RODUCI NG ACRYLI C ACI D The present invention rel at €8$--
to a method for producing acrylic acid in which acryliqi§§%gL%$;«LM[
separated froman 5 acrylic acid-containing agqueous sol uti obt ai ned Hﬁ
catal yti c vapor phase oxidation of propylene and/ or acrolein Fw@kye
preventing pol ynerization. Acjylic acid has currently béér®
produced by catalytic vapor phase oxi dation of propyl ene and/ or
acrolein in the 10 industrial scale. Since catalytic oxidation is

conduct ed with a solid catalyst in the presence of nolecular state
oxygen and water vapor, the oxidation product is usually obtained in

the formof an acrylic aHMGOHOR PRODUAIWESORERYLIC &akption. 15 The
acrylic acid-containing aqueous sol ution contains many by- products,

ot her than acrylic acid, such as acetic acid, formc acid,
f or mal dehyde, furfural, acrolein, acet al dehyde, propionic acid, maleic

acid, benzal dehydehe presddtoi SREEFDOH edRd elshieo hitetho®@or prodddirgg der to
recover acrylic acid fromsuch acrylic aci d- cont ai ni ng aqueous

solution, it akgyneecasanyihowhiéBlacrylitea®ie iMtsspdraad raacrad ic
aci d- cont ai ni ng aqueous sol ution. As the nmethod for renoving
wat er frogntRBergahyl a@id-containing aqueous solution obtained by
catalytic vapor phase oxidation of propylene and/or acrolein
while preventing polymerization.
Acrylic acid has currently been produced by catalytic
vapor phase oxidation of propylene and/or acrolein in the

10 industrial scale. Since catalytic oxidation is conducted
with a solid catalyst in the presence of molecular state
oxygen and water vapor, the oxidation product is usually
obtained in the form of an acrylic acid-containing aqueous
solution.

15 The acrylic acid-containing aqueous solution contains
many by-products, other than acrylic acid, such as acetic
acid, formic acid, formaldehyde, furfural, acrolein,
acetaldehyde, propionic acid, maleic acid, benzaldehyde,
protoanemonin and the like.

20 In order to recover acrylic acid from such acrylic
acid-containing aqueous solution, it is necessary to first
remove water from the acrylic acid-containing agqueous
solution.

As the method for removing water from the acrylic

25 acid-containing agueous solution, the following methods



25 aci d- cont ai ni ng aqueous solution, the foll ow ng nethods

-2- have been known. (1) Sol vent extraction nethods using a
sol vent such as a ket one, an acetic acid ester, a butyric acid ester,
an aromati ¢ hydrocarbon or the like (for exanple, Publication 5 of
Exam ned Japanese Patent Application Nop .Sho 46-18728, Publ i cati on of
Exanm ned Japanese Patent Application No. Sho 49- 34966, Publication of
Unexam ned Japanese Pat ent Application No. Sho 48-62712, Publication
of Unexam ned Japanese Patent Application No. Sho 49-5915 and the
like). 10 (2)Dehydration nethods by azeotropic distillation using a

sol vent whi cthawe |te=cav éoowapi cal |y with water such as t ol uene, nethyl
i sobutyl ketone and the |ike (for exanple, Publ i cati on of Unexam ned
Japanese Pat efl) Sidpterdataxtraéion metbbds48s7246a Svbemtatswrh ais Exam ned
Japanese Patent 15 Application No. Sho 63-10691, Publication of

Unexam ned ketolsparesaceéatientcAfipestatrioa batyriet Seildleldlr Pulrl i cation

of Exam ned Japanese Patent Application No. Sho 41-11247 and t he
li ke). aromdtic dgdmbcygehbos o hhedbhidr gfomexamphed bybbzentiapi ¢ 20
distillation has becone the main current because of economc grounds

and al so 6f tdfe EbamtinedataphpesoreardntatAppilicfation No. Sho 46-18728,
Publication of Examined Japanese Patent Application No. Sho
49-34966, Publication of Unexamined Japanese Patent.
Application No. Sho 48-62712, Publication of Unexamined
Japanese Patent Application No. Sho 49-5915 and the like).

10  (2)Dehydration methods by azeotropic distillation using a
solvent which boils azeotropically with water such as
toluene, methyl isobutyl ketone and the like (for example,
Publication of Unexamined Japanese Patent Application No.
Sho 49-7216, Publication of Examined Japanese Patent

15 Application No. Sho 63-10691, Publication of Unexamined
Japanese Patent Application No. Hei 3-181440, Publication
of Examined Japanese Patent Application No. Sho 41-11247 and
the like).

In recent years, the dehydration method by azeotropic

20 distillation has become the main current because of economic
grounds and also of the fact that the concentration of
acrylic acid in the acrylic acid-containing aqueous solution
is remarkably increased up to 40 to 70% by weight and the
concentration of water is remarkably decreased due to

25 improvement in the performance of catalysts for catalytic



acrylic acid in the acrylic acid-containing aqueous sol ution S

remarkably increased up to 40 to 70% by wei ght and the concentration
of water is remarkably decreased due to 25 inprovenent in the performance
of catalysts for catalytic - 3-

vapor, phase oxidation of propylene and/gr. acrolein and in t he
condi'tions for oxidation. Si nce, however, acrylic acid has a
property of easily pol ymeri zing by the action of heat, |ight,

per oxi des, 5 inpurities such as al dehydes and so on, a Iarge anount of
polymers is produced when the acrylic acid-containing aqueous sol ution
whi ch cont ai %prmn;shagepéﬁmﬁoﬁsof propRinkChad /b8 dehytsahi oid tiy ough
azeotropic distillation by eedlng irectly to an azeotropic
dehydrati on g@leUuddndittioh8 £bs Knodaribat these polyners causes not only
decrease in heat-transfer performance by adhering onto a heat surface
of a reboiler for sdingkl | hawd it cgldfwlwac%sl%@laogﬁgarey of eas?ﬂ.l
distillation colum Ieadlng to the situation includ i ng unw | Ied stop
of operationpolikicefieiag BYevREt4€PiGh dPened®d, mjwer;sez@m%d s very

| mpor t ant fron1the I ndustri al Vi ewpoi nt . a neans for
preventing pampieikiasi 88cRfafdMdrydes amisd oh! Qaﬁaﬁ?@VﬁﬁEdr@Q%fY been
proposed and conducted to add polynerization inhibitors to the acrylic

aci d- polymers is produced when the acrylic acid-containing
aqueous solution which contains many by-products is
subjected to dehydration through azeotropic distillation by
feeding directly to an azeotropic dehydration column. It

10 is known that these polymers causes not only decrease in
heat-transfer performance by adhering onto a heat surface
of a reboiler for distillation column but also blockade of
a distillation column leading to the situation including
unwilled stop of operation. Therefore, prevention of the

15 polymeiization is very important from the industrial
viewpoint.

