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DESCRIPTION 

FLUIDIZED-BED REACTOR AND REACTION PROCESS USING THE SAME 

Technical Field 

i'he present invention relates to a fluidized-bed 

reactor for ammo-oxidation or oxidation, and an ammo-

s 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 nmaber 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. 

15 

('l'he term "JP-A" used herein means an unexamined published 

Japanese patent application.) 

The foxmer two, British Patent No. 1,265,770 and 

JP-A-3-258, are designed so that oxygen gas outlet orifices 

and propylene/mmaonia outlet orifices are made to be opposite 

t~ each other, i.e., one .oxygen gas outlet orifice directly 

faces one propylene/ammonia outlet orifice with both orifices 

20 aligning on the sane axis, 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 layer of a heat 

insulating material in each of the conduit pipes, but there 

S is no recognition concerning the hole size of orifices as 

similar to the former two. 

Disclosure of tbe Invention 

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 

15 

20 

reaction gases locally arranged in the reactor in the anamo­

oxidation or oxidation reaction, particularly, in the case 

where the reaction gases are separately supplied through two 

systems. 

Another object of ~e present invention is to provide 

an ammo-oxidation or oxidation process using the above 

reactor. 

Other obje~ts and effects of the present invention 
- . 

will be apparent frOlll the following description. 

'l'he present invention relates to a fluidized-bed 

reactor for ammo-oxidation or o~idation comprising a vessel, 

a sparqer for supplying and ~ispersing a gas containing an 

organic material, and a distributer for supplying and 

dispersing an oxygen-containing gas, the sparg•r comprising a 

25 header and a plurality of dispersion pipes connected 
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laterally to the header, the dispersion pipes eac:h having a 

plurality of orifices, 
' 

wherein the hole size of an orifice ·farthest from the 

header is larqer than the hole size of an orifice nearest the 
., 

5 header, and the hole size of one orifice is larger than o~ 

equal to the hole size of adjacent orif ica that is nearer the 

header than the one orifice. 

The prese~t invention also relates to an ammo­

oxidation or oxidation process comprising the ste~ of ammo-

10 oxidizing or oxidizing an organic material in the above 

fluidized-bed reactor. 
; 

Brief Description of the Drawings 

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

sparger of a fluidized-bed reactor according to the present 

15 invention. 

Fig. 2 is a schematic sectional view of an orifice 

taken along the line A-A of Fig. 1. 

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. 

25 

Fig. 4 is a schematic vertical sectional view of 

another example of a fluidized-bed. reactor which is a subject 

of the present invention. 

Best Mocie for Practicing tbe Invention 

The ammo-oxidation or oxidation to be applied to the 

present invention is not particularly limited. Examples of 
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the ammo-oxidation or oxidation include ammo-oxidation by 

which propylene, butene or pro,pane is made to react with 

mmnonia and oxygen to thereby produce corresponding nitrile; 

oxidation by which propylene, butene or propane is made to 

S react with oxygen to thereby ~rocluce oxide; oxidation such as 

chloro-ox~dation reaction; and the like reactions. The 

f luidized:..bed reactor according to the present invention is 

aimed at an industrially practical apparatus. 

The fluidized-bed reactor of the present invention 

10 will be described below by refer~ing to the attached 

drawings, but the present invention is not construed as being 

limited thereto. 

Fig. 1 is a schematic sectional view showing one 

embodiment of a sparger of a fluidized-bed reactor according 

15 to the present invention. The sparger for supplying and 
.i; 

dispersing oxygen and/or a raw material has a large number of 

dispersion pipes 3 connected successively laterally to a 

header 2. Each of the dispersion pipes has a large number of 

orifices 4 which serve as gas o~tlets. The respective hole 

20 sizes of the orifices are designed so that an orifi9e located. 

in a position farther from the peader has a larger hole size. 

Numeral 5 denotes a vessel wall of the reactor. Fig. 2 is a 

schematic sectional view of the orifice. 

Although Fig. l shows an embocliment where the header 

25 crosses the sparger, an aux~liary header extending laterally 

from the middle of the header may be provided so that the 
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headers are sba~d like a cross if the Sparger is large. The 

number of disper$ion pipes .connected laterally to the header 

varies in accord.nee with the size of the sparqer, that is, 
. I ' . .. 

in accordance with the size of the fluidized-bed reactor. 

