DESCRI PTI ON SPARGER, REACTOR AND PROCESS FOR
PRODUCI NG OXI ME USI NG THE SAME 5 Technical Field The
present invention relates to a sparger, and a reactor
and a process for produci ng oxime using the sparger.
More specifically, the present invention relates to a
sparger which is suitable for uge in a reaction
conducted 10 with suspended catal yst particles, and to
a reactor and a process for produci ng oxi me which use
t he sparger. Background Art In a tank reactor and so
on, a reaction is sonetinmeggsdRipPrguct ed while

catal yst particles are suspended and a raw

mat er i akpahehR! REACTORC NP BROCHEEIFOR] HRODUGING OX IME
sparger or thé Iike. In such case, the cat al yst

particles may enter thegpaN@aHy SAMESUpPpl yi ng pores
of the sparger. Sonme of raw naterials of the reaction

may be deconposed or 20 altered by directly contact
with the catal yst, so that the reaction does not

[Nf%?ﬁﬁ 1ifidBgai ned. For exanple, a process for
produci ng oxime fromketone by using hydrogen

per oxi dﬁ?@n%m aihRehf@ohr eseNsEe8f o a sparger, and a
titanosilicate catalyst is known (see, for exanple, 25

Japanessr P& KPkaks Bubbt Cprbaneiha. okinédatingNahe sparger.
2000 2
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

process for producing oxime which use the sparger.

Background Art

In a tank reactdr and so on, a reaction is sometimes
conducted while catalyst particles are suspended and a raw
material {s) for the reaction is supplied through a sparger
or the like. 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 pracess for producing oxime from ketone
by using hydrogen peroxide and ammonia in the presence of a
titanoslilicate catalyst 1is known (see, for exanple,

Japanese Patent Kokai Publications No. H6-49015, No. 2000-
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72737, and No. 2004-307418). Wen hydrogen peroxide is
supplied to an inside of a reactor through a sparger
to conduct this reaction, the catal yst particles nay
enter the sparger before the supply of hydrogen
peroxide, at the 5 change in its flowrate and so on,
so that deconposition of hydrogen peroxide is

accel erated and the reaction do not proceed as it
is aimed. Disclosure of Invention 10 Problens to be
sol ved by the invention The purpose of the present
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to nake he ca al articles 25 hard to enter the

sPRFYEFeAndSt b ré%d?* ®dr scharge the 3

Disclosure of Invention
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, wherein in a use of the sparger for a
reaction conducted with suspended catalyst particles, the
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

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

hard to enter the sparger and to readily discharge the
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catal yst particles fromthe sparger even if they enter
it, and finally acconplished the present invention.
The present invention is as follows: (1) A sparger
characterized in that a pipe dianeter 5 of the
sparger becones smaller in direction of its |eading-
edge portion step-by-step or subgtantially (or
generally) continuously. (2) A reactor for conducting
a reaction while catalyst particles are suspended and
at least part of a raw 10 nmaterial for the reaction

i_scéiz'ngéEdpEE‘E B9Bsa SRR e SR HOE eéﬂlréﬁdi’fnthE@t éhter it,

pi pe net er the sparger becones smal |

di ££gt fmaﬂiyaabéeﬂpmgsﬁaae tBe’ bireBeft ih%n%a@mer
step-by-step or substantially (or generally)

cont | ”U'?Hé'?feéén@i @‘eﬁEQSEOESf a5 #8194wii:ng a

reacti on wh cata yst particles are suspended and

at | easipar, Qhadded Ul £EEShf0N LHe UIRACT OBipR diameter

suppl i ed through a“sparger racterized i n that

anflfﬁé QﬁﬁfbgkeﬁeQBEegfsm51§§9°§h|HQQE%tQ%EaE&SHtS leadlng—

having an avefage particle size of to 50 gmand a

da&éﬁéyFBEt@@H“sE%ﬁLE§L§%§%QEQW%uHJEhnﬁfﬁEIyOwor generally)

matefi al supplied tthrough e sparger i s hydrogen

pe&gﬁtgﬁuéggyylon and a pi pe dianeter of the sparger
beconmes snaller in direction of a | eadi ng-edge portion