As a means for preventing polymerization of acrylic
acid, it has conventionally been proposed and conducted to
add polymerization inhibitors to the acrylic acid-

20 containing solution. As representative polymerization
inhibitors are known phenols such as hydroquinone,
hydroquinone monomethyl ether and the like, amines such as
phenothiazine, diphenylamine and the like, copper salts such
as copper dibutyldithiocarbamate and the like, manganese

25 salts such as manganese acetate and the like, nitro compounds,



20 containing solution. As representative polynerization i nhi bitors
are known phenol s such as hydroqui none, hydr oqui none nononet hyl et her
and t.he |i ke, am nes such as phenot hi azi ne, di phenyl am ne and the

| i ke, copper salts such as copper dibutyl dithiocarbamte and the |ike,
manganese 25 salts such as manganese. gcetate and the like, nitro
conpounds, -4- nitroso
conpounds and so on. These pol yneri zati on i nhi bitors have been used

i ndependently or in conbination wi th thenselves or in conbination with
a nol ecul ar state oxygen- cont ai ni ng gas. 5 In addition, since

t he presence miftdoyalrddmpetingisCAndsS so on. al Tisdwel aso hase riecyildny been deened
to be a problemin the case of producing a water absorptive resin and

a polymeric inhildoags davel bewhi gded hindudenaaritat ioeniaf cansitatciaei d is
affected greatly by inpurities, there have been proposed 10 nethodes for
purifying acryltlc tdendedsrefsololrodm; combinatf{d)h @ikt Hotolesuluy idtddw
acrylic acid in which an aromatic am ne, an aliphatic am ne, or
anot her am neguEn-TOAAiATInde gas. an imne, an imde, a polyam ne or the
like is added to a crude al dehyde-containing acrylic acid and the
mxture i85 15 diIst eidedibn, reimve thledpbygdescéromiagpupliitdegcsdch as
(Publication of Exam ned Japanese Patent Application No. Sho
48-31087). aldehydes has recently been deemed to be a problem in the

case of producing a water absorptive resin and a polymeric

coagulant in which the polymerization of acrylic acid is

affected greatly by impurities, there have been proposed

10 methodes for purifying acrylic acid as follows;

(1) amethod for purifying acrylic acid inwhich an aromatic
amine, an aliphatic amine, or another amine such as an amide,
an imine, an imide, a polyamine or the like is added to a
crude aldehyde-containing acrylic acid and the mixture is

15 distilled to remove aldehydes from acrylic acid (Publication
of Examined Japanese Patent Application No. Sho 48-31087).

(2) amethod for preventing polymerization of acrylic acid
and/or a method for decomposing aldehydes contained in
acrylic acid in which at least one compound selected from

20 the group consisting of ammonia, methylamine, ethylamine,
dimethylamine, diethylamine and salts thereof are added to
acrylic acid obtained by catalytic vapor phase oxidation of
propylene and/or acrolein (Publication of Unexamined

Japanese Patent Application No. Sho 50-50314).

25 (3) a method for purifying acrylic acid in which acrylic



(2) a nethod for preventing polynerization of acrylic acid and/or a
nmet hod for deconposi ng al dehydes contained in acrylic acid in which at
| east. one conpound selected from 20 the group consisting of anmoni a,

met hyl am ne, et hyl am ne, di met hyl am ne, diethylam ne and salts thereof
are added to acrylic acid obtai nedzby catal ytic vapor phase oxi dation
of °F propyl ene and/ or acrol ein (Publication of Unexani ned Japanese
Pat ent Application No. Sho 50-50314). 25 (3) a method for purifying
acrylic acid in which acrylic - 5-
acid obtained by catal ytic vapor phase oxi dation of propyl ene and/ or

acrolein is tJé%HE?%éﬂﬂﬂédabgnbgﬁﬁh9ilé'@XBor ?haEéVéﬂﬂdQQi@QS@fbed )

hydrazi ne conpoun an am ne conpound deconpose and renove

al dehydes co , ( n panese
a Jehydes CORARALIS2RE 8L forlidd n o (B &RNiRN hotRARNeLeva

purifying acwa{\}ﬁga%hdaagommﬁr&ulw xompouna%ﬁearaaﬁvlﬁé éoxﬁﬁ&&né her eof

and, in addition, at |east one organi c sulfonic acid and/or a salt

thereof are adsladcbfipod an?a:&xhbeea&i&w%dﬁ@bah@glabéefw@e&iglaadaafayI ic
acid is separated fromthe m xtur distillation (Publication of

Unexami neg Ja(%}ﬂ&%a%qf&xnéfmﬁéﬂﬂéwaugan@ge iatlé&&@&&ncauon £8) a
met hod for producing acrylic acid in which evaporative
purification gfo ag:g_;a_lggg@)c.l d with additi on of
(4) a method for purifying acrylic acid in which a primary
amine and/or a salt thereof and, in addition, at least one
organic sulfonic acid and/or a salt thereof are added to
10 acrylic acid containing aldehydes, and acrylic acid is
separated from the mixture by distillation (Publication of
Unexamined Japanese Patent Application No. Hei 7-149687).
(5) a méthod for producing acrylic acid in which, in the
evaporative purification of acrylic acid with addition of
15 a de-aldehyde agent after azeotropic dehydration of an
oxidation product containing acrylic acid obtained by
catalytic vapor phase oxidation of propylene and/or acrolein,
at least one amine selected from aliphatic amines,
heterocyclic amines and aromatic monoamines and a de-
20 aldehyde agent are added to the solution after azeotropic
dehydration (Publication of Unexamined Japanese Patent
Application No. Hei 9-208515).
These methods are designed to obtain acrylic acid
containing less amount of aldehydes by distillation of.a

25 solution after adding an amine in order to remove a small



15 a de-al dehyde agent after azeotropic dehydration of an oxi dati on

product containing acrylic acid obtained by catal yti c vapor phase

oxi dation of propyl ene and/ or acrol ein, at | east one anmi ne sel ected
from al i phatic am nes, het erocyclic am nes and aronati ¢ nonoam nes and
a de- 20 aldehyde agent are added to. ghe solution after azeotropic
dehydration (Publication of Unexam ned Japanese Patent Appl i cation No.
Hei 9-208515). These net hods are designed to obtain acrylic acid

containing | ess amount of al dehydes by distillation of a 25 solution after
adding an amne in order to renove a snal

- 6- afbunt 6f Aldtelpudescenriahe@d Bcaglykiscie) dr pelackaie to
a treatnment of al dehyde-containing acrylic acid with a nol ecul ar si eve

having an adgokbedta@hRect0aPeeNfde -cont FLODA@ BBl e, adiaiveriedh 4 hat
pol ymeri zation is liable to 5 occur in a distillation colum and a tarry

subst ance i smolecula@ddsededyavigytde sisdibéataminseficatstaidle- contai ni ng
acrylic acid with addition of am nes. In addition, the life of

nol ecul ar si eypbilalkst aBssiheibwever ! AL pallfRRrizateoAdust Brawiéd k@
nol ecul ar sieve having an 10 adsorbed am ne conpound.

5 occur in a distillation column and a tarry substance is
produced during the distillation of aldehyde-containing
acrylic acid with addition of amines.

In addition, the life of molecular sieve shortens when

the treatment is conducted with a molecular sieve having an

10 adsorbed amine compound.

