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1 SPECI FI CATI ON PROCESS FOR PRODUCI NG CYCLOHEXANONE
OXI ME BACKGROUND OF THE I NVENTION 5 Technical Field
(0001) The present invention relates to a process for
produci ng cycl ohexanone oxi me byl anmoxi mation reaction
of cycl ohexanone. Cycl ohexanone oxine is useful, for
exanple, as a raw material for s-caprolactam 10
Description of the Related Art iOOOZ As one of
processes for produci ng cPEEEREXGRD oxi ne, a
process of carrying out the anmoxi mation reaction _of

cycl ohexanonBROGRIE FoR FRORUEENG T Hel CHFa atohEn CX

the 15 presence of a titanosilicate catal yst has been
proposed (for exanple, refer to the patent

literatures 1 to 4. indicated below). The process is

not BACHGROWND fQF THFe JMVENTZONg sulfuric acid with

amoni a which neutralizing is required as in a
conderbnénal Pielkss for carrying out 20 oxi mation

wi th hydroxyl ammne sulfate, and it also has an

advd®08gé t hatTheepreaenbniprentipndueiatesntohad process for
catal yst is easx because it is a solid catal yst .

r ea®EOGHCHRG c ¥ Sl ohaormmerex iR RY naippription reaction of
amoxi mati on reaction process is advantageous when it

i s cyciphexanenen Lycdohexapgne oxime 1s useful, for example,

as a raw material for eg-caprolactam.

Description of tﬁe Related Art

[0002] .As one of processes for producing cyclohexanone
oxime, a process of'qarrying out the ammoximation reaction
of cyclohexanone with hydrogen peroxide and ammonia in the
presence of a titanosilicate catalyst has been proposed
(for example, refer to the patent literatures 1 to 4
indicated below). The process is not required for
neutralizing sulfuric acid with ammonia which neutralizing
is reéuired as in a conventional process for carrying out
oximation with hydroxyl ammine sulfate, and it also has an
advantage that separation of a product from the catalyst is
easy because it is a solid catalyst reaction process.

[0003] The above-mentioned ammoximation reaction process
is advantageous when it is carried out in a continuous

system from the viewpoints of productivity and operation of
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25 system from the vi ewpoi nts of productivity and
operation of 2 the process. For exanple, it is

di sclosed in the patent |literatures 2 and 3 that the
amoxi mati on reaction is carried out in a continuous
system by separating through filter a liquid phase

of a reaction mxture in a refctor in 5 which m xture
a catalyst is dispersed while feeding cyclohexanone,
hydr ogen peroxi de and ammonia into the reactor.

Further, it is_disclosed in the patent literature 4
t i RARCeRsnox FRRt PEAIREactitont S di8qiPPed Hhitthe Patent

conti nuous systemwhile feeding a,catal yst together
wWiemRFures dafBr glln‘%h?"nt ea%“@é’&?&?ﬁ?%obﬁz}c et
literature 1],JP- A-62-59256(1987 atent literature
LS RS0 15 20805C LRGSR cem b, paparstiid tHxSugh 2

31JP- A-6-92922(1994) 15[ Patent |t t . .
ABIEE Fdammasan v GESEIEOPRRRFRER YdGogeactor in

is the purpose of the present, i nvention.tfo rovi de a
AL SARGIER PaCaBRLYED T GHSEETESE BRLLS EARSINSG

oxi in a higher yield by further inprovjin

serekaexanpns; BYAroseR REFRX'GE #BC ARpRRLA Lnto the

above- nenti oned conti nuous, nMoXxj nmat i on react.i qn
DFORRESE - | GUGEReThel br LS ahSGURRER: ABn PP cRFLRIE & terature

rocess for
p4 that the ammoximation reaction is carried cut in a

continuous system while feeding a catalyst together with
raw materials into a reactor.
[C004]

[Patent literature 1] JP-A-62-59256 (1987)

[Patent literature 2] JP-A-6-45015 (1994)

[Patent literature 3] JP-A-6-92922 (1994)

[Patent literature 4] JP-A-2000-72737

SUMMARY OF THE INVENTION

[00051 It is.the purpose of the present invention to
provide a process which is able to produce cyclochexanone
oxime in a higher vyield by further improving a selectivity
of cyclohexanone oxime in the above-mentioned continuous
ammoximation reaction process.

[0006] The present invention provides a process for
producing c¢yclohexanone oxime in a éontinuous reaction

system by preparing a reaction mixture in a reactor in
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produci ng cycl ohexanone oxime in a continuous reaction

25 system by preparing a reaction mxture in a reactor

in 3 which mxture a titanosilicate catalyst is

di spersed, and feeding cycl ohexanone, hydrogen

peroxi de and anmonia into the reactor through a

feeding orifice of cyclohexanohe, a feeding orifice

of hydrogen peroxide and a feeding orifice 5 of

amoni a, respectively, wherein the above nentioned
reaction mxture fornms a circulating flowin the

redeich mixtire e Eteaneslldcatecsaspliigtr dgedigprsspde and
and the feeding orifice of ammonia are provided in

t héeedine cyalmhezangner dbydoagemepdoontde candspuponia into
the feeding 10 orifice of cycl ohexanone al ong said

ci ¥l Beaekpy | Ywoughoy| femdiing orifdca pfodivsilnyexancne, a
cycl ohexanone oxinme, the circulating flow of the

r ebRedigw minlifice o€ hydnegen rperaxidecamdom ieegling orifice
contains the mxture having the catalyst dispersed

t het eiafmoRid. i t resPediniertibr | ¥RErphnt hthe alahRyss mentioned
flowi ng direction of the circulating flowin the

r ERAGION mwture fedmeeamcditgalabhpg dfiew dpwiber sgartor,
si de cycl ohexanone is supplied to the reactor,
hy#ibgdhepefosding iorifipsl i ofl thwdrhgencapeERxise i @ad the
downst ream si de and ammonia is supplied to the

r efR@Bmbnosifice mafe asmABieeaan0PEpyided (intivthe above
mentioned order. As a result, cyclohexanone is
sUptiiomespserdgist Pdanthemdewngtream side of the feeding

orifice of cyclohexanone along said circulating flow.

