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20 unreacted propylene is separated fromthe other gases in the m xture.
Al t hough the adsorption stage of the PSA unit can be at anbient pressure,

it is preferred to pass the quendP @8¥205Bkeous ef fluent through a
conpressor or other suitable nmeans to increase the pressure thereof prior
to introducti.on n% e PSA unit. Experience has shown that the
f I ammabi FYE) téeh anﬁep %t he systemis greatest in the conpressor.
Ther ef or e, the vol une percent of gaseous flame suppressor is at its maxi mum
in the quench tower gaseous phase, | T@BLRT the feed into the conpressor, to
m niw.se the flammbility potential. "The operation conditions of the system
ar e\a,dj usted to pOcRérdent Wonvérsion ThE&qyalb pabes pueé fdxyged ahdoadrt he quench
tower preferably contains, on-.a volume basis fromabout 1 to.3 percent of
~carbon nonoxi de, Conpamen bout 8 to SBperceht of DbropylEene, from about 6 to 8
percent of oxygen, from about 10 to 15 percent of carbon di oxide, and from
about 0 to 70 pEFemHenef ni 150%;en 28 fromh ab®uft 300-30 to 20 percent of
propane, the IattPé?P%“ﬁree con% sin 3the1 ésedt?ssflaﬁessuppressor It mnust
be borne in mi ndOKYEAR this e% relaﬁrve td the synthesis of
acrylonitrile erﬂtproperne |I| g o gen- epriched air containing
approxi mately 60 82rcent:§¥ #é-the 8x gen-cont ai ning feed
to thesammox dat P mhrch | operatlng ~“at 60 percent conversion of
t he propyl ene. Nﬁ tﬁﬁ %eﬂgbry thq)%olune percent of _propyl ene, nitrogen
and carbon nonoxi he quench t-pwer effluent is _fromabout 35 35 to 70
percent by volunqaté the pr ocess f}busLLgtedJ_u FIQL_3 t he preferred

sel ective separ atqﬂ,r,oﬂlg a PSAjgy t opgrating under pressure provided by a
corrb-rae"’ssor The |ofRIgRASOr i pesrasss, 2t hesmeessw.¢ ofgsthe quench tower
gaseous phase to the preferred operating pressure of a PSA unit, typically
in the range of B0orarabftiiCohiedrdion44Bqidn paatw Purd dxggéd apdi 4k, preferably
from about 239 to 3/7 kPa (about 20 to 40 psig). The range of preferred
oper atgsbng pressucempmmgnvary Ao an BxtentC deperdi ng &t the adsor bent
utilised. 40 The adsorbent in the PSA unit may be any material known in
the art to adsor Brepydgpeene ib7a subdt ant3-&l | Y3gbeat 8rldegree than propane
or carbon di oxi d@rol&“ﬁl ca geIB-I"s a r9ef e¥2r§d aft?sé")rbeﬁt5 material. By proper
sel ection of theOK¥E& bent iAlth R uni%&:? éper §t¥on t hereof can

readi lsy be contrSPIed utilist art- ecgggpsqun?nrp t%trons so that the
"recycle stream f m%e t her.ei g dbst i al *portion of the

propyl ene and | e§§ ages of ropane and_ carbon di oxi de. The
nitrogen, oxygen e‘ti‘ &% 1tlhee remain of "t he carbon oxi des and propane are
W t hdrawn fromt % prefera % conbusted, and vented. It is

cont el at ed her @i lto recover OXY4E1 fromthe vent streamand recycle it
to the reactor fggghd;a enhangg.¢ he pperation of _the _system UWilising a
system as shown 1n FIG 3, for the production of acrylonitrile utilising
oxygen-enriched air containing approximately 60 percent by vol une of oxygen
as ®“reactor feed and a nmixture of nitrogen, so carbon dioxide and propane
as the gaseous flanme suppressor, with nitrogen conprising a najor portion
~thereof, the flowrates in nole percent at critical -points in the system
were determ ned and are presented in Table |I. The feed was obtai ned by

m xi ng equal parts of air and pure oxygen. Flow rates were al so determ ned
usings#ir as the feed to the amoxi dation reactor and are also reported in
Table I. The conpositions are expressed in nole percent and based on 100
nol es of acrylonitrile produced. The data 55 expressed in Table |
represents operation of the system under conditions such that 60 percent
and 80 percent, respectively, of the propylene feed to the ammoxi dation
react® is converted to products for each feed. In Table I, Point Ais the
feed into the anmoxi dation reactor, Point B is effluent therefrom Point C
is the feed to the conpressor, Point Dis the recycle streamfromthe PSA
separator, and Point Eis the vent 5 EP0318205B1 stream fromthe PSA
separator. TABLE | 60 Percent Conversion - Equal parts pure oxygen and air

Conpofient A B C D E 10 Propyl ene
15.3 5.8 9.2 30.4 0.3 Propane 8.2 7.8 12. 4 40. 8
0.5 Oxygen 21.1 - 4.0 6.4 0.4 8.9 CO ---