An object of the present invention is to provide a methed
for producing acrylic acid which comprises subjecting an
acrylic acid-containing aqueous solution obtained by

15 catalytic vapor phase oxidation of propylene and/or acrolein
to azeotropic dehydration to separate acrylic acid; the
method enable to prevent polymerization in separation of
acrylic acid, reduce adherence of polymers either to an
azeotropic dehydration column for removing water from the

20 acrylic acid-containing aqueous solution or to a low-boiling
separation column for removing impurities such as acetic
acid or the like contained in the obtained acrylic acid or
to a high-boiling separation column for removing high-
boiling impurities such as maleic acid or the like, and

25 obtain stably acrylic acid as the commercial product without



An object of the present invention is to provide a nethod for
produci ng acrylic acid which conprises subjecting an acrylic

aci d--cont ai ni ng aqueous sol ution obtained by 15 catalytic vapor phase -
oxi dation of propylene and/or acrolein to azeotropic dehydration to
separate acrylic acid; the .met hod. gnabl e to prevent polynerization in
separati on of acrylic acid, reduce adherence of polyners either to an
azeotropi c dehydration colum for renoving water fromthe 20 acrylic

aci d- cont ai ni ng aqueous solution or to a | ow boiling separation colum
for renoving inpurities such as acetic acid or the |like contained in

the obt ai nedsaoppling apettation fort® BohgOPePObH]| Ng separation colum for
renovi ng hi gh- boiling inpurities such as naleic acid or the like, and

25 obtain stabl yvadeyl sechadirAmstmceyThe prepegducivanid®dithave
stoppi ng operation for a |ong period. Under such circunstances,

the present iconenttes Bavextensive GeHedrth dh @XheBhbd ef 62 FHVITIE iHy a
met hod for producing acrylic acid which conprises subjecting an

acrylic aci dacryliccaetadi whigh agoRrbs&9! sihb Pacoiiqi 12 hdpy16at alewldc vapor
phase oxidation of propylene and/or acrolein to azeotropic dehydrati on
to separaie aonyhiiaiagi dguebes nedhoti emadbeaied by dRMIGR iROKMBRKI C
substance adhered in an azeotropic dehydration columm or a
di stillati onpbebenxidatiem@ti pgopylene and/or acrolein to azeotropic
dehydration to separate acrylic acid; the method enable to
reduce polymeric substance adhered in an azeotropic
dehydration column or a distillation column for removing
10 impurities contained in acrylic acid. As the result, they
have found the fact that the above problem can be solved by
once evaporating the acrylic acid-containing aqueous
solution and then feeding the obtained acrylic acid-
containing vapor to an azeotropic dehydration column to
15 effect azeotropic dehydration, not feeding the acrylic
acid-containing aqueous solution directly to an azeotropic
dehydration column.
Thus, the present invention provides a method for
producingacrylicacidwhichcomprisessubjectinganacrylic
20 acid-containing aqueous solution obtained by catalytic
vapor phase oxidation of propylene and/or acrolein to
azeotropic dehydration to separate acrylic acid, in which
the acrylic acid-containing aqueous solution is subjected

to evaporation before azeotropic dehydration and the

25 obtained acrylic acid-containing vapor is subjected to



10 inpurities contained in acrylic acid. As the result, they have
found the fact that the above problem can be sol ved by once
evaporating the acrylic acid-containing aqueous sol ution and then
feeding the obtained acrylic acid- cont ai ni ng vapor to an azeotropic
dehydration colum to 15 effect azeo;FQpic dehydration, not feeding the
acrylic aci d-contai ning aqueous solution directly to an azeotropic
dehydrati on col um. Thus, the present invention provides a nethod
for produci ng acrylic acid which conprises subjecting an acrylic 20
aci d-contai ni ng aqueous sol ution obtained by catal ytic vapor phase

oxi dation of apegpybgne aag{,@fa@i:élgl einto azeotropi c dehydration to
separate acrylic acid, in the acrylic acid-containing agueous

solution is subjected to evaporatlon bef ore azeotropic dehydration and
the 25 obtained acrylic acid-containing vapor is subjected to

- 8- azeot AAPAErFEIY HAd-@Bntaining aqueodd HSTWidn %‘Ht%l%@?i; ai ni ng

aqueous sol ution obtai ned by catal yti"c vapor phase oxidation

propyl ene anggOkatady8Etol8pdlr Usissd ot NEa IS YH Prdpsiln@N antBy e either
one obta?neg bthhe s?%gle step oxidation orpl hés?Mo step *

-

8 acrolein used in the present invention, may be either one
obtained by the single step oxidation or the two step
oxidation of propylene, or further one obtained by the system
wherein raw exhaust gas is directly circulated to a oxidation
reactor or circulated to a oxidation reactor after burning

10 itself.

When propylene and/or acrolein is subjected to
catalytic vapor phase oxidation by molecular state oxygen
in the presence of water vapor and a solid catalyst, various
aldehydes and various organic acids are produced in addition

15 to acrylic acid and water. The composition of the acrylic

acid-containing agueous solution depends on the kind of the
catalyst used and reaction conditions, but usually includes
about 40 to 70% by weight of acrylic acid, 20 to 56% by weight
of water and 2 to 10% by weight of acetic acid.

20 The present invention is characterized in that the

acrylic acid-containing aqueous solution is first subjected

to evaporation with an evaporator and the obtained acrylic
acid-containing vapor is subjected to azeotropic
dehydration, and not subjecting the solution directly to

25 azeotropic dehydration as seen in the conventional method.



oxi dation of propylene, or further one obtained by the system wherein
raw exhaust gas is directly circulated to a oxidation reactor or
circulated to a oxidation reactor after burning 10 itself. When
propyl ene and/or acrolein is subjected to catal yti c vapor phase

oxi dation by nol ecul ar state oxygen _gin the presence of water vapor and
a solid catal yst, various al dehydes and various organic acids are
produced in addition 15 to acrylic acid and water. The conposition of
the acrylic aci d- cont ai ni ng aqueous sol uti on depends on the kind of

t he catal yst used and reaction conditions, but usually includes

about 40 to 7IM¥é hypecofhtheokvapoybtoracsell i20the mf¥édnt dmivglhition is of
water and 2 to 10% by wei ght of acetic acid. 20 The present

i nvention i s nchapecttedcudad lynlimated bt usuaatyylnclwade sl-whasenofi wgt aqueous
solution is first subjected to evaporation with an evaporator and the
obt ai ned acrwaXl columacisgstent ahdi off Seyposd isiiljadiosd siyetameot TR C
dehydration, and not subjecting the solution directly to 25 azeotropic
dehydrati on gressire fdthevaporantibanaperathod. is not particularly

- 9 - The type of the evaporator used in the present invention is
not parti 6ul arimidedrbted thiis prefalrredi twbpdeaterutsa pfessrire somewdt col um
system and of forced circulation system The pressure for evaporation

»

operation is hicgtherarthagultdvel pperating pressure in the azeotropic
' dehydration column, because it is necessary to feed the

generated vapor to the subsequent azeotropic dehydration
column. The evaporator may either be single-stage or

10 multi-stage. It is preferred to use a multi-stage
evaporator in order to increase recovery of acrylic acid.
The rate of evaporation is preferably at least 90%. It is
desirable to recover acrylic acid by feeding the bottom
residue in the evaporator to an acrylic acid recovering step

15 such as dimer-degradation or the like.

In the operation for evaporation, it is preferred to
add conventionally known polymerization inhibitors for
acrylic acid including phenols such as hydroquinone,
hydroquinone monomethyl ether and the like, amines such as

20 phenothiazine, diphenylamine and the like, copper salts such
as copper dibutyldithiocarbamate and the like, manganese
salts such as manganese acetate and the like, nitro compounds,
nitroso compounds and so on, and further to blow a gas
containing molecular state oxygen.

