1° DESCRI PTI ON PROCESS FOR E2340

PRCODUCI NG UNSATURATED NI TRILE TECHNI CAL FI ELD The 34/9
present invention relates to a process for produci ng an unsat ur at ed
nityrile represented by acryl o-. nitrile ar nethacrylonltrlle by

ammbxi dat i on. 5 BACKGROUND ART A process for producing
acrylonitrile or met hacryl oni tri | eDBSCREPREPNg propyl ene, alternatively
i sobutene or tertiary butanol into vapor-phase contact with a catal yst

in the presence of anmmonia and nnlecular 10 oxygen is wi dely known as

ammoxi dation of an olefin_ a racticed o scal e at
present. In this p?B@€§§S FaR HBP CFﬂ?lBNﬁ@Tgﬁg%hﬁgﬁfﬁétﬁépylene in a
reaction gas to be fed is usually set at 1.1 or nore in order to
increase the yield of the unsaturated nitrile, 15 but a gas exhausted from

a_ reactor cont alﬂﬁ@%}dg%]:% rarmunt of unreacted anmonia, owing to a

di st urbance of i c balance. A technique for treating the

unreacted amonia is an i g ?E&h tog(gle)@r iR iates ¢4 B"RRORESE! £bbe

rationalization of the proces evention of environnment

pol lution, etc. pryEhdidld U5 unsatrRud %Q:&lfl@/Q'éiﬁ@’sedﬁ\é@l oyeddryle~der
to sol ve such a

nitrile or methacrylonitrile, by ammoxidation.

5 BACKGROUND ART
A process for producing acrylonitrile or

methacrylonitrile by bringing propylene, alternatively
isobutene or tertiary butanol into vapor-phase contact
.with a catalyst in the presence of ammonia and molecular

10 oxygen is widely known as ammoxidation of an olefin and
is practiced on an industrial scale at present. 1In this
process, the molar ratio of ammonia to propylene in a
reaction gas to be fed is usually.set at 1.1 or more in
order to increase the yield of the unsaturated nitrilg,

15 but a gas exhausted from a reactor contains a large
amount of unreacted ammonia, owing to a disturbance of
stoichiometric balance. A technique for treating the
unreacted ammonia is an important problem from the
viewpoint of the rationalization of the process, the

20 prevention of environment pollution, etc., and various
techniques have been developed in order to solve such a
problem. For example, JP-B-49-25560, JP-B-51-49149, JP-

A-52-4500, etc. disclose that the unreacted ammonia is



probl em For exanple, JP-B-49-25560, JP-B-51-49149, JP- 'A-52- 4500,
etc* disclose that the unreacted ammonia is

2. separated and recovered as ammni um sul fate by the use of
suFfuric acid. JP-B-51-3131 discloses that dter the recovery of
ammoni a fromthe produced anmoni um sul f at e, the residual solution is

i nci nerated. Deggparates janddgcnyesed [@ss apmand Wpsilifate Pyaths ¥8€ried
PRCRE L ey ARV gt S e R T

o oduced amon FRCONS G amonia Fron the TERRHEE AMBEHIRG ST ERERRD, 1o
i scl ose the ensy daR T SRR Gt At apea.  Digphierd 092008
TP B 5. 33590 artiTaeH B Gif yakts WAL 3 &1dd Baificd Bl put

met hods Pelild USRIt Qndd et ASELAHTR ilth e % of

exhausted fromthe reactor, but they require the I mprovenent and

i ncrease of facidyitffisic ¥cia LNt idPredbidble autNniGRieeE ioroae@Ure, and
nor eover they are not econom cal | y advant ageous. As

anot her net hod, viewpoihtmedfhashvirornental poldiftsicmtbeddusen®axnr eact ed
anmmpni a i s exhausted fromthe

generates when incinerating the produced ammonium

10 sulfate.

On the other hand, as a method for treating
the unreacted ammonia, JP-B-40-6451 and JP-A-52-32893
disclose the employment of an organic acid such as
acetic acid, citric acid or an organic polybasic acid

15 instead of sulfuric acid, and JP-B-45-33538 discloses
the employment of carbonic acid gas. These methods
permit treatment of the unreacted ammonia in the gas
exhausted from the reactor, but they require the
improvement and increase of facilities, etc., resulting

20 in a complicated procedure, and moreover they are not
economically advantageous.

As another method, i.e., a method in which
substantially no unreacted ammonia is exhausted from the
reactor, JP-A-7-53494, JP-A-7-126237 and JP-A-51-16615

25 disciose a method of supplying an organic compound to
the reactor to reduce or subst&ntially eliminate the
unreacted ammohia. However, this method permits

reduction or curtailment of the unreacted ammonia in the



réactor, JP-A-7-53494, JP-A-7-126237 and JP-A-51-16615 25 disclose a
method of supplying an organi c conpound to the reactor to reduce or
substantially elimnate the unr eact ed ammoni a. However, this nethod
perqts reduction or curtailnent of the unreacted amonia in the

3 ° gas exhausted fromthe reactor but it requires further grovision
of ot her faC|I|gaesexhauhéedeﬁcpmrthﬁessﬁpﬁﬁg but i} é@ﬁBFF@EtéHr her

oper ati ons. yet anot her, nethad for reducing z .
curtailing the pEP¥isiea &ﬁn@ﬁh&rlﬁaFHé1§&§Sekﬁaﬁ§ﬁeaea°t°Froﬁ?FH tiggctor,
JP- B-53- 18014 di scl oses ,a nethod of ., carrying out the reaction while

adj usting the nﬁPaFomPllﬁﬁﬂqg SPeéﬁﬁ&ﬂng'to propylene in a reaction gas to
be fed to a val ue near

of iron and antinony. It @én ﬁé ; ﬁ%e%sﬁeﬁgwgvggka%§§h93ﬁg §ggﬁﬁfgdogalnly
anal ysi s of tsheﬁ(rlﬁ%% 1;:‘31%/'“80& S prg‘@hce qlnsq: gs%gs gxtnglugtgal or art

ref erence t as a

IP- A48 12122 dieg o3 %ta:eféf‘cté?:‘}d Up-el3 399003 | 'd'l%ctﬂ%%e%”'ﬁoﬂlb%hod of

concentration in reaction % or |ess by adjusting the

mol ar ratio of oarr AHPHHR tt@aa%%%)éﬁreﬁx tvﬁu‘le%dju%tlin@ythléem@s_arof a

cat al yst contalnlng as ‘essential constituents, nol ybdenum bi snut h,

' r?ﬂ dcofﬁlt nirgtalo JHGHAENIS t2Prapyiend Un aHewactiontkbae it bei s
e ° fed to a valué near 1.0 by the use of a catalyst
10 composed mainly of iron and antimony. It can be seen,
however, from the results of analysis of the reaction
product, which are disclosed in this prior art reference
that no acrylic acid was produced as a by-product.
JP-A-48-72122 discloses a method of
15 regulating the ammonia concentration in a reaction Qas
to 0.8 volg or less by adjusting the molar ratio of
ammonia to propylene to 0.95 - 1.1 by the use of a
catalyst containing as essential constituents
molybdenum, bismuth, iron, cobalt, nickel, phosphorus
20 and sodium. However, also in this method, the
employment of sulfuric acid is indispensable for
treating the unreacted ammonia.
JP-B-45-2371, JP-B-62-46538, JP-A-7-82228,
_etc. describe analytical values for acrylic acid in _
25 addition to the yield of acrylonitrile. -JP-A-55-13187
describes analytical values for acrylic acid and un-

reacted ammonia in addition to the yield of acrylo-

nitrile. However, none of these prior art references



erpl oyment of sulfuric aC|d I s i ndi spensable for treating the
unréact ed ammoni a. JP-B-45-2371, JP-B-62-46538,

JR- A-7- 82228, etc. describe analytical values for acrylic acid in 25
addition to the yield of acrylonitrile. JP-4A-55-13187 descri bes
analytical values for acrylic acid and un- reacted ammonia in addition
to the yield of memtjilon the madiatrr idadicHobeway om@rmécofaqilde@@ pnreacied
references nention the nol ar
ratio of an org@mm9ﬂ%§(}Q(ﬁﬂuﬂmﬂﬁﬁ¥§§t1°naﬁﬁﬂQﬂ%&|gﬁsaﬁn5nﬁéﬁF&QFPoﬁ at

product gas and dlsclose t hat t.he ,unreacte ni s reacted wi.th the
organic acid the upreactn @ﬂg}gq}%rlsag&qq;e%c ﬁ?’prtg‘&ueéﬂawct RE1ds

ammoxi dati on, tog be flxed as ann%plun1salt of_ t. n i_d.

DI SCLOSURE OF ||\(|\?E @¢tylic acid or acbic acd ) Brodicds Ib%’e%?‘ Sestly

| nvesti gat ed cﬂu q:e.Lrorf 0 C’lbvee fl%@%%veanprl’o%l aMsadd o(‘forgﬁ%quent ly 10
found a si rrplse Srocessaf roduci hg an unsaturate tri such as
acrylonitrile orﬁggﬁyqz uitrile by annDX|dat|on of an organic
conmpound such as ene alternatively isobutene or tertiary

but anol , wherein unreacted ammonia is reacted wwth an organic acid 15

produced by the amoxi dation, to be fixed as anmonium . salt of the
organi c acid. THISCHOBURE € MNVENEION 0N

The present inventors earnestly investigated
in order to solve the above problem, and consequently
10 found a simple process for producing an unsaturated
nitrile such as acrylonitrile or methacrylonitrile by
ammoxidation of an organic compound such as propylene,
alternatively isobutene or tertiary butanol, wherein
unreacted ammonia is reacted with an organic acid
15 produced by the ammoxidation, to be fixed as ammonium
salt of the organic acid. Thus, the present invention
has been accomplished.
The present invention is a process for
production of an unsaturated nitrile such as acrylo-
20 nitrile or methacrylonitrile by ammoxidation of an
| organic compound such as propylene, alternatively
isobutene or tertiary butanol, which includes carrying
out the ammoxidation while controlling the molar ratio
of an organic acid present as a by-product in an
25 ammoxidation product gas (hereinafter also referred to
as "product gas") in a reactor to unreacted ammonia

(hereinafter referred to as "organic acid/unreacted



has been acconpl i shed. - The present invention is a process
for~ production of an unsaturated nitrile such as acrylo- 20 nitrile
or. methacrylonitrile by anmoxi dation of an or gani ¢ conpound such as
propyl ene, alternatively i sobut ene or tSertiary butanol, which includes
~ carrying out the ammoxidation while controlling the nolar ratio

of an organi ¢ aemhomiaseattiad )a aky OpBodudt. Oirn ingroggcingokheaPrefugtoduct
gas (hereinafter also referred to as "product, gas") in a reactor to
unr eact ed armoni@@s into jgeienghy dovedie @l redchdn9oifakne 2OVW8FukPEact ed

5 ammonia ratio") at_ 0.8 - 3.0,, . introducing,the product as.pnto a
quench tower, aH@rF@{&&Q%@“\“}?nﬁﬁe %rth[engrga%lgmagg& REOSHEEH; gn\Mtk‘ﬁ t he

e 1 PT SR, S T, tifef YHr¥acted hthohlS AR SAELRTATIIALR, 25

ammoni um sal t resent i nvention

nmakes it posg blg Qe ﬁﬁéﬁ&BQ“%§531 unsaturated nitrile easily by fixing
|

unreacted ammonia as a um salt of an organic acid by a sinple

met hod not requiring conplineatRdaNaliavéntdoh mhkeBPetaboaasblibEgover,
the invention permts stable operation of a quench tower in spite of

no use of pHdaddes aArivhfaaed nMitadles eayd liyabyy fiwisigance is
hardly produced. Furthernore, the invention has the fol |l ow ng
excel I ent effectunrddtcddammoriia Gausemomium salt of an organic acid by
a simple method not requiring complicated apparatus and
10 operations. Moreover, the invention permits stable
operation of a quench tower in spite of no use of
sulfuric acid because a viscous and tarry substance is
hardly produced. Furthermore, the invention has the
following excellent effects: the invention causes no
15 80x production in the incineration of waste water
because no ammonium sulfate is produced, hence has no
undesirable influence on the environment, and also

facilitates heat recovery, so that the rationalization

of a waste water treating system becomes possible.