5 The number of di.persion pipes may be generally from about 10 

to about 300, preferably from about 20 to about 200. 
; 

The n\unbtk of orifices in each dis~.rsion pipe may be 
j 

dete:cmi.ned in accordance with the length of the dispersion 

pipe or in accordance with the setting of the region which is 

10 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 c~se of.a long dispersion pipe. In the 

present invention~ the hole sizes of the orifices are 

15 designed so that ~ orifice nearer the outer circumferential 

portion of the sparger has a larger hole size. Preferably, 

the ratio of the ..-ximum 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 

20 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 501, based on the total number of 

orifices. The hole size of an orifice is generally selected 

25 from the range of from 1.5 to 20 mm. 
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The present invento~s have made extensive 

investigation and found tl'le following fact. That is, in 

ammo-oxi~tion or ox!dation ~eaction in a fixed-bed reactor, 

the molar ratio of reaction gases has large influence on the 

5 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 whi~h ~eaction gases are separately 

supplied throuqh two ~ystems, for exam~le, in the case of 

ammo-oxidation, the molar ratio of reactiqn gases is as 

10 followss When oxygen or air is supplied from one system and 

propylene and an ammonia ga~ are s~pplied from the other 

system, the local molar ratio distribution of the reaction 
,Ii' 

gases in the fluidiz~~bed reactor becomes important. If the 

local molar ratio distribution is u~if orm throughout the 

15 reactor, it is possible to set a proper molar ratio on the 

whole of the reactor. However, if the local molar ratio 

distribution is not uniform, the yield on the whole of the 

reactor becomes low because the interior of the reactor is 

separated into a region in which a larqe am0unt of unreacted 

20 olefin is left due to short.a~e of o~en, a:nd a region in 

which a large amount of by-prod~ct is produced due to excess 

of oxygen. 

'l'he local molar ratio can be made uniform by making 

the amount of gas bl"own out of d,,_spersion pipe orifices 

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

it has been found that the factor having large influence on 
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the amount of gas blown out is gas temperature rising in the 

sparger, and that, in some case, the temperature difference 

between a portion near the reactor inlet of the sparqer and a 

portion far therefrom becomes 50 to 200°C or higher. The 

5 degree of gas t .. perature rising varies depending on the 
.1 ·. ·' . 

. I . . . 

length of the header, the respective lengths of the 

dispersion pipes) the difference in temperature between the 
.f. 

fluidized bed and the supply gas, or the like. On the other 

hand, it has beeri found that the loss of pressure in the 
. j .. ' . 

10 header and in th• dispersion pipes is generally low and has 

iittle influence ion the difference in amount between gasses 

blown out. It has been further found that the change of the 

flow coefficient :caused by the difference between the 

respective hole s·izes of orifices is so SJilall as to be 

15 neglected and that the same flow coefficient nay be used. 

Bence, the respective amounts of gases blown out of 

orifices may 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 

20 relationship betw$en the hole size and the gas temperature 

can be given by the following equation (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 'l' is in the range of from the 

5 temperature of the gas supplied in t~e reactor inlet to the 

temperature of the 9as in an end of the sparger. In some 

cases, the gas temperature T distributes in a range of from 

300 to 650 K. The gas temperature T can be determined by 

general calculation of heat transmission or by actual 

10 measurement. 'l'he rising of the gas temperature 'l' is 

generally constituted 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 orifices can ~ made uniform when the respective 

15 hole sizes of orifices in the dispersion pipes are designed 

ao that an orifice farther from the header has a larger hole 

size as described above. 

'l'he distributer for supplying ~nd dispersing an 
! ,• • . 

oxygen-containing gas is not particularly limited and 1Nly be, 

20 e.g., a perforated plate or a sparger. For example, the 

25 

distributer for supplying and d~spersing an oxygen-containing 

gas may be a sparger having a constitution similar to the 

.. sparger fo~ supplying a~ dispersing the organic material­

containing gas. 

In the case ~here an oxygen-containing gas is 

dispersed by a perfora~ed plate 8 as shown in Fig. 3, the 
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temperature of the gas is nearly uniform. In this case, the 
' 

amount of oxygen.blown out can be Dllide nearly uniform if the 

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

the other hand, in an organic material mixture gas sparger l, 

5 it is important ~hat the uniform amount of gas blown out is 

obtained by changing the orifice hole size in accordance 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 

10 cooling coil. 

