
PROCESS FOR PRODUCING CYCLOALKANONE OXIMES BACKGROUND
OF THE INVENTION  1. Field of the Invention 5 The
present invention relates to a process for producing
a cycloalkanone oxime by the ammoximation reaction of
a  cycloalkanone. Cycloalkanone oximes are useful as
raw  materials for lactams and the like. 10 2.
Description of the Related Art A process for producing
a cycloalkanone oxime includes  an ammoximation
reaction of a cycloalkanone with hydrogen  peroxide
and ammonia in the presence of a titanosilicate
catalyst  (see, for example, USP 4,745,221, USP
4,794,198, USP 5,312,987, 15 USP 5,227,525, USP
6,828,459 and US 2004/204609 A). The  ammoximation
reaction is advantageously carried out in a
continuous method in view of productivity or
operationality,  and usually carried out in an organic
solvent as a reaction  solvent. 20 For example, USP
4,794,198 discloses a continuous  ammoximation
reaction of a cyclohexanone using t-butyl alcohol  in
an amount of from 0.1 to 100 times by mole, preferably
from  0.5 to 10 times by mole of the cyclohexanone at
from 60C to  120C, and specifically it discloses a
reaction using t-butyl 25 alcohol in an amount of 2.1
times by weight of cyclohexanone 1 at 83C and a
reaction using t-butyl alcohol in an amount of  3.2 or
more times by weight of cyclohexanone at 80C. USP
5,312,987 and USP 5,227,525 disclose a continuous
ammoximation reaction of a carbonyl compound such as a
S cycloalkanone using an organic solvent in an amount
of from 2.5  to 10 times by weight of the carbonyl
compound at from 60C to  100C, preferably at from 70C
to 90C, and specifically they  disclose a continuous
ammoximation reaction of cyclohexanone  using t-butyl
alcohol in an amount of 2. 9 or more times by weight  



10 of cyclohexanone at 85C. Moreover, USP 6,828,459
and US 2004/204609 A disclose a  continuous
ammoximation reaction of cyclohexanone using an
organic solvent at from 50C to 100C, and specifically
they  disclose a reaction using t-butyl alcohol in an
amount of 3.3  15 times by weight of cyclohexanone at
85C. SUMMARY OF THE INVENTION In the continuous
ammoximation reaction of a cycloalkanone  as described
above, it is advantageous that the amount of the  20
organic solvent used is reduced as much as possible
from the viewpoint that an energy cost for recovery or
purification of  the organic solvent and an equipment
cost can be reduced and  volumetric efficiency can be
improved. However, when the amount  of the organic
solvent is reduced, an activity of catalyst is 25 apt
to be deteriorated resulting in difficult to conduct a
2 long-term operation, so productivity of a
cycloalkanone may  become insufficient. Thus, the
object of the present invention  is to provide a
process for producing a cycloalkanone oxime by  a
continuous ammoximation reaction of a cycloalkanone in
high 5 yield for a long period of time even when an
amount of an organic  solvent used is small. As a
result of extensive investigations, the present
inventors have found that the above-described object
can be  achieved by employing an increased reaction
temperature, which 10 have been usually considered to
be disadvantageous in terms of  a catalyst life, and
accomplished the present invention. That  is, the
present invention provides a process for producing a
cycloalkabone oxime by conducting a continuous
ammoximation  reaction in the presence of a
titanosilicate catalyst with 15 supplying a
cycloalkanone, hydrogen peroxide, ammonia and an
organic solvent into the reaction system, wherein the
reaction  temperature is from 90C to 120C and the
supplying amount of  



