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20
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25

Field of the Invention

The present invention relates to a process for the
30 recovery and regeneration of ammonia contained in the effluent
obtained from a reaction zone where ammonia and oxygen are
reacted with a paraffin to produce the corresponding aliphatic
nitrile. In particular, the present inventiop relates to the
recovery and regeneration of unreacted ammonié contained in
35 the effluent passing from a reaction zone wherein ammonia and
oxygen are reacted with (1) propane to produce acrylonitrile
or (2) isobutane to produce methacrylonitrile.
U.S. Patents 3,936,360 and 3,649,179 are each directed to
~a process for the manufactuée of acrylonitrile utilizing

40 propylene, oxygen and ammonia as the reactants. These gases

P



obtained froma reaction zone where amoni a and oxygen are react ed

with a paraffin to produce the corresponding aliphatic nitrile. In
particular, the present invention relates to the recovery and
regeneration of unreacted amonia contained in 35 the effluent passing
froma reaction zone wherein amoni a and oxygen are reacted with (1)
propane to produce acrylonitrile or (2) isobutane to produce

nmet hacrylonitrile. U S. Patents 3,936,360 and 3, 649, 179 are each
directed to a process for the manufacjure of acrylonitrile utilizing

40 .propyl ene, oxygen and ammonia as the reactants. These gases
are passed over a catalyst in a fluid bed reactor to produce
acrylonltrlle whi ch passes fromthe reactor_to gcover

purification §&6tPeRsedI¥eT dafetahysh 48 ﬂangﬂQWP n?%%ﬁﬁ&ﬁjto Prodiifini a
which 1s typicall ¥81rne.$%¥fedil}1§%ﬁ1 {)Q%%epg QEERStRY reactbfatdBNrebBvliPg H4eNCH

col um with af<ad
purification section. This reaction also has some unreacted

ammonia which is typically removed from the process by

5 treatment in the quench column with an acid. The ‘179 patent
discloses that the quench acid may be either sulfuric,
hydrochloric, phosphoric or nitric acid. The ‘360 patent
teaches the use of sulfuric acid in the quench to remove the
unreacted ammonia. In the manufacture of acrylonitrile using

10 propylene as the hydrocarbon source, the preferred embodiments
clearly utilize sulfuric acid with the resulting formation of
ammonium sulfate. Typically,the ammonium sulfate is either
recovered and sold as a co-product (fertilizer) or may be
combined with other heavy organics produced in the process and

15 deep-welled for environmentally safe disposal.

Great Britain Patent 222,587 is directed to ammonipm
recovery from an ammonia-containing gas mixture utilizing an
aqueous phosphoric acid solution, an aqueous soclution of
ammonium hydrogen phosphate ((NH,)H,PO;), or mixtures thereof.

20 The ammonia is recovered by heat decomposition and dissolving
the resulting residue in water to regenerate the ammonium
recovery phosphate solution. This ammonia recovery process is
directed to the recovery of ammonia from coal gas or coke
ovens at temperatures of 50°C to 70°C.

25 U.S. Patents 2,797,148 and 3,718,731 are directed to the
recovery of ammonia from a process stream used in the

{ production of HCN. The process of recovery uses an ammonium



di scl oses that the quench acid may be either sulfuric, hydr ochl ori c,
phosphoric or nitric acid. The ' 360 patent teaches the use of sulfuric
acid in the quench to renove the unreacted ammoni a. I n the manufacture
of acrylonitrile using 10 propylene as the hydrocarbon source, the
preferred enbodi nents clearly utilize sulfuric acid with the resulting
formation of ammoni um sul fate. Typically,the amonium sulfate is

ei t her recovered and sold as a co-product (fertilizer) or may be

conmbi ned with other heavy organics produced in the process and 15
deep-wel l ed for environnentally safe di sposal . Geat Britain
Patent 222,587 is directed to amoni um recovery from an

ammoni a-cont ai ning gas mxture utilizing an aqueous _phosphoric acid
sol ution, an amétpst%cﬁcg&pfceﬁn ofo captuzamihf @PAYER Afch thEBspRRt sStean

NH H PO[ . , 1 Xt th f. .. 2 T [a i
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in vater to regeast ML oNat2HPN MPically) %Vﬁwc@é‘é)si%h%beﬁ%&ltﬂﬁn- Thi s

anmoni a recovery process is irected to the recovery of ammonia from
coal gas or cebftactindg\tBesamhonRieondbinibsy efascOfehrd @580t30B8s rjyC. 25

U S Patents 2,797,148 and 3,718,731 are directed to the recovery. of
amoni a f r dm wepglic esunostinsaphospitatien sphetion hagingur tifb@fopborieNd atThe

process of recovery uses an_apmoni um , . .
temperature of between 55°C to 90°C. Ammonia regeneration is

affected by contacting the resulting ammonium phosphate

solution with steam. The processes in each of these patents

disclose that the ammonium ion/phosphate ion ratio is at least
10 1.2 or greater.

The process of the present invention is advantaged over
the prior art practice used in propylene ammoxidation because
it avoids the formation of an ammonium salt-containing waste
stream that must either be (i) treated to recover the ammonium

15 salt or (2) disposed of in an environmentally safe manner.
Rather, the process of the present invention results ig the
recovery of ammonia and regeneration of the ammonium phosphate
quench solution by subjecting the quench solution to elevated
temperatures and pressure in order to decompose the ammonium

20 phosphate salt. The quench system of the present invention
results in additional unexpected advantages in propane
ammoxidation compared to propylene ammoxidation to
acrylonitrile. BAmong these advantages are: (1) complete
capture of by-product acrolein, thus enhancing product

25 recovery efficiency by minimizing loss of product through, for
example, reaction of acrolein with HCN in the product

separation and recovery train of the process, (2) lower TOC



- 3- phosphate solution to capture the ammoni a and then uses steam
stripping to regenerate the amonia fromthe ammoni um phosphat e
solution. Typically, the process is operated by contacting the

ammoni a-containing gas with a 25%to 35% by 5 weight anmoni um phosphat e
sol ution having a pH of about 6 at a tenperature of between 55[err]C
to 90[err]C. Anmpni a regeneration is af fected by contacting the
resul ti ng ammoni um phosphat e solution with steam The processes in
each of these patents di scl ose that the ammoni um i on/ phosphate ion
ratjo is at least 10 1.2 or greater. -4~ The process of the present
I nvention is advantaged over the prior art practice used in propyl ene
amoxi dat i on because vojds the formation of an amobni um

.1t )
sal t - cont ai ni‘f§tRasPEIanic IC?F%@% thdihentueneh tndtope. (13 trigheed to
recover the auppEhie 1or o33hhill fAdseHtSPRSAL Yuehlnao&ylS Qpaental ly

saf e manner. _
present as strippable/recoverable monomers instead of

unrecoverable waste polymers and (4) the ability to use a
5 lower severity waste organic treatment (e.g., wet oxidation)
because of the presence of lower TOC and polymers in the
quench bottoms solution.. R further significant advantageous
feature of the process of the present invention is that all
the waste water streams may be readily handled by conventional
10 Dbiotreatment processes unlike the waste streams associated

with propylene ammoxidation to manufacture acrylonitrile.
SUMMARY OF THE INVENTION

15 It is the primary object of the present invention to
provide the process for the recovery or regeneration of
ammonia contained in the effluent from a reactor zone where an

% ammonia, oxygen and propane/isobutane are reacted to produce
acrylonitrile/methacrylonitrile.

