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PROCESS FOR, PURI FYI NG ACRYLIC ACCD TO HGH PURITY I N THE SRR PR
PRODUCTI ON OF ACRYLI C ACI D This invention generally relates to
a process for producing acrylic acid by catalytic gas phase oxidation of
propyl.ene and/or acrolein (which in the followng nay sonetines sinply be
referred to as propylene) wi th nol ecul ar - oxygen-containing gas. The
I nvention particularly relates to a ocess for producing highly pure
acrylic acid by efficiently separating by-products, particularly acetic
acid, fromthe reaction product obtained by the catalytic gas phase
oxi dation. Mire particularly, the invention relates to a process for
produci ng highly pure acrylic acid wherein water is added to the reaction
product to obtain -an aqueous solution of the product to which an
. azeotrope solvent is further added thereby renoving by-products

t hrough the azeotropic phenonenon The catal ytic gas phase oxi dation

of propyleng PROCESS FOR PURIFYING ACRYLIC ACID TO HIGH PURITY IN THE
PRODUCTION OF ACRYLIC ACID

This invgntion generally relates to a precess for
pfoducing acrylic acid by catalytic gas phase oxidation
of propylene - and/or acrolein (which in the following may
sometimes simply be referred to as propylene) with molecular
oxygen-containing gas. The invention particularly relates
to a process for producing highly’ pure acrylié acid by
efficiently separating by-products, particularl_y acetic
acid., | from the reaction product obtained by the catalytic
gas pha'se oxidation. More particularly, the invex'rtion.
z-'ela’ces to a process for producing highly 'pure acrylic
acid wherein water is ad.ded to the reaction product to
obtain an aqueous solution of the product to which. an
azéotrope solvenﬁ is fnxther: added thereby removipg-

by-products through the azeotropic phenOmenori.

The éatalytic gas phase oxidation of propylense,

with molecular oxygen-containing gas in the presencie of' a



wi th nol ecul ar oxygen-containing gas in the presence of a

2 catal yst for oxidation provides a reaction product in the formof a

m xed gas which contains, aside fromintended acrylic acid, by-products
such as acetic acid, formc acid, acetaldehyde, formaldehyde and t he
i ke and unreacted starting naterigls such as propylene, acrolein and
the like. In known processes of“ industrially producing acrylic acid
by catal ytic gas phase oxidation of propylene, wi th nol ecul ar
oxygen-contai ning gas, the m xed gas obtained by the catalytic gas phase
oxi dat i on | satplysducker | prddatigor pricyiges abssepckaan trrgducy niphdhe
tower, the gas is contacted wwth water for cooling and absorption, thereby
obt ai ni ng affioaguenfis a snisedomaonwhichngcadradns, assddendirtdmr Hptendadt s
such as acetic acid. Then, acrylic acid is separated and purified from

t he aqueousag@lyltiicon daid]i Sby-ptiodtts suchnoag t hceyidr adid,s, faxtiilc
acid is undesirably produced in conparatively |arge anounts. Since acetic

acid has aabijaf) di adeltadlde®ydetNPeEsIMALaERPAL! Ndak@ Nitd  hlfkel [Qid C
under atnospheric pressure), the separation by distillation involves the

D% o T abnEteds kit | BMLEBO0EN | 58 ripmife Uit

so close th%%dit it?xedifiiiﬁgl.t t:PnSi l?c?xloxmsepglrrgégsggg of  industrially
producing acrylic acid by catalytic gas phase oxidation
of propylene, - with molecular oxygen~containing
gas, the mixed gas obtained by the catalytic gas phase
oxidation - is introduced into an acrylic gas absorption
tower. In the tower,l the gas is contacted with water for
cooling and absorption, thereby obtaining an aqueous
solution containing acrylic acid and the by-products such
as - acetic acid. Then, acrylic acid 1is separated and
purified from the aqueous solution by distillation.

Among the by-products, acetic acid is undesirably
produced in comparatively large amounts. Since acetic acid
has a high distillation temperature (boiling point of

- 118.1 °C wunder aﬁmosphéfié pressure), the separation by
distillation involves the problem that acrylic acid is
liable to polymerize during the distillation and that the
relative volatility between acrylic acid and acetic acid
is so close that it is difficult to simply separate one
from another by distillation. To avoid this, there has

been carried out a process wherein an azeotropic



fromanother by distillation. To avoid this, there has been carried

out a process wherein an azeotropic

3 phenonenon of a three-conponent system consisting of acetic

aci d-wat er - azeotrope sol vent or a nul tiy component system is utilized.
More particularly, the reaction pr&huct Is contacted with water to
obtain an aqueous solution, to which an azeotrope solvent 1is

dded, foll LSt ti |_Sd| ] b6
adae 0 a;?é%ﬁ‘oﬁ&nghs idta 50nf1'.§l'%'rﬁu Wo%fe%lgg @%‘%‘l‘:ﬁr@ OEoﬁEQ_E'th?i oPf

aci d- wat er - trope solvent a distil

equi pnrent and . gol _ackylic acid fro ower hot o
Japanese Pa %%flEPu%??Iga?’ %('): r %&egﬂzgopg?,%éggir’l& t%ﬁtueén)etm?{sptelm:ﬁoglfé)dl%z?st
the azeotrope splvent. Altho . st _of the, . acetic agid coul.d be
azeot r opi cal §¥°*S8par at¥, “ggﬁzgg t HeT8ci BaRbIFYLBE P’eft%‘ﬁseﬁft’%ﬁt@tﬂn
resulting in the discharge from_ the bottom of an azeotropic
separ ati on tR¥RAugtondsni tIPHAGESE with wWater | &ys oRtpin | @he@queous
separation of the unseparated acetic acid by wuse of an acetic acid
separation $@lmatiom,hustonecihrhgh tw@m taveetropec| §@ilwgnt heisazasideshi c

separation tower and the acetic acid separation tower. I n Japanese
Pat ent Publ i £al i oweldo hys i st Bilomnkb diGHEIOGEE azeitinome of acetic
distillation is performed using ethyl acetate, butyl acet at e,

di butyl ethgtid-eatdr-azeotrope solvent from the top of a
distillation equipment and to collect acrylic acid from the
tower bottom. -

In Japanese Patent Publication No.sho 63-10691,
~toluene is employed as the azeotrope solvent. Although
most of the acetic acid could be azeotropic-ally
separated, part of the acid would be 1left unseparated,
resulting in the discharge from the Dbottom of an
azeotropic separation tower along with acrylic acid. This
leads to further separation of the unseparated acetic
acid by use of an acetic acid separation tower, thus
neediﬁg two towers including the azeotropic separation
tower and the acetic acid separation tower.

