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DESCRI PTI ON FLU DI ZED- BED REACTOR AND REACTI ON PROCESS USI NG THE
SAMVE- ' Technical Field The
present invention relates to a fluidized-bed reactor for
ammo- oxi dati on or oxidation, and an amo- 5 oxi dation or oxidation
process Uy skdstd sane. Ba@qyuIrosab1Ar t
Ammo- oxi dat1 on or oxidation has been carried out i ndustrially for a
long tine, and a | arge nunber of fl ui di zed- bed reactors used

t heref or have been proposed. The 10 structure of a sparger for

suppl ying and di spersing a raw mat eri al therefor, however, has been
only disclosed in British Pat 65, 770, JP-A- 3- 258,
JP—X—6-211768, etc. (The terﬁﬂ%ﬁﬁibTﬁEid herei n neans an unexam ned
publ i shed Japanese patent application.) 15 The former two,
British Patent No. 1,265,770 and . JP-A-3-258, are designed so that
oxygen gas OWFILIADIZED-BEOSREACTOR JAND RKEANT IO FROCESSAUSERGETHR SAMEES are
made to be opposite to each other, i.e., one oxygen gas outl et
orifice directly faces one propyl ene/anmonia outlet orifice with both

orifices 20 aligning on the same axis, but there is no recognition
_ Technical Field

The present invention relates to a fluidized-bed
reactor for ammo-oxidation or oxidation, and an ammo-
5 oxidation or oxidation process using the same.
Background Art
Ammo-oxidation or oxidation has been carried out
industrially for a long time, and a large number of
fluidized-bed reactors used therefor have been proposed. The

10 structure of a sparger for supplying and dispersing a raw
material therefor, however, has been only disclosed in
British Patent No. 1,265,770, JP-A-3-258, JP-A-6-211768, etc.
(The term "JP-A" used herein means an unexamined published
Japanese patent appiication.)

15 The former fwo} British Patent No. 1,265,770 and
JP-A-3-258, are designed so that oxygen gas outlet orifices
and propylene/ammonia outlet orifices are made to be opposite
to each other, i.e., one oxygen gas outlet orifice directly
faces one propylene/ammonia outlet orifice with both orifices

20 aligning on the same ﬁiis;'but there is no recognition
concerning the hole size of the orifices. The latter,
JP-A-6-211768, relates to a method of keeping the temperature
of ammonia in conduit pipes to be not higher than the



-concerning the hole size of the orifices. The latter,  JP-A-6- 211768,

relates to a nethod of keepirg—the tenperature— of—armoni a |n condU|t

pi pes to be not higher than the WO 96/ 23582

PCT/ JP96/ 00171 di ssoci ati on point thereof in order to prevent the

mtrization of86$§%a§8ply conduit pipes. Specifically, the pPCTAPYGoIA"

proposes to pr protective |ayer of a heat I nsul ating materi al
~.in each of the conduit pipes, but there 5 IS no recognition concerning

the hole size of orifices as simlar to the former two.

Di scl osure of the Invention An object of the present

invention is to provide a fl ui di zed-bed reactor in which the yield

of reaction is ébsswmﬁ%mtcmspm 1 Pﬁ@eﬁot%rm?%ﬂqm: dihet rj buti on

f t d t ctor |n

oxi dati on or oxi BAEFERRFAUE (rorthen srpdy sPRulE PIRgs vapeci i AT, nepe
ti rQu { 15

Lﬁgfh'efnogfzgf g;&ﬁ&?g@éfé%ﬁt%hh g%aa 8t ow@twe 1aye%é’ %feré‘s heat

amo- oxi dati on Ofn@xlaeind InateddAIS inSkelent bs eheveonduit ;rﬁ%st Obut there

O her objects and effects of the present invention - be appar ent
fromthe foblow g nescecqgnitrion concerning the hole size of orifices as
similar to the former two._ .
Disclosure of the Invention o
An object of the present invention is to provide a
fluidized-bed reactor in which the yield of reaction is
10 improved by controlling the ‘molar ratio distribution of
reaction gases locally arranged in the reactor in the ammo-
oxidation or oxidation reaction,'particularly, in the case
where the'reaction gases are separately supplied through two
systems. | | - |
15 | | nnother object'of the present invention is to provide
an ammo-oxidation or oxidation process using the above
reactor . _
Other objects and effects of the present invention
will be apparent from the following deecription.
20 ' The present invention relates to a fluidized-bed
reactor for ammo-oxidation or oxidation comprising a vessel,
a sparger for supplying and dispersing a gas containing an
. organic material, and a distributer for supplying and
dispersing an oxygen-containing gas, the sparger comprising a

25 header and a plurality of dispersion pipes connected



20 The present invention relates to a fluidized-bed react or

for ammp-oxidation or oxidation conprising a vessel, a sparger for

- i Nng—a—gas eohtat ni ng—amr—— organrt—narerral and a

di stributer for supplying and di spersing an oxygen-contai ni ng gas,

the sparger conprising a 25 header and a plurality of dispersion pipes
connect ed : -2- 7P96/00

96/ 2358 V09623582 PCT/ 3P96/ 0017 L m i
laterally to the header, the dispersion pipes each having a

plurality of orifices, wherein the hole size of an orifice
farthest fromthe header is larger than the hole size of an orifice
nearest the 5 .header, iand the hole size of one orifice is larger than

or lathexialily thethel headexr, d:hea@iamnrsiom pipesteachikavning & t he f
header than the .one %rlflce ’ The present invention al so e
relates t@® _of orifiggfyation or oxidation process conpr|5|ng t he i