of the(gparger :%ta%otiy SESP Okohdletanly aldy t@Bction while

general l'y
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 solutlon, 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
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25 continuously so that a flow velocity of the
hydrogen 4 peroxide solution in the sparger is 0.12
to 1 msec. (4) A process for produci ng oxine
characterized by wusing the reactor set forth in the
above (2) or (3) and reacting ketone, anmonia, and
hydr ogen peroxide. 5 (5) A process according to the
above (4), wherein the ketone is cycl ohexanone and
the oxinme is cycl ohexanone oxife. Effects of the

i nvention 10 The sparger of the present invention is
one to which the catalyst particles hard to enter,

and which is possible to discharge,thg igtglyit
parerexide fsQRMBHOR nkh gEher SPREICE pdpgdr LavER it Y RES -
enter it, and therefore_ it can , suppress.dire

{
cont act (bkt W e PIORE S%eafPF o PR Helt®r PEIPES %ﬁ%r?%%erized by
SpFIRa she et et ndd bt fs teoTare 12) or (3) and

conducting a ,reaction, even_if, fhe react]
na%%@?%}ngskﬁﬁ%ﬁﬁpo%%BPElaoraﬁgléysaoggnabggP%gggy t he
catalyst, it_beconmes possible top s ress._th ; .
deconpoé?t i of Bﬁﬂcﬁﬁﬁe?ﬁﬁ?FGﬁngf%Phgggoaggggtﬁéﬁ’rgﬂereln the
material. Such effect is useful, ip especially,_far

prieteRfg ki Y PPhesanionsy l?@pong]flearr?r%m% Ay cyclohexanone

hydr ogen peroxi de. Brief Description of Draw ngs
oxime.

Effects of the invention

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
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 1is decomposable
or able to be altered by the catalyst, it becomes possible
to suppress the decomposition and alternation of the
reaction raw material. Such effect is useful in especially

for producing oxime by reacting ketone, ammonia and

hydrogen peroxide.

Brief Description of Drawings

Fig. 1 is a schematic cross-sectional view showing an
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25 Fig. 1 is a schematic cross-sectional view show ng
an 5 exanple of a stirred tank reactor. Fig. 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). 5 Followi ng nuneral s denote the follow ng

el enents: 1...reactor; 2...stirrer; 3...jacket; 4,
5, and 6.. supplying pipe; 10 7...outlet port;
8...sparger; 9...supplying piping; 10 ... supplying

t the Invention The

ggégﬁ%éf%ggfh%hggggégé g%b %%E%ﬁggg‘constructed SO
P o BB AT g2 b SPOUAST BECOES SR LEimie of an
SARLAE DBPArTRRCt O FBr SBorhlctiha 5 r 5t | GheHh PR (B) 1s
1 SELLISLL P LS L EpRRREREC s fy IR AU B ehe
particlgs flei Ry RENded: ! 88h8+8 end $b110RInY W ements:

1...reactor;

2...stirrer;

3...jacket;

4, 5, énd 6...supplying pipe;

7...outlet port;

8...sparger;

9...supplying piping;

10...s8upplying pore.

Best Mode for Carrying Out the Invention

The sparger of the present invention is 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
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reactor, a fluidized-bed reactor and so on. The
catalyst 25 (in the formof particles) is suspended in
a reaction 6 liquid in the reactor by a stirrer or by
supplying a raw material gas. The reaction liquid is
taken out of the reactor, and obtained after
separating the catalyst. The %ﬁarated catal yst is
returned to the reactor. 5 Alternatively, the reaction
liquid is obtained by separating the catalyst
particles with a filter Iocated in the reactor.. The

CRFERFRIR T AR oY, 2ipLind Boul Hraving o e
SRRLELLLEO 2 AR LT EORLANCD 1 SAREcut of che
| MeedgE5H .08 f%s%méczaéagérbsgiﬁ@‘g;&% g cRRRIGe. e
R L T SRR el e reuctor.
l(aéfﬁ%lﬁll'l E’?% )e}cte ?o -arneea%q:%.rc)dléd |1 c%lli%berigr l&g‘@éined by

Spar is prOV| t

COBPHHLREH O i oIS I B8 gy dpcneea o

orifi 20 Because of, for exanple change in the
f|Bﬂ?r5?%8g?r the reaction raw material, the catal yst

part'C|fﬁew?%€%yfah raw material(s) is, supplied through the
sparger(s) or a supplying pipe(sf. The sparger is located
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 cne being composed of plural branched
tubes which are laterally connected to a header). The
upper or lower portion of the sparger is provided with
plural supplying pores for the reaction raw material.
Additionally, the supplying pore may be provided with an
orifice.

