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PROCESS AND PLART FOR PURI FI CATI ON OF A GAS STREAM CONTAI NI NG ACROLEI N ‘fhe
present invention relates to a process for the purification of a gas stream
i ncluding acrolein 5 to extract the acrolein therefrom Acroleinis a raw
material, a major industrial use of which is the synthesis of beta-
nmet hyl t hi opr opi onal dehyde (MIPA) by reactiion of acrolein with methyl
nmer captan. 10 Acrolein is produced by gas-phase oxidation with
air in the presence of watgiocEBe a3@S PRARGC PO FaktPPcKPPYEN i Onal Iy
produces a gaseous m xture conprising acrolein 1n an anount that is higher
than 10 % by wei ght, gaseeFSAHCAASSSTREAWEONTZONIGR aaRbrganoon 15
nonoxi de and di oxi de, propylene, water and reaction by- products such as
acrylic acid, acetic acid and formc acid, formaldehyde, acetal dehyde,
al 'yl al cohol and polyners resulting fromthe degradation of acrolein and
of acrylic acid in partiCRH%UEIQNQWFE%RﬂQthPE HS'EQ:%R&;ﬁFhfﬁaeeafeln {E
subsequent reac}] such as, the direct synthesis of . e water, the
acidig inpuritiééénghﬁxﬁﬂﬁﬁﬁafékﬁ%ﬂi9§ 509%? ghgeeRelReAVYIPG| §REPLetRct i on

by- pr oduct sg mu |y, seRarated fromthe conpl ex gaseous
n?x?ure mhi%h ?%DB%B Jgggaﬁgﬁgﬁﬁﬁalef% Q%ere%FPQCt synthesis of MIPA is

described in patents USP s iHl6 A0l {HSPried52a837al QL5652 €.

industrial use of which is the synthesis of beta-

methylthiopropionaldehyde (MTPA) by reaction of
acrolein with methyl mercaptan.

10 Acrolein is produced by gas-phase oxidation
with air in the presence of water. The gas-phase
oxidation conventionally produces a gaseous mixture
comprising acrolein in an amount that is higher than 10
% by weight, gases such as nitrogen, oxygen and carbon

1s monoxide and dioxide, propylene, water and reaction by-
products such as acrylic acid, acetic acid and formic
acid, formaldehyde, acetaldehyde, allyl alcohol and
polymers resulting from the degradation of acrolein and
of acrylic acid in particular. With a view to using

20 the acrolein in subsequent reactions such as the direct
synthesis of MTPA, the water, the acidic impurities,
especially acrylic acid, and the heavy polymer reaction
by-products must be at least partly separated from the
complex gasebus mixture which is produced.

28 Direct synthesis of MTPA is described in
patents USP 4,225,516 and USP 5,352,837 for example.
The synthesis consists of reacting a purified gaseous

mixture containing acrolein with a source of methyl



The synthesis consists of reacting a purified gaseous m xture containing
acrolein with a source of nethyl 2 mercaptan in a solution of

met hyl t hi opr opi onal dehyde. The limts of water and of acids, particularly
acrylic acid, in the purified gaseous mxtyre that can be enployed are very
| nportant because they determne the 5 performance of the reaction. A

number of met hodsrEapt@lr ihyhNgo 86E PbL1 S af &t AN IS N0 de§daA first
met hod, accordingrtoﬁUSP 4,219,%89, consi sts of extracfﬁhgaécfggrpresent in

the gaseous 10 Thai Ximiescontwitengandof eddidy, 3REATiuINT 1y 2R3 yAlgAN C.
sol vent (particularly 2-ethylhexanol or tributyl phosphate). However, this
type of nethod haédthéndtbaduaniégedt¢ﬁ$e¢¢uamiﬁuung thatc lears besed nust be
purified before being recycled into the process. This 15 i ncreases t he
cost of the pro€BBICYRdsREBNYEREL HiROBtaBrhesauRp ddrayl deterimdmeestaepl e
according tg USP 3433 840, consists of extracting acids present in the
gaseous mi xPur ePEHFCEPARRG oFr bRei FedgtiMecti ve absorption with water 20

and then recovering the aﬁrgﬁgigrpégsﬁg%hgégtggi E§¥¥¥§ing acrolein
are known and exploited.

A first method, according to USP 4,219,389,
consists of extracting acids present in the gaseous

10 mixture containing acrolein by absorption in an organic
solvent (particularly 2-ethylhexanol or tributyl
phosphate). However, this type of method has the
disadvantage that the solvent which is used must be
purified before being recycled into the process. This

1s increases the cost of the process.

A second method of purifying acrolein, for
example according to USP 3,433,840, consists of
extracting acids present in the gaseous mixture
containing acrolein by selective absorption with water

20 and then recovering the acrolein present in the gaseous
stream laden with water and non-condensables
originating from the absorption stage by distilling the
resulting liquid mixture to obtain an acrolein/water
azeotrope. However, this type of process has the

25 disadvantage of requiring large quantities of water for
the absorption step. It also presents considerable
risks of degradation of the acrolein and of

polymerization during the distillation stage.



stream | aden wi th water and non-condensabl es originating fromthe
absorption stage by distilling the resulting liquid mxture to obtain an
acrol ein/water azeotrope. However, this type of process has the 25

di sadvantage of requiring large quantities of water for the absorption
step. It also presents considerable risks & degradation of the acrolein
and of polynerization during the distillation stage. 3 Anot her route has
been devel oped with a vi eRPPéPeRerartechasyhRefBsAeVeioRAPAYL YN gak¥bus

m xture produceq by.the.oxidation. of .propy ig . first purified to renove
as much of the g:& %ihé3 gé‘rlfﬁggnagnﬁgegl Bgsgfgﬁe,%ﬁg %?ﬁ?/?‘éﬁsﬂl’"bve
absorption with lagA 0 - LN, of rs inis

ext racl?t ed from tp\k%td?gseidd&g?rtggsBgéaggéggp??o#?ﬁygﬁ% k/ﬁ'ggbgéri@gi nating from

an MTIPA product igy#iffqaet @ réheveohut haenobrache! gkfais MEowddsnd s
obtained is then introduced 10 directly into the MIPA production reactor

wi th et hyl sver gapisdblefuals prepvaeasiy bydepsbirpeiloh wiol waab. Tbter
However, as prelimnary purification of the starting m xture contai ning
acrol ei n to renswadensagdiogs oifs tiei Wateggquacedleiheisi sativantedjesrorent i oned
the residual gas by absorption in cold MTPA originating
from an MTPA production reactor. The solution of
acroclein in MTPA which is obtained is then introduced
10 directly into the MTPA production reactor with methyl
mercaptan. Such a process is described in USP
4,225,516. However, as preliminary purification of the
starting mixture containing acrolein toc remove the
acids is still required, the disadvantages mentioned
1s earlier are still encountered.

Another known process for purification of
acrolein is described in EP-A-0,559,227. The process
consists of cooling the reaction mixture in a cooling
tower, where it is brought into contact with condensed

20 liquid, an effluent gas containing predominantly non-
condensables and acrolein being recovered at the top of
the tower. Under the conditions described, where the
condensate at the bottom of the tower is at a
temperature of 35 to 50°C, the effluent gas at the top

25 of the tower is at a temperature of 35 to 55°C and
where the residence time of the condensate in the tower
is short, purification of the reaction mixture results

in absorption of a relatively large quantity of



15 earlier are still encountered. Another known process for purification
of acrolein is described in EP-A-0,559,227. The process consists of cooling
the reaction mxture in a cooling tower, where it is brought into contact
wi th condensed 20 liquid, an effluent gas containing predom nantly non-
condensabl es and acrol ein being recovered & the top of the tower. Under
t he conditions described”nrg%re the condensate at the bottom of the tower

is at a tenperat e 6f s S0FePAFESatfe BPFFERRINYMRI ot thEWPHS  of
the tower is at g g&ggg&ghg&glgf33§ gg é§£e§£lc and where the residence
e S ,

time of the condenSate in th ower 1 0 purification of the reaction

mxture results in abSOfptrthanTesénEegﬂ%}{@ié!n'é‘é&b@s qé@g%&éé’céﬁe th

4
acrolein in the condensate, corresponding to a content approxinﬁiely 3 %

by weight. The @ise@vanitavest bgntseckfolf P¥EEEHHEs tdwa disphdniqages of the
known processes and to provide a 5 process for the purification of acrolein

in a gaseous$ m prwress! facr thei purwdteatiani ds aarb nein chndenfddas and
thus to permt the direct use of acrolein, particularly in the synthesis of
MTPA. mixture of acrolein, water, acids and non-condensables,
and thus to permit the direct use of acrolein,
particularly in the synthesis of MTPA.
It is also an object of the present invention
10 to produce acrolein such that the purification yield is
as high as possible while reducing to a minimum the
risk of degradation of the acrolein. Finally, the aim
of the present invention is to avoid the fouling of
equipment used in the process.
15 Accordingly, the present invention provides a
process for the purification of acrolein present in a
feed gas stream including acrolein and water, acids and
inert gases, originating particularly from the gas-
phase oxidation of propylene to acrolein, which process
20 comprises, in a first stage, fractionating the feed gas
stream into a gaseous effluent and a liquid stream in a
cooling column operating such that the temperature of
the liquid stream at the bottom of the column is lower
than or equal to the condensation temperature of the
25 feed gas stream, the difference in temperature not
exceeding 20°C, preferably not exceeding 10°C, and
then, in a second stage, condensing the gaseous

effluent at a temperature that is lower than 20°C to



It is also an object of the present invention 10 to produce acrolein such
that the purification yield is as high as possible while reducing to a
mnimumthe risk of degradation of the acrolein. Finally, the aimof the
present invention is to avoid the fouling of equipnent used in the process.
15 Accordingly, the present infvention provides a process for

