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DESCRI PTI ON PROCESS FOR PRODUCI NG et ] -tNSAHLRAFED-NHRI-LE Techni cal Fretd——
The present invention relates to a process for 5 producing an
[err]-unsaturated nitrile which conprises the anmoxydati on of propylene,

I sobut yl ene, v*vﬁbgiﬁééf butyl al cohol, propane or butane to prPOHIP6AN4S
[err]-unsaturated nitrile having the sane nunber of carbon atons as the
olefin, paraffin or tertiary alcohol used as a starting material in a 10
high yield. Mdre particularly, the present invention relates to a process
for producing an [err]-unsaturated nitrile using a novel reactor for
effecting the gas phase reaction of a | ygen-cont ai ni ng gas and
an olefin, tertiary 15 butyl al cohol g?Bgﬁég?gﬁﬂ&gver a fluidized bed to
produce an unsaturated nitrile such as acrylonitrile and methacrylonitrile,
wherein the reactor is arranged such that the pressure loss in an orifice
attached to the jettinpRRESSOPFOR PRODUCXNGER; SOUNSRTURNIER NIYRILE Si ng

pl ate or pipe 20 and the pressure loss in an orifice attached to jetting
portions in a pipe for dispersing a mxture of ammonia, and an ol efin,
tertiary butyl alcohol or paraffin (hereinafter referred to as "m xed gas")
~are controlled. -1- Technical Field

The present invention relates to a process for

5 producin§ an a,f-unsaturated nitrile which comprises the
ammoxydation of propylene, isobutylene, tertiary butyl
alcohol, propane or butane to prepare an o, f-unsaturated
nitrile having the same number of carbon atoms as the olefin,
paraffin or tertiary alcohol used as a starting material in a

10 high yield.

More particularly, the present invention relates to a

process for producing an «,B-unsaturated nitrile using a
novel reactor for effecting the gas phase reaction of
ammonia, an oxygen-containing gas and an olefin, tertiary

15 butyl alcohol or paraffin over a fluidized bed to produce an
unsaturated nitrile such as acrylonitrile and
methacrylohitrile, wherein the reactor is arranged such that
the pressure loss in an orifice attached to the jetting
portions in an oxygen-containing gas.dispersing plate or pipe

20 and the pressure loss in an orifice attached to jetting
portions in a pipe for dispersing a mixture of ammonia, and
an olefin, tertiary butyl alcohol or paraffin (hereinafter

. referred to as "mixed gas”) are controlled.
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Background Art Ammoxydation has | ong_been industrially practiced. Many
i mprovenents have been made for anmoxydation fromthe standpoint of
catal yst. However, few proposals have been 5 nmade for the structure of an

appar at us (Sp3y@6diadsO’ suppl ying and spraying the starting rgdypbcdoosd t i S
disclosed in U S. Patent 4,801,731 (JP-A-2-258 (The term"JP- A" as used
herei n neans an "unexam ned published Japanese patent application")). All

t hese proposals feature the 10 disposition of an oxygen gas exit orifice
and a propyl ene/ammonia exit orifice opposed to each other. British Patent

1, 265, 770 descri bes the provision of a sgarger Eisgosed in the formof a
ring on the peripheral portion of the . er, the object of this
15 arrangenent is to p*gy he_a i fq | &
peripheral portion of the ér;&d&tt o &%ggkggeﬁgggi égdrr‘g%% %ﬂ%%ﬁé\}ﬁcﬁd‘%w
proposal s have Rggy IRpFotéfiedtl navel beehCmabie(ESPCARMOLyda£Lidn ¥rom th

di spersing pipe. Ih particular, the 20 pressure loss Iin a dispersing plate

or di spersing pspandpoiht P stalystai zHoWeter, Fewipiaposls Bgid 2RIen 0,

(etave 5 made for the structure of an apparatus (sparger) for
supplying and spraying the starting material. It is
disclosed in U.S. Patent 4,801,731 (JP-A~2-258 (The term “JP-
A" as used herein means an "unexamined published Japanese
patent application”)). All these proposals feature the

10 disposition of an oxygen gas exit orifice and a
propylene/ammonia exit orifice opposed to each other.

British Patent 1,265,770 describes the provision of a
sparger disposed in the form of a ring on the peripheral
portion of the reactor. However, the object of this

15 'arrangement is to prevent the accumulation of a catalyst on
the peripheral portion of the reactor. No reference is made
to reactivity.

Few proposals have been made for the structure of
dispersing plate or dispersing pipe. In particular, the

20 pressure loss in a dispersing plate or dispersing pipe is
disclosed in Daizo Kunii, Fluidization Engineering, Octave
Levenspiel, John Wiley & Sons. Inc., page 87 (18969). 1In this
reference, 0.1 times the pressure loss in a fluidized bed is
recommended as the pressure loss required for fluidized gas

25 dispersing pipe or dispersing plate. However, it was found

that if gases are supplied through two systems in an



Levenspiel, John Wley & Sons. Inc., page 87 (1969). In this reference, 0.1
times the pressure losstn-atfluydi-zed-bedis—eeorrenrded—as the presstre—
| oss required for fluidized gas 25 dispersing pipe or dispersing plate.
However, it was found that if gases are supplied through two systens in an
- 2- VO 96/ WOI5731465 PCHCIR®54/600451 5

I ndustrial scal e apparatus having a colum dianeter of not less than 3 m
the distribution of the supplied gas concentration is |ocalized under the
foregoing conditions, resulting in the reduction of the yield of the
objective 5 wunsaturated nitrile. D sclosure of the Invention An object of
the present inv | ESyt i 1.0 0 i
[err]-unsaturatggahgﬁf+?% %Sgéﬁi%ggisafggt?%%iPéaétPéggH%aﬁglcu %ﬁl?ﬁtﬁpﬁhe
supply of react leBslfhagasas, (e diatedDutoheBE theWbhsp1id® gaogversion of
the reaction is enhanced by focusing the |ocal distribution of

" concentration ofonecentravigmsiss liocallieedeantder. theefabegainn dcaidictiony ect s
and-effects of the fresent i nvention will be nore apparent fromthe

following 15 dESER E&qg”ﬁn the reduction of the yield of the objective
5 unsaturated nitrile.

Disclosure of the Invention

an object of the present invention is to provide a
process for producing an o,f-unsaturated nitrile by an
ammoxydation reaction, particularly by the supply of reaction

10 gases through two system, in which the conversion of the
réaction is enhanced by focusing the local distribution of
concentration of reaction gases in the reactor.

The above and other objects and effects of the
present invention will be more apparent from the following

15 description.

