
1  SPECIFICATION PROCESS FOR PRODUCING CYCLOHEXANONE
OXIME  BACKGROUND OF THE INVENTION 5 Technical Field
[0001] The present invention relates to a process for
producing cyclohexanone oxime by ammoximation reaction
of  cyclohexanone. Cyclohexanone oxime is useful, for
example,  as a raw material for s-caprolactam. 10
Description of the Related Art [0002] As one of
processes for producing cyclohexanone  oxime, a
process of carrying out the ammoximation reaction  of
cyclohexanone with hydrogen peroxide and ammonia in
the 15 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 required as in a
conventional process for carrying out 20 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 



25 system from the viewpoints of productivity and
operation of 2  the process. For example, it is
disclosed in the patent  literatures 2 and 3 that the
ammoximation reaction is  carried out in a continuous
system by separating through a  filter a liquid phase
of 'a reaction mixture in a reactor in 5 which mixture
a catalyst is dispersed while feeding  cyclohexanone,
hydrogen peroxide and ammonia into the  reactor.
Further, it is disclosed in the patent literature  4
that the ammoximation reaction is carried out in a
continuous system while feeding a catalyst together
with 10 raw materials into a reactor.  [0004] (Patent
literature 1] JP-A-62-59256 (1987)  [Patent literature
2] JP-A-6-49015 (1994)  [Patent literature 3]
JP-A-6-92922 (1994) 15 [Patent literature 4]
JP-A-2000-72737  SUMMARY OF THE INVENTION [0005] It is
the purpose of the present invention to  provide a
process which is able to produce cyclohexanone  20
oxime in a higher yield 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 cyclohexanone oxime in a continuous reaction
25 system by preparing a reaction mixture in a reactor
in 3  which mixture a titanosilicate catalyst is
dispersed, and  feeding cyclohexanone, hydrogen
peroxide and ammonia into  the reactor through a
feeding orifice of cyclohexanone, a  feeding orifice
of hydrogen peroxide and a feeding orifice 5 of
ammonia, respectively, wherein the above mentioned
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
the above  mentioned order on the downstream side of
the feeding  10 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 15
flowing direction of the circulating flow in the
reactor  from its 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 20 side 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. [0008] The present invention
further provides a reaction  25 apparatus in which the
above mentioned process is carried 4  out for
producing cylohexyanone oxime as described above,
that is, a reaction apparatus wherein the circulating
flow  is formed, and the feeding orifice of hydrogen
peroxide and  the feeding orifice ammonia are located
in thus listed 5 order on the downstream side of the
feeding orifice of  cyclohexyanone along the flowing
direction of the  circulating flow. In other words, in
the reaction  apparatus according to the present
invention, the feeding  orifice of cyclohexyanone is
located upstream, the feeding 10 orifice ammonia is
located downstream and the feeding  orifice of
hydrogen peroxide is located between the other  two
feeding orifices. [0009] According to the present
invention, the  continuous ammoximation reaction of
cyclohexanone can be  15 carried out in a high
selectivity and cyclohexanone oxime can be produced in
a high yield.  BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Fig. 1 schematically shows a cross sectional
view  20 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. 25 In the drawings,
the numerals indicate the 5  following members,
respectively:  1 ... reactor 2 ... feeding pipe of
cyclohexanone 3 ... feeding pipe of hydrogen peroxide
5 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 10 1' ...
reaction mixture  2' ... cyclohexanone 3' ... hydrogen
peroxide  4' ... ammonia 5 ... bulkhead 15 6 ...
mixing impeller DETAILED DESCRIPTION OF THE INVENTION
[0011] The present invention is specifically described
below. The titanosilicate as the catalyst used in the