0.7 1.1 0.1 1.5



[err] 4.8 6.5 10.3 24.2 4.4 15 Acrylonitrile

7.2 --- Acrolein : OlAcetonltrlle
--- 0.1 --- --- - - HOEP 0 318 205 B1 7.2 --- - --
-- \Water 27.3 --- 20 Anmoni a 10. 3 1.0
--- Nitrogen 40. 3 38.2 60. 6 4.1 84.4 80 Percent Conversion -
Equal parts pure oxygefrogefl air £A0 39.6 63CBnpokeht 84.3 A B C
D E Propyl ene 11.7 2.2 3.6 13. 6 0.1 Propane 8.4
7.9, 12.8 48.3  60.FerceygEonversion 23i® 4.0 6.5 0.5 8.5 30
CcO -~ . . 8 1.3 T [err] 5.5 7.5
12. % s 83.7 4.9 AcowpomentrileA--- B 7, 2 --2 -E --- Acrolein
0.1 -- Acetonltrlle : --- 35
HCN Propylgne - - - -4.0 --5'%At -8 g'§ 28.0
- - - AmFoopane 1@)55 260 3 '1---6'2 --- 40 45 50 56
6 EPo0 318 205 B1Oxygerogen 42 26 g 7 0.7 4.9 84.3
60 Percent Conversiof9- Air Conpogeft 0 1 ‘9B 2.2 C D
E Propyl ene 1009 8 270 23.___r opane 2.6
2.5 3.4 19.1 QZJ%W”' wgﬂ 40 54 1.6 6.2
CO 0. € 0.7 [err] - 3.3
4.5 6.1 250 gg;mmfrél%\cryl oni tiléz 2z === 540 --- Acrolein
Vater --- Acetonhgrgle—=-- ——- -1 ---
--- HCN _ -gmmonia _1-0 7.3-- Yeder——- — 18.8 ---
--- AMmDnia  pser 7.3 60.9-058.6--79.1 - 284rog¥h> 60. 9
58.6 79.1 23.4 5(5 %S0 Percent Conversion - Air Conponent A
B S D 80 Pefced® Conversion - Air © Propyl ene 7.7 1.5
2.0 10.5 0.2 Propane 1.3 1.3 é 7 9 2 0.2 Oxygen
15.8 4.0 5.4 @?&.ent 5.840 B c .1 Eo.6 0.8 0.5
0.9 C»2 . 5.0° 6.8 27.8 2.5
25 Propylene 7.7 1.5 2.0 10.5 0.2
Propane 1.3 1.3 1.7 9.2 0.2
Oxygen 15.8 4.0 5.4 3.2 5.8
co 0.1 0.6 0.8 0.5 0.9
co 3.7 5.0 6.8 27.8 2.5
30 Ac%ylonitrile — 4.8 --- - -
Acrolein - —— - - =
Acetonitrile --- 0.1 --- ——- -
HCN _— 1.1 - ~—- -
Vater —, #8 — - =
Ammonia . . - - T
% Nitrogen 64.2 61.8 83.3 48.8 90.4

. The data in Table | represents a typical commercial propylene source which comprised about 95
!,,__, percent propylene with the remainder being propane.
40 In FIG. 4, there is illustrated a system utilising a pure oxygen feed to the reactor wherein the gaseous
flame suppressor comprises propane and carbon dioxide. On a volume-to-volume basis, propane is the
most effective component of the subject gaseous flame suppressor mixtures. In the system shown in FIG. 4,
the gas phase effluent from the quench tower is introduced inio a separator, preferably a PSA unit, to
separate the propylene and at least a portion of the propane for recycle to the combined reactor feed. As in
45 the system shown in FIG. 3, the volume percent of propane in the reactor feed is determined so as to
produce a concentration in the gaseous feed from the quench tower to the compressor which, in
combination with the carbon dioxide present, will minimise flammability potential.
The gas phase effluent from the quench tower preferably contains, on a volume basis, from about 10 to
40 percent of propylene, from about 10 to 25 percent of oxygen, from about 10 to 45 percent of carbon
s0 dioxide, from about 2 to § percent of carbon monoxide and from about 10 to 50, preferably about 40
percent, of propane. More preferably, the combined volume percent of propylene, propane and carbon
monoxide in the quench tower effluent is from about 35 to 70 percent by volume.
The amount of propane in the recycle stream can be the predetermined minimum amount previously
given, but typically will be lower to compensate for the amount of propane present in the propylene supply
§5 as an impurity. The selective separation capacity of the PSA unit provides not only recycle of a substantial

portion of the unreacted propylene to the reactor, but for a relatively constant level of propane in the
. system.
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separ at or preferably a PSA unrt, to separate the propyI ene and at | east a
portion of the propane for recycle to tH8LBokbi ned reactor feed. As in 45
the system shown in FIG 3, the vol une percent of propane in the reactor
feed is determ ned t 9% concentration in the gaseous feed
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Table® 1, the vario %’fehts ar gt __Ie lgq.3ABLE 'l 10
60 Percent Conver si % rrpo nent o D E
Propyl ene 27 8 28. P. n 8.8 7.4
22.3 28.8 cﬁéggﬁgnmle _?_ ' ___73 %é)%a ef—_-l 49.1 CO
28 B0 2 acrolein  10. o [@rlr] —_ __ 88 10.5 31.5
31.8 “31.0 Acryl onigcktd® trite .._11 6 0.2 = - "=em == Acrolein
0.1 HCN- 25 — 2.5 AcetonrJ;.r.rIe__- 0.2
--- Hidter — 52.7 2,3~ e - Mt er
--- 51.5 --- Ammonia 24.7 1.0 -—— —— —