In Japanese Patent Publication Nos.sho 46-34691 and
46-18967, azeotropic distillation is performed using
ethyl acetate, butyl acetate, dibutyl ether, ethyl
acetate, hexane, heptane, ethyl methacrylate, propyl
acrylate and the like. The azeotrope solvent, acetic acid

and water are distilled off from the top of the tower and



This Sheet Has Been Replaced

acetate, hexane, heptane, ethyl nethacrylate, propyl acr
| i ke. The azeotrope solvent, acetic acid and water are distil]l l

the top of the tower and _

acrylic, acid is obtained fromthe botyomof the tower. However,

i nvestigations have reveal ed that nere renoval of high boiling point
inpurities through distillation of acrylic acid obtained fromthe tower
bottom according.to these processes i.s pot satisfacipry wiph respect to the
removal of aa‘&@(:? cac‘i“a’féa?%] Qgiﬁl?@dacgﬁmﬁe% uﬁgggf’éf a%%orv’ef o%oﬁ?é: ‘as
an acrylic acid product. . It will be noted that the inpurities other
t han acet i CH%‘&‘?Bgﬁenti oned ABVEStHigatd@rsn (MVSy- pE¥GELES ctRat( omane
acid (boiling point: 100.8[err]C acetal dehyde (boiling point: 20.8[err]C),

f or mal dehydeep@vali ngeHoi rrigh 19 beyiddniaC apeinkr ol eii®RUIh ties pdhnowh 5C
), are all lowin boiling point and can be readily renoved w thout
resorting tédishélaatdomopiaf t rectykit. acid olErindd20£84mdi $hleosdower
process for the production of acrylic acid by vapor phase oxidation of
propyl ene oboatoml eadco¥ldngr otessthdseBphotea8a84 iequisies satimdactdien
step which may be followed by a step wherein the conposition of the extract
i's nodi fiedyiBnortspé@t ate OtHef idemiahbi e SoflUAEBHLENQACAZE Ot 5@BNC acrylic
distillation. This nodification of the extract conposition can be achieved
by distillaping opeidPandit Altadody'® s e AsPaldn OfadiA RO Vehia

An object of the i1nvention 1s to~ solve the above prior art

pr obl ens angrgau Rr ovide a +process for producing highly pure acrylic acid
wherein a-m xed gas obtained by catal ytic gas phase oxi dation of

propyl ene and/ or _acrol.ei.n i.s contacted w.th ter. to ghtain an.acryljic acid -
‘aqueous sol uti on@onﬁﬂ"ﬁs}i ngb‘%tcr%‘?l?‘?:‘i a%lt?tanc&%y- P dct %cﬁ’r}ﬂe’éce Ry
acid, to which a selected azegtrope solvent is added and t.he resultin
mxture i s SG6tEE e@SEQ aPEREIGNEE drSt i FPRERSRCE 0 HR stihe ofhy 1REPrducts,

e.g. formic acid (boiling point: 100.8C ), acetaldehyde

(boiiing point: 20.8cC ), formaldehyde (boiling point:
-19.5C ) and acrolein (boiling point:52.5C ), are all
low in bbiling point and can be readily removed without

resorting to the azeotropic treatment.

An object of the invention is to solve the above
prior art problems and to provide a process for producing
highly pure acrylic acid wherein a mixed gas obtained by
catalytic gas. phase oxidation of propylene and/or
acrolein 1is contacted with water to obtain an acrylic
acid aqueous solution comprising acrylic acid and
by-products such as acetic acid, to whiéh a selected
azeotrope solvent is added and the resulting mixture is

subjected to azeotropic distillation to distil off the



5 azeotrope solvent, acetic acid and water fromthe top of a
distillation equipnent and to obtain acrylic acid from the bottom of

the distillation equipnent such that substantially all of the azetrope
solvent, acetic acid and water are distilled off fromthe top of a
distillation equipnment and substantially only acrylic acid is w thdrawn
fromthe bottomof the distillation equipnent. Anot her object of the

i nventi on ageodnumyi delwenpr ocesstid cacpd oawdi mpteghifyopurtthe atopl iaf
acid wherein the liquid withdrawn fromthe bottomcan be used, as it is,

as a startiahgaimsteniakiod &pePghént agdy|ts eptain aceywnhen aldiQ | EgeRd i's
subjected to further distillation to renpove high boiling inpurities

t her ef rom dner ebbstombt admedthe aciiydt il laciibrpr odgaipnénti gsupial i tMat
A further object of the invention is to provide a process for producing

hi ghly purewstdntiallyl ahtr«fh tire araedopel sedvent, t\m:edncrrmmmzenarope
solvents in conbination at defined mxing ratio is provided as an
azeotrope ssitesnt ansr dasrtyﬂﬂqdouofﬁptﬁmn tthet i tomt iath. a distjihbahépn

obj ect of the invention is to provide a process for producing highly pure
acrylic aciefiuipment andstsubatantsianldiy corly naanEl ighécdidy s nvikthdsawn
acetic acid-water-azeotrope solvent obtained fromthe top of an

azeot r opi ¢ ek rbetterpafathe, darsihdationsegeéBmeBt - provi de t he
acrylic acid aqueous solution and the azetrope

Another object of the invention 1is to provide a
process for producing highly pure acrylic acid wherein
the liquid withdrawn from the bottom can be used, as it
is, as a starting material for preparing acrglic esters
and when the 1liquid is subjected to fﬁrther distillation
to remove high boiling impurities therefrom, there is
obtained an acrylic acid product of high quality.

A further objecf of the invention is to provide a
process for producing highly pure acrylic acid wherein an
mixed solvent of +two or more azeotrope solvents in
combination at defined mixing ratio is provi’ded as an
azeotrope solvent for carrying out optimum distillation.

Another object of the invention is to provide a
process for producing highly pure acrylic acid in an
industrially beneficial manner wherein a mixture of acetic
acid-water-azeotrope solvent obtained from the top of_ an
azeotropic separator is separated, and water is used to

provide the acrylic acid aqueous solution and the azetrope



6 solvent is used for recycling in the production system

Figure 1 is a flow chart showi ng a process according to the invention.
An inportant technical concept or feature of the invention for achieving
t he above objects resides in the wuse of a m xed solvent of the follow ng

solvents A and B as an azeotrope sol vent. Sol vent A: at | east one
sol vent of diethyl kefone, methyl propyl ketone, nethyl
i sobutyl ketone, nmethyl-tert-butyl ketone and n-propyl acetate.

Sol vent B: at | east one sol vent of toluene, heptane and
met hyl cycl clusssret is used hfomboeeydldodmiioaltheo preduatdorhesystiadnzed by
enbodi nents according to the I nvention. A typical enbodinent of

the invention is described with reference

Figure 1 is a flow chart showing a process according

to the invention.

An important technical concept or feature of the
invention for achieving the above objects resides in the
use of a mixed solvent of the following solvents A and B
as an azeotrope solvent.

Solvent A: at least one solvent

of diethyl ketone, methyl propyl ketone,
methyl isobutyl . ketone, methyl-~tert-butyl ketone and
n—propy_l acetate.

Solvent B: at least one solvent

of toluene, heptane and
methylcyclohexane.

The above technical concept can be realized by
~ embodiments according to the invention. A typical
embodiment of the invention is described with reference

to Figure 1 and by way of examples.



to Figure 1 and by way of exanples 7

In Figure 1, a m xed gas which is obtained by catalytic gas phase

oxi dation of propylene and/or acrolein with a nolecular
oxygen-containing gas is introduced from line 1 into an acrylic acid
absorption tower 101 wherein the gas is contacted with water passed from
line 2, thereby obtaining an acrylic &acid aqueous solution, which contains
acrylic acid and by-products such as acetic acid and the like, fromline
4. Water which is fed to the acrylic acid absorption tower 101 from |ine

2 may be one whigch ig,.fed freshly fromline 13. . wll be described
hereinafter, it ?Q p?@ﬁ%??%d fb U§e,mé§eé ga%aiéﬁﬁﬁﬁgr}sanc%EQHQ? cit¥
aqueous sol utjon discharged fromthe bottom of a solvent stripping tower
103. GREALYRACH oﬁ%§har phager gaxidatiepe L% | RIRYIERGqy or
solution which is discharged fromthe bottomof the acrylic acid .
absorpti on eReteim tWFGggh 2 neQlegilame @RYEER-FOPERiRingout 9any is
treatnment, to an azeotropic separation tower 102. The acrylic acid agueous
solution finhrbdnced Haowgyelines Iedintw t hn agcoviia saci@piaksonmivern
which is optionally provided (not shown in Fig.l) wherein acrolein

di ssol ved i towwbe abdY| wheasiith agheoysns Shs Ucbakacited ocsitledwatexr mdgded in

this tower, and

from 1line 2, thereby obtaining an acrylic acid aqueous
solution, which contains acrylic acid and by-products’
such as acetic acid and the like, from linel 4. Water
which is fed to the acrylic acid absorption tower 101 from
line 2 may be one 'which is fed freshly from line 13. As
will be described hereinafter, it is preferred to use, as

said-water, an acetic acid agueous solution discharged
from the bottom of a solvent stripping tower 103.

