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. SPECI FI CATI ON A Met hod for Producing Acrylonitrile
Technhical Field 5 The present invention relates to a nethod for
producing acrylonitrile by amopxydation, nmore particularly to a

met hod for facilitating recovery of acrylonitrile by efficiently
renovi ng hi gh boiling point conpounds (heavies) and the like in the
process of quenching a reacted gas. 10 Background Art

The nethod for producing acryl oni spECIEyYCATIONMMDXYdati on has been
inproved in various ways since its success in industrialization, and

it is said that the methagetHdd #fitas Prodieiag h¥rypbhiedileStill, efforts
have been made to | nprove unit consunption of ram/naterlals and

utility, and to reduce production cost by achieving production
ef-ficiency. It is well, known that reacted gas obtai ned by

reacting radchnidaRl pieqd ai ns by-products such as 20 hydrocyanic acid,
acetonitrile and al dehyde in addition to acrylonitrile when

acrylomtrile is pﬁﬁéuﬁggséﬁtaﬂﬁ$€ﬁ%ﬁﬁﬂ(Eblates tH1& RyrRbadesks react with
acrylonitrile in the presence of unreacted anmonia or react with one.
another; asrédu®sy tacry1Bhitrile by ammoxydation, more particularly to
a method for facilitating recovery of acrylonitrile by
efficiently removing high boiling point compounds (heavies)
and the like in the ‘process of quenching a reacted gas.
10
Background Art
The method for producing acrylonitrile by
'm“ammoxydatiop has been improwved in wvarious ways since its
.succeSQ in industrialiéation, and it is saidnfhat the method"
15 has technically matured. Still, "efforts have heen made to
improve un&t consumption of raw materials and utility, -and to
reducelproduction cost by achieving production efficiency.
Tt is well known that reacted gas obtained by
reacting raw materials contains by-products such as
20 hydrocyanic acid, acetonitrile and aldehyde in addition to
acrylonitrile when acrylonitrile is produced by ammoxydation.
The by-products react with acrylonitrile in the presence of
unreacted ammonia or react with one another; as a result, high
boiling point compouhdé are produced. The high boiling point
25 cbmpounds cause not only redﬁction in the yield of

acrylonitrile, the target product, but also clogging at



-
-

,boifing poi nt conpounds are produced. The high boiling point 25 conpounds

cause not only reduction in the yield of acrylonitrile, the target
product, but also clogging at . - 2-
various places in towers in the subseqﬁeﬁt’processes. Consequent |y,
t he by-products nust be i medi ately separat ed fromthe reacted gas.

Conventionally, a nethod has been adopted for 5 separating unreacted
anmoni a | NVRRaOn8r plates baltowans in thessubseguentisPyoces®Rs ng ot her

i mpurities and the by-products menti oned above by prelimnarily

cool i ng t hEonsequentiys the by-profluces musi beaimwediabely tsepaxfatred ng t he
cool ed reacted - gas to a quenching tower imedi ately, and washi ng and
10 quenchingmt hberreatsrtd ggas.wi th wat er contai ning aci ds such as

sul furic acid. As one of the conventional nethods, there is proposed a
met hod enpl oyi ng a Comvientibageélyyecachetizod dvaes heen adoptied dera quenchi ng
process into two steps or nore, which conpri ses separating nost of
unr eacted separabding tiredcted @mmchia dnsthe fprmoofaat salt tared wat er
containing a sufficient anount of sulfuric acid to neutralize the

unreact ed simebtanedcisly removilild atdeuslivipaendeasi agd atharby-Prodie-vaat er
vapor contai ned in the reacted gas in the first chanber, and

cangen; ;{lgméﬁﬁioned alsbveé gy e lduanawdl§r cvaRhgi thé heedSEan gahanber
(8s -produced in a reactor, then transferring the cooled reacted
gas to a quenching tower immediately, and washing and
‘10 .quenching the reacted gas with water containing acids sucp as -
sulfuric acid. As one of the conventional methods, there is
propoéed a method -employing a multi-stage qﬁenching tower to
divide a quenching process into two steps or more; ﬁhich
comprises separating most of unreacted ;m;onia in £he form of
15 a salt by coantacting the waker containing a sufficient amount
of sulfuric acid o neutralize the"unreactedwammoniésand
simultaneously condensihg a part of ﬁhe water vapor contained
in the reacted gas in the first chamber, and condensing most
of the residual water vapor in the second chamber (U.S. Pat.
20 No. 3,649,179).

This method has succeeded in reducing the cost for
separating and treating the salt because of its higher
concentration of the resuitant ammonium salt than that in the
conventional methods. Yet, the gas introduced from the first

25 qﬁenching chamber to the second quenching chamber contains

unreacted ammonia, high boiling point compounds, polymers and



.20 No. 3,649, 179). This method has succeeded in reducing the
cost- for separating and treating the salt because of its higher
concentration of the resultant anmmonium salt than that in the _
conventional nethods. Yet, the gas intToduted fromthe first 25 quenching
chanber to the second quenchlng chanber contains unreact ed ammoni a,
hlgh boi I i ng poi nt conpounds, polynmers and

secattered dcatalysisst svhilchc larar aotoremevedeiin i the hifst st
quenchlng chanber. A liquid containing high boiling point conmpounds,
pol yners, geenckirg chamtierst sAahdqaidaconvaimispiiigh boiling padaterred in
the formof mst together with the gas. 5 Therefore, the liquid
di schar gedcomponnde, qerlymbrsyeschittgred catalpstbeand can anmsoriiies salt
impurities. To recover acrylonitrile contained in the discharged