20 BEST MODE FOR CARRYING OUT THE INVENTION
In the present invention, the ammoxidation is
effected while controlling the organic acid/unreacted
ammonia ratio in an ammoxidation product gas at 0.8 -
3.0, preferably 0.9 - 2.0, more preferably 1.0 - 1.5.
25 For reacting the unreacted ammonia with the

organic acid produced in the reactor to fix the same as



15. SOx production in the incineration of waste water . because no
ammoni um sul fate i s produced, hence has no undesirabl e i nfl uence on
the environnent; and al so facilitates heat recovery, so that the
rationalization of a waste water ‘treatiehg system becones possi bl e.

20 BEST MODE ‘FOR CARRYI NG QUT THE | NVENTI ON In the present

i nvention, the ammoniagat isalti ®f the ofribantied aniid éncoher guengl thwegrganic
aci d/ unreact ed ammoni a ratio in an anmoxi dation product gas at 0.8 -
3.0, preferablythegorganic mlé/mfe@e&mwammalrstlozsn the quenchy,
reacting the unreacted ammoni a wiith the anl% acid Qroduced in the
reactor to fix tiewesadis Freferably controlled a or mo

anmoni um salt of .t he or nlc qﬁ{d in th anc t ower

aci d/ unr eact ed &ARSHELT ven 'SWBrsugsﬁPQ%éF& g%ﬂlc

trolled atg 1. fs I Rt
substant al |y’ ¢ B0 oo, BB Sl B B PRI SIS,
advant age as ag‘%%)by cfﬁf,é sofan&mﬁ%gagylct HE EnihQrgahic acdeeihgs Ghl m

aver age) obt ai obt ai ned By integrating the

organi ¢ aci d/ unrRastRk tlmag@t igbtdidd® Hy @wdidigas avviallueespect to
an axis 10 referring to time by a reaction tinme is controlled at 1.0

or nore in the ypBadnkd iWN.integrating the dngamid ddid/mng@aicted
aci d/ unreacted ammoni a

ammonia ratio in the product gas with respect to an axis

10 referring to time by a reaction time is controlled at
1.0 or more in the ammoxidation.

Even if the organic acid/unreécted ammonia

ratio is not less than 0.8 but less than 1.0, a
substantial amount of the organic acid is present in the

15 product gas, and a free organic acid, which is not
reacted with ammonia, is also present in a circulating
sblution in the quench tower so that a large portion of
the unreacted ammonia can be efficiently fixed. The
residual unreacted ammonia can be fixed with industrial

20 advantages, if necessary, by a conventional technique,
for example, using a small amount of acetic acid,
acrylic acid, citrib acid, sulfuric acid or the like.
The reaction can be carried out in a short period of
time even if the organic acid/unreacted ammonia ratio is

25 less than 0.8. However, this condition is not desirable
since it possibly results in staining of a circulating

solution in the quench tower because of polymerization

of acrolein, which is an unsaturated aldehyde, or



ratio is not less than 0.8 but less than 1.0, a substanti al anount - of
the-organic acid is present in the 15 product gas, and a free organic
acid, which is not ~ reacted with ammonia, is also present in a

circul ating solution in the quench towe? so that a |arge portion of

t he*unreacted ammoni a can be efficiently fixed. The resi dual unreacted
anmoni a can be fpumrssid lacidiend i reiucel ghitedgb Nf idenposddarile by a
conventional technique, for exanple, using a small anmobunt of acetic
acid, acrylvhickiis an tunsatutated mitnike aderaise of mueduction The
reaction can be carried out in a short period_of time even if the

organi ¢ aci d/ unrdfaciutrineitailer i8t¢s depending (ypap he effiiency Nk

I ™SSR s AR it B S ALRIRE

of acrol ein, i i S. r ehyde, or
7 purussi%mé%l% %ﬁggk¢g?§§éhéﬁfﬁké§%'of acrylonitrile, which is an
unsaturated nitrile, becaugg o{ﬁgg&gﬂwgﬂo*%e orﬁmﬁ'%i@/ﬂﬁféd@oe@t c..

dependi ng upon the efficiency tact 1 nthe quench tower between

the product gas amfonbatF@cLfd’inll ehé NSrS@het igds is controlled afthea reason
why the organi c aci d/unreacted anmonia ratio in the product gas is

controll ed at a valuwaimethe abevebparge abgethast timtthen danmeoaindabdatation in
i ndustrial-scale, there is a fear of, for exanple, the
industrial-scale, there is a fear of, for example, the
10 following troubles: the ratio of the organic acid to
| ammonia in a circulating solution in the queﬁch tower
changes for some cause, resulting in insufficient
fixation of the unreacted ammonia, or the organic acid
is present in excess.

15 When the time average of the organic
acid/unreacted ammonia ratio in the product gas tends to
decrease at a point of time, reducing the molar ratio of
ammonia to propylene in a starting gas to a value lower
than the value at the point of time increases the

20 organic acid/unfeacted ammonia ratio in thé reaction
product gas, so thét the time average of the organic
acid/unreacted ammonia ratio can be increased. 1In
contrast, when the time average of the organic acid/
unreacted ammonia iatio in the ammoxidation product gas

25 tends to increase at a point of time, increasing the
molar ratio of ammonia to propylene in the starting gas

to a value higher than the value at the point of time

reduces the organic acid/unreacted ammonia ratio in the



10 .follow ng troubles: the ratio of the organic acid to ammonia in a
cireulating solution in the quench tower changes for sone cause,
resulting in insufficient fixation of the unreacted anmonia, or the
organic acid is present in excess. 158 When the tine
avefage of the organic aci d/ unreacted amoni a ratio in the product gas
tends to desoshst gasy #9 rhhadf thegineqyarage R HeaCrEanNis of
ammonia to propylene in a starting gas to a val ue | ower t han the val ue
at the point of adif/unreactad ammenig Mtdehi Calcing Fese%d amonia ratio

in the reaction product gas, so that .the tine.,average of..,the or.ganic
aci d/ unreact ed ammoni a ratﬁ'ﬁ‘scaﬁh@e Yo ammenia ca@o?f'@r géf‘e%vxﬂé%%t he
ti me average of t rgani c_aci d/ unreact.ed a ia.atiQ in th
amoxi dati on pr ddlh.iﬁ{s(%g&sanl ‘faé'hq'tﬁg? Py fEe e“ﬁtn m%% %tlmo at%ie&ége of
I ncreasing t . ' ' . is starting gas
to a val ue_.hirggheti'h% régéﬁleé \a/éfi Jﬁdeﬂjar.% %He p%iér@dg{l%?iyﬂﬁa?l% th reduces the
organic aC'dlungf?ﬁé&ﬁ%f?ﬁ“ﬁ%ﬁ*fﬁué(biJEﬂr¥%n e during the ammoxidation.

, SO tha

8 product gds e time average of the organic

aci d/unreacted anmoni a raldybHRANIRTBAUCHD ratio of the orBamic lhdd
unreact ed ammonia can be fixed with I ndustrial advantage by controlling

the tine aver agec®famiforie i gene oo indull atnirrep e ool tairooriima. thee iquench he
production gas in a given range during the amoxi dati on.
tower correlates with the pH value of the circulating
10 solution. Therefore, the above-mentioned conﬁrol of the
organic acid/unreacted ammonia ratio can be carried out
by determining reaction conditions such as the molar
ratio of ammonia to propylene in the starting gas,
depending on the change of the pH value of the
15 circulating solution in the quench tower.

For example, when the ratio or the organic
adid to ammonia in the circulating solution in the
quench tower is desired to be rapidly changed, or in an
urgent need to control the reaction, it is also possible

20 to supply an organic acid (e.g. acetic acid or acrylic
acid) or a base (e.g. ammonia or an amine) to the
circulating solution. In the present invention,
sulfuric acid need not be used at all or substantially.

The organic acid in the present invention

25 includes acrylic acid, acetic acid, methacrylic acid,
etc., which are produced by the ammoxidation. The

unreacted ammonia is ammonia substantially present in

the product gas exhausted from the reactor.



Substantially, the ratio of the organic acid ~ to anmonia in the
cireulating solution in the quench tower correlates with the pH val ue
of. the circulating 10 solution.. Therefore, the above-nentioned control of
t he. organi ¢ aci d/ unreacted ammoni a rati%-can be carried out -~ by
determ ning reaction conditions such as the nolar ratio of ammonia to
propyl ene in the startingIgashe casedGMQmm theoammoxidakiga 46 the pH value
of the 15 circulating solution in the quench tower.

exanpl e, when t lpontdmuedunder aigpdiitdons owtside shemtamos ﬁPeFﬁélEd
circul ating solutlon in the quench tower is desired to be rapldl

changgfl or in dm the prefent r%élét?fti'd%ntfr‘?ﬂ ecxh"’é‘Prlé’act i3dn anl Prganic s
possible 20 to supply an organic acid (e . i ¢ aci acr% q

aci d) or a ba e %flad’}m%ﬂplzfm ﬁé’e prodgq r?l ess

sol u% i on. ; 3(%1}‘% e vent lfr?é-)sul furic _aci q_ ot l&g d at
all or substantl an, e'yiela ofrkhe PG THIANS did % é‘%prelserl#%%
invention 25 inglu g:e éﬁf{)ﬁg tﬁfeaacéxdolél Ticth aéi{rcis & hardadd tt%&i‘  oni A i s

etc., which are producC AnmMDXI atlon unreac

ammoni a subst anti pdnyds S5 prussic ddEa mmwomﬂhﬁww@m the

reactor. In the case
where the amoXiwlid©nin Sthe né@ptstaed wwlﬂtﬂmﬁcmrt it onliys inder kedd yr ange
specified in the present invention, for exanple, at an organic

deteriorated quality of the circulating solution, but

10 also disadvantages such as a loss of acrylonitrile
caused by the producfion of succinonitriie. When the
ammoxidation is continued at an organic acid/unreacted
ammonia ratio of more than 3.0, the yield of the
unsaturated nitrile is decreased and moreover the amount

15 of unsaturated aldehydes (e.g. acrolein) and high-
boiling compounds is increased in the product gas,
resulting in causing problems such as contamination of
the circulating solution in the quench tower with tarry
substénces, staining of a heat exchanger provided at the

20 outlet of the reactor.