[0007] That is, upon producing cyclohexanone oxime, the
circulating flow of the reaction mixture is formed in the
reactor which contains the mixture having the catalyst
dispersed therein, and it is characterized in that along a
flowing direction of the circulating flow in the reactor
from 1its  upstream side toward its downstream side,
cyclohexanone is supplied to the reactor, hydrogen peroxide
is supplied to the reactor on its downstream side and
ammonia is supplied to the reactor on a its more downstream
silde as in thus mentioned order. As a result,
cyclohexanone is supplied most upstream, ammonia is
supplied most downstream and hydrogen peroxide is supplied
between them.

[oo08] The present invention further provides a reaction

apparatus in which the above mentioned process is carried



suppl i ed nost downstream and hydrogen peroxide is
supplied between them [0008] The present invention
further provides a reaction 25 apparatus in which the
above nentioned process is carried 4 out for producing
cyl ohexyanone oxi nme as descri bed above, that is, a
reacti on apparatus wherein thé circulating flow is
formed, and the feeding orifice of hydrogen peroxide
and the feeding orifice ammonia are |ocated in thus
listed 5 order on the downstream side of the feeding
or 4t cEHIPrRdRgicke, GielieEYaNBRY PRENS | 85 AgSariked | ahove,
of the  circulating flow In other words, in th

r &b o épﬁ@@&?é?naéEB?E??EFt%ﬁqqﬁéon@§eﬁFrcugatin9 flow

invention, the feeding _orific¢e, of cycl ohexyanone is

| ok (TOTRst FRArEDE HEEALaE AG1 160801 (ETAUREPEFPELde and
| ocat ed downstream and the feeding _orifice, of .
hythglaedirpxpgifige| gampadapanfcehotdeedt ABr thugp listed

feeding orifices, [0009] According to the present )

i RAARE ot the dousitygels Hffoxehathen feeddngorpifice of
cycl ohexanone can be 15 carried out in a high
sef¥ONFRYINGRY cPdoBlex diithe 5kPWENGanddgeptboRice®ti n the

a high_yield. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010] . .
Fi Cg‘:rchléEF@ﬁat fLaWty shdhs AEREOSIUESYi ohBl Fhew r?@‘l:t“’n

of an exanpl e of reacti on apparatus which is used
f(ﬂqu§gtugpaccordfng to tge p@%sent invent{Bn, ghe feeding

orifice of cyclohexyanone is located upstream, the feeding
orifice ammonia is 1located downstream and the feeding
orifice of hydrogen peroxide is located between the other
two feeding orifices.

[0C09] According to the present invention, the
continuous ammoximation reaction of cyclohexanone can be
carried out in a high selectivity and cyclchexanone oxime

can be produced in a high yield.

BRIEF DESCRIPTION QF THE DRAWINGS
[0010] Fig. 1 schematically shows a cross sectional view
of an example of a reaction apparatus which is used for the
process of the present invention.

Fig. 2 schematically shows a perpendicular cross
sectional view of another example of a reaction apparatus
which is used for the process of the present invention.

In the drawings, the numerals indicate the
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process of the present invention. Fig. 2 schematically
shows a perpendi cul ar cross sectional view of another
exanpl e of a reaction apparatus which is used for the
process of the present invention. 25 In the draw ngs,
the nunerals indicate the 5 foll ow ng nenbers,
respectively: 1 ... reactor 25... feeding pipe of

cycl ohexanone 3 ... feeding pipe of hydrogen peroxide
54 ... feeding pipe of anmmonia la ... discharge
orifice of reaction mxture 2a ... feeding orifice of
cytbahenbmpnterbers, . réspettipvelryi:f i ce of hydrogen
peroxide 4a ... feeding orifice of ammonia 10 1
reacti on mmeddgter 2' ... cyclohexanone 3' ... hydrogen
peroxide 4' ... ammonia 5 ... bul khead 15 6 ..

m Xi ng 2 npefdexiingEbih e EOE DEORIHEkaahneF THE | NVENTI ON
[0011] The present invention is specifically described
bel ow. Fhe fdddimgspipead® lagdndyercgeabysdeused in the

4 .. feeding pipe of ammonia

la .. discharge orifice of reaction mixture
2a .. feeding orifice of cyclohexanone

