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OF THE INVENTIOdmm he I nvention: This invention relates to a

met hod for the pro uctdon of acrylic acid, which nethod is characterized by
preventing the bottons of an azeotropic dehydration cquQh]ngVnzmn
substantially containing a dehydrating sol vent and water by 10 causing the
columm top conposition of the azeotropic dehydration colum to have an
acrylic acid concent r METEOD FORN ROV TN @HOACRYLBO a¢1p$. Description
of the Related Art: 15 Acrylic acid is used in coating material, processed
fibers, leather, and building material besides being utilized as a

copol ymer for acrylic fibesnowcramd cadhies viaraaeftogn the form of

enul sion. These applications have been placing a growi ng demand on t he
acrylic acid. Thus, the desirability 20 of devel oping a process which
allows use efiean LFEORRNSINMAEJEAW Rt Eerial, permts expansion of production,
and entails environnental pollution only sparingly has been finding popul ar
recogni tion. The Thdsyliinyeatiion sedenesakbyapnethcédfdy the pradidobonf

catalytic g . QXi dati on .o ropyl.ene, . 25 for exanple. The reaction of
catal ytic ggg %%giglgxa}cdlaci‘i B’rpl\ﬁk’l I_Bﬁt%gllﬁcgéfrﬁ‘lcit@r&@i H¥ RreveRpkting
product , honheerboﬁtoﬂECGSfaQﬁD|@h@p@&@@hﬁﬂeaeﬁﬁebaﬂion column  from .

f or mal dehyde, conpounds _such as acetic acid which have | ower boiling points

than acryl i EUREt@NtdRd IdorpHLAdE 186ch drhydrating ssilyentmandwathriaye 30
hi gher fpi | £AgsRANt SHEN I Ci ~products. thereof .. This
reaction, thergfo e, P%qﬁ??gg&%uc Egtggggggqéﬁgg%bggg %ﬁeeuﬁ%§?%F°plc

aci d- cont ai dehydgags iiomt godnmabsorieerd am anwyildg acid cdndeMovalOncomt ai ned
al dehydes from the abs ent, deprjvi the absorbent of water, and then
further sepéggt irr?(ffgleow%lr)g)l'lrbleng 373' Otﬁ'es% 'and hi gh boiling substances from
the residue contained acrylic acid. 5 The acrylic acid itself, however, is
chemi cally anal ogous with acetic acid particularly anmong ot her by-products
ment i oned aBEFEX PSS o WhpPhfdehrie ot easily separated from each
other begause !NRYHaseest: & M4 As08Y2hC8baRRloC RANLA AP AILL S guch as
vapor-liquid 10 equilibrium us, numnerous sugaestlonséhdv een nade
concer ni ng dibetrksodléather f ianiddmiild dehpdteatriind et de s bielinigngt Ahi zed

azeotropi c agent fromthe acrylic acid-containing agueous so uti on produced
by the absofpt Pofio8P 1A 18 AGHY Sé Uopst 4t AINRBATT AgTH
therefrom 13nmheélEstinldfPém@Dsion. These applications have beenplacing

W“w‘mﬁmﬂm THOD FOR PRODUCTI ON OF ACRYLI C ACI D BACKGROUND

a growing demand on the acrylic acid. Thus, the desirability
20 of developing a process which allows use of an inexpensive
raw material, permits expansion of production, and entails
environmental pollution only sparingly has been finding
popular recognition. The acrylic acid is generally produced
by the reaction of catalytic gas phase oxidation of propylene,
25 for example. The reaction of catalytic gas phase oxidation
which yields acrylic acid as a target product, however,
produces acrolein, aldehydes such as formaldehyde, compounds
suchas aceticacidwhichhavelowerboilingpoints thanacrylic
acid, and compounds such as acrylic acid dimer which have
30 higherboilingpoints thanacrylicacidasby-products thereof.
This reaction, therefore, requires such steps as absorbing

an acrylic acid-containing gas into an absorbent, removing
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The official gazette of JP-B-63-10,691, for exanple, discloses a nethod for
produci ng purified acrylic acid by absorbing the gas forned by the

catal yti c gas phase oxidation of propyl ene and/ or acrolein g/l wb@@u' ar
oxygen, 20 supplying the resultant acrylic acid-containing CL S | ution