liquid, inpsrtraesfedmed dbehe form efomeédt together with Haietgdare, the
I mpurities contained in the 10 discharged liquid was renoved in an

acryl osi t rThereforyerghe liquildo@dsehaigad\esom ¥hé esedoidGledtiiRger . the
impurities cl ogged a recovery columm, a stripper and reb0|lers and

pipes = chémiver heomtisiohangresd mpuélﬂ@éstral‘&fﬁdcﬁféﬂ %&E}Qonltrlle
acrylonitrile recovery process. A [arge quantity of steam
contained in the discharged liquid, impurities should be
removed.
- Heretofore, the impurities contained in the
10. discharged liquid was removed in an acrylonitrile recovery
process or a waste water ¢olumn; however, the impurities-
clogged a recovery column, a stripper and reboilers and pipes
. when the'discharged_liquid was transferred to the-
acrylonitrile recovery process. A large quantity of steam. is
}SHI'requizedwto.transfer.the.discharged liquid to a waste water. - -
 cplumn for recovery of acrylonitrile-from'the discharged
liquid. Therefore,.the methhod was not economical.
Further, in the method of the above U.S. patent,lif
the liquid discharged from the second quenching chamber is
20 sent back to the first quenching chamber in order to decrease
the content of high boiling point compounds and the like in
the discharged liquid, the same effect will be exhibited as in
the case that a gas is treated in a one-stage quenching tower.
In other words, the effect of the two-stage quenching towér

25 cannot be obtained. Accordingly, the problems such as

acrylonitrile loss and clogging due to high boiling point



-I5 required to transfer the discharged liquid to a waste water col um
for recovery of acrylonitrile fromthe discharged | i quid. Therefore,

t he met hod was not econom cal . Further, in the nmethod of the
above U. S. patent, if the liquid dlécharged fron1the second quenchi ng
chanber is 20 sent back to the first quenching chanber in order to

decr ease the content of high boiling point conpounds and the like in

t he di schafgEpounds i hiave ratilinweasafimed.wi || be exhibited as in t he
case that a gas is treated in a one-stage quenching tower. I'n ot her
words, the effect of the two-stage quenching tower 25 cannot be obtained.
Accordingly, the problens such as acrylonitrile loss and cl oggi ng due
to high boPiselqgsine of the Invention - 4-
conpounds have still renained. Di scl osure of the Invention

The present invent @he paesentdineshtnss itavis dnaded dxiepdivecahgsearch to
sol ve the above problens and found that the high boiling point

conpoursds ineendiveirsddardiersyy edloadthe abov8aprébbed Gt "bund that
effectively prevented by inproving the treatment nethod of the I|qU|d

di schar gedthe oigh qwmirngw Point compdihdsAré é£fikient REVradVcRl addt he
present invention. Thi's invention is to provide a nethod for
produci ng that the clogglng is effectively prevented by improving the
treatment ﬁethod of the liquid discharged from a quenching
tower. As a result, they achieved the present invention.

10 ~ This invention is to provide a. method for produc1ng
acrylonltrlle comprising the steps of reactlng propylene,
ammonia and molecular oxygen in the presence of a catalyst,

lmccntacting the reacted gas with liquid containing water and an . -
ecid}in a mulfi—stage quenching tower having three of more o

15 chambers and sup?lying the liquid contacted with"the reacted
gas in the second quenching chamber £o the first quenching
.chamber.

The quenching tower used in the present invention is
a multi-stage quenching tower divided into three or more

20 levels and each level consists of one chamber. One example of
the tower of the present invention is shown in Fig. 1. If
necessary, each chamber can be further divided into more than
two levels. Packed beds for removing impurities and spray
nozzles for supplying a liquid can be arranged in the

25 quenching tower.

Hereinafter, an example of the production methiod of



,écrylonixrile conprising the steps of reacting propyl ene, ' anmmoni a and

mol ecul ar oxygen in the presence of a catalyst, contacting the

reacted gas with Iiquid containing water and an acid in a nulti-stage
quenchi ng tower having three or nere %53 chanbers and supplying the liquid
contacted with the reacted gas in the second quenchi ng chanber to the
first quenching chanber. The quenching tower used in the

present i nwhet preseat inveatiow twikl due duserdbedg redeeridgvtdethento three
or nore 20 |evels and each |evel consists of one chanber. One exanple of

the tower miulitiespageeqtenthinyg iswers cth@iy.i 11.Fi Che Imulfi-stagenecessary,

each chanber can be further divided into nore than two | evels. Packed
beds for remewchgngnpoweti 68 Big. SPriy dividedodakestheeeslgpeysng a |iquid
can be arranged in the 25 quenching tower. : Herei nafter, an
exanpl e of Nahe1g!, OddcebRpr I8¢ 0Bi¥t, second and third quenching

-5- the present invention will be described referring to the

mul ti - s§ agenawpaes| @g)tow{ &id R 143; 1Th$h€omﬁ:tha§té‘9&1amete1ql4!§f'(2h'5n9:ot ower
of Fig. 1 is divided into three |evels. Nanely, it conprises first,

second and st, bl fndaﬁaeacﬁéﬂ@ht Sf TAMRENS ) ) The) s886hd 4nd Wifirdover has a

di anet er of
quenchlng chambers have packed beds (21) and (22) packed with

porcelain Raschig rings and spray nozzles on the end part of
liquid supply pipes (7), (10) and (13).