3a .. feeding orifice of hydrogen peroxide
4a .. feeding orifice of ammonia

1’ .. reaction mixture

2’ .. cyclohexanone

3" .. hydrogen peroxide

4’ ... ammonia

5 .. bulkhead

6 .. mixing impeller

DETAILED DESCRIPTION OF THE INVENTION

[0011] The present invention is specifically described
below. The titanosilicate as the catalyst used in the
present invention is a zeolite which contains titanium,
silicon and oxygen as elements forming its framework. The
framework may substantially be composed of titanium,
silicon and oxygen, or the framework may further‘contain
other additional element(s). As the titanosilicate

catalyst, those having an atomic ratio of silicon/titanium
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20 present invention is a zeolite which contains
titanium silicon and oxygen as elenents formng its
framework. The franmework may substantially be
conposed of titanium silicon and oxygen, or the
framework may further contain other additiona
element(s). As the titanosilic@te 25 catal yst, those
having an atomc ratio of silicon/titanium®6 in the
range between 10 and 1000 are preferably used, and
the catalyst may be in the formof, for exanple, fine
powdeither rpageegstweme 10 tantbski00c ane queflegaplEpused, and
by a process described in, for exanple, JP-A-56-96720
(198¢) catalystcaayentes oh tthwt Parmnifpubforaekamplee fine
i ncorporated herein by reference thereto so that they
f orawdepaor pflliefte. pThecnitanesdilicesei oan HO@rRpared by a
Cycl ohexanone oxi me can be produced by carrying out
anpoecess i dasceiloed obnof foyclestempdronalBriAt-p6hPa7¥oQ¢er{1981) .,
10 peroxide and ammonia in the presence of a catal yst
whifthe gontgnthe ofbdhetmmatiente publizasirhi eare lacorperated
catalyst. [0013] Cycl ohexanone as the raw materi al
mahepelptrwineierenter tharsin so phathEhexi frexm ¢nhpart of the
reaction of cycl ohexane, by the hydration and
deBygsenlespacificabienons of cycl ohexene, 15 or by
t he hydrogenati on reaction of phenol. [0014] Hydrogen
pel8R13k i s Grlsheyapenetidichyran be- pradiiest by carrying
ant hraqui none nethod. Hydrogen peroxide is usually

out ammoximation reaction of cyclohexanone with hydrogen

peroxide and ammonia in the presence of a catalyst while
using the above-mentioned titanosilicate as the catalyst.
[0013] Cyclohexanone as the raw material may be obtained,
for example, by the oxidation reaction of cyclohexane, by
the hydration and dehygrogenation reactions of cyclohexene,
or by the hydrogenation reaction of phenol.

[C014) Hydrogen peroxide is usually produced by a so-
called anthraquinone method. Hydrogen peroxide is usually
commercially available as an aqueous solution with a
concentration of 10 to 70% by weight of hydrogen peroxide,
and such solution can be used. Further, hydrogen peroxide
can be also produced by reacting hydrogen with oxygen in an
organic solvent in the presence of a solid catalyst having
metal palladium supported thereon. When hydrogen peroxide
according to such process is used, an organic solvent

solution of hydrogen peroxide which solution is obtained by



10

15

20

25

commercially avail abl e as an aqueous solution with a
concentration of 10 to 70% by wei ght of hydrogen

per oxi de, 20 and such solution can be used. Further,
hydr ogen peroxi de can be al so produced by reacting
hydrogen with oxygen in an organic solvent in the
presence of a solid catalyst having netal palladium
supported thereon. Wen hydrogen peroxide according
to such process is used, an organic solvent 25

sol uti on of hydrogen peroxi de which solution is
obtsgbasdtbyg Thepatalysy fhen cthalnesictironmikture may be
reaction mxture may be wused in place of the above

metEedndd plare gh ther skpve menfuenssl dydoegen. peypxide
anmount of hydrogen peroxide used is wusually in the

r aRgEepus wveekltgion .npRnapgonm £ dywdir®geneperabide jused is
t he ran%e between 0.5 nol and 1.5 nol based on one
nmoMsuat Ig yin diex asoge. between rbifedalhanda3 msehiand zer
such as a phosphate (such as sodi um phosphate), a
poP¥BhRes elr{ dlpeh raggeode twegsy roFhosphand hn¥l medd based
tri pol yphosphate), pyrophosphoric acid, ascorbic acid,
1008t AR gkl & iycdohegseene. aditd isnnptedr thatkts ¢

acid, amnotriacetic acid, and

di 6LAPLbhzar isuinegent Rhesphatercistichnay bed b qehasphate) ,
hydr ogen peroxi de. [0015] Ammonia may be used in a
gadeBRlvPRpsrhAtey (Shghi a5 soiiym muarophnsphatemandsodium
used ,as_a solution of water or an 15 organic sol vent.
An tEEBRRYPhstsphated i aptisepho sphardfce rgdtly ascorbic acid,

ethylenediaminetetraacetic acid, nitrotriacetic acid,
aminotriacetic acid, and diethylenetriaminepentaacetic acid
may be added to hydrogen peroxide.

{0015] Ammonia may be used in a gaseous form or a liquid
form, and ammonia may be used as a solution of water or an
organic solvent. An amount of ammonia used is preferably 1
mol or more and preferably 1.5 mol or more per one mole of
cyclohexanocne.

[0D168] The above mentioned ammoximation reaction may be
carried out in a solvent, and as such reaction solvent, an
alcohol (such as methyl alcohol, ethyl alcshol, n-propyl
alcohol, isopropyl alcohol, n-butyl alcohol, sec-butyl
alcohol, tert-butyl alcohol and tert-amyl alcohol), water,
or any mixture therecf is preferably used.

[0017] A reaction temperature of the above-mentioned

ammoximation reaction is usually in the range between 50°C
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nol or nore and preferably 1.5 nol or nore per one

nmol e of cycl ohexanone. [00161 The above nenti oned

amoxi mati on reaction nmay be carried out in a

solvent'. and as such reaction solvent, an 20 al coho
(such as nethyl al cohol, ethyl alcohol, n-propyl

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

al cohol, tert-butyl alcohol and tert-anyl al cohol),

water, or any m xture thereof is preferably used.