to a dehydrating distillation colum, then distilling this agueous sol ution
in the presence of an azeotropic solvent capable of form ng an azeotropic

m xture of RAERHIRA adddedbydesd £remebihexpdiscdniersubsdapriialing t bhe25

whol e of th p f ceti id contained in the acrylic
aci d- cont ai %Br,%%%lg%%s{f gélﬁ:ﬁ i o%&gsﬁb%ﬁgﬁtﬂef FﬁPP&&%c‘i“ﬂngﬁ’egaﬁi#Hc acid
still retaimulptaretés anddhtlgar doiland heulbot 4n88s0ff ridie €10 UFBsEQuan

acetic acid sarﬁ%‘ratié)n colum, djstilling the persisting acetic acid in 30
conj unct i on SR YHE £t FHpidCdt vent through the top of the acetic acid

separ ati®n col unmphenddmanwhi he igeceygkh g t ifiedsackybi ¢ [
t hrough the bottom of the col umw.l - 2 7H§IVCS%U%(%0? Eij'ﬁe ?%{e}fg%??g%g

publ i shed i RRHOIFYS civtityaAcetdqemdishedbaoleul aclyenambhy hathbeen
DS ; | , g
produce 'nﬁy-g&l&mfé{? i D 9 %fﬁé?”‘srnqel eortv?&(a{%gxb\ﬁ% Bag %%gtséfc%‘égc'of

cannot be effe vely renoved under e con ion al

the 5 azeot regsiiclsekpenatied fiwm batham lpar bechutket kee posaass defydagat i on
t, to renove the acetic acjd under the condition allow ng

| . Al ttel .
?18 grm;sencg pﬁysgh@aa]zeSPflop?Ee@b?‘%ntprﬁ’rF?erﬁ%lﬁF%t Sudef 88t sVRRRR-44944fi eri ng

the acrydi c expiidl 1K NOA Y TEPhEE, | Rulded JudYi Ay dEHM ERE Wadd e t nhheough
the 10 top of the distillation colum and increasing the pressure drop of
the col um. BRI NG easometilipd priqs | efbfcientlyi ndehydrabingnsanid. e. an
azeotropic hydi @t § cqal.um eti i d sfqrgg[at' co .for the
operati on, S%i ng lgini a eot%rnopi %Qgg}:gg ?Ei n ag%é?}#t he "azeot lrtgl%i C %ég?%'rlgti on
col um 15 art tdrecaret it g iadueens ablonionl produexpalyt the dysdiptibhati on

substantially_ the ol e of wajer d part of acetic acid i,n the agueous
acrylic aci C?Y%SFE&Y' dff ?%b‘étarﬂﬁi %W?Hetrh%e%?é%??‘B%iacc%to‘r‘?/@ﬁtl%n‘éHFFS E8Mabove
t hroughishe gy ift i1 92Z&9f r opi ¢ dehydration col um, and subsequently 20
subjecting in the acetic acid separation colum the acetic acid and acrylic

acid extracted t I ipidbtdarrtcie tde BB Ht1 ®n62b) uAATt ©XPUPLEI cat i on

by the use qf; ﬁ r{‘%)ﬁlﬁ 5@?]5' h LR:wogue. The
of ficial gagieltsié(}eoo %{ , %éoﬂ(s%]s%d]f e o%@@eél%?%%% %§r§gr%t hglér ggucti on
of purified ayortbinqache, gadifolrmeet bpd heooptaigs ikegpsps phhadecorddathbnat i on
of an azeotropic sol ient in the range of 5 - 30, wt. %and_the concentration

of water not°lroPEOPHARNE. 5200/ 0% | FIHRIBR t ofEL it BN L1ESMIETopPEY IR,

dehydrapoon igiphnd/t theziRG itz eatrPPis el nithg OhyfiBoaRd an
acetic acid separation colum for the operation, and setting the
t heoretical sftlattelguntied s af delwdALRG chidt ihlakhionangelBmng -then Sjnce

acrylic aci ddl'ssci?f'll é’sgﬁklsy a'qu‘?éous solution in the presence of an

azeotropic solvent capable of forming an azeotropic mixture
of water and acetic acid thereby expelling substantially the
25 whole of the water and part of the acetic acid contained in
the acrylic acid-containing aqueous solution, subsequently
introducing the acrylic acid still retaining acetic acid
therein as the bottoms of the column to an acetic acid
separation column, distilling the persisting acetic acid in
30 conjunction with the azeotropic solvent through the top of
the acetic acid separation column, and meanwhile recovering

the purified acrylic acid through the bottom of the column.