25 In addition, in order to enhance the effect of the



5 1limted but it is preferred to operate at a pressure sonmewhat hi gher
than the operating pressure in the azeotropic dehydrati on col um,
because it is necessary to feed the generated vapor to the subsequent
azeotropi ¢ dehydration colum. The evaporator may either be
single-stage or 10 nulti-stage. It is qgeferred to use a nulti-stage
evaporator in order to increase recovery of acrylic acid. The rate of
evaporation is preferably at least 90% It is desirable to recover
acrylic acid by feeding the bottom residue in the evaporator to an
acrylic acid recovering step 15 such as diner-degradation or the Ilike.

In the operalgrexdnd ievepeiahi,Oft it psePéetedres d@d at 1&4k one
conventional 'y known pol ynerization inhibitors for acrylic acid

i ncl udi ng phejvalpoudc Bedschidr egbinNeRE, group EYEE DSRH NONEE NEdITELY| et her
and the |ike, amnes such as 20 phenot%|a2|ne, di phenyl am ne and the |iKke,

copper salts piiedary amifés £ @epehddirPindtid hhoaanbanate wakh bhesdike,

manganese salts such as nanganese acetate and the like, nitro
conpounds,  therRidfl @20 tGeNReYHUSc a8 §0cOHftadithd Wdhesud sl sh gas
cont ai ni ng nol ecul ar state oxygen. 25 In addition, in order to

enhance the eldfeste @het Re@rylic acid-containing aqueous solution iglO-
present invention, it is preferred to add at ?east one
evaporated. Addition of triethylenetetramine is
particularly preferred. The primary amines and secondary
amines include aliphatic amines such as ethanolamine,
diethanolamine, diethylamine, hexamethylenediamine,

10 octylamine, triethylenetetramine, diethylenetriamine,
propylamine, hexylamine, triethylenepentamine,
tetraethylenepentamine, ethylenediamine and the like;
alicyclic amines such as cyclohexylamine, cyclopentylamine
and the like; and aromatic amines such as phenylenediamine

15 and the like. The hydrazines include hydrazine,
phenylhydrazine and the like.

When at least one compound selected from the group
consisting of ammonia, primary amines, secondary amines,
hydrazines, urea or salts thereof are added to the acrylic

20 acid-containing aqueous solution, these compounds are added
in an amount of about 10 to 1,000 ppm to the acrylic
acid-containing aqueous solution. The temperature for
addition is usually within a range of about 10 to 100°C and
preferably about 30 to 80°C. Further, the duration of

25 contact is not particularly limited and usually about 5 to



conpound sel ected fromthe group consisting of ammoni a, primry

am nes, secondary am nes, hydrazines, urea or salts thereof to the
acryl-ic aci d-contai ni ng aqueous sol ution 5 before the acrylic

aci d-cont ai ni ng aqueous solution is evapor ated. Addition of
triethylenetetramne is particul arfy-preferred. The primary am nes and
secondary am nes include aliphatic am nes such as et hanol am ne,

di et hanol am ne, di et hyl am ne, hexanet hyl enedi am ne, 10 octylam ne,
triethyl enetetram ne, diethylenetriam ne, propyl am ne, hexyl am ne,
triethyl enepent am ne, tetraet hyl enepent am ne, ethyl enedi am ne and the
li ke; allsoyminatasi nerhes it £ \WAddhaxyl aBi net pyet Openaylpm ne

and the |like; and aromatic am nes such as phenyl enedi ami ne 15 and the

li ke. The hydiatiedsand@rederapdyazhdadditionphemd hydrsat tvm angutibe | i ke.
When at | east one conpound sel ected fromthe group consi sting of
ammoni a, pri fargheabsespt $6n WA@Y 6 aNgss produchi Byogat€byt ¢ @apet salts
t hereof are added to the acrylic 20 aci d-containing aqueous sol ution,

t hese conpoupHasarexbdaeion of propgleabDamd/ef adelleih) 68 in G0QaprRM to the
acrylic aci d- cont ai ni ng aqueous solution. The tenperature for

addition 8s fispakhy actplicaacbdgeowfaibing dfhdonsl @Aieribe.anthe
preferably about 30 to 80[err]C. Further, the duration of 25 contact is
not particul mebysl| for treidkiand magube | yna@hdiiich5al Dows sufficient mixing
of the additives and the acrylic acid-containing aqueous
solution and includes, for example, static mixer, line mixer,
stirring machine, storage tank for acrylic acid-containing
10 aqueous solution having a pump circulation line and the like.
Then, the obtained vapor of the acrylic acid-containing
agueous solution is fed to an azeotropic dehydration column
in order to remove mainly water. The method for the
treatment in the azeotropic dehydration column is not
15 particularly limited and may be a conventional method used
in the production of acrylic acid. For example, the
azeotropic dehydration_is carried out with toluene, methyl
isobutyl ketone, xylene, ethylbenzene, heptane or a mixture
thereof under a vacuum of about 100 to 200 mmHg. By treating
20 in such azeotropic dehydration column, the water content of
a solution at the bottomof the azeotropic dehydration column
usually becomes to 1,000 ppm or lower. On the other hand,
water, acetic acid, azeotropic agent and low-boiling

aldehydes are distilled out from the top of the azeotropic

25 dehydration column. It is preferred that water and the



150 minutes. The site of addition is not particularly limted and
preferably the addition is in the bottomliquid in the absorption
tower for a gas produced by catal ytic vapor phase oxi dation of

propyl ene and/or acrolein, or in a tank 5 for the acrylic acid-containing
aqueous sol ution. The means for ymxi.ng nmay be one which allows
sufficient m xing of the additives and the acrylic acid-containing
aqueous solution and includes, for exanple, static mxer, |ine mxer,
stirring machi ne, storage tank for acrylic acid-containing 10 aqueous
solution having a punp circulation line and the |iKke. Then, the

obt ai ned Vap@&eaﬁrbﬁecaﬁﬁéﬁhtCalaé?irdz’@@rﬂiﬁijd]jlfyg solublaquevhs s@hedusdHn is fed
to an azeotropi ¢ dehydrati on col um in order to renove mainly water

The nethod fghakBef the dil?dllTeRe idwiBRd2aRnttophes dedydr eié eysgelumm is
not 15 particularly limted and may be a conventional nethod used in

the producti gidofheehllighadd s rfedurededd &he feotrop i AehiydRiat ion
dehydration is carried out with toluene, nethyl I sobutyl ket one,

xyl ene, ethykbegagngs hepéanexOr a m xture t hereof under a vacuum of
about 100 to 200 mmHg. By treating 20 in such azeotropic dehydration

col um, t3e wat er tRENb&LtoRfliquid avisNdHawen falont heebakkonrepithe
azeotropi ¢ dehydration col umm usual |y becones to 1,000 ppm or | ower.