10 - The reacted gas obtained by reacting propylene,
ammonia and molecular oxygen is first supplied to the first
quenching chamber (2) through a gas leading pipe (1). In

general, the composition of the reacted gas is as follows:

—

15 < Component. > o < vol. % >
- acrylonitrile . 6.0 - 7.0
ammonia . _ 0.0 - 1.0
propylene and propane | 0.2 - 0.6
‘acetonitrile 0.1 - 0.5

20 hydrocyanic acid : 0.8 - 1.6
non-condensable gas 60.0 - 67.0
water vapor - , 25.0 - 30.0

other materials (acrolein,
high boiling point compound, etc.) 0.0 - 0.2
25

This reacted gas is supplied to the first quenching



.3.0 mand a hei ght of 12 to 14 m The second and third guenchi ng

chanmbers have packed beds (21) and (22) packed with porcel ain Raschig
ri ngs .and spray nozzles on the end part of l'iquid supply pipes (7),
(10) and (13). 10 : The reacted5gas obt ai ned by reacting _
propyl ene, ammoni a and nol ecul ar oxygen is first supplied to the first
quenchi ng chanber (2) through a gas leading pipe (1). In general, the
conposi ti ochafbéhe(2 paat eab@fts 15 ts 1f0li/awsand 236° to 280°Centpongnt i
<vol. %> - acrylonitrile 6.0 - 7.0. -
amoni a  defined as a measure mass gf weight andila.?orre§5éﬁag(¥33fﬁa$

pr opane 0.2 - 0. acetonitrile

0.1 - 0.5 kg0 Qe i 8 .-
non-condenggﬁle gas & gds is cooled %%gdw?SQﬁg(?y °°n€§§%épg3§§8P

(Z:glrrgoij ngo g?g %.iq@i&'%gﬁé@%ﬁgii.r@ %:?é:%g 9h8' 9n acid %;I?lg %’%:ﬂ%{%ﬁ.ﬂ;@% r%tcsg".d.
Chonhe AT S o she st e G (s
- through a liquid supply pipe (7) against the flow of the gas
at 150 to 170 T/Hr. The temperature of the liquid is
preferably between 85° and 95° C. The pH value of the liquid
is preferably between about.s and 6. The pH value can be
ib adjusted by adding an acid to'éhe liquid through an acid
supply pipe (19). If ﬁecessary} the liquid may be cooled by a °
codler.(6). |
Most of unreacted ammonia, high boiling point
compounds, polymers,. 9ca££ered catalysts and the like are
15 removed in the fi£s£'quénching chambef (2). The term éhigh-i
boiling poinf coﬁpounds”_means”a nitrogen—éontaining
hydrocarbon pblymer produced in the reactor, polymers obtained

by polymerizing acrolein, acrylonitrile or hydrocyanic acid,

and polymers obtained by polymerizing g -aminopropionitrile

20 obtained by reacting acrylonitrile and ammonia or cyanohydrin
obtained by reacting acrolein and hydrocyanic acid.
The temperature of the liquid discharged through a
' discharging pipe (5) at the bottom of the quenching tower at

the time when the inside of the first quenching chamber

25 reaches its equilibrium state is 80° to 100° C though it



_defined.as a measure mass of wei ght and 1T corresponds to 1000 kg.

The-reacted gas is cool ed and washed by contacting with the liquid
contai ning water and an acid such as sulfurlc aci d. 5 The liquid is
supplied to the first quenching chanber {2 through a liquid supply
pi pe (7) against the flow of the gas at 150 to 170 T/ Hr. The
tenperature of the liquidis preferably between 85[err] and 95[err]

C. The pHcheingesofin lsomei degrtee dependipg efrertdie ytdmperadurabantl 5 and 6.
The pH value can be 10 adjusted by adding an acid to the |liquid through

an acid comporifjilon pfpehel fpactédngasssapyl iddiecd ithe champelre cabl ed by a

cooler (6). Most of unreacted ammoni a, high boiling point
conmpounds,that wietes,, thecadtiaiddinathé ygisstrghddvhingkehmmberl§2)renoved in
the first quenching chanber (2). The term high boi | i ng poi nt
conpounds"hatiiss @ Foluetgon eoftaining an extwehiciparsiillp@mot@t produced in
the reactor, polyners obtained by polynerizing acrolein, acrylonitrile

or hydsocmﬁaﬁﬂhle, amibe igRl FAEF St bimd ﬁﬁ.ﬁsdbhsimiﬂglfboa.llﬂ.ﬂg point
[err]-am nopropionitrile 20 obtained by reacting acrylonitrile and

anmoni a Orccﬁl}ﬁtﬂﬁmédra!n@l so onthmélep!L@id qaycm%@ha&gaheEﬂoﬁnéhéyﬂi@@yanI c
aci d. The tenperature of the |iquid di'scharged through a

when The B e (2 O E o h i Rl 1uid 4T b
stape IS SN RIHArdivgl Pabe’ (hay RoNSHutt0.5 to 1.0 T/Hr. The pressure
at the bottom of the tower is about 0.4 to 0.6 kg/cm’G
10 The reacted gas treated in the first quenching
chamber (2) -is transferred to the second quenching chamber (3),
and the removal of impurities. left in the reacted gas is
continued. The gas transferred from the first quendhing
chamber (2) to the second quenching chamber {3) contains
13 unreacted ammonia, high boiling poirt compouuds . polymers, a
§ca£tered*catalyst and the like which are not removed in the:
first quenching chamber (2). A liquid containing high boiling
point compounds, polymers, scattered catalysts and ammonium
sulfate is entrained with the gas in the form of mist.
20 In the second quenching chamber (3), the reacted gas
may be treated according to the same method as the first

quenching chamber (2) or the conventional methods. For

example, the liquid supplied to the second quenching chamber
(3) is cooled down to 68° to 73° C by a cooler (9) and

