 1s one or more solvents selected from a
hydrocarbon solvent, an ether solvent, and an ester solvent.

The present invention provides, as a third embodiment,
the process for producing cyclohexanone oxime according to
the first or the second embodiment, wherein the ammonia
distilled off in the step (2) 1s recycled to the step'(l).

The present invention provides, as a fourth embodiment,
the process for proﬁucing cyclohexanone oxime according to

any one of the first to the third embodiments, wherein the
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organic solvent distilled off in the step (5) is
recycled to the step (3). The present invention
provides, as a fifth enbodi nent, the process for
produci ng cycl ohexanone oxi ne according to 5 any one
of the first to the fourth enbodinents, wherein the
water distilled off in the step é is recycled to the
step (4). The present i nventi of provi des, as a sixth
enbodi nent, the process for produci ng cycl ohexanone
oxi me according to 10 any one of the first to the

fifth enbodi nents hexapone

mQQQQQ¥&1%ﬂ*v??Ftﬂﬁhgiike? %Fs § BB (Ple 3 ¢ reCYCled

(1 29 VWHAT IS CLAI MED | S: 1 A process for produ0|ng
diefteR Bdine  including the follomnng steps (1)

to (6 1 reactlon ste a ste reactin
cycfo% ( ) iﬁﬂﬁﬁﬁﬁi? eﬁ?ﬂﬁiﬂ?%ﬂu?%nﬁn#ﬁ%§? ephpdiment,

presence of a tltan05|llcate C ﬁ %St to ve a
Jehs

r e IRFPERAL TR PEBARSTRINGYE 8ReAGN w}%ﬁ““di“g to
wat er, unreacted ammoni a and unreacte Iohexano’h in th
( BN¥ qng ofi dhe 1T & dhe Fayrth cﬁmqw%’[ grein the
10 reaction solution obtained in the st ep (%g?i%F to the step

- divater flishillied L iin ghe FiRmhi @ and I

bott om product containing cycl ohexanone oxi nme, water
mﬁﬁkwclohexanone (3) extraction step: a step of

m xi ng the bottom
The present invention provides, as a sixth embodiment,

the process for producing cyclohexanone oxime according to
any one of the first to the fifth embodiments, wherein the
cyclohexanone distilled off in the step (6) is recycled to

the step (1).
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product obtained in the step (2) with an organic
solvent 15 followed by separating a m xture into an
organic layer and an aqueous |ayer, (4) washing step:

.a step of mxing the organic |layer obtained in the

step (3) wth water followed by separating a mxture
into an organic |ayer and an agygous |ayer, 20 (5)
second distillation step: a step of subjecting the
organic layer obtained in the step (4) to distillation
to distill off the organic solvent and water and to

0 ] t duct containing cycl ohexanone
OX|n€p£%ﬁcgg§c 0 g%%hone, and 25 (6) third

distilh@tio st é% ?%éeg g; Pg?h@g&bgg t iﬁ%éy%%égg oxime

product™ obt arn rstillation
distil off cl none and t ' ottom
pr%b‘illc'i‘ﬁ%%hef gﬁhoﬁ'gla%"f/crf%hsgtxeﬁsgn o?<'%(;r]re(,96 ﬁ?_ner ein a

conpoun selectggo%;%g%%? OX|d§épag 04%5%%fﬁ(jﬁkgék%ﬁ§an°“e-

oxo aci'dkaFeac d %sterPand an oxo

C e * RERPTHIR R opefifitaa e SFRaniiighee of e
(SRR Bl EbE oo T &, JAie posolution
LSRRG ST oPES Ry P o1 e o AR HesR, Camnonta
solvent, and an ester solvent. 3. The process

act¥t HHPAT G HYFLCHHFRAWGY t he
(2) first distillation step: 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,

(3) extraction step: 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 aqueous layer,

(4) washing step: 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 agqueous layer,

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

{(6) third distillation step: a step of subjecting the
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ammoni a distilled off in the step (2) is recycled to
the 15 step (1). 4. The process according to claim1,
wherein the organic solvent distilled off in the step
(5) is recycled to the step (3). 5. The process
according to claim1, wherein the 20 water distilled
off in the step (5) is recycledygo the step (4). 6.
The process according to claim1, wherein the

cycl ohexanone distilled off in the step (6) is
recycled to the step (1). 25

bottom product obtained in the step (5) to‘distillation to
distil off cyclohexanone and to obtain a"‘ bottom product
containing cyclohexanone oxime;

wherein a compound selected from an oxide, an oxo acid, an
oxo acid salt, an oxo acid ester and an oxo acid amide of
boron or phosphorous is added to at least one of the water
used in the step {4) and the organic layer obtained in the
step (4) to be subjected to the step (5).

2. The process according to c¢laim 1, wherein the
organic solvent used in the step (3) 4is one or more
solvents selected from a hydrocarbon solvent, an ether
solvent, and an ester solvent.

3. The process according to claim 1, wherein the
ammonia distilled off in the step (2) 1is recycled to the
step (1).

4, The process according to claim 1, wherein the
organic solvent distilled off in the step (5) 1s recycled
to the step (3). |

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

6. The process according to claim 1, wherein the
cyclohexanone distilled off in the step (6) 1s recycled to

the step (1).