On the ot her dbagdration o6lwin idCehés fd o aZBOI+1OPiXingerpaddadion
| ow boi | i ng al dehydes are distilled out fromthe top of the azeotropic
25 dehydr at conumal atwhichtlows-bpiehiagrsabddmicasmbech axdwaber, acetic
acid, azeotropic agent are removed. Acrylic acid as the
commercial product is obtained from the bottom liquid in the
10 low-boiling separation column after a further purification
by distillation, if necessary. On the other hand, the
distillate from the low-boiling separation column
containing acrylic acid, azeotropic agent and acetic acid
is further distilled to separate acetic acid and the
15 remaining acrylic acid and azeotropic agent are fed back to
preceding step such as the azeotropic dehydration column,
low-boiling separation column or the like as an acrylic acid
containing solution for recovery.
According to the conventional method in which acrylic
20 acid-containing aqueous solution is directly fed to an
azeotropic dehydration column for azeotropic dehydration,
formation of polymers and tarry substances in the recovering
region and in the reboiler of an azeotropic dehydration
column are remarkable. Therefore, a stable operatiaﬁ‘for

25 a long period is difficult. On the other hand, when an



-12- azeotropi c agent are not nutually sol uble. The aqueous

phase of the distillate is withdrawn to outside of the system and t he
oily.phase is returned to the azeotropic dehydration colum as a
reflux. 5 The bottomliquid withdrawmn fromthe azeotropic
dehydration colum is then fed to a | oyghoiling separation col um at
whi ch | ow boi i ng substances such as water, acetic acid, azeotropic
agent are renoved. Acrylic acid as the comer ci al product is obtained
fromthe bottomliquid in the 10 |low boiling separation colum after a
further purification by distillation, if necessary. on the other hand,
the — disgihpatgtisnms aer@%b&iar&ﬁ@@ﬁﬁ% agueslidN¥olutior @Rt ai ni ng
acrylic acid, azeotropic agent and acetic acid - is further distilled to
separat e acetbfdaetddaparbPe ad SazdSHBHdp I AMPHrak ¥ hsAAA &Beot ropic
agent are fed back to preceding step such'as the azeotropic
dehydration gebdBRt invent£¥hPOAdN&: B PAIBEH QL Al BhelaZeb rbpke as an
acrylic acid cont ai ning solution Tor recovery. o According to
the conventigaaly,aPRENGH ddLUMH &8 Aehati&h1¥Qedaekd- CORM b NI RAHRQUS
solution is directly fed to an ~azeotropi c dehydration col'um for _
azeotropix dgRy: iy Yy polymek OTdMHd Y 8h RAUPIMRIaE NGt +RELYrSiRTANCES INn
t he recovering region and in the reboil er of an azeotropic dehydration

colum are rgEepLaRLE towdle 8fieke, tAap) ald & iaRekakirabel 8F a reboiler
as a heat supplying apparatus and the like is decreased. 1In
addition, the evaporating apparatus has a simpler structure
and is costless as compared with the distilling apparatus.
10 Therefore, two series of evaporators may be placed for
alternative use when polymeric substance adhered on the wall
of the apparatus. In this case, the resting evaporation
apparatus can be easily cleaned by washing with alkali or
water jet washing. Furthermore, adhering substance in the
15 low-boiling separation column for distilling the bottom
liguid from the azeotropic dehydration column and in the
high-boilinglseparation column can also be decreased.
Therefore, the method has a great advantage for use in the
industrial field.
20
EXAMPLES
The present invention will now be described in more
detail with reference of Examples, which should not be
construed as a limitation upon the scope of the present

25 invention.



25 a long period is difficult. On the other hand, when an

- 13- evaporation of acrylic acid-containing aqueous solution is
conduct ed before an azeotoropi c dehydration as in the pr esent

i nvention, adhering substance in the azeotropic dehydration colum is
remar kably reduced. Also, frequency ._%pgQf renoving polyners adhered on
conplicated structures such as packed tower, sieve tray, heating
surface of a reboiler as a heat supplying apparatus and the like is
decreased. In addi tion, the evaporating apparatus has a sinpler
structure and is costless as conpared with the distilling apparatus.
10 Theref orexampbeseri es of evaporators may be placed for alternative
use when pol ynmeric substance adhered on the wall of the apparatus. In
this case, the repitaa evdpaEtlwdll type epppopitiSr eas bed easiakyytlieaned by
washing with al kali or water jet washing. Furthernore, adhering

subst ance i na¢be-cdbtalmimddduaithss eFnadiica obitainetobydtabi-kkepg the
bottom liquid fromthe azeotropic dehydration colum and in the

hi gh- boi | i ngcseaayel ¢ vaporl phasCoRidasDoh e fanmwAsamk, and cohkaiafingre, the
met hod has a great advantage for use in the I ndustrial field. 20

EXAVPLES 5 55% by Wéight esenricriylientcad, Wikl mpwdisside @ waeeri,n 3%0r e
by weight of acetic acid, and each several tens ppmto several
thousands ppm of acrolein, formaldehyde, furfural,
acetaldehyde, propionic acid, maleic acid, benzaldehyde,
protoanemonin and so on as impurities, at a rate of 50 kg/hr,

10 and heated with a saturated steam at 1.1 kg/cm’. The
generated vapor was fed to an azeotropic dehydration column.
The system was designed such that the bottom liquid from the
wet-wall type evaporator was circulated back to the
evaporator with a pump except a part of the bottom liquid,

15 which was withdrawn to outside with a pump. The air was
supplied to the bottom of the evaporator at a rate of 0.3%
by volume based on the boiled up vapor. Polymerization
inhibitors were supplied to the evaporator so that the
concentrations of hydroquinone and the concentration of

20 copper dibutyldithiocarbamate were about 2,000 ppm and 100
ppm, respectively.

The azeotropic dehydration column used was made of

stainless steel, had an inside diameter of 200 mm, packed
with OP cascade mini-ring (manufactured by Dodwell & Company

25 Ltd.) for a length of 5 m in the concentrating zone and 2



detail with reference of Exanples, which should not be construed as a
limtation upon the scope of the present 25 invention.

-14- . Exanmple 1 Into a 2 nerr] wet-wall type evaporator

was fed an acrylic aci d- cont ai ni ng aqueous sol ution, obtained by

t wo- st ep catal ytic vapor phase oxigation of propylene and cont ai ni ng
5 55% by weight of acrylic acid, 41@6by wei ght of water, 3% by wei ght
of acetic acid, and each several tens ppmto several t housands ppm of’
acrol ein, fornaldehyde, furfural, acet al dehyde, propionic acid, maleic
aci d, benzal dehyde, prot oanenonin and so on as inpurities, at a rate

of 50 kg/hr, m 18 tBBdrbeav&eing tdbre Sa wha! edl1ahaanuad éthlgk;gé@rvim] The
generated vapor was fed to an azeotropic dehydration col um.

system was d@s? ghedbidertiathé R theit 6fMdheled tuhr amdt1e m* cond/@tsé&al | type
evaporator was circul ated back to the evaporator with a punp except a

part of the hettgm £bgtbfi,tneléom4ﬂh<;hwy\@§ Md Rerawr b6 ord dotfiaMddy a punp.
The ai-r was supplied to the bottom of the evaporator at a rate of 0.3%

by vol ume bagedngncbhfcbebliedoll YaPRim L@ YSEIdg dpgratus. | PREDitOrs were
supplied to the evaporator so that the concentrations of hydroqui none
and the cmncarkebairio@dcObgent was toluene, which was supplied from the
reflux line so that the concentration of toluene in the
bottom liquid was 17% by weight. The reboiler was heated
with a saturated steamat 1.1 kg/cm® and adjustment of heating
was controlled by the amount of steam. The distillate
10 condensed by the condenser at the top of the column was
phase-separated by standing in a decanter. The total amount
of azeotropic agent phase was returned and an aqueous phase
was withdrawn to outside of the system. The bottom liquid
was withdrawn by a pump so that the liquid level was kept
15 constant and used as a material for low-boiling separation
column described later. In the azeotropic dehydration
column, the pressure at the top of the column was controlled
at 150 mm Hg. From the top of the column, phenothiazine and
copper dibutyldithiocarbamate as the polymerization
20 inhibitors were supplied so that the concentration thereof
in the bottom liquid were about 200 ppm and 100 ppm,
respectively. In addition the air was supplied to the
reboiler at a rate of 0.3% by volume Sésed on the boiled up

vapor.