PP AT reaz'{%?éig B%héle U U in Y REHRL LafBAGH, Bege it® 00

Drawi ngs header is larger than the hole size of an orifice nearest the ”
5 header, and the hole size of one orifice is larger than or
equal to the hole size of adjacent orifice that is nearer the
header than the one orifice.
The present invention also relates to an ammo-
oxidation or oxidation process comprising the step of ammo-
10 oxidizing or oxidizing an organic material in the above
fluidized-bed reactor.
Br f Descri on o e raw -3
Fig. 1 is a schematic view showing an example of a
sparger of a fluidized-bed reactor_according to the present
15 invention. | : | | | _.
Fig. 2 isla schematic sectional view of an.orifice
taken along the line A-A of Fig. 1. B |
Fig. 3 is a schematic vertical sectional view of an
example of a fluidized-bed reactor which is a subject of the
20 present invention. _
Fig. 4 is a SGhenatic vertical sectional viev.of
another example of a fluidized-hed reactor which is a subject
of the present invention. .
25 The ammo-oxidation or oxidation to be applied to the
present invention is not particularly limited. Bxamples of
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-Fig. 1 is a schematic view showi ng an exanple of a sparger of a
fluidized-bed reactor accoerding to the—present 15 —avention.

Fig. 2 is a schematic sectional view of an orifice taken al ong the
line A-A of Fig. 1. Fig. 3 is a schematic vertical sectional
_view of an exanpl e of a fluidized-bed reactor which i gﬁﬂﬁb t of
the 20  pre%M62383ent i on. Fig. 4is a schen&F? ertica
_sectional view of anot her exanpl e of a fluidized-bed reactor which is
a subj ect of the present invention. Best Mbde for
Practicing the Invention 25 The ammop-oxi dation or oxidation to
be applied to the present invention is not particularly limted.

Exanpl es of the ammo-oxidation or oxidation intlude ammo-oxidat{bAGHY3582
PCT/ JP96/ 00171 t he ammo- oxi dati on or oxi-dation include

anmo- oxi dat i on which progiyilenepr bpyenecor prapane s medensoi seqa'deWi'ehr eact
wth ammoni a and oxygen to thereb %ﬁﬁduce correspondi ng, nitri

oxi dati on by wRRPHHE APt REYIER: ERct Pradyce Gexresponding E?ltfih
oxygen to ther eg%yicﬁ qgﬂlc %yoélhg&x Bébﬂﬁié:?é‘ Mnis or propane is made to

5 react with oxygen to thereby produce oxide; oxidation such as
chloro—oxidation reaction; end the like reactions. The
fluidized;bed reactor according to the present invention is
aimed.at an industrially practical apparatus.

ihe fluidized-bed reactor.of the present invention
10 will be described below by.reierring to the attached
drawings, but the_present invention_is not construed as being
limited thereto. | o
Fig. 1 is a schematie eectiOnal view showing one
embodiment of a sparger of a fluidized-bed reactox accoxrding
15 to the present invention. The sparger for supplying and
dispersing oxygen and/or a raw material has a large number of
dispersion pipes 3 connected succees;vely laterally to a
headex 2. Each of the dispersion_pipes has a large number of
orifices 4 which serve as Qag outlets. The respective hole
20 sizes of the orifices ere deeigned so that an orifice located
in a posztion farther frcm the hender has a larger hole size.
Numeral 5 denotes a vessel wall of the reactor. Fig. 2 is a
schematic sectional view of the orifice. i
Although Fig. 1 showe an embodiment where the header
25 crosses the sparger, an'auxilieryhheaderlextending laterally

from the middle of the header may be provided so that the



chl or o- oxi

reactor according to the present invention is

dation reaction; and the |ike reactions. The
ained at an

- | ndustyi-al-y—practeat—appar atus- ‘The fl ui -bed reac

of the present invention 10 w | be described below by referring to the

attached

bei ng

vi ew sho

accordi ng

Each of the dispersion pipes has a l.arge nunber of
Jidket mverbebeif 2the spargemwiis [large.fi The are

serve as gheadetscase
~in_a position-farther fromthe

designed so that an orifice |ocated - .
header hasnumber gef disRexfion pipes cREneFEed émlésr Fo/&hechepder of the

reactor.

N though FPBE1e8 4 Aecprdansd Widh: thRories (f | g betasy
sparger, aﬂnaHé%er%aErﬂce‘gﬁ thel %&anaf '@ﬁérf‘iﬂi}’dized-bécdr Q@etcttsrm ddl e of

t he header
_4_ s

drawi ngs, but the present invention is not construed as
~|limted thereto

: Fig. 1is a Eﬂ%kk g sectional
enbodi mrent of a sparger of a flu?ggze -bed react or

fl ui di zed- bed

‘or

15 to the present invention. The sparger for supplying and
di spersi ng oxygen and/or a raw material has a | arge nunber of
di spersion pipes 3 connected successively laterally to a header

tlon vi ew of theéﬁvlflce

ovl so that
The numb¥y U Zﬁﬁﬁ)'ersion pipes may be generally from about 10

PCT/ JP96/ 00171

10

15

20

25

to about 300, preferably from about 20 to about 200.
The number of orifices in eech dispersion pipe may be

determined in accordance with the length of the dispersion

pipe or in accorqance with the setting of the region which is
to be covered'by;the orifices.. Generally, it”is preferable
that the number of orifices is from about 1 to about 4 in the
case of a short dispersion pipe, while it is from about 4 to
about 50 in the case of a long dispersion pipe. In the
present invention, the hole sizes of the orifices are
designed so that an orifice nearer the outer circumferential
portion of the sparger has a larger hole size. Preferably,
the ratio of the maximum hole size of orifice to the minimum
hole size of orifice is in the range of from about 1.02 to
about 1.3. The hole size may be changed continuously or may
be changed stepwise so that severel orifices have the same
hole size. The number of orifices that have a different hole
size from the other orifices is preferably at least 10%, more

preferably at least 50% based on the total number of

orifices. The hole size of an orifice is generally selected

from the range of from 1.5 to 20 mm.