wWith the flow chart of Figure 1, the acrylic acid
aqueous solution which is discharged' from the bottom of
the acrylic acid absorption tower 101 through line 4 may
be direqtly' fed without any 'treatment; to an azeotropic
separation tower 102. The acrylic acid aqueous soclution
from line 4, however, is fed to the acrolein stripping
tower which is optionally provided (not shown in Fig.1l)
wherein acrolein dissolved in the acrylic acid_ aqueous
solution is caused .to strip in this tower, and
thereafter, the resultant acrylic acid aqueous solution

is fed to the azeotropic separation tower 102. In this
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thereafter, the resultant acrylic acid aqueous solution is f
azeotropi ¢ separation tower 102. In this

8 <case, the stripped acrolein should be <collected and recyc

the reaction system In the azeotropic separation tower 102, the
acrylic acid aqueous solution and a® azeotrope sol vent which are
respectively fed from lines 4 and 5 are subjected to a azeotropic

distillation. By this, the azeotrope solvent, acetic acid and water are
distilled off fromthe to . of _the tower 102 and_acrylic i d,is obtained
fromthe tdRFe. botPEm StTiPRed: n8CEPLelR ceSBPUtfe Phve™d g‘ﬁ“’tﬁdﬁ ho®g#
depending on the ampunt of water through line 2 fed to the acrylic acid
absor pti on ¥eGkfled1tanbhet Kepcssenasya§eBondi tions, the acrylic acid

aqueous solution in the azeotropic tower 102 contains 50 to
80 wt % of acryli¥nadihe azeptEr®pitc) sépavation atpweand@he bhrameryvdiag
wat er . The azeotrope solvent used in the invention is a mxed solvent .

of the af oraciddiazatemhsSosotntioh aamld Ban azeoHrepe nsobfertbl wiichA and
Sol vent B are those which have been set out before and all the

conbi nat i onfespectieekyt WeellypEeotf 3oh¥ents phaAduse geed & asibdiceaChgi e

of Solvents A and B in conbination is left to one who .
azeotropic distillation. By this, the azeotrope solvent,
acetic acid and water are distilled off from the top of
the tower 102 and écrylic acid is obtained from the tower
bottom. - -

In the practice of the invention, although depending
on the amount of wat'er. through line 2 fed to the acrylic
acid absorption tower 101 and other operating conditions,
the acrylic acid aqueous solution in the azeotropic tower
102 generally contain, under ordinary conditions of
pfeparing acrylic acid, .50 to 80 wt% of acrylic acid, 2
to 5 wt% of acetié acid and the balance being water. .

The azeotrope solvent used in the iJ.nvention is a
mixed solvent of the afox;“e—indicated Solvents A and B.

The kind of Solvent A and Solvent B are those which
have been set out _.hefore and all the combinations of
these two types of solvents produce good rgsults.. Choice
of Solvents A and B in combination is left to one who
carries out the .process of the invention. Compounds of

Solvent A are all hydrophilic in nature. Of the compounds

of Solvent A, methyl isobutyl ketone is most preferred
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hydrophilic in nature. O the conmpounds of Solvent A nethyl I”“
ketone-is nost preferred

into consideration the azeotropic conposition wth water, the azeotropic
temperature and the costs as a whole. @onpounds of Sol vent B are high in
affinity for acetic acid and are expected to forman azeotrope wth

acetic acid. Depending on the progress of the reaction, an optinum solvent
shoul d be séiesct gaking iBjyot heowstderabiepedibe ca¥?<p‘er@Piﬁi FEppasiteior as

an azeotrope solvent, a mxture which consists essentially of acetic
acid, wateritlandatehe thkzeobzeptropdlo chémpesatuiet ahtledhsf fechsben wlse aop

of the azeotropi c separation tower 102. Mreover, acrylic acid which is

subst anti aléiold [ eCotipGeRAsC GEI Golwrire anohfénemz_;eot iapeasPineby i for
obtained from the bottom The mxing ratio between Solvents A and B

fed fromlifeefié&s acid and are | BxpBeteangs FHormPOahO ai@ot¥5p85 wPEh

carries out the process of the invention. Conpounds of Sol ve'nf’sgﬂ ml

t he wei ght ba5| s. |If the Solvent A exceeds the above range, the
concentrati g aetae a9 e P "RhebOi oM becOmES £00 Nidlbi LR the
contrary, %O| vent I's %ﬁ%“ﬁ% otal{fr)gere ® &EQ t he anount e?éba"f:ryf I C
acid disti I | ed fromthe t0 unde bly increased. The

m xture con%?s??%l B sstotélr’i'}tg?‘i I%Pm*l%cb |cs‘la"‘fchat d. wat er and the azeotrope

| vent which h n |
solvent which hag beﬁ, digt o specific type of mixed solvents as an

azeotrope solvent, a mixture which consists essentially
of acetic acid, water and the ~ azeotrope solvent is
dist.illed off from the top of the azeotropic separation
tower 102. Moreover, acrylic acid which is substantially
free of acetic acid, water and the azeotrope solvent is
obtained from the bottom. The mixing ratio between
Solvents A and B fed from line 5 is preferably in the
range of 50:50 to 75:25 on the weight basis. If the
Solvent A exceeds the above range, the concentration of
acetic _acid at the tower bottom becomes too high. On the_a_
contrary, when Solvent B is used in larger amounts, the
amount of acrylic acid distilled from the tower top is
undesirably increased.

The mixture consisting substantially of acetic_acid,
water and the azeotrope solvent which has been distilled
off from the top of the azeotrope separation tower 102 is
received in &a reservoir 20. In the reservoir 20, the

mixture 1is separated into an organic phase comprised



off fromthe top of the azeotrope separation tower 102 is received in a
reservoir 20. In the reservoir 20, the mxture is separated into an
organi-c phase conprised 10 mai nly of

t he azeotrope solvent and an aqueous phase conprised nainly of acetic acid
and water. The organic phase is circPated through line 5 to the
azeotropic separation tower 102. On the other hand, the aqueous phase is

passed through.line 8_.in the solvent strippipng tower 103 for

rstill ot oiminkge ge' (hfe. BaRRLYoRe, pEOLEBAEY, oid Shp chitureth: sphrpes
off fromthe toB of the solvent stripping tower 103 and returned through
line 9 to tFROPFLSER, opainby ofy,acgtdq cacidi pndgMaieE- sdh6t i @Rganic
consi sting substantially of acetic acid and water is wthdrawn

t hrough | i nePhaser oSt hEigsudakedf threovghyehinestdi ppPngtheweprzeobrapdc

di scharged to outside. O course, the acetic acid aqueous solution may be
recycl ed t hreegpgarakipa 1@owert hd02cr yOnc &bed abberpt handi owkhelOaghepusse
as water which is contacted with the m xed gas obtained by the catalytic
gas phase oxphbaseoris Bpashed, thireughetlihe & finBquaties solwdrOnsteippingnl vy
nmerely recovered and recycled, but also used as water for contact with the
m xed gas obtawaed byoshe fnt al gikeivBstPbRse ®¢ daii OlbonsEihferd@ds et he