The present invention relates to a process for
producing an o,B-unsaturated nitrile, the process comprising
the step of:

reacting a hydrocarbon selected from an olefin

20 selected from propylene and isobutylene, a paraffin selecfed
from propane and butane, and tertiary butyl alcohol; ammonia;
and an oxygen-containing gas, in a reactor at a high
temperature in a gas phase over a fluidized bed, so as to
prepare an a,f-unsaturated nitrile having the same number of

25 carbon atoms as the hydrocarbon as a starting material,



The present invention relates to a process for producing an
[err]-unsaturated nitrile,_the process conprising the_step of: reacting a
hydr ocarbon selected froman olefin 20 selected from propyl ene and

i sobutyl ene, a paraffin selected from propane and butane, and tertiary

butyl al cohol ; wiobgiked; and an oxygen-contai ning gas, in a reggriposiosdsd
hi gh tenperature in a gas phase over a fluidized bed, so as to prepare an
[err]-unsaturated nitrile having the sanme nunmber of 25 carbon atonms as the
hydrocarbon as a starting material, -3- WO 96/ 31465

PCT/ JP96/ 00945 t he reactor conprising a reactor vessel having therein, from

a bottom of said reactor ,vessel 0 en; containin as dispersing plate
or pipe and a nixed gas W%E@%Fﬁﬁ ﬁP’ﬂégfﬁf‘nﬁ@p’é?as‘f'?%g’ dngt tnhe

R TR SR A At
times a pressurecbResingng ias Eﬁbﬂéi‘gﬂnéeﬁlaﬁé'@i' iﬁ?&rdrm 20 hi%edDgay! ngs
10 Fig. 1 shows a vertical sectional viewof one
dispersing pipe for dispersing a mixed gas of the hydrocarbon
5 and said ammonia,
a pressure loss in the oxygen-containing gas
dispersiﬁg plate or pipe is controlled to the range of from
0.6 to 3.0 times a pressure loss in the fluidized bed.
Brief Description of Drawings
10 Fig. 1 shows a vertical sectional view of one
embodiment of a fluidized bed reactor used in the present
invention.
Fig. 2 illustrates a schematic view of an example of
the fluidized bed reaction used in the present invention.
15 Figs. 3(a), 3(b), 3(c), and 3(d) each shows an
example of a-vertical sectional view of a nozzle used in the

present invention.

Best Mode for Practicing the Invention

The present inventors have made extensive studies of
20 apparatus and conditions for production of unsaturated
nitrile over a fluidized bed. As a result, a surprising fact
has been found that the static pressure difference between
the peripheral portion of the reactor and the central portion
of the reactor in a large scale industrial apparatus having a
25 column diameter of not less than 3 m can reach not less than

200 mm/H,0 in some cases. Furthermore, among various



enbodi nent of a fIU|d|zed bed reactor used in the present invention. Fig. 2

Illustrates a schematic view of an exanple.ofthe fl|uidized bed reaction

used in the present invention. 15 Figs. 3(a), 3(b), 3(c), and
3(d) each shows an exanple of a vertical sectional view of a nozzle used in
the present | ngeakhsiags Best Mbde for Practicing the |nventi onpdfgrdsiotasnt

I nvent ors have nade extensive studies of 20 apparatus and conditions for
production of unsaturated nitrile over a fluidized bed. As a result, a
surprising fact has been found that the.static pressure difference between
the peripheral portion of the reactor and the central portion of the

reactor in a l arg%mfh al e i ndgst i al F@E@f %%s havi ng a 25 COng-mﬁedléﬁgmt er
of not | ess tha %ﬁﬁ? EBF FFSPFE és.
Fur ther mor e, amfg.y g r'QH%lcdpr?ss ura#f?é%%ﬁ) e has been found to influence

PCT/JP96/00945 condi tions an rs suc spersing pipe

such a static prafsyield bEctRaCensatuifesy fwad 10 | ra:fcl MRRCBekRetHbLE! foia
the unsaturated nitrile. It has been thus found that by elimnating the

effect of staticthatedguedinihéeingcehe effect of static pressure difference,

5 the yield of the unsaturated nitrile can be improved.
Ammoxydation reaction applied to the present
invention has long been known. In this reaction; a
hydrocarbon selected from an olefin selected from propylene
and isobutylene, a paraffin selected from propane and butane,
10 and tertiary butyl alcohol; ammonia; and an oxygen-containing
gas are reacted at a high temperature in a gas phase in the
presence of a catalyst in a fluidized bed reactor to produce
a corresponding «,B-unsaturated nitrile.
The present invention relates to a process for
15 producing an o,f-unsaturated nitrile, comprising reacting a
hydrocarbon selected from an olefin selected from propylene
and isobutylene, a paraffin selected from propane and butane,
and tertiary butyl alcohol; ammonia; and an oxygen-containing
gas, in a reactor at a high temperature.in a gas phase over a
20 fluidized bed, so as to prepare an «,f~unsaturated nitrile
having the same number of carbon atoms as the hydrocarbon as
a starting material
The reactor used in the present invention comprises a
reactor vessel having therein, from a bottom of the reactor
25 vessel, an oxygen-containing gas dispersing plate or pipe and

a mixed gas dispersing pipe for dispersing a mixed gas of



S the yiel.d of the unsaturated nitrile can be inproved. Ammobxydation
reaction applied to the_present invention has | ang heen known.. Ln this
reaction; a hydrocarbon selected froman olefin selected from propyl ene and
i sobutyl ene, a paraffin selected from propane and butane, 10 and tertiary
butyl al cohol; l&; and an oxygen-containing gas are rea I gh
tenperature in a gas phase in the presence of a catalyst in a fluidized bed
reactor to produce a corresponding [err]-unsaturated nitrile. The present

i nvention relates to a process for 15 producing an [err]-unsaturated
nitrile, conprising reacting a hydrocarbon selected froman olefin selected

from propyl ene and i sobutylene, a paraffin selected from propane and
but ane, and t er $addyhyixgtarhan@asd saidoAmEOndd aRd %R Pressnre Fos§ das,

' t t hi gh t ture i h 20 fluidized bed,
S0 as Lo prepar BAOTEIPA-EAIRIDG. §af €1 PPETRIDT R1TTE CaRiBRudBer of
carbon atoms ascLhe DYFLOGA 9l 3nGeShe" ELBE 876 b . T NEAC e diata "

the present i nventron conprises a reactor vesseT _hayl ng t er_el n, _roma
bottom of the reaghof.@%o R Uimed) SH¥IBPesOHRtS THdW TRATHE FANidiZaqp| ate

or pipe and a m xed gas dispersing pipe for dispersing a m xed gas of -5-
5 bed.

The pressure loss in the mixed gas dispersing pipe is
preferabiy controlled to the range of from 0.6 to 5.0 times,
more preferably from 1.0 to 5.0 times, the pressure loss in
said fluidized bed.

10 It is more preferred that the pressure loss in the
mixed gas dispersing pipe is greater than that of the oxygen-
conﬁaining gas dispersing plate or pipe.

In a preferred embodiment of the present invention,
the pressure loss in the oxygen-containing gas dispersing

15 ©pipe or plate and that of the mixed gas dispersing pipe can
be controlled to desired values by adjusting the opening area
of the orifice (orifice area) x (number of orifices).