BLsd87¢t he

2.

orifices 4 which

3

1)



- headers are shaped like a cross if the sparger is large. The nunber
of dispersion pipes conrected | ateray to the header—— varies in
accordance with the size of the sparger, that is, in accordance with
the size of the fluidized-bed reactor. 5 The nunber of di spersion pipes
.may be generally from about 10 to about 300, preferably from about
20 to about 2% 9623582 The nunber of orifices in ea HF%‘&QF"éi on

. pi pe may be determ ned in accordance with the Iength of the

di spersion pi pe or in accordance with the setting of the region
which is 10 to be covered by the orifices. Generally, it is preferable
that the nunber of orifices is fromabout 1 to about 4 in the case

of a short dispersion pipe prident uhveﬁtafena@«b&tﬁa& téktensive aDOUt 50 in
the case of a long dlsper3|on pi pe. present invention, the

hol e sizes of thavestigsetomrand in:unddeaegnelile@m@atam omﬁau:e.sneaher t he
outer circunferential - portion of the sparger has a |arger hole size.
Pref erably, amot-wm.iqn oir oxddagionuneactionin oifixed-bed reacker,

m ni num hole sjze of orificeis.inther ge of fromabout 1.02 to

about 1.3. Theth8I®Oias rakip s a?aﬁgéancsmﬂ 1}azge ffluggce gp the
changed St P 6150 LF rSRUEAL, 9o, HHRES SR % Wil ppelOlRETH B
orifices is pretgpeapbiceion e‘gﬁsteslo%lfr@ﬁéh a rea@if&?riasbldbﬁudt%stin5g%
based on the total nunber of orifices. The hole si'ze of an orifice
is generally sefmieﬂzee&ed frfemttiore inawggghf ;éamdn gdses?@v@nseparately
supplied through two systems, for examgle, in the case of
ammo;oxidation, the molgr ratio of reaction gases is as
10 foilows: When.oxygen oﬁ air is supplied from one system and.
proﬁylene and an ammpﬁia gﬁs are supplied from the other
system, the local molar ratio distribution of the reaction
g##es in the fluidizqdfbeq reactor becomes important. If the
local molar ratio distﬁibﬁtipn is uniform throughout the
15 reactor, it is poasiblé to set a proper molar raﬁio on the
whole of the reacto:.. However, if the local molar ratio
distribution is not uniform, the yield on the whole of the
reaqtér becomes low beqagsé the interior_éf ﬁhe_reactor is
separated into a region ih which a large amount of unreacted
20 olefin is left due fo shortage of oxygen, and a region in
which a large amount of by-product is produced due.to excess
of oxygen. | |
The local niolar ratio can be made uniform by making
the amount of gas blown out of dispersion pipe orifices

25 uniform. According to the analysis by the present inventors,

it has been found that the factor having large influence on

-6 -



- 5- WD 96/ 23582
PCT/ JP96/ 00171 The present inventors have made extenS|ve
i nvest i gat+enr—ane—Founrd t he f oHewng fact——That is, in —
ammo- oxi dati on or oxidation reaction in a fixed- bed_reactor, t he
nolar ratio of reaction gases has large influence on the 5 yield of
reaction, so that there is a proper nolar ratio of the reaction gases
| f such Ve e¥ss82on is conducted in a f1ui di zed- bePGTERBOIY 1y which
reacti on gases are separately" supplied through two systens, for
exanple, in the case of ammo- oxi dation, the nolar ratio of reaction
gases is as 10 foll owss When oxygen or air is supplied fromone system
and propyl ene and an ammoni a gas are supplied fromthe other
system t heneOgabufit! 8f §ad iK1 ckrs dutbulei qasoteﬁ 466 I 91ing in @REES i N
the fluidized-bed reactor becones inportant. t.he: - local nolar
rati o di st spaurgern asduthd®, rin womeycase, thhe témperaturendiffenencposs|bIe
to set a proper nolar ratip on the- e _of the.reactor. However, if
the | ocal Ket¥pepsdjportion Qﬁ%ﬁlﬁh@UFﬁﬁﬁtP§ ﬁe%eﬁn? he SRArgATRAR%A t he
econes | ow he reactor

150 C O S cBRFELen FRFo Ot FotomRe. HB- 250 0VE A iildrde Of ghla® 1°2Sk
Ol ef 15 15 ghedUe! gos Wkibiacilre $4tRg aaéies S6pHeiy on the

length of the header, the respective lengths of the

dispersion pipes, the difference in temperature between the
fluidized bed and the supply gas, or the like. On the other
hand, it has been found that the loss of pressure in the

10 header and in the dispersion pipes is generally low and has
little influence on the difference in amount hetween gasses
blown out. It has been further found that the change of the
flow coefficient caused by the difference between the
respective hole sizes of orifices is so small as to be

15 'neglected and that the same flow coefficient may be used.

Hence, the respective amounts of gases blown out of

orifices may be made uniform 1f the respective hole sizes of
the orifices are changed in accordance with the respective
temperatures of the gases in the dispersion pipes. The

20 'relationship hetween the hole size and the gas temperature
can be given by the following equation (1).