25 supplied into the chamber through a liquid supply pipe (10) at

150 to 170 T/Hr. If necessary, an acid can be supplied



T . changes in some degree depending on the tenperature and
conposition of the reacted gas supplied to the chanber. At that tine,
the liquid in-the first quenchi ng chamber (2) beconmes a sol ution
containing an extrenely small anount of 8 =5 acrylonitrile, anmonium

sul fate and vi scous hi gh boiling point conpounds and so on. The liquid
I's discharged fromthe first quenchi ng chanber (2) out of the tower

t hrough a thxeugh an acidEwopdiyn@ipepé20)4) at about 0.5 to 1.0 T/H. The
pressure - at the bottomof the tower is about 0.4 to 0.6 kg/cnferr] G
10 The r @actbdsgabamnben; eche rahdwe-marsti opeendmpagities chanber
(2)-is transferred to the second quenchi ng chanmber (3), and the
renoval ofrémpiming el Hhef trdacticde gasaaredrgnsved, and e hateddva gas
transferred fromthe first quenching chanmber (2) to the secon

quenchi ng idbbelly Hormeiindiddn the Hé&éﬁé&%’a@@@?ﬁti&ﬂ'ﬁr hQiguie#d eBOI Nt
conpounds polyners, a scattered catalyst and the |ike which are not

renoved i rby hehe condénsutigmenchhagefdeepeaihd iquid iidkrdasalt hatagy hi gh
boi li ng poi nt conpounds, polyners, scattered catal ysts and amoni um

sul fate i sierdisdmatyed tfromehdaSchambée {9y of mist. 20 In the
second quenchi ng chanber (3), the reacted gas may be treated according

to the sane nethodrasthéeptéssht inverftURALHivhe 4 ardﬁgéggf &dC rom
conventi onal nethods. For exanple, the liquid supplie t% t he second

quenc ?i ?g)aﬁ(;mﬁfond quendhing eRahBArdey) LRr&Re 4 11 i i8S chafgl¥g?
pipe (8) is supplied into the first quenching chamber (2)

10 through a 1iguid-supply pipe (15). In addition, the-
discharged liquid also can be supplied to an acrylonitrile
recovery process thorough é liquid discharging pipe (16). The
amount. of liquid supplied from the second quenching chamberxr
(3) into the first quenéhing chamber (éj_is prefefgbly 10 to

15 60 wt. %, more preferably 230 to 50 wt. %, of the total amount
of the liquid supplied from the second quenching chamber (3)
to the first quenching chamber (2) and the liquid supplied
from quenching chambers upper than the second quenching
chamber (3) to an acrylonitrile recovery process, which

20 corresponds to the total amount of the liquid supplied from
the water discharging pipes (16) and (17).

The temperature of the liquid discharged from the

second quenching chamber (3) at the time when the inside of

the second quenching chamber (3) reaches its equilibrium state
25 is between 70° and 90° C though it changes in some degree

depending on the temperature, composition of the reacted gas



.25 éuppljed into the chanber through a liquid supply pipe (10) at 150
to 170 T/Hr. If necessary, an acid can be supplied

- 8- t hrough an acid supply pipe (20). o _ In this
chanber, the above-nentioned inpurities 9 - remaining in the reacted gas
are renoved, and the water vapor ° initially contained in. the reacted

gas is partially liquefied 5 by the condensation. Therefore, the liquid
i ncreased tir@nsiferred inj thei shamberedarid cathe Hicad lefnithe ¢d3pler (9).

In the present invention, the liquid discharged from “the second
quenchi ng Ghenddaquid) ishdbsghargéd gfireh dilkr uliagibeg at aboptpe.$8tois.7
supplied into the first quenching chamber (2) 10 through a liquid supply
pi pe (15). T/AraddThe opressure at tdies toargadolfi ghbdsetend cqiersnEuppl i ed to
an acrylonitrile recovery process thorough a liquid discharging pipe

(16). The chambempiist abbuti0u3 desupyB ilgfydnfen t he second quenchi ng chanber
(3) into the first quenching chanber (2) is preferably 10 to 15 60 wt. %

more preferably 30 The Hasvtreatedofint Bhet S68bnd QkdMching Hanites |(izgui d.
supplied fromthe second quenchi ng chanber (3) to the first quenching

chanber (2)isaggtahbeliadi oSt iietkd querlcdh3ModeaRmBERI (8hanbg{s upper than
t he second quenchi ng chanber (3) to an acrylonitrile recovery process,
whi ch transferred gas contains only a very small quantity of the
impurities mentioned above. In the third quenching chamber
{4), the reacted gas also can be treated according to the same

1¢ method as the first quenching chamber or conventional methods.
For example, the liquid is discharged through a liquid
discharging pipe (11) and cooled down to about 36 to 38° C by
a cooler (12),-transferred_fxom'gp;ay-nozzles through a liquid
supply pipe {(13), and supplied to the chamber at 60 to. 80 f/Hr.
15 If_necessary, an acid can be added to the liquid again. .