Since the composition of gases to be supplied into
the fluidized bed reactor is a high temperature olefin,

20 paraffin or tertiary alcohol falling within its explosion
limit, the mixture of the olefin, paraffin oxr tertiary
alcohol and ammonia (hereinafter referred to as "mixed gas"”)

needs to be supplied separately from the oxygen-containing

gas.
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hydracar bon and said ammnia, and the pressurelass in the ——

oxygen-cont ai ni ng gas dispersing plate or pipe is controlled to the range
of fromO0.6 to 3.0 tines, preferably from1.0 to 3.0 tinmes, the pressure

loss in the flwodedf@sS bed. The pressure loss in the m xed peyIsésEsssSi Ng
pipe is preferably controlled to the range of from0.6 to 5.0 tines, nore
preferably from1.0 to 5.0 tines, the pressure loss in said fluidized bed.
10 It is nore preferred that the pressure loss in the m xed gas
di spersing pipe is greater than that of the oxygen- containing gas

di spersing plate or pipge. In a referreg enbodi nent ,of the present
invention, the pressure oiéb?q#ﬁﬁ¥§ &y @ﬁ-?ﬁﬁ?&?ﬁiﬁ§v§3§lﬂﬁs$bf£ih§ 15

pi pe or plate aagsgﬁil feri 8 FEARLNAS o HIGES! Qg B! Qﬁdcén_ﬂﬁtceﬂérﬁéé%t
to desired values by adjusting the opening area of the orifice (oriffce
area) x (number j@abefitibhCes)not diistiriedc agPdeingonifii téastretetde supplied
into-the fluidized bed reactor is a high tenmperature olefin, 20 paraffin
or tertiary al cohol fal¥Figg itshianversieapl secthohali viewhef m xfiluidided he
olefin, paraffin or tertiary alcohol and ammonia (hereinafter referred to

as "ni xed gds")badeueactone MNimsnadd lsdpapsesl § mrdm body Rf gehe chlnidired
bed reactor (reactor vessel); 2 denotes a heat-removing coil;
3 denotes a "mixed olefin gas" dispersing pipe; and 4 denotes
an oxygen-containing gas introducing pipe.
Fig. 2 illustrates an example of the positioning of
10 wvarious nozzles featuring the present invention and a
schematic view of circulation of catalyst particles.
Numerals 5 denotes a nozzle in "mixed olefin gas" dispersing
pipe which is generally disposed at the bottom of the
reactor; 6 denotes a nozzle' for the oxygen-containing gas; 7
15 denotes upward flow in the circulating flow of the fluidized
bed catalyst particles; 8 denotes downward flow in the
circulation of the catalyst particles; and 9 denotes the
interface of the catalyst bed. Symbol B denotes the mixed
gas and C denotes the oxygen-containing gas. It is known
20 that the catalyst density shows a sudden drop at a position
above this interface. In the present invention, a "mixed
olefin gas” dispersing pipe is disposed above the oxygen-
containing gas dispersing plate or dispersing pipe.
Figs. 3(a), 3(b), 3(c), and 3(d) illustrate
25 embodiments of the nozzle for supplying a gas to be used in

the present invention. Numexal 10 denctes an orifice portion



gas. -6- WO 96/ 31465

PCT/ JP96/ 00945 An enbodi ment of the present inyention will be described
with reference to Figs. 1, 2 and 3, but the present invention is not
construed as being limted thereto. Fig. 1 is a vertical sectional view of

a fluidized 5vagﬁgg§@ctor. Nuneral 1 denotes a main body ofpdrupedmosssdi zed

bed reactor (reactor vessel); 2 denotes a heat-renoving coil; 3 denotes a
"m xed ol efin gas" dispersing pipe; and 4 denotes an oxygen-contai ni ng gas
introducing pipe. Fig. 2 illustrates an exanple of the positioning of 10

vari ous nozzles featuring the present invention and a schematic vi ew of

' | ati f t d | BahAeradl Xed
ol ofin gas: di bt AT oSRE ShrcaLr UTHEL BARREE BnA0tE, SepBrel 401

the reactor; 6 digraideportionzEer § fetiiiny BN YasCONsPmPolIAJaEhotedda gas
derniotes upward flow in the circulating flow of the tluidized bed catal yst

particles; 8 dejemtdngddimeatilonl ow in the circul ation of the catal yst
particles; and 9 denotes the interface of the catal yst bed. Synbol B
denotes the nixed gas &RdtkederrAent dimwentioa:- whsRathengtabiCc Pressuxs own

5 difference between the peripheral portion of the reactor and
the central portion of the reactor was measured by using
upwardly open pressure taps, the peripheral portion of the
reactor showed 200 mm/H,0 higher than the central portion of
the reactor in some cases. When the static pressure

10 difference between the peripheral portion of the reactor and
the central portion of the reactor was measured using a
pressure tap which is downwardly open as similar to the mixed
gas dispersing pipe nozzle, the central portion of the
reactor showed a higher value. than the peripheral portion of

15 the reactor, the difference therebetween being greater than
that obtained with upwardly open pressure taps. When the
static pressure difference between the peripheral portion of
the reactor and the central portion of the reactor is great,
the difference in the concentration of unreacted olefin

20 between the peripheral portion of the reactor and the central
portion of the reactor is great, reducing the yield.

Thus, in the present invention, the pressure loss in
the oxygen-containing gas dispersing plate or pipe and, in a
preferred embodiment, the mixed gas dispersing pipe are each

25 adjusted to not less than 0.6 times, preferably not less than

equal to that in the fluidized bed. Since the static

-8 -



20 that the catalyst density shows a sudden drop at a position above this

interface. In the present inyention —a—mxed.glefin gas' dispersing p-Hpe———
i s di sposed above the oxygen- containing gas dispersing plate or dispersing

pi pe. Figs. 3(a), 3(b), 3(c), and 3(d) illustrate 25 enbodi nents of the

nozzl e for supgpb¥esdess Jas to be used in the present inventi opcrhienseas 10
denotes an orifice portion -7- WO 96/ 31465

PCT/ JP96/ 00945 for adjusting the differential pressure, and 11 denotes a

shroud portion for jetting the gas. Synbol A denotes a gas jetting

direction. In the present invention, when the static pressure 5 difference

bet ween t he peri pheral rtion of the react.or d the central, rtion of

t he reactor a/as m§336§fﬁﬁﬂae uPRR PR fﬁ%ﬁ‘qﬁ]é’sﬁfr é‘leb?&l,"%ﬁpfereguced
eri pheral porti :24C § ' t he

gent Iroal porltoi on l%? Cﬁ%gragééﬁgr&ﬁ%séﬁfécj%%g% er?ett?egs}{aatg?g’%pe)r g'ggg%é °

di fference bet wegshvidiaiBar aBhehal p@eiphéra DipdRE o dF thedRdatciorcest r al
portion of the reactor was neasured using a pressure tap which is

downwar dl y open memayikablgr ehhatibed nas acbngpsescet] sqishsithg case wherkeethéehe
central portion of the :

5 static pressure difference deviates from this range,
resulting in the enhancement of the conversion in the
reactor. The upper limit of the pressure loss in the oxygen-
containing gas dispersing plate or pipe can be determined
mainly by the economical efficiency of a gas compressor and

10 is generally not more than 3 times the pressure loss in the
fluidized bed. The upper limit of the pressure loss in the
mixed gas dispersing pipe can be determined by the operating
pressure of a chiller for olefin and ammonia from the
standpoint of process and is generally not more than 5 times

15 the pressure loss in the fluidized bed.

