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DESCRIPTION
FLUIDIZED-BED REACTOR AND REACTION PROCESS USING THE SAME

Technical Field

The present invention relates to a fluidized-bed
reactor for ammo-oxidation or oxidation, and an ammo-
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
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.)

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
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
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dissociation point thereof in order to prevent the

nitrization of the supply conduit pipes. Specifically, the

latter proposes to provide a protective 1ayer of a heat
insulating material in each of the conduit pipes, but there
is no recognition 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
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. | |
| | Another 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.

' The present invention relates to a fluidized-bed

reactor for ammo-oxidation or oxidation comprising a vessel,

a sparger for supplying and diepersing a gas containing an

. organic material, and a distributer for supplying and

dispersing an oxygen-containing gas, the sparger comprising a

header and a plurality of dispersion pipes connected
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laterally to the header, the dispersion pipes each haVing a
plurality of orifices, _ o

wherein the hole size of an orifice farthest from the
header is larger than the hole size of an orifice nearest the
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-
oxidizing or cxidizing an organic material in the above
fluidized-bed reactor.

Br f Descri on o e rawings

Fig. 1 is a schematic view showing an example of a
sparger of a fluidized-bed reactor_according to the present
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
present invention. _

Fig. 4 is a schenatic vertical secticnal viev.of
another example of a fluidized-hed reactor which is a subject

of the present invention.

" Best n ' > | ' e Inv ntio

The ammo-oxidation or oxidation to be applied to the

present invention is not particularly limited. Bxamples of
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the ammo-oxidation or oxidation include ammo-oxidation by
which prooylene, butene ox propene.is made to react with
ammonia and'oxygen to tnereby nroduoe corresponding nitrile;
oxidation by wnich propylene, butene or propane is made to
reaet witn 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 reaqtor.of the present invention
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 schematio eeétidnal view showing one
embodiment of a sparger of a fluidized-bed reactox accoxrding
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
sizes of the orifices ore deeigned so that an orifice located
in a posztion farther from 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
crosses the sparger, an'auxiliqryhheaderlextending laterally

from the middle of the header may be provided so that the
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headers are'shapgd.like'e'cross if the sparger is large The
number of dispersion pipes connected 1atera11y to the header
varies in accordance with the size of the sparger, that is,
in accordance with the size of the fluidized—bed reactor.
The number of diSpersion pipes may be generally from about 10
to about 300, preferably from about 20 to about 200. |

The number of orifices in each 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 maximumﬁholersize of'orifice to the minimam
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 several 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.
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The present inventors have made extemsive
investigation and found the following fact. That is, in
ammo-oxidatipﬁ_or oxidation reaction in a fixed-bed reactor,

the molar ratio of reaction gases has large influence on the

yield of reaction, so that there is a proper molar ratio of

the reaction gases. If such a reaction is conducted in a

fluidized-bed reactor in which reaction gases are separately

supplied through two systems, for examgle, in the case of
ammo-oxidation, the molgr ratio of reaction gases is as
foilows: When.oxygen oﬁ air is supplied from one system and.
proﬁylene and an ammpﬂia 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
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
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 niclar ratio can be made uniform by making
the amount of gas blown out of dispersion pipe orifices
uniform. According to the analysis by the present inventors,

it has been found that the factor having large influence on

-6 -
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the amount of gaé blown out.is'ges tempereture rising in the
sparger, and that, in some case, the temperature difference
between a portion near the reactor inlet of the sparger and a
portion far therefrem becomes 50 to 200§c or higher. The
degree of gas teﬂperature:rising veries depending 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
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

'neglected and thst the same flow coefficient may be used.

Hence, the respective amounts of geses blown out of
orifices msy be made uniform if the respective hole sizes of
the orifices are changed in accordance with the respective

temperatures of the gases in the dispersion pipes. The

'relationship hetween ‘the hole size and the gas temperature

can be given by the following equation (1).

D « 4 | | | (1)
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_in which D represents the hole size of an orifice, and T

represents the temperature of gas_in each orifice and is
expressed in absolute temperature (K).

The gas temperature T is ih the range of from the
temperatﬁre of the gas supplied in the reactor inlet to the
temperature of the gas in an end of the sbarger. In.reme
cases,_the.gas températuré 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
measurement.'.whe rising of the gas temperature T is
generally constituted by the temperature rising in the header
rnd rhé remperaﬁure rising in eadh dispersion pipe.
COnsequently, the respective amounts of reaction gases blown
out of the or;fices can be made uniform when the respective
hole sizes of orifi:es in the dispersion pipes are designed
so that an orifice farther from the header has a larger hole
size as déscribed above.