D o pifé | | ' (1)



- which a | arge anmount of by-product is produced due to excess of
oxygen. Fhe—-+ecal nolar rati o eanm—be nade uni form by making

t he amount of gas bl own out of dispersion pipe orifices 25 uni form
According to the analysis by the present inventors, it has been found
-.that the factor having |large influence on

- 6-  WO96988206/ 23582 | PCTAPI6/00171

. PCT/ JP96/ 00171 t he amount of gas bl own out is gas tenperature
rising in the sparger, and that, in sone case, the tenperature

di fference between a portion near the reactor inlet of the sparger
and a portion far therefrom beconmes 50 to 200[err]C or higher. The

5 degree of 0f% 4IR{RC T irdpEeseftBitNE héTe W(Hfﬁ&no%ﬂhﬁce, and tength
of the header, the respective |lengths of the . di spersi on pipes, the

difference in trepeesdntse thet wemperature of gds uindieach lbadficd ahd sspply
gas, or the like. On the other hand, it has been found that the
| oss of pressurexpreased lﬁoabsﬁéaﬁertﬁnﬂe¥¢ﬂﬁ#ﬁa&ﬁl&per5|on pi pes is

generally | ow and has little influence the difference_in anount
bet ween gasses bI TG 95§ temper: ﬁggn%éé HFE anas ?E af PRt RRange

of the g f'Q&&&é’fﬂdz‘H O thdlugall Mppifed!'id e:{hfa“%al&%\ﬂ@iﬂl&@?;o the

temperature of the gas in an end of the sparger. In some
cases,_the.gas temperature T distributes in a range of from
300 to 650 XK. The gas temperature T can be determined by
general calculation of heat transmission or by actual

10 measurement.'.The rising of the gas temperature T is
generally constrtuted by the temperature rising in the header
and the temperature rising in each dispersion pipe.
COnsequently, the respective amounts of reaction gases blown
out of the or;fices can be made uniform when the respective

15 hole sizes of orifices in the dispersion pipes are designed
so that an orifice farther from the header has a larger hole
size as described above.

The distributer for sppplying and dispersing an

oxygen—containing gas ié cot perticularly.limited and may be,

20 e.gt, a perforated plate.cr a sparger. For example, the
distributer for enppiying and dispersing an oxygen-containing
gas may be a sparger'heﬁing a constitution similar to the
sparger for supplying and dispersing the organic material-
containing gas.

25 In the case where an oxygen-containing gas is

dispersed by a perforated plate 8 as shown in Fig. 3, the

-8 -



respective hole sizes of orifices is so small as to be 15 negl ected and
that the sane flow coefficient may be used. Hence, the

respect i ve—afetmts—of—gases blrowrout of— or|f|ces‘ﬂﬁ?‘b@‘ﬁﬁﬁ@‘ﬁﬁrform
if the respective hole sizes of the orifices are changed in
accordance with the respective tenperatures of the gases in the

di spersion pi pes. The 20 rel ati onshi p between the hgk?f?“%ﬁ,qnd the gas
n

t enper at WQI623IS82  can pe given by the following equatio
-7- WD 96/ 23582

PCT/JP96/00171 in which D represents the hol e size of an or|f|ce
and T represents the tenperature of gas in each orifice and is
expressed in absolute tenperature (K). The gas tenperature T
is in the téﬂﬁérﬂéufé%&tﬂhh gefE ist aEpelgt unbfeim! halrmgahisuppisegd the t he
reactor inlet to the . tenperature of the gas in an end of the sparger.
In some  amountsef, oxygaergdd-qvmrpertapanebef wade rreanly Wf@%ﬁ&etbﬁ from

respective hole sizes of all the orifices are made egual. On

err]

the other hand, in an organic material mixture gas sparger 1,
5 it is important that the uniform amount of gas blown out is

obtained by chanéiné the orifice hole size in.aCCerdaﬁce with

the gas temperature distribution in the inside of the

sparger. Numeral 6 denotes an oxygen Lnlet p;pe, 7 denotes

an organic materral mixture gas inlet pipe, and 9 denotes a
10 cooling coil. | o “ | o

In the cese where an organic material—contaxnzng gas
is dispersed by a sparger 1 and similarly an oxygen-
containing gas 1s dispersed by a spnrger 1’ as shown in
Fig. 4, it is importedt_that_the orifice hole size is changed

15  in accordance with the gas tempereture in the inside of the
spargers 1 and 1’ eo:that both the amount of the oxygen-
containing gas blown out and the amount of the organic
material mixture:gas.blowh out are made uniform,
respectively. Particularly, in the case where the oxygen-

20 containing gas is a main gas for fluidizing the bed, uniform
blowing-out is essential to form a good fluid state.

Any known catalyst for ammo—oxldation or oxidation
mey be used as a catalyst in the present invention. Further,
any known condition as described in a lot of known

25 literatures and patents may be employed as a reaction

condition in the present invention. For example, the
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- 300 to 650 K. The gas tenperature T can be determ ned by gener al
cal cul ati on of heat transAss+on or -By-actual 16——easurenent. The

rising of the gas tenperature T is generally constituted by the

tenperature rising in the header and the tenperature rising in each
_ di spersion pipe. Consequently, the respective anmounts [Welp|

gases blown WOSEB¥R of the orifices can be nade un|form\/\/ng’Tﬁ"lJf",‘iégﬁotohq

. respective 15 hol e sizes of orifices in the dispersion pipes are "

desi gned so that an orifice farther fromthe header has a larger hole
si ze as descri bed above. The distributer for supplying and

di spersing an ©oxygen-containing gas is not particularly limted and

my be, 20 ec@ndibiperédrainks-dilidation fofPpradictidwiof ) d/Flunsatitated
di stributor for supplying and dispersing an oxygen-containing gas may

be a sparger hanlngibeo@mwthetﬁa<ﬁvh&pmsrarhtsavheaterialsgxquanuntaining

suppl yi ng and di spersin or gani_c teri contai nin S.