- , i : t in feed gas stream i ncl udi ng
e Par i hoslL2Bik ECLBLELR PEESPLL, b I SRR SIS
the gas- phase oxidation @ﬁepaepa_L%é&@%?'ﬁ#é;gde"&gag%@s%%%i 2% e

conprises, in a first stage, fractionating the streaminto a
gaseous effluenbrgadia acfi@is(d G$GLRIY | Aoy XO|d i@ ,C Ho#l ORQY3AL I Ng such
that the tenperature of the liquid streamat the bottomof the colum is

| oner than or ege@titoache suddensaic ccienperature of the 25 feed gas
stream the _difference in tenperature not exceedlng 20[err] C, p(eferably
not exceedi Ag 10[err] C, ah¥ u$edh, herein scdondestmade,nexsndessisity ishe gaseous

effluent at a tenperature that is |ower than 20[err]Cto 5 give aliquid
fraction and a bﬂ?‘??&%ﬁ HAsBHR #1hef drhe TRsemyisdSompesadts whiche feed gas

stream are remain in the gaseous phase from the beginning to the
end of the production process of the invention and
which are found in the purified gaseous fraction after
10 the condensation stage. In this respect the inert gases
in the mixture to be purified may, in what follows, be
occasionally called ‘'non-condensables", since they are
not condensed under the temperature and pressure
conditions used in the process of the invention. They
15 may be nitrogen, oxygen and other gases from air,
carbon oxides and propylene.
By virtue of the process of the invention it
is possible, at the end of the second stage, to obtain
a purified gaseous fraction containing acrolein and
20 non-condensables, in which the weight content of water
is lower than or equal to 2 % and the weight content of
acids is lower than or equal to 100 ppm.
In the first stage according to the process
of the invention the feed gas stream which typically
25 originates from the gas-phase oxidation of propylene is
preferably coocled from its production temperature to a
temperature of 100 to 200°C, and is introduced into the

bottom part of the cooling column.



organic acids, usually acrylic acid, formc acid, acetic acid and naleic
acid. 5 As used herein, the term"inert gases"” is intended to
mean all of the gaseous conpounds which remain in the gaseous phase from
t he beginning to the end of the production_process of the invention and
whi ch are found in the purified gaseous fr&tion after 10 t he

condensation stage. In th*gerggggcgt;:g&igpr‘mgca ih{]; tgqur%g%;]l%al'g]g{ebe

purified nmay, in what follows, be occasi onal ed ™ non-con s"

since they are pght&PRdepeeetRdes L1HE iSMPEsRtul RyANb PRSP AL AHE tions
used in the process of the invention. They 15 may be nitrogen, oxygen and

ot her gases froappréxigatbdy »uai tlesszang Py opyigie. oBwatier tendflddse process
of the invention it is possible, at the end of the second stage, to obtain
a purified gasebbanfbadt bwnwebahti af ngcurl bt ed el dndrXferatoky desdensabl es,
in which the weight content of water is lower than or equal to 2 %and the
wei ght cont &nt &haBc?d$ P¥ Veheht: hhiheorerginder FAUO PR (9f MR r st
stage according to_the grocess of the invenfiion the feed qﬁg Stream whi ch

typically 25  GPPYPRERBLS PRRFENBNGAST pRABEOYKi WHIWT F° i's

preferably cooled fromits oductiop.te rature to a tenperature of 100
to 200[err]C, aﬁﬁoﬁgcfﬁt%Bdgggdofﬁ?%gfﬂ%nggt?%ﬁﬁi%ﬁ ©of the cool i ng col um.

The circulation of the gaseous stream in the
column countercurrentwise to a cold liquid results in
10 the condensation of the water and of the acrylic acid
and of the other condensable components that may be
present. The condensed liquid flows back down under
gravity to the bottom of the column. The gases at the
top of the column are depleted in impurities. They
15 consist essentially of acrolein and of non-condensable
gases.
The temperature of the gases at the top is
preferably 30 to 60°C and still more preferably between
50 and e60°C.
20 - The temperature of the liquid stream at the
| bottom of the column is less than 20°C, preferably less
than 10°C, lower than the condensation temperature of
the feed gas stream. Preferably, the temperature of the
liquid stream at the bottom of ﬁhe column is
25 substantially equal to the condensation temperature of
the gaseous mixture introduced into the column, to
reduce to a minimum condensation of the acrolein and

its degradation. In most cases it is lower than 100°C.



he feed streamof the cooling colum usually contains between 10 and 15 %
gyemeight of acrolein and approximately 20 to 30 % by weight of mateg and

| ess than 5 % by weight of acrylic acid, preferably less 5 than 2 % by
wei ght, the remainder consisting of non- cgndensable gases and of vari ous
organi c constituents produced in the oxidation of propylene. The

[ ti f - ream. olu countercurrentwi se to a
col a1 qui d resires PRagnSatibRATh Rk 18uER SF0 2 OARIES AR G4 he

acrylic acid andrahinheiagherorORHensabh ey EPUPOPENL S; dhal s b fesent.
Theycondensed quu?d flomg back down unde? gravity To the Eggﬁéyn(ﬂﬁ t he

col um. The gasesdaronheindpgohpphextmhtelyaie €6Pletedy RedfGIA idd €S They

15 consi st essentially of acrolein and of non-condensabl e gases. The

tenperature of BRES38iBsand BReteopOi% Pyefeight yoBOidte B edtGernd Sti I:c

nore preferably_between 50 and 60[err]C. 20 _ ' The tenpgrature o]

the Iiquid g‘treaﬂm apdt RR° Bot ?Bﬁo?r?ﬁ?zégl?ﬁnﬁmm%mnsaﬁﬁ ]f'g[n)ﬁg!aﬁre y
ferably less than 10[eryr]C, | oper an e conde

FLE f eed éas stream PrgfﬁgébF9?1fﬁ% tehyer pxetengbkheoperates at a

pressure of 10° to 3x10° Pa.
The residence time of acrolein in the cooling
column is preferably from 5 to 10 minutes. At this
10 residence time the risk of degradation is limited while
the impurities are removed efficiently using the
process of the invention.
According to the process of the invention a
portion of the liquid stream accumulated in the bottom
15 of the cooling column is preferably removed, optionally
cooled, and recycled as circulating cold liquid stream
in the cooling column. a compound which inhibits the
polymerization of acrolein and of acrylic acid may be
added to the recycled liquid stream. The polymerization
20 inhibitor may be chosen fronm hydrogquinone and
phenothiazine and its derivatives.
The recycled stream generally contains
organic acids, including acrylic acid, and less than
2 %, preferably less than 1.5 %, by weight of acrolein
25 and at least 90 % by weight of water.
The recycled liquid stream may be introduced
into the cooling column in one or more places. It is

preferably injected at the top of the column to spray



liquid streamat the bottomof the colum is 25 substantially equal to
t he condensation tenperature of the gaseous m xture introduced into the
columm, to reduce to a m ninum condensation of the acrolein and its
degradation. In nost cases it is |lower than 100[err]C. 7 The
condensation tenperature of the gaseous mi &ture originating fromthe

catal yti c oxi dagh@n p. n ont ai ni ng. approxi mately 10 to 15 % by
wei ght of acrolein gﬁ%eg{dgtﬁigggsfbgovﬁ%? gt et § PSR LY, 70 and

90[err]C, at a phessur:?cmédapp&@%&r@éeéaoﬂefxgog[xgé{l%e[fx?-JlsThendC%géJ ng, colum

preferably operates at a pressure of 10[err X err a. r 891 dence

tinme of acrolein tnolhe aoDhE NInEOs tHTa 1l Svd&f e5aky YcJJlfHP ﬁ,stig,g\}\%ﬁrge ut es.
I t

At this 10 residence tinme the risk of degradation is linmte e the

inpurities are Fenrbeddirgfgtyemt!y using the process of the invention.
Accor di ng to the process of the invention a portion of the liquid stream
accunul ated~i n the bottonfd8°rdbig t¥e apoibtipredl whades qff afher phlogesanmoved,

optionally cool gg, %\nd. re%,\{cl ed as circulating cold liquid streamin the
cool i ng col um. °A EBRpHUREE IR FRAFIRT PAMHeion of the liquid stream

accumulated at the bottom of the cooling column may be
removed to undergo a stripping operation to recycle to
the bottom of the column a portion of the acrolein

10 entrained in gaseous form. The liquid stream removed
for this purpose is preferably heated to a temperature
of 90 to 120°C before the stripping.