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

catalyst. Therefore, the sparger should be a sparger which
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the sparger. In certain conbination of the reaction
raw material and the catal yst, the reaction raw

mat erial could be deconposed or altered by directly
contacting with the 25 catalyst. Therefore, the
sparger should be a sparger which 7 the catal yst
particles hard to enter, and which is possible to
readi |y discharge the catalyst particles therefrom
even if they enter it. For such purpose, a pipe

di aneter of the sparger is 5 set to becone smaller in
direction of the |eading-edge portion of the sparger,

Sochdatatd 1St Dp&YeltEdst hardt he ehtew,vahdciwhichf ishpossible
reaction raw nmaterial in the pipe becones

suid i sbgatly amBkhekgen thhe ecdtialyst paetieddsngherdfeon even
portion to nmake the catal yst particles sedinent in the

10i pi pieey aaxsitépeit| ow velocity is kept at or above a

certain level even at the |eading-edge portion. Thus,

it is Behi evel thaipdde, cat plipst dianétérescolfarthe osparger is
enter, and even if they enter, they can be readily

di s¢hangedbetbmen smallef| om velieeictionf bdfie tleactlieamiing-edge
raw material 15 in the piping is determ ned dependi ng

onpkifilon aBE HMeDPSHatger pf sohettoet aiystispptewdresedintihat the
the reaction raw nmaterial. In order to make the

I eALd Ol MMt ebFal tle@sidedtlion rawdimasndriall ofint hehe pipe

| eadi ng- edge portion, the dianeter of )
becomes sufficiently smaller in direétion of the leading-
edge portion to make the catalyst particles sediment in the
pipe, and the flow velocity is kept at or above a certain
level even at the leading-edge portion. Thus, it 1is
achieved that the catalyst particles hard to enter, and
even 1f they enter, they can be readily discharged.

The minimum flow velocity of the reaction raw material
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
the sparger's pore for supplying the reaction raw material
becomes larger in direction of the leading-edge portioen.

When the pipe diameter of the sparger becomes smaller
in direction of the leading-edge portion, in order to aveoid

accumulation of the catalyst, it is preferable to use a

reducer for a portion at which the pipe diameter is changed.
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20 the sparger's pore for supplying the reaction raw

mat eri al becones larger in direction of the

| eadi ng- edge portion. Wen the pipe dianeter of the

sparger becones smaller in direction of the

| eadi ng-edge portion, in order to avoid accumnulation

of the catalyst, it is preferable to use a 25 reducer

for a portion at which the pipe &ianeter is changed. 8

When the supplying pores of the sparger are | ocat ed at

the lower portion of the sparger's piping, it is

preferable to align the bottomof the pip
|d@h@ﬂlﬁBetﬁ@PﬁﬂHﬁBﬂéPgﬂﬁﬁnﬁﬁrEP%o?P?Bﬂeragﬁelocated at the
sparger. Further, when the 5 reaction raw materia
coh9W¢SeP°g§$°§r0ﬁa§hﬁ;ﬁEﬁ#Qﬁ#lePﬁeln@enéFaﬂé pxgferable to
it is preferable to forma gas_venting at,

exahpte, thee Bpikewmerofhihgi RIBHRYI oﬁnglum@gs,pghgerdiameter-
Fig. 1 is a schematic cross-sectional view show ng a

exghpheing apertiead P§nkth§acﬁ@ﬂrgﬁrheact@PIFQFWHS When the
10 provided with a stirrer (2) and a jacket
Reae@pghonammmetpaﬁglaFemgaaspﬁeaaﬁ &% §'@&p|ayﬂ?gssiblllt&' to

pi pes (4), (5) and 6), respectlve The sup [
pi persera eaﬁés(rS)l%\r s’ pRRfeIaP sp8EBer a&%g vnting at,
supplying pipin Catal yst is supplled into the

r eBe¥ oRXpPBhea gHSpﬂ9ﬁﬁﬁteI5cbéP9196iHQH tdempaf theysparger.
shown), or fromthe supplying pipe (6) together wth

the reaFifenlr &# mm%#h%mat%¢|?F%ﬁsb§eFﬁé°n§l|WF@W showing an

and suspended in a reaction liquid in the reactor. .
example of a stirred tank reactor. A reactor (1) is

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
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 liguid in the reactor.
The reaction is conducted usually while a heating medium
flows through Ehe jacket.

