DESCRI PTI ON SPARGER, REACTOR AND PROCESS FOR PRODUCI NG OXI ME USI NG
THE SAME Technical Field The present invention relates to a

spar ger,
spar ger,

and a reactor and a process for producing oxinme using the
More specifically, the present invention relates to a

sparger which is suitable for use in a reaction conducted 10w th
suspended catal yst particles, and to a reactor and a process for
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Technical Field

The present invention relates to a sparger, and a
reactor and a process for producing oxime using the sparger.
More specifically, the present invention relates to a
sparger which is suitable for use in a reaction conducted
with suspended catalyst particles, and to a reactor and a

procéss for producing oxime which use the sparger.

Background Art

In a tank reactér and so on, a reaction is sometimes
conducted while catalyst particles are suspended and a raw
material (s) for the reaction 1is supplied through a sparger
or the 1like. In such case, the catalyst particles may
enter the sparger from supplying pores of the 'sparger.
Some of raw materials of the reaction may be decomposed or
altered by directly contact with the catalyst, so that the
reaction does not proceed as it is aimed.

For example, a process for producing oxime from ketone
by using hydrogen peroxide and ammonia in the presence of a
titanosilicate catalyst is known (see, for example,

Japanese Patent Kokai Publications No. H6-49015, No. 2000-



For exanple, a process for producing oxime from ketone by using
hydr ogen peroxi de and ammonia in the presence of a titanosilicate
catalyst is known (see, for exanple, 25Japanese Patent Kokali
Publ i cati ons No, H6-49015, No. 2000- 72737, and M.
2004-307418) . When hydrogen peroxide is supplied to an inside of a
reactor through a sparger to conduct this reaction, the catal yst
particles mav enter the sparger before the supply of hydrogen
peroxide, at the change in its flowrate and so on so that

deconposi ti opp0f7 hydpagan, penesiade ohrs 1ageel e AYdrbben’ GALILOMNe 15

does not proceed as it is ainmed. Disclosure of Inve

to be sol vedppitiiey | BYedd Ofpnside o163 PYLRRIY ftﬁ%@ég%}?gparger to

invention is to provide a sparger, a reactor and a proc

produci ng OxddyRigMY G ise '%P,afgﬁéwa\‘aﬂgéég %Qrﬁ'ei@soﬁlapih%rxter the

sparger for a reaction conducted w suspen atalyst particles,

the 15 cat algygfrfiar t bel@sar enbardhfor $ntar hgiaféa‘%hge%eréﬁgdé)’erhéf the

they enter, the catalyst particles can be rea I schar ge

theref rom  Magitigd Ofn SOl /i o Nea ik ODhENE 2045 8of eRHkt deEokS8Rition of
exam nation regarding a sparger to solve such problens, the Inventors

have found HiairdderPqsOr®ei @OSs5bhechy radd Nhd PhPerdhEeBbE! dBks not
t he sparger step-by-step or substantially continuously in direction

of its |eadigygsedge porig ofy toip@ke the catalyst particles

Disclosure of Invention
10 Problems to be solved by the invention
The purpose of the present invention is to provide a
sparger, a reactor and a process for producing oxime which
use such sparger, whgrein in a use of the sparger for a
reaction conducted with suspended catalyst particles, the
15 catalyst particles are hard to enter the sparger, and even
if they enter, the-catalyst particles can be readily

discharged therefrom.

Means for solving the problems

20 As a result of keen examination regarding a sparger to
solve such problems, the inventors have found that it
becomes possible by reducing a pipe diameter of the sparger
step-by-step or substantially continuously in direction of
its leading-edge portion to make the catalyst particles

25 hard to enter the sparger and to readily discharge the



25hard to enter the sparger and to readily discharge the 3 catalyst
particles fromthe sparger even if they enter it and finally
acconpl i shed the present invention. The present invention is as

foll ows:

(1) A sparger characterized in that a pipe dianmeter

of the sparger becones smaller in directign of its |eading-edge

portion step-by-step or substantially (or generally) continuously.

(2) A reactor for conducting a reaction while catalyst particles are
suspended and at |east part of a raw 10 nmaterial for the reaction in
suppl i ed t hraaighl psispasges clebaracethzedparddiatewepi P thagebatesf it,
t he sparger becones smaller in direction of a |eading-edge portion of

t he sparger aid®pehyaBlemotonpbsinadi Bheyptosegenehebhyjon.
continuously. 15(3) A reactor for conducting a reaction while

catal yst parti cl egharnerssspentedeadiont i seast fpalbwet a raw materi al

for the reaction is supplied through a sparger, characterized in that
the catal yst part{xr) eshagpa®beli toiasidticmiiaLaial ¥eathayi pgpandi ameter
average particle size of 201 to 50 gmand a density of about 2.0 to

2.5 gi anB, tde teacpargentisétahesupphitdrt bhodghetheosparyersi Seading-
hydr ogen peroxi de solution, and a pipe dianeter of the sparger

becones snalddge i podtient istepa-Yieadidly- edgeupetaniiaifly heospaegerally)
step-by-step or substantially (or generally)
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continuously.