the organic solvent is not more than 2 times by weight
of that  of the cycloalkanone. 20 According to the
present invention, the continuous  ammoximation
reaction of a cycloalkanone can produce a
cycloalkanone oxime in high yield for a long period of
time even  when an amount of an organic solvent used
is small. 25 DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS 3 The titanosilicate used as a catalyst in
the present  invention has titanium, silicon and
oxygen as the elements which  constitute the molecular
skeleton. The molecular skeleton of  the
titanosilicate may be constituted substantially only
by 5 titanium, silicon and oxygen, or may further
include other  elements. The t1tanosilicate. having
the atomic ratio of Silicon  to titanium being from 10
to 1000 is suitable for use in the  present invention,
and the shape thereof may be, for example,  in the
form of fine powder or pellet. The titanosilicate can
10 be produced according to, for example, a method
described In  JP-A-S56-96720. By using the
ti-tanoalli-cate described above as a catalyst,  the
desirled cyoloalkanone oxIme can be produced through
the  ammoximation reaction of a cycloalkanone with
hydrogen peroxide 15 and ammonia In the presence of
the catalyst. In the present  invention, the
ammoxi-matlon reaction is conducted continuously  with
using an organic solvent as a reaction solvent. The
cycloalkanone used -in the present Invention usually
has 5 to 12 carbon atoms. Examples of the
cycloalkanone generally  20 include cyclopentanone,
cyclohexanone, cyclooctanone and cyclododecanone. The
oycloalkanone may be obtained, f or  example, by
oxidation of a oycloalicane, or by hydration and
dehydrogenatIon of a cycloalkene. In addition, as to
cyclohexanone, it may be obtained by hydrogenation of
phenol. 25 Hydrogen peroxide is generally produced by
so-called 



4 anthraquInone process. and is commercially available
as an  aqueous solution having a concentration of from
10-t by weight  to 70* by weight, which can be used in
the present invention.  The amount of hydrogen
peroxide to be used is generally from 5 0. 5 to 3 mol,
preferably from 0. 5 to 1. 5 mol, relative to one  mol
of a cycloalkanone. To the hydrogen peroxide may be
added,  for example, a small amount of a stabilizing
agent including  a phosphate such as sodium phosphate,
a polyphosphate such as  sodium pyrophosphate and
sodium tripolyphosphate, 10 pyrophosphoric acid,
ascorbic acid, ethylenediam:Lnetetraacetic  acid,
diethylenetriaminepentaacetIc acid and the like, or a
derivative thereof. Ammonia may be used in the form of
gas or liquid, or a  solution in water or an organic
solvent. The amount of ammonia  15 to be used is
generally not less than I mol, preferably not less
than 1.5 mol, relative to one mol of a cycloalkanone.
Examples of the organic solvent include alcohols such
as  methyl alcohol, ethyl alcohol, n-propyl alcohol,
isopropyl  alcohol, n-butyl alcohol, S-butyl alcohol,
t-butyl alcohol and 20 t-amyl alcohol; aromatic
hydrocarbons such as benzene, toluene,  xylene and
ethylbenzene; and ethers such as tatrahydrofuran,
dioxane, dIlsopropyl ether and t-bVtyl methyl ether.
Two or  more of those may be used in combination if
neccessary. Among  them, since a liquid phase of a
reaction mixture is easily kept 25 in uniform state,
alcohols having I to 6 carbon atoms are 5 preferably
used, An amount of the organic solvent to be Used is
not more  than 2 times by weight, preferably 1.8 times
by weight to the  cycloalkanone. By reducing an amount
of the organic solvent 5 to be used, an energy cost
for recovery or purification of the  organic solvent
and/or an equipment cost can be reduced, and  



volumetric efficiency can be improved. The reduced
organic  solvent also can have a problem In
productivity, because a  catalyst is apt to be
deteriorated when the less amount of an 10 organic
solvent is used, however, the problem can be settled
by increasing a reaction temperature. But, too small
amount  of the organic solvent is still unfavorable
for a catalyst life.  Accordingly, the amount of the
organic solvent to be used is  generally not less than
0. 2 times by weight, preferably not less  1:5 than
0.5 times by weight to the cycloalkanone. As a
reaction solvent, the organic solvent may be used
together with water. A mixed solvent of the alcohol
described  above and water is a preferable example of
a reaction solvent.  When using water, it is
advantageous from the viewpoint of a 20 catalyst life
that an amount of water to be used Is adjusted  so
that a water concentration in a liquid phase of a
reaction  mixture is from 25% by weight to 35-V by
weight with taking an  amount generated by the
reaction into consideration. In the present invention,
the continuous ammoximation  25 reaction of a
cycloalkanone is conducted with supplying a 6
cycloalkanone, hydrogen peroxide, ammonia and a
solvent into  the reaction system; practically -is
conducted in a continuous  reactor such as a
st:Lrrer-type reactor and loop-type reactor,  with
supplying a cycloalkanone, hydrogen peroxide, ammonia
and 5 a solvent thereinto, to keep a proper amount of
the reaction  mixture including a titanosIlicate
catalyst dispersed therein,  while simultaneously
extracting the resulting reaction mixture  by the
amount substantially same as supplying amount of these
raw materials. The method of supplying the raw
materials may 10 include a method where each raw
material is supplied separately  or together, some of
the raw materials are mixed beforehand and  the
mixture Is supplied with other mixture or a raw
material,  and the like. Upon extracting the resulting
reaction mixture,  