45

The data presented in Table Il represents a typical commercial propylene source which comprised
about 95 percent propylene with the remainder being propane. The run was repeated utilising high purity
propylene which is about 98 percent pure. The results are reported in Table Il

50

56



Armoni & 18.0 1.0 --- 80 Percent Conversion Conponent

A B C D E Propyl ene 28.5 9.6 28. 7 40. 3
2.4 35 Pr opane EPO318206B1 7.6 22.8 29.6 7.5
Oxygen 37.6 5.1 15.5 50.7 CO 1.3
3.8 --- 12.4 [err] 9.9 11.9 35.7 36.0 35.1

Acrylonitrile --- 11.4 crolein 0.1
--- Acetonitrile --- M --- HCN

2.5 60?‘6 %Cg ﬁ&% . 52.7
Ammoni a, 24.7 = = It L presented in Table Il represents a
tprgaI comrer ci al pr%@g& sourge whipch cogpri seg aboug 95 percent

propyl ene with the re T bei iy propane. The run was Tepeated utilising

hi gh purity propyl enecpypyténd S atggub 98 9p@r caaté puke.6 The2ssesults are
reported in Table |I|prdpdn&5 8 3EB 0 318 206.81 TABLE 1342 60 Percent

Conver gpon - 5 Conpon@tfgen A 38.5 B.0O 1.6.6C --- Bo.1 E Propyl ene
29.5 9.8 32.6 @.6 --2.5 Plepane3.7 --- 31B.1 3.1 10. 4
14.0 3.2 10 co 9.8xydgdn0 36.7 3845 33.%. 0 16.6 ---
50.1 Co Actylonitrilg 4~  13:2 -==- -—41 1-ferr]
9.3 11.0 36.7 3&wmleim3 2 Acryloniltile-=-- - "12.2 Acrolein
0.1 -15- Acetonipgddeormitrile0+2-- ==~ -==0. 2"FCN
2.4 --- --- \Wat efiCN - 25%. 0~""---~"" --I"Amoni a
25.0 1.0 --- VYater __ 59 -—- 5‘1" =™ 77780 Percent Conversion
Conponent A Ammogia %0 ‘D~ EPFropylene 30.2
10.1 33.4 48. 8 2.5.2 . Pr opane 3.8
3.2_ .6 14.3 w%%%‘g‘%ﬁ%‘s—l% 39.5 5.1 17.2  ---
51.8 Co omponen 1.3 #4 ¢-- p 13g3 30
[err] 10. : 41.6 43.6 ~ 37.67Acrylonitrile ---
11.9  --- propyden®! €i mo.2  10.1-- 33.4 48.8 255
Acetonijrile --- Propanf. 2 --3.8 3.2 10.6- HEN 3.2
2.7 --- 35 Wat er 55.3
Oxygen 39.5 5.1 17.2 ---  51.8
. co s 1w e e n
sclylonitrile — 11,5 o0 436 376
Acrolein - 6.1 - _— _—
Acetonitrile -—-- 0.2 o — —_—
HCN - 2.7 = e e
35 Vater — §5.3 e e .
' Ammonia 25.0 1.0 - _— —

i In the embodiment of the present invention illustrated in FIG. 5, a pure oxygen feed to the ammox-
40 idation reactor is utilised with a gaseous flame suppressor mixture containing carbon dioxide as the major
component. In this instance, the percent of carbon dioxide in the feed to the selective separator is from
about 25 to 70, preferably from about 35 to 65, percent by volume. The selective separator may be a PSA
unit or a conventional liquid separator operating on the well-known Benfield process wherein carbon dioxide
is removed from the effluent by dissolution in an absorbent solution, such as potassium carbonate. In either

45 instance, however, although the separator may be run at ambient pressure, it is preferred that the feed o
the separator be introduced under pressure utilising, e.g. a compressor, as shown in FIG. 5. When a liquid
separator is utilised, the resultant solution is regenerated to release carbon dioxide. Wherein the separator is
a PSA unit, the adsorbent is suitably a zeolite molecular sieve such as 4A molecular sieve or a silica gsl,
preferably the latter.

60  Since carbon dioxide is produced in the oxidation or ammoxidation reactor as an undesirable by-
product, it is preferred to have only a small quantity thereof recycled in the reactor feed. In addition, it is
advantageous to minimise the carbon dioxide content in the reactor to prevent an undesirable pressure
build-up which would decrease the efficiency of the process. Typically, the feed to the oxidation or
ammoxidation reactor comprises propylene, oxygen, ammonia and about 5 percent by volume or less of

g5 carbon dioxide.