20 It is another object of the present invention to avoid
the necessity for disposing of excess ammonia which results
from the ammoxidation of propane to acrylonitrile.

It is still another object of the present invention to
recover ammonia from a propane ammoxidation reaction without

25 any significant loss of ammonia.

Other objects as well as other aspects and features and

advantages of the present invention will become- apparent for

g



Rat her, the process of the present invention results in the recovery
of ammoni a and regeneration of the amoni um phosphat e quench sol ution
by subjecting the quench solution to el evated t enper at ures and
pressure in order to deconpose the ammonium 20 phosphate salt. The
guench system of the present invention results in additional
unexpect ed advant ages i n propane anmoxi dati on conpared to propyl ene
anmoxi dation to acrylonitrile. Anong these advantages are: (1)

conpl ete capture of by-product acrol ebn, thus enhancing product 25
recovery efficiency by mnimzing |loss of product through, for

exanpl e, reaction of acrolein with HCN in the product separation and

Scovery el Kl PLARE ot thn, ¥ Foel et e RS, i
per cent age o&hg@gﬁggcgn@rgﬁganhﬁsthe guench bottons are present as
stri ppabl e/ recoverabl e nononers instead of
To achieve the foregoing objects and in accordance with
the purpose of the present invention as embodied and broadly
5 described herein, the prgééss of recovering unreacted ammonia
from the effluent obtained from a reactor zone wherein oxygen,
aﬁmonia and a hydrocarbon selected from the group consisting
of propane and iscbutane are reacted in the presence of an
ammoxidation catalyst at an elevated temperature to produce
10 the corresponding nitrile comprises (1) quenching the fluid
bed reactor effluent containing the corresponding nitrile and
unreacted ammonia with a first aqueous ammonium phosphate
quench solution wherein the ratio of ammonium ions (NH,*) to
phosphate ions (PO,3) is at least about 0.7 but not more than
15 about 1.3, thereby absorbing ammonia to form a second aqueous
ammonium phosphate solution richer in ammonium (NH,") ions than
the first solution, (2) heating the second solution to én
elevated temperature to reduce the amount of ammonium ions
present in the second solution back to substantially the same
20 level present in the first solution and gene;ate a vaporous
stream containing ammonia, recycling said vaporous stream
contaihing ammonia to the ammoxidation reaction zone.
In a preferred embodiment of the process of the present
invention, the second aqueous ammonium phosphate solution is
25 treated by means of a stripping gas to remove substantially

all of the acrylonitrile and other useful co-products from the



unrecoverabl e waste polynmers and (4) the ability to use a 5 |ower
severity waste organic treatnent (e.g., wet oxidation) because of the
presence of |ower TOC and polynmers in the guench bottons solution. A
further significant advantageous feature of the process of the present
I nvention is that all the waste water streans may be readily handl ed
by conventional 10 biotreatnent processes unlike the waste streans

associ at ed wi th propyl ene amoxi dation to manufacture acrylonitrile.
SUMVARY OF THE | NVENTI ON 15 It isgihe primary object of the
present invention to provi de the process for the recovery or
regenerati on of ammoni a contained in the effluent froma reactor zone

where an BEHR U080, 8P D AARMRG | AP UL3EI B O BRELELS Ay oduce

acrylonitrilgf acrylonit I'S anot her object of the
present i nvent'oRohOcan©értk . the necessity for disposing of excess
ammoni a which results fromthe amoxi dation of propane to
acrylonitrile. In another preferrdd embotimentoljfethe gfraseatpinvenition,
i nvention to recover ammoni a from a propane_anmoxi dation reaction
wi thout 25 thry SETERPRYY Cast crBainimdparpriepitrile is recycled for

5 recovery and purification of the acrylonitrile.

In a further preferred embodiment of the present
invention the second solution after stripping and ammonia
removal is transferred to a wet oxidation reactor whereby the
solution is subjected to wet oxidation at an elevated

10 temperature and pressure to remove any heavy organics
contained in the quench solution.

In a still further preferred embodiment of the present
invention, the second solution after ammonia removal is
transferred to an evaporator to remove excess water from the

15 ammonium phosphate solution which is then recycled for use in
the quench. .

Preferably, the temperature of the first solution is
between 40°C and 80°C, especially preferred being 50°C to
65°C.

20 Typically, the first quench solution has an
ammonium/phosphate ratio of between 0.7 to about 1.3,
preferably between about 0.9 to about 1.2 with especially
pfeferred being between about 1.0 and about 1.2. The
resulting pH of the first quench solution is between 2.8 and

25 about 6. The phosphate ion concentration in the first quench
solution-can be up to 40% by weight preferably up to about 35%
by weight.