The témperature of the discharged liquid at the tine
when the inside df the third gquenching chamber reaches its
equilibrium state is between 60° to 80° C though it changes in
some degree depending on the temperature, composition of the

20 reacted gas transfefred in the chamber and the load of the
cooler (12). The liquid is discharged from the third
quenching chamber (4) at about 2 to 4 T/Hr. The pressure at
the bottom of the third quenching chamber (4) is about 0.3 to
0.5 kg/cr’G.

25 The amount of the water vapor_to be condensed in each

quenching chamber can be adjusted by changing a load of



.20 corresponds to the total anount of the liquid supplied from t he
wat er di schargi ng pipes (16) and (17). The tenperature of the
| i quid di scharged fromthe. second quenchi ng chanmber (3) at the tine
when the inside of the second quenck?ny chamber (3) reaches its
equilibriumstate 25 is between 70[err] and 90[err] C though it changes

I n sone degree dependi ng on the tenperature, conposition of the

r eact ed gﬁﬁpoolers to control the temperature of the gas9iransferrédabsferred
in the chanber and the | oad of the cooler (9). The liquid is

di schar ged thepficllewihgnbbamber abouprécdsso 2. 7 T/ H. The pressure at
the bottom of the second quenchi ng chanber is about 0.3 to 0.6
kg/cnierr] G 5 The reactiét gyess tfiveat etiich hlighsbebhihgussiatd ng chanber
(3) " is transferred to the third quenching chanber (4). The

t ransf er r eccoypeoundst andsthel Yike vary semdved)uanta tnlefl—bl&age quentRPHGi ties
mentioned above. In the third quenchi ng chanber (4), the reacted gas

al so cabh be&owesgt d¢ aransﬂemedoubfwﬁ sslGormiceofredgnghe first
guenchi ng chanber or conventi onal ods. -For exanple, the liquid is

di schar ged achyaeplitgillequithe 1iquid m&@hﬁkgédptﬁém(%ﬂé BRfrd Qb to

about 36 to 38[err] C by a cool er transferred from spray
nozzl es thichagibed l(4gubdt of théuw.lréﬁ: R&t&%dg}ﬁ)a 1349i3VBR5ERY i
chanber at 60 to 86 ?/Hr | f necessary,” an acgglcan be aﬁggﬁ§t l?%e

liquid agai(n7) can be recycled after recovering acrylonitrile contained
in the liquid.

10 , -~ Hereinafter, the process for recovering acrylonitrile
will be described. The gas contains acrylonitrile,
acetonitrile, hydrocyanic acid, carbon dioxide, carbon

n monoxidg{ g?trogen, un:eacted prépane and unreacted propylene |
and sc on, and the temperature of the feacte&‘gas passing T

15 - "through a gas transferring port (18) iéﬂbétwéentabout 37° and  :
39° C. The gas is transferred to an absorption column o
absorb acrylonitrile, hydrocyanic acid, acetonitrile and the
like into water. The gas which is ﬁot absorbed in the
absorption column is incinerated or emitted in the air, if

20 necessary, after purification. |

The liquid discharged from the bottom of the
absqrption column is transferred to the acrylonitrile recovery
column together with the liquid discharged through 1iqﬁid
discharging pipes (17) énd (16).

25 In the reco&ery column, acetonitrile is removed by

extractive distillation using water as an extractant. From



_The tenperature of the discharged |iquidat the tine when the inside of
the-third quenchi ng chanber reaches its equilibriumstate is between
60 to 80[err] C though it changes in sonme degree dependi-ng on the

t enperature, conposition of the 20 reddt &d gas transferred in the chanber
and the | oad of the cooler (12). The liquid is discharged fromthe
third quenchi ng chanber (4) at about 2 to 4 T/H. The pressure at

t he bottonthée top ofithe qehwin,ndhehddigaid( ¢pntainbogtadrglonitrile . 5
kg/cnerr]G 25 The amount of the water vapor to be condensed in
each hvwdnotyanic harbkrasba smadd) asbadtbefcwahegr nijs adiscithmfed and

- 10 - coolers to control the tenperature of the gas transferred to
t he fol | owtpgnsfienbed v theoqeasification processTof aeeylemitgaile.f r @hewhi ch
hi gh boi l i ng poi nt conmpounds and the like are renoved in a

mul ti - st agkiquédcdischarded tfxut thes botaoaf Ofr €Het Goumi otesiardmyferred
recovering acrylonitrile. The liquid discharged fromthe third

quenchisng to a s€h &) remdverfacetontiewiiel hrough a |iquid discharging
pi pe (17) can be recycled after recovering acrylonitrile contained

inthe liquid. 10The acrylonkierei8afécbveit it shd he' 862YpHLRY
acrylonitrile
are both equipped with reboilers. The liquid discharged from
the bottom of the towef is supplied to the reboilers. Further,
steam is supplied to the feboilers while the liquid is
10 - circulated to remove acrylonitrile, hydrocyanic acid,
acetonitrile and the like.
Accordiﬁg to the present invention, the high boiling
point-compounds'are efficiently removed, and clogging is

prevented in a acrylonitrile recovéry process so that the

15 productivity of acrylouiitrile is enhanced.