In the embodiment shown in FIG. 5, carbon dioxide separated in the separator is at least partially
recycled upstream of the compressor to assure that the concentration entering the compressor is from
about 25 to 70 percent by volume. Since it is not necessary to have a high initial concentration of carbon

9



Ammoni a 25.0 1.0 --- --- In the enbodi ment of
the present invention illustrated in FIG 5, a pure oxygen feed to the
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react or ) tott eS&&ya‘ﬁ f-‘n e dio:?ldé’\‘e&)@ie'?r s%%é&@é@ph@totac“' eve t e desired

concentration thereof |n t e gaseous flane suppressor. The recycle may
re-enter the systemeither upstrean1or downst ream of the quench tower or at
both | ocations as shown in FIG 5. In the event that the concentration of
"carbonpdi oxide in the streamentering the conpressor becones too great, a
portion of the recycle streamis vented 5 fromthe systemas shown in FIG
5. The operating pressure of the selective separator is typically from
about 10 to 50, preferably fromabout 20 to 40, psig. The recycle of carbon
di oxide as shown in FIG 5 is carried out even in those instances where the
sel ect®ve separator is operated at close to anbient pressure and there is
no conpressor in the systemsince it provides better control over the

amount of carbon dioxide in the system 10 The gas mi xture exiting the
selective separator conprises carbon di oxide, carbon nonoxi de, oxygen and
unre#ct ed propyl ene. A Benfield process selective separator will generally

reducé®the carbon dioxide content of the effluent gas mxture to about 5
percent by volume. A PSA unit selective separator will generally reduce the
carbon di oxi de content of the effluent to about 10 percent by vol une.

Unr eact ed reactant hydrocarbon is also present.in the systemto a degree
varying with the reactor conversion as is disclosed above and is
substantially all recycled fromthe selective separator. Fresh reactant
~hydrocarbon is added to this mxture to increase the pressure thereof, if
necessary, and it |Is recycled to the ammoxi'dation reactor where it is
conbined with incom ng oxygen, anmonia and additional reactant hydrocarbon,
e.g. peopylene, to produce a final carbon dioxide concentration of about 1
percent or |ess by volune. Table IV gives an indication of the operating
paraneters of a systemfor the synthesis of acrylonitrile as 20 shown in
~FIG 5 wherein carbon dioxide is a mjor conponent of the gaseous flame
suppressor and the sel ective separator is a conventional |iquid separator.
As in%he previous Tables, the data in Table |V are expressed in nole
percent based on 100 nDIes of acrylonitrile produced. The data in Table IV
“are also for 60 and 80 percent propyl ene conversion and are for the
following points in the process: Ais feed into the amoxi dation reactor;
"Bis effluent therefrom Cis effluent fromthe quench tower prior to the
addition of 25 recycled carbon dioxid thereto; Dis the feed to the
conpressor; E is the recycle streamfromthe separator to the reactor; and
F is the carbon dioxide recycle fromthe sel ective separator.



30 35 40 45 50 55 10 EP 0 318 205 B1 TABLE IV 60 Percent Conversion 5

Conponent A B C D . E F Propyl ene 33.3
11.9 52.4 33.4 65.4 0.EP 081520581 1.5 1.3 5.7 3.6
1.9 0.1 Oxygen 42.8 5.0 21.9 14.0 25.9 0.3 10
CO 1.1 2.0 4.7 3.0 5.6 0.1 CO2 : 0.2
3.7 15.3 45.9 1.2 98.7 Acryl oppdis ke - 15.4 - --- ---

--- Acrolein 0. 17— --- Acetonitrile ---

0.2 ---15 60 Peddehlt Conversion --- 2.4 --- ---

--- Mater 57.0 --- Amoni a 21.1
1.0, 80 Percent Comompaienn 20 GonponBnt ¢ A. D BE CF D E
F Propyl ene 27.0 4.8 28. 4 13.5 28. 2 0.2 Propane

1.5 1.4 8. 1Propflede  233.3 11.9.152% 33.4 650kygen0.8 47. 2
5.0 29.5 14. 0 Propaneg 12 B3 5.7 3.61.31.9 2.20.1 6.8 3.2
6.4  , 0.1 [erOKygen 4283 5.4 921.927 4.0 62359 1083  99.4
Acrylonitrile --- 16.1 --i.1 2.0 4.7 3.0 _5.6pcrofeln
0.1 --- 30 CO AcetonitPi4e 3.7 15.3 0 45.9 __ 1.2 _98.7 ___

--- HON Actylomitrile g-- __15.4 == \gror -— .7 615 ---

--- Amoni °r°1e§“r2f..7"' 1.00§5 | Tabl €™V, tHe sysf8mis as shown

in FI G5, but uti chnrﬁ ePSE\’_'l:mit 'S, a Separator. I _Tabl €TV, points A

through D are as i Jable IV, Poi El:tcE "d s The recycle gaseous_stream from
1.