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).

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



10

15

20

25

The reaction is conducted usually while a heating

medi um flows through the jacket. 20 The reaction
liquid is taken out at the outlet port (7) followed
by separation of the catal yst, separation of the
reaction product and the reaction raw materials and so
on. In sone cases, the reaction liquid may be taken
out through a filter (not show? and fromthe outl et
port (7). 25 Fig. 2 is a schematic view show ng an
exanpl e of an 9 annular sparger, in which (A) isits
side view, and (B) is a cross-sectional plan yiew

taamma%ngpwxerr nénj whikhk (A 1s Hen$ide Vg, and (B) is

material is supplied froma supplying,piping
sp%r%%ﬂs%8§eﬁhf%%31spb?BvVESU gﬂkﬁnsﬁﬁﬁpﬁlxgx g&é? 5“ the (A}.
(10), and the reaction raw material is sugflled |3

t & Teagkion rawdnatpEial akt 8RPBLLEA: £Z0 eeﬁu!?@ §tbg piping

smaller in direction fromthe portion of supp q
pi PPhote o3 sparger (BhdvhichRdgE BSPE’FLE‘ﬁd Vl’r@ﬁp %@P ying pores
di aneter made smaller at 10 two stages_in this

exbh®) e, apdt thre peesthen; ﬁ@é"nt’%‘?ﬁ?’sal néf 134RREked pinto the

this. The | eadi ng-edge of the annular sparger may be
cOFPRGF @Rt ed therethrough or closed. Hereinafter, the
present |nvent|on IS descrlbed re ardlng as an

o

exanpl eThe pdre sfiamat ?ﬁ08§0| Bagge ﬁ%%%ﬂ%ﬁ% smaller in
oxime from cycl ohexanone, drogen ero
direction from the porti %ply ng piping (92) to its

leading-edge portion. The pipe diameter made smaller at
two stages in this example, but the present invention is
not 1limited to this. The 1eading-edgé of the annular
sparger may be communicated therethrough or closed.
Hereinafter, the ©present invention is described
regarding, as an example, a reactor for producing
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
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,

fine powder or fine granules. Titanosilicate can be
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and anmonia in the presence of a titanosilicate

catalyst. Titanosilicate is a zeolite(s) which

contains titanium silicon, and oxygen as el enments

conposing its framework. The zeolite nmay have the

framewor k substantially conposed 20 of titanium

silicon, and oxygen, or the zeolite may further

contain other elenment(s) as an é#bnent(s) composi ng

the framework. As titanosilicate, one having an atomc

ratio of silicon/titaniumfrom about 10 to 1000 is

preferably used, and it nay be in the form of, fgr,
exprepare@5byi nd PovRKITREE | Ae RFOFAAS Jdescribed in Japanese
Titanosilicate can be 10 prepared b for exanple, a
prbekent déekai hBubl heahpaneVe- 5§@§ﬁ%7|%8k ai

Publ i cati on No. S56-96720. As the catal yst, one hayin

an aver®ge tdisancatalypt oA Baydngo ﬁ&ré‘g(?ené?‘?'@Eter of
of 2.0 to 2.5 g/cnB is 5 preferably used. 3
Oyabonbxdncke &0 th& randnd cdensifhy afe, 21 8r txafpPeg/cm” 1s
one obtained by an oxidation reaction of cycl ohexane,
orierebprabh¥dup§dmydrati on and dehydrogenati on

reactions of cycl ohexene, or one obtained by.a
hydrogeﬁﬁ@1@he¥éE@FPoﬁfthelﬁaﬁhEﬁEPFiﬂadF@@é#e' for example,
peroxide is usually produced by a so-call ed

anehe aglitadnedpiut eal . oidediganmkaastiqny, afarFysiphexane, one

the formof an aqueous sol ution Mh%fh usuang has a . .
obtained by hydration and dehydrogenation reactions of

cyclohexene, or one obtained by a hydrogenation reaction of
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
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
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