Brief Description of Drawings
Fig. 1 is a schematic view of the multi-stage
quenching tower used in the present invention.
20
Description of Numerals
1: gas leading pipe
2: first quenching chamber
3: second quenching chamber
25 4: third quenching chamber

5: liquid discharging pipe



Wi || be described. The gas contains acrylonitrilé, acetonitrile,

hydr ocyani ¢ aci d, carbon di oxi de, carbon nonoxi de, nitrogen, unreacted
propane and unreacted propyl ene and, so on, and the tenperature of the
reacted gas passing 15 through a gas~t¥amsferring port (18) is between
about 37[err] and 39[err] C. The gas is transferred to an absorption
colum to absorb acrylonitrile, hydrocyanic acid, acetonitrile and the
like i nto w&#efooIBE gas which is not absorbed in the - absorption

colum is incinerated or emtted in the air, if 20 necessary, after
purificatiods liquid supply pime | iquid di scharged fromthe bottom of the

absorption colum is transferred to the acrylonitrile recovery col um
t oget her wi 8h Lhquidqdischisgimy geigpe hr ough 1iquid di schar gi ng pi pes
(17) and (16). 25 In the recovery columm, acetonitrile is

removed by 9: coeXéractive distillation using water as an extractant. From
the top of the colum, the liquid containing acrylonitrile,
hydr ocy@ni doacildgahd supphy|pfs@unt of water is discharged and

transferred to the purification process of acrylonitrile. The liquid
di schar ged 1z omigthedb@iseargindigigd um is transferred 5 to a stripper
to renove acetonitrile. The acrylonitrile recovery colum and

the strippe@R: cooler

13: liquid supply pipe
14: liquid discharging pipe out of the tower

10 15: liquid supply pipe
16: liquid discharging pipé out of the tower
17: liquid discha;ginglpipe out of the tower
18: gas transferring porﬁ
ié: acid supply.éipe

15 20: acid supply pipe
21: packed bed

22: packed bed

Best Mode for Carrying Out the Invention
20 [Measurement of concentration]

In each Example, the concentrations of high boiling
point compounds and ammonium sulfate remaining in the liquid
after contacting reacted gas and the liquid were measured
according to the following method.

25 .The sample liquid taken out from each quenching

chamber was evaporated under a warm bath of 90° C, dried at



_éreroth,equipped with reboilers. The liquid discharged from
bottom of the tower is supplied to the reboilers. Further,

t he
steamis
supplied to the reboilers while the liquid is 10 circulated to renove

acrylonitrile, hydrocyanic acid, adaétonitrile and the |ike.
According to the present invention, the high boiling poi nt conpounds
are efficiently renoved, and clogging is - prevented in a acrylonitrile

recovery pnosese 88dtaElowdtt tolTodl daUe! deki¥catoalr Yy irddidie was
enhanced Brief Description of Draw ngs Fig.

schematic yi..ew of the | ti-staqge yenchin wer used |
i nvention. Yhfﬁc’ivea bgg%rvmoﬁﬁr lﬁf‘rré?’al g’ and &ﬁegﬂolpé%o‘?
2: first quenchi ng chanber 3: second quenchi ng chanber
quenchi ng EHAEBEE was measured hy aifsumalgehydsi pethod. The
-12- 6: _cool er

25

lis a

t he present
fﬂﬂﬂﬂium

4:

third

- 10

15

20

25

formaldehyde method is a measuring method comprising adding
formaldehyde to ammonium sulfate, and titrating the generated
sulfuric acid by alkali.

The concentrations of high boiling point compounds
and ammonium sulfate were calculated by applying the amount of
the sample and the amount of the residue (the total amount of
the dried high bdiling point compounds and ammonium sulfate)
to the following formula. The amount of the high boiling
peint compounds was calculated by subtracting the amount of
ammonium sulfate from the amount of the above mentiéned“

residue.

C (wt. %) = T/S- X 100

C: concentration of the total amount o£ high boiling point
compbunds and an ammonium sulfate
T: total amount.of dried high boiling point compounds and a
dried ammonium sulfate
S: amount of the sample-obtained
Further, the concentration of acrylonitrile was

measured by a gas chromatography.

< Example 1 >
An experiment was carried out using the multi-stage

quenching tower whose inside was divided into three levels



'7; Iiquid supply pipe 8: liquid discharging pipe 9: cool er

"5 10: liquid supply pipe 11: liquid discharging pipe 12:
cool er 13: liquid supply pipe . 14: liquid discharging pipe out
of the tower .10 15: liquid supply pipe4 = - 16: liquid discharging pipe
out of the tower 17: liquid discharging pipe out of the tower
18: gas transferring port - 19: acid supply pipe 15 20: acid supply
pi pe discfeskddiheBig. 1. 2Thepgukadhling tower hadsd ddmieetiear ofarryi ng
Qut the Invention 20 [Measurenment of concentration] I n each
Exanpl e, tRe7canandt aahedgist 6 MV hni | Thgeach guendciimp rgiembés afd
ammoni um sul fate remaining in the liquid after contacting reacted gas
and the |i ghiedtowee, "8pBay ofbzzles aRNY dri@ngedt ba thel endngaretdpd. 25
The sanple liquid taken out from each quenching chanber was evapor at ed

under a wanfigaadhs@pp?P[Sipds C Thel pAcRed beds (21) and (22) of the
5 second quenching chamber (3) and the third quenching chamber
(4) were filled with porcelain Raschig rings.
Propylene, ammonia and air wefe reacted in a reaction

tower to obtain a reacted gas with the composition as follows:

10 < Component > < vol. & >
acrylonitrile 6.5
ammonia : © .. 0.5
propylene and propane o ' 0.4
acetonitrile _ . : 0.3