As to a method for controlling the organic
acid/unreacted ammonia ratio to a value within the range
specified in the present invention, the control can be
carried out by properly choosing the molar ratio of

25 ammonia to propylene, the molar ratio of ammonia to
isobutene or the molar ratio of ammonia to tertiary
butanol in a starting gas to be fed to the reactor, in a

range of 0.90 - 1.20, preferably 0.95 - 1.10, depending



aci.d/ unreacted ammonia ratio in the product gas of less 5 than 0.8, the

yiefd of the unsaturated nitrile is high but polynmers of acrolein,
whi ch is an unsaturated al dehyde, and prussic acid are produced in the
quench tower in the next step, resulting0in not only markedly

detériorated quality of the circulating solution, but 10 also b .

di sadvant ages suh zeactioncondikionsfugh |as the cahplatig adfd Wtdduct i on
of succinonitrile. Wen the anmoxj dation is continued . .at an organic
aci d/ unreacted Catal¥fpAmEYnki FRACHAR FIERPEAIIendSACHIPHI t he
unsaturated nitrile is decreased and noreover the anount 15.of unsaturated
“al dehydes (e.g. RGBT * hi gh- boi | i ng conpounds is increased in

ef

t he duct , ti ' J ; ) ti

o " O he Grreul ating. scls (MRS SRR Rt FhdRt ! on
bst , e ' tl th

Feactor o SN hEGelofor P FHERMGR NS G Mty by Ierd 1 he
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the present invention, the control can carried out by properly
choosing the nolgfod@te® By tHe AMMOPidatloR’€PWbENELxddadimorain 0 of

anmmonia to | sobutene or the nolar ratio of anmonia to tertiary

butanol in a stagdlvdofiachécobgahdd d€idhe reactor, in a range of 0.90
- 1.20, preferably 0.95 - 1.10, depending

10 As the quench tower used in the present

10 invention, there may be used either a quench tower
composed of a single compartment or a multi-stage quench
tower divided into at least two compartments, an upper
compartment and a lower compartment. The multi-stage
quench tower is preferably ﬁsed._

15 In the case of using the multi—stage queﬁch
tower, the reaction gas coming out of the reactor is
introduced into the lower compartment of the quench
tower where the reaction gas is brought into contact
with a circulating solution containing ammoxidation

20 products such as ammonium salt of the organic acid,
high-boiling compounds, etc., whereby the organic acid
and the unreacted ammonia in the reaction gas are fixed
as ammonium salt of the organic acid in the circulating
solution. At the same time, the high-boiling compounds

25 and products by polymerization of acrylonitrile,
acrolein, prussic acid, etc., which are produced during
the ammoxidation, the scattered catalyst and the like

are also separated and removed. 1In addition, the



on reaction conditions such as the catalytic activity, cat al yst -anount,
reaetion tenperature, reaction pressure, etc. The

ammoxi dati on product gas exhausted from 5 the reactor is introduced into
t he: guench tower, where the unreacted adonia is reacted with the
organic acid produced by the anmoxidation to be fixed as -ammoni um

salt of the orgargaction. gas is introduced imko qﬁMG%PRMOWWth he
present 10 invention, there nay be used either aueﬂch t owe

conposed of a siaffl cthepphe nbifakion o the Jnxpa c"’H“m"nla tifer di vi ded
i nt t | tt t t t d

compar tment . TheeapLSLe] gt the “Sapl Brocedure %%9”3%‘ ol Sised. 15

In th f |

coming out of tlﬁ LG 1Q6 RY A010t 08 ORI auench Wiler I JEARIE dp°
the quench DY %@aé@%{ﬁ?ciﬁé’“r%t%&% %@yghmg Nt @ant act

wth a C|rculat|ng S on contarni ng ammmoxi 20 products such as

ammoni um sal t Ofoé@f‘aw?{&ﬁ”bﬁ fké dquench £oddr PobkArish €9 P W Afet KEE - for
wher eby t he orga c.acid d"the unreacted amonia in the reaction gas

are fixed ﬁﬁ@%y%sﬁééeﬂfdéﬁﬂcﬂéﬂ@ﬁ@a@@é& by éVepstdidmtimg
solution. At the sanme tine, the high-boiling conpounds 25 and products by

pol ymeri zati on ofh@cCIloweni tomp&rtment PucDhdeé nusgissi Tiqueidl, fetmed byhi ch
are produced during t he ammoxi dation, the scattered catal yst and the
li ke are alecondepsatien indthenupper tompaitnent,suprlying water
10 from the outside and the like. The method of using a
ligquid formed by condensation in the upper compartment
is preferable for reducing the amount of waste water to
be treated. As the solution temperature in the lower
compartment of the quench tower, any temperature may be
15 employed so long as it is 100°C or less, though the
solution temperature is preferably 50 - 9550, more
preferably 60 - 90°C from the viewpoint of the degree of
concentration of the waste water, the decomposition
temperature of the ammonium salt of the brganic acid,
20 etc.

Since the solution taken out of the quench
tower (hereinafter referred to as "taken-out solution")
in the present iﬁvention contains, besides the ammonium
salt of the organic acid, high-boiling compounds

25 produced by the ammoxidation and heavier components
formed by the polymerization of acrylonitrile,'acrolein,
prussic acid, etc. but not sulfuric acid, it can easily

be concentrated and can be incinerated. In the



reaction gas is introduced into the upper conpartnent and then the

fixation of the unreacted ammonia is conpl eted by the sane procedure as
above. The circulating solution in the quench tower is recycled in 5

direct contact with the reaction gas. As tolzhe operation of the quench
tower, exanples of a nethod for maki ng up a water deficiency caused by

evaporation in conaéntiaiioncorpardegrre oft|erncens i ion ifuitdie sakah by
condensation in the upper conpartnent supplying water. 10, from the outside
and the like. TrRutmes 0 @3 mPey determ#%%ﬂ FFW P RE e&fioon in

wter o C°”f§2ii?€£q%@yé3tﬁé§éﬁ%‘$’!€mef o Y Rt ™" ©
conpart nent t h t Vs t I d
Tong as Tt 1o 1001R ] CarorhEL +PRieRdCTad " tHdh B sendm Al OYET S0,
preferably SQ%h &%%éﬁéi&i mor e preferably 60 - 90[err]C fromthe

e

Vi ewpoi nt of e ee of concentration of the waste water, the

deconposi tion t enper apieg e3ér éd o L NEBEaHR St 1ordfid et ditied am d,
20 etc. Since the solution taken out of the quench

tower (hereinaftefat cheaveert Somponénkemaytbsolitton) wts, prefdwaipesent
I nvention contains, besides the ammoni um salt of the organic acid,

hi gh- boi | i ng conpoubese0 26t Pt odDt eils bylébepreferabhe | to sephteteiarsolid
conponent s formed by the polynerization of acrylonitrile, acrolein,
component composed mainly of catalyst particles, metal
10 components, etc. from the taken-out solution before the
concentration or the incineration.

The concentration of the heavier components is
determined by weighing the taken-out solution into an
evaporating dish, heating the solution on a 100°C water

15 bath, drying the solution in a drying oven at 105°C, and
then measuring the weight of the residue.

For incinerating the taken-out solution from
the quench tower, the solution may be fed to an
incinerator directly from the quench tower or after

20 being stored in a storage tank. The storage tank and
piping therefrom to the incinerator are preferably kept
hot for preventing clogging.

An equipment for incinerating the taken-out
solution is not particularly limited and there can be

25 used, for example, an ordinary spray-incineration type
incinerator or a fluidized-bed incinerator. The taken-
out solution can be incinerated together with waste gas

in a waste gas incinerator intended for incinerating



prussic acid, etc. but not sulfuric acid, it can easily be
concentrated and can be incinerated. In the

12 concentration, the degree of concentration of the taken- out
solution can be determ ned fromthe viewoi A8 of difficulty in handling
due ' to sel f-burning properties and a viscosity increase and from an
econoni cal 5 vithigoiwgste gas exhausted Tirom @&y abssirpddareavar dm jthe
determ ned so t hat heavi er conponents may be 10 to 70 wt % preferably
40 to 60 wt % | tanmexidat i RIQERsSs « A ARRAY G Hetdhod, theggGaande

conposed mai nly of catalys articles, netgl_ 10 conponents, etg. fromthe
t aken- out sol ut i%‘?P]t%&f%Jr'e ‘{‘?1‘2 exampl &y, & G TRFPRFULHRF 1% ARFAYAI%n.

Th trati f the h i er, ts i t ' i ghi

[he Caken-out sOrRNh TS oh Hio RRARAY (st ¢ e aaRbeL) 01 on
ake vY ah P A < Hedt i

Tosterr)C ana ehed Wetdf ckedth 4 th gl el ik A MR

For incineratingdyecd akefnord £ gt d fr B 0Memplogdt® tHERGIHIAWRE the
solution may be fed to an IncCinerator directl’y fromthe quench tower

or after 20 beidkzEd Gli¢thod W DA Sigearn A .an domifimpesdurde antdch
‘piping therefromto the incinerator are preferably kept hot for

preventing cl oggpemmits satisfactory Apsaypimyent for incinerating the
taken-out For the incineration, fuel oil, prussic acid
10 produced as a by-product by the ammoxidation, etc. may
be used as an auxiliary fuel.
Although the inside temperature of the
incinerator is varied depending on the composition of
the taken-out solution which is to be incinerated, a
15 combustion method employed in the incinerator, the
residence time of incineration gas in the incinerator,
the oxygen concentration in exhaust gas from the
incinerator, etc., it is 500 - 1,300°C, preferably 650 -
850°C. The residence time of incineration gas in the
20 incinerator is 0.5 to 5 seconds, preferably 1 to 3
seconds. The oxygen concentration in exhaust gas from
the incinerator is 0.5 to 5 volg, preferably 1 to 3
volsg.
Heat generated by the incineration can be
25 recovered by means of a heat exchanger, a heat exchanger
coil or the like. Since no SOx is produced because no

sulfuric acid is used, the process for producing

unsaturated nitrile of in the present invention is



solution is not particularly limted and there can be 25 wused, for
exanpl e, an ordinary spray-incineration type I nci nerator or a

fl ui di zed-bed incinerator. The taken- out solution can be incinerated
together with waste gas in a waste gasléncinerator intended for

incinerating _ .13 this waste gas
exhaust ed from advahtagpbusnallesefriom the viewpoibki dft b protessions a

sprayi ng nethod, there can be enpl oyed, for exanple, a
sel f-pressuri zi § epvidyongent. net hod using a high pressure and a two-fluid

nozzle 5 method using steam or high-pressure air as_an,atopl zing
source. There is preferabf{ éﬁﬁl@%gﬁegﬁelPxﬁpFFBPd acryﬁ89igtlhﬁtﬁﬁd usi ng

steam as an atom zing sSQurg i ch ermts sati kY .SREaAyi Ng.