[0017] A reaction tenperature of the above-nentioned
25andnbX0°Catndnprefetabdy e tbeatdngé rbativeanad@eC and 100°C.
bet ween 50*C 8 and 120C and preferably in the range
beFuetine 0@ FedctdOC. Presgutremayabeenerrdh pressinee but
may be normal pressure, but the reaction is

pr Eher egacticar diseprefieralde carrdeduputf vpdey Ruassyrggfor
an anount of ammoni a dissolved in a |iquid phase 5 of

t hénereatingh an »mgpat of ammandey dd§sedvedntera 1iquid phase
pressure, the pressure may be adjusted using an inert
gasfsties meaction Biskuee. hdihaamcaroyiny PRt tirdss pTegpure.
i nvention, the above nmentioned anmoximation reaction

i stharpressunn may hecediystasdidisips: am inept gas, such as
continuous reaction is usually carried out by

r epat¥eern omphedéntr ni ned anount of the reaction

mxture in which the catalyst is disgersed ina
cof®PBbus ridadher presemt ainvenddiony e§ho caldeye (mancioned

reactor or a |loop type . . ] )
ammoximation reaction is carried out in a continuous system,

Such continuous reaction is usuvally carried out by
retaining a predetermined amount of the reaction mixture in
which the catalyst is dispersed in a continuous reactor
such as a stirred vessel type reactor or a loop type
reactor, and feeding cyclohexanone, hydrogen peroxide,
ammonia and, ;f necessary, a solvent and the like while
discharging an amount of the reaction mixture which amount
is generally equal to the total amount of those raw
materials supplied into the reactor. The discharge of the
reaction mixture herein is preferably carried out by taking
out only its liquid phase through a filter and the like
while retaining the catalyst in the reactor. When the
catalyst is also discharged together, an amount of the
catalyst to the reactor has to be supplied into the reactor.
As the catalyst which is to be supplied, a new catalyst

which has not been used for the reaction is used, but the
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reactor, and feedi ng cycl ohexanone, hydrogen peroxide,
15 ammoni a and, if necessary, a solvent and the |ike
whil e discharging an anount of the reaction m xture
whi ch amount is generally equal to the total anount

of those raw materials supplied into the reactor. The
di scharge of the reaction m>xure hereinis

preferably carried out by taking 20 out only its

l'iquid phase through a filter and the like while
retaining the catalyst in the-reactor. Wen the
caFefFgrarsds catadvat sehtely e s bgapnheeparatachdiror shet he
catal yst to the reactor has to be supplied into the

r egtsharged geacthon| Hittung cani betwsed adadm adgera
new catal yst 25 which has not been used for the

r edigR]enting d&efio BureqenemtionopEeeeseinglifs NegREEATY,
has been separated fromthe discharged reaction |

m k@ Erexamm ehe ausbeabtimenth off tepoving| eedaHs matesiagls by
regeneration processing if necessary, for exanple, a

t r e sigRtion r apdvihe wrvanitelygteppdl Shepregovered

cal cination, and the new catal yst and the recovered
cataf3ststhmpypbeyssed i ip combilpation: [0019] A
concentration of the catalyst in the reaction. mxture
dep¥MR] on Ancapeent¥agtism ofec that Gryatystk daethgnreaction
conditions and the like, ‘and it is usually in the .

r dptjEEuRe sepReds anan agtdvidy gfLthereatadlamity FRachéen
range between 5 g/L and 100 g/L, and npre preferably
inCQHQ#Q%ﬂﬂgeaBét @nlike, and it is usually in the range

between 1 g/L and 100 g/L, preferably in the range between
5 g/L and 100 ¢/L, and more preferably in the range between
10 g/L and 100 g/L as a weight of the catalyst per a unit
volume of the reaction mixture (catalyst + liquid phase).
It is noted that, upon the initiation of the reaction, for
example, a catalyst dispersion in which the catalyst is
dispersed in a solvent is charged in the reactor, and
feeding of the above mentioned raw materialé is started as
described above, while discharging of the reaction mixture
is started. As the reactor, a glass lined reactor or a
reactor made of a stainless steel is preferably used from
the viewpoint of preventing decomposition of hydrogen
peroxide.

[0020} According to the present invention, in the above
mentioned continucus ammoximation reaction process, the

circulating flow of the reaction mixture is formed in the
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10 g/L and 100 g/L as a weight of the catal yst per a
unit volune of the reaction m xture (catalyst +
liquid phase). It is noted that, upon the initiation
of the reaction, for 15 exanple, a catal yst dispersion
in which the catalyst is dispersed in a solvent is
charged in the reactor, and fldeding of the above
nmentioned raw materials is started as described
above, while discharging of the reaction mxture is
started. As the reactor, a_glass |ined reactor or a 20
r ERAGOIARewbich mixtune dhescabalyst pherddspsryetsend
from_the viewdoint of preventing deconposition of
hySHOGPR*aparexi PArqerRip @era¥iae ding aaHe sresipd
inyenti,on, in the ahove. nentioned, continuoys
anthBGeHRIEPORRFRMER | Tie fresdesy, OFh%lcw%icrYeﬂpaF#ﬁaoner the
flow of the reaction mxture is forned jn_the 18
r SRABMY RTHRIER O RAATOICRPERPRIYR tANS thes &P
and . cycl ohexanone, hydrogen peroxi de and ampni a are
f RF1fiicer f n2BRe MU GIP IS LAZRAY ng WRIT iV hpfeeding, the
cycl ohexanone, the feeding orifice of, hydrogen , . .
;xﬁQﬁ&t&@naﬁdr?%%t$QR§hﬁﬂg°§96PPfF%%P%ﬁt¥ﬁﬂn§ﬁe orifices is
respectively. Upon such feeding, the Qsi i onal .
r lefiggsdnsp bhat Hehe dseddingy el Eice mp Mydroges peroxide
desi gned so that the feeding orifice of hydrogen
p itge TaRALEA T i §lopPRPRER Oar%,ﬂﬁﬁ%ngegr én above
arranged i.n ahove nenti%qed,orq§ al.on agﬁ vﬁgg