T ~ ~1 OV 2002 easily polynerizing substance, the distillation colum after
conti nuous operation tends to forma detestable polyner in the nei ghborhood
of the bottom of the azeotropic dehydration colum and in ti}e‘,r@ mf hood
of the top of the acetic acid 5 separation colum. The inventio % 1 shed
in this official gazette has been produced in view of this defective point.
Speci fically, y.setting the concentration of the azeotropic solvent in the
range of 5 _-T%% %Ai“.’%{éh%“t%bibﬁﬁﬁﬁt Bt FBR BfIhatel ABFekbremeRddomes w %
preferably 1absve invigentlaly lad bedn B2 dthitidd)i R APLEATR #0117 1ing
azeotropi c dehydration colum, it is nade possible to prevent the

det est abl e PRFYREPRS at KA 6KamBL Gl | thaarcetistasid gannothee afdecrtdyiedy
dehydrati on £oh&v8qbULgaSqH ic_acid.separation colum_and allow
the distillation col um g :%glls??i%%?%%%ﬁﬂﬁugggbgéﬁgpgroatﬁlgensfer}%e aoife§g]1et, t he
met hod s@cceezigotnopérosbhgentsiide tie bhaeobmopiactdelydtiaéi aneothrviic

subst anti al I%%t h& ole OE wat er _and part of acetic acid into the
distillate eh@m% f%gl%% YRDE h PR G EEMBHES EBTOKA tRERTH LG AP Ag uBlederyl i ¢
aci d sol uti othe @yl it th 58 03G8ld Rodsi8skbAckners ot hows toh if&es%]gvzv%%'tu”n

and the azeotropic solvent having a concentration in the range o - 30
W . % Parti clPBERYS fdeaksirientatsweh gfs v feming dhie acolnldet daid Ke
bottons of t pi y ian u i S ferre be as_ high as
per m s5i bl ¢ ProR eherer siptiay FofioRneea thel BilTL RaFY HRydigd” cie

pol yner ilfat i bop df thee ddendditatatdmredlummdndy ihicgleasdwey ehe ptesexeess

w il be at a(g ecor%otﬂjbec dLsadvant age i.n 1 ncreasi n% t he e,ner(g%( necessary for
the separ at i SFCBPLHHE GOLRR opi TOSENdEHEFP N hERGPEACE 166 ¥f ¥EAAAZANGN
colum. Furthes,coéDuhie, ageéi CaRChdes@Papati ABhFALHERoN! BB 1GRACEM &l on of
the 30 azeotropic solvent is preferred to be advantageous for the
separation o}C@Eefi¥CHEiskPamasion o kwtiterfiarattihen opfe naltd caze otsrimg @n

sol vent has W' ange eclfi - Y. ove.
I nci dent al | y%’?f?ﬁ%k?ﬁ%&e%ﬁlé%%ﬁpm S oft?ﬁ%cgg bgg%%%?geshﬁr%\hqeoqqé\%é}l Imt
of the déncemdatilom cfcataiter aiaid he dpairtadnmrof collanazeoexpeild idehyiyat i on
colum at 0 ,.05.w. ~ . The reason_tor this lower limt is that if this
concentr at i o‘?ul%t?‘ﬁ'?Elgﬂo?'t‘bﬁ{:af‘ﬁilglﬁéfméhel ?’H‘Pg? Plevaksrt 258 WRmt 9 at a
di sadvant agead &t j€0Raidi Zh nghéhgqRe8MENhERP19E RELMMBALZREbANtBYether

hei ght eni ng the tenperature of t%e bottom of the azeotropic dehydration
col um and fWtthdrhe agotnep iichEoaveit mentinaedzalP Yo i krawgly dfie £orbe

refluxed in fpe t%eoééé)ﬁ oé?ed%%\fag}c?éait%{bﬁow mﬁ“d’aﬁ%?cgﬁﬁge%e%tﬁy
consequent increase 1 n the amount df acetic acid ehntrained 1 n the