it is favorable that only its liquid phase Is
extracted through 15 a filter or the like while the
catalyst remains in the reactor.  The concentration of
the catalyst, which depends on the activity  thereof,
reaction conditions and the like, is generally from  1
g/L to 200 g/L based on the weight per volume of the
reaction  mixture (the total amount of the catalyst
and liquid phase). 20 In addition, In view of
suppressing the decrease of catalytic  performance of
titanosilicate, silicon compounds other than the
ti-tanosilicate such as silica, silicate or the like
may be used  in combination according to the
disclosure In JP-A-2004-83560. The reaction
temperature Is not less than 90*C. By  25 employing
such a higher reaction temperature, the problem in 7
productivity accompanying the reduced amount of
organic solvent  as described above can be settled,
and a cycloalkanone oxime  can be produced in high
yield f or a long period of time . However,  too high
reaction temperature may easily lead to the
thermolysis  of hydrogen peroxide, the thermolysis of
a hydroxylamine that  is an intermediate generated
from hydrogen peroxide and ammonia,  and the
thermolyals of a desired cycloalkanone oxime, and thus
lead to the deterioration of a reaction performance.
Accordingly, the reaction temperature Is not more than
1200C,  10 and preferably not more than 1100C. The
reaction may be conducted at normal atmospheric
pressure. in order to increase an amount of ammonia
dissolved  in the liquid phase of the reaction
mixture, the reaction is  preferably conducted under
pressurized conditions. In this 15 case, the pressure
may be adjusted using an inert Ras such as  nitrogen
and helium. The reactor is preferably one lining
treated with fluororesin or glass, or made of
stainless steel,  from the viewpoint of preventing
hydrogen peroxide from  decomposition. 20 The post
treatment procedure oE the resultant reaction  



mixture is appropriately selected from known methods.
For  instance, the post treatment procedure can be
carried out as  described InUSP 5,227,525: the solvent
and any unreacted ammonla  remaining are separated and
collected as a fraction of distillate 25 by distilling
the Iiquid phase of the reaction mixture, and the a
bottom product including a cycloalkanone oxime is
obtained; thus  obtained bottom product is extracted
with an organic solvent  to obtain an extract of the
cycloalkanone oxime. If needed the  extract Is washed
with water, then concentrated, and distilled 5 if
needed to obtain a purified cycloalkanone oxime. The
solvent  and unreacted ammonia collected may be
recycled. Examples  The present Invention Is described
in more detail by 10 following Examples, which should
not be construed as a limitation  upon the scope of
the present invention. Reference Example 1 500 mL
autoclave, the Inner surface of which is lining  15
treated with fluororesin, was used as a reactor. A
continuous  ammoximation reaction was conducted with
supplying  cyclohexanone at 12.95 g/h, t-butyl alcohol
including 15* by  weight of water at 4 6. 0 4 g/h C
wherein, t - butyl alcohol was 3 9. 13  g/h (3-0 times
by weight of cyclohexanone)], ammonia at 4.26 20 g/h,
and 60V by weight of hydrogen peroxide in water at
8.60  g/h into the reactor and simultaneously
extracting the liquid  phase of the reaction mixture
through a stainless steal s-intered  metal filter so
that a volume of the reaction mixture in the  reactor
is kept at about 100 mL under the conditions of a
reaction 25 temperature of 850C and a reaction
pressure of 0. 25 MPa. During 9 this period of
reaction, 1.0 g of titanosilicate [titanium
silicalite (TS-1) I havingMrl structure presented in
the reaction  mixture in the reactor as a catalyst (a
supplying rate of the  