advant age that the use of acetic acid aqueous solution for contact with

the mxed gagzbdtho@ee’ solvent is distilled off from the top of the
solvent stripping tower 103 and returned through line 9 to
the reservoir 20. "An acetic acid aqueous solution
consisting substantially of acetic acid and water is
withdrawn through line 14 from the bottom of the solvent
stripping tower 103 and discharged to outside. Of course,
the acetic acid aqueous solution may be recycled through
line 10 to the acrylic acid absorption tower 101 for use
as water which is contaé_ted with the mixed gas obtained by
the catalytic gas phase oxidation. By this, the acetic
acid aqueous solution is not only mefely recovered and
recycled, but also used as water for contact with the
mixed gas obtained by the catalytic gas phase oxidation.
This leads to the advantage that the use of acetic acid
aqueous solution for contact with the mixed gas is higher
in the acrylic acid-absorption efficiency that water
alone, resulting in a reduced number of absorption stages
required in the acrylic acid absorption tower 101. This is

considered for the reason that acetic acid in the acetic



in the acrylic acid-absorption efficiency that water alone, resulting in a
reduced nunber of absorption stages required in the acrylic acid
absorption tower 101. This is considered for the reason that acetic acid

in the acetic aci d aqueous sol ution has good affinity for
acrylic acid. In order not to increase the concentration of acetic acid
during the course of recycling thro the reaction system it is

convenient to control the feed of water fromline 13 and the apount of t he
acetic aci AGifledgYeoys) ROV PR hBREWIGIbEfiRitY £REr ARFKekpi Afithe
total balance in the system The acrylic acid withdrawn fromthe
bottom of tire omdest met cteepmcacase tYwer concentyabione@fi ReRkc| pgdd 15
to an esterification process, by which the acid can be used, as it is, as
a starting dmtixg al ther gmmmséngofacmyb&cléagerihﬁémghﬂnthmingeachﬁghly
pure acrylic acid product, the acrylic acid is introduced through line 7

into a highsyiskdmNg Sepaat icohveniRintl04owhesstfolt tilte dendd | lofd water
wi t hdraw high boiling point materials such as polynmers fromthe bottom

t hrough |'rFrc;13 16 24yl hka agid RRPHuEt 66 ki AedrifomdiE bheWRbulkoP

through line 11. Since a specific type of. a m xed azeotrope sol vent

s used i ngd NG PLACLI a1 14 1 1hbPeBE” Weebing the total

balance in the system.

The acrylic acid withdrawn from the bottom of the
azeotropic separation tower 162 may be fed through 1line
15 to an esterification process, by which the acid can be
used, as it 1is, as a starting material for preparing
acrylic esters. For obtaining a highly pure acrylic acid
product, the acrylic acid is introduced through line 7
into a high boiling separation tower 104 wherein it is
distilled t.:o withdraw high boiling point materials such
as polymers from the bottom through line 12. The acrylic
acid product is obtained from the tower top through line
11.

Since a specific type of a mixed azeotrope solvent is
used in the practice of the invention, 1little acrylic
acid is distilled off from the top of the azeotropic
separation tower. In addition, there is obtained from the
tower Dbottom acrylic acid which is substantially free of
acetic acid, water and the azeotropic solvent. The bottom

liquid from the azeotropic separation tower may be used,



acid is distilled off fromthe top of the azeotropic separation tower. In
addition, there is obtained fromthe tower bottomacrylic acid which is
substantially free of acetic acid, water and the azeotropic solvent. The
bottom liquid fromthe azeotropic separation tower may be used,

12 as it is, as a starting materiahj2for preparing acrylic esters. If
this acid is distilled in a high boiling separation tower, an acrylic
acid product with a higher purity can be achieved. In prior art, it is

usual that as aeetis, acigl aepetartongt tferinlpr Svirdepiraparibig caBf1 {ide
azeotropi c separation tower to separate remaining acetic acid. In the

practice of sherfresay ivhantiamkathis @ealiner drserar digh Byl ing
beconmes unnecessary, thus sinplifying the process of producing acrylic

xampl os,  SePArBiRN O e SRR i PRkt MR o) T
gas phase | BAIFIT al vl ALY i 2pIhECU AL Qual GRILS) g ggs
Bor ol ei n ot ACIR T SRRIAIoR tRwer o PREIIOR SppErean (0} dgge
obtaining an acrylic acid aqueous solution containing 30 w % of water
azeotropic separation tower to separate remaining acetic
acid. In the practice of the éreSent invention, this
acetic acid separation tower becomes unnecessary, thus
simplifying the process of producing acrylic acid.
The invention is more particularly described by way
of examples.
Example 1
A mixed gas which was obtained by catalytic gas phase
oxidation of propylene with a molecular oxygen—containing
gas was introduced into an acrylic acid absorption tower
for contacting with water to obtain an aqueous solution.
This solution was passed into an acrolein stripping tower
wherein acrolein was stripped, thereby obtaining an
acrylic acid aqueous solution containing 30 wt% of water
and 3.0 wt% of acetic acid. This 'acrylic acid aqueous
solution was subjected to azeotropic distillation by the
use of an azeotropic separation tower 102 which had a
sieve tray with 60 stages and a stage distance of 147 mm

and which was equipped with a distillation line at the top

thereof, @a starting material feed line at the central



and 3.0 wt % of acetic acid. This acrylic acid aqueous solution was
subjected to azeotropic distillation by the wuse of an azeotropic
separation tower 102 which had a sieve tray with 60 stages and a stage

di stance of 147 mm and which was equi pped with a distillation line at the
top thereof, a starting material feeggline at the central

13 portion, and a bottomliquid withdrawing line at the bottom In this
case, a m xed solvent of nethyl isobutyl ketone and toluene (at a m xing
rati o by peirgiiiorgf Gnd@5)a mstheed lasntike azddidopein| Vieme at  thée
stationary running conditions included a tower top tenperature of

47[ err] C pofttduie 1AZa@iiiptaseseparmized sbaventl(Rf methwdr itxsbwbyl
tenperature of 98[err]C, a tower top pressure of 100 nmHg, a refl uxing

ratio (t h&etﬁarﬁé aﬁal o106 refd uxi ngiﬁbu'[ﬂa(ﬁld)eﬁy Uﬁbhghltrf&{it hes i 98 3l
nol es a distillate per unit tine) 2, starting

mat er i aI tﬂ%%d ‘geg?@; {:hée&éQB{:'{-o?éogbngﬁt‘l The .aqueous phase fromline

8 cont ai ne f acetic d an 5 w % of acryl ic acid, vvhereas

the liquid wthdra fro e hottam of th zegtro ra

t hrough |ine lgt}é%n\t,%’ rg‘%gb Wn&fngacf:yﬂ é%agnﬁ 98%6§8ga /E’ofgg‘é'é
acid, 0.001 wt % of the sol vent aqtd’ 297 wt % of the, ot hers The
aqueous pHER HPRGTHBLE fed%'Ftn8 soFQ%ntazeotroPlc 'separation

tower 102, a tower bottom temperature of 98C , a tower
top pressure of 100 mmHg, a refluxing ratio (the total
moles of a refluxing solution per wunit time/the total
moles of a. distillate per unit time) of 1.42, and a
starting material feed of 7.59 liter/hour from line 4. The
aqueous phase from 1line 8 contained 6.7 wt% of acetic
acid and 0.5 wt¥% of acrylic acid, whereas the 1liquid
withdrawn from the bottom of the azeotropic separation
tower through line 15 contained 97.0 wt% of acryli; acid,
0.03 wt% of acetic acid, 0.001 wt% of the solvent and
2.97 wt% of the others.

The aqueous phase from line 8 was fed to the solvent.
stripping tower 103 and the solvent was recovered £rom
the top of the tower -through line 9, whereas acetic acid
aqueous solution withdrawn from the bottom of the tower
through line 10 contained 7.1 wt% of acetic acid, 0.53 wt%
of acrylic acid, which was recycled to the acrylic acid
absorption tower 101 and used Ffor agsorbent to contact

with the mixed gas produced by catalytic gas phase oxidation.



stripping tower 103 and the solvent was recovered from the top of the
tower through line 9, whereas acetic acid aqueous solution withdrawn from
the bottom of the tower through line 10 contained 7.1 wt % of acetic acid,
0.53 wt% of acrylic acid, which was recycled to the acrylic acid
absorption tower 101 and used for absorbent to contact wth the m xed gas
produced by catal ytic gas phase oxi dat4 on.