(2) A reactor for conducting a reaction while
catalyst particles are suspended and at least part of a raw
material for the reaction is supplied through a sparger,
characterized in that a pipe diameter of the sparger
becomes smaller in direction of a leading-edge portion of
the sparger step-by-step or substantially (or generally)
continuously.

(3) A reactor for conducting a reaction while
catalyst particles are suspended and at least part of a raw
material for the reaction is supplied through a sparger,
characterized in that the catalyst particles are of
titanosilicate catalyst having an average particle size of
1 to 50 um and a density of about 2.0 to 2.5 g/cm®, the
reaction material supplied through the sparger is hydrogen
peroxide solution, and a pipe diameter of the sparger
becomes smaller in direction of a leading-edge portion of
the sparger step-by-step or substantially (or generally)

continuously so that a flow velocity of the hydrogen



25conti nuously so that a flow velocity of the hydrogen peroxide
solution in the sparger is 0.12 to 1 nisec. (4) A process for
produci ng oxi nme characterized by using the reactor set forth in the
above (2) or (3) and reacting ketone, amoni a, and hydrogen per oxi de.
5(5) A process according to the above (4), wherein the ketone is

cycl ohexanone and the oxine is cyclohexangne oxine. Effects of the

i nvention 10The sparger of the present invention is one to which the
catal yst particles hard to enter, and which is possible to discharge
the catal yst particles froman inside of the sparger even if they

enter 1. AMLIBEIE] Uy lds G PUBRE €55 EhERCLs COM ACKo DELPERCL he

reaction raw mAteri al and t he cat Accordi ngly, when a

reactor having thfq)spépt 9808k skhes PF e38RlauldI¥RNt b RN S Us8hdtirized by
conducting a reaction, even |F the reaction raw material is

deconposabl §, Oy AblRet @ Retrt es8d By rithe Oat 8h¥Stabdve be2PMRT (3) and
possi bl e to suppress the deconposition and alternation of the

reaction rawJd@iefd @l et Sidikdlia S aﬁ_&fubdica%slspsekakhaetor

produci ng oxi mby reacting ketone, amoni a and hydrogen per oxi de.

Brief Description®f XgWdbSss according to the above (4), wherein the
ketone is cyclohexanone and the oxime 1is cyclohexanone

oxime.

Effects of the invention

10 The sparger of the present invention is one to which
the catalyst particles hard to enter, and which is possible
to discharge the catalyst particles from an inside of the
sparger even if they enter it, and therefore it can
suppress direct contact between the reaction raw material

15 and the catalyst. Accordingly, when a reactor having the
sparger of the present invention is used for conducting a
reaction, even if the reaction raw material is decomposable
or able to be altered by the catalyst, it becomes possible
to suppress the decomposition and alternation of the

20 reaction raw material. Such effect is useful in especially
for producing oxime by reacting ketone, ammonia and

hydrogen peroxide.

Brief Description of Drawings

25 Fig. 1 is a schematic cross-sectional view showing an



5 exanple of a stirred tank reactor. Fig. 2 is a schematic view
showi ng an exanple of an annular sparger, in which (A) is its side
view, and (B) is a cross-sectional plan view taken along X-X line in

the (A).
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5Fol I owi ng nuneral s denote the following elenments: 1..

stirrer; 3. .jacket; 4, 5, apd 6. .supplying e; 107..
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sparger becoggsns Ibgr i g F
st ep-by-step or s stantla y continuous

20a reaCi‘Pﬁ degr 3ONJuEkhg a2 i eaG @ NsHBli figt NG Céié:’né’fé of an

kE@&tEQHkOEePE%oEead'ng edge portion

and it is used for, for

particles are suspe

10

15

20

25

annular sparger, in which (A) is its side view, and (B) is
a cross-sectional plan view taken along X-X line in the (A).
Following numerals denote the following elements:

1l...reactor;

2...stirrer;

3...jacket;

4, 5, and 6...supplying pipe;

7...0outlet porxt:

8...sparger;

9...supplying piping;

10...supplying pore.

Best Mode for Carrying Out the Invention

The sparger of the present invention 1s constructed so
that a pipe diameter of the sparger becomes smaller in
direction of its leading-edge portion step-by-step or
substantially continuously, and it is used for, for example,
a reactor for conducting a reaction while the catalyst
particles are suspended.