For the inciner %itbﬁ%rﬁgamgirmeprl&saré’%él&@g %i’o%%"#n%%glgéglég g%by- pr oduct
by the amoxidatiaon . e lahicdry I s da—

Al t hough theéi nﬁr(?gyt]'%&rr%ér g’?érbéltoefﬁt ﬁ?%@ﬁﬁia%?i %g)r&g!tng? i sfr\!}gr Fg‘g‘ogéggndi ng

on the conpositi of; 18 H13K Yardile s Yuit 119 aMFIgh digeldobed by
incinerated, a t%‘%nc&r?b&ﬂei on rret%khod enployed in the incinerator, the

residence tinme QfsiindCidieiHide) Gralyst onprdigitiaBur to 70 withe odixygen
concentration in exhaust gas fromthe I nci nerator, etc., it is 500 -

1,300[err] C, prefiariad arfb¥o to 30 SAY ef mMalybdenuasi ddsoathi madofiron
incineration gas in the 20 incinerator is 0.5 to 5 seconds, preferably 1
to 3 supported on the silica. As the oxide catalyst in the

10 present invention, there is more preferably used a

catalyst represented by the general formula:
MOyBipFquaBchDdOf

, wherein Mo is molybdenum, Bi is bismuth, Fe is iron, A
is at least one element selected from the group
consisting of nickél and cobalt, B is at least one

15 element selected from the group consisting of potassium,
rubidium and cesium, C is at least one element selected
from the group consisting of magnesium and zinc, D is at
least one element selected from rare earth elements, o
is oxygen, y, pr 4, a, b, ¢, d and £ are atomic ratio

20 values of molybdenum, bismuth, iron, A, B, C, D and
oxygen, respectively, d4/(p + d) = 0.6 to 0.8, p +d =
0.5 to 2, g = 0,1 to 3, a =4 to 10, b = 0.01 to 2, ¢ =
0 to 3, £ being the number of oxygen atoms necessary for
satisfying the valence requirements of the other

25 -elements present in the catalyst, in which the atomic



séconds. The oxygen concentration in exhaust gas from t he incinerator

Is B.5to 5 vol% preferably 1 to 3 - vol % Heat
generated by the incineration can be 25 recovered by neans of a heat
exchanger, a heat exchanger coil or thé5like. Since no SOerr] is
produced because no sulfuric acid is used, the process for producing
unsat ur at ed ni t matdoofvaluet lye gfr exdiytbdemnantiisorin @ range of y = 1.02x

14 advant ageous al so fromthe viewoint of the protection of

envi ronnent . to 1.10x whenein % i{ﬁ&éri{nﬁ%\hé’nttih@n,eq&ért}%ni & 7l d-8P

met hacrylonitrile is produced by ammoxi dation of 5 propylene, isobutene
or tertiary butand * artfe Garinohei k- tionis preferably carried out in
a fluidized bed by usi ng.an oxirde catal yst. conprisi_ng,30.to,70 wt % of
silica and 70 to 30 wt % off™diff |ﬁ'WﬁQ5ﬁﬁﬁ?daﬁﬁqBFoﬁatglys§dpBo%Fed on
the silica. t he | i toints ' i there is
nore pref er,aasy Rfseefodggaa%ﬁf%lcé{% 'ys'[b rlreggrper;egr%mta[ehg\ége%?\tera’e forml a:
Mo[err]Bi[err]F ] rddd &« &dnsisti £ WierQiym M IS
nol ybdenum Bi F\e'[sleéé)nl{és#uﬁéﬂ%e%ds ﬂﬁ] A 9 Jugl S atSlISeals?tg oone\ygl emgnt

sel ected from t heyfiiifum, ceSiAi®) Prdbcdynilivike ned@ynivealand Banardtun east

one _
more preferably cerium.
The atomic ratio value y of molybdenum is

10 preferably used in a range of y = 1.04x to 1.08x. The
atomic ratio value y of molybdenum can be kept in the
above range, for example, by adding a molybdenum oxide
represented by the general formula MoyOy wherein the ¥Y/X
ratio is 1 - 3 (e.g. MoO3, MoO2, Moz03, Mo20s5, Mo3Og,

15 Mo4011, MogOa3 oOr Mosbzs), a molybdenum compound
convertible to molybdenum oxide under the reaction
conditions, for example, a molybdic acid (e.g. HzMoO4 or
HzMo004°+-H20), an ammonium salt of molybdic acid (e.g.
(NHg)2MoO4 or (NHg)eMo7024-4H20), a molybdenum sulfide

20 (e.g. MoS3 or MoS2), a halogenated molybdenum
(e.g. MoOCls, MoO2Cl3, MoOCl3, MoCls or MoCly), a
carbonyl compound of molybdenum (e.g. Mo(CO)g,

(Cs5H5 )Mo (CO)s5Mo(CsHs), (CsHs)Mo(CO)3H, MO.(C0)3(C5H5N)3 or
Mo2(CO)e(H2NCH2CH2NH2)3), or a cyano compound of

25 molybdenum (e.g. Hs[Mo(CN)7(OH)2]); or a catalyst having

the same composition except.for an increased proportion

of molybdenum.



15 el ement sel ected fromthe group consisting of potassium rubi di um

and-cesium Cis at |east one el enent selected fromthe group
consi sting of magnesiumand zinc, Dis at | east one el enent sel ected
fromrare earth el enents, O is oxygen, 1%, p, 9, a, b, ¢, d and f are

atomc ratio 20 values of nolybdenum bismuth, iron, A, B, C, D and
oxygen, respectively, d/(The dboved-neritidhe] gxided catalystOcant be2, g =
0.1to 3, a=4to010, b =0.01to 2, ¢c = 0 to 3, f being the nunber
of oxygen at ons otdisssd oy & well-lkywmwrs e thpd he oraleamplieaq by ement s of
the other 25 elenents present in the catalyst, in which the atomc

15 ratio vatampounding|starting |1®aﬂeflaa1r%rfg§ oﬁnqAVidpadz@etal to
1. 10x wherein x is defined by the equation x = 1.
- 1.5d. components t iR RERRAL §rehtF O ks cﬁPr@étt‘eQ%l@-tng A;hes th@

preferably n| kel refefably at | east on nt se] ected from
t he group consi sﬁ‘i%@a’iﬁgy%) Jutigns "to 9bkaip, A AT isd | Rﬁﬂdene%ls m um
neodym um and sa The

fe .
atomc ratio val rgi‘n%‘f’%ggéﬁ r%eroé‘bcbﬁ)rfejfcrga;a Yy usecf:""mr'trma{lnrdalr{1 &ey =

1.04x to 1.08 t Eﬁgﬁﬁ
t he 0 abov)é rs-la-"t'r%It ?%rﬂéegé;}f?ié I&éz; di ng ﬁmﬁpllb m oxI ?lltiecé(%l a
represented by t#9r GeNef & fé)réﬂ&hé’nf&lﬁeééig@f rrlol’méﬂdin tiuy Y/ X ratio

is1- 3 (e.Q. N[err]O[err] MoO[err], Mo[err]O[err], MJferr]O[err],
Mo[err]O[err], molybdenum, and water-soluble compounds such as nitrates
10 for the other components. For atomization in the spray-
drying of the starting solutions, a centrifugal method.
is preferable. The drying temperature is 100 - 400°C,
preferably 150 - 300°C. The calcination of the dried
product is carried out in a temperature range of 500 -
15 9750°C, preferably 550 - 700°C, for 1 to 20 hours, if
necessary, after pre-calcination carried out at 150 -
500°C. |
The organic compound used in the ammoxidtion
in the present invention includes propylene, isobutene
20 ang tertiarj butanol. When propylene is used as the
organic compound, acrylonitrile is produced as the
unsaturated nitrile, and when isobutene and/or tertiary
butanol is used as the organic compound, methacrylo-
nitrile is produced as the unsaturted nitrile.
25 The ébove—méntioned organic compound and
ammonia, stafting materials, need not be of high purity

and may be of industrial grade.



15. Mo[err]derr], MJerr]O[err] or MJ[err]O[err]), a nolybdenum conpound
convertible to nol ybdenum oxi de under the reaction conditions, for
exanpl e, a nolybdic acid (e.g. Herr]MJerr] or
Herr]MQerr][err]Herr]O, an ammoni um sal? of nolybdic acid (e.g.
(NHerr])[err]MJerr] or (NHerr])[err]M[err]Q[err].4Herr]O, a

mol ybdenum sul fi de 20 ( dsg anViesyaen sQuUres edsr) )ls asHaldyenat ed

nol ybdenum (e MoOCl [err], Mo(Qerr]C [err MoQOC [ erri’b MoCl [err]
or Md[err]), ;preferahgl@(,b udhh hhane) Y RS GmIas. Q’l @8o[err],

CERREHIEmMi Sh S e i

l\/b[err](CO)[err%W%err]NCI—l rr‘%ﬁgj{err NH err])[err]), or a cyano conpound
of 25 nol ybden ] fﬁb ‘err](OH)[err]); or a catalyst having

o ybaenun S o excea,ts " hd iR HrP R LB dation the
nol ybdenum The

above- menti oned oy G ¥ £Utd¥ting QMY AU thattlongionarTeighod
by conpoun n te

for exanpl e, g startln rials I ndi vi dual net al
conponents to pPregpae @réaqhtalésmpoin{@ycéirgl &&dﬂiﬂéﬂﬁs iSoLUuteRRY o

solutions to obtain a dried product, an calcining the dried product

finally. I'n commaeidwy thiftanol) ,stai:mcsrma iErdid 9s tdwerfolaowsar ef erably
used silica sol for silica, a amonium salt of nolybdenum for

nol ybdenum  and ogaatic atanpeurnd/groondsa faich asl A0 190t1e20/B3-1f0or t he ot her
conponents. For atom zation in the gf‘ég drying of the starting
0B8RS er

sol utions, dGerpreferpblymetfDP5-1 The &eagfd oy \hemparafidieat ur e

is 100 - 400[err]C
400 - 460°C, particularly preferably 415 - 445°C.

The reaction pressure is in a range of atmospheric
pressure to 3 atm. The contact time of the starting gas
with the catalyst is 0.5 to 20 sec-g/ml, preferably 1 to
15 10 sec-g/ml.
The present invention is illustrated below in
further detail with reference to examples.
A reaction apparatus was composed of a
fluidized reactor with a diameter of 3 inches having 16-
20 mesh wire gauzes provided therein'at intervals of 1 cm,
a quench tank with a diameter of 4 inches and a height
of 400 mm, and connecting piping. A reaction gas from
the reactor was introduced into the quench tank through
1/2-inch piping heated and maintained at 200 - 250°C,
25 and bubbled into a liquid in the quench tahk through a
nozzle having 10 holes of 3 mm¢. The quench tank was
provided with a sight-glass type level gage designed to

show the volume of the quench liquid and the situation



preferably 150 - 300[err]C. The calcination of the dried product is
cartied out iin a tenperature range of 500 - 15 750[err]C, preferably 550 -
7Q0[err]C, for 1 to 20 hours, if necessary, after pre-calcination
carried out at 150 - 500[err] C 18 The organi ¢ conpound
used in the amoxidtion in the present invention includes propylene,

i sobutene 20 arich ttdve itank bia drempe ntar pragniaid ars fipre@opd nold ing
organi ¢ conpound, acrylonitrile is produced as the unsaturated

nitrile, and wheihe SKARRRIALULRI/AF the quaneh Liayigamh §18G5EdF as the

or gani ¢ conpound, nethacr nltrlle | roduced as nsat rted
nitrile. 25  heater, qg&a?ﬁﬂﬁ&i ?ﬁi%ﬂﬁ (ﬂﬁd} He

ammoni a, startin rn%ﬁ”éaAk wélé3 qﬁmﬁpéﬁféhtﬂ‘§¥bfﬁa E&Q gfyprHﬁrgﬂé be of

i ndustrial grades

As an oxygen ?ﬁ‘%&&c@'h L?la’lséjlghcgl ing PESY Al st d %&Eéé‘ ”ayrriée

used a gas Wt reas en” concentration repare

exanpl e, by rﬁ&ﬁhﬂi‘ﬁ'@e&f WAe PiduidSin the quencH‘tdrk Wﬁj' t ' ons for
t he ammoxi dat i on, conposition of a starting gas is such that nolar
ratios of k¥ SIS &4 CPYPPREENEL A - 25 tIPT Y | Hedies et S BEEIRy Qhe

tertiary butanol), amonia and air is as follows: or.gani c

conpound/ anmoni ¢ énpe FatiPe Fodt 281 Bedlat A @risd eattdd dn Iddhditilord)/ 8- 10.
The reaction tenperature

under which substantially the same effect as in a quench

10 tower can be obtained. The liquid in the quench tank
was sampled by a batch method. That is, the liquid was
sampled at intervals of about 5 hours so as to adjust
the liquid level in the quench tank to a definite level,
and the quality of the quench liquid was checked and the

15 inside of the quench tank was observed through the sight
glass of the tank. The reaction éressure P was
regulated to 0.5 kg/cm2G by attaching a regulating valve
to the exhaust piping of the quench tank.