cyclohexanone relative to the catalyst =
0.132mol/h-g-catalyst). 5 At the same time, helium gas
was flowed at 1.2 L/h in the gas  phase within the
reactor and an oxygen concentration in an exhaust  gas
was monitored as an index of catalyst deterioration.
100  hours after the start of the reaction (the total
supplied amount  of the cyclohexanone relative to the
catalyst = 13.2 10 mol/g-catalyst), since an oxygen
concentration in an exhaust  gas exceeded 10* by
volume, the reaction was terminated. Comparative
Example 1 A continuous ammoximation reaction at 85C
was conducted  15 similarly as in Reference Example 1,
except that supplying rate  of cyclohexanone was at
19.56 g/h, that of t-butyl alcohol  including 15$
byweight of waterwas at 34.76 g/h [wherein, t-butyl
alcohol was 29.55 g/h (1.5 times by weight of
cyclohexanone)].  that of ammonia was at 6.43 g/h, and
that of 60% by weight of 20 hydrogen peroxide in water
was at 12.99 g/h, and 1.51 g of the  catalyst
presented in the reaction mixture in the reactor (a
supplying rate of the cyclohexanone relative to the
catalyst 0.132 mol/hg-catalyst). 77 hours after the
start of the  reaction (the total supplied amount of
the cyclohexanone relative  25 to the catalyst = 10.2
mol/g-catalyst), since an oxygen 10 concentration in
an exhaust gas exceeded 10t by volume, the reaction
was terminated. Example 1 5 A continuous ammoximation
reaction was conducted  similarly as in Comparative
Example 1, except that a reaction  temperature was
90C. 125 hours after the start of the reaction  (the
total supplied amount of the cyclohexanone relative to
the  catalyst = 16.2 mot/g- catalyst), since an oxygen
concentration 10 in an exhaust gas exceeded 10t by
volume, the reaction was  terminated. Example Z 



A continuous ammoximation reaction was conducted 15
similarly as in Comparative Example 1, except that a
reaction  temperature was 95C. 144 hours after the
start of the reaction  (the total supplied amount of
the cyclohexanone relative to the  catalyst = 19.0
mol/g-catalyst), since an oxygen concentration  in an
exhaust gas exceeded 10* by volume, the reaction was
20 terminated. Example 3 A continuous ammoximation
reaction was conducted  similarly as in Comparative
Example 1, except that a reaction  25 temperature was
105C. 203 hours after the start of the reaction 11
(the total supplied amount of the cyclohexanone
relative to the  catalyst = 26.8 mol/g-catalyst),
since an oxygen concentration  in an exhaust gas
exceeded 103 by volume, the reaction was  terminated.
5 Example 4 A continuous ammoximation reaction was
conducted  similarly as in Comparative Example 1,
except that a reaction  temperature was 115C. 248
hours after the start of the reaction 10 (the total
supplied amount of the cyclohexanone relative to the
catalyst = 32.7 mol/g-catalyst), since an oxygen
concentration  in an exhaust gas exceeded 10% by
volume, the reaction was  terminated. 15 Example 5 A
continuous ammoximation reaction was conducted
similarly as in Reference Example 1, except that
supplying rate  of cyclohexanone was at 18.52 g/h,
that of t-butyl alcohol  including 15% byweight of
waterwas at 32.92 g/h [wherein, t-butyl 20 alcohol was
27.98 g/h (1.5 times by weight of cyclohexanone)],
that of ammonia was at 6.10 g/h, and that of 45% by
weight of  hydrogen peroxide in water was at 16.40
g/h, and 1.43 g of the  