mole of cyclohexanone. It is noted that stabilizers of,
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concentration from10 to 70% by wei ght, and such
aqueous 15 sol ution of Hydrogen peroxi de can be used.
Hydrogen peroxide nmay al so be produced by reacting
hydrogen and oxygen in an organic solvent in the
presence of a netal parradi um supported solid

catal yst. Wien hydrogen peroxidggkfron1this process is
used, the organic solvent soluti of 20 hydrogen

per oxi de which is obtained by separating the catalyst
fromthe reaction mxture may be used in place of the

o0 ROAARTES L B S R st
L5800 TR0 PO R ADHER P 43 soatom
gggyéﬁPh%%bggﬁ§?g¥§g %&%ﬁhbfQ%Bf@%ﬁggﬁééﬁpgeggi3%@%# osphoric
e e e AL
gi(:pétrgﬁirﬁsf:ﬁtz.&eti c %%1.%,, an d%&na.?mo@xllaoéerﬂﬁ% acid, and
ny B S50 L Eper BT enan SRe AR R R il U LS o hydrogen

be_used, ,or liquid ammonia my be used, and it nmay be
ionﬁng8Pﬁ1of'a 10 solution in water or an organic

f’ﬁg‘r’]egggﬁj t1‘:‘% qm@@'ﬁ:ﬁ‘}g e MR AnE S BBy $Fs¥a, or liquid
ammonia may be used, and it may be in. the form of a
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
solvent. As this reaction solvent, an alcohol such as
methyl alcohol, ethyl alcohol, n~propyl alcochol, isopropyl
alcohol, n-butyl alcohol, sec-butyl alcohol, tert-butyl
alcohol or tert-amyl alcohol, water, or a mixed solvent
thereof is preferably used.

Regarding a process for conducting the ammoximation
reaction, in a case of a batch operation, the reacfion may
be carried out, for example, by charging cyclohexanone,
ammonia, titanosilicate catalyst, and a solvent into the
reactor and supplying hydrogen peroxide thereto under

stirring, or may be carried our by charging cyclohexanone,
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preferably not smaller than about 1.5 noles per 1 nole
of cycl ohexanone. The ammbxi mation reaction may be
carried out in a 15 solvent. As this reaction

sol vent, an al cohol such as nethyl al cohol, ethyl

al cohol , n-propyl alcohol, isopropyl alcohol, n-butyl
al cohol, sec-butyl al cohol, tertifutyl al cohol or
tert-anyl alcohol, water, or a mXed solvent thereof
Is preferably used. 20 Regarding a process for
conducting the anmoxi mation reaction, in a case of a

gitgcrﬁa%oae]{}cé. on.piihg r& ' HR¥o %%é;ﬁggogu%ﬂé %upplying

nmpl°e, thafgirng cycl ohexanone,

a
ti hg?%?:igjehc%grc%?{&‘éy d fnéh 52! ‘éﬁgggit%t Quid€r stirring, or

rea and supplyr ng hydrogen per oxi thereto under

25 i R : - b ,
BEY) Heneasiel ot 57 Bt dltly ¥ CHENVAL and,g solvent

cy | yst, a solvent” into the

reiﬁkgg el SPQ?EXBEQ aﬂafr§§E§1¥E§§§Lgfbﬁ&ﬂefgﬂgﬂé?- hydrogen

thére anderstrrring, O rted out by

gﬂgreg'loﬂgld%. %chﬁléftﬁﬁ%r?iry ﬁié}%%?%dé?t gt&l}%i'hﬁa.‘m G@n a case of

suapplyi ng cycl ohexanone, hydrogen per oxi"de and

a [ ret r.,Stidyin .a_ C :
cg%?ﬁﬁggﬁg%ﬁpSk§€%§$°§ﬁm§¢%a%??%ﬂlﬁ%yﬁég g%rﬁiﬁfﬁﬁﬁ,out' for
for | e..,b i 0 r ajfe i i s
(orexag%’g:é?- u%yl' Y%%%%gé&]ngﬁ% c%ﬂgat g??/é?égar%i géeég g?!é&uld fox

Su%‘ﬁ%&geﬁp l@.’&ﬂ:i%ﬂp@ry WG FY dRhAoar tici &98re suspended,

per oxi de, “ammmonhi a,
and supplying cyclohexanone, hydrogen peroxide, ammonia,
and a solvent thereto while taken ocut a liquid phase of the
reaction mixture through a 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.‘

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

In a case of the used titanosilicate catalyst having
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10 and a solvent thereto while taken out a liquid

phase of the reaction mxture through a filter. It is

noted that the reactor is preferably glass-Iined one

or made of stainless steel fromthe viewpoint of

preventi on of the deconposition of hydrogen peroxide.