The reaction results were analyzed by a

20 titration method by taking out a part of a reaction gas
from the piping connecting the reactor and the gquench
tank, followed by gas chromatography and an absorption
procedure. All of materials for the apparatus, the
pipings, etc. were stainless steel (SUS304).

25 The amount W of a catalyst charged was 1,000
to 2,000 g, and the total gas feed rate F was 100 to 150

ml/sec (in terms of a rate at NTP).



is 400 - 460[err]C, particularly preferably 415 - 445[err]C. The
reaction pressure is in a range of atnospheric pressure to 3 atm The
contact tine of the starting gas = wth the catalyst is 0.5 to 20
secferr]g/m, preferably 1 to 15 10 sec[errd9gy/m . The
present invention is illustrated belowin further detail with
reference to exanpl es. The contact Wimeais idefingshibyt dhevdfoldomiowed of
a fluidized reactor with a dianeter of 3 inches having 16- 20 nesh
Wi re gauzes proveqgeRtioriein at intervals of 1 cm a quench tank with
a dianmeter of 4 inches and a height . of 400 mm and connecting piping.
A reaction gas from the reactor was introduced into the quench tank

t hr ough 1/ 2-inch pipi heat ed. and, mai nt ai.ned at 200 - 250[err]C, 25
and bubbled into a Iiquid GehtaEE q*iﬂéh%h‘iea%kgfmu@h a nozzl e havi ng
10 holes of 3 mierr]. The q yf§5 rovi i a 4 ght - gl ass
type | evel gage designed to mes’%?ﬁ%h v%leTe)Oo’? (t]ﬁg’gqﬁmeﬂr??hl'lq%qui d and
the situation 18 in the tank, a

tenperature controller for controlling the tenperature of the quench
liquid, an electyhérein Wedsethe AHoURETEE 2k Wé CcaBAIYSNANEELs | thadgld i on,
t he quench tank was equi pped with piping for sanpling the 5 quench
liquid and pipi nfeédrr&x@aust i 80tNast €agbbon ThemperatuwemEndit®irks ofhé he
liquid in the quench tank was controll ed by heating with the heater
setting the reaction pressure.

The conversion and yields used to express the
- reaction results in the working and comparative examples

10 are defined by the following equations:

Conversion (%) =
(number of moles of reacted propylene)/

(number of moles of fed propylene) x 100

Acrylonitrile yield (%) =
15 (number of moles of produced acrylonitrile)/

(number of moles of fed propylene) x 100

Acrolein yield (%) =
(number of moles of produced acrolein)/

(number of moles of fed propylene) x 100

20 Acrylic acid yield (%) =
(number of moles of produced acrylic acid)/

(number of moles of fed propylene) x 100



teénperature controller at 70[err]C to attain conditions under which
substantially the sane effect as in a quench 10 tower can be obtained. The
liquid in the quench tank was sanpled by a batch nmethod. That is, the
l i qui d was sanpled at intervals of abo®0 5 hours so as to adj ust
the'liquid level in the quench tank to a definite |evel, and the
guality of the quenchAdetin daobd yiebdketh prrel t he 15 inside of the quench
tank was observed through the sight gl ass of the tank. The reaction
pressure P was r egul numbex 0 molep of produesd agekin mrid reRA3I ng
val ve to the exhaust plplng of the quench_tank. The
reaction results were anéf U?fdm°%ﬁﬁt?§r%&qcﬁF9ﬁﬁ¥RﬂFlnﬁt¥ﬂg ng out a
part of a reaction gas fron1the pi pi ng connecting the reactor and the
guench tank foll omed by gas chromat ography and an absorption

procedure. of mat g$35%8 a&ﬁghfggséﬁé ﬁ%ge %bV%fpipings, etc. were

st ai nl ess steel (SUS a catal yst charged

vas 1,000 5 to 2, 000, ProdBes LBE 4016k GFSabiiSH:d 6 dratfited By L0 150

m/sec (interms of ara

19 The conw@ieatwﬁ + Snéiftbé Peds bd(oié‘@ épla :rugc aci@guation:
Contact tine (sec[err]g/m) WF) x 273/ (273 + T) x (103
+ P)/1.03 number of moles of acetlc acid)/(number of

moles of fed propylene) x 100

The measurement of unreacted ammonia by
10 titration was carried out in the following manner: a
1/10 N aqueous nitric acid solution was allowed tb
absorb a predetermined amount of a gas collected at the
outlet of the reactor, and there was taken as an end
point the point at which the solution changed in color
15 from yellow to blue when titrated with a 1/10 aqueous
sodium hydroxide solution by the use of Bromocresol
Green as an indicator.
In operating the reactor, the molar ratio of
propylene to air was adjusted to a value properly choéen
20 in a range of propylene/air = 1/8 - 10, for adjusting
the oxygen concentration in a gas present at the outlet

of the reactor to 0.01 to 0.20 volsg.

Example 1 (Present invention)

A catalyst composed of 50 wtg of silica and an

25 oxide with a composition of



5 wherein Wis the anount of the catalyst, F is the gas feed rate, T
is the reaction tenperature and P is the reacti on pressure.

The conversion and yields used to express the reaction results in the
worki ng and conparative exanples 10 are demluxiby the foll ow ng

equati ons: Conversion (%9 = (nunber of nol es of
react ed propyl enddi1.7Big.20Ce0.40F€n0Nisr, 61092 /oKoes:Cslo . beBypRgtieshen 00
Acrylonitrile yield (%9 = 15 énunber of noles of produced
acrylonitrile)/ silica was prepangéraaf ablewsof fed propylene) x 100
Acrolein yield (%9 = nber of nol es, of produced acrol ein)/
(nunber of noles of fed pr%@@?@nﬁ? %31603 g of silicy, 84|QP%&§¥P§RQH%P(9@

f _nol es of oduced acr

(nunber of nnleswggb?gdgb?éﬁ??%n%) BtPn prePg}e& g§”é§ss°lV1ng in
20 . f
pr oduced acetlgtzg?ag 92¥§)#q §4%t§ nitric acﬁ%e O?”§§§%25%§W*€% °

propyl ene) x 100n;itrate [Bi(NO3)3-5H20], 70.3 g of cerium nitrate

[Ce(NO;);°6H20], 326.9 g of iron nitrate
[Fe(NO3)3+9H20], 658.8 g of nickel nitrate
[Ni(NO3)2-6H20], 228.1 g of magnesium nitrate

10 [Mg(NO3)2°6H20], 2.86 g of potassium nitrate [KNO3] and
3.15 g of cesium nitrate [CsNO3]. Finally, a solution
of 835.7 g of ammonium paramolybdate [(NH4)5M07024-4H20i
in 1671.4 g of water was added.

The starting solution thus prepared was fed to

15 a parallel-flow type spray dryer and granulated and
dried at about 200°C. The atomization of said solution
was carried out with an atomizer equipped with a dished
rotor and provided in the upper part of the dryer. The
resulting granulated powder was pre-calcined at 400°C

20 for 1 hour in an electric oven and then calcined at
590°C for 2 hours to obtain the catalyst.

Using 1400 g of the catalyst obtained,
ammoxidation of propylene was carried out at a reaction
temperature of 430°C and a contact time of 6.0 sec-g/ml,

25 and at around an ammonia/propylene ratio of 1.02 so that
the organic acid/unreacted ammonia ratio might be kept
at a value of 1.2. One week after the initiation of the

reaction, the conversion was 99.8%, the acrylonitrile



Uireact ed amoni a percentage (% = 5 (nunber of noles of ammoni a
det er mi ned by titration + nunber of noles of acrylic acid +
nunber of noles of acetic acid)/(nunber of nol es of fed

propyl ene) x 100 The neasurdhent of unreacted amoni a by
10 titration was carried out in the followi ng manner: a 1/ 10 N agueous
nitric acid sol uyyiehdwas.8s%)obke acroleingpielrd b.dtedeherasrptiamesd of a
gas collected at the outl et of the reactor, and there was taken as an
end poi nt t¥tehdi Aslhr WAecAcehicsaridi pheldaPekly | the dtrFeaqted rom
yellow to blue when titrated with a_1/10 aqueous odi u ﬂgdroxide

. q S m
sol ution by the a@BOBiapPereenrtage 1.9%, RBEnthe QRIARE 3Fid/Unreacted

adj uated 10 a vaRBBOBIBpERFYSchoden AoBRPRLS PRnbRGEvReR t ifefdvaE’ /g .
10, f dj I ng. | | t at th
outrer UG (Riobaarbafof KR0soRESEALE ha ety BB ACRRET | 7 o 02,

| nvention) substance.” figi Bh¥p! aCBUBPARAA nalut *hoF & tifayand an
25 oxide with a conposition o

substance was found by observation through the sight

21

glass of the quench tank.
When the reaction was continued for another 2
10 weeks under the above-mentioned conditions, substantial-
ly the same reaction results as above were obtained, and
the quench liquid was light-yellow and contained no
tarry and viscous substance. In addition, neither a
suspended matter nor a tarry substance was found by
15 observation through the sight glass of the quench tank.
During the reaction thus continued for 3 weeks in total,
the reaction apparatus could be satisfactorily operated
without clogging of very thin piping for analysis and
the piping of the quench tank. After termination of the
20 reaction, the quench tank was opened and its inside was
inspected to find no tarry and viscous substance.