O her objects as well as other aspects and features and advant ages of
the present invention wll becone apparent for

-b5- t hose from consideration of the specification including the
drawi ngs and the cl ai ns. To achieve the foregoing objects and in
accordance with the purpose of the present invention as enbodied and
br oadl y 5 described herein, the process of recoVeﬁ,a '“nreacted4annnn|a
fromthe effluent obtained froma reactor zone whergin o ygg E”J"“N 7
ammoni a and a hydrocarbon selected fromthe group ct t&LhBL~M of |l
propane and isobutane are reacted in the presence of an amoxrdat i on
catal yst at an elevated tenperature to produce 10 the corresponding
nitrile conprises (1) quenching the fluid bed reactor effluent
containing the corresponding nitrile and . unreacted ammonia with a

first aqueous annDnlun1phospQﬁﬁﬁg.DEscéyﬁ%geg SPlide BRahgEei n the ratio of

anmmoniumions (NHerr]*) to

Figure 1 is a flow diagram of a preferred embodiment of
5 the present invention.
Figure 2 is a flow diagram of another preferred .

embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
10
Reference will now by made in detail to the present
preferred embodiments of the present invention.
The present invention is directed to a process of
quenching the effluent obtained from a propane ammoxidation
15 reaction zone. Preferably, the reaction takes place in a
fluid bed reactor although other types of reactors such.as
transport line reactors are envisioned as suitable in the
practice of the invention. Fluid bed propane ammoxidation
reaction conditions and fluid bed catalyst useful in propane
20 ammoxidation are known in the art as evidenced by U.S.
Patent 4,746,641 assigned to the assignee of the present
application and herein incorporated by reference. The novel
process of the present inyention comprises quenching the
reactor effluent obtained from the~reaction of ammonia, oxygen
25 and propane in a reaction zone (e.g. fluid bed reactor) tb
produce acrylonitrile with a first aqueous ammonium phosphate

solution having a ratio of ammonium ions to phosphate ions of

This Sheet Has Been Replaced




phosphate ions (PJerr]-[err]) is at |east about 0.7 but not nore than 15
about 1.3, thereby absorbing ammonia to forma second aqueous anmoni um
phosphat e solution richer in amonium (NH err]+) ions than the first
solution, (2) heating the second solution to an . el evated tenperature
to reduce the anount of ammoni umions present in the second solution
back to substantially the sane 20 I|evel present in the first solution and
generate a vaporous stream cont ai ni ng ammoni a, recycling said vaporous
stream cont ai ni ng anmoni a to the anmoxi dation reaction zone.

In a preferred enbodi nrent of the process o§-the present I nvention, the
second aqueous ammoni um phosphate solution is 25 treated by neans of a

stripping gas to renove substantially all of the acrylonitrile and
ot her usef ul o@tFﬁe@@@CQSbeQﬁnqgﬁemore than 1.3, thereby absorbing ammonila

Nrerr* 1 oeoond e s 888ad o R B WASHLRE SO1MIR" rhEnlpctpase the
ammonium ions than the first solution, heating the second
solution to an elevated temperature to reduce the ammonium ion

5 content in the second solution back to substantially the same
ammonium ion content present in the first solution and
generate a vaporous stream containing ammonia and water,
increasing the molar concentration of ammonia in this vapor
stream, and recycling the vaporous stream containing ammonia

16 to the fluid bed reactor.

Preferably the ammonium ion/phosphate ion ratio is .
between about 0.9 and about 1.2, especially preferred being
_abuf 1.0 to 1.2. The temperature of the first quench solution
is usually between 40°C to about 80°C, preferably between

15 about 50°C to 65°C, especially preferred being about 55°C to
about 60°C. _

The pH of the first (original) quench solution should be
maintained between about 2.8 to no greater than 6.0,
preferably between 2.8 to about 5.8.

20 Preferably, the original quench solution comprises a
mixture of a monoammonium phosphate/phosphoric acid aqueous
'solution (90% monoammonium phosphate-10% H3PO,;) although a lean
aquebus monoammonium phosphate solution is also envisioned as
suitable in the practice of the present invention. When the

25 aqueous mgnoammonium phosphate solution is utilized, the
unreacted ammonium present in the reactor effluent is absorbed

to convert the monoammonium phosphate to diammonium phosphate.



In anot her preferred enbodi nent of the present invention, the stripper
gas containing acrylonitrile is recycled for 5 recovery and purification
of the acrylonitrile. In a further preferred enbodi ment of the

pr esent i nvention the second solution after stripping and anmoni a
renoval is transferred to a wet oxidation reactor whereby the sol ution
IS subjected to wet oxidation at an elevated 10 tenperature and pressure
to renove any heavy organics contained in the quench sol ution.

In astill further preferred enbodi nent of the present i nvention, the
second solution after ammonia renoval is -9- transferred to an evaporator
to renbve excess water fromthe 15 anmoni um phosphate solution which is

t hen recycl ed for ein t he .quench. Prefer .
tenperature of t hebﬁ'ilrrlsrf_g. FheLAPERCY Procedupey Ghe, pﬁthé(r:és]eé% ?ﬁ&ig%{ﬁrﬁﬁe&
especi al |y prebectssh 8110 228 QEl] GiA remove®ALvbEneadd and arelypically,
the first quench solution has an ammoni unt phosphate rati o of between

0.7 to about 1sBbstantidlrief drabl yf hammepda.abrid iefchosahtiifon]lbadtér h
especially preferred being between about 1.0 and about 1.2. The
resul ting pH ofonheifingtthguddemmeniun pbasbkatretapsenconirifg] residual

5 monomers (e.g. acrylonitrile) in small quantities. These
monomers are, preferably, stripped and returned to the quench
for further recovery and purification. Typical stripping
gases for removal of the residual monomers from the quench
bottoms comprise propane, nitrogen, carbon dioxide and carbon

10 monoxide or mixtures thereof.

The quench bottoms solution stripped of useful monomers
are then regenerated at an elevated temperature and pressure
to convert the diammonium phosphate back to monoammonium
phosphate with the release of ammonia, The ammonia is

15 captured as a vapor stream which contains water. This
ammonia-rich vapor stream is heated to remove substantially
all the water and the ammonia is then recycled back to the
reactor. The monoammonium phosphate is recovered and recycled
back into .the quench column.

20 In a further preferred embodiment of the present
invention, the stripped- quench bottom containing the
diammonium phosphate is passed through a wet oxidation reactor
where it is treated under typical wet oxidation conditions to
remove any polymers formed during the ammoxidation process.

25 In a further preferred embodiment of the present
invention, the stripped quench bottom containing unrecoverable

monomers and diammonium bhosphate is separately.treated in a



25 about 6. The phosphate ion concentration in the first quench

solution can be up to 40% by wei ght preferably up to about 35% by

wei ght . BRI EF DESCRI PTI ON OF THE DRAW NG
Figure 1 is a flow diagramof a preferred enbodi mrent of 5 the present

I nventi on. Figure 2 is a flow di agram of anot her preferred

enbodi nent of the present invention. DETAI LED DESCRI PTI ON
OF THE I NVENTION 10 Ref erence will now be made in detail to the
pr esent preferred enbodi nents of the present invention. The
present invention is directed to a proces§48T guenching the effluent
obt ai ned from a propane ammoxi dation 15 reaction zone. Preferably, the

reaction takes;dﬂ&?%%ak@ QEComposing unit which separates the diammonium

phosphate from the residual monomers. The diammonium
phosphate is then regenerated back to the monocammonium
phosphate in a separate unit while the residual polymers are

S transferred to a wet oxidation unit for wet oxidation under
conventional temperatures and pressure to produce harmless by-
products such as carbon dioxide and water.