20 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 25 catalyst, those
having an atomic ratio of silicon/titanium 6  in the
range between 10 and 1000 are preferably used, and
the catalyst may be in the form of, for example, fine
powder or pellets. The titanosilicate can be prepared
by a  process described in, for example, JP-A-56-96720
(1981). 5 The contents of that patent publication are
incorporated  herein by reference thereto so that they
form a part of the  present specification. [0012]
Cyclohexanone oxime can be produced by carrying  out
ammoximation reaction of cyclohexanone with hydrogen
10 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 cyclohexene, by  the hydration and
dehygrogenation reactions of cyclohexene,  15 or by
the hydrogenation reaction of phenol. [0014] 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, 20 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 25
solution of hydrogen peroxide which solution is
obtained by 7  separating the catalyst from the
reaction mixture may be  used in place of the above
mentioned hydrogen peroxide  aqueous solution. An
amount of hydrogen peroxide used is  usually in the
range between 0.5 mol and 3 mol and 5 preferably in
the range between 0.5 mol and 1.5 mol based  on one
mole of cyclohexanone. It is noted that a  stabilizer
such as a phosphate (such as sodium phosphate),  a
polyphosphate (such as sodium pyrophosphate and sodium
tripolyphosphate), pyrophosphoric acid, ascorbic acid,
10 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  15 organic solvent.
An amount of ammonia used is preferably 1 



mol or more and preferably 1.5 mol or more per one
mole of  cyclohexanone. [0016] The above mentioned
ammoximation reaction may be  carried out in a
solvent, and as such reaction solvent, an  20 alcohol
(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,  or any mixture thereof is preferably used.
[0017] A reaction temperature of the above-mentioned
25 ammoximation reaction is usually in the range
between 50C 8  and 120C and preferably in the range
between 70C and 100C.  Further, a reaction pressure
may be normal pressure, but  the reaction is
preferably carried out under pressure for  increasing
an amount of ammonia dissolved in a liquid phase 5 of
the reaction mixture. When carrying out under
pressure,  the pressure may be adjusted using an inert
gas such as  nitrogen or helium. [0018] In the present
invention, the above mentioned  ammoximation reaction
is carried out in a continuous system.  10 Such
continuous reaction is usually 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,
15 ammonia and, if 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 20 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  25 which has not been used for the
reaction is used, but the 9  recovered catalyst which
has been separated from the  discharged reaction
mixture can be used again after  subjecting it to a
regeneration processing if necessary,  for example, a
treatment of removing organic materials by 5
calcination, and the new catalyst and the recovered
catalyst may be used in combination. [0019] A
concentration of the catalyst in the reaction  mixture
depends on an activity of the catalyst, reaction
conditions and the like, and it is usually in the
range 10 between 1 g/L and 100 g/L, preferably in the
range between  5 g/L and 100 g/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 15 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 materials is started as  described
above, while discharging of the reaction mixture  is
started. As the reactor, a glass lined reactor or a 20
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 continuous
ammoximation reaction process, the  25 circulating
flow of the reaction mixture is formed in the 10
reactor in which mixture the catalyst is dispersed,
and  cyclohexanone, hydrogen peroxide and ammonia are
fed  thereinto through the feeding orifice of
cyclohexanone, the  feeding orifice of hydrogen
peroxide and the feeding 5 orifice of ammonia,
respectively. Upon such feeding, the  positional
relationship of the respective feed orifices is
designed so that the feeding orifice of hydrogen
peroxide  and the feeding orifice of ammonia are
arranged in above  mentioned order along a flowing
direction of the above 



10 mentioned circulating flow on the downstream side
of the  feeding orifice of cyclohexanone. As 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 15 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 cyclohexanone oxime can be improved.
[0021] Fig. 1 schematically shows a cross sectional
view  20 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 25 type) reactor 1.
Cyclohexanone 2' is fed into the 11  circulating flow
through the feeding orifice 2a at an end  portion of
the feed pipe 2, hydrogen peroxide 3' is fed on  the
downstream side of the feeding orifice 2a through the
feeding orifice 3a at the end portion of the feeding
pipe 3, 5 and ammonia 4' is fed on the downstream side
of the feeding  orifice 3a through the feeding orifice
4a at the end  portion of the feeding pipe 4. Further,
the reaction  



mixture If an amount of which is nearly the same as a
total amount of these fed materials is discharged
through a  10 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 15
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 20 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 25 the downstream side of the
feeding orifice 2a of 12  cyclohexanone. [0022] Fig. 2
schematically shows a perpendicular cross  sectional
view of another example of the reaction apparatus
used in the continuous ammoximation reaction process 5
according to the present invention. In the shown
example,  



a stirred vessel type reactor 1 is used in which a
columnar  separating wall 5 is provided as a bulkhead
which surrounds  stirring blades (or stirring
impeller) 6 in order to form  the circulating flow of
the reaction mixture in the reactor 10 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 15 flow of the reaction mixture is formed
in the outside of  the separating wall 5 (namely, in
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 20 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  peroxide 3' and 3' is fed through the
feeding orifices 3a 25 and 3a at the end portions of
the feed pipes.3 and 3 which 13  orifices are arranged
at shallower liquid depth positions  on the downstream
sides of the orifices 2a and 2a, and  further ammonia
4' and 4' is fed through the feeding  