As the reactor for conducting a reaction while the
catalyst particles are suspended, there are a stirred tank
reactor, a fluidized-bed reactor and so on. The catalyst

(in the form of particles) is suspended in a reaction



As the reactor for conducting a reaction while the catalyst particles
are suspended, there are a stirred tank reactor, a fluidized-bed
reactor and so on. The catalyst 25(in the formof particles) is
suspended in a reaction liquid in the reactor by a stirrer or by
supplying a raw material gas. The reactior liquid is taken out of the
reactor, and obtained after separating the catalyst. The separated
catalyst is returned to the reactor. Alternatively, the reaction
liquid is obtained by separating the catalyst particles with a filter

located in theghfactar the readtf®r!BICld Odk {1 oM FBbLE! A} (SUppBying a raw
supplied through the sparger(s) or a supplying pipe(s). The sparger

is |ocated hiatekiadl piRdet er Mpedrpeasttiban 1imai dange f4amt it 0Bt & he
the bottom of the reactor depending on the reaction raw material to

be supplied.rdherspar a8 btidigdd esehtri B\éﬁatria@in@asthef Ofa€X8PBte, The
an annul ar, crucial, or conb like figure (the |ast one being conposed

of plural bragshesgtd® tubgsaMyseh arig | ates@htyegonnegtedth@ a reactor.
header). The upper or |ower portion of the sparger |Is provided with

plural supplyiferRet esef9f t hend eaclditifeiv ”Eti_%ﬁ:iii\i . Addi tdwhalhde by
t he supplying pore may be provided with an orifice. 20Because of, for

exanmpl e, chaggsatratihg thewchahke yeft thetieacdd opi favaneieted! 1ddied in
catal yst particles may enter the sparger. In certain conbination of

the reacti onth@waatestral and the catal yst, the reaction raw materi al
coul d be deconposed or altered by directly contacting with the

25catal yst. Therefpéerchieispangss fheskdabesa spargeppbéghthib®igh the
catal yst particles hard to enter, and which is possible to readily
di scharge thepspgatyss perhl Fupliaieipore eyen i fhehepaedleer iid located

10 at a predetermined position in a range from the top to the
bottom of the reactor depending on the reaction raw
material to be supplied. The sparger of the present
invention has, for example, an annular, crucial, or comb-
like figure (the last one being composed of plural branched

15 tubes which are laterally connected to a header). The
upper or lower portion of the sparger 1is provided with
plural supplying pores for the reaction raw material.
Additionally, the supplying pore may be provided with an
orifice.

20 Because of, for example, change in the flow rate of
the reaction raw material, the catalyst particles may enter
the sparger. In certain combination of the reaction raw
material and the catalyst, the reaction raw material could

be decomposed or altered by directly contacting with the

25 catalyst. Therefore, the sparger should be a sparger which



For such purpose, a pipe dianeter of the sparger is set to becone
smaller in direction of the |eading-edge portion of the sparger, so
that it is prevented that the flow velocity of the reaction raw
material in the pipe e, beconmes sufficiently snmaller in direetion

of the | eading-edge portion to make the catal yst particles sedinent

in the 10pi pe, and the flow velocity is kdpt at or above a certain

| evel even at the | eadi ng-edge portion. Thus, it is achieved that the
catal yst particles hard to enter, and even if they enter, they can he
readily discharged. The mininumflow velocity of the reaction raw
material 15 the t¢rRtpiyithgast Heles Maed depentifhg 8Rdkihdshapg possible
properties of the catalyst particles and the reaction raw material.

| n order to ¥mkeeadilyecdésrbargawtingt 13t lelsipayriiohes nthpreérpen even

of the | eadi ng-edge portion, the dianmeter of 4the sparger's pore for
supplying t rigeRY ionteaw tat eri al becomes larger in direction of
t he | eadi ng-edge portion When t he pipe dianeter of the sparger

becomes smal | er i¥P%i FBER MMBIOTe PeRdPfy-StRRetR¥ t Pén the BPaEFeFo is
avoi d accunul ation of the catalyst, it is preferable to use_a .
25r educer fofeta o tbPerome w#rehlehe igi pdigesidosr P§ dHihgdgading-edge

portion of the sparger, so that it is prevented that the
flow velocity of the reaction raw material in th? Pipe
becomes sufficiently smaller in dire&tion of the leading-
edge portion to make the catalyst particles sediment in the
10 pPipe, and the flow velocity is kept at or above a certain
level even at the leading-edge portion. Thus, it is
achieved that the catalyst particles hard to enter, and
even if they enter, they can be readily discharged.
The minimum flow velocity of the reaction raw material
15 in the piping is determined depending on kinds and
properties of the catalyst particles and the reaction raw
material.
In order to make the reaction raw material easily flow
in direction of the leading-edge portion, the diameter of
20 the sparger's pore for supplying the reaction raw material
becomes larger in direction of the leading-edge portion.
When the pipe diameter of the sparger becomes smaller
in direction of the leading-edge portion, in order to avoid
accumulation of the catalyst, it is preferable to use a

25 reducer for a portion at which the pipe diameter is changed.



8 When the supplying pores of the sparger are |ocated at the | ower
portion of the sparger's piping, it is preferable to align the bottom
of the piping, including the dianeter -changing portion of the
sparger. Further, when the reaction raw material conprises gas or has
a possibility to generate gas, it is prefﬁrable to forma gas venting
for exanple, the dianeter-changing portion of the sparger. Fig. 1 is
a schematic cross-sectional view showi ng an exanple of a stirred tank
reactor. A reactor (1) is 1lOprovided with a stirrer (2) and a jacket
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out
for example, the diameter-changing portion of the sparger.