In the case wheP8 ﬁ‘%ﬁg %Ebﬁggﬁﬂﬂﬁ§§§35tﬁ§ reactoy); 15 4884 i%y%& emount

perforated platgg8 S

PCT/ JP96/ 00171 8£°££m 9% ieﬂpﬁ&%g,oprthggragéyl %nnear?nyyg)oqﬁor m nttc’hll4

case, the g mamayntpeé M@%I Riewinodk taptPeryesitcslsy Bbd&“a‘}r&l{oﬁh.hf is

the used in an amount of from 1 to 2 moles, preferably from 1 to
1.5 moles, per mole of olefin or tertiary alcohol. The
.reactien temperature.is in the fange of from 350 to 600°C,
preferahly-in the.renge.of from_400 to 500°C, the pressure is
10 not higher than 3 Kg/emﬁs, preferably.in the range of from
0.2 to 1.5 Kg/cmﬂs, and the contact time is.in the range of 1
to 15 seconds, preferably in the range of from 2 to 6
seconds. |
——E'—le .o
15 The present invent;on will be further described below
by referring to Examples of the p:esent invention and
Comparative Example, but the'present invention is not
. construed as being limited thereto. |
In the Examples and Comparatlve Example, unreacted
20 olefin conteined in 2 reaction gas was analyzed by gas
chromatography. The #eection gas was sampled by a manner in
that geshsampling nezzles were provided at alpositioh of
r/R=0.0 (in which r represents the.distance.from the center
of the reactor, ahd R represents the radius of the reactor)
25 in the center portioh at a.height of 9 m, and at a position

of r/R=0.9 in the outer circumferential portion of the same

- 10 -



respective hole sizes of all the orifices are made equal. On t he
other hand, in an organic material m xture gas sparger 1, 5 it is
|nportaﬁt—that—the—unrtorn1annunt—uf—gas btrowmout i § obtalined by

changing the orifice hole size in accordance with t he gas tenperature

distribution in the inside of the sparger. Nuneral 6 denotes an
oxygen inlet pipe, 7 denotes an organic materi al qﬂ s inlet

pi pe, anVOYBEB es a 10 cooling coil. n e case where
an organi c material -containing gas i s dispersed by a sparger 1 and
simlarly an oxygen- containing gas is dispersed by a sparger 1' as
shown in Fig. 4, it is inportant that the orifice hole size is
changed 15 i n accordance with the gas tenperature in the inside of the
spargers 1paight, sesphetibely, tam aimitnigaskst b2oenyget-of the mwmtlami ng
gas bl own out and t he amount of -the organic material mxture gas

bl own out aexenwdshedi with)water andghen picked Pkt c@%r‘F‘?ﬂs‘HF"c‘#@’base

where th - f1.ui di th
bed. uni fod Lhe reBEtaF S Ahe FeAtian sPoRStinfs, atien Fitt e, o
Any k t al,

o alyor " FheRa¥ibaady, AEHDE Mol Ve sof cHY gﬁhbg”‘-'e"e‘% LI YeskS) it 'oﬁsai‘
descriged i WodidohoknN oI udice dld %%htu-.eswndheafei&sim be enpl oyed

as a reaction ~condition in the present -invention. For exanple, the
-9- EXAMPLE 1 IVE EXAMPLE 1

The diameter'of the reactor used ﬁas 7.8 m. The
catalyst used was a molyhdenum—bismuth—iron carrier catalyst
having a particle size of frem 10 to 100 pmm and an average

10 | particle size of 50 pm. The reactor was filled with the
catalyst 80 that the height of the stationary layer became 3
m. As an air dispersion plate, there was used a dispersion
plate having orifices idemtical in hole size with each other.
A mixture gas of propylene and ammonia was introduced by

15 using a sparger having orifices which were designed so that
an orifice farther from the ‘header had a larger hole size as
shown in Fig. 1. The respective hole sizes of the orifices
were classified into three kinds, i.e., the maximum hole size
(xepresented by the symbol o in Fig. 1), the intermediate

20 hole size (represented by the symbol a in Fig. 1), and the
minimum hole size (represented by the symbol x in rig. 1l).
The ratio of the maximum hole size to the minimum hole size

was 1.15. The total number of the holes of orifices was 640.
The number of maximnmrhole-size orifices, the numher of

25 intermediate-hole-size orifices and the number of minimum-

-11 -
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WD 96/ 23582 : PCT/ JP96/ 00171
condi ti on of ammo- oxi dat+ea—for produeﬁfon of [er+}sferr]-unsaturated
nitrile may be as follows: A raw naterial oxygen-containing gas .
(air) to be supplied to the reactor is used in an anount of fromb5
.:to 15 noles, preferably in a range of from7 to 14 5 nol es, per nole of
olefin or ter WQS623s&cohol , and ammonia is used in an ZfH 471 r om
. 1to 2 noles, preferably from1 to 1.5 noles, per nole of olefin or
tertiary alcohol The reaction tenperature is in the range of from
350 to 600C, preferably in the range of from400 to 500[err]C, the
pressure is 10 not higher than 3 Kg/cnferr]G preferably in the range of

from 0. Zhédrels 2HraFites] WerdnNdeibbté® ciYe 9gE 2I3§ hﬁdt Bgar ange of

1 to 15 seconds, preferably in the range of from2 to

seconds. 15 respectivéN@a present invention will be further descrlbed
bel ow by referring to Exanples: of the present |nvent|on and

Conpar ati ve Exanple, L‘g\lﬂ-ﬁe%bggﬂnms/ﬂi/@ft Bdxm,i 4,000 N¥'/H ofopropyienes
being limted thereto In the Exanpl.es and Conparative