The stripping operation is carried out by
circulating the liquid stream removed in a column,

15 countercurrentwise to an inert gas, preferably
nitrogen, the liquid being introduced at the top of the
column and the gas being introduced into the bottom
part of the column. The temperature.of the stripping
gas is advantageously from 130 to 160°C, preferably

20 approximately 150°C, in order to eliminate any risk of
degradation of the acrolein and to improve stripping
efficiency.

During the operation acrolein present in the
ligquid stream is extracted by the stripping gas, with

25 the result that a gaseous stream is recovered
containing acrolein, a small portion of water and non-

condensables. Most of the acids and water remain in

the liquid phase.



pol ymeri zation of acrolein and of acrylic acid may be added to the recycled
liquid stream The polymerization 20 i nhi bitor may be chosen from

hydr oqui none and phenot hi azine and its derivatives. The recycled strean12
general ly contains organic acids, includln? acrylic acid, and less than o
% preferably less than 1.5 % by weight of acrolein 25 and at |east 90 %

by wei ght of water. The r@g¥c$f§gg&gwhﬁ}gﬁ&g@n&g@ &%ﬁyLPhroduqed into the

o 1
cooling colum in one or nore places. 'S pr '8¢ & at the top

of the colum tprepéepybly hk ERSEPUS tH PR hQ P8 nl 1 t%g. Mor e
particularly, the recycled ??%uid S coolég;to et ween %5 aﬁ&lﬂg[err]c by a

: : . . L lycol . 5
cool er using i ndedwnnato wal bow Othél NA(s WHrRANr@auseal giyni Ng ¢
Accordi ng tg an optional stage of the process of the invention, another

portion of the ??ﬁh@ﬂi%qr%@db%cm&inﬂen&ﬁﬁgﬂntbh&thbemﬁab tbe umaokiiRg
colum may pe renpved to undergo a stripping operation to recycle to the
bottom of the cbPEinteel #R1iHram ¢ HE adroilei pel@otednthaitnedei n gaseous

I quy ' i bly heated to a
form The liq tream renoved for this purpose is prefera i
tenperature of L%‘ge%%&rl‘io’[’értrr%)% %}E‘?%%ézoé‘tulmppﬂpﬁé. not be too high

otherwise stripping efficiency is impaired.
Return of the gaseous stream produced by the
stripping operation may be carried out by mixing the
10 stripped stream with thg feed gas stream or,
preferably, by injection of the stripped stream into
the cooling colunmn, approximately at the same height as
the feed gas stream entry.
In the second stage of the process according
15 to the invention, the gas leaving the top of the
cooling column is partly condensed, preferably in a
surface condenser. Separation of the condensed liquid
Phase provides a gas which is depleted in impurities,
especially in water and in acids, and containing
20 acrolein and non-condensables.
The gaseous effluent is advantageously
condensed once or several times in succession to give a
gaseous fraction containing acrolein, the temperature
of the gas leaving the last condenser being lower than
25 20°C. cCondensation of the gaseous effluent is
preferably carried out in the presence of an acrolein
polymerization inhibitor.

At the end of the condensation operation(s)



I ppi eration is carried out by circulating the liquid stream
-rrgre;o\s;fa(r:ll Plrcl)l ggcglounn, 15 countercurrentwi se to an inert gas, preferably
nitrogen, the liquid being introduced at the top of the colum and thef g?ﬁ
bei ng introduced into the bottom part of tlhoe colum. The terrper?turzg o] e
stripping gas is advantageously from 130 t'o 160[err]C, preferably

' ' e ' dation of
roxi mtely lbREéegasboutNEPLE€ok O g,lng Nald [ rl.snk of degra .
?ﬁg acrol ei nyand %oqi rrprléve stri p?)i nca ef%ril cle cay. o[}.]erli nénatyh eoperat i on

acrol ei n presentecavehed| agupar 5tieangds, axfiar e Be é&%dshrﬂr%@ﬂ% gas,
with 25 the result that a gaseous streamis recovered contai ning -
acrolein, a snail pbetsyntbésimter ¥rwhnon- condensabl es. Mst of the acids
and water remain in the |liquid phase. 9 '[he_ pressure in the stripping
colum is preferably hi ght®Ce¥ding Heo mresmtrional taldd itdeniang s¢akgenm to

S e . he
th seo stream produced by stripping to be reinjected into t
gjl)lo}lvng golgl%‘nn %ﬁ% hg%semf%eg’f%‘étd“b’hsmas\t R¥AfRenablyh &g ¢ubd ersedd tohan t he

pressure in thehﬁééfﬁ%&éﬁ’éé%fgqggguﬁyrE%rgﬁagg?%nhL%%ntercurrentwise
to water, to further remove additional residual acids.
This operation may be carried out in an absorption
column. The water circulates countercurrentwise to the
10 gaseous fraction at a temperature that is lower than
the temperature of the fraction, with a mass flow rate
such that the ratio of the mass flow rate of water to
the mass flow rate of the gaseous fraction is between
0.005:1 and 0.05:1, preferably between 0.01:1 and
15 0.05:1. A purified gas is thus obtained in which the
| water content is lower than 2 % by weight and
preferably lower than or equal to 1 % by weight, and
the acid content is lower than 100 ppn.
The ratio ranges of water mass flow rate to
20 the mass flow rate of the gaseous fraction are
expressed for an absorption performed in a column
comprising 5 to 10 theoretical plates. The use of a
column which has a number of plates outside the values
referred to is possible. In this case a person skilled
25 in the art is capable of adapting the water and gaseous
fraction flow rates accordingly.
Also, in order to increase the efficiency of

absorption in water, and hence to conform to the



herwi se stripping efficiency is inpaired. Return of the gaseous stream
gﬁoduced by thgpst?ipping operation nmay be carried out by mXxing the 10f
stripped streamwi th the feed gas streamor, preferably, by injection o
the stripped streaminto the cooling colum, approxinmately at the sane
hei ght as the feed gas streamentry. In thklsecond stage of the process

' 15 : i ntion. the gas |eaving the top of the cooling
28?3;ﬂng partlgggggggnanggp?gge?ﬁbﬁyc?ﬂtﬁngﬁr*%c%h?xﬂﬂﬁ%ﬁ&ﬁq Beparidt i on

| bl S oyj. de S ich is depleted in _
?Lpb??t?ggeegggggiE?Figfggsa?ggea%égiﬁagc? %?ygﬁ%FC%ﬁH%ﬁ#%Iﬂf 20 acrolein

: & densed once
and non-condensabkesp1dhecgnsequeneif] uept ; & s, ALY, SIS o G
or several times in succession to give a gas:%us %géﬁ?lon contai ﬁng

[ i ' bei ng | owner
acrol ein, the téhpegasuin bhet bengasshesvhngpéierigs! condenser \
t han 25 200C. hE‘ondensation of the gaseous effluent is preferably carried

out in the Presence of anAacewpeundpef ytkeizypé aleddidtid Abovdl whigpend of
the CondensatiOgngggggélgﬂgsgolymggization of acrolein may be added to
the water for absorption. However, during the
absorption operation, dissolving chemical species in
the water has the effect of reheating the gas leaving
10 the absorption column.

A water content in the purified acrolein-
containing gas of lower than 2 % by weight, and a total
acid content of lower than 100 ppm, are values which
are preferred for the use of the gas as starting

15 material for the direct synthesis of MTPA.

Another embodiment of the.present invention
is a plant intended for implementing the process of the
invention as described above. This plant includes a
cooling column supplied with a feed gas stream by means

20 for feeding gas, a condensation unit provided with
means for feeding gas from the top of the cooling
column and, optionally, a stripping column fed at the
top by means for feeding liquid from the bottom of the
cooling column and means for recirculating the gas from

25 the top of the stripping column to the means for
feeding gas or to the lower part of the cooling column.