25 The operation of the evaporator and azeotropic



20 copper dibutyldithiocarbamate were about 2,000 ppm and 100 ppm
respectively. The azeotropic dehydration colum used was nmade of
stainless steel, had an inside dianeter of 200 nm packed with OP
cascade mini-ring (manufactured by Dodwel | & Conpany 25 Ltd.) for a length
of 5 min the concentrating zone and 24g.

-15- min the recovering zone in the colum, and equi pped with
a 2 nferr] reboiler at the bottomof the colum and a 4 n{err] condenser
at the top of the colum, with the outlet of the condenser bei ng

connected to a vacuum adj usting apparatus. The 5 azeotropic agent was
tol uene, whi dehw@satiphl ¢erhnd REL ¥t inued %lﬁa&é mBAn&P £d1ab 3t

concentration of toluene in the bottom iquid was 17% by wei'ght. The
reboi l er was ‘I.*h%att%ﬁlperatu%t bt atrgat %ﬁat@é She&adB ddt dophi K UMY &f&dlcﬁﬂd
adj ust rent of heating was controlled by the amount of Steam

distillate Z@legdessedibytime and@eser 43t ct Beqgt eﬂe Oéexﬁﬁ@r&%mﬁ’\’as

phase-separated by standing in a decanter. The total anpunt
azeotropi ¢ agaet bphash was abehtr et ANEhaNaAGULOUSE RRBSEqueous V{?&aé’é t hdr awn

to outside of the system The bottom i quid was w t hdrawn by a punp so
that the §i quidhdew®n WaomkeRé dddaseastpdd ANdcdlasd A% aHBIRR R ud Or
| ow boi | i ng separation colum described later. In the azeotropic

dehydration phaseChbhdnd comp@sptesaueenthihifgtam: o 1BegRe! MFMyvas-,
controlled 4% by weight of acetic acid and 0.1% by weight of acrylic
acid. The amount of the liquid withdrawn from the bottom
of the azeotropic dehydration column was 31 kg/hr and the
10 liquid contained 0.05% by weight of water, 2% by weight of
acetic acid, 80% by weight of acrylic acid, 17% by weight
of toluene, polymerization inhibitors and soon. The amount
of the bottom liquid withdrawn from the evaporator was 3
kg/hr and the bottom liquid contained 10% by weight of water,
15 70% by weight of acrylic acid (including dimer), 4% by weight
of acetic acid and high-boiling substances such as
polymerization inhibitors. After continuously operating
for 23 days, the operation of the evaporator and the
azeotropic dehydration column was stopped and they were
20 dismantled for inspection. Only a small amount of i:olymeric
substance adhered at the inside surface of the evaporator
and only a slight amount of black tarry substance adhered
at the recovering zone.
The polymeric substance at each part was vacuum-dried

25 at about 80°C for 2 hours and measured the dry weight. The



at 150 mm Hg. Fromthe top of the col um, phenothiazine and ~copper. ..,
di butyl di t hi ocarbamate as the pol ynerization 20 inhibitors were supplied
so that the concentration thereof in the bottomliquid were about 200
ppm and 100 ppm respectively. In addition the air was supplied to

t he reboiler at a rate of 0.3% byqvol ume based on the boiled up
vapor. 25 The operation of the evaporator and azeotropic

-16- dehydration colum was continued in this manner for 23 days.
The tenperature at the top of the azeotropic dehydration colum as
this tinme was about 45[err]C and the tenperature at t he bottom was

about 80[erriésulbs afiouhe méashEemenicarse pdtesen irb Tablihdr.awn fromthe
decanter was 21 kg/hr and the aqueous phase had a conposition

cont ai ni ng 95% byrwehghthef 1igifd ,withdra#dh frowitgly bofttemebifc thei d and
0.1% by wei ght of acrylic acid. The anount of the liquid w thdrawn

fromthe bot heebtropief dehgdazeodm og Durtie hysls aféd e alhenlonedbold Likg/ hr and
the 10 1liquid contained 0.05% by wei ght of water, 2% by wei ght of

acetic acid, s8g%rhyiva clunef abey Féedinmg rdteldf@B0Y ywighd distildfatleol uene,
pol ymeri zation inhibitors and so on. The anpunt of the bottomliquid

W t hdr awns f r amdt Bepavaper aher lawsbSiling sgpdtarmrsl t Ffhebddweboilfingd
cont ai ned 10% by wei ght of water,

separation column was a glass cylinder having an inside
diameter of 30 mm, equipped with a 2 1liter flask as a reboiler
at the bottom and a condenser at the top of the column, with
the outlet of the condenser being connected to a vacuum

10 adjusting apparatus. The concentrating zone and the
recovering zone of the low-boiling separation column were
packed with stainless Dickson packing for a length of 15 cm
and 60 cm, respectively. After supplying the distillate
condensed in the condenser at the top of the column with

15 polymerization inhibitors diluted with toluene so that the
concentrations of phenothiazine and copper
dibutyldithiocarbamate were about 200 ppm and 33 ppm,
respecﬁively, a part of the distillate was used as the reflux
for the low-boiling separation column and the rest of the

20 distillate was withdrav.zn to outside of the system. Heating
of the flask acting as the reboiler was carried out with an
0il bath and the amount of the distillate was adjusted by
the temperature of the o0il bath. The air was supplied to

the bottom of the flask at a rate of 0.3% by volume based

25 on the boiled up vapor. The liquid level in the flask was



15 70% by weight of acrylic acid (including dinmer), 4% by weight of
acetic acid and high-boiling substances such as pol ymeri zation
inhibitors. After continuously operating for 23 days, the operation of
t he evaporator and the azeotropi ¢ dehydration colum was stopped and
they were 20 disnmantled for inspectigg_ Odly asnall anmount of polyneric
subst'ance adhered at the inside surface of the evaporator and only a
slight anmpbunt of black tarry substance adhered at the recovering zone.
The pol yneric substance at each part was vacuumdried 25 at about
80[err]C for 2 hours and neasured the dry weight. The