Fig. 1 is a schematic cross-—-sectional view showing an
example of a stirred tank reactor. A reactor (1) is

10 provided with a stirrer (2) and a jacket (3). Reaction raw
materials are supplied from supplying pipes (4), (5) and
(6), respectively. The supplying pipes (4) and (5) are
composed of a sparger and a supplying piping.

Catalyst is supplied into the reactor from a supplying

15 port (or inlet port, not shown), or from the supplying pipe
(6) together with the reaction raw material, stirred by the
stirrer, and suspended in a reaction liquid in the reactor.
The reaction is conducted usually while a heating medium
flows through fhe jacket.

20 The reaction liquid is taken out at the outlet port
(7) followed by separation of the catalyst, separation of
the reaction product and the reaction raw materials and so
on. In some cases, the reaction liquid may be taken out
through a filter (not shown) and from the outlet port (7).

25 Fig. 2 is a schematic view showing an example of an



through a filter (not Shown) and fromthe outlet port (7). 25Fig. 2
is a schematic view showi ng an exanple of an annul ar sparger, in
which (A) is its side view, and (B) is a cross-sectional plan view
taken along X-X line in the (A). Areaction raw material is supplied
froma supplying piping (9) to a sparger (8) which is provided with
suppl ying pores 5(10), and the reaction r material is supplied into
the reactor, The pi pe dianeter of the sparger becones smaller
in direction fromthe portion of supplying. piping (9) toits

| eadi ng- edge or ion. The e di er de smaller at 10two stages .
Y o R R e p s e Ene W cbnt n & iR $196 L eleY o ehfa e is
| eadi dge of the annu] ar a e co ni ca her et hr h

or closed. 2 cr%r%ﬁ%\%wf kR Ly DBk PSR Ot Paf KeRadnrs oy e @

regar di ng, reactoi for ﬁ gghn Iccgclohe anone

oxi me from dﬁ%ﬂé rﬁéwﬁ9ﬂF8§éﬁ pefoX P8 supplying piping

(9) to a sparger (8) which is provided with supplying pores

5 (10), and the reaction raw material is supplied into the
reactor.

The pipe diameter of the sparger becomes smaller in

"

direction from the portion of supplying piping (9) to its

leading-edge portion. The pipe diameter made smaller at
10 two stages in this example, but the present invention is
not 1limited to this. The leading-edge of the annular

sparger may be communicated therethrough or closed.
Hereinafter, the present invention is described
regarding, as an example, a reactor for producing
15 cyclohexanone oxime from cyclohexanone, hydrogen peroxide
and ammonia in the presence of a titanosilicate catalyst.
Titanosilicate is a zeolite(s) which contains titanium,
silicon, and oxygen as elements composing its framework.
The zeolite may have the framework substantially composed
20 of titanium, silicon, and oxygen, or the zeolite may
further contain other element(s) as an element(s) composing
the framework. As titanosilicate, one having an atomic
ratio of silicon/titanium from about 10 to 1000 is
preferably used, and it may be in the form of, for example,

25 fine powder or fine granules. Titanosilicate can be



and ammonia in the presence of a titanosilicate catal yst.
Titanosilicate is a zeolite(s) which contains titanium silicon, and
oxygen as el enents conposing its framework. The zeolite may have the
framewor k substantially conposed 20 of titanium silicon, and
oxygen, or the zeolite may further ontainlgther el enent (s) as an

el enment (s) conposing the framework. As titanosilicate, one having an
atomc ratio of silicon/titaniumfrom About 10 to 1000 is preferably
used, and it may be in the formof anple, 25fine powder or fine

les. Ti i 1 b f g
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cyclohexene, or one obtained by a hydrogenation reaction of
10 rhenol.

Hydrogen peroxide is usually producéd by a so-called
anthraquinone process. It is commercially available in the
form of an aqueous solution which usually has a
concentration from 10 to 70% by weight, and such aqueous
15 solution of Hydrogen peroxide can be used. Hydrogen
peroxide may also be produced by reacting hydrogen and
oxygen in an organic solvent in the presence of a metal
parradium-supported solid catalyst. When hydrogen peroxide
from this process is used, the organic solvent solution of
20 hydrogen peroxide which is obtained by separating the
catalyst from the reaction mixture may be used in place of

the above-mentioned hydrogen peroxide solution.
The amount of used hydrogen peroxide is usually about
0.5 to 3 moles, and preferably about 0.5 to 1.5 moles per 1