Exanpl e, unr eaci® 4 AP0 NP LR, Of SmoRife raze é“P? E'F?’oﬁr%st SLHRH yzed by
985, gas Aoy HERCRIEY BG5S A o B SR BB,
which r repres%f he dnd %Bﬁﬁii:ﬁ.@ﬂ‘ Bf‘erﬁi‘é‘l‘éfén temperature of 450°C and
pressure of 1 Kg/cmFG ‘Thus, results shown in Table 1
(Example 1) were obtained. _
Separately, the same reaction was conducted by using
10 a sparger having orifices which are identical in hole size
) with eech~other. Thue, results shown in Table 1 (Comparative
Example 1) were obtained. _
In Example 1, the amount of unreacted propylene in
the center portion and the amount of CO, in the outer
15 circumferential portion were greatly reduced in comparison to
Comparative Example 1}' |
The diameter of the'teacto?_used was 5.3 m. The
catalyet used.was e.molybdenum-bismufh-i:on carrier catalyst
20 having a particle size of f;em 10 to 100 um and an average
| particle size of 50 um The reactor was filled with the
" catalyst so that the height of the stationary layer became 3
m. As an air dispersion plete, there was used a dispersion
plate having orifices identical in hole size with each other.
25 A mixture gas of 1sobutylene and ammonia was Lntroduced by

using a sparger having orifices which were designed so that

- 12 -



of the reactor, and R represents the radius of the reactor) 25 in the

center portion at a height of 9 m and at a position of r/R=0.9 in

t he—out-er ci r curerent+al—por +Hormrof- t he—same— '

- 10 - WD 96/ 23582

PCT/ JP96/ 00171 hei ght, respectively, and that gases bl own out of
the nozzles - were washed with water and then pi cke%ﬁuﬁ
consti t ulWQ@96/23882 of the reactor and the reaction condi'tions other than

t hose specifically described were in the range generally enpl oyed 5
and woul d not influence the results of the reaction.

EXAMPLE 1 AND COVPARATI VE EXAMPLE 1 The di aneter of the
reactor used was 7.8 m The _ ~catal yst used was a

mol ybdenumghy Hpitever Qarsﬁéflefmﬁam& Weader had Bavapges Wolé igime si ze of
from10 to 100 [érr]m and an average 10 particle size.of 50 [err]m The

react or waghie resgectivet hele sizes «ft auhpspm@mnatwene mmfkﬁd t he
stationary | ayer: becane 3 - an_air dIS er Si glate re was

used a di spats shree kindﬁbat%h?la'ﬁtrﬁ? 6’@ ftheoma F‘él@ igatei R % with
CaCh e mgngpam BT, 54w S0 R SER3 R U6 e Y
or|f|%? fa%&a&&cEEOQhEhSBQGadfﬁerﬁﬂhﬁéﬂ‘yﬁgﬁhxhﬁhﬁrﬁblé-éﬁze orifices,
the number of 1ntermediate-hole-size orifices and the number
of minimnm-hole—size orifices were selected to be 101, 95 and
135, respectively. o | o
' While 23,000 NM'/H of air, 2,300 NM'/H of isobutylene
10 and 3,000 NmF/H.éf ammonia were supplied.from the lower
portion of the flnidised'bed and made to react with each
other in the condition of reaction temperature of 430°C and
pressure of 1 Kg/cmFG. Thus, results shown in Table 1 were
obtained. | |
15 B . EXAMPLE 3
The diameter of the reactor used.wasls 3 m. The
catalyst used was a molybdenum-bismuth—iron carrier catalyst
having a particle size range of from 10 to 100 um and an
| average particle size of 50 um The reactor was filled witn
20 the catalyst so that the height of the stationary layer |
-became 3 m. As an air dispersion plate, there was used a
'dispersion plate having orifices identical in hole size with
each other;' A mixture gas:of.propylene and ammonia was
introduced by using a sparger having orifices which were
25 designed so that an orifice farther from the header had a

llarger hole size. The respective hole sizes of the orifices

- 13 -
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+ shown in Fig. 1. The respective hole sizes of the orifices wer e
classified into three Ki-Rds—i.e., -the—maxi num hete—s+ze- (represented
by the synbol 0 in Fig. 1), the internmediate 20 hol e size (represented
by the synbol [err] in Fig. 1), and the © mnimum hol e si ze
.{represented by the synbol x in Fig. 1). The ratio of *’Qﬁmﬁgm
hol e size to WBJI6RISE? num hol e si ze was 1.15. The tota f the
- holes of orifices was 640. The nunber of nmaxi num hol e-size orifices,
t he nunber of 25 i nt ernedi ate-hol e-size orifices and the nunber of
m ni mum W) 96/ 23582 :
PCT/ JP96/ 00171 hol e-si ze orifices were selected to be 96, 232 and
232, I eSpeté i vFdgsified into three ¥hde. 41THY Gathid &f jthd akxdmbm
4,000 NM err]/H of propyl ene and 4,800 NMerr]/H of ammoni a were
supplied from thele gwige td the pdnimum holehsife wal Zod bed Tved tokdd t o
react with each other .in the _condition of reaction tenperature of

450C and nyphax pfe the I‘%)‘cﬁfe?f’f@-ce?h‘f&s ?Je%'ul {Thes mympernofapl e 1
(Exanpl e 1) wer _ he 38
conducted by usllgan’g‘gli"ﬁbm°q'e iz Sﬁfﬁﬁ‘\?f’hg or| v‘\ﬂEt [rg%d % égie'n
hol e size g s;%t&m@bsowﬁr th-'e_hﬁambéfsbif txﬁi&ﬁﬂm}idlem&% brifices
(Conparative Exanpl e 1) were obtai ned

were selected to be 61, 134 and 120, respectively.

While 20,500 NM*/H of air, 2,000 NM3/H of propylene
and 2,400 NM*/H of ammonia were subpli_ed from the lower
portion of the fluidized bed and made to react with each

10 other in the condition of reaction temperature of 450°C and

pressure of 1 Kg/cm’G. Thus, results shown in Table 1 were

obtained.