15 Hydr ogen peroxi de, amonia, and/or cycl ohexanone is
supplied to the reactor fromthel3bove-nentioned

sparger. Hydrogen peroxide may pronote its

deconposition by contacting with the catalyst, so

that the reaction may not proceed as it is ained.

Thehef civerdyér paeitipdieoxseei ©20alboppl iledtby 5Gi pgn and the
t he above-nenti oned sparger of the present invention,

wheeaisi tyheo i pbodkadbt®er tbe@odesg/ omhl éog hydrogen peroxide,
direction of the | eading-edge portion so that the
catheyspipar ddiemeteer ofie ther gspaugerevés imafde smaller in
enter, it can be readily discharged therefrom 25 In

a dagsectfionheofisddet i landingredge @urition privithe 13parger so
the average particle size of about 1 to 50 gm and the

deftbaty tife dban velpebte. 6f ghydgodrs Pga: in the sparger
peroxi de, the pipe dianeter of the sparger is nmade

smilsl én ithe diange ifoemof0 .thfe teeddimpeatige Horis qirtgd that the
the sparger so 5 that the flow velocity of hydrogen
pelaxgee iflowhaedmaridar mays ben aduentahike fapmond-as bt is not
1 msec. It is noted that the l|arger flow velocity

magnad lecc &hieab|0e 12s nl/@eg,aand nMay mat tause any problem even

when it exceeds 1 m/sec, however, effects can not be
obtained in proportion to so large flow wvelocity.

The supplying pores of the spargerhusually 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
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
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.

The reaction temperature of the ammoximation reaction
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smal l er than 0.12 nfsec, and may not bauee any probl em
even when it exceeds 1 nisec, however, effects can
not be 10 obtained in proportion to so large flow

vel ocity. The supplying pores of the sparger usually
have the sanme pore dianeter, and the flow velocity is
cal cul ated on the assunption thg{ hydr ogen peroxi de
flows out of the respective supplying pores at the
same flow rate. The 15 mininmum flow vel ocity of
hydrogen peroxide in the sparger is a flow velocity

al L Lheelg3dingyedae giprd 100 §gbe£ach rnpl DeoliaTe! Siressure may

CQS 3 based on the anbunt o ydrogen
B i R P
20 ' .
i"nr?ﬁst_ﬁs%cf?%“n95#5%852:1“?2°§§%%?F9°2%§Et §ig5E ) G noreased
“SRASHBUEE A peKE BT hoblE B SL LHiGea 1n ohe
geb 9%1 Rgg' L %n%h%nq:e%%‘ﬁ%‘n 3 x eaa%&ﬁ %h this case, the
&ratu £ Phe i on i's

re
tenp e o ammox! matl on reac

SSBELRE i 0, 400 07 LS B8 RS o s

essure an a rr-c pressur

thgS 5@@%Eb%§éi%eaﬁﬁ%pkﬁphymgqﬂy'ed out under an

i NCrease SSUf€ to | ncrease eHe anmount of anmoni a

solved k! Bepa ot Guled RANE opfeddtl i3 't Bed fon mixture
and in i's case, the
thus obtained, known methods can be used if it is suitable.
For example, cyclchexanone oxime can be separated by
separating the catalyst from the reaction mixture with

filtfation or so, and thereafter subjecting the obtained

liguid phase to distillation.

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

limited to these.

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.

As the catalyst, titanosilicate catalyst having the
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15

pressure nmay be adjusted by using an inactive gas(es)

such as nitrogen, heliumor the like. For a

post-treatment operation of the reaction mxture thus
obt ai ned, known nethods can be used if it is suitable.