15 hydrocyanic. acad - o 1.2
non-condensed gas o N 63.5
water vapor 27.5

other materials (acrolein &
high boiling point compound) 0.1
. 20
The reacted gas was introduced through the gas
leading pipe (1) into the first quenching chamser (2) at 15
‘T/Hr. The temperature of the gas was 250° C.
The liquid discharged from the bottom of the first
25 quenching chamber (2) and the secopd quenching chamber (3) of

90° C, containing sulfuric acid which was added to adjust the



.- 13 -, 105[err] C and allowed to cool in a desiccator. The residue
was - di ssolved into warmwater of 40[err] C, and the anpunt of

anmoni um sul fate was neasured by a_fornmal dehyde nmet hod. The

f ormal dehyde nethod is a measuring methéd tonpri si ng addi ng 5

f or mal dehyde to ammoni um sul fate, and titrating the generated

sul furic acid by al kali. The concentrations of high boiling
poi nt conppiineslue of athed drigmidunos Bl 8at wasesepphied | tHtmahidly aadpdlguiidg t he
anount of the sanple and the anount of the residue (the total anount
of 10 . t hsuplyedipegh1oidd rbep il tcqupnchiisg acttamiew nj2ymas 168t &)/ Hr .
to the following fornula. The anmount of the high boiling poi nt

~ conpounds Tee Iiquwid dcrddetedsutithc thagghsewasoehicullated thotyh ihesul f ate
fromthe anount of the above nentioned residue. 15

C (WM. % Fdif ¥ik¥hargingCpi igengsyt 5Adi ehe of i duted téﬁﬂilyafpilﬁ@ (crf) anah
S

boi l'i ng poi nt conpoun and an amoni um sul fate

anount sof glipwridd Ho Raid %i]h@nléﬁllﬁig eRamBEAJS MM 1dquid was diébﬁdr@éim)nl um

sulfate 20 S ampunt of the sanple obtained Further, the

concent r at f i G he Of N ifulenlch 1 S chambe FERS Y €6 Hhe Sofiafideh ETRERgr aphy.
tower through the liquid discharging piﬁe (14) at O.S'T/Hr.

The reacted gas treated in the first quenching
chamber (2) was transferred to the second quenching chamber
10 (3). The liquid of 70° C, whose pH value was adjusted tc 5.5
with sulfuric acid, was supplied at 160 T/Hr. The liquid
contacted with the gas was circulated and supplied in the same
way as in the first quenching chamber (2). The liquid was
discharged from the second qﬁenching chamber (3)- at 1.8 T/Hr
15 and supplied to the first quenching.chamber (2) through a
liquid supply pipe (15).
The reacted gas treated in the second quénching
chamber (3) was transferred to the third quenching chamber (4).
The liquid of 37° C, whose pH value was 5.5, was supplied at
20 70 T/Hr. The iiquid contacfed with the gas was cifculated and
supplied in the same way as in the first quenching chamber.
The liquid was discharged from the third quénching.chamber (4)
at 2.7 T/Hr and sent to the acrylonitrile recovery process.
The concentrations of high boiling point compounds,
25 ammoniumléulfate and acrylonitrile, which remain in the liquid

discharged. from each chamber at the time when the inside of



. < Exanple 1 > 25 An experinment was carried out using the

mul ti - st age gquenchi ng tower whose inside was divided into three |evels
- 14 - disclosed in Fig. 1. The quenching tower had a di aneter of

2.7 mand a height of 12.7 m In.each'qdénching chanber of t he tower,
spray nozzles were arranged on the end part of l'iquid supply pipes.
The packed beds (21) and (22) of the 5 second quenchi ng chanmber (3) and
the third thenmaltirstagdequenching kowereréathed its hequilkihmium Rtsde,g

rings. Propyl ene, amonia and air were reacted in a reaction
tower to obarei shewneimtPablmsiM th the conposition as fol |l ows: 10 <
Conponent > _ <vol. %> ~acrylonitrile

6.5 . ammoni a In the acrylonitrile recovery proceds,5the reptdpgrene and
pr opane 0.4 acetonitrile

0.3 15 hydranyeédi £naghesl acrylonitrile recovery columnlard the stripper

non- condensed gas 63.5 wat er vapor

(2)7.15 5 webheropateted|witiesut|didandng thelicginoiés Nfob i NfeHOPRUEH)
the insides of the column and the stripper were inspected
after one-year operation, no polymer and the like were

observed.

10 < Comparative Example 1>
The reacted gas wiih the composition shdwn in Example
1 was treated in the same manner as in Example i except that
the liquid was supplied to the acrylonitrile'recovery process
.without supplying the liquid to the first quenching ch;Qber-
15 (2). |
Tﬁe reboilers in the acrylonitrile recovery column

and the stripper clogged after 4.5 month and 3 month operation,

respectively. The reboilers needed cleaning.

20 Industrial Application
Accotding to the method of the present invention,'
problems such as clogging caused by high boiling point
compounds or polymers can be avoided in an acrylonitrile
recovery process. As a result, the productivity of

25 acrylonitrile can be increased.