- 14 -



In Exanple 1, the anmount of unreacted propylene in the center

portion and the anmount of CJerr] in the outer 15 circunferenti al
por ti-on—were—greaty—+educed i n coenpari somto— Conrparative Examnple 1.
EXAMPLE 2 The di aneter of the reactor used was 5.3 m The

catal yst used was a nol ybdenum bi snuth-iron carrier catalyst 20 having a
particle size of from10 to 100 [err] m and an average 5{IC|€ si ze

of 50 [ ewope23sFhe reactor was filled with the _ caP SIS that the
hei ght of the stationary |ayer becane 3 m As an air dispersion
pl ate, there was used a di spersion pl ate having orifices identical
in hole size with each other. 25 A m xture gas of isobutylene and
ammoni a was i ntroduced by - using a sparger having orifices which were
desi gned so that - 12 - WO
96/ 23582 PCT/JP96/ 00171 an orifice
farther fromthe header had a larger hole size. The respective hol e
sizes of the orifices werje-classified - into three kinds. The ratio of ...
t he maxi num hol e si ze tcuthe m ni mum hol e size was 1.10. The tota
nunber of the hol es of - #flgas V\@;s 331<'Theg1unber of
maxi mum hol e-si ze orifi _ ~ -
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t he number of internediate-hole-size orifices and the nunber of

m ni mrum hol e-si ze orifices—were sel ect.ed to be '164—95—-and 135,
respectively. While 23,000 NMerr]/H of air, 2,300 NMerr]/H
of isobutylene 10 and 3,000 NMerr]/H of amonia were supplied fromthe
.« ower portion of the fluidized bed and nade to react w.th -
other in the wOM23820n of reaction tenperature of 430[err]C
. ‘pressure of 1 Kg/cnferr]G Thus, results shown in Table 1 were
‘obtai ned. 15 ' EXAMPLE 3 The
di aneter of the reactor used was 5.3 m The catal yst used was a
nol ybdenum bi smut h-i r onnCéhéi preséne! Midention, e RespepbiveCheléi gbzésinge
of from10 to 100 [err]mand an average particle size of 50 [err]m

The react or wasf idaididosist in 80sparger oof & \Eliuisl zeldabetihzrebotght fof #iweo-

stationary |ayer became 3 m As an air di;’,’gersi on plate, there was
used a diaxidatiion prapzidation axe rdesignegefo thpti AnKBFEELF9e with

h her. A nd | d i . ' d b
Gor o' spar gertanier, E5pm thBLRGAER T o VRS 0EIE mize, bR PREHE Ehe”
orifice fagt hermeﬂ“ﬁ%?oPﬁﬁﬂEEi??gjégn of reaét‘l@@b&@@kei? isdeTQﬁiform to

respective hol e sizes e ori

13 - 1mpEvR5AR35§Reld of reaction.
PCT/ JP96/ 00171 ' -
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were classified into three kinds. The rati o of the naxi num hol e si ze

to the mnimum hole size was 1.10. The total nunmber of the hol es of
orifices ywas 315 __The nunber of— maxdmm-hol e- size—er+f+ees,—the—-
nunber of internedi ate-hole-- 5 size orifices and the nunber of

m ni num hol e-si ze orifices were selected to be 61, 134 and 120,
respectively. Whil e 20,500 NM err]/H of gj 39 NMerr]/H
of propyWerse23ss2 and 2,400 NM err]/H of ammoni a mre%ﬁ?ﬁ?@l fromthe

| ower portion of the fluidized bed and nade to react with each 10
other in the condition of reaction tenperature of 450[err]C and

pressure of I hus, results shown in Table 1 were

obt ai ned. m*"“;”"lmn"" "ILHI I*ll . CLAIMS - 14

l. A fluidizéd-béd reactor for ﬁﬁmo-oxidation or
oxidation camyriéing a vessel; a.sparger for supplying and
dispersing a gas*Eontaining #n'd:ganié material, and a

5 distributer for_shpplying”and dispersing an oxygen-containing
gas, said sparger comprising a header and a plurality of
dispersion pipes connected laterally to said header, said
dispersion pipes each having a plurality of orifices,

wherein the hole size of an orifice farthest from

10 said header is larger than the hole size of an orifice
nearest said header, and the hole size of one orifice is
larger than or eqhal to the hole size of adjacent orifice
that is nearer said header than said one orifice.

2. A fluidized-bed reactor as claimed in Claim 1,

15 wherein said distributer for supplying and dispersing an
oxygen-containing gas is a sparger comprising a header and a
plurality of dispersion pipes connected laterally to said
header, said dispersion pipes each having a plurality of
orifices,

20 wherein the hole size of an orifice farthest from
said header is larger than the hole size of an orifice
nearest said header, and the hole size of one orifice is
largexr than or equal to the hole size of adjacent orifice

that is nearer said header than said one orifice.



- WD 96/ 23582

PCT/ JP96/ 00171 [err] R —_ — _
PCT/ JP96/ 00171 In the present invention, the respective
hol e si zes of orifices in a sparger of a fluidized-bed reactor for

-«@aNmD- oxi dation or oxid d so that an orifice
farther from swooessder has aﬁlmglum“"ﬁﬂﬂm , by whi ch t he PCEIPS§OIY,

: ratio distribution of reaction®gases id mide* unlforn1to i mprove the

‘'vield of reaction.

3._ A tluidizad-bed reactor as claimed in Claim 1,
wherein the ratio of the maximum hole size of said orifices
to the minimum hole size of said orifices is in a range of
from 1.02 to 1.3.

5 4. A fluidized-bed reactor as claimed in Claim 1,
wherein the number of orifices that have a different hole
size from the other orifices is at least 10% based on the
total number of orifices.

| 5. A flgidized-bed reactor as claimed in Claim 4,

10 wherein the number of orifices that have a different hole

size from the other orifices is at least 50% based on the
total number of orifices.