The plant preferably additionally includes

means for circulating liquid from the bottom of the



t he gaseous fraction containing acrolein nmay be recovered as purified gas,
whi ch may be used directly in the synthesis of MIPA. According to an
optional additional stage, 5 t he gaseous fraction nay preferably be

subj ected to an absorption operation by circulation countercurrentwi se to
water, to further renove additional residddl acids. This operation may be

carried out in 38cabs§r b1 @&n COL Wk r .ci,rcul.ates
countercurrentwi se to the 10 gaseou%pﬁaé% %@nmatts é’f?e&nfet”gtpﬁfept’ﬁé‘t S

lower than the b&npeeatosBind ddluid AGAEL tHd N iRuTBS $aly %‘Qe&akﬁoﬁ'ﬁ’%h t hat
the ratio of the nass flowrate of water to the nass flowrate O e

gaseous fracti oRYiBedrs et &5 exanchdeiQ5: 1, preferably between 0.01:1
and 15 0.05:1. Apurified gas is thus obtained in which the water content
is lower than 2 % by wei gltemrkhgrdfagrtabinelualeer at sarippiaguablu@n) % by
wei ght, and_the acid content is |ower than 100 ppm The ratio ranges of

wat er mass Tl owWPTERE Y o Prefenally rinsbalded opbstheagas€otbefraction are

expressed for ag rption performed in a colum conprising 5 to 10
theoretical plates ihtgé Ut 0t DT ATMRELATITS REs tRenddmaidotopbat es
outside the valgesiggderred to is possible. In this case a person skilled
25 in the art is capable of adapting the water and gaseous fraction fl ow

rates accordingly. An example of an embodiment of the invention
will now be described with reference to Figures 1, 2
10 and 3 of the attached drawings, which show,
respectively, three embodiments of a plant in
accordance with the invention for purification of a
gaseous stream containing acrolein.
The plant shown in Figure 1 is intended for
is the purification of a gaseous mixture originating from
a unit 30 for the gas-phase oxidation of propylene and
for producing a gaseous stream containing purified
acrolein which feeds an MTPA synthesis unit 40. The
plant essentially comprises a cooling column 1, a
20 condensation unit 3 made up of two separate condensers
3A and 3B, a cooler 7, a heater 14 and a stripping
column 4, the top of which is connected via a gas
delivery conduit 6 to the bottom part of the cooling
column 1.
25 The plant operates in the following manner.
The feed gas stream produced at 30 is first

cooled to a temperature, for example, of 100 to 200°C

in a heat exchanger 31.



Also, in order to increase the efficiency of absorption in water, and hence
to conformto the desired water and acid contents in the purified gas,

it is preferred that the gas should be as cold as possi ble. Consequently,

it is preferred to supercool the gas in the condensati on operation. 5

A conpound of the type described above whith inhibits the polynerization of

acrolein nmay be added to the r . for absorption. However, during the
absorption operation, dissol v}éﬁégg em38§| I3PetT ekiehm imerofiesd ea the

ef fect of reheatfieerg thaagas beanehoIeiQ %gs rption colum. A water
content in the purified acrol ein- cont all?ﬁ’%g alégo‘&l% e AP % by

wei ght, and a t ePdumaciid Taet eAttef: haWeke tHadodPLhPP e val ues which
are preferred for the use of the gas as starting %E‘P égn%a ex}ioaﬁaaf’yr t he

di rect synthesi ¥n@¥RMFPRE, Afior hexarepbedh npsdk e ééﬁum,esp@tbgiq‘\égent ionis a
pl ant intended for inplenenting the process of the invention as descri bed
above. Thi s pl aRPSthFﬁdégratbeolelgimlmntcsmapidaacbwdm tradyaed gas stream
by neans 20 for feeding_gas, a condensation unit provided with neans for
feeding gas fromthe top Bge‘ih’égc%bﬂ nghe gaseous stream to be

purified is preferably performed in the lower quarter
of the column, whereas a fraction of the condensed
liquid is introduced at the top of the column. The

10 latter advantageously operates at a pressure of 10° to
3x10° Pa.

The cooling of the gas in the column 1
produces at the top of the column gases whose
temperature is usually between 30 and 60°C and

15 preferably between 50 and 60°C, while a liquid stream
whose temperature corresponds to the condensation
temperature of the feed gas stream accumulates at the
bottom of the column.

The sizing of the column 1 is carried out

20 according to the knowledge of a person skilled in the
art as a function of these operating parameters. The
height thus depends on the heat load to be removed and
the difference in temperature between the condensed
liquid fed at the top of the column and the liquid

25 stream deposited at the bottom and the diameter, on the
speed of the gases in the column.

The gases from the top of the column 1 are

conveyed towards the condensation unit 3 which, in the



[ I ppi for
lum and, optionally, a stripping colum fed at the top by neans
?geging quuig fronltKe bottom of the cooling colum and neans for .
recirculating the gas from 25 the top of the stripping colum to 3 e ant
means for feeding gas or to the | ower parH'of the cooling colum. T ﬁ pl a
preferably additionally includes nmeans fort%irculating liquid fromthe

' .poi he upper part
f the 8 n u f nor e .poi nts of t
g?tiﬁ? gool i ng gﬁ%uﬁﬁﬁgg#:tg?g?%e{?i%ﬁ?ﬁp%ag beel ¢651%ed sy SFRAxatsi a heat

' L o heater is
hanger. \Wencoheepsans sAchnd@ess aistddPRINT GG Yy 24 Pre
g?gfergbly installedpupstrean1of the columm to raise fﬂe tenperature of the

o by esr e e ot er et co et e ok MG RIS |
I ietp bl g
2gﬁ?;iﬁpﬁg %Lroﬁ%gficﬁ?ﬂ$xﬂ%ﬁug%ﬂﬁﬁﬂﬂd!ﬁﬂﬁ @ghog.ce iof itheendeekobrl5  the
purification of,g a3seous JgﬁgﬁgéaégltIé“gfgy%fgggzlin temperature

between the gases from the top of column 1 and the gas

which feeds the MTPA synthesis unit, and on the area of

the heat exchange units. A surface condenser, or

10 condensers, is/are preferably employed.

Gas cooled in the condenser 3A and separated
off on leaving the latter, depleted in impurities such
as water and acrylic acid, is conveyed towards the
entry of the condenser 3B, while the condensed liquid

15 containing water and particularly acrylic acid,
separated off on leaving the condenser 3A, is removed
via a conduit 12A. on léaving the condenser 3B, gas
separated off, further depleted in impurities such as
water and acrylic acid, is conveyed in a conduit 16

20 towards the unit 40, while the liquid condensed in 3B,
containing water and particularly acrylic acid, is
removed via a conduit 12B.

To cool the gases from the top of the column
1 from their column top temperature (30 to 60°C,

25 preferably 50°C to 60°C) to a temperature that is lower
than 20°C, it is preferable that the condenser 3A

should operate with a conventional cooling liquid such

as industrial water, and that the condenser 3B should



a unit 30 for the gas-phase oxidation of propylene and for producing a
gaseous stream containing purified acrolein which feeds an MIPA synthesis
unit 40. The plant essentially conprises a cooling colum 1, a 20
condensation unit 3 nmade up of two separate_condensers 3A and 3B, a cooler
7, a heater 14 and a stripping colum 4, the top of which is connected via

del i ver ' . h gttom part of the cpoljng colum 1. 25
'Eli'hgags)l aﬁt | \(;pe?/a%gs%qzarlstet E’étt?o%l g‘\?\n?ﬁgcﬁwniﬁﬁgf CIRE P Lt 92 STYEuADr oduced at

30 1s first cookadnko (@ak@Pehal Ubfcildl oRXEIRAE) Of B0, L0, A00C [N a heat
exchanger 31. 13 The cooled feed gas 1s then introduced via a feed

conduit 2 into teathdnehgpgiycel.the cooling colum 1. The latter may be a
cooling colum of any known type, for exanple a packed colum, it being 5
possi bl e for the packing Bdtbeughi pabgmepizitiys.ofeckdme M tis i gaseous
streamto be purified is preferably perfornmed in the lower quarter of the
col urm, wherleas V&T¥r §8ftoAtothehéovoherperatureue sl tise i cundushioad atit he top
of the colum. Igepreferable to reduce the residence time of acrolein
in the condensers to a minimum. To this end it is
advantageous to employ vertical tubular condensers.
According to an alternative form, not shown
10 in Figure 1, the condensers 3A and 3B may be equipped
with means for introducing a compound which inhibits
the polymerization of acrolein, such as hydroquinone.
In the embodiment shown in Fiqure 1, the
conduits 127 and 12B removing the liquids produced
15 during the condensation are connectéd to the upper part
of the column 1, at a point 15, in order to introduce
condensed liquid, typically containing water and
acrylic acid. The point 15 is preferably situated in
the upper quarter of the column. Circulation of the
20 condensed liquid, towards the bottom of the cooling
column 1, in intimate contact with the gaseous stream
rising in the column, provides some of the cooling of
the latter.
The liquid stream accumulated at the bottom
25 of the cooling column 1 essentially contains impurities
such as water, acrylic acid and heavy condensibles, but

also contains a portion of acrolein from the feed gas

stream. Some condensed liquid is therefore removed



10 | atter advant ageously operates at a pressure of 10[err] to 3xl1l0[err]
Pa. The cooling of the gas in the colum 1 produces at the top of the

col um gases whose tenperature is usually between 30 and 60[err] C and 15
preferably between 50 and 60[err]C, while a liquid stream whose tenperature
corresponds to the condensation tenperatur¥® of the feed gas stream

accunul at es at bat 1.0 the_col um. The sizing of the colum 1 is
carried out 20 tfgggcg%%i {r?ag%%mtﬂg %ﬁ%vﬁ%ﬁ‘@fé"d‘ I erksyskidebavény t he art