the PSA unit, and Fis recycl e stream fromtheé PSA unit. 40
! aliporis F | 55&.;’1 ycle streamfromthe F
TABLE V 60 Percent nver si on nponeéf A B C D E
F 45'50 55 80 Percent Conversion
A 2 -
Component A. B c D E F
Propylene 27.0 4,8 28.4 13.5 28.2 0.2
Propane 1.5 1.4 8.1 3.8 2.1 0.1
% Oxygen 47.2 5.0 29.5 14.0 27.8 0.2
co 1.3 2.2 6.8 3.2 6.4 0.1
002 . 0.3 4.9 27.2 65.5 1.8 99.4
Acrylonitrile --- 16.1 ——- —— — ——
Acrolein —— 0.1 - — —_— _—
30 Acetonitrile --- 0.1 = emm eo —
HCN — 2.9  ~e- — _— —
WVater — 61.5 —- —_— — ——
Ammonia 22.7 1.0  ——- — —— —_—
86 .
In Table V, the system is as shown in FIG. 5, but utilising a PSA unit as a separator. In Table IV, ;?omts
A through D are as in Table IV, Point E is the recycle gaseous stream from the PSA unit, and point F is the
. CO: recycle stream from the PSA unit.
~ TABLE V

60 Percent Conversion

[
1o
1=
R

Component A B

50

55
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EP 0 318 205 Bl Pr opyl ene 32.9 11.8 52.2 33.1 63.5

7.4 Propane 1.4 1.3 5.7 3.6 1.8 0.8 Oxygen
43.0 5.0 22.1 14.0 25EP0318206B1 3.1 Co 1.0

2.0 4.7 3.0 5.4 0.7 5 [err] 0.8
4.1 15.3 46. 3 3.9 88.0 Acrylonitrile --- 15.3 --
Acrol ein Propylene 0O.32.4cetiqngtriskez 33.1 63.5 0.17.4
--- HGNpane 1.4 1.3 5274 3:6- 1.8-- 108

Wat er Oxygen 56. %#3.0--- 5.0 --22. AMBAKIGR 25.4 2019 1.0 80
Per,czenst Conversi@n 15 1.0 Canponent? 3.0 A5.4 ®.7 C

D \. E CH Propyl ene 0.8 426.515.3 4673 2B.B 8802 39.7

2.2 Propane Acrylonityile ~--1. 315.38.6-- 3-8 ---3.0 --- 0.6 Oxygen
47.5 5.0 #&gogein 14 0---39.70.1 --- 2-4-20 --- —— CO

1.1 2.2 A@toniyile --—- 90pl --- 0.5-ferr}-- - 1.1

5.5 ,27.1 665. IEFN 8.6—- 94:8 Acrylonrtrile-==- -— 15,9 ---
Vater___ aAcrgiejn 969 --—- - O-t Acetomitrile ---
0.1 --- - - -Annepia 20.9 1.0 -— 5 8- ..z~ - ..

co- Vater 80 Percent Corversion T - -~ Ammoni a 22.3
1.0 - - - 30 It will be appreciated that,
when cear bon di oxigl ox?énta suq‘stant [ aI |y unreac i ve hydrocarpon is the nmajor
conponent of th flame suppresser in £he proécess t he present
invention, it wgp cessgry inityal o] a syiffici anmount
thereof to the f[egg gfz)&?he ?%riném dqtzonlzgrﬁ ox;iug'%ich §éjrgetact (?;%t o0 establish

t he ‘desired conagigerti on thgreof, sige. 2508 Prifm t h@g gystem 4This is,
howe¥é , not neqggssary utiliqipg ogygen-genriched aig,gas thgsreactor feed

wherein nitrogercd,s the majon.gonpenent 2pf1 t hesgaseagls 1 agg3asuppressor. 35
It wll |ikew sa&d%glaﬁmrebe ated thateit-Ls within the scope.-of the present

i nvention to utiddreeizonvent+enal @qli peent te--+Honiter and--autonmatically
regul gt e the fl dwetbnigaids wi-thin Obhk system seo-that-4t can-be fully
automated to rurB@ont i nuousl=y-i n ad.&f f re+ ent -fannef=- The process of this

i nvention is ad®atelgeous i m-ts $éknplietty, ease of—operat+on, |ow capital
and operating cd¥menis we| | 28s3pro¥i@i ng-a substantial |y reduced
flammability potential. In the process illustrated 40 in FIG 3, it is