When 1 liter of the liquid taken out of the
quench tank in the present example was placed on an
evaporating dish and concentrated to dryness on a water

25 bath at 100°C, about 160 g of a nonvolatile matter
‘remained. In addition, when incinérated in an electric
oven at 800°C, the nonvolatile matter could be

completely incinerated, leaving substantially no solid



Mo[err]Bi[err]Ce[err]Fe[err]Ni[err]My[err]K[err]Cs[err] supported on the
silrca was prepared as foll ows. : Added to 3333.3 g of silica
sol containing 30 wt% of SiJerr] was a solution prepared by
dissolving in 5 755.6 g of 17.9 wt%nitri &3acid 39.2 g of bisnuth
nitfate [Bi (NJerr])[err]5Heri]0], 70.3 g of ceriumnitrate

[Ce(NO err])[er rjesHde ] 0]Sines o FwEf YL 374G Has used, no sulfur

[Fe(NO err])[err]9H err] 0, 658.8 g of njckel -nitrate

[Ni(NOerr])[err9 %r‘r%(ﬁ), WBS RreSeft iy AT AN AT REQIUCRs by the

[

My(NOJ err])[err]6H err (% 2.86 g of potassiumnitrate [KNO3] and
3.15 g of cesiLH#9§£qgﬁ%$ BN err]. Finally, a solution of 835.7 g of

anmoni um par anol ybdate [ (NH err])[err]M[err]derr]4H err] g in 1671. 4
g of water was added. , The starting solution thus prepared

was fed to 15 | &1 p yer and granul ated and

dried at about M% (,f qé]%gga\%%%/i %‘?%?\i’%x?fsai d solution was carried

out with an af om zer equi Q‘Eeéjaﬁ’!'iﬁ@ Wi &hed comapo%ioéi‘yn g provided in the
The ' nu

upper part of the dryer. resulting gr ated powder was

pre- cal cined at MOOLSBLY Cacl. ofa hNIGUGHY) oRD. GRS bb Coygr gl then

cal ci ned at 590[ err] C for hours to obtain the catal yst.
Using 1400 g of ¢mesThica yE50 obt®) neals preparedoi deie antd nEmmyd ae MBS
carried out at a reaction tenperature of 430[err]C and a contact tine
of 6.0 sec[err] gExamplesl except Hovuchiargirgmiome o¢gpkaing wivn rinpe s~ 1. 02
so that the organic acid/unreacted ammoni a rati o m ght be kept at
a value of 1.2. e kek6h9?@r the initiation of the reaction, the
conversion Wﬁf 99.8% the 6%?&%‘%&56i$6%f the catalyst obtained,
ammoxidation of propylene was carried out at a reaction
temperature of 430°C.and a contact time of 6.7 sec-g/ml,
and at around an ammonia/propylene ratio of 1.03 so that
the organic acid/unreacted ammonia ratio might be kept
15 at a value of 1.0. One week after the initiation of the
reaction, the conversion was 99.8%, the acrylonitrile
yield 80.9%, the acrolein yield 1.2%, the acrylic acid
yield 2.0%, the acetic acid yield 0.1%, the unreacted
ammonia percentage 2.l1%, and the organic acid/unreacted
20 ammonia ratio 1.0. A sample of the quench liquid was
light-yellow and contained no tarry and viscous
substance. Neither a suspended matter nor a tarry
substance was found by observation through the Sight
glass of the quench tank.
25 When the reaction was continued for another 2

weeks under the above-mentioned conditions, substantial-

ly the same reaction results as above were obtained, and
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22 - yield 79.8% the acrolein yield 1.3% the acrylic acid yield
2.1% the acetic acid yield 0.1% the unreacted anmoni a percent age
1.9% and the organic acid/unreacted ammonia ratio 1.2. A sanple of the
quench liquid was 5 light-yellow and conta@ed no tarry and vi scous
substance. Neither a suspended matter nor a tarry subst ance was found
by observation tHreugrentke Liguid was hight-velloe apdreontained no

When the reaction was continpued for another 2 _10 weeks under, the
above- nent i oned ERFEY (2BAsViSEPUE fubaFance. 9 3¢RitioRs (RBTHRSK, 3esults
as above were obt ai ned

d : h h Iiguid | i ght - | d
contaigeg no su?@??éeggﬁaEFEanggsgggggﬁ%eéuu%t%ﬁggtV%gb£9é$%tﬁﬁw :n
E .
Chrough the si greberagat Sohy HEFORRRCERe saRanE Flagd of cend G | bk 1o
continued forg3 ﬂﬁ?k@%hghéo£é§fFﬁgﬁtt%$§ ESEEihQQdaP8Pf§¢#§ef£Piﬁ Q@tal,
g9 yt

satisfactorily opera I'ng of ver I n plping for

anal ysi s _and théhPeﬁEPiBE &ég&PStHHeBSHéﬁaﬂé-sf@i@faé@%?iﬂfiéﬁékéﬁe&he

20 reaction, the quench tan opened and its 1nside was “Tnspected
to find no tarryyfpdoNtSERHggEHGSERNERe very thin pipindV'€dr lahdipsiof the

liquid taken out of the quench tank in the present”exanpl e was pl aced
on an evaposAdi fBedpspingdoEotReNghaheH t&nK( YNEEGe PNt &rMBiLE ion 26F
bath at 100[err]C, about 160 g of a nonvolatile matter remai ned. In

addi ti on, when itheneeateilohp dheefjaehchctank was opened and its inside
10 waé inspected to f£ind no tarry and viscous substance.
When 1 liter of the liquid taken out of the
quench tank in the present example was placed on an
evaporating dish and concentrated to dryness on a watef
bath at 100°C, about 150 g of a nonvolatile matter
15 .remained. In addition, when incinerated in an electric
oven at 800°C, the nonvolatile matter éould be
completely incinerated, leaving substantially no solid
residue. Since no sulfuric acid was used, no sulfur |
oxide (SOx) was present in waste gas produced by the

20 incineration.

Example 3 (Present invention)
A catalyst with a composition of
Moj11.8Bio.s0Ce1.20Fe1,6Nia,8Mg1,9Ko,11Rbo. 05 SuﬁportEd
on silica (50 wt%) was prepared by calcination at 590°C
25 in the same manner as in Example 1. _
Using 1400 g of the catalyst obtained,

ammoxidation of propylene was carried out at a reaction



oven at 800[err]C, the nonvolatile matter could be conpl etely

I nci nerated, |eaving substantially no solid

23 residue. Since no sulfuric acid was used, no sul fur oxi de -

(SOx) was present in waste gas produced by t2% I nci nerat-i on.

Example 2 (Present invention) 5 . A catalyst with a conposition

of . Mp[err] Biénpeigaire r9fet291¢ Nndra oot kact K igve |oh[6erd setn@ked

on silica (50 wt% _was prepared in the sane manner as in Exanmple 1

except for chan@®l 3hcarQURd 2R | IANeRHpPECPYLene (1atiq P hils rﬁr@.thaltb

Usi ng 1400 g of the catal ' ammoxi datjon of ég l,ene was
time

t ob d,
carried out at a??%d%fgﬁﬁfg agl%z#gg?%fﬂ?% YAMOIR £3 51O P {RER

f 6.7 /[ m / X ' f 03
20 that oL BG4 rrtus 0, Bla Socois e FEELE ORI B e O
I f 1.0. Lok Liatl fad h .01 4 h

Conver s on wed JEPEEE T, "LAE coFel DLEANALTOE 4 Mhhe act{BiOH1 €
yield 1.2% the aceyhigoagsd the a¥t618in. PYo1dhe, eetie asdihyi@l 4 1%

the unreacted anmoni a percentage 2.1% and the organic acid/unreacted
20 ammoni a ratioyflefd 2\ 38 PtReChcébecoaei@hyléDdi 6. Y5 the untahdte®! | ow
and contained no tarry and vi scous subst ance. Neither a suspended:

matter nor a targMmonia percentage 2.0%, and the organic acid/unreacted
ammonia ratio 1.2. A sample of the quench liquid was
10 1light-yellow and contained no tarry and viscous
substance. Neither a suspended matter nor a tarry
substance was found by observation through the sight
glass of the quench tank.
When the reaction was continued for another 2
15 weeks under the above-mentioned conditions, substantial-
ly the same reaction results as above were obtained, and
the quench liquid was light-yellow and contained no
tarry and viscous substance. In addition, neither a
suspended matter nor a tarry substance was found by
20 observation through the sight glass of the quench tank.
During the reaction thus continued for 3 weeks in total,
the reaction apparatus could be_satisfactorily operated
without clogging of the very thin piping for analysis
and the piping of the quench tank. After termination of
25 the reaction, the quench tank was opened and its inside
was inspected to find no tarry and viscous substance.
When 1 liter of the liquid taken out of the

quench tank in the present example was placed on an

[



subst ance was found by observation through the sight gl ass of the
guench tank. 25 When the reaction was continued for another 2
weeks under the above-nentioned conditions, substantial- ly the sane
reaction results as above were obtai ned, an@é
24 the quench liquid was |ight-yell ow and contai ned no tarry and
Vi scous subst an&vaparatddia idish @id leamcentratesl e doachemst oar aneatert arry
substance was found by observation through the sight glass of the
quench tank. 5bak & 10 TeadhBHt IRk T af imnanvadatd lgeaastier t ot al |
the reaction apparaLuiﬁfould be, sat,isfactorily operated W t hout

[

o Oggihn?aﬁL t,rga?ter term'.n IO1;rbn flf 'iﬂh rganciline: t:[e. I?"irrllcelh t:(:flf-wag
uenc . . ,

gpened and its iNSHE %ﬂa‘g’ iﬁ&%é&rbvc?]tagt*]ﬁ&? _etrarcl”)}‘]% i scous
subst ance. 5 .t%ompletelr%% Ljdtteeti, Cfl{e gxdo'nsq;l;ﬂnsqa%n%%g\}?;komsoth(a

quench tank 1 n e prese exanpl'e was place orating dish

and concentr at eq-de} dle/NeSi ik ol furic Cﬁz:;i?dﬁ wils HMUE! Cedl 150 g

of a nonvolatile matter 15 renmmined. |In ad ion, when incinerated in an

electric ouHid (HUN erwdL prdientoniuphaidtes gil ipodued b¥e the
conpletely incinerated, |eaving substantially no solid resi due. Since
no sul furic aci dneserstdiomo sul fur oxi de (SOx) was present in waste

gas produced by the 20 incineration.

Example 4 (Present invention)

10 A catalyst with a composition of
Moi1.7Big.30Pro.13Ndo,47Fe2,0Nis, 4Mg2,1Kp.09Rbg,. 05 supported
on silica (50 wt%) was prepared by calcination at 590°C
in the same manner as in Example 1.

Using 1400 g of the catalyst obtained,

15 ammoxidation of propylene was carried out at a reaction
temperature of 430°C and a contact time of 6.7 sec-g/ml,
and at around an ammonia/propylene ratio of 1.02 so that
the organic acid/unreacted ammonia ratio might be kept
at a value of 1.1. One week after the initiation of the

20 feactibn, the conversion was 99.8%, the acrylonitrile
yield 80.3%, the acrolein yield 1.3%, the acrylic acid
yield 2.1%, the acetic acid yield 0.1%, the unreacted
ammonia percehtage 2.1%, and the organic acid/unreacted
ammonia ratio 1.1. A sample of the quench liquid was

25 light-yellow and contained no tarry and viscous

substance. Neither a suspended matter nbr a tarfy

substance was found by observation through the sight



Exanpl e 3 (Present invention) A catalyst with a conposition
of < Mo[err]Bi[err]Ce[err]Fe[err]Ni[err]M[err]K err]Rb[err] supported
on silica (50 wt% was prepared by calcination at 590[err]C 25 in the sanme
manner as in Exanple 1. Usi n@71400 g of the catal yst

obtai ned, amoxi dati on of propylene was carried out at a reaction

25 t enper at wlasy of3}hey rdqueraehd tarndont act tine of 6.2 sec[err]g/m,

and at around an ammoni a/ propyl ene ratio of 1.02 so that t he organic
aci d/ unreact ed anmoni a ratfhehitdie 1eRagkdnn was gond ipatede for anpthgie 2neek
after the initiation of the 5 reaction, the conversiaon was 99.8% t.h
acrylonitrile WeskS|UndRY fohe (3ROVRTRANE 1PRAG | GPNRE Iokonsye %’gﬁﬂ"‘ﬁn& id

Verceniage. 2. On i A AR it o en UG i SO wern SRR Bey ane,
| f th [_aui . l4 - I s t
and vi scous > O riddh 4 {800 das ' LEGHE NS G SRR B 1Y

substance was QU Y2 kP S &@ﬁﬁ%%lh%iéﬁmtion, Heathe 4 he

guench tank. hen e reaction was continued for another 2
15 weeks under tdigspdryed Rt tONatb£ W dtd B Ssubdthificdvadl -found By the

sane reaction results as above were obtained, and the quench liquid
was |ight-yel | ovobeservoticn Negtrswwgh the sight glass of the quench tank.
During the reaction thus continued for 3 weeks in total,

10 the reaction apparatus could be satisfactorily operated
without clogging of the very thin piping for analysis
and the piping of the quench tank. After termination of
the reaction, the quench tank was opened and its inside
was inspected to find no tarry and viscous substance.