6. An ammo-oxidation or oxidation process comprising
the step of ammo-oxidizing or oxidizing an organic material

15 in a fluidized-bed reactor,

said fluidized-bed reactor comprising a vessel, a
spaxger for supplying and dispersing a gas containing an
organic material, and a distributer for supplying and
dispersing an oxygen-contaj,ning gas, said sparger comprising

20 a header and a plu:glity.of dispersion pipes connected
laterally to said headex, said dispersion pipes each having a
plurality of orifices,

wherein the pole size of an orifice farthest from
said header is larger than the hole size of an orifice

25 nearest said header, and the hole size of one orifice is

- 18 -
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PCT/ JP96/ 00171 1. A fluidized-bed reactor for
afffo—ox+tattomor— oxi datton comprisSiTg a VESSel, a sparger tor
suppl yi ng and disperS|ng a gas containing an organic material, and a

5 di stributer for Supplytﬁg and di spersi ng an oxygen-contai ni ng

gas, said sparger conpri d a plurality opcympesmer7ili spersion
pi pes coﬂ‘ms‘@fzé& 2| ateral I “ﬂulmﬂ nliuiﬂll sai d dli’sper5| on pi pes each
having a plurality of oru feest M- wherein the hole size of an
orifice farthest from

larger than or eéual to the hole size of gdjaéent orifice
that is nearer séid header than said one orifice. |
7. An ammo-oxidation or oxidation process as claimed
in claim 6, wherein said distributer for supplying and
5 disperéing an oxfgen-containing gas is a sparger comprising a
header and a plufality'of diépersicn'pipes connected
'laterally to sa1d header, said dispersion pzpes each having a
plurality of orifices,
wherein the hole size of an orifice farthest from
10 said header is larger than the hole size of an orifice
" nearest said hea&er,'and the hole size of one orifice is
larger than or equal to the hole size of'adjacent orifice
that is nearer'siid header than said one orifice.
8. An ammo-oxidation or oxidation process as claimed
15 in claim 7, wherein the ratio of the maximum hole size of
said orifice to éhe minimum hole size of said orifice is in a
range of from 1.62 to 1.3.
9. An ammo-oxidation ox oxidation process as claimed
- in claim 7, wherein the number of orifices that have a
20 ‘different hole size from the other orifices is at least 10%
based on the total number of orifices.
10. An ammo-oxidation or oxidation process as
claimed in claim 9, wherein the number of orifices that have
a different hole size from the other orifices is at least 50%

25 based on the total number of orifices.

- 19 -
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10 said header is |arger than the hole size of an orifice near est
sai d -header—and—theo—hole size-of—oneorificeis -

to the hole size of adjacent orifice that is nearer said header than
said one orifice. 2. A fluidized-bed reactor as clained in
-Claiml, 15 wherein said distributor for supplying and dispersing an
oxygen- coW@APHIISE gas is a sparger conprising a header an%c'}"%"wl
- plurality of dispersion pipes connected laterally to said header,
sai d di spersion pipes each having a plurality of orifices, 20
wherein the hole size of an orifice farthest from sai d header is
| arger than the hole size of an orifice near est said header, and the
hol e size of one orificge is | arger than or equal to the hole size of
adj acent orifice Figpol i s nearer said header than said one orifice.
- 17 - 3. A fluidized-bgd reactor as clainmed in
Claim1l, wherein the ratio of the maxijmum hol e size of said orifices
to the mninmum hol e size of said orifices i g | Lange of from1.02
to 1.3.
_ o — 3
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‘5 4. A fluidized-bed reactor as clained in Cdaim1l
wheretr—the—rurber—ef—or+ces t hat -have—a—different_.hole size from
the other orifices is at |east 10% based on the total nunber of
orifices. 5. A fluidized-bed reactor as clained in daim4,
.10  wherein the nunber of orifices that have a different hole si ze
fromthe oWA®2¥B2fjces is at | east 50% based on the PCT/ZR00 i nber of
-orifices. 6. An anmp- oxi dation or oxidation process

conpri sing theigl ep of ammo-oxidi zing or oxidizing an organic
material 15 in a fluidized-bed reactor, said fluidized-bed
reactor conprising a vessel, a sparger for supplying and dispersing a
gas contai ning an organifc material, and a Histributer for supplying
and di spersing an oxygep—eepta-R-g gas, sald sparser conprising 20 .
a header and a plurality I i pi pes conpected laterally to
sai d header, said dispersion N having a plurality of
orifices, wher eijn t e size oflan orifice farthest from
sai d header is larger than thg hd 'ég—géfgnaeri ice 25 nearest said
header, and the hole size of ¢ne ﬂ S WO 96/ 23582

| arger than or equal to the hgle Df adjacenp—érifice
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that is nearer said header than said one orifice. N -
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anmo- oxi proces | ai ned inclal rein

said distributer for supplying; and 5 di spersing an oxygen-contai ni ng
gas is a sparger conprising a’ header and a plurality Qfsegll spersion
pi pes connected laterally to said header, said di sperfGhs®pi pes each
having a pral ity eronﬁimhmummnommmnmherel n

¥ ol e size of
an orifice farthest from 10 sai WMl s | arger than the hol e size of
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(57) Abstract

A fluidized-bed reactor for ammo-oxidation or oxidation and an ammo-oxidation or oxidation process using the reactor. The reactor
comprises a vessel (5), a sparger for supplying and dispersing a gas containing an organic material, and a distributer for supplying and
dispersing an oxygm-eonuining gas, the sparger comprising a header (2) and a plurality of dispersion pipes (3) connected laterally to the
header (2), the dispersion pipes (3) each having a plurality of orifices (4), wherein the hole size of an orifice (4) farthest from the header
{2) is larger than the hole size of an orifice (4) nearest the header (2), and the hole size of one orifice (4) is larger than or equal to the hole
smofadmoﬁﬁeeu)thatisneammeheader(Z)ﬂ:anﬂ:eoneonﬁce«)