possSi ks e t @ witl bd appeciated GBS wRSHDARMGH Uidxidh d GSsubstaniillp Ditbative Hylokbo G5 thé majdr
S appr eci atdnmportpubstithd ga3sous flarhs eyppiassonin theprocieslof they predenkiewsntion, it illbe ndesssaty ai r
Oor OXxYy(geinitiahg té adecadisuiticiontamoant sHeepot to i famak te theaimmakidation or axidétion geacton t8 estiidistmaj or .
conponenthe désirechencpatatiou therbbiaipetorimp thesestem. This by hcdewr. ot retassancuiisingixggen-
savi ngs. effithed sinle$ Be treapiotieerswheisimnitngen ig theanajor coreopant ofdhe gasesus tameauprresser. of
t he f éedit wilidikewiser brosppregiatefi dhatids within the Goapetof tpopresenti invpation ik ylilise) corwertional
i pr ovedegyipmertity (pxitpr angrautopaticallyypamiate thy vl gasesswithinthe Systen socthat ffcan bl of
desi red tPmsiegdRer W‘W%ﬂ"ﬁ'}‘/"‘f‘%‘ Pavet of all products It will be
appr eci at ed"® HE?Pesé °§ lé'i‘ﬁ "H‘ats gdypqiagopys (',’b}‘@) implicity, GBS ¢f Rperalinny lows
ac h\heves ’g‘ls $ l{e T& as Bbsgs S fity M nial. i%‘”&ca 'at;:
expenf as@!},s.f . [ kbatba %J&I ﬁfﬁﬁf’ AP Red ., m‘é‘m 2}:“ A
pr ocess i Hlch s ) %f s%am Y Ol sfur&gpwom@
[ eact i Nggoflcy rc&@% SO h T T AR
cont ai ni £Hﬂ|e& SubStbds nléli ﬁmpF&eda 16k subfodt prode %l’é&ﬁrﬁﬁ lsOfle 3G 'oﬂ Hosired
sel ectyd Virbdlct Siddd%y the thial df alfpr WE' Mndﬁ ahsvedidledifiat BIPSIbHS Gtk rufs A1 )E6HhRFAIRON
and an Ojsy@6ivereion bt dthids GAfanédd sbiB&ivIBOIo a desired RFRASR MARING & 1635 oDéhsHB IghaaB of
cat al yst {gedinatérals)is highlyaddntagédug. 1S t 0 be produced, a hydrocarbon, an
oxygen-contai ni ng gas, and ammonia in the presence of an annnxidation
cat al yst Claims :

50

ﬂ

1. A process for the production of nitriles and anhydrides comprising:
(a) reacting in a reaction vessel under conditions which produce an effluent containing the nitrile or
anhydride at low feed conversion and high selectivity:
either (i) if an anhydride is to be produced, a hydrocarbon and an oxygen-containing gas in the
55 presence of an oxidation catalyst;
or (i) if a nitrile is to be produced, a hydrocarbon, an oxygen-containing gas, and ammonia in the
presence of an ammoxidation catalyst;
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xygen 43.0 5.0 EPO:’!EBZO5 31 14.0

1.0 2.0 4.7 3.0 5.4 0.7 5 [err]

0.8 4.1 15.3 46. 3 3.9 88.0 Acrylonitrile---

15. 3 Acrol ei n Propylene 32.9 1.8 52%.2- 33.1 --63.5 -394
Acetonitrile Propane 1041 1.3 5.7 --3.6 1.8- HCH.8 ---
2.4 --- Oxygen --43.0 5.0-- 284afler 14.0 25.4 --3.1 56.9 ---
- --- € .. AmoAi-@ 2.0  &@.9 3.0 150480 P@rtent Conversion
15 C%On-pc).nent 0-8 ﬁ-l 15-3B 4603 C3-9 88[9 E

F Propyl ene Acrylonigrgle—=-- 4 45.3 og-3 43 2 --39.7 --- 2.2 Propane
1.5 1.3 Acm%}e%’ 38 013.0-- 076 Oxygen - 47.5

5.0  29.8 gg&%“nlgg 0.1 > #-co — = —1.1 2.2
6.8 3.2 o0 9.0 :‘0 5[ E] - - -%.1 ---|5.5 27.1

65. 8 8. 4.3 A on| - - “I5.9 ACrolein
0.1 Acet oni trlé\’"m“mrcl czroyb ~--- 7T --7725 T HCN

2.8 ter 61. 4 --- Amoni a
22.3 1. o 38 Rercent C°“v-ef"§“\% S-- 30 1t will be

appfeci at ed t dlmpordidn cargoon digoxi de Cor a gubstaptiall ypunreactive

hydr ocar bon i fT%‘W or conponénht of the gaseous~flame suppressor in the
process of therppghatiet | N\28REI ong, 7t \ggl.B basngcessayry inptaally to add a
suf fici ent amPeppaddrer eof 105t heilf.ged 18oot he 3agnoxidati ongpg oxi dati on
reagtor to estoxpgersh t he d@sbredsconce9tgatilanot hgeedf, i2e4 to prine the
system This iG®, however, Aol ne@e2sarg.8til 3s2ng 6x§gen-o0ehriched air as