-17- kep&Wdbs tint Be wiRAALERTREIL Y BoBHOWT ib0i AW dh dhe £flask
Then, the liquid withdrawn fromthe bottom of the azeotropic

dehydration ggl ampumgs ek tcg;éﬂa&ilo&%&oithiench-boﬁ?ﬂar 8bpaPaEPoHMM at a
feeding rate of 300 g/hr to distillate 5 and separate”the | ow boiling

substance. Theluaw Rak! tG8tinued FRRARA! HAPsCOLNEFO VBSH P &J@?J%e‘é)éld'fr‘%der
havi ng an i nsi de di aneter of 30 mm equipped with a 2 lNter flask as a

r eboi | er atathéheop st eﬁeaf@hmrp%d%m?; e rbePuRf rddio Al 4m, with
the outlet of the condenser being connected to a vacuum 10 adjusting

apparat uss ThReCoafipatatbtdhtZeRe 88F dH&he colLRRONErAMKLE ¥ Ofhqldhe
| ow boi | i ng separation colum were packed with stainless D ckson
packing for aheesghpepiatiPe G the bottom of the column at about 82°C.
The amount of the withdr.awn distillate was 100 g/hr and the
distillate had a composition containing 6% by weight of
acetic acid, 40% by weight of acrylic acid and 54% by weight
10 of toluene. The amount of the liquid withdrawn from the
bottom of the low-boiling separation column was 200 g/hr and
the liquid contained 98% by weight of acrylic acid, several
ppm of toluene, 200.ppm of acetic acid, high-boiling
substance, polymerization inhibitors and so on. After
15 continuously operating for 23 days, the operation of the
low-boiling separation column was stopped and it was
dismantled for inspection. The weight of Dickson packing
as the packing in the concentrating zone was increased by
0.35 g. The weight of the packing in the recovering zone
20 was also increased by 0.35 g. Further, the weight of the
flask as the reboiler was increased by 0.10 g. However, no
visible production of polymer was observed at any zone.
Then, the liquid withdrawn from the bottom of the
low-boiling separation column was fed to the high-boiling

25 separation at a feeding rate of 400 g/hr to recover acrylic



and 60 cm respectively. After supplying the distillate condensed in

t he condenser at the top of the columm with 15 polynerization inhibitors
diluted with toluene so that the concentrations of phenothiazine and
copper di butyl di t hi ocar bamat e were about 200 ppm and 33 ppm
respectively, a part of the distillate Y&§s used as the ref |ux for the
| ow- boi | i ng separation colum and the rest of the 20 distillate was

wi t hdrawn to outside of the system Heating of the flask acting as
the reboiler was carried out with an oil bath and the anount of the
distillate was adjusted by the tenperature of the oil bath. The air -~

was suppliedakld for the Bekh@F:9hL!PRAISEK Ghel yighereli1dadte by vol ume
based 25 on the boiled up vapor. The liquid level in the flask was

- 18- seb%&tat%ﬁst:amhmﬁyw%tQd%mggcﬁ@nm o ddgludl fdomd he flask
by a punp. The operation of the oi l i ng separation col um was

conti nued f Oal%%e%xsof@@txw bhl9pbbe vﬂ"t:?§§l2rflter fladk dd1@ t&bPled he
colum at 70 mmHg, the ref [ux ra?lo at 4, the tenperature at the top

of the col U”Eta{:hé%ﬂtcﬁtskﬁﬁri eorddnser at h:fhé eBpes Altee cat uini§ Wiy om of
t he colum at about 82ferr]C The amount of the withdrawn distillate

was 100 gfhr caed oiet of €hst £bhabfis AL £SO GRSl Vi dtib % Dy
wei ght of acetic acid, 40% by weight of acrylic acid and 54% by wei ght

adjusting apparatus. The concentrating zone and the
recovering zone of the high-boiling separation column were
packed with stainless Dickson packing for a length of 30 cm
and 10 cm, respectively. The distillate condensed in the

10 condenser at the top of the column was supplied with
phenothiazine so that the concentration was about 200 ppm.
A part of the distillate was used as the reflux for the
high-boiling separation column and the rest of the
distillate was withdrawn as the product. Heating of the

15 flask and the blowing of the air were carried out in the same
manner as in the low-boiling separation column. The liquid
level in the flask was kept constant by withdrawing the
bottom liquid from the flask by a pump. The operation of
the high-boiling separation column was continued for 10 days

20 controlling the pressure at the top of the column at 75 mmHg,
the reflux ratio at 1, the temperature at the top of the column
at about 79°C and the temperature at the bottom of the column
at about 88°C.

The amount of the withdrawn distillate as the product

25 from the high-boiling separation column was 350 g/hr and the



10 of toluene. The ampunt of the fiquid w thdrawn fromthe bottom of

the I owboiling separation colum was 200 g/ hr and the 'liquid
cont ai ned 98% by wei ght of acrylic acid, several ppm of toluene, 200
ppm of acetic acid, high-boiling substance, polynerization inhibitors
and so on. After 15 continuously opergfing for 23 days, the operation of.
the ° | ow- boi | i ng separation columm was stopped and it was

di smantl ed for inspection. The wei ght of Di ckson packing as the
packing in the concentrating zone was increased by 0.35 g. The wei ght

of the packing in the recovering zone 20 was also increased by 0.35 g.

Fur t her, thedwtghtlaete Hzi'tﬁa compofsll@%nac%rxmrﬁermb%yvs@élgwafm by 0.10
g. Fbwever vi si bl e production of polynmer waS observed at any

zone. of aah.?mlctm:.é' QUi Wit Ddsavwe fv?a&rgrt h@obobbﬁ%ﬁfléﬂ? of
| ow boi li ng separation colum was fed to the high-boilThg 25 separation

at a feeding a%%ttﬁcoécff@(hrﬂi h&nt&ldﬁ%&?r 139 YbhGor less of aldehydes.
-19- acid for the comerci al product The hi gh-boiling

separ ati on CQ"h@”Bm%ﬁt%E'@?é dlr&i%tlaawa% 2BohNEhEot tom B2 HREr of 30
mm equi pped with a 2 liter fIa as a reboiler at the bottomand a

condenseroatcbugthQagf5bhg/§9Iyﬁ@ £ M6 {1 91 d oM illa 8fi Jil®oaandgnser
bei ng connected to a vacuum adjustlng apparatus. The ‘concentrating

\zngg and t he substah@eQVssl kA ¥ LARIBLEbr HQinld §8 cTEPBA HdQR iGR UM
to acrylic acid. After continuously operating for 10 days,
the operation of the high-boiling separation column was
stopped and it was dismantled for inspection. The weight

10 of Dickson packing as the packing in the concentrating zone
was increased by 0.15 g. The weight of the packing in the
recovering zone was also increased by 0.10 g. Further, the
weight of the flask as the reboiler was increased by 0.13
g. However, no visible production of polymer was observed

15 at any zone.

Example 2

The separation of acrylic acid was carried out in the
same manner as in Example 1, except that 500 ppm of
triethylenetetramine was added to the acrylic acid-

20 containing aqueous solution.