distill &0e fswomedeitgpinftideacdiomcidedpgatdtidmdedium dhdeacedse i n
the yield of _the acetic acid to,.he recovered fromthe distillate of . the
acetic acid %‘éb&%’t’ of“EHt tiin? 1 ?ﬁgr?ﬁg-e(éof:bﬁﬁugbpghﬁe?’ﬁéf&o&‘f Ofothe_

puri ficati ongufy§hat28REbISMnAHA8 i 2R cazeehiPt ke 48k ANt hé @ z2btaepild C

aci d- cont ai ni ng aqueoussol ution and subjecting this aqueous solution to
azeot ropic depdventi mﬂptt—ﬁ@ﬁdgabéi"ﬁghﬁﬁeb&?ﬂdrﬁ’gsv@[gutehe rel evant azeotropic
dehydration col ump,fo, A% ACH L2 20.20hd (eRAGA, @B 7C8t UBT s8R Rdirod NG
them t herein throug separaé%l n“from aceti1c¢ ‘acid for the purpose o

product 26n ofoacthéi pradudtibnwedepnriédqedr asryhécaaedtir, ophd cho meditod
contained in the bottqonms of the azeotropic, dehydration colum to.be

expel | ed by G‘P@PFP‘F?{Fi}iﬁ?RW%ﬁ?‘&c‘é??%eﬁgFﬁt%%Bé’%?f‘cﬁ?%t%?ﬁ%ﬁo&ﬂ% ed at

the subsequepf shEP-AYL MCSSSI Bt 49 enEf@nHOlcdmRianalin O anter
possibly entails difficulty in thoroughly renoving the azeotropic sol vent

from t he pronatenozer yhian =tid. wirheSudint tdustbait g @€t 2Bn AR WORIGer ed
by rendering

30 it _possible to degr. : S V4 i-G. iSQ vent
b ough t he 9 oY FREEPBn ookl S TR i “SpehEOBAP, Syt s OO
Sone of 3tghe sybahanrarRbamaicelt iar £c il Separgad oy oolumb for the operation,
and setting the theoretical plate numbers of the columns each

in the range of 5 - 20. Since acrylic acid is an unusually



2 t Nov 2002 the various distillation colums are recl ai mable. Wen these
effluents are sinply discarded, the yield is lowered to the extent of
rendering the production economnically unfavorable and the dzacmgéﬁh?
substances forma cause for environnental 5 pollution. Such®Dei case,
the desirability of developing a nethod for the production of acrylic acid
whi ch operates satisfactorily with the existing equipment, allows the

| ar gest savi RSLAYRRL MY HEA RS ubsgtianiosat tbe distd ldrdvient solGmhhefter
reactants in di stk .an.caol from.pol yneri,zat,i has been f,

fi ndi ng populcgﬁgéggg%\'?a{jg%%ggﬁéﬁi ggﬁ??rglog]gﬁlé%r%i%%t?%%a DRREYYRE o

acrylic aci dth8UNAGYDEFhIGHE d NYENTHEN A SHhehpr £5edt r bPye Metydat Bsn
maki ng an el aggrate Ség&ﬁ regar di ncg) the conditions for distillation to be

used in an aZz8ot'BpPRY ddhyditalPeAPEOIRPR IWRENthR taR PIfi Ehacieetdntatid ng
aqueous | uskpArht iSHGETERA. t @I@Eﬂb@h't‘i%g%f’i’él‘léa Q'L%ttﬂf:'ﬁ%fingiag%e of

at least two colums, i.e. the azeotropic dehydration colum an
acetic acid 98B8EAEI BASCBRERMPradeceduht Yhaw of drhishate fadistemtpainty. t he

whol e anount : r opl ; i Lvlic i d- cant ai.ni ng.
aqueous sol u?P%ﬁa?éaégggl’ﬂg%%g}q}d'ﬁg%PFgﬁc%%cﬁeﬁ%#laonn a;fleg?? (ﬁflecoqfe%%d? ation
colum into shévenst ihl fhe tangetbf sop D6 whe Rambluhe doe et g C

can

dehydration ¢ Iumg e continuously operated for a_long time wthout
entailing poPgm‘gﬁi 5t '8 B‘Pr§cF$‘Iai“c oaé HPtanc?'t PFEISTREA % He e AN the
col um diw noolfanger ¥ @D %tﬂ?tﬁé%ﬁt’f%é:o?OAH@QEeoEféP%%r&cﬁ%{@ion