The distributer for sﬁpplying and dispersing an
oxygen-containing gas is not partxcularly 11mited and may be,
e.g., a perforated plate or a sparger. For example, the
distributer for snpplying and dispersing an oxygen-containing

gas may be a spargar'hgving a constitution similar to the

sparger for supplying and dispersing the organic material-

containing gas.
In the case where an oxygen-containing gas is

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

-8 -
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' temperature of the gas is nearly uniform. In this case, the

aﬁount of oxygeniblown out cah.be mede nearlj uniform if the
respective hole sizes of all the orifices are made equal On
the other hand, in an organic material mixture gas sparger 1,
it is important that the uniform amount of gas blown out is
obtained by chanéiné the orifice hole size in.aocordaﬁce with
the gas temperature distribution in the inside of the
sparger. Numeral 6 denotes an oxygen inlet pipe, 7 denotes
an organic material mixture gas inlet pipe, and 9 denotes a
cooling coil. | | “ | o |
In the oese where an organic material—containing gas
is dispersed by a sparger 1 and similarly an oxygen-
containing gas is dispersed by a spnrger 1’ as shown in

Fig. 4, it is importeot_that_the orifice hole size is changed

- in accordance with the gas tempereture in the inside of the

spargers 1 and 1’ so 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-
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—oxidation or oxidation
mey be used as a catalyst in the present invention. Further,
any known condition as described in a lot of known
literatures and patents may be employed as a reaction

condition in the present invention. For example, the
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condition of ammo-oxidatlon for productlon of a,f-unsaturated
nitrile may be as follows: A raw-material oxygen-conta;ning
gas (air) to be supplied.to the reactor is used in an amount
of.from 5 to 15 moles, prefetablylin a range of from 7 to 14
moles, per mole of olefin or tertiary alcohol, and ammonia is
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

.reaction temperature is in the range of from 350 to 600°C,

preferably in the.renge of from_400 to 500°C, the pressure is
not higher than 3 Kg/omﬁs, preferebly.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. |
. Example

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
olefin contained in 2 reaction gas was analyzed by gas
chromatography. The :eection gas was sampled by a manner in
that geshsampling nozzles were provided at alposition of
r/R=0.0 (in which r represents the.distence.from the center
of the reactor, ano R represents the radius of the reactor)
in the center portion at a.height of 9 m, and at a position

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

- 10 -
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height, respectiyely, and that gases'blown out of the nozzles

 were washed ﬁith?waterland then picked out. The constitution

| of the reactor and“the reaction conditions other than those

specrfically described were in the range generally employed
and would not influence the results of the reaction.
Egégggn 1 ggn ggugaggngn EXAMPLE 1
The diameter of the reactor used was 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

particle size of 50 um. The reactor was filled with the

catalyst 80 that:the height of the stationary layer became 3
m. As an air.diepersion 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 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 rig. 1), the intermediate
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

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

-11 -
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hole-size orifices were selected to be 96, 232 and 232,
respectively.

While 41,000 NH’/H of air, 4,000 NM'/H of propylene

and 4,800 NM3/H of ammonia ware sqpplied from the lower
.portion of the fluidized hed and made to react w1th each
other in the condition of reaction temperature of 450°C and

‘pressure of 1 Kg/cmﬁG, Thus, results shown in Table 1

(Example 1) were obtained. _
Separately, the same reaction was conducted by using

a sparger having orifices which are idemtical in hole size

with each other. Thus, 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
circumferential portion were greatly reduced in comparison to
Comparative Example 1}' |

The diameter of the'reactor_used was 5.3 m. The
catalyst used.was a.molybdenum-bismuth-iron carrier catalyst

having a particle size of from 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 plate, there was used a dispersion

plate having orifices identical in hole size with each other.

A mixture gas of 1sobutylene and ammonia was Lntrodueed by

using a sparger having orifices which were designed so that

- 12 -
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an orifice farther frdm the header.had a-larger hole.size.
The respective hole sizes of the orlfices were classified
into three kinds. The ratio of the maximum hole size to the
minimum hole size ‘was 1. 10. The total number of the holes of
orifices was 331. The nunber of maximnmrhole-Size orifices,
the number of 1ntermediate-hole-size orifices and the numbexr
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
and 3,000 Nmﬁ/ﬁ'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. | "

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 with

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

'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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were classified into three kinds. The ratio of the maximum
hole siée to the minimum hole size was 1.10. The total
number of the holes of orifices was 315. The number of
maximum-hole-size orifices, the number of intermediate-hole-
size orifices and the humber of minimum-hole-size orifices
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 subplied from the lower
portion of the fluidized bed and made to react with each
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 -
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Example 1

Comparative
Example 1

Example 2

Example 3

Center portion

Unreacted
propylene or

isobutylene
(vold)

0.06

0.15

0.07

oI09

TABLE 1

(vols)
1.62

1.64

2.23

1.74

Unyxeacted - . = -

propylene or '

isobutylene CQy
(vols) (vols)
0.07 " 1.88
0.09 . 2.52
0.08 B 2.44

0.10 1.85

TLT00/96d0/ 1D

Z8SET96 OM
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In the present invention, the respective hole sizes
of orifices in a sparger of a fluidized-bed reactor for ammo-
oxidation or oxidation are designed so that an orifice
farther from the headér has a larger hole size, by which the
molar ratio distribution'of reaction gases is made uniform to

improve the yield'oflrgqctioa.

- 16 -
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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
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
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,
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,

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.
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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.

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,
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
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-conta;ning gas, said sparger comprising
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

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

- 18 -
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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
disperéing an oxfgen-containing gas is a sparger comprising a

header and a plufality'of diépersicn'pipes connected

‘laterally to'said headet, said dispérsion'pipes each having a

plurality of orifices,

wherein the hole size of an orifice farthest from

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
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 1.02 to 1.3.

9. An ammo-oxidation ox oxidation process as claimed

. in claim 7, 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.

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%

based on the total number of orifices.
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