15 When 1 liter of the liquid taken out of the
quench tank in the present example was placed on an
evaporating dish and concentrated to dryness on a water
bath at 100°C, about 180 g of a nonvolatile matter
remained.. In addition, when incinerated in an electric

20 oven at 800°C, the nonvolatile matter could be -
completely incinerated, leaving substantially no solid
residue. Since no sulfuric acid was used, no sulfur
oxide (SOx) was present in a waste gas produced by the

" incineration.

25 Example 5 (Comparison)
The same operation as in Example 1 was carried

out using the same catalyst as used in Example 1, except



S T o

tarry and viscous substance. In addition, neither a suspended matter
nor- a tarry substance was found by 20 observation through the sight glass
of the quench tank. During the reaction thus continued for 3 weeks in
total, the reaction apparatus could be 28tisfactorily operated

wi thout cl ogging of the very thin piping for analysis and the piping
of the quench tafdx cehargingrtheasnoonibd/pPSpylhene exationto tamoundid4 ank
was opened and its inside was inspected to find no tarry and viscous
subst ance. so that theyerganictacidfunreactedammenis rakiomight
guench tank in the present exanple was_placed on an

26 evapor atPegEeRE R E BenPf ad ed- t TRFSRARYD AR SRt bat h
at 100[err]C, abput, 170.9 of _a_nonvolaiile

. : ' |
2ddi tion when' i FEFFEF oL En pr "heCr Sef et "Ehe Chepversidbruat 120 fhe
nonvol atil e 'Eatt@ﬁe¢§’l§£918§i'?gis‘lfgﬂg¥8g§'¥6'.§gl ’S‘ﬁﬁﬂéltfgroiéﬁﬁ“ 14, 2.% ¢

substantial |y no sol ~Srnce n uric acrd S useé
sul fur  oxi dgné SEXYy YRS aéfagpiew YO54 ¢ GRS §é@€'£@%?a Ji€1a o0.1%,
I nci neration. Exanpl e 4 (Present 1nvention 10 A

catalyst with a gQepestéhéte@fammonia percentage 0.8%, and the organic
Mo[err]Bi[err]Prierr]Nd[err]Fe[err]N [err]My[err]Klerr]Rb[err] supported
on silica (50 Wmag¢idganpeapteddahyonbacratiood. a3t SO0aplé of then the
same manner as in Example 1. _
quench liquid was brown and contained a suspended matter
10 and a tarry substance which were regarded as polymers of
acrolein and acrylic acid. Moreover, the piping (inside
diameter: 3 mm) for analysis was clogged with a tarry
and viscous substance. The operation was judged to be
difficult to continue under the same conditions, so that
15 the reaction was stopped on the f£ifth day after the

initiation of the reaction.

Example 6 (Comparison)
The same operation as in Example 1 was carried
out using the same catalyst as used in Example 1, except
20 for changing the ammonia/propylene ratio to around 1.10
so that the organic acid/unreacted ammonia ratio might
be kept at a value of 0.2, One week after the
initiation of the reaction, the conversion was 99.7%,
the acrylonitrile yield 83.0%, the acrolein yield 0.3%,
25 the acrylic acid yield 1.2%, the acetic acid yield 0.1%,
the unreacted ammonia percentage 6.0%, and the organic

acid/unreacted ammonia ratio 0.2. A sample of the



Using 1400 g of the catal yst obtained, 15 ammoxidation of propyl ene was

carfied out at a reaction - tenperature of 430[err]C and a contact tine
of 6.7 sec[err]g/m, and at around an ammoni a/ propyl ene ratio of 1.02
so 't hat the organi ¢ acid/unreacted anm28i a rati o m ght be kept at

a value of 1.1. One week after the initiation of the 20 reaction, the
conver si on was 9pi1e9igh thiqwict Wwamibrownish blagkelan@E@kaimed achbdlagikn
yield 1.3% the acrylic acid yield 2.1% the acetic acid yield 0.1%
the unreacted SUSRERARA dnﬂfefr%%rﬂ%ea Dlagk Dreqipd tatga b iwerenr eact ed
amonia ratio 1.1. A sanple of_ the quench liquid was 25 |ight-yellow and
cont ai ned no tarrr%H%FrﬁFQ/l%%cR%lYmers Qi IEic aGiGandg as"ifé’&@rﬂi&f’#@rt er

nor atarry subst ance found hy .obseryation through the si
27 gl ass of the quenc -8 con&ltlon, eh H%%& ﬁi? nCh

cont] mued 1ot Aghlerugh it RN Yol B 3’32%%21 ST and
5 the quench Ii ﬂi"@?cﬂ @tsdﬁd%a&&& d@cﬁﬁ%ter tarry and Vi scous

substance. In addition, neither suspende nor atarry

subst ance was found by observation t hrough the sight glass of the
quench tank. During the reaction thus continued for 3 weeks in total,
10 the reaction Exgwpld Up (Bxeseile hadérstiooiprily operated wi t hout

cl ogging of the very thin piping for analysis
Using 1400 g of the catalyst obtained in
E#ample 1, ammoxidation of propylene was carried out,
10 over three days, at a reaction temperature of 430°C and
a contact time of 6.0 sec. g/ml, alternately for 4 hours
-at around an ammonia/propylene ratio of 1.01 so that the
organic acid/unreacted ammonia ratio might be kept at a
value of lf3, and for.2 hours at around an ammonia/
15 propylene ratio of i.05 so that the organic acid/
unreacted ammonia ratio might be kept at a value of 0.8.
A sample of the quench liguid taken out during the
ammoxidation was yellow and contained no tarry and
viscous substance, and the ammoxidation could be carried
20 out with no trouble. After termination of the reaction,
the quench tank was opened and its inside was inspected
to f£ind no tarry and viscous substance.
Under the former reaction conditions, the
conversion was 99.8%, the acrylonitrile yield 79.4%, the
25 acrolein yield 1.5%, the acrylic acid yield 2.2%, the

acetic acid yield 0.1l%, the unreacted ammonia percentage

1.8%, and the organic acid/unreacted ammonia 1.3, while



and the piping of the quench tank. After ‘term nation of t he reaction,

t he quench tank was opened and its inside was inspected to find no
tarry and vi scous substance. 15 Wen 1 liter of ‘the liquid

t aken out of the quench tank in the pre&gent exanple was placed on an
evaporating dish and concentrated to dryness on a water bat h at

100[ err] C, abouturid#r ¢thé Xainoemw ot edct bomatdreditions ; eyt nevhvdns iagdivason,
when incinerated in an electric 20 oven at 800[err]C, the nonvolatile
matter coul d be 99.8% cothe caactylomit nletwield Bilvify sihsstannalain yielsblid

residue. Since no sul furic acid was used, no sul fur oxi de (SOx) was
present in a wast SYasthe Arkeli¢aciR vield i hdwerthe @retic aridatimld 5
( Conpari son) The sape operation as in Exa Ie 1 was carried

out using the sdhelbatdtyAnERAGKRY ITMIBEARYT centage . 4%, and the

Chat the or oo LB AELIAT CATAER ATRT LA ek O OB”-”SeT%&m the a val ue
f f h t

Conversi on ﬁsd%ﬁ%ﬁg‘%ﬁ%&% 4 diguh 1€ e Pl Akl i Radtedi o o

2. 8% the agiydits £ erfe Preddift Afde A b Rl L%

t he unreact ed annnnla percen a e he organi ¢ aci’d/’unr eact ed
anmoni a ratio 3. 3. A_SaﬁpMméH ifEEter of the liquid taken out of the

quench tank in the present example was placed on an

10 evaporating dish and concentrated to dryness on a water
bath at 100°C, about 220 g of a nonvolatile matter
remained. 1In addition, when incinerated in an electric
oven at 800°C, the nonvolatile matter could be
completely incinerated, leaving substantially no solid

15 residue. Since no sulfuric acid was used, no sulfur
oxide (SOx) was present in waste gas produced by the

incineration.

INDUSTRIAL APPLICABILITY
The present invéntion-makes it possible to

20 produce an unsaturated nitrile by fixing unreacted
ammonia as ammonium salt of an organic acid by a simple
method not reqﬁiring complicated apparatus and
operations. Moreover, the invention permits stable
operation of a quench tower in spite of no use of

25 sulfuric acid because a tarry and viscous substance is
hardly produced. Furthermore, the invention causes no

SOx prpduction in the incineration of waste water



qﬁench i quid was brown and contained a suspended matter 10 and a tarry

subst ance which were regarded as pol yners of acrolein and acrylic
acid. Moreover, the piping (inside dianeter: 3 nm for analysis was
clogged with a tarry and vi scous subst 8hce. The operation was judged
to be difficult to continue under the sane conditions, so that 15 the
reacti on was st ®§Fa@sen nochammoninm splffater isheroducedni heaceohast nphe
reaction. Exanpl e 6 (Cbnparlson) The sane operation
as in Exanpl e 1uﬁ§§%iﬁﬁh¥9j1n uqaﬂﬁ19ﬁ|QEQ:ﬁ§V§5ﬁ§m@§FaI9§§ ads@sed in
Exanpl e 1, exce for t he amuoni ern rati around
T0 oo hheaid tatgs, ?meégcté& e ZatsoRrgizatitn’pe

kept at a value qf O |t i f. e reaction,
t he conversion (}' é&ﬁ@%a\@% e:fcrlﬂg %’Ytsrtﬁmeb O?H%ts %gaglbégé acrolein
yield 0.3% 25 the acrylic aC|d yield 1.2% the acetic acid yield 0.1%

t he unreacted amoni a percentage 6.0% and the organic aci d/ unreacted
anmonia ratio 0.2. A sanple of the ' 29
guench Iiquid was browni sh bl ack and contai ned a bl ack suspended nmatter
and a bl ack precipitate which were regarded as pol yners of prussic acid
and acrylonitrile. In this condition, the operation of the
guench 5 tank was difficult to continue, and the addition of an