separation colum operated in the subsequent step obviates 30°the necessity
for separati B§luRa,azbt Aspiade| poms ilde ekeelpreventhethef idatarhalfe

production a [ ' ci i.zatjon of rylic,acid. This .
i nvention hagg%g}é%%ﬁgltq‘gﬁz O?g ﬁ%\gj Yﬁ{%% aécgrc# élc:otteé) ng &nrg: ta.z‘:’\F’otrbc'ep e
speci fic, thdehgdkatiioposedumn bhits alweerin ahedRcaddeuric il ddiamioidens of

the prior art nti oned_above are accqQmpl.ished. by the foll ow ng concept. A
met hod f or tHBTEF‘Bcﬂbef Péioyft%%ﬂwsit&ﬁatcho%ﬁ%ﬁl %ianba%téngtcé’&qb‘fnuous

subj ectirg pbgRYheABnaNdASh sl €] BhéRet hodaild by i f2bAbYling Uasipbase
oxi dation, a step of absorbing the acrylic acid contained in the gas forned

by the react tbg areeirapyci degadrgitdson eoilaam eubsitantbn ldys diiemholad a
step of dehy i licc I d- tai nj tion 10.

obt ai ned by g ESHS ep%gg é%fs%ro 5t?%r91£?r%%%qgﬁjéﬁtggg\%g#fgﬁglggg%f& enra}]tglertlng by
the step of dabpdgatthe teptdOnere aodwummdddngbaadniangaae denpl o sot Ment

capabl e of forﬂlggﬁan azeotrqpic mxture with acetic acid and water and

distilling tf@ Pt SRR tRLRER% thR asfiust iatgd nd dds Rt tamsg ofs the

concent raj i 0BohimhNgnd Obh Ofa AR RS sRAIVerde A% YR AL e st di-d £i b6 ange
of 0. 06 - 0. 80 wt%thereby preventing the bottons of the azeotropic
dehydrati on tbeurangeodd subsBanvtal by Rartienlrrline heeongsntmdivht and

vater. of the azeotropic solvent in the bottoms of the azeotropic

dehydration column is preferred to be as high as permissible
from the viewpoint of preventing acrylic acid from
25 polymerization. Iftheconcentrationisundulyhigh, however,
the excess will be at an economic disadvantage in increasing
the energy necessary for the separation of the azeotropic
solvent in the acetic acid separation column. Further, in
the acetic acid separation column, the concentration of the
30 azeotropic solvent is preferred to be advantageous for the
separation of acetic acid. Thus, the concentration of the

azeotropic solvent has been limited to the range specified



In.the nmethod for the production of acrylic acid by the 20 use of an
azeotropi c dehydration colum and an acetic acid separation colum, this

invention can prevent acrylic acid frompolynerization in t?ﬁemompi C
dehydration columm and the acetic acid separation colum by y

adjusting the acetic acid concentration in the range of 0.06 - 0.80 wt. %

25 with the to Lthon .af the azeotropic .dehydration colum as a
mar ker. Furt gérg;eés'ingrégggﬁggﬁ%igéit}eaﬁﬁvgg o8 %ﬁitguﬁ‘@%géﬁéfagtweﬁt? he
acetic aci d separ &heodowelrulimin oife taks g eift el Az ot At & SPA et , t he
ener gy necesga{__ for hegdi stillation of the azeotropic solvent can be
decreased . 36 éaf“?h% LRe ARFHeR R deimdr atii Qh e odawin @tali 85separkt i on

col utm cont airReare AZERHIIPL A 1801 Wt 1 1khie §0 gk ﬁ‘ﬁié‘%ﬁfbéx&fz&%@g' um

does not need to use chilled water as the cooling _~ ~ =0V
wat er t het ef bp¢1SFaheRsr 0Lt hhasi howari bimat) okbeeshertage willikataorm of

acrylic acid i ire partly or_whol t he cal umm top water
phase and thggggﬁgﬁttaggcldl{g%ﬂ??%gééggn ril-‘ael%e%e#%?r?ggcw F“?I?fez&g?é?ﬁropi c
dehydrati on byglheiyglaneh e theetdnpeaca thsepdritié boteonmthe d4w@epid C
acid absorptiog ﬁol m and_t he az(eiotrogi c dehydration col um and%gut t hem
to use thereffY traE&PPhSPl&F“F‘oé\g t RBTEPRE T BAR Y 6P It hBesapanratoh the