catalyst presented in the reaction mixture in the
reactor (a  supplying rate of the cyclohexanone
relative to the catalyst 25 = 0.132 mol/hg-catalyst),
and a reaction temperature was 95C. 12 178 hours after
the start of the reaction (the total supplied  amount
of the cyclohexanone relative to the catalyst = 23.5
mol/g-catalyst), since an oxygen concentration in an
exhaust  gas exceeded 10* by volume, the reaction was
terminated. 5 For each of the above examples, a
reaction mixture was  analyzed by gas chromatography
at a proper time after the reaction  started, and a
conversion of cyclohexanone, a selectivity to
cyclohexanone oxime and a yield of cyclohexanone oxime
were  10 determined. Results are listed in Table 1. 13
NNMW a. 0'aC0 Ra0 coRROmM 40rlN~MsPHnR .ON rlcoRNNu9M
0.RaONR0% NUN7,0,coa toM10mLF)MONCOM.Am 0  % .M. rI
.-~Ramr1McoNe41RRC 



aR4\RRRRMCT  ON NNa1r1NNNRm0aNON
OCf.V'Mmt0NH0V'0M'.0rCcomAR  rlRC.rtRRRriamHmaNe-1RRC
% a aaRRR0 RRRRRRRR Cha COHNRMNMVWMNOCONOONM
aNbMNm47aC\0NNV'10aNOVOMaR mCORmma0%0%H.
RawRR00.41!1RV'RRRm R aRRRR0.RRR0aRRR0.aaR Mriv00
%0"epcoRCOmaV'V'u1avCNN
NV'~DOmNNVORN10,_,1MIC1RMNV~V.bNb% a9
amaC0bRRaRRRmaRCORaNWRaRCD
aRRRata0.0%0%0%0t01aRRRRRa0%0%
SOm'.0aN%O0COa'NwNMMNViavNNa
,iMIC70,~M1bMCPCONN1C1NHa'O'WmNCOCONM0
mROO'`rRRMaaayaaMamQ~ aaRa mRRR0%RRa R RRM R N a 



a m  RRRRRaRRa RNrlHHNw'Nb'ONmHN'nb.-.u7Nm
.DMbbNhCPMri10NOV'NCONCO
Nmco,mHRRataRRMaamNR-coqHm0Haam
6.0aaRRaaaRaat0%RRRa0wRR   4)3 4       dpdr.n  thp
Vvp.pv ,  gy WO-?4r dMVdd0v { Nv>oapr 11Pdd 1 44WT4
~W0r1 



...4J v-wmv41"4v1H ..v 4J4J4441 dm0'd00b r r 0 0 P4 4
p0i0Ni 4pp4)4a)61>)WCimm > UNi 4.?+VMPH P  -1H C) w
.+.ww .'. .+.w .q4y7uyw ronw r1, .v. r 710+0 .5 coos0
4J0 17, 4A O4 4JV .40.1 , m - da ow ..Nw 



~w ,r m Nm ,'  MNN NFV~  C N V  CCCI rtM H .i u1 N w7
.1 H H y  41yoU +3~AirO w ON - c "44 .  N40 pR'i 14 t
i ( 4qy mm' mwF+Cx p iaCCO 



d d rDN N do ego > 4.4 0p&apppFpp~C w O~c q 1 0Wf O 0
w{ k 1 co0 O m4 )000' 14 V1W Hy~~-+u~E V1.~~ H (a _I.E
(0- 14 WHAT IS CLAIMED IS: 1. A process for producing
a cycloalkanone oxime by  conducting a continuous
ammoximatlon reaction in the presence  of a
titanosilicate catalyst with supplying a
cycloalkanone,  hydrogen peroxide, ammonia and an
organic solvent into the  reaction system, wherein the
reaction temperature is from 90*C  to 1200C and the
supplying amount of the organic solvent is not  more
than 2 times by weight of that of the cycloalkanone.
2. A process according to claim 1, wherein the organic
solvent is selected from alcohols having I to 6 carbon
atoms. 3. A process according to claim 1, wherein the
supplying  amount of the organic solvent is 0. 2 to i.
s times by weight of  that of the cycloalkanone. 4. A
process according to claim 2, wherein the supplying
amount of the organic solvent is o. 2 to 1. 8 times by
weight of  that of the cycloalkanone, 5. A process
according to any of claims 1 to 4, wherein  the
reaction temperature is from 900C to 1100C. 15 