Reference will now be made to Figures 1 and 2 which are
illustrated of the present preferred embodiments of the

10 process of the present invention as applied to propane
ammoxidation.

Referring to Figure 1, reactor effluent obtained by the
direct reaction of propane, ammonia and oxygen in the fluid
bed reactor (not shown) over a fluid bed ammoxidation catalyst

15 1is passed via line 1 into quench column 3. In quench
column 3, the reactor effluent containing product
acrylonitrile and unreacted ammonia is contacted with a lean
ammonium)phosphate quench solution which strips unreacted
ammonia from the effluent producing an ammonia-free product

20 overhead stream containing crude acrylonitrile. The crude
acrylonitrile passes overhead via line 5 into conventional
recovery and purification sections (not shown) for subsequent
recovery of commercially pure acrylonitrile, crude
acetonitrile and hydrogen cyanide. Examples of conventional

25 recovery and purification procedures can be found in U.S.
Patent 3,936,360 incorporated by reference herein. The quench

bottoms leave quench column 3 via line 7 and enter a quench



fluid bed reactor although other types of reactors such as transport
line reactors are envisioned as suitable in the practice of the

i nventi on. Fluid bed propane ammoxi dati on reaction conditions and
fluid bed catal yst useful in propéﬁé/'ZO ammoxi dati on are known in the art
as evidenced by U S. Patent 4,746, 641 assigned to the assignee of the
present application and herein incorporated by reference. The novel
process of the present invention conprises quenching the reactor

ef f |l uent obtained fromthe reaction of amoni a, oxygen and propane in
a 25 reaction zone (e.g. fluid bedii-reactor) to pr oduce
acrylonitrile with a first aqueous anmoni um phosphate sol ution havi ng
a ratio of ammoniumions to phosphate ions of at | east

0.7 but not noS&ETERRAT 123, Atﬁ@FéB@/l%sgSFbF?f@’%ﬁJrBﬁl% recycle, sEEg¥ 4 second
ammoni um phosphat S{;ghyécond&l&?g%f rﬁropane?%bﬂ%br?&&éebaaax:ﬂ&lf Irst

sol ution, heatis
dioxide and nitrogen is passed via line 13 into stripper 9 to

remove any residual acrylonitrile, acetonitrile or hydrogen
5 cyanide contained in the quench bottoms. The overhead
stripper gas 13 containing these residual monomers is recycled
back into quench column 3 via line 11 for further recovery of
i useful products. The stripped quench bottoms are passed from
stripper 9 via line 15 into a wet oxidation reactor 17 wherein
i 10 oxygen is passed via line 25 and a conventional catalytic wet
oxidation take place to remove unwanted impurities such as
polymers. In addition, the diammonium phosphate contained in
the quench stripper bottoms is heated to free the ammonia and
convert the diammonium phosphate in solution to monoammonium
15 phosphate. The monoammonium phosphate solution is passed from
reactor 17 via line 27 into evaporator 19 where excess Water
is removed from the solution. This excess water is passed
from evaporator 19 via line 21 for recycle or disposal. The
concentrated weak monoammonium phosphate solution is passed
20 from evaporator 19 via line 23 for recycle into quench |
column 3. The ammonia released during the heat treatment in
wet oxidation reactor 17 is passed from reactor 17 via line 29
for recycle directly into the fluid bed reactor (not shown).
Typical wet oxidation conditions are utilized for the
25 destruction of the unwanted polymers obtaiged during the
process. Typical catalysts for wet oxidation are soluble

salts of copper and iron, oxides of copper, zine, manganese



solution to an elevated tenperature to reduce the ammobniumion 5 content

I n the second solution back to substantially the sane anmoni um i on
content present in the first solution and generate a vaporous stream
cont ai ni ng ammoni a and wat er, i ncreasi ng t he nolar—corcentrati-on- f
ammonia in this vapor st ream and recycling thelvapor%ﬂ& r'staseamtn
containing ammonia 10 to the fluid bed reactor. ' FREPc/etier abl yJ[t he
amroni um i on/ phosphate ion ratio is bet ween aboUt~0: 6~ and-aboirt—E: 2,
especially preferred being abut 1.0 tp, 1.2. The tenperature of the
first quench solution .  is usually between 40[err]C to about 80[err]C,
preferably between 15 about 50[err]C to 65[err]C, especi aI ly preferred
bei ng about 55[err]Cto about 60[err H of the first

(original) queRBR SBFiMt APkROELE Ibeetals al‘?ra?rrﬁ éi’elllédk%%‘frb\e‘é’n t&ﬁoﬁ’fl‘%’? 8 to
no greater than. .0, 5.0 £o,Pld gﬁ.{)i‘gli’néj Wée”a?enﬁ %Qs‘?‘,boi-’é%5v%1 340

Preferably, the ori gi nal uen solut1on Tonpri ses m Xt ure’ of

nonoanmoni um pl@eaebatewhq%%bﬁae@d Byl gHeOthce heré‘i)ﬂx.ut ieR (8%
nonoamoni um phosphat e- 10% H[ er r] PO[err]) although a | ean aqueous

nmonoanmoni um plasghtien scdadtiion is ddsignedvier owetadsoperatiomi.t able in the
practice of the present invention. Wen the 25 aqueous npnoammoni um
phosphat e séluﬂWﬁhcﬁblﬂt|WQQz@ﬁld§FkPn is run at a pressure of between about

600 to 3000 psia and a temperature of 200°C to 650°C.

With reference to Figure 2 a further preferred embodiment
of the present invention is described. The process
illustrated in Figure 2 is substantially the same as that of

10 Figure 1 except that the phosphate decomposition takes place

' in a separate unit followed by wet oxidation in a different

unit. The reactor effluent obtained by the direct
ammoxidation of propane, oxygen and ammonia in a fluid bed
reactor (not shown) is passed from the fluid bed reactor via

15 1line 2 into quench 4. The reactor effluent containing crude
acrylonitrile and unreacted ammonia is contacted in quepch 4
with an aqueous monoammonium phosphate solution which enters
quench 4 via line 40. The phosphate solution removes the
unreacted ammonia from the reactor effluent allowing the

20 ammonia-free products ({(crude écrylonitrilex to pass overhead
from quench 4 via line 6. The crude acrylonitrile passing
overhead via line 6 is directed to a conventional recovery and
purification section for recovery of commercially pure
acrylonitrile, crude acetonitrile and HCN. Quench bottoms are

25 passed from quench 4 via line 8 into quench stripper 10'where
a stripping gas (having the same composition as described

above) enters the lower portion of the bottom stripper 10 and

———
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unreacted anmoni um present in the reactor effluent is absorbed to
convert the nonoammoni um phosphate to di anmmoni um phosphat e.