performed i naghetaapaks oBbIvaakydeat i ga Cﬁef‘ﬂﬁ'}cé& ben exald ed, Jdh o st ting

the site for feeding the colum top distillate fromthe acetic aci

separ at ii6h cépbrdratignsgedismincapdsi beoausa o fetle eminoegwente Hydrzed son

colum. BRIE DERCRLRIY THE N FlLg . I S.a_s¢ tigc di agram
illustrati ngEPhe pr(lr)nclzzge[lsnsg\l?ga {E%ﬁ@cg&%%gégeacﬂlﬁhg %Eﬁ?glgggg?dﬁpﬁod“to
this inventi bhe DES@ RhleONo DemiHEL MREFERRED T MENT Setlteaset hndipd this

i nvention for .t roduction of acgrylic 20 acid conprises a step of
subj ecti ng pyaﬁgﬁeﬁg tg}ﬁj/agret&& epgpﬁto be recoveredm])from the distpillate

of the acetic acid separation column.

15 The two-column type method of purification which
comprises adding an azeotropic solvent to an acrylic
acid-containing aqueous solution and subjecting this aqueous
solution to azeotropic dehydration, then guiding the bottoms
of the relevant azeotropic dehydration column to an acetic

20 acid separation column, and purifying them therein through
separation from acetic acid for the purpose of production
of acrylic acid, however, requires the azeotropic solvent
contained in the bottoms of the azeotropic dehydration column
to be expelled by distillation in an acetic acid separation

25 column operated at the subsequent step and necessitating
energy for the separation and possibly entails difficulty
in thoroughly removing the azeotropic solvent from the
produced acrylic acid.

The unit cost of production can be lowered by rendering

30 it possible to decrease the loss of the azeotropic solvent
through the distillation column and the amount of the solvent

to be used. Some of the substances which are discharged from



to.a reaction of catalytic gas phase oxidation, a step of absorbing the
acrylic acid contained in the gas forned by the reaction of catal ytic gas
phase oxidation with an absorbent, and a step of dehydrati Eg’b&ev crylic
aci d- cont ai ni ng aqueous 25 solution obtained by the step ok fa raﬂﬂ n
menti oned above, which nethod is characterized by the step of dehydration
ment i oned aboyge,addi raopic sol vent capable of form an
azeotropic g?itﬁre wﬁgﬁﬁggé |€ﬂ§§?dcgﬁ8mﬂgt ‘3F8°§ﬁgm8bﬁ8nn uhgh &hese l'ing
the resul tamffiwents daierscimpl30 dirsesaiiddd)g thizeyheliod® Xwdhed azeeheopi C
dehydration col u from substangj al | ontaining the azeotropi c solvent and
wat er and aa?’ﬁ%?ﬁé’f[ ﬁ&“i@ﬁ}ﬁgctéemf e SovPHically ynfavorabley N

2002 top of ihe tarealsenhegdahydhataABes Ot di o 8ahle FERVA Andfital0: 80
wt. It has been heretofore customary to fulfill the purpose of preventing

acrylic aci PPhleh&CBzeot ropi ¢ dehydration 5 col unm from pol yneri zation as

by sel ecting such iLi [ sStil i .as..t.he hott of cQl um
ment i oned above a?‘geglqi)%%\lg@%lgé ccgénféﬁ nétﬁec{%z%fﬁbrlg%i sooflo\giger‘{telg:?g?}%ean

al | owi ng al svethed sépar &hieoproaluntidm dheacexlist apidf whepar apiergitaset i c
acid to cont aitn.tfe Igilzeo ropi.c soﬁqent. lt has been ZO found,_ however, that
by setting tTHe-het§FHeracyd ehPPatF o BtRY hEIRIETER tr h A BYW% r Sicc

dehydrati on roFfgaBtigadigg HanedeTBAbirgpeto ARAYE: £ \€a BZ6R! rARl previydizat i on
colum is allowed a continuous operation for a long tinme wthout entailing
formati 6 of tR@K@ERstagit sakn fhiecd bt Hl babhonked umns frempedymerd zgt ion
distillatiomn,i L i{i.0n fs f an
azeot ropi ¢ Sitvere EPRtEORH bR R En R e PR |
has been furtherpfoduadtiibat olfy atlryd ijor @wdnt.i ng acrylic acid from