25 mole of cyclohexanone. It is noted that stabilizers of,



20 hydrogen peroxi de which is obtained by separating the catal yst
fromthe reaction m xture may be used in place of the above-nentioned
hydr ogen per oxi de sol uti on. The anount of used hydrogen
peroxide is usually about 0.5 to 3 noles, and preferably about 0.5 to
1,5 noles per 1 25nole of cycl ehexanone.ltjqis noted that stabilizers

of, 11 exanple, a salt of phosphoric acid such as sodi um
phosphate, a salt of polyphosphoric acid such as sodi um pyrophosphat e
and sodiumtripol yphosphat e, pyrophosphoric acid, ascorbic acid,

et hyl enedi anggiet yA081 |1 C 23CkH1tNidf OlghcaPNid G ACkG dankAEkT | A€ eldddium
acid, and diethylenetriam nepentaacetiCc acid nay be added to hydrogen
per oxi des %hosﬁa\t:@,a DEL 8¢ QﬁseBHi?ﬁHHEBhBrE[%V PeidsehcrOra ki Gt um
anmoni a may be used, and it may be 1n e formof a 10°'solution in
water or an rg@lgtt,' Ntynglh Nt 19fp diS@Esh &, | Hy¥¥phosphori
smal | er thanﬁ%bouts?ﬁﬁg}yg, aa?ﬁid g?gfﬂgﬁabﬁ%pnot smaller t'ha% about .5o e

mol es per 1 ,Of aad an Theetﬁﬁ{"ﬂ%&ié@f & LEELL R FBY D&icid
carried out %ig 15 sol vrg{]lt(ad.( Agefgﬁl's reaction so?lsent, an aI%ohoI crds

such assmet hyl cabephoketethyl al©hol, napkeB¥h-ialdedlel isoprogyl and
al cohol, n-butyl al cohol, sec-butyl alcohol, tert-butyl alcohol or

tert-anyl algpiehyivpberiafinapBhxadcsaeliventihaiagobd adiRf aldyirogen
used. 20Regardi ng a process for conducting the annoxi nation reaction,

in a case ofp@rdatgh, operation, the reaction may be carried out, for
exanpl e, by chargi ng cycl ohexanona, ammoni a, titanosilicate catalyst,

and a sol vent intgsthe Le@eah,anthsdi Yiltokysr 889nbeen@diade or 1iquid
thereto under 25stirring, or may be carried our by charging
cycl ohexanongmmonia may be used, and it may be in the form of a

10 solution in water or an organic solvent. The amount of
used ammonia is not smaller than about 1 mole, and
preferably not smaller than about 1.5 moles per 1 mole of
cyclohexanone.

The ammoximation reaction may be carried out in a

LS solvent. As this reaction solvent, an alcohol such as
methyl alcohol, ethyl alcohol, n-propyl alcohol, isopropyl
alcohol, n-butyl alcohol, sec-butyl alcohol, tert-butyl
alcohol or tert-amyl alcohol, water, or a mixed solvent
thereof is preferably used.

20 Regarding a process for conducting the ammoximation
reaction, in a case of a batch operation, the reaction may
be carried out, for example, by charging cyclohexanone,
ammonia, titanosilicate catalyst, and a solvent into the

reactor and supplying hydrogen peroxide thereto under

25 stirring, or may be carried our by charging cyclohexanone,



12 a catalyst, and a solvent into the reactor and supplying hydrogen
per oxi de and amoni a thereto under stirring, or may be carried out by
charging a catalyst and a solvent into the reactor and suppl yi ng

cycl ohexanone, hydrogen peroxi de and anmoni a thereto under stirring.

In a case of continuous operation, the regetion may be carried out,

for exanple, by charging to the reactor a feed liquid (or start-up
liquid) in which catalyst particles are suspended, and supplying

cycl ohexanone, hydrogen peroxide, amonia, 10 and a solvent thereto
whil e taken putagal ;g d phass ebliBatr eapid othal X diraughsapplying
filter. It is noted"that the reactor is preferably glass-lined one or
made of staipy &t eglrbiamet hendi ewpehAt ofh@revenunderofstiering, or
deconposi tion of hydrogen peroxide. 15Hydrogen peroxi de, anmoni a,

and/ or cycl ahexapened:s- sappbiued By thergeagtor éaomlybe and a solvent
above- nenti oned sparger. Hydrogen peroxide may pronote its

deconposi ti ofhiy Gad aciddraoy t huddie sepipalisly ey difdieddinesaciyeirogen
may not proceed as it is ainmed. Therefore, hydrogen peroxide is 20

suppl i e by psidgi ddeaaQoupmBRALI Aned ctRANGRIe0fsther pi¢senin a case of
i nvention, wherein the pipe dianmeter becones smaller in direction of

t he | eadi ng-&slgeiR@bhs 0Bpeeathah,t heeC At dtSiohaigly t Beepberikbe out, for
sparger and even if it enter, it can be readily discharged therefrom

251 n a case @fampeeUsady tichanesind cabe €t alisictwyi g febd avegabeé (or
particle size of about 1 to 50 pmand the density of about 2,0 to 2.5

g/ cnB and hysgifegerupel oxi:da) tLhewptiph eénaagiyer efartielsparger suspwmtbed,
smaller in direction of the |eadi ng-edge portion of the sparger so

that the fl oyndelagipyiaig hydicageieeicnd,dehiydrbbens ppepexids, i rarnenia,
range from0.12 to 1 msec. It is noted that the larger flow velocity
may bej@accepindll € 8614 6A8 @Bekbtibswholeshalkdesy dutan Qikfiind $dmseanst the
may not tause any problemeven when it exceeds 1 mi sec, however,

effects can pehchbeodlafitdied tirPi@RORt filter. It is noted that the

reactor is preferably glass—lined one or made of stainless
steel from the viewpoint of prevention of the decomposition
of hydrogen peroxide.