In the present invention, it is preferred that the
opening area (orifice area) x (number of orifices) of the
oxygen-containing gas dispersing plate or pipe and that of
the mixed gas dispersing pipe are properly adjusted to keep

20 the pressure loss in these dispersing plates or pipes to the
foregoing ranges. For example, the opening ratio of the
orifice (opening area of orifice)/(sectional area of reactor)
of the oxygen-containing gas dispersing plate or pipe is
preferably controlled to the range of from 0.10 to 1.0%, more

25 preferably 0.12 to 0.35%, to realize the desired pressure

loss defined herein. The orifice opening ratio of the



reactor showed a hi gher value than the peripheral portion of 15 the
reactor, the difference therebetween being greater_than that obtained-wth
upwar dl y open pressure taps. Wen the static pressure difference between
the peripheral portion of the reactor and the central portion of the
reactor is orQqabeediiés di fference in the concentration of unrqReiPosstos | N
20 between the peripheral portion of the reactor and the central portion
of the reactor is great, reducing the yield. Thus, in the present

i nvention, the pressure | oss in the oxygen-containing gas dispersing plate
or pipe and, in a preferred enbodi nent, the m xed gas di spersing pipe are
each 25 adjusted to not less than 0.6 tines referably not |ess than
equal to that | RTLRECE| (PREHNS RaP2 SianE"-f-hEeg( é§?€t1°n4/’b %%%?ea°t°r )

PCT/ JP96/ 00945 ure.di fferenge can.be absol at|v

by ctontrolling F é r??ﬁ(ééﬁgfrfbn?hglﬁﬁog %#ékFaQ %ﬁ%

t he peri pheral t f r£bSg" r d
wi th the case V\Eie?%ek%@ °£ tﬁgn??cggegguregg?f@éence devi at e?‘ﬁﬁﬁ"ﬁs £o

range, resulting.i19%f he enhancenent of the conversion in the reactor. The
upper limt of the pressure loss in the oxygen- containing gas dispersing
plate or pi®e can be dethsr pnesgure loss in the dispersing plates or pipes

is generally proportional to the square of the gas flow rate.
and invefsely proportional to the open area (orifice area) x
(number of orifices). It also depends on the supplied amount
of gas or the reactor pressure. Therefore, the pressure loss

10 may be properly contrelled by changing the temperature or
pressure conditions.

Bven if the orifice opening ratio is constant, the
pressure loss varies with the area of the shroud portion (gas
jetting portion).

15 The more the (orifice area)/(shroud area) ratio is,
the less is the pressure loss.

In the present invention, it is preferred that the
ratio of a sectional opening area of the orifice portion to
that of the shroud portion (sectional opening area of orifice

20 portion/sectional opening area of shroud portion) of the
oxygen-containing gas dispersing plate or pipe and that of
the mixed gas dispersing pipe is from 0.05 to 0.50, more
preferably from 0.10 to 0.40.
| In the present invention, the pressure loss in the

25 fluidized bed is the ratio of (the weight of catalyst)/(the

sectional area of the reactor), which can be determined by

- 10 -



mai nly by the economical efficiency of a gas conpressor and 10 is

generally not nore than. 3 tinmes the pressure loss in the fluidized bed. .The

upper limt of the pressure loss in the m xed gas di spersing pipe can be
determ ned by the operating pressure of a chiller for olefin and ammoni a
from the stand@eiogisiges Process and is generally not nore thanperiapsressss
the pressure loss in the fluidized bed. In the present invention, it is
preferred that the opening area (orifice area) x (nunber of orifices) of

t he oxygen-contai ning gas dispersing plate or pipe and that of the m xed
gas dispersing pipe are properly adjusted to keep 20 the pressure loss in

t hese dispersin I or _pipgs,.to the foreqoing ranges. For exanple, the
opening ratio o%ﬂghgﬁ%%FFFEEQ(gﬁgﬂ?ﬁ@ éb?%?fégﬁﬂégiéég% §@8tF5n§ﬁearea of
reactor) of the -£0Qt g nj | | +Rl '
pre‘f'erai)l'y controlle c% tghgfrgﬁge 0 ﬁ%?nq%édlgg‘t g'lh%t %‘%&Ertr%?'ﬁgﬁgging 2

preferably 0.12 #1QiGiZet chbalest | &ed ttlfe dRsdditted develbpeliogsréetifedbove
herein. The orifice opening ratio of the -9- WO 96/ 31465

PCT/ JP96/ 00945 (0i.fli ¢ thpenkygemreentdimind igas) disperisingl pdate of pipe.
reactor) of Lhe R vaidne o “Bie “eathfydt neu Toquired Yor the flufdised bed
reactor can be properly determined by the activity of the
catalyst, the feed rate of the reaction materials and the
desired conversion.
In general, the amount of the catalyst is determined
10 such that the time during which the catalyst comes into
contact with the reactive gas is kept to about 1 to 20
seconds, preferably 2 to 12 seconds.
The pressure loss in the oxygen-containing gas
dispersing plate or dispersing pipe is the difference between
15 the pressure developed below the oxygen-containing gas
dispersing plate or inside the oxygen-containing gas
dispersing pipe and the pressure developed above the oxygen-
containing gas dispersing plate or outside the oxygen-
containing gas dispersing pipe. It is measured by means of a
20 pressure tap disposed below the oxygen-containing gas
dispersing plate or inside the oxygen-containing gas
dispersing pipe and above (0.05 m) the oxygen-containing gas
dispersing plate or dispersing pipe. -
The pressure loss in the mixed gas dispersing pipe is
25 the difference between the pressure developed inside the

mixed gas dispersing pipe and the pressure developed outside

- 11 -



the range of fromO0.01 to 0.2% nore preferably fromO0.015 to 0.15% 5

The pressure loss in the dispersing plates or pipes_iLs generally
proportional to the square of the gas flow rate and inversely proportional
to the open area (orifice area) x (nunber of orifices). It also depends on

the supplied appYEse€¥ 0as or the reactor pressure. Theref or epchiibociogssur e
|l oss 10 nay be properly controlled by changing the tenperature or pressure

conditions. Even if the orifice opening ratio is constant, the pressure
| oss varies with the area of the shroud portion (gas jetting portion). 15
The nore the (orifice area)/(shroud area) ratiois, the less is the

pressure | oss. t he esent, .invention referred t hat. t he ratro of
a sectional ope#ﬁﬁ w®s 1ﬁ$§38FPFPEebbB?floﬁ€tb S (hegsyred Ry JRaiR -

portion (sectio O %1 &%t l%i:oQEdOEhEkﬁ efle RPXLA é%ﬁéﬁ%zﬁgﬁg

area of shroud gen-contalning gas Ui sper

pi pe and that oanah@um jﬂ:%&ddbﬁﬁgiaénﬁhalﬂfxéé %&é)m&&iéﬁ& pide. mDre

preferably from0.10 to 0.40. In the present invention, the pressure |oss
in the 25 fluidized bédkingt hatoaaccouvht (the fectghthatf thet alegsiiped he
sectional area of the reactor), which can be determned by - 10 -

5 pressure loss in the oxygen-containing gas dispersing plate
has been given as a requirement for the absence of fixed bed
in the reactor and the pressure loss in the mixed gas
dispersing pipe has not been considered important as the
required pressure loss in the oxygen-containing gas

10 dispersing plate, it is a very surprising fact that the
fulfillment of these requirements can provide remarkable
enhancement of the conversion at the peripheral portion of
the reactor and hence in the entire reactor in the present
invention.