pol ynerization, it is nade possible to decrease the anpbunt of the
azeotropic solvent 20 to be used, obviate the necessity for consum ng

energy in separating the azeguyMMurey S V&g 1viEteregoduced acrylic acid,
and attain further decrease in the anbunt of the azeotropic sol vent

persi stil®g i n t heTheopkesenfo Ventary ERET dirking ak edahanaiel stywdiher

bel ow. regarding the conditions for distillation to be used in an

azeotropicdehydrationcolumnwhenanacrylicacid-containing
aqueous solution is subjected to separation and purification
by the use of at least two columns, i.e. the azeotropic
20 dehydration column and an acetic acid separation column, has
found that even when substantially the whole amount of an
azeotropic solvent in the acrylic acid-containing aqueous
solution is expelled by distillation from an azeotropic
dehydration column into the distillate from the top of the
25 column, the azeotropic dehydration column can be continuously
operated for a long time without entailing polymerization
of acrylic acid and that since the bottoms of the column do
no longer contain the azeotropic solvent, the acetic acid
separation column operated in the subsequent step obviates
30 thenecessity for separatingtheazeotropicsolvent and excels
in the efficiency of production and avoids inducing

polymerization of acrylic acid. This invention has been



25.First, this invention targets the acrylic acid thereof at the outcone of
the reaction of catalytic gas phase oxidation of the raw material gas with

a mol ecul ar oxygen-containing gas. To be specific, in the znlowﬂ r t or
such as a shell-and-tube type reactor, the reaction of caté&lly v Z@ 30

phase oxidation of propyl ene, propane, or acrolein is inplemented by
supplying a nnlgcular oxygen-containing gas and an inert gas in their

respectivel yP&b ‘E?T’?‘égf‘%ﬁoﬁﬁFBlFo -Tg be specifdy z6be taeks datnased ont he
presence of enioOXigdehPdofadR! ¥Sdouor %Xﬁ{@l ol PIPUER &)in%%d a}y: usi ng

propyl ene and acrylic acid is obtalne y subjecting this acrolern Turther
to the reactMehtsPnedtapgve caxmsaqivagel tdtieththorthellfe llawimgt ebnalepk .gas,

Gsed and-tho. reac e AR BnE Het i D AP T LIE A  SADERGPLnT
t enper at Gre 4 Gtsp adwmbﬂeﬁﬂinﬁ?ﬁdpﬂié\ﬁe tahd s acikevelivedo i ) raaytafort he

known processes for_acrylic aci 10 The raw material gas which i s conposed

of one or notE FALARREEFi 9RScBRBBReAKIdaEIOBYca BLEP af0AYSPLBIPIG e
propane, and;@gyplei &F@% ; ept.rakj j f - 15
vol . % nol ec%lﬁ}? oxy%be%@?:nt en ergéc% ?rg%&%cpg%hgb?@ggﬁ%n%o% §roé;%ll%a%tolnér?fand
used in an ce@tdtythCctdRs e okitmtlion @itthnes absonbent} axid teheteaw

material co .an.inert s _such.as carbon di oxi de or steam used
in an armun{%) gcco rﬁrfgnq-‘gmf%rt eh%cfglfré‘l:n%%erT%O%E"bbW‘%ﬂ B ]S ?82’&‘%619“
Though tilte recadiiefiobyCcatieyigigePubrt A®soepttiionn Mntadeyt ABogas Rhase
oxi dati on does not need to be particularly 20 discrimnated, the

b
shel | - and- t UPRATJPECF £BEHOPYC &R S R i adRlbydrytLgranpRtiespdcaboya |t
excel s in thgg{hdClagRCY,Qf aE@laEE:!o ic FéHJh\;é}?t pEQgHB&EO% ffa@:g@}fhbc acid by

t he two-stage reaction of catalytiC gas phase oxidation o
propyl ene- contadhirogigasiftourexdnyl ecehécoxd id aindgwetealarst dilsitdll liisg
generally usged in th@r@roduct.i n of acrol ei.n bﬁi'lt he reaction .of catalytic