-9- During the quench procedure, the products (acrylonitrile,
acetonitrile and HCN) are renoved as overheads and are substantLaIIy
free of ammonia. The quench sol ution bottom contaEAFAg~Hhe T W
phosphat e al so cont ai ns resi dual 5 nononers (e.g. dbﬁ?ﬁb%

guantities. These nononers are, preferably, strhpped and
t he- quench for further recovery and pfglflcatlon 'Typlcal strlpplng
gases for renoval of the residual nononers™fromthe quench bot t ons

conpri se propane ni trogen, carbon dioxide and carbon 10 nonoxide or

t th h bot t | ut t d of ful
Tononer s AR HPHEEAAUTR She (AR BB B e S PEBaLr o

to convert the %ﬁgﬂgﬂ&%@ﬁ%ﬁ meﬂ&l%eésop@egeﬁénmﬁ't&&@ bottond'&HRA2LE

with the rel ease anmoni a ammonia IS
acrylonitrile, acetonitrile and hydrogen cyanide. The

stripper gas containing useful monomers is then passed from

5 stripper 10 overhead via line 12 into quench 4 for further
recovery and purification. The stripped quench bottoms move
frsm stripper 10 via line 16 to phosphate decomposer 18. 1In
phosphate decomposer 18, the diammonium phosphate present in
the stripped quench bottom is converted to free ammonium and

10 monoammonium phosphate by heating to an elevated temperature
(100°C ﬁo 300°C). Typically, the pressure is between 1 to
5 atmospheres (atmospheric to 75 psia). Oxygen may be present
but is not required. The resulting monoammonium phosphate
solution is passed from decomposer 18 via line 34 for recycle

15 wvia line 40 into quench 4. The free ammonia generated during
phosphate conversion in reactor 18 is passed into an ammonia
rectification unit 22 wherein the free ammonia is purified and
passed on to ammonia stripper 28 via line 26 to recover the
ammonia for recycle into the réactor (not shown) for

20 manufacture of acrylonitrile. Water is recovered from ammonia
stripper unit 28 and passed §ia line 32 for recycle or
disposal. The weak monoammonium phosphate solution passed
from decomposer 18 via line 34 may be sent through wet
oxidation unit 38 via line 36 for removal of polymers and

25 conversion of these unwanted materials into harmless by-

products such as hydrogen, carbon monoxide and carbon dioxide.
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15 captured as a vapor stream which contains water. This

ammoni a-rich vapor streamis heated to renove substantially all the
wat er and the anmonia is then recycled back to the reactor. The
nonoamoni um phosphate is recovered and recycl ed back into the quench
colum. 20 In a further preferred enbodi nent of the present

i nvention, the stripped quench bottom containing the di ammoni um
phosphate is passed through a wet oxidation reactor where it is
treated under typical wet oxidation conditions to remove any polyners
formed during the anmoxi dation process. 25 In a further preferred
enbodi nent of the present i nvention, the stripped quench bottom
cont ai ni ng unrecover abl e nmononer s and4di amoni um phosphate is
separately treated in a. -10-
phosphat e deconposi ng unit which separates the dlannDnlun1 phosphat e

fromthe residual ppnonmers. The di amoni um
As described previously, the wet oxidation may be performed

under conventional conditions known in the art,
While the invention has been described in conjunction

with specific embodiments herein, it is evident that many

5 alternatives, modifications and variations will be apparent to
those skilled in the art in light of the foregoing
description. Accordingly it is intended to embrace all such
alternatives and modifications in variations as for within the
spirit and broad scope of the appended claims.

10



phosphate is then regenerated back to the nonoanmoni um phosphate in a
separate unit while the residual polyners are 5 transferred to a wet
oxidation unit for wet oxidation under conventional tenperatures and
pressure to produce harm ess by- products such a§$§§£bﬂﬂﬁﬁ§§%$qe and
wat er : Reference will now be nmade to Fi s, durTd 2 Whi chy ar e
Illustrated of the present preferred enbodi nents ‘ e ns Jggggsfof t he
present invention as applied to propane amoxi dat-i-ea=""
Referring to Figure 1, reactor effluent obtained by the di rect
reaction of propane, anmmonia and oxygen in the fluid bed reactor (not
shown) over a fluid bed ammoxi dation catalyst 15 is passed via line 1

i nto quench colum 3. |In quench cofttm 3, the reactor effluent
cont ai ni ng product acrylonitrile and unreacted anmonia i s contacted
with a lean ant®at uhd sHedpRat ES:quench sol ution which strips unreacted

ia f the efflu roductn n anmoni a-free product 20 over head
ggrggh?coa?g}ning C;UdgpgggﬁFﬁﬁi#?éﬁﬁg? ﬁ?ﬁ?Wﬁr¥d8£ un eaﬁ%FélﬁWﬁ??ﬁﬁ érf%sses
overhead via |ithe 8riM&htCAPEERhE@Eom a red AARUELYn@ N 1 b b{é%éx%”

sections (not shown) for subsequent recovery of commercia ure
acrylonitrile, anmodea and aat®toocirbidre saDectydl FRERNtIY Yoo coxsiediggy of
conventionag

of propane and isobutane are reacted at an elevated
temperature in the presence of an ammoxidation catalyst to
produce a corresponding unsaturated nitrile comprising
i quenching the fluid bed. reactor effluent containing the
} corresponding nitrile and unreacted ammonia with a first
10 aqueous ammonium phosphate solution wherein the ratio of
ammonium ions (NH,") to phosphate ions (P0,”3) is between about
0.7 to about 1.3 to absorb substantially all of the unreacted
ammonia present in the reactof effluent to form a second
aqueous ammonium phosphate solution richer in ammonium ions
15 than the first solution, heating the second solution to an
elevated temperature sufficient to reduce the amount of
ammonium ions in the second solution back to substantially the
same level present in the first solution and generate a
vaporous stream containiﬁg ammonia, recycling the vaporous
20 stream containing ammonia to the fluid bed reactor.
2. The process of claim 1 wherein the hydrocarbon is
propane.
3. The process of claim 1 wherein the ammonium ion to
phosphate ion ratio in the first solution is between about 0.9

25 to about 1.2.