The results are shown in Table 1.
Example 3
The separation of acrylic acid was carried out in the

same manner as in Example 1, except that 500 ppm of

25 diethylenetriamine was added to the acrylic acid-containing



packed with stainless D ckson packing for a length of 30 cm and 10 cm
respectively. The distillate condensed in the 10 condenser at the top of
the col unmm was supplied with phenot hi azine so that the concentration
was about 200 ppm A part of the distillate was used as the reflux for
t he hi gh-boi I i ng separation colum‘% ndthe rest of the distillate
was Wi thdrawn as the product. Heating of the flask and the bl ow ng of
the air were carried out in the sane rranner as in the | ow boiling
separation colum. The_ |iquid | evel in the flask was kept constant by
wi t hdr awi ng @q8eous s‘%‘ﬁ’cﬁﬁ 1iquid fromthe flask by a punp. The operation

of the high-hoilin ar ati gn col um P{fﬂs continued for 10 days 20
controlling the p lé%s’iﬁ taﬁg £88YR 13 ARG drm at 75 g, the ref
lux ratio at L ag np%erattiie at the top of the colum at about

79[ err] C and g L he bottom of the col umn at about
88[err]C. the ,wi thdr diistill ate.as eproduct
25 fromthe hi ghTBm% ng s§§ér a}[ |a5r¥Y(]:'6' %%lé\l/aws;ssgﬁr ouﬁdl?‘ﬁ:

- 20- t}nlahﬁé itio n 9 i ght or nore
of acryli c aC| 1@%@%@3& tge? %é%é %h%?; gggsa@&h\@ acetic acid

and, in addi tdc&'&-cé@@aﬂ?iﬂ%éol@@ﬁox?@va@l&M@% fed to tHeCaAMUYpif the

quuid wi t hdrawn fromthe bottom of the
dehydration column in the ligquid form without passing

through the evaporator.

The results are shown in Table 1.

10
Table 1
Example Example Example | Comparative
1 2 3 Example 1
polymer . . _
adhered in Recovering 64.4 54.2 55.9 146.9
azeotropic . .
dehydration Concentrating 0.00 0.00 0.00 0.00
column (q) zone
Amount of - Bottom 0.10 0.05 0.06 0.35
polymer ‘R ;
adhered in rong T ing 0.35 0.11 0.17 1.04
low-boiling .
separation * Concentrating 0.35 0.11 0.11 1.04
column (g) zone
Amount of - Bottom 0.13 0.03 0.05 0.40
polymer . .
adhered in hecovering 0.10 0.05 0.05 0.25
high-boiling | | .
separation Concentrating 0.15 0.05 0.08 0.55
column (g) zone




5 colum was 50 g/ hr and the Iiquid contained high-boil rmng sthstance;

pol yneri zation inhibitors and so on, in addition t o Wikil fxmGiad:
After. continuously operating for 10 days, t he opermﬂmmmnlﬂmﬂl ,!Il
hi gh-boi Il i ng separation col um was stopped and it was di suta r

i nspection. The weight 10 of D ckson qpacking as the packing in the
concentrating zone was increased by 0.15 g. The wei ght of the packing
in the recovering zone was al so increased by 0.10 g. Further, the

wei ght of the flask as the reboiler was increased by 0.13 g. However,
no visi bl e production of polyner was observed 15 at any zone.

Exanple 2 cLaIMs The separation of acrylic acid was carried out in the
same nmanner as in Exanple 1, except that 500 ppm of

triethyl enetetraninea wethaddesr tprJdiR idGl ¥&+$1 86 1atid whiEANMGHZY gk Aqueous
sol ution. The results are shown in Table 1. Exanpl e 3

The separati gabgbcachyl b a6r¢lV@saéadléSte HIHidd ddifeous sA/BJRNNer as
in Exanple 1, except that 500 ppmof 25 diethylenetriamne was added to

the acrylic abkdigedt ByntAfalytic vapor phase oxidation of propylene
-21- aqueous sol ution.

5 and/or acrolein to azeotropic dehydration to separate
acrylic acid, in which the acrylic acid-containing aqueous
solution is subjected to evaporation before azeotroéic
dehydration and the obtained acrylic acid-containing vapor
is subjected to azeotropic dehydration.

10 2. The method for producing acrylic acid according to
claim 1, wherein at least one compound selected from the
group consisting of ammonia, primary and secondary amines,
hydrazines, urea or salts thereof are added to the acrylic
acid-containing aqueous solution.

15 3. The method for producing acrylic acid according to
claim 2, wherein the amine is triethylenetetramine.

4. The method for producing acrylic acid according to

claim 2, wherein the amine is diethylenetriamine.
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The results are shown in Table 1. Conpar ati ve Exanple 1 . " The
separation of acrylic acid was carried out' in the 5 sane nmanner as i'n ¢ 7

Exanpl e 1, except that the acrylic aci d-cont ai ni ng sol uti on was
directly fed to the azeotropic dehydration columm in the liquid form
wi t hout passing t hrough the evapgrat or. The results are
shown in Table 1. 10 Table 1

Exanpl e Exanple Exanple Conparative

1 2 3 Exanmple 1 Amount of [ err] Reboil er

0. 80 0. 29 0. 48 3.60 pol ynmer [err] Recovering

adhered in zone 64. 4 ABSTRACT 94.2 55.9 146. 9
azeotropic [err] Concentrating dehydrati on [err] Concentrating

0. 00 0. 00 0. 00 METHOD Q'd&o PRO&!@W@“AC@QLIC aegpe Amount - of
[err] Bottom 0.10 pol ymer

[ err] Recoveri ng adhered in zone 0.35 0.11 0.17
1.04 | ow boi |'i ng zone separation Concentrating 0. 35 0.11
0.11 1.04 rhe ﬂéﬁbnt( ghventé.@ﬁe v

0.13 0.03 % 0. 40 %€°y£‘§yq mgftm%ef:%‘?ceﬁrﬁt%u“ Ldher ed

in zong acryllc ac1d wRi&® com%rﬂsé’é'_? su%jec&rﬁ% an JHI@}IL@'EJ;

separation Concentrating col um

(9) zone containingCaddbus soludior dEtdxkd Ay Rfé%.‘ii-i%}ﬁlg: fdpdd ¢ acid
whi ch conpri ses

phase oxidation of propylene and/or acrolein to azeotropic
dehydration to separate acrylic acid, in which the acrylic
acid-containing aqueous solution is subjected to
10 evaporation before azeotropic dehydration and the obtained
acrylic acid-containing vapor 'is subjected to azeotropic
dehydration.
According the method of the present invention, it can
be reduced polymers adhered in an azeotropic dehydration
15 column, a low-boiling separation column or a high-boiling
separation column in the production plant of acrylic acid,
therefore the production plant can be operated for a long

time without stopping operation.
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added to the acrylic acid-containing agqueous solution before the acrylic
aci d-cont ai ni ng aqueous solution is evaporated, the acrylic

acid-contaigﬁ%g%@gueous solution is subjected to evaporation before said
azeotropi c dehydrati on whereby the obtained acrylic acid-containingvapor
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acid, in which at least one compound selected from the group
consisting of primary and secondary amines are added to the
acrylic acid-containing aqueous solution before the acrylic

st acid-containing aqueous solution is evaporated, the acrylic
acid-containing aqueous solution is subjected to evaporation
before said azeotropic dehydration whereby the obtained
acrylicacid-containingvapor is subjected tosaidazeotropic
dehydration.

2. The method for producing acrylic acid according to
claim 1, wherein said at least one compound selected from
the group consisting of primary and secondary amines is
triethylenetetramine.

Ser 3. The method for producing acrylic acid according _to
claim 1, wherein said at least one compound selected from
the group consisting of primary and secondary amines is

diethylenetriamine.
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