15 While the diameter and constitution of the reactor
used in the present invention is not particularly limited,
the diameter of the reactor vessel is preferably 3 m or more
since in such an industrial scale apparatus, the localized
distribution of the supplied gas tends to be remarkable.

20 As the catalyst employable in the present invention,
any catalyst known as ammoxydation or oxidation catalyst,
e.g., molybdenum-bismuth-iron-supported catalyst, can be
used.

The reaction may be effected under knowﬁ conditions

25 described in known references and patents. By way of

example, ammoxydation reaction for the production of

- 12 -



WD 96/ 31465 PCT/ JP96/ 00945 t he -

difference between the pressure developed-at.thelnterface 9 .of-the
catal yst bed in the reactor having a fluidized catalyst and the pressure
devel oped directly above (0.1 m the oxygen-containing gas dispersing plate
or pipe. 5 Thgowes@ps of the catal yst bed required for the fporawsnchsbed
reactor can be properly determ ned by the activity of the catal yst, the
feed rate of the reaction materials and the desired conversion. |In general,
t he ambunt of the catalyst is determned 10 such that the tinme during

whi ch the catal yst comes into contact with the reactive gas is kept to
about 1 to 20 secqn I bly. 2 .to 12 seco _Jhe pressyre Lo In the
oxygen-containiﬁbgﬁggsa?ggéﬁéfﬁﬁﬁﬁPéfénégl |S§§%§Fﬁ§ nggergﬁﬁekﬁif?ﬂﬁ%%ce
between 15 the RLASEEERsdeVel oped bel ow t he oxygen-containing gas

di spersing plate or inside the oxygen-containing gas dispersing pipe and
the pressure devel oped PR®\gndit @fy ghe- okggen~bofigagningi GRer cduich [ tadi oy
out side the oxygen- containing gas dispersing pipe. It is nmeasured by neans
of a 20 pressute bepsupphiectdinmi hhe reactpyeascanshant ing guatertpkris ng

pl ate or inside the oxXgen-containing gas
5 generally from 5 to 15 mols, preferably from 7 te 14 mols,

per mol of the olefin, paraffin or tertiary alcochol. The
oxygen-cdntaining gas is supplied into the reactor at the
bottom thereof in such a manner that the temperature thereof
is generally from 50 to 500°C, preferably from 100 to 400°C,
10 directly after supplied. The amount of ammonia to be
supplied is generally from 0.6 to 2 mols, preferably from 1
to 1.5 mols, per mol of the olefin, paraffin or tertiary
alcohol.
The reaction temperature is generally from 350°C to -
15 600°C, preferably from 400°C to 500°C. The reaction pressure
is generally not more than 3 kg/cm’-G, preferably from 0.2 to
1.5 kg/cm®-G.
The olefin selected from propylene and isobutylene is
preferably used as the hydrocarbon as the starting material.
20 Example
The process of the present invention will be further
described in the following examples and comparative examples.
The pressure loss in the fluidized bed as used in the
following examples and comparative examples is the difference

25 between the pressure developed at the top of the reactor and

- 13 -



di spersing pi pe and above (0.05 n) the oxygen-containing gas dispersing

pl ate or dispersing pipe. The pressure loss in the_m xed gas dispersing
pipe is 25 the difference between the pressure devel oped inside the m xed
gas di spersing pipe and the pressure devel oped outsi de WO 96/ 31465

PCT/ JP96/ 00945wlgsiesced gas dispersing pipe. It is nmeasured pyriReomsdf a
pressure tap disposed inside the m xed gas di spersing pipe and that

di sposed outside the m xed gas di spersing pipe. Taking into account the
fact that the required 5 pressure loss in the oxygen-containing gas

di spersing plate has been given as a requirenment for the absence of fixed

bed in the reactqr and the pressure Loss in the m xed di sper si.pg_pi pe
has not been con@?%%ﬁ%o#gﬁgoggétﬁé ?e%{ﬁﬁse‘ﬁrepﬁ'@?g gp93§§ ihﬂtﬂ’g
oxygen- cont ai ni ng,aas +42 dgggggg§£€ plade, it is a very surprising fact
that the fulfillnment of thesé requfrenents can provide remarkable
enhancenent of the convqhgiggegguiémadggiﬂﬁuﬂﬁﬁ duy@bhaaogtaghgngegggpr and

hence in the entire reactor in the present invention. 15 Wil e the
dianeter_and cxndﬂgpgnﬁing pllatbeis ctive aiififaxenae tbetweeasthe prnesstren is
not partlCU|EI|BQAJQ§J;zg’below the oxygen-containing gas dispersing plate
and the pressure developed at the foregoing pressure tap.
The preséure loss in the mixed gas dispersing pipe is the
difference between the pressure developed inside the mixed
gas dispersing pipe and the pressure developed at the

10 foregoing pressure tap.

As a measure of the conversion, the concentration of
unreacted olefin at the central portion and peripheral
portion of the reactor was used. For the measurement of the
concentration of unreacted olefin, a gas sampling nozzle was

15 disposed at a position in the central portion satisfying the
relationship r/R = 0.0 (wherein r is the distance from the
center of the reactor, and R is the reactor radius) at a
height of 9 m and at a position in the peripheral portion

- satisfying the relationship r/R = 0.9 at the same height.

20 The gas discharged from these sampling nozzles were washed
with water, and then analyzed by gas chromatography. As the
instruments and other attachments there may be used commonly
used facilities having ordinary tolerance.

EXAMPLE 1

25 The reactor used had a diameter of 7.8 m. The

catalyst used was a molybdenum-bismuth-iron-supported

- 14 -



the dianmeter of the reactor vessel is preferably 3 mor nore since in such

an industrial_scale apparatuys, the lacalized. distribution of the supplied— —
gas tends to be renmarkable. 20 As the catal yst enployable in the
present invention, any catal yst known as anmoxydation or oxidation

catal yst, e.d.wo¥ehydgslenum bi smut h-iron-supported catal yst, caoThPscesms.

The reaction may be effected under known conditions 25 described in known
references and patents. By way of exanple, ammobxydation reaction for the
production of - 12 - WO 96/ 31465

PCT/ JP96/ 00945 [err]-unsaturated nitrile may be effected under the

foll ow ng conditions. The apopunt of .the oxygen-containin s (s as air)
to be supplied i‘:ﬁf"ﬁiﬁ’ﬁé E@ﬁ:’f%ra a%al}f'lfﬁfr tﬁy"%g'eﬁﬁttef’%a rp@ gﬁ‘ béngﬁglw ?’?‘E)m
5 1o 15 nols, pref G@% ef p@PLilcld dihntet 50RO ThCrLELLL wRSr Al fin
or tertiary alco o?. é oéygen-contalnlng gas is sﬁpprled Into the reactor
at the bottom t Egneel witkUuekhe 4Bt lildlsulhe ahcapoanEnent NEREOT thS

generally from50 to 500[err]C, preferably from 100 to 400[err]C, 10
directly after bejghtedf théestatiunibedd remcbeda2tB.beAs an air dispersing
5 plate there was used a dispersing plate having an aperture
diameter of 16.5 mm, a ratio (sectional opening area of
orifice pbrtion)/(sectional opening area of shroud poriion)
of 0.35, and 560 orifices. For the mixture of propylene and
ammonia, a sparger having 560 nozzles attached to orifices
10 with an aperture diameter of 6.2 mm was used. Air was
supplied into the reactor at the bottom of the fluidized bed
at a rate of 41,000 Nm*/H and a temperature of 250°C, and
propylene and ammonia were supplied at a rate of 4,000 Nm*/H
and 4,800 Nm*/H, respectifely, and a temperature of 150°C.
15 The reaction was effected at a temperature of 450°C under a
pressuré of 1 kg/cm?>~G. During this procedure, the pressure
loss in the air dispersing plate was 1,300 mm/H,0. The
pressure loss in the propylene/ammonia sparger was 2,100

mm/H,0. The pressure loss in the fluidized bed was 2,100

20 mm/H,0. The results set forth in Table 1 were obtained.