R AR Wlﬂlﬁﬂﬁllﬁfﬁiﬂ




25 recovery and purification procedures can be found in U S Pat ent

3,936, 360 incorporated by reference herein. The quench bottons | eave
quench colum 3 via line 7 and enter a quench stri pper
9. Astripping gas conprising a recycle stream conprising a m xture of
propane, carbon nonoxide, carbon di oxi de and nitrogen is passed via
line 13 into stripper 9 to renove any residual acrylonitrile,
acetonitrile or hydrogen 5 cyanide contained in the quench bottons. The
over head stripper gas 13 contai ni ng-teéhese resi dual nononers is -
recycl ed back into quench colum 3 via line 11 for further recovery of
useful products. The stripped quench bottons are passed from stripper

9 vialine 15 into a wet oxidation reactor_. 17 wherein 10 oxygen i.S passed
via line 25 and a d%ﬂV@HﬁiBﬁ%?e%%Fgl?%?Emﬁkﬁierelnd?FH&PW8ﬂ1?%Eb 0

! : vél OM8ce to
remove “”“a“teghbs Lgéélf% %g%@oafh the first solution is between about 1.0

to 1.2.
5. The process of claim 1 wherein a stripper gas is
5 passed through the second ammonium phosphate solution to
remove substantially all of the remaining corresponding
nitrile from the second solution prior to heating the second
solution to the elevated temperature.

6. The process of claim 5 wherein the hydrocarbon is

10 propane,

7. The process of claim 1 wherein the second solution
containing substantially the same level of ammonium ions
present in the first solution is recycled for use in the
quench step.

15 8. The process of claim 7 wherein the second solution
prior to recycle is subjected to wet oxidation to remove any
unwanted impurities.

9. The process of claim 5 wherein the heating of the
second solution to an elevated temperature takes place in a

20 wet oxidation reactor at wet oxidation conditions to
simultaneously remove unwanted impurities from the second
solution and reduce the ammonium ion concentration in the
second solution to substantially the same level present in the
first solution.

25 10. The process of claim 5 wherein the ammonium ion to
phosphate ion ratio in the first solution is between about 0.9

to about 1.2.

DT



polyners. I n addition, the dianmoni um phosphate contained in t he
quench stripper bottons is heated to free the anmmoni a and convert the
di anmoni um phosphate in solution to nonoammni um 15 phosphate. The
nonoamoni um phosphate solution is passed from reactor 17 via line 27
into evaporator 19 where excess water is removed fromthe solution.
This excess water is passed fromevaporator 19 via line 21 for recycle
or di sposal. The concentrat ed weak nonoanmoni um phosphate solution is
passed 20 from evaporator 19 via line 23 for recycle into quench

colum 3. The ammoni a rel eased during the heat treatnent in wet
oxidation reactor 17 is passed fromreactor 17 via line 29 for recycle
directly into the fluid bed reactor (not -dAdewn). Typi cal wet
oxidation conditions are utilized for the 25 destruction of the unwanted
pol yners obtai ned during the process. Typical catalysts for wet

oxi dation are sol uble, The FdeSs0bf COMMIG 18NEhérFein tB%i gafordifunC GBAEte

zi nc, manganese -12- and cerium
and nobl e net alphamphatwel ok moawid int hke pfimst splution iSebefweecr)ahopitell did.
Eng. Chem Res., 1995 Vol 34, Pages 2-48,
; to about 1.2.
: 12. The process of claim 1 wherein the pH of the first
5 solution is between about 2.8 to 6.0.

13. The process of claim 12 wherein the pH of the first
solution is between about 2.8 to about 5.8.

14. The process of claim 5 wherein the pH of the first
solution is between about 2.8 to about 6.0

10 15. The process of claim 14 wherein the pH of the first
solution is between about 2.8 to about 5.8.

16. The process of claim 1 wherein the temperature of the
first solution is between 40°C to 80°C.

17. The process of claim 1 wherein the first solution

15 comprises an aqueous solution comprising monoammonium
phosphate and phosphoric acid.

18. The process of claim 5 wherein the first solution
comprises an aqueous solution comprising monoammonium
rhosphate and phosphoric acid. )

20
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i ncorporated by reference herein. The wet oxidation reaction i's

desi gned for normal operation. Typically, wet oxidationis 5 run at a
pressure of between about 600 to 3000 psia and a tenperature. of
200[err] C to 650C. Wth reference to Figure 2 a fufitthers ‘@ﬂﬁgff =7
enbodi ment of the present invention is describeg. Fh

PR
e
; -,_gbcg

process illustrated in Figure 2 is substantially t he“SamE~as=t: f..
10 Figure 1 except that the phosphate deconposition takes place in a
separate unit followed by wet oxidation in a different unit. The
reactor effluent obtained by the dirkt amoxi dati on of propane,
oxygen and ammnia in a fluid bed reactor (not shown) is passed from
the fluid bed reactor via 15 line 2 into quench 4. The reactor effluent
contai ni ng crude ETel oy | AR Ackyf figed in
e’y R A A Sk e i
quench 4 via line 8. e phosphate sol ution renoves the unr eact ed

anmonia fromthe reactor effluent .allowing the 20 ammonia-free products
(crude acrylonitrile) to pass d\bsthagl of ther BhSeARSWER 4 via line 6. The
crude acrylonitrile passing overhead via line 6 is directed to a
conventional recovery and purification section for recovery of

comercially pure ggésy; (}Q:.irt rgg%eﬁc%;e‘;égg ?—?e\h&@a%%%eaﬁﬁ%i@lc%romh

bottoms are 25 paséearV|a overh om quench 4 via line 8 into
quench stri pperrch@rwbeserfusit ioBRhlfedarophaviéyrtita 260 used to produce

acrylonitrile or methacrylonitrile comprising quenching the

reactor effluent with an aqueous solution of ammonium
phosphate wherein the ratio of ammonium ions to phosphate ions
in the solution is between about 0.7 to about 1.3, preferably

between about 0.9 to 1.2.
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conposition as described above) enters the | ower portion of t he bottom
stripper 10 and , 13- passes
upwar d through the quench bottons to strip the quench bottons of any
useful nononers present in the bottons such as acrylonitrile,
acetonitrile and hydrogen cyanide. / The stripper gas
cont ai ni ng useful nononers is then passe& ?ron1 5 stripper 10 overhead via
line 12 into quench 4 for further recovery and purification. The

stri pped quench bottons nove fromstripper 10 via line 16 to phosphate
deconposer 18. In phosphat e deconposer 18, the di amoni um phosphat e
present in the stripped quench IBettomis converted to free amoni um and
10 nmonoammoni um phosphat e by heatinéﬁto an el evated tenperature
(100[err]Cto 300[err]CQ. Typicall the pressure is between 1 to 5

at nospheres (atnospheric to 75 psia); Oxygen @my be present but is
not required. The resul ting nnnoaﬁhnniunlphos hat e solution is
passed from deconposer 18 via line for rnryrl\ 15 vialine 40 into
guench 4. The free anmoni a generat durinp '