a r of the above

diBeERlogRdopreee 2 RE owing directic

mentioned circulating flow on the downstream side of the
feeding orifice of cyclohexanone. 2As a result, a side
reaction such as a condensation reaction of cyclohexanone
can be suppressed by forming the circulating flow of the
reaction mixture in which the catalyst was dispersed in the
reactor and feeding the respective raw materials into the
reactor under the predetermined relationship as to the
feeding positions of the raw materials, so that the
selectivity of cyclochexanone oxime can be improved.

[0021] Fig. 1 schematically shows a cross sectional view
of an example of the reaction apparatus used in the
continuous ammoximation reaction process according to the
present invention. Namely, the circulating flow of the
reaction mixture indicated by the white arrow marks is
formed by a pump and the like in a loop type (or a doughnut

type) reactor 1. Cyclchexanone 2’ is fed into the
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10 nentioned circulating fl ow on the downstream si de

of the feeding orifice of cycl ohexanone. As a result,

a side reaction such as a condensation reaction of

cycl ohexanone can be suppressed by form ng the
circulating flow of the reaction mxture in which the
catal yst was dispersed in the 15 reactor and feeding

the respective raw materials into the reactor under

the predeterm ned relationship as to the feeding
positions of the raw materials, so that the
serbeeRlatingfleyc threwahothe deedingaprbbicepiaatdan end
[00211 Fig. 1 schematically shows a cross sectional

vi Barthen off dheekangl pipe g:hémd@aepnonea%hd%ﬁfs igsdgd on
in the continuous anmoxi mati on reacti on process

ac &be ddowpstareame sigeegbnthe fassingn orNEhes y2a ttwough the
circulating flow of the reaction mxture indicated by

t héeqping arifdwendpkati ghe fandnersyon plnphantrediqg pire 3,
like in a |oop type (or a doughnut 25 type) reactor 1.
Cy &P hamagivide 42 1ps frddon nihy dewmstrepp ceide ¢y e feeding
through the feeding orifice 2a at an end portion of

t hert ﬁ%éhﬁpuﬁngBQeﬁﬁW‘&(i@éfgcei daraly e ande
downstream side of the feeding orifice 2a through the

f cRAFREPHAT ithe Sgedingrirmd -poForshess the ¥eashieg

pipe 3, 5 and amonia 4' is fed on the downstream side
of MiFEFeddi 7§ apprRf cef kgl dggReakbYf bRl $aRP® A Bcéotal

4a at the end portion of the feeding pipe_ 4. Further,
t hahewletqfhthese fed materials is discharged through a

discharge orifice la which is provided at the reactor 1.

It is noted that the meaning of "downstream” (and also the
meaning of "upstream") as to the positional relationship of
the feeding orifices 2a, 3a and 4a is used in a relative
meaning. Thus, for example, when the feeding orifice 3a of
hydrogen peroxide is set as a basis, it can be considered
that the feeding orifice 4a of ammonia is arranged on the
downstream side of the feeding orifice 3a of hydrogen
peroxide, and the feeding orifice 2a of cyclohexanone is
arranged on the downstream side of the feeding orifice 4a
of ammonia. Further, when the feeding orifice 4a of
ammonia is set as a basis, it can be considered that the
feeding orifice 2a of cyclohexanone is arranged on the
downstream side of the feeding orifice 4a of ammonia, and
the feeding orifice 3a of hydrogen peroxide is arranged on

the downstream side of the feeding orifice 2a of
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m xture 1' an amount of which is nearly the sane as a
total anmount of these fed materials is discharged

through a 10 discharge orifice la which is provided

at the reactor 1. It is noted that the neaning of
"downstreant (and also the neaning of "upstreani) as

to the positional relationshipof the feeding

orifices 2a, 3a and 4a is used in a relative nmeaning.
Thus, for exanple, when the feeding orifice 3a of 15
hydrogen peroxide is set as a basis, it can be
coﬁ%?ihﬂ%ﬁ?nopﬁat the feeding orifice 4a of ammonia is
arranged on the downstream_side of the feeding

or [#942] 3a Fighydrsehsmaticadilydehods da trRreaddicydar cross
orifice 2a of cyclohexanone is _arranged on the
dofpctionah Jiew of anrthel@xaBrdei of ceheyraeagtipn apparatus
ammoni a. Further, when the feeding orifice 4a of

an¥eRl ol $heecontinupLs | AmMOXANghKOR L @3FEiAle PEGCEATL

the feeding orifice 2a of cycl ohexanone is arranged
on2¢Frrd ot Fharkes RN tofinvsatiendi nkp drier isbewngeypmple,
ammoni a, and the feeding orifice 3a of hydrogen