10 For exampl e, cycl ohexanone oxi ne can be separated

by separating the catalyst fromthe reaction m xture

with filtration or so, and ther®&fter subjecting the

obtained liquid phase to distillation. 15 Exanples

Herei nafter, exanples are shown to concretely describe

the present invention, but the present invention is

Notnaximoi ghrtidleseiz@0ndeslabyerpithah GBGl yst, vidse average
| ocated in a piping of transparent vinyl chloride,
angagtiateundizd ot 88 was famdethehaiariditopgbf 2.lZeng/cm’® was
the m nimum fl ow vel ocity necessary to di scharge the

caugkegst was determned. 25 As the catal yst,

titanosilicate catalyst having the 15 nmaxi mum )
parti cl @nsi ke npipimgyellehghh1¥PGnun) hoofivwhigh one end is
particle size of 38 gmand the density of 2.2 g/cnB

waslogedd. thet matElysty ¢aenglocsbednmyt o vibbthtoref 400 mm
end is 5 closed, the catalyst was | ocated at a point

of ddétamn from the other end. An amount of water was

supplied from the oEper 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
other end (about 100 mm distant from the point of catalyst).
The test was conducted for various\piping 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.

Table 1
No. 1 No. 2

25A Piping 15A Piping

(Inher Diameter: 27.6 mm¢ ) (Inner Diameter: 16.1 mmé)
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.
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di stant fromthe other end. An anount of water was

supplied fromthe other end via a fl oweter and fl owed

out through a pore of 2 nm# (in diameter) which was

formed in the |lower portion at a point of 500 nmm

di stant fromthe 10 other end (about 100 nmm di st ant

fromthe point of catalyst). The test was conducted

for various piping dianmeters and® | ow rates of water.

The results are showin Table 1. It is shown that the

catal yst was readily discharged by selecting the flow

velocity not smaller than 0.12 msec. 15 Table 1 No.

1 No. 2 25A Piping 15A Piping (I nner D ameter: 27.6

mﬂi% (Inner Dianeter: 16.1 mmf) Catalyst Amount: 4.4
€rfount 1 1.6 FIl ow Fl ow Di scharge Fl ow Fl ow

Di schar e Rate Velocity Condition Rate Vel ocit

Condi ti J(‘ﬂ_/HFng( @ sEEFTTEAn tAnk rrF§é€)t°’E 05%-3‘5%1?\5 to that

0.83 0.068 0. 08 0.111 No
0. S 5 g 3es‘§&esreafge From aviqpsranepe; “hydrogen

O %%igﬂ?%e'LAﬁ3§¥§$ﬁ§§]to cyc o ;ﬁgione oxime in the presence

of a titanosilicate catalyst was conducted.

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
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 (ndt shown).

The titanosilicate catalyst having the maximum
particle size not larger than 150 um, the average particle
size of 38 gm 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 supplylng hydrogen peroxide had
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

intervals. The 25A piping portion was provided with 24



10

15

20

25

YES: The catal yst was readily discharged. No: The
di scharge of the catalyst was insufficient. 16
Exanple 1 While using a stirred tank reactor simlar

to that shown in Fig. 1, the reaction from

cycl ohexanone, hydrogen 5 peroxide and amonia to

cycl ohexanone oxi.ne in the presence of a

titanosilicate catal yst was condutted. Cycl ohexanone

at the ratio of 3.85 t/hr was supplied fromthe

suppl yi ng pipe (6), hydrogen peroxide solution (6096

by weight) at the ratio_of 2.51 t/hr and ammoni a

théuPag-Nént rRexes t 2hr ther elo;rtﬁr‘bw@atwemqﬁnet%apgewg and 4
(4) and (5), respectively. Further, tert-buty

al GUBBILYLRGt ROreD oAt aitheh JPRET oPEFtign3 htmrﬁh wadso serve as
supplied fromthe supplylng port (not shown). The

ti gafoyentiage eadalther 154 Pi@ifee Rephiammwas provided with 8
particle size not |larger than 150 Mn the average

pasupplying roxss 3at| the lowex hEOE'éhg’r‘t)?foftlEe opiping and 2
g/ cnB8 was supplied fromthe supplyi g port (not
shewpplydnghaonas akokdentyRREBHNPAAS aaomhls% Fhgo serve as
used sparger for supplying hydrogen peroxi de had 20
angaRn¥rPRC1PRgure and a closed end. A portion near the

source of hydrogen peroxi de 50 was 25A pipin

| eadi ngBa&gE 13¥ t Fiam giowwm49?|%faBBGF°§£

annul us
to the sparger, the minimum flow velocities for the 25A

de supplied

piping portion and the 15A piping portion were determined
to be about 0.15 m/sec and about 0.17 m/sec, respectively.
The reaction was conducted during ébout 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,
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.