t he reactor fé'@g wherei n niltiogen.bs t27elmaj66k8 conpolient 9613 t he gaseous
flame suppreswryl‘aﬁtnlw-r-l- | i KéwPse be appreci ated that-+t is within the
scope of the &Fégkﬂtn i nventton t 8-Util+se convent renal eqtt pment to nonitor
andzsaut onat i c%ﬁp?‘%’é@'&iﬁt e~the flooifv of--gases—wi t hrn-the systemso that it
can be fully omated to™TOn co 4t 8 nuous! y rm~an effici ent~manner. The
process of thi atehvention "‘§ ad éaage'GUs I T Tts srTTpI | cTty, ease of
operati on, \ﬁ E%Kb]iat al an o?)era g CO0Sts as"welMas providing a

substanti al I y reduced flanmmability potential. In the process illustrated 40
in Pl G Byillite dppregiaedthat whanccatbpn Kioxde er 4 substantisljyanrspative hdendarbart is theapaidrene
whi ch cempanantret t@p&?ﬁ@w HneesupprasRor inj the pigfesp obia peesent inyentibnyif il baynecessaryni se,

t he udRitiaily toadd agu g@ﬁ“’é thereehia dheslped tadheamppaxidetion gr eridation; ragctaf facestaplish

nitr od’éﬁﬂeF‘éedtqqﬁpe HP* 89 Sniaprimg they yglery oldis dg, Sowevelnpot Begs FF'@§§'BW9° ev. des
furt h ?‘bﬂb?ﬁ the ?}P' “P [P ’EW %Et‘h Y £empqoa °b@° Pi?ﬁ f'a'ae FEOPEPIol

R ﬂl eve
g g;*tgn f g}@ ?/1 o 1oL DG e S a's& Wgﬁ l?’t v is
t he am)u'ﬂf [?r ce@n ?sa g%tl(;?\ ‘9 ta u% ql?qs Q%pﬁ ity, éagé %# é)ratl \ lo .1t
w | (ﬂg g gg aé ch il sg u&g Mersmn
and,,aGhREVAS: i BORRGA o @%&g Xﬂpg%lvg(&raﬁe a A ceb@q.uam 55
expPensk ¥R psHoH %n Ahpure dikoWdet e alss of &ir b ahingee 'éﬁrtin A
Pr oCesfiroféN is tHaGndidr @EtEnbABF 86 ghlobis! laMs s sedafw&rdbaﬁ&n& eeaa.amels%gs m
r eact istiglect Prodess e el riNat WOEIARbly LOWESHversdA Gf the RBS hyifcsBon b 81dWeSred Brodict. Tuent
cont aiadhigvg dubganfallyrimbvedr sekioivitg for dBe @iibjdcD Probdde.dsdleativitg lisS tha Nanbidst d1i dgdired
sel &ctprodiudt ivided by the total of all products. It will be appreciated that a system that runs at comparatively
low conversion and achieves enhanced selectivity to a desired product utilising a less expensive grade of
foed materials is highly advantageous.

Claims
50
1. A process for the production of nitriles and anhydrides comprising:
(a) reacting in a reaction vessel under conditions which produce an effluent containing the nitrile or
anhydride at low feed conversion and high selectivity:
either (i) if an anhydride is to be produced, a hydrocarbon and an oxygen-containing gas in the
85 presence of an oxidation catalyst;
or (i} if a nitrile is to be produced, a hydrocarbon, an oxygen-containing gas, and ammonia in the
presence of an ammoxidation catalyst;
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éi t her (i) if an anhydride is to be produced, a hy‘dﬁ)m an
oxygen-containing gas in the 55 presence of ﬂmuauma | yst;
or (ii) if anitrile is to be proERuOGd&MHYdrocarbﬁ“\“Em talnlng

gas, and ammonia in the presence of an ammoxi dation Cat%tl_y‘st
guenching the effluent with a liquid to forma enc

g ve e e to g 2 %1' i
i qﬁgﬁ b ot pbe i
anhydr i de f r lgt[o c| ra a sele |v g SF{ ra to tFeqeng}%ﬁ&9§ smgﬁtﬁl bd?ﬁoﬂ gf

se.l ect | ve se % qa su
the_anf eact ed 9’ “"’° té; g’%&n RSl kil atrvagelsald unr eact ed

react ant hy Q‘ie V@Sc% ins ViR 38115 0§ BEcHRBE Qbldme bioe
formed in s ‘%8’ cont a| ns rom 3 F 95 percent by volune of flane
2.

suppressor. A process according to claim 1, wherein the gaseous

m xturg for cbdd adbdiding(1)clafP Nivierdfm the §u¥bodd nihure’ 5%6@)4n ¥ep Wyoradins froan3 to
suppressor. 7 bfqdnfnﬁ(&ﬂﬁneaﬁﬁﬁéﬁd)rng toclaiml or claim?2, wherein the
oxygen-containing gas is supplied to the reactor in the formof air or a
gas enri ched prodess ay@ringetiditni 1vae clio 21 whereidithel oxygerdcoglaipiog uas i$ suppiied S ippreedesor