In the case where an organic material-containing gas 

is dispersed by a Sparger 1 and Similarly an oxygen­

containing gas is dispersed by a sparger l' as shown in 

Pig. 4, it is important that the orifice hole size is changed 

15 in accordance with the gas temperature in the inside of the 

sparqers 1 and l' so that both the amount of the oxygen­

containing gas blown out and the amount of the organic 

material mixture gas blown 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-oxidation or oxidation 

may 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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condition of ammo-oxidation for pro~uction of ~,~-unsaturated 

nitrile may be as follows: A raw-material oxygen~containing 

gas (air) to be supplied to the reactor is used in an amount 

of from 5 to 15 moles, preferably in a range of from 7 to 14 

S moles, per mole of olefin or tertiary alcohol, and ammonia is 

used in an amount of from l 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 range of from 4.00 to 500°C, the pressure is 

10 not higher than 3 Kg/cm2G, preferably in the range of from 

0.2 to 1.5 Kg/cm2G, and the contact time is in the range of 1 

to 15 seconds, preferably in the range of from 2 to 6 

seconds. 

15 

Example 

The present invention will be further described below 

by ref erring to Ex8:JDPles of the present invention and 

Comparative Example, but the present invention is not 

construed as-being limited thereto. 

In the Examples and Comparative Example, unreacted 

20 olefin contained in a reaction gas was analyzed by gas 

chromatography. 'l'he reaction gas was sampled· by a manner in 

that gas sampling nozzles were provided at a position of 

r/R=O.O (in which r represents the distance from the center 

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 the outer circumferential portion of the same 
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; 

height, respectively, and that gases blown out of the nozzles 

were washed with, water and then picked out. The constitution 
. . . . 

of the reactor m:id the reaction conditi~ns other than those 

specifically described were in the range generally employed 

5 and would not in~luence the results of the reaction. 

EXAJIPLE 1 AND COMfABA'l'IVE EXAMPLE 1 
. . ~ 

The diamtitter of the reactor used was 7.8 m. The 
! 

catalyst used was a molybdenum-bismuth-iron carrier catalyst 
! : 

having a particle size of from 10 to 100 µm and an average 

10 particle size of 50 pm. The reactor was fill.ad with the 

catalyst so that'the height of the stationary layer became 3 

15 

.j 

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 bad 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 

(represented by the symbol o in Fig. 1), the intermediate 
i . . 

20 hole size (repre•ented by the symbol •in Fig. 1), and the 

minimum hole size (represented by the symbol x in Fig. 1). 

The ratio of the
1 JllBXimum hole size to the minimum hole size 

was 1.15. The total number of the holes of orifices was 640. 

The number of maximum-hole-size orifices, the number of 

25 intermediate-hole-size orifices and the number of minimum-
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hole-size orifices were selected to be 96, 232 and 232, 

respectively. 

While 41,000. NM3/H of air, 4,000 NM3/H of propylene 

and 4,800 NM3/B o.f ammonia ware supplied from the lower 

5 portion of the fluidized bed a~d made to react with each 

other in the condition ot feaction temperature of 450°C and 

pressure of 1 Kg/cm2G. Thus, results shown in '!'able 1 

(Example 1) were obtained. 

Separately, the same rea.cti~ was conducted by us·ing 

10 a sparger having orifices which are id~tical in hole size 

with each other. 'l'hus, results shown in '!'able 1 (Comparative 

Bxample 1) were obtain~4· 

In Example 1, the amount of unreacted propylene in 

the center portion and the amount of C02 in the outer 

15 circumferential portion were greatly reduced in comparison to 

Comparative Example l. 

EDJIPLE. 2 

The diameter of the reactor used was 5. 3 m. The 

catalyst used was a molybdenu.--bismuth-iron carrier catalyst 

20 having a particle size of from 10 to 100 µm and an average 

particle size of 50 µm. 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. 

25 A mixture gas of isobutylen.e and ammonia was introduced by 

using a sparqer having orifices w~ich were designed so that 
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an orifice farth•r _from the header had a larger hole size. 

The respective hole sizes of the orifices Were classified 
! 

into three kinds~ The ratio of the maximum hole size to the 
. . 

minimmn hole size was 1.10. The total number of the holes of 

5 orifices was 331. The number of maximum-hole-size orifices, . . 

the number of inte~diate-hole-size orifices and the number 

of minimum-hole-size orifices were selected to be 101, 95 and 

135, respectively. 

While 23;000 NM3/H of air, 2,300 NM3/H of isobutylene 
! 

10 and 3,000 MM3/B of ammonia were supplied from the lower 

15 

portion of the fluidized bed and made to react with each 

other in the condition of reaction temperature of 430°C and 

pressure of 1 Kg/cm2G. Thus, results shown in Table 1 were 

obtained. 