‘aci d such | ' mas necessary. Exanpl e 7 (Present

|nvent|on) ng 1400 g of the catalyst obtained in

Exanpl e “ﬂmmw propyl ene was carried out, 10 over three days,
at -a rea of 430[err]C and 32 a contact time of 6.0 sec

g/ i, al tetndtel or 4 hours- at around an anmoni a/ propyl ene rati o of
1.01 so that the organi ¢ aci d/ unr eacC&8IMBnoni a rati o m ght be kept at
a value of 1.3, and for 2 hours_at around an anmoni a/ 15 propyl ene '

ratio of 1.05 sbethat theAdPﬁﬁﬁ?%sa%?H/Pr°du°hW9e%%t%&ﬁ%#ﬁﬁ#ﬁ M §0LIR ght
be kept at a v of the gquen i d taken out

during the - PRraBRpHdahonaet) &Rl Brsankc ErmarTay nehfth roomnkises
Vi scous substang rr&D tQ& a X ﬂﬁ&&?& gggkdwgllga ﬁ 9 f nout with no
LFR R PER 5PS EQHEERY JHRE was

trouble. After reactron,

opened and iss | nbdgvupsebnseeeh Eno1ar £9tibnéfn9nt@f in O goous
et

subst ance. ormer reaction conditions, the

conversi on was S9Pe8&htt 88 aCB¥Lngaﬁb£elulshdaﬁaoﬂ%aaﬁh@n 350@@éetga@ yield
1.5% the acrylic acid yield % the acetic acid yield 0.1% the

unr eact ed a”ﬂDn{ﬁeﬁéiﬁéﬂtégereferréd8&b &Qd"ﬁhéd@éﬂa@a§“PCt@/mﬁEQ@@&é@
ammonia 1.3, whil under the

| atter reactlonamm@ﬂialonereihefeenveeSeonedaso as "Gﬂgﬁﬁﬁctimud/
acrylonitrile yield 81.2% the acrolein yield 0.9% the acrylic acid
yield 1.8% theunreactedcammgnibdratio”) at 0.8 - 3.0 in a reactor,

10  introducing said product gas into a quench tower, and
reacting in the tower the uhreacted ammonia with the
organic acid produced in the reactor, to f£ix the
unreacted ammonia as ammonium salt of the organic'acid.
2, A process according to Claim 1, wherein said

15 organic compound is éelected from the group consisting
of propylene, isobutene and tertiary butanol, and said
unsaturated nitrile is acrylonitrile and/or methacrylo-
nitrile.

3. A process according to Claim 2, wherein said

20 organic compdund is propylene and said unsaturated
nitrile is acrylonitrile.

4, ' A process according to Claim 2, wherein said |
organic compound is isobutene and/or tertiary butanol,
and said unsaturated nitrile is methacrylonitrile.

25 s, A process according to Claim 2, wherein the
ammoxidation is carried out while controlling the time
average of the organic acid/unreacted ammonia ratio at

0.9 - 2-0.



0..1% moni a percentage 2.4% and the 5 organic
aeid/”nlmzu Hmwuma ratio 0.8. Thus, the time avera‘gﬂgcﬁﬂﬂETa-{A&BEg
of the orgahi cw ax dAUnreact ed armoni a ratio in the priesent REPLACED
annDX|dat|on was 1. 1. When B3liter of the I+qu+ﬂ—%akeﬁ—ﬁuf——J
of” the quench tank in the present exanple was placed on an 10
evaporating di ¥ and condemRhofess taranrdiass t@nC'elam & whereiz: fphet
100[err] C, about 220 g of a nonvolatile matter emained. I n addition,
when i nci ner at GG te‘&%t%‘i carrieq Ryt dfhlé(ﬁ)["&"rqr@ut’-ﬁ’@ ey & SiFE | e
matter could be tely inci nerat | eawe% substant |%%on o solid
15 residue. $ rﬁ:"'é“grﬁ) Itf %r laving SX)
was present in gipproduced by the i nci nerati on.

| NDUSTRI AL APPL BIL The present invention nmakes it

possi bl e Lo s 20 produce gp 24 USR] |t 01 ofinx 20 wiieirea ¢4

ammoni a as amoni um sal t an organic acid by a sinple not
requiring comlaﬁmmaﬂm{ ddiscfied outdsd & iMNSAdIMYE DT ,byt hgmg

i nvention permts stable operation of a quench tower in spite of no
use of 25 sul fan ioxiade cdtethyste cotprigimnd7 it B0 wih ifamed vikkienum,
hardly produced. Furthernore, the invention causes no SOx production
in the inciner&ismtt andtiramtsupported on 30 to 70 wts of silica. 31

8. A process according to Claim 2, which further
10 comprises incineréting a liquid taken out of the quench

tower and containing the ammonium salt of the organic

acid.

9. A process according to Claim 8, wherein vapor

is recovered by heat exchange in the incineration of the

15 1iquid taken out of the quench tower.

- —
—

et Has Been Replaced

R



because no ammoni um sul fate is produced, hence has no undesirable

i £l uence on the environment, and also” facilitates heat recovery, so that
the rationalization of a waste water treating system becones possible.
CLAI VS 1. A process for produci n@d4an unsaturated nitrile by
anmmoxi dation of an organi ¢ compound, which conprises carrying out the
anmoxi dation while controlling the 5 ABE@RAQ@rage of the nolar ratio of
an organic acid present as a by-product in an amoxi dation product gas
(hereinafter referred to Aprosesgicioyproducingramonaaturatadmpiitrile

- (hereinafter referred to as_"organic acid/ unreacted amonia ratio") at
0.8 - 3.0 in a Secktas acmltpm%ulﬂ%.% %#@%Mmtfgﬂa]se@ﬁ ARNQHiGRT
t ower, and rea;ﬂkn%nln the, tower the_unreacted anmpnia with the

organi ¢ acid pr’é’cﬁl’& t%égﬁ‘éh‘ét%?mp?‘b“‘h&“?lheas PrOR QAR SFMHEING as

annDnlun1saIg of t ani

% A process acco

Qo m 1, wher oifF SEFEELTEY SESROL. CHhHER,EOTRr Larh KARFT T T Yloup.

consi sting - Sink PRl POR. WLEODULERE: AN AET LRSS bl ADGdor B0 S d
O- ni't

unsaturated nit e 1S acr Ion| acr trile. 3.

A process accorghpaéfed M@xa"‘@éﬁfb ”u’iaéﬁ’ a&@ox?&&@mﬁ m@dgas?
propyl ene and sai d unsaturated nitrile is acrylonitri
at 0.8 - 3.0 in a reactor, introducing the ammoxidation
product gas into a quench tower, and reacting in the
10 tower the unreacted ammonia with the organic acid

produced in a reactor, to fix the unreacted ammonia as

ammonium salt of the organic acid.



-

4 ‘ A process according to Caim2, wherein said '~ organi.c conpound
~i's” i sobut ene and/ or tertiary butanol, and said unsaturated nitrile is
met hacrylonitrile. 25 5. A process apgording to Claim2, wherein.

t he. amoxi dation is carried out while controlling the tine

average of the gy ganic acig/gysessd etbcF@ING €8tEDadh 5, whOrfin 2nl.
33 6. A process according to Claimb5, wherein the

amoxi dat i on 'Séﬁﬁékfﬁh@y@nwbs|@aﬁpﬂﬁdobhtnﬁhihe EbﬁErolllﬁgetagetQhethe_
organi ¢ aci d/ unreacted anmoni a ratio at 1.0 - 1.5. 5 7. A

process aCCOfd'QQVéﬁaééamﬁ1Qhewbeqsmnct&eld/unraanbnddammonlasraaublad out
in a fluidized bed by using an oxi de catalyst conprising 70 to 30 wt % .
of nol ybdenum 1.0 bisosth and iron supported on 30 to 70 wt % of silica.

8 - A process according to daim2, which further 10 conprises
incinerating 3 ITquid takeh puecess aheoq@enghto Cla@@m@r Hhérééﬁt5bﬁ|ng

t he ammonium salt of the organic

according to Gzﬁmngl@ﬁéiépnl§aﬁéFrIEd °P§ Fécévgﬂé&dﬁééé Pﬁéhéﬁg@Slﬁgthe

incineration of th L qui K ench-
cl.neratio _O éneox1ge cata 19“ dcéﬁp?QSQHE 90 E UFeY %Omolybdenum,-

bismuth and iron supported on 30 to 70 wt% of silica.

B A process'according to Claim 2, which furgbef

| g e s . . » o - /
10 comprises incinerating a liquid taken out of -the quench
~ tower and containing the ammonium of the organic
_ g | |
acid. "

9., ri/gigggss’igggrding to Claim 8, wherein vapor
is recoyer®d by heat exchange in the incineration of the
15 Ifﬁgzgfij;en out of the quench—towerw
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33a 8.. A process according to Caim?7, wherein sai d oxide cat al yst is
Tepresented by the general- formul a. Mo[err]Bi[err]Fe[err] Alerr]
Blerr] CJerr] Dlerr] Jerr] wherein Mo is nol ybdenum Bi is bisnuth, Fe
isiron, Ais at |east one elenent selected fromthe group consisting of

ni ckel and cobalt, B is at |east one 33aengrBubstitate eshekt om5S/BEI%r oup

consi sting of potassium rubisiumand cesium Cis at |east one el enent

selected from t;be‘f grw&g&&g;td%ﬁ r{aag{@sd:mﬁnﬁ Zierebhi 8adlh beaak one

and T ar e at om CTATISGAY SeRAe R T f&mgg%, o
ox’yge’n respectlvely d/(p%? @%‘ﬂeaboe%ﬂ + 1 95 f£qg=01to
3, a=4to 10, hvwhexeiniMp s gnelypdentn, f lbelrﬁqb%ﬁléuﬁhnbgﬁ &f d%PBenh 1is

at ons necessary dworlsadt sfne r@lemwa@’m@te@qﬁm@r@hesgobt!PheOaShetlng of
el ements presentnidksRi shdXislealaf @ yid ,at riakéthonbeebénent seleated deop
of ol ybdenum of 58T Oxd Aot M Hrid d5 Eb@t@siﬁumge phv¥sFuh: 838 EesluROxc
wherein x is defig&‘%&yegg@ c?rpé'aéic%"% é'lvge?ted' ﬁré"natﬁe gfoép390ns§stlné

rocess accordin S A2 Further o 5+ e
Itoaken out of the= ‘%Ie‘” R af;. Zinc, D 1s at ] L SESSHECE i

FpAlUm —sa “Re
organic acid. . TAYR T SRR e;]r?“?ﬁ’?ﬁ%n Pol®y %’i‘i‘rgﬁ'l'mﬁpr&'nq\mﬁm s S 9
recovered by heaﬂn@)Wnﬁbiﬁn°5f‘“Phé°E?HHWd P&E@HtﬁuLE&ﬂn'

t he quench towerd, B, C, D and oxygen, respectively, d/(p+d) = 0.6 to O.
p+d=20.5%t0 2.0, g=20.17%ttc 3, a=4=%to 10, b = 0.01 to

-2, ¢ =0 to 3, £ being the number of oxygen atons necessary
‘for satisfying the valence requ1renents of the other’
elements present in sald oxide catalyst, in which the
atomic ratib"value 'y of molybdenum of said oxide catalyst
is in a range Of_j = 1.02x to 1.10x wherein x is defined by
the equation x = 1.5p + g + a + ¢ + 1.5d.

y.'

9. A process accordlng to Claim 2, whlch further
comprlses 1ncinerat1ng a 11qu1d taken out of the quench
" tower and contalnlng the ammonlum selt_of the organic acid.

e

10. A process according to Claim 9, wherein vapor is
recovered by heat exchange in the 1nc1neratlon of the the
ligquid taken out of the quench tower. '

2o et Sadihadndhli e
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