14 Conpar ative Exanple 1 The general procedure of Exanple 1 was
repeated exce@onishtdeiveretryhpieobutyl ketone was used as the azeotrope
solvent and the refluxing ratio was 1.43, thereby carrying out the

azeotropi ¢ di stytd atgeﬁefalth%roeeaﬁkéc 8¢l dE&ﬁh&?Q!éS Pl ufdon. re,?eatéﬁ_the
statlonary run, the aqueous phase of line 8 contained 6.6 W% acetic

acid and $aoopt o a@] ro b8 WHAMES Bt WelPSubial B e

1. On the I quid romthe bottomof t

azeot ropi on 10 r h I | nt e 0/

acrylic a%zze&gﬁ%sé W%E:’et [ (?:anéigl d g%/\)t"?/lfg& Q: ‘21 ‘%S V\% 92 wt %
of the others. Thus the anDu t g%ﬁacetlc aci d S Qy % order of
magni t ude . mMRFERT R&P%&mﬁﬁ1 tionef,cRBea
procedure of Exarrp vvas r epeat ed

acrylic ac1d agqueous solution.

At the stationary run, the aqueous phase of line 8
contained 6.6 wt% of acetic acid and 4.0 wt% of acrylic
acid which was about 8 times that of Example 1. On the
other hand, the 1liquid withdrawn from the bottom of the
azeotropic separation tower 102 through line 15 contained
96.9 wt% of acrylic acid, 0.2 wt% of acetic acid, 0.01
wt? of the solvent and 2.92 wt% of the others. Thus, the
amount of acetic acj.d was higher by one order of
magnitude than in Example 1.

Comparative Example 2

The general procedure of Example 1 was repeated
excepting that toluene was used as the azeotrope solvent
and the refluxing ratio was 1.23, thereby carrying out
the azeotropic distillation of the acrylic acid aqueous
solution.

At the étationary run, ‘the aqueous phase of line 8
contained 6.7 wt% of acetic acid and 5.8 wt% of acrylic
acid which was about 10 times that of Example 1. On the

other hand, the liquid withdrawn from the bottom of the



excepting that toluene was used as the azeotrope solvent and the refl uxing
ratio was 1.23, thereby carrying out the azeotropic distillation of the
acrylic acid aqueous solution. At the stationary run, the aqueous
phase of line 8 contained 6.7 W% of acetic acid and 5.8 wt% of acrylic
acid which was about 10 tinmes that of Exanple 1. On the other hand, the
liquid withdrawn fromthe bottom of thg

15 azeotropic separation tower 102 through line 15 contained 97.0 wt % of
acryl i c aciededkPiq vsepagesion sovikr 1021 thpouadi tinre sdbveantainedos
wt % of the others. Exanpl e 2 The general procedure of Exanple 1
was repeat &F.exwept ioff elcayidan aeidsolbvldt wit nefhydcetsiohuaglidket @n@l and
heptane (m xing ratio by weight of 65:35) was used as the azeotrope

sol vent ang/ithef eileixsohDvent | ande3. 46 Gty dfhettabyotsersi ng out the
azeotropic distillation of the- acrylic acid aqueous sol ution. At

the stationary rgghmple 2queous phase of line 8 contained 6.6 w % of
acetic acid and 0.6 W% of acrylic acid. On the other hand, the liquid

wi t hdrawn from te bgéivlfmf e cRAGRE' ngc FRRHAL O tQuar mépégkegggl

| ine 15 contai ned 96. % of acrylic aci 0.03 wt% of acetic aci

0, 0,
wt % of the ésfcl:e\/ftn{ngan%h%’t()?amm?x%cd tgglvent of methyl isobutyl ketone

and heptane (mixing ratio by weight of 65:35) was used as

the azeotrope solvent and the refluxing ratio was 1.65,

thereby cafrying out the azeotropic distiliation of the -
acrylic ac'id aqueous solution.

At the stationary run, the aqueous phase of line 8
contained 6.6 wt% of acetic acid and 0.6 wt% of acrylic
acid. On the other hand, the 1liquid withdrawn from the
bottom of the azeotropic separation tower 102 through
line 15 contained 96.9 wt% of acrylic acid, 0.03 wt?% of

acetic acid, 0.0l wt% of the solvent and 3.07 wt% of the

others.l

Example 3

The general procedure of Example 1 was repeated
excepting that a mixed solvent of methyl—ter_t-butyl
ketone and toluene (mixing ratio by weight of 65:35) was
used as the azeotrope solvent an_d the refluxing ratio was

1.89, thereby carrying out the azeotropic distillation of

the acrylic acid aqueous solution.

At the stationary run, the aqueous phase of line 8



ot hers. Exanpl e 3 The general procedure of Exanple 1 was
repeated excepting that a mxed solvent of nethyl-tert-butyl ketone
and toluene (mxing ratio by weight of 65:35) was used as the azeotrope
solvent and the refluxing ratio was 1.89, thereby carrying out the
azeotropic distillation of the acryhigc aci d aqueous sol ution. At the
stationary run, the aqueous phase of line 8

16 contained 6.7 wt % of acetic acid and 0.5 wt%of acrylic _acid. On the
ot her han&ontadneduPd7wivtir 9fn 3G hacifotdh Br ot et %z 08t rprel ic
separation tower 102 through 1line 15 contained 97.3 w % of acrylic acid,

0. 03 wt % @fcidacePinc tRed otthey 1 hamdd, of thie kifuicht witddragm wEvpwf the

ot hers. Exanpl e 4 The general procedure of Exanple 1 was repeated
except i ng bctdtom fkedtls| vameotofoprixt hyseparation yl tdeeonel 0Andtepaghe
(mxing ratio by weight of 65:35) was used as the azeotrope sol vent and
the refl udiing r abi comtsainétd, 97.3ereby oI racingl Deit aidid,az@o03 Owite of
distillation of the acrylic acid agueous sol ution. At the stationary

run, the gpeous ab2as of. 001N&8 68NtReNeb1&ntMIAQT 2269t ik3ad# and 0.5
wt % of acrylic
others.

Example 4

The general procedure of Example 1 was repeated
excepting that a mixed solvent of methyl~-tert-butyl ketone
and heptane (mixing ratio by weight of 65:35) was used as
the azeotrope solvent .and the refluxing ratio was 1.99,
thereby carrying out the azeotropic distillation of the
acrylic acid aqueous solution.

At the stationary run, the aqueous phase of line 8
contained 6.6 wt% of acetic acid and 0.5 wt% of acrylic
acid. On the other hand, the 1liquid withdrawn from the
bottom - 0of the azeotropic separation tower 102 through
line 15 contained 97.2 wt% of acrylic acid, 0.03 wt% of
acetic acid, 0.001 wt% of the solvent and 2.77 wt% of the
others.