&/'

-t rove e

! 3
o - AN
L N~
® E 8 é
qw /I %
2.\ ‘ LS
B =5 —-— | —— -
i =5 \ ~/
lf <@ f
=15
=
2R
:ES? \P) 2
<a | I
' I |
" \ -
o T
’ r ) .4\'\_
J
-
H
S:.
I
[TRET
ozl




phosphat e conversion in reactor 18 is passed via overhead |ine 20 into

an ammoni a rectification unit 22 wherein the free ammonia is purified
and passed on to ammoni a stripper 28 via line 26 to recover the anmonia
for recycle into the reactor 20 (not shown) for manufacture of
acrw[onitrile or may be recycled via line 24 to rectification unit 22
prior to going to amonia stripper 28 Water is recovered from
anmoni a stripper unit 28 and passed via line 32 for recycle or
disposal. The NH err] is passed fromstripper 28 via line 30 for 25
recycle or is passed via line 39 to stripper 28 for processing pri or
to entry into line, ,30 for recycle. The weak nonoanmoni um
phosphate sol uti on pasged from deconposer 18 via line 34 may be sent
t hrough wet oxidationghnit 38 via line 36 for renoval of polyners and
conversion of thes g@&¥anted 30 materials ig%o har m ess by-products such
as hydrogen, carbohZz g nonoxi de and carbon o(%éide.
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-14- As described previously, the wet oxidation may be perfornmed

under conventional conditions known in the art. Wil e the

i nventi on has been described in conjunction wnthm§g“gjf|gmgnbod|nents
herein, it is evident that many 5 alternatives, nodi

variations will be apparent to t hose skllled int;

the foregoing . description. Accordingly it |silﬂtended to enb[a e al
such alternatives and nodifications in varlatlans a& 4 SUL\ig¥hi h the
spirit and broad scope of the appended clalns 10 L__F_”_m_m_”j i

- 15- VWhat is clainmed is: A procdss for the recoveLy of
unreacted ammonia from a react or eTF%uent obt ai ned-from.a-reactio
zone, said process consisting essentially of reacting oxygen, ammoni a
and a '

PROCESS FOR RECOVERY AND RECYCLE OF AMMONIA FROM AN ACRYLONTTRILE
REACTOR EFFLUENT STREAM USING AN AMMONTOM PHOSPHATE QUENCH SYSTEM

Abétract of the Disclosure

A procesé for the recovery of unreacted ammonia from the
reactor effluent obtained from a reaction zone used to produce
acrylonitrile or methacrylonitrile comprising quenching the
reactor effluent with an aqueous solution of ammonium
phosphate wherein the ratio of ammonium ions to phosphate ions
in the solution is between about 0.7 to about 1.3, preferably

between about 0.9 to 1.2.

(Fig. 1{~
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5 hydrocarbon selected fromthe group consisting of p

[ sobut ane at an el evated tenperature in the presence |REPRACEYENGhREXEdat i on
catal yst to produce a correspondi ng unsat urat ed i P 'qheﬁahi"ﬁ@ t he
reactor effluent containing the corsespondi ng ni tiriil e a)nd,_ur;sr‘,e,ac't e
ammonia with a first 10 aqueous amoni um phosphatei sol Gt—i onl wher el ni the
rati o of ammoniumions (NH err][err]) to phosphatiei-ons..(POerr]t[ierr])
i s between about 0.7 to about 1.3 to absorb substantially all of tthe
unr eact ed anmoni a present in the reactor effluent—to-forma-second
aqueous ammoni um phosphaBRIES| DESCRIBTIONe OFi BHEPRAWING i ons 15 than the
first solution, heating the second solution to an el evated tenperature
sufficient to reduce the amount of ammoniumions in the second sol ution
back to substangighly 1 isthersoweal £yein HEsErdferddea bhbsiineatitéon and
generate a vapor ous stream containing amonia, and recycling the 20
vapor ous stheapresanitaiimvegtaomoni a to the reacti on zone. 2. The

&N

process of <claim 1 wherein th hydrpcarbon s ropane. 3.
The process of EFAFT 1 fhet?i nathgl%‘fnm‘iﬁﬁﬁQ“bn Q[tjo an°th6%osg’ﬁ§?8r¥%% ratio
in the firglps@lmdond $hhepbwesth@aoent28n. 0.9 to about 1.2.

DETAILED DESCRIPTION OF THE INVENTION

10
Reference will now be made in detail to the present
preferred embodiments of the present invention.
The present invention is directed to a process of
guenching the effluent obtained from a propane ammoxidation
15 reaction zone. Preferably, the reaction takes place in a

fluid bed reactor although other types of reactors such as
transport line reactors are envisioned as suitable in the
practice of the invention. Fluid bed propane ammoxidation
reaction conditions and fluid bed catalyst useful in propane
20 ammoxidation are known in the art as evidenced by U.S. Patent
4,746,641 assigned to the assignee of the present application
and herein incorporated by reference. The novel process of
the present invention comprises quenching the reactor effluent
obtained from the reaction of ammonia, oxygen and propane in a
25 reaction zone (e.g. fluid bed reactor) to produce
acrylonitrile with a first aqueous ammonium phosphate solution

having a ratio of ammonium ions to phosphate ions of

| AMENDED SHEET




-16- 4. The process of claim3 wherei it
phosphat e ion ratioin the first solution is betw

5. The process of claim1l wherein a stripper gas | s 5,passed through t he
second amoni um phosphate solution to _,,_ renove subs%antpaLLy all of the
remai ni ng correspondi ng nitrile fromthe second,solutlon prior to
heating the second solution to the el evated it enper at ure. 6.
The_procesg,gf cg%fﬁrpn 5, 00850l ddie 1y A RC ahan khewat9r BhEPBERor--att .