ped oXi e ads vapFahgeP s tofe Ldbsndsedadft sihdehop eptumnar

feeding orifice 2a of 12 cycl ohexanone. [0022] Fig. 2
scheRAkatdan yalhonsia Rravidedi a6l arbelidead ybdchofarrounds
vi ew of anot her exanple of the reaction_ apparatus

usef RN 1EBRE | o AL HHiBE ARPROReF ek titoRrgrEcEQsTEM

according to the Present invention. In the shown
extipl@irculating rlow of the reaction mixture in the reactor

indicated by white arrow marks. Namely, by rotating the
stirring blades 6, a down flow of the reaction mixture is
formed in the inside of the separating wall 5 (namely, in
the central portion of the reactor 1 with respect to the
horizontal cross section of the reactor), and also an up
flow of the reaction‘mixture is formed in the outside of
the separating wall S (namely, 1ln the peripheral portion of
the reactor 1 with respect to the horizontal cross section
of the reactor). Accordingly, as a whole, the circulating
flow of the reaction mixture is formed which are formed of
such down flow and such up flow. Similarly to the example
shown in Fig. 1, cyclohexanone 2’ and 2’ is fed into the
circulating flow through the feeding orifices 2a and 2a at
the end portions of the feed pipes 2 and 2, hydrogen
percxide 3’ and 3’ is fed through fhe feeding orifices 3a

and 3a at the end portions of the feed pipes.3 and 3 which
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a stirred vessel type reactor 1 is used in which a
columar separating wall 5 is provided as a bul khead

whi ch surrounds stirring blades (or stirring

inmpeller) 6 in order to form the circulating flow of

the reaction mxture in the reactor 10 indicated by

white arrow marks. Nanely, by i®tating the stirring

bl ades 6, a down flow of the reaction mxture is

formed in the inside of the separating wall 5 (nanely,

in the central portion of the reactor 1 wth respect

t oorhEicdwrarorrabngedsat sshtd i loweaf liheidedentdr )posdridens
al so an up 15 flow of the reaction mxture is forned

i nophtheudeinddrebm shdesephirtdid g ifdcks524 ramd|3da, iamd

t he peripheral portion of the reactor 1 with respect

t o fuhbhéorammmnial 46rasd 4'ecis dred dhronghrthetingding
Accordingly, as a whole, the circulating flow of the
reatifbresnda wnd He &brhkel end gorddensoefietheffeEd pipes 4
down flow and such up flow Simlarly to the exanple
shend #rwiHch orifdgesohexarmorangtd atddeepes Yigiddepth
the circulating flow through the feeding orifices 2a
angogat bens tdre theddpenstosan ofidese offetle pppiSicemde 2pd 3a.
hydrogen peroxide 3' and 3' is fed through the

f eBdrblgeny 41 cavuBl 06 timel Beacitiopheishdreol't ivivishofamount
the feed pipes 3 and 3 which 13 orifices are arranged

at ishaerenally ithei datept$ pdxittalomsounh 2sethremFadeam
sides of the orifices 2a and 2a, and further amoni a

4' maherials six ddschavoegh threouyaded dgscharge orifice la

which is provided at the reactor 1.

[0023] It is noted that Fig. 1 shows-an example in which
one feeding orifice 2a, 3a or 4a is provided as to each
material while Fig. 2 shows an example in which two feeding
orifices 2a, 3a or 4a as to each materiai. However, the
number of the orifice(s) is any optional one, and alsc for
example, a sparger can be used. Further, in Fig. 1 is
shown an example in which the discharge orifice la of the
reaction mixture is provided on the downstream side of the
feeding orifice 3a of hydrogen peroxide and on the upstream
side of the feeding orifice 4a of ammonia. In Fig. 2 is
shown an example in which the discharge orifice la of the
reaction mixture is provided on the downstream side of the
feeding orifice 4a of ammonia and on the upstream side of
the feeding orifice 2a of cyclochexanone, However, the

position and the number of the discharge orifice(s) are
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orifices 4a and 4a at the end portions of the feed

pipes 4 5 and 4 which orifices are arranged at deeper
liquid depth positions on the downstream sides of the
orifices 3a and 3a. Further, an anount of the

reaction m xture 1' which amount is generally the

same as a total anount as thesklfed materials is

di scharged through a discharge orifice la 10 which is
provided at the reactor 1. [00231 It is noted that

Fig. 1 shows an exanple in which one feeding orifice
2a¢pBiomrl yn sied eptedi dethntheare oheh anfreding omiflice(s) of
Fig. 2 shows an exanple in which two feeding orifices

2ag Salwvmilanddoroaswucithent ewritalriaHonevaurthere provided
nunber of the orifice(s) is any optional one, and al so

f orltleougiplid, is sphrgeowicam P gusédor FEig het,, one Big.