as a function okohhRase 9peLahj B8t P’ s, The_hei ght t hus, depends on the
heat |oad to be renoved Igmd the d??fggg%}gée tl?lpt%%p%?%t‘ﬂ?’él%’t%éﬁ?]t%
condensed liquid.fed at the top of the colum and the liquid 25 stream

deposited at the bottom and the diameter, on the speed of the gases in the

col um. The gases from t hent the Oémb&Ei Ken tiNeh iR £ GOIYENET t0 he
condensation unit 3 which, in the 14 enbodi ment shown in Fi ur"fai:?ift;n

conprises two sepaFhie eopdensed sl BpubhcstBRdm Seriaovdd 496 pdik® o
condensation unit 3 may be nade up of a variabl e number
of the ¢onduit 5, via an abstraction conduit 8. This
conduit feeds the entry of a cooler 7 to cool the
bottom liquid from its initial temperature to a
temperature of 15 to 45°C. The liquid cooled in 7 is
10 reinjected into the cooling column 1 via a conduit 10
at a point 11. Point 1£ is preferably situated in the
upper part of the column 1, preferably in the upper
quarter. Point 11 is advantageously close to the
abovementioned point 15. The cooler 7 may be chosen
15 from any of the known types of heat exchangers. |
The other portion of the liquid stream
removed at the bottom of the column 1 is conveyed via
the conduit 5 to the stripping column 4. The stripping
column is a packed column of any known type. A column
20 containing packing or a column containing trays may be
employed. The conduit 5 injects the liquid to be
stripped into the upper part of the stripping column 4.
An "inert gas", such as nitrogen, injected into the
lower part of the coluﬁn 4 via the conduit 22 is
25 employed as stripping gas. This gas is preferably
preheated to a temperature of 130 to 160°C, preferably

approximately 150°C, to improve the stripping

efficiency.



of condensers; a single condenser may even be 5 sufficient. In general,
the choi ce of the nunber of condensers depends on the difference in
tenperature between the gases fromthe top of colum 1 and the gas which
feeds the MIPA synthesis unit, and on the area of the heat exchange units.
A surface condenser, or 10 condensers, i’S/are preferably enpl oyed. Gas

cooled in the condenser 3 agges @ggéﬁéé%éﬁghéuhIfﬁpﬂ;&lr%hq ga%ksr

depleted in inpurities such as water and acrylic acid,”Ts conveye& t owar ds

the entry of theycpadeaseis3Bs Yhiie1he £LONALNSAL ddiiiat el PointORgdl Ni NG

water and particularly acrylic acid, separated off on |eaving the condenser

3A, is renpved tha dof@GdYI § Ugferé&in | SAVENY ddMunED ML dodRs tidam
separated off, further depleted in inpurities such as water and acrylic

acid, is conveyed theapodntiupt THi20exchanwgex sfunietiord 240 a Weatert e
l'iquid condensed in 3B, containing water and particularly acrylic acid, is
renoved vi aSa ctrdget theptefperabire hef ghlvesl ¥qwid tiHtuge dfo tiee colum 1

fromtheir colum top tenperature (30 to 60[err]C, 25 preferably 50[err]C
to 60[err]C) toSYTEBRBEr PuReVRRYE PE FRARTISRIPDALY A29°C Fidtef er abl e

that the condeniﬁr 3A shgul,d Q erate wét h gjeconvcent 'é’”%'m cotozjii n%nl i quid
such as industridf F&FePt AMBTPHAPI( hR® cHMETRA B LG Frripping
stage.
The inert stripping gas desorbs acrolein from

10 the liquid mixture as it rises in the stripping column
4, with the result that a gaseous fraction containing
water, non-condensables and acrolein is recovered at
the top of this column. This gaseous fraction is
reinjected into the lower part of the cooling column 1,

15 via the gas delivery conduit 6, preferably into the
bottom quarter of the column 1. The injection of gas
via the conduit 6 is preferably performed at the same
height as the injection of the feed gas stream via the
conduit 2.

20 In an alternative form, the conduit 6 may be
connected to the conduit 2 upstream of the entry of the
cooling columms 1, in order to mix the gaseous fraction
produced by the stripping with the gaseous stream to be
purified.

25 To permit the gases recovered at the top of
the stripping column 4 to return into the cooling
column 1, the pressure in the column 4 is

advantageously kept higher than the pressure prevailing



15 operate with a nore conplex cooling liquid such as brine (water and
calciumchloride) or else water containing glycol. Al though pol ynerization
of acrolein is not 5 very fast at the | ow tenperature of the condensers,
it is preferable to reduce the residence tjme of acrolein in the condensers
toamnimum To this end it is advantagedﬁ% to enploy vertical tubular

condensers. AccerdiRe E@lﬁﬂnakte&ﬂét%¥§s§&¥énlﬁ“¥hé Wﬂm&? in Figure 1,

t he condensers 3A and 3B nmay be equi pped w th nmeans tro&h0|ng a

conpound whi ch pnbfbrhslyhelp@hym?rhi@ié@ntﬁﬁnEEHé”ﬁ%ébsd%&”béS%a
hydroqui none. In the enbodi ment shown in Figure 1, the conduits 12A and 12B

removi ng the |idnpi 4beprodusrdlls during the condensatlon are connected to
t he upper part of the colum 1, at a point 15, in order to introduce
condensed |iquid, typical Fieconedingngolhanerl g etordd widitd.a Hystpai nt 15
Is preferably situated in the guarter of the colum. Circul ation of
the 20 corden$88 PFaBLRY PSﬁaEH%“%ﬁefERWtQhﬁ(ﬁOQQR?(Rﬁﬂﬂhﬁ;qgﬂumnw 1, in

i ntimate contac he gaseous, streamrising in the col um, prOV|des
sone of the cooFPﬁg o?a ﬁ% ?3F?e€?e 1evel'of 'Iiquia ‘constant at 'the

bottom of the column 1. Any known means for drawing off
liquid may be employed, particularly means 12 for
controlling the liquid level at the bottom of the
10 column 1 and a valve 13 as shown in Figure 1. Opening
of the valve 13 enables the surplus of liquid
accumulated at the bottom to be removed via the conduit
5, towards the stripping column 4 or the cooler 7.
The plant shown in Fiqure 2 is an alternative
15 form of the plant shown in Figure 1, from which it
differs in the following ways.

The gas delivery conduit 16 is connected to a
liquid/gas absorption column 17. This column is a
packed column which may be of any known type,

20 especially a column containing packing or a column
containing trays.

Conduit 16 allows gas depleted in impurities,
originating from the condensation unit 3, to be
injected into the lower part of the column 17, while

25 the latter is fed in its upper part via a water
delivery conduit 18. The water travelling
countercurrentwise absorbs the last traces of aciaq,

usually acrylic acid. This water, which is collected



The liquid streamaccumul ated at the bottom25 of the cooling ﬁolunn 1
essentially contains inpurities such as water, acrylic acid and egvy
condensi bl es, but also contains a portion of acrolein fromthe feeb gas f
stream Sone condensed liquid is therefore Jennved 16 fromthe ?ttﬁn1o
the colum 1 in a liquid delivery conduit 5, connected to the top of the

: . : : . 5 of
strippin CO|unﬁt4thénbbhgoﬁnbgdtﬂgnéof&%WWH+IlJg re %1a.égélon.t .
t hi spgongensed liquid streamis renoved at a pol n‘?tibe of ’t"r?g TSt S, via

an abstraction cbaduppeB.pihtSoEOﬁnigi&oi@ﬁdsl,th@s eggglyi,g ﬁﬁgﬁq-er'rhzist? s

cool the bottomliquid fromits initial tenperature to & te eraturl_o

to 45[err] C ThgaFPquiaa@enlnﬂthnyﬂieﬁﬁﬂdﬁ);dfﬁg&ﬁfgﬁﬁ?t?gggﬁfs g??ug?gd -
ia a conduit 10 at a poin . Poin _

fﬁguggpérvbart BPnYREed oY tdmthe ?ﬁ%ﬁ%ﬁtﬂﬁgﬁinemdginqnxﬂqumdambe&rwagggt 11be

i s advant aggous|y _cl ose %o %he abovenenti oned point 15. Thq coo erh may

chosen 15 froﬁ1%%§n€f2 hat KABSC VR bf aftantacsewsder sitlageat her

[ j ' mof the columm 1 is
port i on of .the kigvedeslrsamecipyedil {he bottom of, the colur
conveyed vi

introduced into the column 17 is advantageously lower
than 20°C.
Water delivered by the conduit 18 preferably

10 contains a compound which inhibits the polymerization
of acrolein. The compound is added to the water
upstream of the absorption column 17.

The plant shown in Figure 3 is an alternative
form of the plant shown in Figure 2, in which the

15 layout of the units is slightly different.

Thus the plant includes a column 25 enclosing
a cooling column 19 in its lower part, a condensation
unit 3 in its intermediate part and an absorption
column 20 in its upper part.