15 conpini the fora of alp Dt angas hdichecl inr axpgsn i relativi el rip cad Iseith gesspusafiame rRYPPresse 5
car bonssat onegmptisastzosubstantially dieresativh mydtocasipareontainingl for eathon afeme oration gioxide #¥ai m
3, wherein sifegénsubstantially unreacted hydrocarbon is a sat urat ed
hydrocarbon. 20 5. A process according to claim1 or claim?2, in which pure
oxygen i s%t Acbrecgss é@mé!‘g tih &l §guhprein ﬁ‘i“éls?ﬁst?@"a@hé!“’%ﬁ?t?dtW%’°ff§§§dﬁ§ sejugipd
suppr essor B!ﬂ‘ﬂ?F’P%s a substanti aI I y unreact i ve hydrocar bon cont aining 1to
5 'qat b¥n atoms and car bon di oxi OCLGS accor Lm 5,
in which¥% g%sta&??fq"ﬁl a'ﬁ'nr?éﬁ@ o §'i?‘1 S °ﬁ{% Rfﬁ"t:ﬁm?
hydr ocar bonga‘?an %‘f’ g{gcotngrl ‘th?/s%ne ] e D7 ereding olaime,
wherein t he'® se H’P% tlo'Bﬁa 5% °"pr°’§ssure swi ng adsorption. 30 & A process
according tqg & &srrkcz:ord‘ﬁ@% Ciafth %ﬂ.&ﬂ S QlbsERRR Sirbdfle HydRcatbdni i6 3 Sftkatddr 2
zeolite nol fiCdidcbors! EVE IS enp oye n the pressure swi ng adsorption. 9. A
process according to anyone of claims 1 to 8, wherein carbon dioxide is a

~ maj or C0ni)oV\E‘d?":tceé%fac§c§<lu:|ﬂ| 2ny one df BRYRIEdiIng MRS, MHEBIA @ SOparaotlis DRiptbssutssmingt Or
is a |liquida&aipadnat or erein carbon dioxide is renoved fromthe gaseous
phase Ry di ssol ution into an absorbent solution. 10. A process according to
clai m 9, ghargedicesstdacordiasto ichimnt, vheleintan asort@ntamonsistjngeds essiliod el ©5 B aenlitandirsviart e
sol ution. 4Gievklis enpigyed titsprassara swingiggiserptioo] ai m 5 or claim 6, wherein at

| east a portion of the carbon dioxide obtained in said separator is

recycl ed 90 AtAnasessfdctauding tofaoyonedf diaimsst 8, pegrein earon gligxideis adeaier spmragent Af sejde p
(b) " or ssoot h gasousdianle etrbregon encassid sepdraiordia ligyihspparatoryherpin cakon, figpded's removed
according t &omip asepousyhaserhy dissalutianiiniapn bR solWlitBr ei n the nitrile is
acrylonitrile, the reactant hydrocarbon is &%I ene and the %ase%g% +earre
suppr essot® ﬁril‘?‘iﬁﬁ?e%""?ﬂ"ﬂ?)é?n@a'mfsWh‘?&"'bl"l?(?é’%‘gb N 1§ 3GURHS, PR B AP R es 1
t osEl, wher &Wfiofhe anhydride is nmal ei c anhydri de, the reactant hydrocarbon
s n-bfft ape and the &%0%&,& 5 3 %pme?aﬁ,SaQteaa%fmh.bﬁsf%h&@am%f?@.oﬂa&aﬁtﬂﬁ w0,

i sobut ane ar'%\

tfté &gg&hﬁggﬂ p 1 thelgas ehabo Aimefl irtkiop B/l b
oxygen rel aéé“ég gl%hsaldgé h r ocess accordl ng to any one of
clainms 1 an and 6, ereln t he n|tr|Ie Is acrylonitrile, the

reactant oy A RscaésdfRBordify 1BaRAPHeN Mo PREodNG RlalmstWR e AP hifiRIS scriichitié) tHeBactant
di oxi de and njiredambfis prpREMiaid the gaseous flame suppressor includes propane.

13. A process according to any one of claims 1 to 11, wherein the anhydride is maleic anhydride, the

reactant hydrocarbon is n-butane and the gaseous flame suppressor comprises carbon dioxide,

50 isobutane and, where said oxygen-containing gas is air or a gas enriched in oxygen relative to air,
nitrogen.

14. A process according to any one of claims 1 and 2 and 5 and 6, whersin the nitrile is acrylonitrile, the
reactant hydrocarbon is propylene and the flame suppressor is carbon dioxide and propane, wherein
55 the gas phase formed in step (b) comprises unreacted propylene, oxygen, carbon dioxide, carbon
monoxide and from 10 to 50 volume percent of propane, said selective separator is a pressure swing
adsorption unit and the gaseous fraction formed therein contains propane and a substantial portion of

the unreacted propylene.
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55 "the gas phase fornmed in step (b) conprises unreacted-prepytene,
oxygen, carbon di oxi de, carbon nonoxide and from 10 to 50 ercent of
propane, said selective separat oEPi0s318 208 8dsure mmumg‘mﬁb!gmgmt and
t he gaseous fraction forned therein cont ai ns pro ti al

portion of the unreacted propyl ene. * S * Patentanspriche
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