TABLE 1

Unreacted propvlene

(vols)
Central portion 0.12
25 Peripheral portion 0.22

- 15 -



supplied is generally from0.6 to 2 nols, preferably from1l to 1.5 nols,

per nol of the olefin, paraffin or tertiary alcohol__The reaction
tenperature,is generally from350[err]Cto 15 600[err]C, preferably from
400[err]C to 500[err]C. The reaction pressure is generally not nore than 3

kg/cnerr]-G vwésdsiegd!y from0.2 to 1.5 kg/cnferr]-G The ol wipapedisbact ed

from propyl ene and i sobutylene is preferably used as the hydrocarbon as the
starting material. 20 Exanpl e The process of
the present invention will be further described in the foll ow ng exanples
and conparative exanples. The pressure loss in the fluidized bed as used in
the foll owi ng exanpl es and conparative exanples is the difference 25

bet ween the pressure devel oped at the top of the reactor and - 13 - WO
96/ 31465 PCT/ JP96/ 00945 t he

pressure devel oped at a pressure tap di spaggsgl@0 nm above the dispersing
pl ate. The pressure loss in the oxygen-containing gas dispersing plate is

the difference betweenThéergaetiot ards efferitedednbeheVsaiié reactor as used
oxygen-cont ai ni ng gas di spersing plate
in Example 1 under the same conditions as used in Example 1
except that a dispersing plate having 560 orifices with an
5 aperture diameter of 14.0 mm was used as the air dispersing
plate, a sparger having 560 nozzles attached to orifices with
an aperture diameter of 4.7 mm was used for the mixture of
propylene and ammonia, and the temperature of air to be
supplied was 380°C. During this procedure, the pressure loss
10 in the air dispersing plate was 2,100 mm/H,0. The pressure
loss in the propylene/ammonia sparger was 4,400 mm/H,0. The

pressure loss in the fluidized bed was 2,100 mm/H,0. The

results set forth in Table 2 were obtained.

TABLE 2
15 Unreacted propvlene
(vols)
Central portion 0.11
Peripheral portion - 0.18
EXAMPLE 3
20 The reaction was effected in the same reactor as used

in Example 1 under the same conditions as used in Example 1

except that a spérger having the same orifice aperture

- 16 -



and the pressure devel oped at the foregoing pressure tap. The pressure | oss

in the mxed gas dispersing pipe is_the differesnce between the pressure
devel oped inside the m xed gas dispersing pipe and the pressure devel oped
at the 10 foregoing pressure tap. As a nmeasure of the conversion, the

concentration @lpdéRi@acted olefin at the central portion and m}mﬁs
portion of the reactor was used. For the measurenent of the concentration

of unreacted olefin, a gas sanpling nozzle was 15 disposed at a position
in the central portion satisfying the relationship r/R=0.0 (whereinr is
the distance fromthe center of the reactor, and Ris the reactor radius)

rat a height of 9.mand at a ition in . th e her, al tion,satisfying
the rel ati onshi f*PPREET 2§ ei%ﬁ?sﬁﬁﬁ?ﬂ%ﬁ gh&“tZ avipg 8 aﬂFséﬁEﬁ 38 from

s S 1l ) o A 0

chromat ogr aphy. “AS 1 attac her € may $e used
commonly used faghhi k&S dpﬂ@”ir%kﬂawyd%iby(%QEQﬁéﬁSQ opéMhgEatedSof orifice

The reactor used had a dianeter of 7.8 m The catalyst used was a
nol ybdenum bi snpbletiony/ csexpiidrad opbsing area of shroud portion): 0.55)
5 was used as the sparger as air dispersing plate. During this
procedure, the pressure loss in the air dispersing plate was
1,100 mm/HgL The pressure loss in the mixed gas dispersing
pipe was 2,100 mm/H,0. The pressure loss in the fluidized

bed was 2,100 mm/H,0. The results set forth in Table 3 were

10 obtained.

TABLE 3

Unreacted propvlene

(volt)
Central portion 0.11
15 Peripheral portion . 0.28

EXAMPLE 4
The reaction was effected in the same reactor as used
in Example 1 under the same conditions as used in Example 1
except that a dispersing plate having 560 orifices with an
20 aperture diameter of 14.0 mm was used as the air dispersing
plate and a sparger having 560 nozzles attached to orifices
with an aperture diameter of 4.7 mm was used for the mixture
of propylene and ammonia. During this procedure, the

preésure loss in the air dispersing plate was 2,400 mm/H,0.

- 17 -



W 96/ 31465 PCT/ JP96/ 00945 cat al yst
having a particle dianmeter of from 10 to 100 [err]lmand an average particle
dianeter of 50 [err]m The reactor was filled with the catalyst in such an
arrangenent that the height of the static bed reached 2 m As an air

di spersing 5 @ha3ksiddrere was used a di spersing plate having popsHehdes ©
dianeter of 16.5 mm a ratio (sectional opening area of orifice
portion)/(sectional opening area of shroud portion) of 0.35, and 560
orifices. For the m xture of propyl ene and ammoni a, a sparger having 560
nozzles attached to orifices 10 wth an aperture dianeter of 6.2 nm was
used. Air was Sheplpredgsureolose imwarie praipytlenel/amnomial sphegéruwas ze04 e d
at arate of 41,000 Nnferr]/H and a tenperature of 250[err]C, and propyl ene
and anmoni a wer @ #p} | Bheytpressyre dpsg doothp] Elvidieed bed aGE NY1H0 |/ H,
respectively, and a tenperature of 150[err]C. .15 The reaction was effected
at a tenper at ur @¢HA50he Reswidsr sgtpfazth, inoFahle o e eqtadned, i ng
this procedure, the pressure loss in the air dispersing plate was 1, 300

mm H err] Q. The pressure loss in the propyl ene/ ammoni a sparger was 2,100
mm H err] O The pressure loss in the fluidi ed was 2,100 20

mmMHerr]O The results set forth in Tabﬁ%éggﬁgre obt ai ned. TABLE 1

Unr eact ed propylene (Vol % Central portion 0.12
5 . Unreacted propylene
(vol%)
Central portion 0.06
Peripheral portion 0.10

COMPARATIVE EXAMPLE 1

10 The reaction was effected in the same reactor as used
in Example 1 under the same conditions as used in Example 1
except that a dispersing plate having 560 nozzles attached to
orifices with an aperture diameter of 20 mm was used as the
air dispersing plate and a sparger having 560 nozzles