15 Hydrogen peroxide, ammonia, and/or cyclohexanone 1is
supplied to the reactor from the above-mentioned sparger.
Hydrogen peroxide may promote 1its decomposition by
contacting with the catalyst, so that the reaction may not
proceed as it is aimed. Therefore, hydrogen peroxide is

20 supplied by using the above-mentioned sparger of the
present invention, wherein the pipe diameter becomes
smaller in direction of the leading-edge portion so that
the catalyst hard to enter the sparger and even if it enter,
it can be readily discharged therefrom.

25 In a case of the used titanosilicate catalyst having



to so large flow velocity. The suppl yi ng pores of the sparger
usual |y have the sanme pore dianeter, and the flow velocity is

cal cul ated on the assunption that hydrogen peroxide flows out of the
respective supplying pores at the sane flow rate, The 15 m ni mum fl ow
vel ocity of hydrogen peroxide in the spargg; is aflowvelocity at

t he | eadi ng-edge portion for each pipe di ter, and can be

cal cul at ed based on the anpunt of hydrogen peroxide supplied to the
sparger, the nunber of supplying pores of the sparger, and the pipe

di anet er of 20t he sparger. . The concentration_of the catalyst in
the reac nixthg eaveraggalParobele Bize 100 ghouds A W& ghP pel g the

vol une of the reaction m xture, thought [t depends on the activity af
the catal ystdenehieY i 85 &t i dn8 &vd éoé oﬁ()f'g"l'hénrdea yibpaen perbxide,

tenperature of the amoxi mation reaction 14 is usuaIIXl}aacgoutsma 1te0r in

100C. The red®i RS e<SSIARE TR a_’?ﬂﬁ meP P ETsure ( _

o ospher o BLESSUISL (Ut L0e Leabi o0 4 PERLRABN YoPahledotianr oo

RGN TER: S R AL DN LR L

"L oBen. O N LS camap kom0l el AORLTER, DAY 3, My gt ene

sui tabl e, larger flow velocity may be acceptable as long as it is not
smaller than 0.12 m/sec, and may not tause any problem even
when it exceeds 1 m/sec, however, effects can not be

10 obtained in proportion to so large flow velocity.

The supplying pores of the sparger‘usually have the
same pore diameter, and the flow velocity is calculated on
the assumption that hydrogen peroxide flows out of the
respective supplying pores at the same flow rate. The

15 minimum flow velocity of hydrogen peroxide in the sparger
is a flow velocity at the leading-edge portion for each
pipe diameter, and can be calculated based on the amount of
hydrogen peroxide supplied to the sparger, the number of
supplying pores of the sparger, and the pipe diameter of

20 the sparger.

The concentration of the catalyst in the reaction
mixture is usually about 1 to 100 g/L as a weight per unit
volume of the reaction mixture, thought it depends on the

activity of the catalyst, reaction conditions and so on.

25 The reaction temperature of the ammoximation reaction



10 For exanpl e, cyclohexanone oxi ne can be separated by separating
the catalyst fromthe reaction mxture with filtration or so, and
thereafter subjecting the obtained |iquid phase to distillation.

15Exanpl es Herei nafter, exanples are shown to concretely
descri be the present invention, but the ppasent invention is not
limted to these, 20Test Exanple Catal yst was located in a

pi pi ng of transparent vinyl chloride, and an anount of water was
fl owed t herethrough, then the m ninmumflow velocity necessary to

di scharge thg oadwdVBy aBSuteboPa med.10204s t Eheat@hysSion pressure may
titanosilicate catal yst having the 15 maxi mum particle size not

| arger thanplb0s Albrihie pyekageepaiol Gt Stdspiedtc ghrandutdp, but the
density of 2,2 gicm was used. In the piping (length 600 nm of

which one encbd&doseids e Gatial st wasilarated atundiehoi kin ofirddRased
mm di stant fromthe other end. An anount of water was supplied from

the other eRghreidsiide f tewiRicaleatid thevweshodtit tdHf OUfoAipOrHIfed M QGhe
(in dianeter') which was fornmed in the |ower portion at a point of

500 mMmali st antqii@phiee 100t fiee £88ctfabauhi200ram dhat ant thiemdahe, the
poi nt of catalyst). The test was conducted for various piping

di aneters anskddnnes aheg bk wahestethdy assirig aieishowiva Fall(e@s). such

as nitrogen, helium or the like.

For a post-treatment operation of the reaction mixture

thus obtained, known methods can be used if it is suitable.