£XAMPLE 3 

The diameter of the reactor used was 5.3 m. The 

catalyst used was a molybdenum-bismuth-iron carrier catalyst 

having a particle size range of from 10 to 100 Jllll and an 

average particle size of SO µm.. The reactor was filled with 

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 ori:f ices which were 

25 designed so that an orifice farther from the header had a 

larger hole size. The respective hole sizes of the orifices 
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were classified into three kinds. The ratio of the maximum 

hole size to the minimum hole size was 1.10. 'l'he total 

number of the holes of orifices was 315. The number of 

maximum-hole-size o~ifices, the number of intermediate-hole-

s size orifices and the number of min.imum~hole-size orifices 

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

While 20,500 NX3/H of air, 2,000 NM3/H of propylene 

and 2,400 NM3/H of ammonia were supplied from the lower 

portion of the f lui~ized bed and made to react with each 

10 other in the condition of reaction temperature of 4S0°C and 

pressure of 1 ICg/cm2G. Thus, results shown in Table 1 were 

obtained. 
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TABLE 1 

~enter ggrtion Circumferential oortion 
Unreacted .u_m:~a_c_t.~d ..... 

propylene or propylene or 
isobuElene CQz =1.smzgt.J:J.ene c~ 

(vol•) (vol\) (vol\) (vol'5) 

Example 1 0.06 1.62 0.07 1.88 

I 

.... Comparative 0.15 1.64 0.09 2.52 UI 
Example 1 

Example 2 0.07 2.23 o.oe 2.44 

Example 3 0.09 1. 74 0.10 1.85 

• a 

I 

· I 
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In the present inv•nt1on, 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 header has a larger hole size, by which the 

5 molar ratio distribution of reaction gases is made uniform to 

improve the yield of 1'.f;t•ctton. 

i. 
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. . 

l. A fluldizSd-bed reactor for ammo-oxidation or 

oxidation comprising a vessel, a sparger for supplying and 

dispersing a gas bontaining an organic material, and a 
. . 

5 distributer for supplying 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 equal to the hole size of adjacent orifice 

that is nearer said header than said one orifice. 

2. A flu~dized-bed reactor as claimed in Claim i, 

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 

larger 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 fluidized-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 ~eactor as claimed in Claim 1, 

wherein the number of orifices that have a different hole 

size from the oth~r orifices is at least 10\ based on the 

total number of orifices. 

5. A fl'1idJ,z~d-bed :r;eactor as claime~ in Claim 4, 

10 wherein the numbe~ of orifices that have a different hole 

size from the other orifices is at least 50% based on ;the 

total number of ori~ices. 

6. An anano-~xidation or oxidation proqess comprising 

the step of ammo-oxidi~ing or .oxidi~ing an 9rganic material 

15 in a fluidized-bed reactor, 

said fluid~zecl-l>ed reactor comprising a vessel, a 

sparger for supplying and dispers+ng a gas containing an 

organic material, ~d a dJ,.s~ributer for su:pplying and 

dispersing an o~en-conta;ning gas, s4id spa%'9er comprising 

20 a header and a plur~lity of ~ispersi~n ~ipes connected 

laterally to said head~r, said dispersion pi~s each having a 

plurality of orifices, 

wherein the ~ole size ot a~ orifice f artl'lest from 

said header is larger than the hole size of an orifice 

25 nearest said heade~, and the bole size of one o~ifice is 
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larger than or equal to the hole size of adjacent orifice 

that is nearer s•id header than said one orifice. 

7. An -o-oxidation or oxidation process as claimed 

in claim 6, wherein said distributer for supplying and 

5 dispersing an ox.jgen-containing gas is a sparger comprising a 

header and a plutaLity of dispersion pipes connected 

laterally to said header, said dispersion pipes each having a 

plurality of ori~ices, 
I 

wherein the hole size of an orifice farthest from 

10 said header is i•rger than the hole size of an orifice 

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

larger than or equal to the hole size of adjacent orifice 

that is nearer s~id header than said one orifice. 

8. An m*lo-oxidation or oxidation process as claimed 

15 in claim 7, wherein the ratio of the maximum hole size of 

said orifice to the minimum hole size of said orifice is in a 

range of from 1.02 to 1.3. 

9. An ammo-oxidation or 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 lOt 

based on the tot~l 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 SO!fl 

25 based on the total number of orifices. 
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