1 is shown an exanple in which the discharge orifice

| apbfirakidy odacheoorifices aays ber provbdedatt oy
downstream side of the feeding orifice 3a of hydrogen
pepRIeRriate pesthéompskr eam 20 side of the feeding
orifice 4a of ammonia. In Fig. 2 is shown an exanple

i n[QPi24h t hdtdisctasiealld ftihed theotontentraddon of ammonia
m xture is provided on the downstream side of the

f ednli the drdiduiidephasefofinihmireagtdonnmnixeungp stischargedefrom
of the feeding orifice 2a of cycl ohexanone. However,

t heheSreastilionosyahemt he qunitred lefi thebeli kel geight or
orifice(s) are 14 optionally selected. Further, when a

f eeef ggiroriridecets) fuofther improve the selectivity of

cyclohexanone oxime. The conversion of cyclochexanone can
be also improved by such concentration contrel. Such
concentration of ammonia is preferably 1.5% by weight or
more, and usually 10% by weight or less and preferably 5%
weight or less.

foo25] The positional relationship of the feeding
orifice of cyclohexanone, the feeding orifice of hydrogen
percoxide and the feeding orifice of ammonia with respect to
the circulating flow of the reaction mixture has been
already described above. Further, as to the positional
relationship of the feeding orifice of cyclohexanone, the
feeding orifice of hydrogen peroxide and the feeding
orifice of ammonia with respect to the liquid depth
direction of the reaction mixture, namely, the vertical
direction, it is preferable that as shown in Fig. 2, the

feeding orifice of ammonia is provided at the lowest
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a solvent and/or any other material is further
provided although it is not showmn in Fig. 1 or Fig.
2, one or plurality of the orifices may be provi ded
at any 5 appropriate position(s). [0024] It is
desirable that the concentration of anmonia in the
i quid phase of the reaction mXxture discharged from
the reaction systemis controlled to be 1% by wei ght
or nore in order to further inprove the selectivity
of 10 cycl ohexanone oxi ne. The conversi on of
cy@poshidsanard den fepding sori firoowdd hydreden peroxide is
concentration control. Such concentration of ammonia
i sPppEldedmly thesuppgrmesiyporyiompreny abie uterding pgdfice
by wei ght or less and preferably 5% weight or |ess.
1500076} cenansasi t thaafeeding ianifiice of hydrdgendpegoxide
orifice of cycl ohexanone, the feeding orifice of
hyandgbhe feedivigderdfidice hef fasudindg .or Witbeswth anmaywifgrable
with respect to the circulating flow of the reaction
m reaibidnzl kedatighsbipy thesdidedddgaboiBicEwat her, as
to the positional 20 relationship of the feeding
or Frfiehexangny glagxhaopeovided Soxegdxagpbeidt can of
hydrogen peroxide and the feeding orifice of anmonia
wi intemmediate pospsivngoeiversptthe deedine oprbfiaehef
reaction m xture, nanely, the vertical direction, it
i shpdepgemmaranige ands gqdimiggorpficq oD mmmandiangs
orifice of amonia is provided at the | owest

shown in Fig. 2.

[0026] A known process{es) can be appropriately used for
a post processing operation of the reaction mixture
obtained. For example, as described in the patent
literature 3, cyclohexanone oxime can be separated by
concentrating the liquid phasé of the reaction mixture so
as to obtain a concentrate, then extracting cyclohexanone
oxime with an organic solvent from the concentrate so as to
obtain an extract liquid, and then concentrating the

extract liquid again.

EXAMPLE

[0027] An example of the present invention is explained
below, but the present invention is not limited by such
example. In the Example, "$%" and "part" which represent a
content and a used amount respectively are based on weight

unless otherwise noticed. Further, analyses of
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15 portion and the feeding orifice of hydrogen

peroxide is provided at the uppernost portion anong

the feeding orifice of cyclohexanone, the feeding

orifice of hydrogen peroxide and the feeding orifice

of ammonia. Wth such a preferable 5 positiona

rel ati onship, the feeding orifli€e of cyclohexanone

may be provided for exanple at an internediate

posi tion between the feeding orifice of hydrogen

peroxi de and the feeding orifice of ammonia as shown.

| ncY kpheXanthe[ 8086ty dhreramopeoorine egdre arpryded out by

appropriately used for a post processing operation of

t hes itegh ctaiso chrore to graphoraiamdd baFed exalipd @najysis results,

described in the patent |I|iterature 3, cycl ohexanone

oxilme aonvelrsioppaf acrclahexanoneenthat sepattiaritivgaid

phase of the reaction mxture so 15 as to obtain a

c ofveinhextagoneheningt and tthey vépddon B xayminhexgnone aKine

an organi c solvent fromthe concentrate so as to

ob¥elieh eatcataitadt |iquid, and then concentrating the

extract liquid again. 20 EXAMPLE [ 0027] An exanpl e of

t hEOG&&sent Examphei bn i s explained below, but the

present invention is not limted by such exanple. In

t he Exdihel eeattionnaptpeaints wesedhinephefnampde dgnaent

and a used anount respectively are based on wei ght
schematically shown in Fig. 2. Namely, the raw materials

were continuously fed respectively in a ratio of 6.83 parts
of cyclohexanone 27, 4.44 parts of 60% hydrogen peroxide
aqueous solution 3’ and 2.23 parts of ammonia 4’ into the
stirred vessel type reactor 1 which was made of a stainless
steel (SUS 316) through feeding orifices 2a, 3a and 4a.