Although the present invention has been explained as
above, it will be understood that the present invention i1s
not limited to such embodiments or examples and can be
modified in various ways without departing from the scope

or spirit of the invention.



of the sparger, was a 15A piping; and supplying pores
of 2 mmO dianeter were forned therein at generally
even 25 intervals. The 25A piping portion was provi ded
with 24 17 supplying pores at the | ower portion of
the piping and 4 supplying pores at the upper portion
whi ch al so serve as gas ventin and t he 15A pi pi ng
portion was provided with 8 su yi ng pores at the

| ower portion of the piping and 2 5 supplying pores at
t he upper portion which also serve as gas venting.
Based on the flow rate of hydrogen peroxide supplied
to the sparger, the mninmumflow velocities for the
25A piping portion and the 15A pipin ortion were
Get er i b8 1D7e8eBE aBBRLI6aEEOR| sCLatnh ABELPTHLY; under the

N N R P -
SR S Sl e
iﬂ?ﬁ%ﬁ% e BRoCEsF) e qer it ilen M S EE; T smm. v
- oTbei BRNEEETS: BipEha Ll APPLIRARION ARF HIGAFBRAR SRk erein by

per oxi de had been_supplied s ,observed, and it did
nthesﬁeﬁﬂﬁﬁFcﬁr§&§4%%&?thgﬁﬁﬁéﬁﬁﬁlqERYEntered t he
sparger. 20 :
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Al t hough the present invention has been expl ai ned as
above, it wll be understood that the present
invention is not limted to such enbodi nents or
exanpl es and can be nodified in various ways w thout
departing fromthe scope 25 or spirit of the
invention. 18 The present application clains priority
under the Paris Convention to Jaggnese Pat ent
Application No. 2006- 025524 filed on February 2,
2006, entitled "SPARGER, 5 REACTOR AND PROCESS FOR
PRODUCI NG OXI ME USI NG THE SANE . ﬁﬁe contents of that
application are incorporated &P& by the reference
thereto,in their entiret par

char act éri ze i§P§¥%ﬁracﬁﬁﬁéggﬁgﬁé%gfjﬁg.Fﬁééssaasr‘3 diameter

e il S B et OB RTEE 1t 1eacing-

’. A I OIS 3 N e B sbusny.

el O i DoRARRENL " 0B IR Sl Begeripn vt

PR BUTREY e HE HhaE pegen gy, of o rov

ggbs anitiiﬁg_l Lf/?gggi-‘:eguf%%éoﬁ ' ié rs%figcptloire °£hrough a sparger,
characterized in that a pipe &iameter of the sparger
becomes smaller in direction of a leading-edge portion of
the sparger step-by-step or substantially 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 th&t the catalyst particles are of
titanosilicate catalyst having an average particle size of
1 to 50 um and a density of 2.0 to 2.5 g/cm®, the reacticn
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 substantialiy continuously so that
a flow velocity of the hydrogen peroxide solution in the
sparger is 0.12 to 1 m/sec.

4, A process for producing oxime characterized by

using the reactor set forth in Claim 2 or 3 and reacting

ketone, ammonia, aﬁd hydrogen peroxide.



catal yst particles are suspended and at |east part of

araw material for the reaction is supplied through a
sparger, characterized in that the catal yst particles

are of 15 titanosilicate catal yst having an average

particle size of 1 to 50 gin and a density of 2.0 to

2.5 g/cnB, the reaction material supplied through the.
sparger is hydrogen peroxide sglqution, and a pipe

di aneter of the sparger becones snmaller in direction

of a | eadi ng-edge portion of the 20 sparger

step-by-step or substantially continuously so that a

flow vesoci ty gfrd&esdy HOSSPIPEs Odle Gl | ) | WHd®in  the
sparger 1s 0.12Zto 1 msec. 4. A process for producing

OXk IO E AL @A heandil Nentheth8adRimé eli § Oldylkliohexanone
Caim2 or 3 and reacting 25 ketone, ammoni a, an

hygl pRen peroxide. 20 5. A process according to Claim

4, wherein the ketone is cycl ohexanone and the oxine

i s cycl ohexanone oxi ne.