Comparative Example 3

The general procedure of Example 1 was repeated
excepting that the mixing ratio by weight of methyl
isobutyl ketone and toluene was 85:15 and the refluxing

ratio was 1.41, thereby carrying out the azeotropic



acid. On the other hand, the liquid withdrawn fromthe bottom of the
azeotropi c separation tower 102 through |line 15 contained 97.2 wt % of
acrylic acid, 0.03 wt% of acetic acid, 0.001 wm% of the solvent and 2.77

wt % of the others. Conpar ati ve Exanple 3 The genera

procedur e

of Exanple 1 was repeated exceptingiyhat the mxing ratio by wei ght of

nmet hyl i sobutyl ketone and tol uene was 85:15 and the refl uxing

1.41, thereby carrying out the azeotropic

rati o was
17

dlStIHiﬂl(HEé%lifﬁtfgﬁy fctﬁglgcgg u§c§§I hgggu&) 1edliohe stationary

run, the aqueous phase of |1ne alne

w % of acrylic agid, On the.other hand tt?’@’-zl %‘"té}z?a[sae

botton1of t he azeéot ropl c separati

97.3 wt % of ac lic_.a 0 @6of .acetic_ac @60
and 2.59 w989 X’rﬂ%d gJ%%‘e E’t% of Beghice acid a'“%h 6)ggné" | ‘a
Exanpl e 1 was_repeated_  exce tlngb;hat the m xing ratio by wei
i sobutyl ket®h@- arfR t JMfenet

acetlc acid and 0.5
omt he
g chtagna
t he skoent
o ST B f
ght of netl1y|
i) artidre hélﬂé‘fllduxwhﬁhdFét"Po ﬁ\ﬁ%ml

thereby carrying out the azeotropic distillation of the acrylic acid
aqueous solkettpm of the azeotropic separation tower 102 through

line 15 contained 97.3 wt% of acrylic acid, 0.10 wt% of

acetic acid, 0.01 wt% of the solvent and 2.59 wt% of the

others.

Example 5_

The general procedure of Exampie 1 was

repeated

excepting that the mixing ratio by weight of methyl

isobutyl ketone and toluene was 50:50 and the refluxing

ratio was 1.49, thereby carrying out the azeotropic

distillation of the acrylic acid aqueous solution.

At the stationary run, the aqueous phase of line 8

contained 6.7 wt® of acetic acid and 0.5 wt®% of acrylic

acid. On the other hand, the liquid withdrawn from the

bottom of the azeotropic separation tower 102 through

line 15 contained 96.8 wt%¥ of acrylic acid, 0.03 wt% of

acetic acid, 0.001 wt$ of the solvent and 3.17 wt% of the

others.
Example 6

The general procedure of Example 1 was

repeated

excepting that a mixed solvent of methyl isobutyl ketone

and methylcyclohexane (mixing ratio by weight of 65:35)



At the stationary run, the aqueous phase of line 8 contained 6.7 w % of
acetic acid and 0.5 wt% of acrylic acid. On the other hand, the liquid

wi t hdrawn fromthe bottom of the azeotropic separation tower 102 through
line 15 contained 96.8 wm % of acrylic acid, 0.03 wt% of acetic acid, 0.001
wt % of the solvent and 3.17 wt % of tH& others. Exampl e 6 The
general procedure of Exanple 1 was repeated excepting that a m xed sol vent
of nethyl isobutyl ketone and methyl cycl ohexane (m xing ratio by wei ght of

65: 35) was uset% 2s the azeotrope soii‘g%l%t“@ﬁdu:l?%bax?ekﬂﬁxi‘ﬁsogﬁpfo

solvent and the re uxing ratro was th y carrying. out

NS P T e e T A T M

At the stationary TUn, the aquedus cont ai ne

acetic acig.apd.0.5 . wt % crylic_ .acid.. On the other hand, the liquid

o thar avn FHERLAEEIER Pt AL ai CERR SO Rgr 102 ¢ hr ough
line 15 contained 97.3 wt % of acrylic acid, 0.03 wt%of acetic acid, 0.001
W % of the sol vBht BRE SHEEiQnATY fHE. dilfer 3queocus phase| €f7 line &ne

general procedure of Exanple 1 was repeated excepting that a m xed sol vent
of methyl -ceptapped Rebowmk? of acetic acid and 0.5 wt% of acrylic

acid. On the other hand, the liquid withdrawn from the
bottom of the azeotropic separation -tower 102 through
line 15 contained 97.3 wt% of acrylic acid, 0.03 wt% of

acetie acid, 0.001 wt% of the solvent and 2.67 wt% of the

others.

Example 7

The general procedure of Example 1 was repeated
excepting that a mixed solvent of methyl-tert-butyl ketone
and methylcyclohexane (mixing ratio by weight of 65:35)
was used as the azeotrope solvent and the refluxing ratio
was 1.60, thereby carrying out the azeotropic
distillation of the acrylic acid aqueous solution.

At the stationary run, the -aqueous phase of line 8
contained 6.8 wt% of acetic acid and 0.5 wt% of acrylic
acid. On the other hand, the liquid withdrawn £from the
bottom of the azeotropic separation tower 102 through
line 15 contained 97.4 wt% of acrylic acid, 0.03 wt% of

acetic acid, 0.001 wt% of the solvent and 2.57 wt% of the

others.

Example 8



and net hyl cycl ohexane (m xing ratio by weight of 65:35) was used as the
azeotrope solvent and the refluxing ratio was 1. 60, t her eby carrying
out t he azeotropic distillation of the acrylic acid agqueous sol ution.
At the stationary run, the aqueous phase of line 8 contained 6.8 w % of
acetic acid and 0.5 wt% of acrylic gpgid. On the other hand, the liquid

w thdrawn fromthe bottom of the azeotropic separation tower 102 through

| i ne 15 cont ai n¥He97 gentr’alof progedureciaf ELSnpléo ol westi cegeiated. 001
wt % of the solvent and 2.57 wt % of the others. Exampl e 8

19 Thexgepeiag Prdetdu ofideRNMPcavéntas ofepadetthylexeiiont tad a
m xed sol vent of diethyl ketone and toluene {mxing ratio by wei ght of

65: 35) wasig$gEneS (xifd ©2hEIBe KL WeiYntands  BS:BSh! widd0usali asashed - 58,
t hereby carrying out the azeotropi¢ distillation of the acrylic acid

aqueous so‘l8 1.QO. 'S loRary T ‘gﬁ‘ q ph ofy ldde 8
cont ai ned 'E%b\%?%pgf a%égit‘lr%agci gﬁgndr{&% v#‘r%lo agﬁyﬁ%{:@%ci %’.%?’01 t'h%él'ot her
hand, the %: uid wi thdrawn fromth bott om_ of .t he.,azeot ropi.c_separ at, on
Cower 100 FRESGON FPRGYTASoRPEi N o PZORIIPIF atiSEreIAErAn 0003 s of
acetic acid, 0.001 wt% of the solvent.  and 2. 77 wt % of the others.

acrylic acid aqueous solution.

At the stationary i‘un, the aqueous phase of line 8
contained 6.2 wt%¥ of acetic acid and 0.5 wt¥% of acrylic
acid. On the other hand, the liquid withdrawn £rom the
bottom of the azeotropic separation tower 102 through
line 15 contained 97.2 wt% of acrylic acid, 0.03 wt% of
acetic acid, 0.001 wt% of the solvent and 2.77 wt% of the

others. .

Example 9

The general procedure of Example 1 was repeated
excepting that a mixed solvent of diethyl ketone and
heptane (mixing ratio by weight of 65:35) was used as the
azeotrope solvent and the refluxing ratio was 1.83,
thereby carrying out the azeotropic distillation of the
acrylic acid aqueous solution.