20 The cooling column 19 is a cooling column
which is identical with the cooling column 1, the top
of which is in direct communication with the entry of
the condensation unit 3. The gaseous effluent resulting
from the fractionation in the cooling column 19 is thus

25 conveyed directly into the condensation unit 3, which
may be made up of one or more condensers in series. The
liquid condensed in the condensation unit 3 travels

freely, descending into the lower part of the column



the conduit 5 to the stripping colum 4. The stripping colum is a packed
col um of any known type. A colum 20 cont ai ni ng packing or a colum
containing trays may be enployed. The conduit 5 injects the"!qu|d to"be
stripped into the upper part of the strippipg colum 4. An "inert gas”,
such as nitrogen, injected into the |ower part of the colum ‘4 via the

conduit 22 is 285, eovphtpeduasentt/ippl 68 gRE. rdB4S ggsst§e5wfﬁégéﬁny
preheated to a tenpe?gture of 130 to 160[err]C, pr%ferably approxi mately
150[err] C, to i Ascypslenessini ppengoetbinciwetbythe liquid $heemwbodi ment
shown in Figure 1 a heat exchanger 14 is installed at an internediate point
of the conduit S5°8FEPFESMBf thReceBléng godwmndownst ream of the point 9.

Thi s exchanger functions a heater to 5 k6 raise the tenperature of the
i quid rrixtgre to be stri gﬁgngBeg“%FﬁécB’r%h‘éelb}%l"e'?d ofn gnpUXM20E Wi t h

e el P TR e LA REY Sl IS 1 SRR e ST
the stripping cehdmMipferWphPe! 88 ERSULL1LAR 24, SFRELYSeA L AGLd QLSO @i ni ng
column 20 is placed. The latter is similar in type to
the absorption column 17, except that the injection of
the gas no longer takes place via a gas delivery
10 conduit.
The upper part of the absorption column 20 is
fed with water via a water delivery conduit 18
connected to the upper part of the unit 25.
The water travels countercurrentwise to the
1s gas rising in the absorption column and picks up the
residual acidic impurities present in this gas. It then
flows freely back down in the intermediate part and the
lower part of the column 25 and accumulates at the
bottom with the other liquid fractions.
20 The column 25 is advantageously endowed with
means enabling a back-pressure to be created between
the cooling column 19 and the upper section. A
hydraulic ram may be installed for this purpose.
Each of the plants described above makes it
25 possible to perform the purification of a mixture
containing acrolein, water and acids such as acrylic
acid, to supply a gaseous stream containing purified

_acrolein. Preferably, a purified gas is thus produced



wat er, non-condensabl es and acrolein is,recovered at the top of this
colum. This gaseous fraction is reinjected into the |ower part of the
cooling colum 1, 15 via the gas delivery conduit 6, preferably into the

bottom quarter of the colum 1. The injectkgn of gas via the conduit 6 is
preferably perfornmed at the sanme height as the injection of the feed gas

streamvi a the canidi thad 2@ater tent hBw@B fhLfrpadiy the
conduit 6 nmay be connected to thecggngait 2wupstrean1of t§e$§% r§ Bt he

cooling colum H& ﬁqtamwkyid(mdﬂtém&h&oga&eeuanf&aﬁtgﬁﬂ,pﬁQgHgﬁg by the
stripping with the gaseous streamto be purified. 2 To permt
t he gases recoveérdding ttihe tegmipienlie agtir wppilagl il ting4the return into the
cooling colum 1, the pressure in the colum 4 is advantageously kept

hi gher than t he $A9Fadatd 9% @faiictrgein.in the colum 1. The pressure in the
colum 4 is preferably slightly higher than the pressure prevailing in the
colum 1. The cooling col foldo¥daguedamPiRs aiilusbrate therpxesautng of f

liquid fromthe ;hQtd ¥ Qf the colum, intended to keep the |evel of liquid
constant at the

EXAMPLE 1
A plant of the type shown in Figure 1,
including a condenser as condensation unit, is employed
10 for purifying a gaseous mixture originating from a
reactor for vapour-phase oxidation of propylene to
acrolein. The composition of the mixture is as follows.

(The portions are shown in relation to the

weight of the mixture.)

15 Non-condensable gases (nitrogen,
oxygen, propylene, carbon oxides) 63.3 %
Water 21.0 %
Acrolein 12.3 %
Acrylic acid 1.4 %
20 Other (acetaldehyde, allyl alcohol,
formaldehyde etc.) 2.0 %

The gaseous mixiure to be purified is
introduced at a temperature of 180°C at the bottom of a
cooling column having 10 perforated trays, below the
25 final tray, at a mass flow rate of 20 kg/h, at a
pressure of 1.2x10° Pa.
The liquid at the bottom of the column is

maintained at a temperature of 70.3°C, while the



he colum 1. Any known means for drawing off |iquid may be

gﬁ;fggégf ;articularly nea%s 12 for controlling the liquid level at the f
bottom of the 10 colum 1 and a valve 13 as shown in Figure 1. Cpenlngbo
the valve 13 enables the surplus of |iquidaccunulated at the bottomto 7e
renoved via the conduit 5 towards the stripping colum 4 or the cooIeL
The pl ant shown cPRdengatdon tsmanratueenaflvnelﬁgedfguénéﬁréima1gzant|§ own
in Figure 1, frogmwhich it differs in the follow ng ways. The gas de :very
conduit 16 is cdindcCedtPs Siffgururgabeinsopquabnteod LMC)L7. ThhiSed! UM

[ ' lally a colum
I's a packed col whi.eh.may be of any known type, 20  especia
contaPning pack#gg SPnga&BFuﬁngc0nP§| PRIt ref Acxkrints 16 al | ows gas

oy ected into the Toner pirf BRYRENG BhriSest fien she Raktamiteer (s fed
in its uppes pakheVidpaowatfb Qékhﬁfﬁré’afé’gd;gi'fécelgaat Tauheﬂav\% ffaatg %qulglo;(r;?d_
countercurrentw se absorbs the [ ast traces acid; 'us
This water, whikh/hg enkl Rehedexchdfger supplying a recycled liquid at

a temperature of 30°C.

Another portion of the liquid from the bottom

of the column is conveyed into the nitrogen stripping
10 column, filled with random bulk packing, operating at a
temperature of 90°C with a stripping nitrogen mass flow
rate of 0.6 kg/h. A liquid containing not more than
100 ppm of acrolein is recovered from it.
At the exit of the cooling column the top
15 gases are cooled to 2°C in the condenser. The gaseous
fraction recovered at the exit of the condenser is
analysed to determine its acid and water contents.

The determiﬁation of the content of the

organic acids is performed by ionic chromatography
20 after bubbling the gas through water.

Water content determination is performed by
the Karl Fischer method after bubbling the gas through
n-propanol.

It is determined that the purified gas

. 25 contains 96 ppm of acids and 0.34 % of water, relative
to the total weight of the said gas.

EXAMPLE 2

A plant of the type shown in Figure 2,



at the bottomof the colum 17, may be reinjected into the upper part of
the columm 1, as cooling liquid. This water, laden with traces of acid, is
preferably conveyed via the conduit for renoving liquid 23 towards 5 a
poi nt 24 of the columm 1, advantageously ';ualed above the point 15. The
tenperature of the water introduced into the colum 17 is advantageously
lower than 20[ eihtGuaYhgetndelavesed byitdecondig) 18 efsiaie 10
contai ns a conpound which inhibits the polynerization of acrolein. The
conpound i s addeddt dnt h@dieien apsibeenpion heo RGOMIItIOXBIGOl uMm 17, The

pl ant shown in Figure 3 is an alternative formof the plant shown in Figure
2, in which thep¢bforatgdutrayst he empisyed & ghttifyding errentsanBhus the

pl ant includes a colum 25 enclosing a cooling colum 19 in its |ower part,
a condensati on BA¥FuBe #sj thafninrBEyrRI® bart and an absorption col um 20
inits upper part. 20 The cooling colum 19 is a cooling

col umm which is identical ThRt RPERRL LRG| PHEARSF¢HM oL BHAPRIG JoR%fhich is in

di rect comuni catj Lth_the gn of, t he condensati aqn it 3. The gaseous
ef f 1 uent result?%EQ$?§%1tﬁ%c??gcﬁﬁ%ﬁaﬁP%nc? é%?ﬁf?xﬁﬂ? g;gbﬂ FRTefo is thus

25 conveyed degegliiel 8B RCLAONUSOPAS O Hilld € VY.Ch My be made up
of one or nore condensers Tn series. The
The gaseous fraction recovered on leaving the
condenser is introduced at the bottom of the absorption
10 column at a flow rate of 16.2 kg/h. A stream of water
circulates in this absorption column, introduced at 4°C
above the first tray of the column, at a flow rate of
0.2 kg/h.
As in Example 1, it is determined that the
15 gaseous stream which leaves the absorption column

contains 0.43 % of water and less than 10 ppm of acids,

relative to the total weight of the gaseous stream.