15 attached to orifices with an aperture diameter of 13 mm was
used for the mixture of propylene and ammonia. During this
procedére, the pressure loss in the air dispersing plate was
600 mm/H,0. The pressure loss in the propylene/ammonia
sparger was 790 mm/H,0. The pressure loss in the fluidized

20 bed was 2,100 mm/H,0. The results set forth in Table 5 were

obtained.
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25 Peri pheral portion 0.22 WO 96/ 31465
PCT/.1P96/ 009 | | he sane—reactor as——
used in Exanple 1 under the sanme conditions as used in Exanple 1 except
‘that a dispersing plate having 560 orifices with an 5 aperture di aneter of
14.0 mMm was usg@ogsakie air dispersing plate, a sparger havi nfich@bsoeag! s
attached to orifices with an aperture dianeter of 4.7 mmwas used for the
m xture of propyl ene and anmoni a, and the tenperature of air to be supplied
was 380[err]C. During this procedure, the pressure loss 10 in the air

di spersing plate was 2,100 nmH err]O The pressure loss in the
propyl ene/ amoni a sparger was 4,400 mmi H . _The pressure loss in the
fluidized bed was 2, 100 nmf H20. The resul 3torth in Table 2 were

obt aj ned. TABLE 2 15 Unr eact ed
protyl ene (vol% Central portion vl [ len20r tion
0. 18 EXAMPLE 3 20 e Teacttron was eff (Vo eact or
as used
Central portion 0.15
5 Peripheral portion 0.40

In the present invention, the pressure loss in
oxygen-containing gas and mixed olefin gas in the fluidized
bed reactor in ammoxydation reaction is controlled to provide
remarkable improvements in the fluidity of the fluidized bed.

10 Thus, the concentration of unreacted olefin at the peripheral
portion of the reaction is lowered. Further, the difference
in the concentration of unreacted olefin between the
peripheral portion of the reactor and the central portion of
the reactor is reduced. Accordingly, the conversion at the

15 peripheral portion of the reactor is remarkably enhanced.
Thus, the enhancement of the yield of unsaturated nitrile can

be realized.

- 19 -



in Exanpl e 1 under the sanme conditions as used in Exanple 1 T'HT |
sparger having the same orifice aperture - 16 - v a6/ sLAGNININ Lk
PCT/ JP96/ 00945 di aneter as used in Exanple 1 but having an air j‘ettin§ s *

portion (shroud portion) aperture dianmeter 0.8 tines greater than Exanple 1
(the ratio (sqedédigds orening area of orifice portion)/(sect ipginposiaedi N9
area of shroud portion): 0.55) 5 was used as the sparger as air dispersing
plate. During this procedure, the pressure loss in the air dispersing
‘plate was 1,100 mi Herr] O The pressure loss in the m xed gas di spersing
pi pe was 2,100 mm H20. The pressure loss in the fluidized bed was 2,100

mm H20. The results set forth in Table 3 were 10 obtained. TABLE 3

Unr eact ed Propyl ene (Vol % Central porti oRLAIMS 0.11 15

Peri pheral portion 0. 28 EXAMPLE 4 The reaction was effected
in the same reactor as used in Exanple 1 under the same conditions as used

in Exanple 1 1. A process for producing an «,f-unsaturated
nitrile, said process comprising the step of:
reacting (1) a hydrocarbon selected from an‘olefin
5 selected from propylene and isobutylene, a paraffin selected
from propéne and butane, and tertiary butyl alcohol, (2)
ammonia, and (3) an oxygen-containing gas, in a reactor at a
high temperature in a gas phase over a fluidized bed, so as
to prepare an o,B-unsaturated nitrile having the same number
10 of carbon atoms as said hydrocarbon as a starting material,
said reactor comprising a reactor vessel having
therein, from a bottom of said reactor vessel, an oxygen-
containing gas dispersing plate or pipe and a mixed gas
dispersing pipe for dispersing a mixed gas of said
15 hydrocarbon and said ammonia,
a2 pressure loss in said oxygen-~containing gas
dispersing plate or pipe is controlled to the range of from

0.6 to 3.0 times a pressure loss in said fluidized bed.

2. A process as claimed in claim 1, wherein'a
20 pressure loss in said mixed gas dispersing pipe is controlled
to the range of from 0.6 to 5.0 times a pressure loss in said

fluidized bed.
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cxcept et g thspersino plate naving 60 orfices vt an 20| [YHIRIRY NN

havi ng 560 nozzles attached to orifices with an aperture dianmeter of 4.7 mm
;was used for the m xture of propylene and anmonia. During this procedure,

the pressure |gg9ehitet he air dispersing plate was 2,400 m H e¢&ihkdemossd 7 -
WD 96/ 31465 PCT/ JP96/ 00945 The

pressure | oss in the propyl ene/ ammoni a sparger was 4,400 mm Herr] O The
pressure loss in the fluidized bed was 2,100 miHerr] O The results set
forth in Table 4 was obtained. TABLE 4 5

Unreact ed propylene (vol% Central portiagn, ) ) 0. 06 Peri pheral
portion 0310 ECRFREERT \AS Blaimed inGlaim 1, whegeinegaidon

Condi t ons. s USEFSeREE, 1RERCLE" odfa IRRLA ot nk WRECRI BHEEERIE plate
nozzl es attacheqd gagel fkopantkoinad @pAd e ¥Rl 2ohf 120 £85) ¥26 bRl 3

the air dispersingp e and a sparger having nozzl es
pressure loss in said fluidized bed.

5 4. A process as claimed in claim 2, wherein said
pressurelloss in said mixed gas dispersing pipe is controlled
to the range of from 1.0 to 5.0 times a pressure loss in said

fluidized bed.

5. A process as claimed in claim 1, wherein said
10 oxygen-containing gas dispersing plate or pipe has a
differential pressure adjusting orifice having an opening
ratio (opening area of orifice)/(sectional area of reactor)

of from 0.10 to 1.0%.

6. A process as claimed in claim 5, wherein said
15 oxygen-containing gas dispersing plate or pipe has a
differential pressure adjusting orifice having an opening
ratio (opening area of orifice)/(sectional area of reactor)

of from 0.12 to 0.35%.

7. A process as claimed in claim 2, wherein said
20 mixed gas dispersing pipe has a differential pressure
- adjusting orifice having an opening ratio (opening area of

orifice)/(sectional area of reactor) of from 0.01 to 0.2%.
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15 attached to orifices with an aperture dianeter of 13 mm

m xture of propylene and ammpnia. During this procedure, mmﬂmﬂﬂlnﬂ) mslmll
in the air dispersing plate was 600 mmi H err] O. The pressure*loSs tn"h
propylene/annnnla sparger was 790 mmH err] O The pressure loss in the

fluidized 20 100 mH err]O The results set forth I89ele
wer e obt ai ned. %&5@ WO 96/ 31465 er: foas

PCT/ JP96/ 00945 TABLE 5 Unreacted propyl ene (vol % Central portion
0.15 5 Peri pheral portion 0.40 In the present
I nvention, the pressure | oss in oxygen-containing gas and m xed ol efin gas

in the fIU|d|zed bed reactor in ammobxydation reactiqQn_is_controlled to
provi de remarkabl e |nprgvenénP§°??P§fR§quﬂ%RQi/%ﬁ qqﬁFW|UIHP§§ﬂlﬁeﬂalqO

h h f d ol ef | f
Uhe'Feacti on | < et A= BAPRREFEM \nfkef ridk &, AR eRRRRAT, BenbPUrbon o
unr eact ed 0|ef'%%§ﬂéﬁﬁﬁ8 BQEEE@&'E&W!&H éH”HﬁéHldg f&%iorQQSEHEnGnQréQeof

central portion o
orifice)/(sectional area of reactor) of from 0.015 to 0.15%.