7. The process o I'm 1 wherein the second solution cont ai ni ng
subst anti abky foe camplleevad. oEnannﬁhﬂmunHagns 1995 Yrlesent Pegeshe-48r st

solution is recycled f use in th que, ch st.e 8. . The
process of 151:3?%? Sty H:e[fﬁ:gegggohargm ut i wet ox1d]é%1on reaction

is designed for normal operation. Typically, wet oxidation is

5 run at a pressure of between about 600 to 3000 psia and a
temperature of 200°C to 650°C.

With reference to Figure 2 a further preferred embodiment
of the present invention 1is described. The process
illustrated in Figure 2 is substantially the same as that of

10 Figure 1 except that the phosphate decomposition takes place
in a separate unit followed by wet oxidation in a different
unit. The vreactor effluent obtained by the direct
ammoxidation of propane, oxygen and ammonia in a fluid bed
reactor (not shown) is passed from the fluid bed reactor via

15 1line 2 into quench 4. The reactor effluent containing crude
acrylonitrile and unreacted ammonia is contacted in quench 4
with an aqueous monocammoniumn phosphate solution which enters
quench 4 via line 40. The phosphate solution removes the
unreacted ammonia from the reactor effluent allowing the

20 ammonia-free products (crude acrylonitrile) to pass overhead
from quench 4 via line 6. The crude acrylonitrile passing
overhead via line 6 is directed to a conventional recovery and
purification section for recovery of commercially pure
acrylonitrile, crude acetonitrile and HCN. Quench bottoms are

25 passed via overhead line 20 from quench 4 via line 8 into
guench stripper 10 where a stripping gas (having the same
composition as described above) enters the lower portion of

the bottom stripper 10 and

AMENDED SHEET |




prlor to recycle is subjected to wet oxidation to y énmanted
Irpurities. | 9. The process of claimb5 wherein thé Héat ng of the

I

second $olution to an el evated tenperature takeslplacefg A~a 520 wet

oxi dation reactor at wet oxidation con 5t|0nS to! S|ﬁurtaﬁeousky renove
unwanted inmpurities fromthe second ~~~ solution and-reduce- t-he- annnnlum

I on concentration in the second sol ution to-substantlally t he} sane

level presen ;ségIQéygrd thﬂgugittﬁglﬁ& f8n ﬁgét%a?etoigtr étﬂéo §§§ e

claimb5s mh rern mmonium-ion to fon r
sol ution iBobEdmeesf aigutusRfal monoﬁ\@rﬁl}ﬁtﬁsehtZ in the bottoms such as

-17- 11. The process of claim 10 wherein the ammpniumiogn to
acrylonitrile, = acetonitrile and hydrogen cyanide. The
stripper gas containing useful monomers is then passed from

5 stripper 10 overhead via line 12 into quench 4 for further
recovery and purification. The stripped quench bottoms move
from stripper 10 via line 16 to phosphate decomposer 18. In
phosphate decomposer 18, the diammonium phosphate present in
the stripped quench bottom is converted to free ammonium and

10 monoammonium phosphate by heating to an elevated temperature
(100°C to 300°C). Typically, the pressure is between 1 to 5
atmospheres (atmospheric to 75 psia). Oxygen may be present
but is not required. The resulting monoammonium phosphate
solution is passed from decomposer 18 wvia line 34 for recycle

15 +wvia line 40 into quench 4. The free ammonia generated during
phosphate conversion in reactor 18 is passed via overhead line
20 into an ammonia rectification unit 22 wherein the free
ammonia is purified and passed on to ammonia stripper 28 via
line 26 to recover the ammonia for recycle into the reactor

20 (not shown) for manufacture of acrylonitrile or may be
recycled via line 24 to rectification unit 22 prior to going
to ammonia stripper 28. Water is recovered from ammonia
stripper unit 28 and passed via 1line 32 for recycle or
disposal. The NH; is passed from stripper 28 via line 30 for

25 recycle or is passed via line 39 to stripper 28 for processing
prior to entry into line 30 for recycle. The weak
monoammonium phosphate solution passed from decomposer 18 via
line 34 may be sent through wet oxidation unit 38 via line 36
for removal of polymers and conversion of these unwanted

30 materials into harmless by-products such as hydrogen, carbon

monoxide and carbon dioxide.
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phosphate ion ratio in the first solution is between about 1.0 to
about’ 1. 2. \ 12. The process of claim1l whe of .the first

5 solution is between about 2.8 to 6.0. ~HJ¥fn@w@§éS$;ﬁh claim
12 wherein the pH of the first sol4gion is beteldh “about -2+ -8~§0jabout
5. 8. 14. The process of claim5 wherein Uhe pwﬂot_thg fltst
solution is between about 2.8 to about 6.0 10 ' ”“The*ﬁ?écesstof
claim 14 wherein the pH of the first SO|UtI0n'IS‘be{MBen .ahout 2.8 to
about 5. 8. What 1;501£haear9§ess of claiml mhéreln the tenperature of

t he first solution is between 40[err]C to 80[err]C e A7. The

process of claiml wherein the first solution 15 conprises an a ueous
sol uti on cohpri s? Nereesrcanf/ini thi reCOVGFT&)'sﬁﬁatlérﬁﬁﬂt%oémliac

18. ohe Progesdedl SAWIe WELehDy ! fifod 14 Sttea%%ﬁtshl Qene,aﬁ%%?”ﬁfééé%% an

aqueous sol uti on cofp I ng nonoanmoni u osphat e phosphorlc
acid. 20 consisting essentlally of reactlng oxygen, ammonia and a

5 hydrocarbon selected from the group consisting of propane and
isobutane at an elevated temperature in the presence of an
ammoxidation catalyst to produce a corresponding unsaturated
nitrile, quenching the reactor effluent containing the
corresponding nitrile and unreacted ammonia with a first

10 aqueous ammonium phosphate solution wherein the ratio of
ammonium ions (NH,") to phosphate ions (P0,?) is between about
0.7 to about 1.3 to absorb substantially all of the unreacted
ammonia present in the reactor effluent to form a second:
aqueous ammonium phosphate solution richer in ammonium ions

15 than the first solution, heating the second solution to an
elevated temperature sufficient to reduce the amount of
ammonium ions in the second solution back to substantially
the same level present in the first solution and generate a
vaporous stream containing ammonia, and recycling the

20 vaporous stream containing ammonia to the reaction zone.

2. The process of claim 1 wherein the hydrocarbon is
propane.
3. The process of claim 1 wherein the ammonium ion to

phosphate ion ratio in the first solution is between about

25 0.9 to about 1.2.

R
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