l'iquid ndensed in the condensation unit 3 travels freely, descending into
the lo lljﬂﬂu Lﬂmmjuml um 20 25, countercurrentwi se to the feed gas
stream A i in the bottomwith the liquid stream.condensed in.

the cooling col um. *Thé gaseous fraction d?gl eted in inpurities 5 %4 éaving
the condensation unit 3 enters directly in t he upper part of ‘the:colum-

25, where the absorption colum 20 is pl @gggMEThe latter -is simlar-in-type
to the absorption colum 17, except that € Injection of the gas no | onger

takes place via a gas deliery pldceseO#d4 theTBariRRehtR8ht 0®f atPS1ein
absorption colum 20 is fed with water via a water delivery conduit 18

connected to thengyeart par ta dleeldhgasnisttrdam, Thdivat protea¥eksmprises,
countercurrentwi se to the 15 gas rising in the absorption colum and

pi cks up the resid@lfigsitdistagepuficeicdd opagdant the feed gas. streahen flows
freely back down in the internediate part and the |ower part of the colum
25 and accuml at®¥%aR RS 4e3s: Ghidident Redophdiani§usdrepicinonds. 20

i s._adv.ant ageous!l y end d wit
The colum 25 “%oo ing égiumn %peré@yig sucg that the temperature of

the liquid stream present at the bottom of the column
is lower than or equal to the condensation temperature
of the feed gas stream, the difference in temperature

10 not exceeding 20°C and then, in a second stage,
condensing the gaseous effluent at a temperature that
is lower than 20°C to give a liquid fraction and a
purified gaseous fraction.

2. Process according to claim 1, wherein

is the feed gas stream originates from the gas-phase
oxidation of propylene to acrolein.

3. Process according to claim 1, wherein
the temperature of the liquid stream at the bottom of
the cooling column is lower than or equal to the

20 condensation temperature of the feed gas stream, the
difference not exceeding 10°C.

4. Process according to claim 1, wherein
the feed gas stream is introduced into the cooling
column at a temperature of 100 to 200°C, the gas

25 temperature at the top of the column being from 30 to
60°C and the temperature of the liquid stream being

close to the condensation temperature of the feed gas

stream.
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means enabling a back-pressure to be created between the cooling colum 19

and the upper section. A hydraulic rammay be i nstmmam lm r pose.
Each of the plants described above nakes it 25 d l H “Iu | uHm:Jm t he
purification of a mxture containing acrolgin, water &ndtactds®such as
acrylic acid, to supply a gaseous stream contai ning purified acrolein.

Preferably, a.purified gas.is physeds OsbcFaing 2o MU G ﬂaﬁvlfaeﬁ’é?h::]a 100

content |ower than 2 % by weight and a total acid content 1 ower _

ppm wi t hout fombikgonhefethephbqhianst i eat i thd inLddie stegiradat i on of
acrolein. 5 The following exanples illustrate the present

i nvention. EXAVPPEling gpiwmnoisthemeved, stmiipnail 15 qoceleld, iand udi ng a
condenser as condensation unit, is enployed 10 for purifying a gaseous
m xture origi natPRYSLPBNRE Fihgrbrting Ligoid -phneam oai dete sreodfingr opyl ene
to acroleing Th onRosition of the mxture is as follows. (The portions
are shown in ref8t'Ghito the wei ght of the m xture.)

6. Process according to claim 5, wherein
the temperature of the recycled liquid stream, before
circulation in the cooling column, is from 15 to 45°cC.

7. Process according to claim 1, wherein

10 the purified gaseous fraction is absorbed by
countercurrentwise circulation of the gaseous fraction
with water at a mass flow rate of water such that the
ratio of the mass flow rate of water to the mass flow
rate of the gaseous fraction is between 0.005:1 and

15 0.05:1, the water temperature being lower than the
temperature of the gaseous fraction.

8. Process according to claim 1, wherein a
portion of the liquid stream at the bottom of the
cooling column is stripped using a stripping gas to

20 provide a stripped gaseous stream containing acrolein,
which is introduced into the cooliné column with the
feed gas stream.

9. Process according to claim 8, wherein
stripping takes place by heating the liquid stream to a

25 temperature of 90 to 120°C and introducing it into a
column where it is circulated countercurrentwise to the
stripping gas.

10. Process according to claim 9, wherein



15 Non- condensabl e gases (nitrogen, oxygen, prop_yl ene, carbon
oxi des 3. % WAt er Cn e s
o1 0 5 Acr ol eMM'””'”" ””ﬁflm] 12.3 % Acrylic acid
1.4 % 20 * Cfher (scel altiehyde, allylal cohol, formel-dehyde etc.) !
2.0 % The gaseous mixture to be purified is introduced at a tenperature of
180[err] C at thehdotémpenitareant it cAUiPdingVigas 1@ peohonabedotrays,
bel ow t he 25 final tray, at a mass flow rate of 20 kg/h, at a pressure of
1.2x10[err] Pa.1@®hECiiquid at the bottom of the colum is nmaintained at a
tenperature of 70.3[err]C, while the 22 condensation tenperature of the
feed gas streamis 74.7[ e¥¥q C Riant diorf prugrid écmﬁng Mua:c_mde4?3f)p) . ‘(Ij'h;a -

[ 1.3 % by weight of acrolein. The recycling o i qui ro
tho bottom to SPEeTHEE thb bIE1fih R T Selkce i Hoe 1an ba cPROR FaBCao! o0
kg/ h, the hgat m%e |l ying a.recycled liquid at a tenperature o
380C. Anot hgr p(g%(ctgl on o‘?oéﬁ'e I%llcfuiq‘&‘ﬁpgm eﬁé‘sbétzgoﬁ?r supp1ying a

feed gas stream and a condensation unit (3,33,3B)

<

provided with means for feeding gas from the top of the
cooling column (1).
12. Plant according to claim 11, wherein the
10 feed gas stream originates from the gas-phase oxidation
of propylene to acrolein.

13. Plant according to claim 11, comprising
means (8,10) for circulating liquid from the bottom of
the cooling column (1) to a point (11) at the upper

15 part of the column (1), and optionally means (7) for
cooling the circulating liquid.

14. Plant according to claim 11, wherein the
cooling column (1) is equipped with means (12) for
controlling the level of liquid at the bottom of the

20 column (1), by which a draw-off valve (13) is servo-
controlled.

15. Plant according to c¢laim 11,
additionally comprising a stripping column (4) fed at
the top by means (5) for feeding liquid from the bottom

25 of the cooling column (1) and means (6) for circulating
gas from the top of the stripping column (4) to the
means (2) or to the lower part of the cooling column

(1).
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of the colum is conveyed into the nitrogen stripping 10 colum, filled
wi th random bul k packi ng, operating at a terrperx“umumilﬂmm\m wth a
stripping nitrogen mass flow rate of 0.6 kg/h. ! ol ng not nore
than 100 ppm of acrolein is recovered from4jt. At*the exit of the cooling
colum the top 15 gases are cooled to 2[err]C in the condenser. The

aseous fraction recoveredsat bmenexgac@;d;n@ g@ngggﬁ@rlgp y3ed.4 0
a ntent of

determne its acid and water contents. The determ nation of the co _
the organic aciéshP§tpexﬁbnnedrbylhDninsthlp@mtp@rgﬁﬂmhégkme@ﬂgga' bubbl i ng
the gas through water. Water content determnation is perforned by the Karl
Fi scher nethod &PFéFlﬁﬂbBFiﬁ@etﬁeeeaQGthPamgh(ﬁ)pnupmmﬁamIdf|théknern1ned
t hat the purifigg as.25 ontains 96 ppm of acids and 0.34 % of water,
relative to the S?BPlﬂgiﬁﬂguﬁP fhd-said gas. EXAMPLE 2 A plant of the type

shown in Figure 2, 23 ipcluding the varjous units of the plant of
Exanple 1 agd in additionigh ag%%gﬁt?8ﬁ°€%}?ﬁnF%M?¥?¥ﬂ>&1r comprising

a liquid/gas absorption column (17) fed in its lower
part by means (16) for feeding gas leaving the
condensation unit (3) and in its upper part by a water
delivery conduit (18).

10 18. Plant according to claim 11, comprising
means (12A,12B) for introduction of liquid condensed in
the condensation unit (3,33,3B) into the upper part of
the cooling column (1), at a point (15) of the latter
close to a point (11) at the upper part of the column

15 (1).

19. Plant according to of claim 11, wherein
the condensation unit (3) is placed in the upper part
of a cooling column (19), inside a single column (25).