5 9. A process as claimed in claim 1 or 2, wherein
said preésure loss in said mixed gas dispersing pipe is
greater than that of said oxygen-containing gas dispersing

plate or pipe.

10. A process as claimed in claim 3 or 4, wherein
10 said pressure loss in said mixed gas dispersing pipe is
greater than that of said oxygen-containing gas dispersing

plate or pipe.

11. A process as claimed in claim 1 or 3, wherein a
feeding temperature of said oxygen-containing gas is
15 controlled to 50 to 500°C, so as to control said pressure

loss in said oxygen-containing gas dispersing plate or pipe.

12. a process as claimed in claim 1 or 3, wherein
said oxygen-containing gas dispersing plate or pipe has a
nozzle comprising an orifice portion for adjusting a
20 differential pressure and a shroud portion for jetting said
oxygen-containing gas, and a ratio of a sectional opening

area of said orifice portion to that of said shroud portion
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the reactor is reduced. Accordingly, the conver5| on at the Iﬂ HMUF“ “I (l“l
portion of the reas -

yield of unsaturated nitrile can be realized. - 19 - MD 96/31465

. PCT/ JP96/ 00945 CLAIMS 1. A process for producing an [err]-unsaturated
nitrile, saidweéiggs conprising the step of: reacting (1) adrvemssbon
selected froman olefin 5 selected from propyl ene and i sobutyl ene, a
paraffin selected from propane and butane, and tertiary butyl alcohol, (2)
ammoni a, and (3) an oxygen-containing gas, in a reactor at a high
tenperature in a gas phase over a flui di zed bed, so as to prepare an

[err]-unsaturated nitril.e haV|n the s o]

sai d hydr ocar botFeE" ia?’?t]aﬂpeﬁén REFT a? utgPreefc rtlo rrprl %f’ﬁgaaggggé?%r
vessel faving ddide drxataohetl o) Of , SPibh EA ¥ (63961, an oxygen-
cont ai ni ng gas dispersing p e or pipe and a m xed gas di spersing pipe for
di spersing a m xed gas of sald 15 hydrocarbon and said ammpni a, a pressure

;Ioss in said oxygen-containing gas
: 13. A process as claimed in claim 2 or 4, wherein

said mixed gas dispersing pipe has a nozzle comprising an

5 orifice portion for adjusting a differential pressure and a
shroud poftion for jetting said mixed gas, and a ratio of a
sectional opening area of said orifice portion to that of
said shroud portion (sectional opening area of orifice
portion/sectional opening area of shroud portion) is from

10 0.05 to 0.50.

14. A process as claimed in claim 1 or 2, wherein
said hydrocarbon is an olefin selected from propylene and

isobutylene.
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di spersing plate or pipe is controlled to the range of from0.6 to 3.0
ti mes—a—pressure-loss—in-said fluidized hed "2 A nrocess as_clained in

claiml1l, wherein a 20 pressure loss in said mxed gas dispersing pipe is
controlled to the range of from0.6 to 5.0 tinmes a pressure loss in said
fluidized bed. woa§31465 WO 96/ 31465 PCT/IP96/00945
PCT/ JP96/ 00945 3. A process as clained in claiml, wherein said pressure

| oss in said oxygen-containing gas dispersing plate.or pipe is controlled
to the range of from1.0 to 3.0 tines a pressure loss in said fluidized
bed. 5 4. A process as clained in Elaia 2, wherein said pressure
|l oss in said m xed gas dispersing pipe is co d to the range of from
1.0to 5.0 tines a pressure loss in said fluidized bed. 5. A process as
claiged in claim1, wherein said 10 oxygen-contai ning gas di spersing

plate or pipe has a differential pressure ad] rifice having an
opening ratio (opening area of orifice)/(s i onal areaof reactor) of from
0.10 to 1.0% 6. A process as clained in aimb5, whereiN said

l

» L~
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15 oxygen-containing gas dispersing plate or pipe has a differenti al
pr essu+e—adj usti ng ori f4+-ee—-having an—oper-pg—trati-a.fapeni ng area of

orifice)/(sectional area of reactor) of fromO0.12 to 0.35% 7. A process as
claimed in claim2, wherein said 20 "m xed gas di spersing pipe has a
differential pweseswessadj usting orifice having an opening rat ige: ;

area of orifice)/(sectional area of reactor) of fromO0.01 to 0.2% - 21 -
WD 96/ 31465 : PC/ JP96/ 00945 8. A
process as claimed in claim?7, wherein said n&ﬁgg gas di spersing pipe has a
differential pressure adjusting orifice having an opening ratio (opening
area of orifice)/(sectional area of reactor) of fromO0.015 to 0.15% 5

9. A process as clained in claiml or 2, wherein said pressure loss in

sai d .mi xed gas dispersing pipe is greater th ohk.sai d
oxygen-cont ai ni ng gas di spersing plate or ptfpe. 10. A precess as clained in
claim3 or 4, wherein 10 said pressure I ¢gss in said m xe¥ gas dispersing

pipe is greater than that of sald oxygen- ¢ont ai ni ng gas dispersing plate or
pi pe. .
fw
T e
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11. A process as claimed in claim1 or 3, wherein a feeding tenperature of
sai daxygen-cantaining gas is 15 controlled tao 50 to 500[err]C_so as to

control said pressure |loss in said oxygen-containing gas dispersing plate
.or pipe. 12. A process as clainmed in claim1l or 3, wherein said

‘oxygen- cont ai niygbe@afsdi spersing plate or pipe has a nozzle Coppibssionshsan
orifice portion for adjusting a 20 differential pressure and a shrou
portion for jetting said oxygen-containing gas, and a ratio of a sectional
opening area of said orifice portion to that of said shroud portion - 22 -
WD 96/ 31465 Fig. 3(a) gy B®d/ 00945

(sectional opening area of orifice portion/sectional opening area of shroud
portion) is fromO0.05 to O[$0. 13[] A process as claifffed in[¢laim2 or 4,
wherein said m xed gas di spf i pe has a nozzlej{qomprising an 5

orifice portion for adjust ferential press and pf{shroud portion
for jetting said m xed gas i I ohdl ,opeping area of said
orifice portion to that of otd portioni]secfijorfal ppening area of
orifice portion/sectional p ingt area of shroud poytign) {$ from10 0.05
to 0.50.
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14. A progess as clai med i RetB$h @02, wherein éfﬁffcfahydrocar bon ‘\sqég ¢ 0@—
olefin selected from propylene and i sobutylene 23 -
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