10 For example, cyclohexanone oxime can be separated by

separating the catalyst from the reaction mixture with

filtration or so, and thereafter subjecting the obtained

liguid phase to distillation.

15 Examples
Hereinafter, examples are shown to concretely describe
the present invention, but the present invention is not

limited to these.

20 Test Example 1
Catalyst was located in a piping of transparent vinyl
chloride, and an amount of water was flowed therethrough,
then the minimum flow velocity necessary to discharge the
catalyst was determined.

25 As the catalyst, titanosilicate catalyst having the



It is shown that the catal yst was readily discharged by sel ecting the
flow velocity not smaller than 0.12 nisec. 15 Table 1 16 Exanple 1
While using a stirred tank reactor simlar to that shown in Fig. 1,

the reaction from cycl ohexanone, hydrogen peroxi de and anmonia to

cycl ohexanone oxinme in the presence of a titanosilicate catal yst was
conduct ed. Cycl ohexanone at the ratit® of 3.85 t/hr was supplied
fromthe supplying pipe (6), hydrogen peroxide solution (60% by

weight) at the ratio of 2.51 t/hr and ammonia at 10 the ratio of 0.99
t/hr were supplied fromthe spargers (4) and (5)? respectively.

FUrther, tema%iRyr BpEERGLS(RALEr PPIY) HIhethaR | 658f M, 3t¥‘tha"Wd?§ge
supplied fromthe suppLyingiPort (not shown). The titanosilicate .

cat al yst haﬁﬁ?@t%%%enﬁ}?ﬁurﬁ 38 um and the density of 2.2 g/cm’ was

used.
In the piping (length 600 mm) of which one end is
5 closed, the catalyst was 1located at a point of 400 mm
distant from the other end. An amount of water was
supplied from the ogper end via a flowmeter and flowed out
through a pore of 2 mm¢ (in diameter’) which was formed in
the lower portion at a point of 500 mm distant from the
10 other end (about 100 mm distant from the point of catalyst).
The test was conducted for variousnpiping diameters
and flow rates of water. The results are show in Table 1.
It is shown that the catalyst was readily discharged

by selecting the flow velocity not smaller than 0.12 m/sec.

15
Table 1
No. 1 No. 2

25A Piping 15A Piping

(Inner Diameter: 27.6 mm¢) (Inner Diameter: 16.1 mm¢)
Catalyst Amount: 4.4 g Catalyst Amount: 1.6 g
Flow Flow Discharge | Flow Flow Discharge
Rate Velocity | Condition | Rate Velocity | Condition
(L/min) | (m/sec) (L/min) | (m/sec)

2 0.056 No 0.83 0.068 No

3 0.084 No 1.0 0.082 No

4 0.111 No 1.2 0.96 No

5 0.139 YES 1.3 0.109 No

6 0.167 YES 1.5 0.123 YES

7 0.195 YES 1.7 0.136 YES

YES: The catalyst was readily discharged.
No: The discharge of the catalyst was insufficient.



15 particle size not larger than 150 gm the average particle size of
38 inn and the density of 2,2 g/cnB was supplied fromthe supplying
port (not shown) so that its concentration was about 3% The used
sparger for supplying hydrogen peroxide had 20 an annul ar figure and
a closed end. A portion near the source of, hydrogen peroxide 50 was a
25A pi ping; and a | eadi ng-edge portion 5I. which is about 1/4 of the
annul us of the sparger, was a 15A piping; and supplying pores of 2
nmd di aneter were fol med therein at generally even intervals. The 25A
pi ping portion was provided with 24 17 supplying pores at the | ower
portion of the piping and 4 supplying pores at the upper portion

whi ch al so %ﬁﬁﬁﬁgfé ?as venting, and the 15A piping portion was
provi ded wit uppl'yi ng pores at the | ower portion of the piping

and 2 suppl yi ng pﬁﬁﬁﬁeahéﬂﬁg ugp;gtiﬁ%éd op MR %Qéé&rséﬁ}ﬁﬁé%%hgéé that

venting. Based on the flow rate rogen peroxide supp

spar ger, theqm, ol w vel QGi{d i h A_pPl-RI LLon
tﬁe gESA pi pisnlga‘g%?tk!?o?i 'r\e{L'dce*?{e% nﬁae%%%r%ofﬁééag%?bg.gfgﬂa Iéaéc l'gﬁg:ogen

about 0Ogl7 g : BES ti : i.an cand e
o g Bboutt eI AERAA kbR o cydBBRLRARLEAN CIOREC IR0 WS Brasence

Dt P QAL SO ZRoHEACLAROE o Dok el BhErRd, 1L 010 ot

Cyclohexanone at the ratio of 3.85 t/hr was supplied

from the supplying pipe (6), hydrogen peroxide solution

(60% by weight) at the ratio of 2.51 t/hr and ammonia at

10 the ratio of 0.99 t/hr were supplied from the spargers (4)

and (5), respectively. Further, tert-bufyl alcohol (water

12%) at the ratio of 13.3 t/hr was supplied from the
supplying port (not sl}own) .