The continucus reaction was carried out under conditions of
a temperature of 85°C, a pressure of 0.35 MPa (absolute
pressure) and a residence time of 1.5 hours while
continuously discharging the liquid phase 1’ of the
reaction mixture from the discharge orifice la through a
filter and also continuously feeding tert-butyl alcohol
containing water (12% water) in a ratio of 23.6 parts.
During the reaction, titanosilicate {manufactured by
Polimeri Europa) was present at a concentration of 30 ¢/L
in the reaction mixture in the reactor 1. The liquid phase
1’ of the reaction mixture which was discharged after 20

hours from the initiation of the reaction was analyzed, and
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25 unl ess otherw se noticed. Further, analyses of 16
cycl ohexanone and cycl ohexanone oxine were carried out
by wusing gas chromatography, and based on the
analysis results, the conversion of cycl ohexanone,
the selectivity of cyclohexanone oxinme and the yield
of cycl ohexanone oxine 5 were Al cul at ed. [ 0028]
Exanple 1 The reaction apparatus used in the Exanple
is as schematically shown in Fig. 2. Nanely, the raw

materials were c ntin ous fed respectjvely ina . .
%ﬁs DI P sC¥6 h&@&n ﬁ gﬁf I}A/e ﬁ?l&&tﬂé’lw
20@6 dro en peroxi de aqueous sol ution 3' and 2.23
paP CHf 05“-’-403‘?-1":?0"’%?1 9.4 ppdgthesyie! ‘%ﬁfe

react 1 which was made of a stalnless steel (S
316¥°fﬁ’#%}iﬁg’ﬁn@eé’€ﬁ1ﬁl§ BRPiItet 2aF134heRY Uae q%:entratlon
conti nuous, reaction was carried out under conditions

of T 123MBoRia &S 28re of 85C, a pressure of 0.35 MPa
(absolute pressure) and a residence tinme of 1.5 hours
while continuously discharging the |iquid phase 1' of

t“‘ﬁ%@éﬁ-a@ﬂr%h{?ﬁ“ Sl AR  ceaing. ©
te é?f%f of %%1%8%%%?%8 Cg&&ai:%%ﬁem%&éé’éé .%ﬁ/&%tesf hnidir the

or BEERR SR e Rorkd caAnase RRGGRC AppLicatibn NO. 2004-

370727 filed on December 22, 2004 entitled “PROCESS FOR
PRODUCING CYCLOHEXANONE OXIME. ” The contents of that
application are incorporated herein by reference thereto in

their entirety.
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in the reaction mxture in the reactor 1. The liquid
phase 1' of the reaction m xture which was di scharged
after 20 25 hours fromthe initiation of the reaction
was anal yzed, and 17 the conversion of cycl ahexanone
was 99.8% the selectivity of cycl ohexanone oxi ne was
99.4% and the yield of cyclohk&anone oxi ne was 99. 2%
Further, the concentration of amonia was 2% 5
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 00291 The
present aﬁglication claims priority under the Paris

CoH¥Bht o - MERp3fese Patent Application No. 2004-

370727 filed on Decenber 22, 2004 entitl|led "PROCESS
FOR 10 PRODBCPREFEYELEHEPIEIECI0A yclohekaneppt enime in a
of that application are incorporated herein by . .

r ef EREIREPUSH i8R IPR SYRERR it PFeR3Lings a\epqtdon mixture
CLAIMED I'S: 1. A process for producing cycl ohexanone

oxihedi Feact@onkt mldeh mdxévrenasyttanavil inadpacatglyst is
reaction mxture in a reactor in which mxture a
ti (hPeRrIed ated canspyshich suigtayer ElohexapeBenhiwlrogen
m xture cycl ohexanone, hydrogen peroxide and anmmoni a
ar BeFetideh ranty rempandadiarg diad ithaoygh ey feeddraneréfige of
feeding orifice of hydrogen peroxide and a
cyclohexanone, a feeding orifice of hydrogen peroxide and a
feeding orifice of ammonia respectively,

wherein the reaction mixture forms a circulating flow
in the reactor and the feeding orifice of hydrogen peroxide
and the feeding orifice of ammonia are provided in thus
indicated order on the downstream side of said circulating
flow based on the feeding orifice of cyclohexanone.

2. The process according to Claim 1, wherein a
concentration of ammonia in a liquid phase of the said
reaction mixture is 1% by weight or more.

3. The process according to Claim 1, wherein the
feeding orifice of ammonia is provided at the lowest
position and the feeding orifice of hydrogen peroxide is
provided at the highest position among positions of the
feeding orifice of cyclohexanone, the feeding orifice of
hydrogen peroxide and the feeding orifice of ammonia.

4. The process according to Claim 2, wherein the

feeding orifice of ammonia is provided at the lowest

position and the feeding orifice of hydrogen peroxide is



feeding orifice of ammoni a respectively, wherein the
reaction mxture fornms a circulating flow 10 in the
reactor and the feeding orifice of hydrogen peroxide
and the feeding orifice of ammonia are provided in
thus indicated order on the_downstream side of said
circulating flow based on th& feeding orifice of

cycl ohexanone. 2. The process according to Caiml,
wherein a 15 concentration of ammonia in a liquid
phase of the said reaction mxture is 1% by wei ght or
m3evidsd Fhethe ddadesicporitinp tarandaPREItiGRE rRf Fhthe
feeding orifice of amonia is provided at the | owest
gesdingnoakiienof cysilahesansnee tdre Hpaddnenopeting of
i s 20 provided at the highest position anong posjtions
drvdrpgent pekr gl anm Ebeofeeddind iBifiiche 0Lt ABNORERY ng
orifice of hydrogen peroxide and the feeding orifice
of ammoni a. 4. The process according to Caim 2,
wherein the feeding orifice of ammonia is provided at
the | owest 25 position and the feeding orifice of

hydr ogen peroxide is 19 provided at the highest
position anong positions of the feeding orifice of
cycl ohexanone, the feeding orifice of hydrogen
peroxi de and the feeding orifice of ammmoni a.