At the stationary run, the aqueous phase of line 8
contained 6.0 wt% of acetic acid and 0.4 wt% of acrylic
acid. On the other hand, the 1liquid .withdrawn from the
bottom of tﬁe azeotropic separation tower 102 through

line 15 contained 97.0 wt% of acrylic acid, 0.03 wt%® of



Exanpl e 9 The general procedure of Exanple 1 was repeated excepting
that a m xed solvent of diethyl ketone and heptane (m xing ratio by wei ght
of 65:35) was used as the azeotrope solvent and the refluxing ratio was
1.83, thereby carrying out the azeotropic distillation of the acrylic
aci d aqueous sol ution. At the stationary run, the aqueous phase of
line 8 contained 6.0 wt % of acetic28cid and 0.4 wt% of acrylic acid. On
the other hand, the liquid withdrawn fromthe bottom of the azeotropic

separation tower 102 through..line 15 cqontained 97.0 ato f. acryli id,
0.03 w % of ac\gglc ac1<;], 6].801 wtg o% é)he s9 veniécgfx Céat |7d,w%%109% %&%of
t he sol vent %nd 2.97 wt % of the others. Exanpl e 10 The genera
procedure oPt™B&EZfple 1 was repeated excepting that a mixed sol vent of
di ethyl ketone and nethyl cycl ohexane (m xing ratio by weight of 65:35) was
used as the .azeoBZ@@®Leoi}Pent and the refluxing ratio was 1.34, thereby
carrying out the azeotropic distillation of the acrylic acid agueous
sol uti on. Affhehe ganEtadnargrocedurde afjucBzamphaselof wiasne répeated
contained 6.1 w % of acetic acid and 0.4 wt% of acrylic
excepting that a mixed solvent of diethyl ketone and
methylcyclohexane (mixing ratio by weight of 65:35) was
used as the azeotrope solvent and the refluxing ratio was
1.34, thereby carrying out the azeotropic distillation
of the acrylic acid aqueous solution.

At the stationary run, the aqueous phase of line 8
contained 6.1 wt% of acetic acid and 0.4 wt% of acrylic
acid. On the other hand, the 1liquid withdrawn from the
bottom of the azeotropic separation tower 102 through
line 15 contained 97.4 wt% of acrylic acid, 0.03 wt%® of
acetic acid, 0.001 wt% of the solvent and 2.57 wt% of the

others.

Example 11

The general procedure of Example 1 was repeated
excepting that a mixed solvent of methyl propyl ketone and
toluene (mixing ratio by weight of 65:35) was used as the
azeotrope solvent and the refluxing ratio was 1.67,
thereby carrying out the azeotropic distillation of the
acrylic acid aqueous solution.

At the stationary run, the aqueous phase of line 8

contained 6.1 wt% of acetic acid and 0.4 wt% of acrylic



acid. On the other hand, the liquid withdrawn fromthe bottom of the
azeotropi c separation tower 102 through |line 15 contained 97.4 wt % of
acrylic acid, 0.03 wt% of acetic acid, 0.001 wm% of the solvent and 2.57
wt % of the others. Exanple 11 The general procedure of Exanple
1 was repeated excepti ng that a mad solvent of methyl propyl ketone and
toluene (mxing ratio by weight of 65:35) was used as the azeotrope

sol vent and adied+ efQruxithg ratherwhnrnd,67thet hek@pid c ditpdrgwsut frpm  the
azeotropic distillation of the acrylic acid agueous sol ution. At the

stationary rhotteme @fucbie paaeetvbpicnes@parabicn netowen w02 of threugh
acid and 0.4 wt% of acrylic ' 21 acid. On the

ot her hand, Yirwel i1Gui dontabdeawdF.Iomvtde ofbcatoyl Dé Bledidgzedti 0Bpwt: of
separation tower 102 through 1line 15 contained 97.3 w% of acrylic acid,

0.03 wt % of agseitCartad. OO.0UA wdo oE the TYMatit aasd 22087Whi0fof hehe
ot hers. Exanple 12 The general procedure of Exanple 1 was

repeated exgepiigy that a m xed solvent of nethyl propyl ketone and
heptane (m xing rati o by wei ght of 65:35) was used as the azeotrope

solvent and th %kgx ratio was 1.94, thereby carrying out the
azeotropic distil t he

The general procedure o¢f Example 1 was repeated
excepting that a mixed solvent of methyl propyl ketone and
heptane (mixing ratio by weight of 65:35) was used as the
azeotfope solvent and the' refluxing ratio was 1.94,
thereby carrying out the azeotropic distillation of the
acrylic acid aqueous solution.

At the stationary run, the aqueous phase of line 8
contained 6.0 wt?% of acetic acid and 0.4 wt¥ of acrylic
acid. On the other hand, the liquid withdrawn from the
bottom of the azeotropic separation tower 102 through
line 15 .contained 97.1 wt% of acrylic acid, 0.03 wt% of

acetic acid, 0.001 wt%¥ of the solvent and 2.87 wt% of the

others.

Example 13

The general procedure of Example 1 was repeated
excepting that a mixed solvent of methyl propyl ketone and
methylcyclohexane (mixing ratio by weight of 65:35) was
used as the azeotrope solvent and the refluxing ratio was

1.58, thereby carrying out the azeotropic distillation



acrylic acid aqueous sol ution. At the stationary run, the aqueous
phase of line 8 contained 6.0 wt% of acetic acid and 0.4 wt % of acrylic
acid. On the other hand, the liquid withdrawn fromthe bottom of the

azeotropi c separation tower 102 through |I|ine 15 contained 97.1 wt % of
acrylic acid, 0.03 wt% of acetic acid, 0.001 w% of the solvent and 2. 87
wt % of the others. Exanpl e 1322 . The general procedure of Exanple

1 was repeated excepting that a m xed sol vent of nethyl propyl ketone and
met hyl cycl ohexane (m xing ratio by weight of 65:35) was used as the

azeotrope gt viemé asdylihe aeiluagoneonst s6luBsonl. 58, thereby carrying out
the azeotropic distillation 22 of the

acrylic acid aquggusti®! éta®lonary Alin! Nens! addWeaiy phasd hefaquemiss
phase of line 8 contained 6.2 w% of acetic acid and 0.5 wt% of acrylic

acid. Ont heB2M¢. 2 L0Rsl | 9E1 doWiiRArawy T a8 (1% ekt Qe Ohclhe;
azeotropicnggggggtfon tower 102 th%ﬁ%ﬁ%g l'1Tne 15 contained 97.1 mf%?o%c
acrylic acid,.0.0 % j C Ld, 0071 . W %, of | ye d 87
W% of the a%:{.%.er go}{"t Qlﬁ; g)%gl%': eh h, 1913 11%1/91 w:i@ﬁ‘df&v?{ r}tro"i‘nl“ t?ne
bottom of the azeotropic éeparation tower 102 through

line 15 contained 97.1 wt$% of acrylic acid, 0.03 wt% of

acetic acid, 0.001 wt% of the solvent and 2.87 wt% of the

others.

Example 14

The general procedure of Example 1 was repeated
excepting that a mixed solvent of n-propyl acetate and
toluene (mixing ratio by weight of 65:35) was used as the
azeotrope solvent and the refluxing ratio was 2.10,
thereby carrying out the azeotropic distillation of the
acrylic acid aqueous solution.

At the stationary run, the aqueous phase of line 8
contained 6.2 wt?® of acetic acid and 0.5 wt% of acrylic
acid. On the other hand, the liquid withdrawn from the
bottom of the azeotropic separation tower 102 through
line 15 contained 97.5 wt% of acrylic acid, 0.03 wt% of
acetic acid, 0.001 wt% of the solvent and 2;47 wt¥ of the
others.