The titanosilicate catalyst having the maximum

15 particle size not larger than 150 um, the average particle

size of 38 um and the density of 2.2 g/cm® was supplied

from the supplying port (not shown) so that its
concentration was about 3%.

The used sparger for supplying hydrogen peroxide had

20 an annular figure and a closed end. A portion near the

source of hydrogen peroxide 50 was a 25A piping; and a

leading-edge portion 51, which is about 1/4 of the annulus

of the sparger, was a 15A piping; and supplying pores of 2

mm¢ diameter were formed therein at generally even

25 intervals. The 25A piping portion was provided with 24



15 and therefore the reaction was stably conducted w t hout increasing
t he supply amount of hydrogen peroxide. Then, the reaction was

st opped. The sparger from which hydrogen peroxi de had been supplied
was observed, and it did not show any trace that the catal yst had
entered the sparger. 20 : Al t hough th .Present i nvention has been
expl ai ned as above, it will be understood ‘that the present invention
is not limted to such enbodi nents or exanples and can be nodified in
vari ous ways w thout departing fromthe scope 25or spirit of the

| eens o0 B yano BB AR G LA o TG an 4
Lo e PHBE ST L SRR PETOR D FIRCCR0,6ER
D00 o S8 LR P e LEECER, BGBLE PR ANR Gt e e
Pan L eLes, SRk EREnAeteand oL LERR 2 PRV i gyt B 2
oL aret et of HepTUShIcRAE TER, 3O Lt LBt e pprve oo
continuouslygas venting. )

Based on the flow rate of hydrogen peroxide supplied
to the sparger, the minimum flow velocities for the 25A
piping portion and the 15A piping portion were determined

10 to be about 0.15 m/sec and about 0.17 m/sec, respectively.

The reaction was conducted during About 6 months at
the temperature of about 85°C and the. pressure of about
0.25 MPaG (gage). In that time period, it did not seem
that the decomposition of hydrogen peroxide was accelerated,

15 and therefore the reaction was stably conducted without
increasing the supply amount of hydrogen peroxide. Then,
the reaction was stopped. The sparger from which hydrogen
peroxide had been supplied was observed, and it did not
show any trace that the catalyst had entered the sparger.

20

Although the present invention has been explained as
above, it will be understood that the present invention is
not limited to such embodiments or examples and can be

modified in various ways without departing from the scope

25 or spirit of the invention.



2. Areactor for conducting a. reaction while catalyst particles are
suspended and at |east part of a raw 10 material for the reaction is
supplied through a sparger, characterized in that the catal yst
particles are of titanosilicate catal yst having an average particle
size of 1 to 50 pmand a density of 2.0 tqg,6 g/cnB, the reaction
mat eri al supplied through the sparger is hydrogen peroxide sol ution,
and a pipe dianeter of the sparger becones snmaller in direction of a
| eadi ng- edge portion of the sparger step-by-step or substantially
continuously so that a flow velocity of the hydrogen peroxide
solution in the sparger is 0.12 to / msec. 203. A Process for

produci ng oxi ne cfak gLized i r SpCi.pL iy iﬁhégfﬂrgh

1 or 2 and reacting kgéo#é n%nﬁjgi%]d‘g&ﬁ rogelﬁ pzﬁ;%(ﬁ;% SP ©

process accopgdifng bQnledicios, Mﬁ‘%&b&nlzg@ Patent ‘%ﬁi‘fcé@;on No. 2006-
cycl ohexanone and the oxine 1s cycl ohexanone 25oxi ne,

025524 filed on February 2, 2006, entitled "SPARGER,

5 REACTOR AND PROCESS FOR PRODUCING OXIi'IE USING THE SAME."

The contents of that application are incorporated herein by

the reference thereto in their entirety.
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CLAIMS

1. A reactor for conducting a reaction while
catalyst particles are suspended and at least part of a raw
material for the reaction is supplied through a sparger,
characterized in that a pipe diameter of the sparger
becomes smaller in direction of a leading-edge portion of
the sparger step-by-step or substantially continuously.

2. A reactor for conducting a reaction while
catalyst particles are suspended and at least part of a raw
material for the reaction is supplied through a sparger,
characterized in that the catalyst particles are of
titanosilicate catalyst having an average particle size of
1 to 50 ym and a density of 2.0 to 2.5 g/cm’, the reaction
material supplied through the sparger is hydrogen peroxide
solution, and a pipe diameter of the sparger Dbecomes
smaller in direction of a leading-edge portion of the
sparger step-by-step or substantially continuously so that
a flow velocity of the hydrogen peroxide solution in the
sparger is 0.12 to 1 m/sec.

i 18 A process for producing oxime characterized by
using the reactor set forth in Claim 1 or 2 and reacting
ketone, ammonia, and hydrogen peroxide.

4. A process according to Claim 3, wherein the
ketone 1s cyclohexanone and the oxime is cyclohexanone

oxime.