20" The reacted gas was introduced through the gas

Ieading'pipe (1) into the first quenching chanmber (2) at 15 T/ Hr. The
tenperature of the gas was 250[err] C. _ The |iquid discharged
fromthe bottomof the first 25 quench#ﬁg‘chanber (2) and the second
guenchi ng chanber (3) of 90[err] C, containing sulfuric acid which was
added to adjust the - 15 - pH
val ue of tHeTabheil %0 5.3, was supplied through a liquid supply pipe
(7) to the first quenching chanber (2) at 160 T/ Hr. The liquid

contacted with the gas waslsitr queathiinghr @aghgtieaching | Badi qudnsbhnggi ng
pi pe (5) and the liquid suppl ghpmper(7) and chémbenpplied tchambeguenchi ng
chanmber. —Fhet+gui-d—was—aiseharged———Fromthe—fi+st—guenchirg—chanber

(2) to the duigh deidfinghe tower through the I-iquid discharging pipe
(14) at 0. Sdiintr compound 18He reacted gas8.breated in th@.Rirst
quenchi ng (whank®r (2) was transferred to the second quenchi ng chanber

210 (3). The liquid of 70[err] C,  whose pH value was adjusted to 5.5
W th sul furic agichiuves suppliega 160 T/H. @he liquid 0.@ant act ed

wi th the gas waggleatsul ated and supplied in the same way as in the
first quenchingwghag?er (2). The liquid was di scharged fromthe second
guenchi ng chanber (3) at 1.8 T/ Hr

acrylonitrile 0.08 0.8 : 5.2

(wt. %)




15" and_supplied to the first quenching chanber (2) through a l'iquid
supply pipe (15). The reacted gas treated in the second
guenchi ng chanber (3) was transferred to the Third quenchi ng chanber

(4). The liquid of 37[err] C whosé8 pA val ue l ed at
20 70 T/H. The liquid contacted with the gas mmﬁﬂlﬂumlumﬂ“umﬂl
supplied in the same way as in the first quenching chanbert " S THe |iquid
was di schaWbet fisncladmed rilsequenchi ng chanber (4)- at 2.7 T/H and
sent to the acrylonitrile recovery process. The
concentrations of RAi.ghAbmethod) for Produwaimgnderylabitaibencompsisimg e and
acrylonitrile, which remain in-the liquid di scharged from each chanber
at the tinehehetepsheof nBabtiolg propylene, ammonia and molecular oxygen - 16
- the multi-stage quenching tower reaches its equilibriumstate,

are shown in dhaélprdsence of a catalybt,t bendacyingi the | veadeay ejas iabess,

the reboilers arranged in the acrylonitrile recovery columm and the
strippe. 15quiercompeimimf witdiowndchaancn@ ffcarmiDsi-dfsaded quntddng Wien
the insides of the colum and the stripper were inspected ~after
one-year OpSwét | Rdvimy tiiHed™r akite! bBambkesV\eh@ transféﬁfinqﬂihe 10 <

Conpar ati ve Exanple 1>
liquid contacted with the reacted gas in the second quenching

chamber to the first quenching chamber.
. 2. A method for producing acrylonitrile according to
10 claim 1, wherein the amount of the liquid contacted with the
reacted gas in the second quenching chamber supplied to the
first quenching chamber is 10 to 60 wt. % of the total émount'
of the 11qu1d supplied from the second quenchlng chamber to
the first quenching chamber and the liquid supplied from
15 quenchihg chambers upper than the second quenching chamber to

an acrylonitrile recovery process.



The reacted gas with the conp05|t|on shown in Exanpl e 1 was treated in

t he same manner as in Exanple 1 except that the liquid was supplied to
the acrylonitrile recovery process wi t Hout suppl ying the liquid to the
first quenching chanber 15 (2). - 19 - The reboilers in the
acrylonitrile recovery col umm and the stripper clogged after 4.5 nonth
and 3 nonth operation, respectively. The reboil ers needed cl eani ng.

20 I ndustabstrégd ication - According to the nethod of the
present invention, probl ens such as cl oggi ng caused by high boiling
poi nt corrpounmheopresézyﬁeimmdm ralaitesd tion aameshod| ortril e

recovery process. As a result, the productivity of 25 acrylonitrile can
be increaggfbducing acrylonitrile comprising the steps’ of ¥ebatlifigl >

1st quenching 2nd quenching 3rd quenching chanber
chanber propyléﬂw,mamm@lhl ahdbﬁbléﬁﬂla@%i‘jgmnimbtmé presenl;& 6f a
3.5 (Ww. 9% anmoni um .0 0.8

0.01 s SﬂiﬁéﬂYﬁt, cdhﬁacﬁ%hg the reacted gas with llquld containing
water and an acid in a multi-stage quenching tower having
three or more chambers and transferring the liquid contacted
with the reacted gas in the second quenching chamber to the
first quenching chamber.

10 : According to the present invention, high boiling
point compounds are efficiently removed and clogging is
preventéd in an acrylonitrile recovery process so that the

productivity of acrylonitrile is enhanced.



~

.dcrylonitrile 0. 08 - 0.8 5.2 (W. %

- 18 - . What is claimed is: ;¢4 1. A method for producing
acrylonitrile conprising the steps of reacting propyl ene, amonia and
nol ecul ar oxygen in the presence of a catal yst, contacting the reacted
gas with 5 liquid containing water ang4n acid in a nulti-stage quenching
tower having three or nore chanbers and transferring the liquid
contacted with the reacted gas in the second quenchi ng chanber to the
first quenching chanber. 2. A nethod for producing
acrylonitrile according to 10 claim 1, wherein the amount of the liquid
contacted with the reacted gas in the second quenchi ng chanber
supplied to the first quenching chanber is 10 to 60 w. % of the total
anount of the liquid supplied fromthe second quenchi ng chanber to
the first quenching chanber and the liquid supplied from 15 quenching
chanbers upper than the second quenchi ng chanber to an acrylonitrile
recover rocess. .
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