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 amount of the
reaction mixture 1' which amount  is generally the
same as a total amount as these fed  materials is
discharged through a discharge orifice la 10 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 material. However, the 15
number of the orifice(s) is any optional one, and also
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 20 side of the feeding
orifice 4a of ammonia. In Fig. 2 is  shown an example
in which the discharge orifice is 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 cyclohexanone. However,
the 25 position and the number of the discharge
orifice(s) are 14  optionally selected. Further, when
a feeding orifice(s) of  



a solvent and/or any other material is further
provided  although it is not shown in Fig. 1 or Fig.
2, one or  plurality of the orifices may be provided
at any 5 appropriate position(s). [0024) It is
desirable that the concentration of ammonia  in the
liquid phase of the reaction mixture discharged from
the reaction system is controlled to be 1% by weight
or  more in order to further improve the selectivity
of 10 cyclohexanone oxime. The conversion of
cyclohexanone can  be also improved by such
concentration control. 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.
15 [00251 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 circulating flow of the reaction
mixture has been  already described above. Further, as
to the positional 20 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 25 feeding
orifice of ammonia is provided at the lowest 



15  portion and the feeding orifice of hydrogen
peroxide is  provided at the uppermost portion among
the feeding orifice  of cyclohexanone, the feeding
orifice of hydrogen peroxide  and the feeding orifice
of ammonia. With such a preferable S positional
relationship, the feeding orifice of  cyclohexanone
may be provided for example at an  intermediate
position between the feeding orifice of  hydrogen
peroxide and the feeding orifice of ammonia as  shown
in Fig. 2. 10 [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
phase of the reaction mixture so 15 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. 20 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 



25 unless otherwise noticed. Further, analyses of 16
cyclohexanone and cyclohexanone oxime were carried out
by  using gas chromatography, and based on the
analysis results,  the conversion of cyclohexanone,
the selectivity of  cyclohexanone oxime and the yield
of cyclohexanone oxime 5 were calculated.  (0028)
Example 1 The reaction apparatus used in the Example
is as  schematically shown in Fig. 2. Namely, the raw
materials  were continuously fed respectively in a
ratio of 6.83 parts 10 of cyclohexanone 2', 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
continuous reaction was carried out under conditions
of  15 a temperature of 85C, 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 20 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 g/L  



in the reaction mixture in the reactor 1. The liquid
phase  1' of the reaction mixture which was discharged
after 20 25 hours from the initiation of the reaction
was analyzed, and 17  the conversion of cyclohexanone
was 99.8%, the selectivity  of cyclohexanone oxime was
99.4% and the yield of  cyclohexanone oxime was 99.2%.
Further, the concentration  of ammonia was 2%. 5
CROSS-REFERENCE TO RELATED APPLICATIONS [0029] The
present application claims priority under the  Paris
Convention to Japanese Patent Application No. 2004-
370727 filed on December 22, 2004 entitled " PROCESS
FOR  10 PRODUCING CYCLOHEXANONE OXIME. 18  WHAT IS
CLAIMED IS: 1. A process for producing cyclohexanone
oxime in a  continuous reaction system by preparing a
reaction mixture  in a reactor in which mixture a
titanosilicate catalyst is 5 dispersed and into which
mixture cyclohexanone, hydrogen  peroxide and ammonia
are fed through a feeding orifice of  cyclohexanone, a
feeding orifice of hydrogen peroxide and a  feeding
orifice of ammonia respectively, wherein the reaction
mixture forms 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 the feeding
orifice of cyclohexanone. 2. The process according to
Claim 1, wherein a  15 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 20 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 25
position and the feeding orifice of hydrogen peroxide
is 19  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. 