Example 15

The general procedure of Example 1 was repeated

excepting that a mixed solvent of n-propyl acetate and



The general procedure of Exanple 1 was repeated excepting that a m xed

sol vent of n-propyl acetate and toluene (mxing ratio by weight of 65:35)
was used as the azeotrope solvent and the refluxing ratio was 2. 10,

t hereby carrying out the.azeotropic distillation of the acrylic acid
aqueous sol ution. At the stationary run, the aqueous phase of line 8
contained 6.2 wt% of acetic acid ag 0.5 wt% of acrylic acid. On the other
hand, the liquid withdrawn fromth bottom of the azeotropic separation
tower 102 through 1line 15 contained 97.5 w % of acrylic acid, 0.03 wt % of

acetic aci dtoQuQQJa V(tméﬁfng} heatebvaRt wihrk 4de We%: 86 )t Rfas Okd€dSas the

Exanpl e 15 he general procedure of Exanple 1 was repeated excepting

that a nixed, %gltya% ofsgi_[‘p%ﬂeyl aﬁ ?1% andhfluxing ratio was 2.14,

23 tol uene (m xing rat y wel g 65:35) was used as the azeotrope

sol vent andihgehd) | XLIG 081 BalRSte LdpedthRARY GIEEYLRELILE 108 fne,

azeot I’Opl Cc 5 tron acry I C acCl ueous Sso

statlonary ru the aqueous hase line 8 contained 6.2 w % of acetic
acid and 0 C\ﬁ? ﬁ%l s F£o ﬁc‘l'F’t% other hand, the |iquid withdrawn

fromthe bottom of the azeotropic separation tower 102 through
At the stationary run, the aqueous phase ©0f line 8

contained 6.2 wt% of acetic acid and 0.5 wt% of acrylic
acid. On the other hand, the liquid withdrawn £from the
bottom of the azeotropic separation tower 102 through
line 15 contained 97.4 wt% of acrylic acid, 0.03 wt% of
acetic acid, 0.001 wt% of the solvent and 2.57 wt% of the
others.

Example 16

The general procedure of Example 1 was repeated
excepting that a mixed solvent of n-propyl acetate and
methylcyclohexane (mixing ratio by weight of 65:35) was
used as the azeotrope solvent and the refluxing ratio was
1.66, thereby carrying out the azeotropic distillation
of the acrylic acid aqueous solution.

At the stationary run, the agqueous phase of line 8
contained 6.3 wt% of acetic acid and 0.5 wt% of acrylic
acid. On the other hand, the 1liquid withdrawn £from the
bottom of the azeotropic separation tower 102 through
line 15 contained 97.3 wt% of acrylic acid, 0.03 wt% of

acetic acid, 0.001 wt% of the solvent and 2.67 wt% of the

others.



line 15 contained 97.4 wt % of acrylic acid, 0.03 wt% of acetic acid, 0.001
wt % of the solvent and 2.57 wt % of the others. Exanpl e 16 The
general procedure of Exanple 1 was repeated excepting that a m xed sol vent
of n-propyl acetate and nethylcycl ohexane (m xing ratio by weight of

65: 35) was used as the azeotrope solvent and the refluxing ratio was

1.66, thereby carrying out the azeotropic distillation of the acrylic acid
aqueous sol ution. At the stationary run, the aqueous phase of line 8
contained 6.3 w% of acetic acid and B45 wt % of acrylic acid. On the other
hand, the liquid withdrawn fromthe bottom of the azeotropic separation
tower 102 through Iline 15 contained 97.3 wt% of acrylic acid, 0.03 wt % of
acetic acid, 0.001 wm% of the solvent and 2.67 wm % of the others.

24 I't sheyl d v edpé hahotali Ohatar hald s andari®eidhgat baas of
the inventi on can be made to the enbodinments and exanpl es set out
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as define In the wi ng clalns.
embodiments and examples set out hereinbefore without

departing from the spirit and scope of the invention as

defined in the following claims.
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25 Cainms 1. A process for producing acrylic acid whic 3% een Beplaced

[
subj ecting propylene and/or acrolein to catalytic gas phase oxmﬂﬂmmwﬂm"l
a nol ecul ar oxygen containing gas to obtain a m xed gas, conta
m xed gas with water in an acrylic acid absorption tower to obtain an
acrylic acid aqueous solution conprising 50 to.80 wt% of acrylic acid, 2
to 5w %of acetic acid and the bal ad%e being of water, and,i et ng
the acrylic acid aqueous solution into an azeotropi c separ at dﬂ[’!@%i.@%ﬂl"l"l
distillation of the acrylic acid aqueous solution along with s
solvent to separate acrylic acidif mom fpeg.acrylic acid aqueous sol ution,
wherein said azeotrope solvent is a mxed solvent consisting of at |east
one solvent A of diethyl ketone, nethyl propyl ketone, nethyl isobutyl
ketone, methyl-tert-butyl ketone and n-propyl acetate and at |east one
solvent B of toluene, heptane and nethyl cycl ohexane in a mxing ratio by
wei ght bet deen & hereeesentfox apdodheingl wemylBci mc¢idk whdchr opempoisest in
the range of 50:50 to 75: 25 whereby a mxture consisting
subst ant i alshipjefctdosg | cpoopyll emat eandpidrt hacaoteinopeosolostdlyisic di gkl | ed
off fromthe top of the azeotropic separation tower and acrylic acid which

I s subst antphalsey &%£@atioACetitth agi Gnol@hAlardNékyddie-A38AIRPRGS YA Ntol S
obtained fromthe bottomof the tower.

obtain a mixed gas, contacting the mixed gas with water in

an acrylic acid absorption tower to obtain an acrylic acid

" aqueous solution, and introducing the acrylic acid
aqueous solution into an azeotropic separation tower for
distillation 6f the acrylic acid aqueous solution along
with an azeotrope solvent to separate acrylic acid from
the acrylic acid aqueous solution, wherein said azeotrope -
solvent is a mixed solvent consisting of at least one
solvent A _ of diethyl
ketone, methyl propyl ketone, methyl isobutyl ketone.,
methyl-tert-butyl ketone and n-propyl acetate and at
least one solvent B | of
toluené, heptane and methylcyélohexane whereby 'a mixture
consisting substantially of acetic acid, water and the
azeotrope solvent is distilled off from the top of the
azeotropic separation tower and acrylic acid which is
substantially free of acetic acid, water and the

azeotrope solvent is obtained from the bottom of the

tower.



26 2. The process according to Claimi1, wherein the m xt gUHI" mnmmul,””"l
consi sting substantially of acetic acid, mater and the azeotr

obtained fromthe top of the azeotropic separation tower is i ntroduced" ®
into a solvent stripping tower and di,stilled to obtain a distillate

contai ning the azeotrope solvent froMthe top of the solvent stripping
tower and also to obtain an acetic acid aqueous solution consisting

substanti ably r¢fe apeblesacigbadichiipt 86 f(’fﬂﬁxﬁ he ,bofh@Pe9h e SHi4Eg

stripping tower, said distillate being recycled’to tﬁe azeotropic

separ atlonrgg%r b %'eqﬁ@ﬁetbe?tx?%?xg 24 e Méjtho%ﬂf e egng,OgFt%the

acrylic aci absor ption tower con ng w t m xXed gas ai ned

by the catalyt ase oxi dati

thegg§e8 Idpe ‘solven is in the range of 50:50 to 75:

25.

3. The process according to Claim 1 or 2, wherein the
acrylic acid aqueous solution introduced into the
azeotropic separation tower comprises 50- to 80 wt% of

acrylic acid, 2 to 5 wt$% of acetic acid and the balance

being of water.

4. The process according'to.any of Claims 1 to 3, wherein
the mixture consisting substantially of acetic acid,
water and the azeotrope solvent obtained from the top of
the azeotropic separétion tower 1is introduced into a
solvent stripping tower and  distilled to obtain a
distillate containing the azeotroée solvent from the top
of the solvent stripping tower and also to obtain an
acetic acid aqueous solution consisting substantially of
acetic acid and water from the bottom of the solvent
stripping tower, said distillate being recycled to the
azeotropic separation tower, said acetic aqueous
solution Dbeing recycled to the acrylic acid absorption

tower for contacting with the mixed gas obtained by the

catalyfic gas phase oxidation. Ths&meuB«ch

T