20. Plant according to claim 11, wherein the

20 condensation unit (3) is placed in the upper part of a
cooling column (19) ahd an absorption unit (20) is
placed above the condensation unit (3), inside a single

column (25).



perforated trays is enployed for purifying the sane m xture as that in

Exanple 1. 5 The operating paraneters of Exanple 1 are
retai ned, except that the condenser cools the gases fromthe top of the
cooling colum to 4[err]C. The gaseous fr ion recovered on | eaving the

condenser is introduced at the bottom of the absorption 10 colum at a
flow rate of 16.2 kg/h. A stream of watxdstdHA©GuUl ates in this absorption
colum, introduced at 4[err]C above the first tray of the colum, at a flow
rate of 0.2 kg/h. As in Exanple 1, it is determned that the 15 gaseous
stream whi ch | eaves the absorption columm contains 0.43 % of water and | ess
t han 10 ppm of acids, reIeRRQé%Qﬁ)Rﬂﬂaﬁnﬁnm ROR PuRIFchr@ogaseous stream
CLAI M5 1. Process for tﬁg ﬁurification of acrolein present in a feed gas
stream conpri sing acrol ei A" affdS#&t ETREAY| QONBENENTIN®@ rACRREREN whi ch process
conprises, in a first stage, fractionating the feed gas streaminto a
gaseous effluent and a liquid streamin a cooling colum operating such

that the tenperature of t | UL resent at the bottom of the
colum is Igaer hee o e d fHEékfgﬂéﬁgnéjf%é% gas stream containing

5 acrolein originating for example from the gas-phase
oxidation of propylene to acrolein, is fractionated
into a gaseous effluent and a liquid stream in a
cooling column operating such that the temperature of
the liquid stream at the bottom of the column is lower
10

than or equal to the condensation temperature of the
feed gas stream, the difference in temperature not
exceeding 20°C and, in a second stage, the gaseous
effluent is condensed at a temperature that is lower

than 20°C, to give a liquid fraction and a purified

15 gaseous fraction.

FIGURE 1



equal to the condensation tenperature of the feed gas stream the
difference in tenperature not exceeding 20[err]C and then, in a second

st age, condensing the gaseous 10 effluent at a tenperature that is | ower
than 20[err]Cto give a liquid fraction and a purified gaseous fraction. 2.
Process according to claim1, wherein 15 the feed gas streamorigi nates
fromthe gas-phase oxidation of propyleﬁg to acrolein. 3. Process
according to claim1, wherein the tenpe éure of the liquid streamat the
bottom of the cooling colum is |ower than or equal to the 20

condensati gn tenperature of the feed gas stream the difference not

exceedi ng err]C. 4. Process according to claim1l, wherein the feed gas
streamis intxoduced into the cooling colum at a tenperature of 100 to
200[ err] C, the\gas 25 tenperaturI—at t-hetop—of the colum bheing from 30

to 60[err]C and'the tenperature of [the |iquid stream being close to the
condensation tenperature of thé feed gas stream 25 5. Process
according to ¢laim1, erein a po{tion of the liquid streamat the bpttom
of the <+
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cooling clum is renoved, optionally cooled, and recycled as circul ating

liquid streamin the cooling 5 col um. 6. Process according to claimb,
wherein the tenperature of the recycled liquid stream before circulation
in the cooling colum, is from15 to 45[err]C 7. Process according to

claim1, wherein 10 the purified gaseous fraction is absorbed by

count ercurrent w f tion of the gaée s fraction with water at a nass
flowrate of wajer such that the ratio o e mass flow rate of water to

t he mass f¥ow-rate of thelgaseous fraction is between 0.005:1 and 15
0.05:1, the water tenperafjure being | ower than the tenperature of the
gaseous fractiop. 8. Prqcess according to claiml, wherein a portion of
the liquid strepgm at the fottom of the cooling colum is stripped using a
stripping gas tp 20 proyi de a stripped gaseous stream contai ni ng
acrolein, whichjis introdficed into the cooling colum with the feed gas
stream 9. Prpcess accofding to claim8, wherein stripping takes place by
heating the liquid-streamto a 25 tenperature of 90 to 120[err]C and
introducing it into & colum where it is circulated countercurrentw se to

the stripping gas. 1D. Process accord|ngrpg_cLaLnLgr_mhernln
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26 the tenperature of the stripping gas is from130 to 160 [err]C 11.

Pl ant when used for the purification of acrolein present in a feed gas
stream conprising acrolein and water, acids and inert gases, which plant
conprises a cooling colum (1) having neans (2) for supplying a feed gas
stream and a condensation unit (3, 3A 3B) provided with nmeans for feeding
gas fromthe top of the cooling colum (4)y3 12. Plant according to claim
11, wherein the 10 feed gas streamoridinates fromthe gas-phase

oxi dation of propylene to acrolein. 13. Plant according to claim 11,
conprising ggeans (8,10) for circulating liquid fromthe bottom of the

cool i ng col (1) to a point (11) at the upper 15 part of the col um
(1), and optionally neans (7) for cooling the circulating Iiquid. 14. Plant

according to cla\n111, wherein the dooling column (1)
means (12) for cgEtrolling the level of liquid at the bottom of the 20

colum (1), by aw of T val ye (13) is servo- controlled.
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et 7e0 xppy
15. Pl ant according to claim1l, additionally conprising a'stripping colum

(4) fed at p--by--Aeans. (5) for feeding |iquid fromthe bottom 25....af. .
t he coollrﬁhéoh0hﬁfﬂﬂ9 “Bnfieans (6) for circulating gas fromthe top of'
the strippi g colunﬁ*(ﬂy ojthe neans (2) or to tke | ower part ofdthe .
cool i ng cgqgl 5. Pl ant according to claim 15, conpr|5|ng a

27 1
heat exchanger ﬁ%%¥a1%§ta | ed at an intermedi ate | ocation’ of the feedlng ,
means (5), tream-of-the 5tripping coIGﬂh (4). 5 - 17... Phant

according|to claim1l, conpfising a li as absorption colunn (17) fed
inits |ower part—by mrams-{(16) for fe as | eaving the condes&/ati on

unit (3) and in its upper part by a water delivery conduit (18). 10 - L.
18. Plant according to blaln?qqgeiﬁnﬁnnsnhq;pummfic@tabmlbﬁ)aEleeln

introduction gf,.dd o ati.on unit .(3,3A 3B) into

t he upper parﬁgof %E&e coo%]d‘?%@& d§1 st\{}%)aﬁn ??Sr Sihe f§)°l “tﬁ@di atter

close to a poivwatgul)acids h@djplpmr'qaagatsecsf, M}re._crholpltm&e]si cotmpkises, in
a first stage, fractionating the feed gas stream into a

gaseous effluent and a liquid stream in a coeling column
operating such that the temperature of the liguid stream
present at the bottom of the column is lower than or
equal to the condensation temperature of the feed gas
stream, the difference in temperature not exceeding 20°C

and then, in a second stage, condensing the gaseous

10 -
effluent at a temperature that is lower than 20°C to give

a liquid fraction and a purified gaseous fraction.

2. Process according to claim 1, wherein
15 the feed gas stream originates from the gas-phase
oxidation of propylene to acrolein.

3. Process according to claim 1, wherein
the temperature of the liquid stream at the bottom of
the cooling column is lower than or equal to the

20 condensation temperature of the feed gas stream, the
difference not exceeding 10°C.

4. Process according to claim 1, wherein
the feed gas stream is introduced into the cooling
column at a temperature of 100 to 200°C, the gas

25 temperature at the top of the column being from 30 to
60°C and the temperature of the liquid stream being
close to the condensation temperature of the feed gas

stream.
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19. Plant according to of claim1l, wherein t nder
pl aced in the upper part of a cooling colum ‘IF%?ifﬁsﬁdé4a¢qugle col um
(25). 20. Plant according to claim1l, whereip fhe 20 conddndgati on unit
(3) is placed in the upper part of a cooling fo u@ﬁ>6¥9ﬂ9%ﬁdi '

an absorption
unit (20) is placed above the condensation un tLLth“Lnnggmd %ingle col um
(25). '

§

eordensatigmmrit (3) is

26 ;

the temperature of the stripping gas is from 130 to
160°C.

11. Plant when used for the purification of
acrolein present in a feed gas stream comprising acrolein
and water, acids and inert gases, which plant comprises a
cooling column (1) having means (2) for supplying a feed

gas stream and a condensation unit (3,3A,3B) provided

with means for feeding gas from the top of the cooling
column (1).

12. Plant according to claim 11, wherein the
10 feed gas stream originates from the gas-phase oxidation
of propylene to acrolein.
| 13. Plant according to claim 11, comprising
means (8,10) for circulating liquid from the bottom of
the cooling column (1) to a point (11) at the upper
15 part of the column (1), and optionally means (7) for
cooling the circulating liguid.

14. Plant according to claim 11, wherein the
cooling column (1) is equipped with means (12) for
controlling the leve)l of liquid at the bottom of the

20 column (1), by which a draw~-off valve (13) is servo-
controlled.

1S. Plant according to claim 11,
additionally comprising a stripping column {(4) fed at
the top by means (S5) for feeding liquid from the bottom

25 of the cooling column (1) and means (6) for circulating
gas from the top of the stripping column (4) to the
means (2) or to the lower part of the cooling column

(1).