TRt TS B A he M Hier PAC cBRIRPRIRY priopy R I BEised as

gas phase oxi At i'on

t he former - stageenttatysh.atThneltasp elf-‘éli@QQe@&&*@?}i&ﬂéﬁ%r@@ioﬂ%@ﬁm be
particularly, 30 discrimnated. For the purpose of producing acrylic acid by
the gas phas&l &RiededReR 0810 t He -1l Wi YaReRBPYIPF SVaRTding e Botdodisn and

obt ai ned by &perher et a88 Of AEREqL ¥R 1 8ha% TumkP frclalg EuHQX‘_a%g.%lrﬁzt hod

for catalytic gas phase oxidation,”the oxidizing catalyst which is
general | y usedntahnbegatbpt edeotropic solvent and water.

In the method for the production of acrylic acid by the

20 use of an azeotropic dehydration column and an acetic acid
separation column, this invention can prevent acrylic acid
from polymerization in the azeotropic dehydration column and

the acetic acid separation column by merely adjusting the
acetic acid concentration in the range of 0.06 - 0.80 wt. %

25 with the tower top composition of the azeotropic dehydration
column as a marker. Further, since acrylic acid and acetic
acid are separated in the acetic acid separation column in

the absence of the azeotropic solvent, the energy necessary
forthedistillationof theazeotropicsolvent canbedecreased.

30 Further, since the reactants in the acetic acid separation
column contain an azeotropic solvent, the condenser attached

to the column does not need to use chilled water as the cooling



As .the forner-stage catalyst, a catalyst which is represented by the
general fornula, M8-Bib-Fec-Ad-Be-Cf-Dg-OX 5 (wherein My, Bi, and Fe stand
respectively for mol ybdenum bismuth, and iron, A for at |egst one el enent
selected fromthe group consisting of nickel and cobalt, B fai)? NOV 1 2082t one
el ement selected fromthe group consisting of alkali metals and thallium C
for at |east ope eksment sel ected fromthe 10 group consisting of

phosphor us, ESFU eﬁﬁﬁ@&ﬁese, cerium tellurium tungsten, antinony, and
lead, D for at |epakage eLRIBNinselaaled o e QLAUR, S48 511 10: O
silicon, alumnum zirconium and titanium for oxygen, a, b,”¢, d; e, f,
g, and x resPéceryeljcfaridheeaavaicitatinsubateb, pdBtBy, oFewhdl 1B, tie D,
and O which r pvely in_t ranges of b =.0.1.- 10, ¢ = 0,1 - 10,
d = 2 -20, acéilhl.“f}(f%s"?‘sg{:‘%rfp%s(? ?“get,h%ﬁafﬁm‘l e déSBlMéﬁeaFmﬁfi@tJr%g f

fixed, arfd xffom dduh vdl tice ta@ dor o piasl deyyliha tSbat €61 @hn A d@hieoscof id he
g cited. 20 Then, as the latter-stage catal yst, a

rel evant el ement? may b ) : g
catal yst whi 8 ?%?J’?@sje% &® By e Hhaay ki pgiig absorption column
Nba-Vb'Wf'CUQnﬁetﬁé'§9e5¥r6WH?r%bﬂf&%éﬁfﬁHkﬁJfﬁmdnﬁﬁdxgﬁE”Qh eagétuse

vanadium Wfor tungsten, Cu for copper, A for at |east one e
sel ect ed frofMeKBLfroupt kdugitbeirngl bbwarithereffic26npysnithe separat bim um

cobalt, iron [ ch ' B for,at | east one el enent selected
fromthe gr oggggggg\kgt%%hﬁ ggf%gg})p&& g?gyaﬁﬁgéppn%on@gp? &%BFaﬁ’%?ﬁé%
thallium0 C bypr settliegsthengiekemoirt frRldEGiedHd @O ldeh HP R LOOS1 Batag of
silicon, alumnum_zirconium and cerium O for oxygen, a, 30 b, ¢, d, e,
f, g, and x ?EQBetcrf? FERY LLoRC R E SR el e crdamgs afys spechfigpogitipnc,

and 0, whichjhather 88B8ebYELY dehyldi&d BWeoAmP. = 2 - 14, ¢ =0 -~ 12, d
20,1 -5 araighel AzERErofESY dehvdtal i Ro Mg, = 2 T g = 0 - 2 0 when
a =12 is f fixed, and x f or value to be fixed by the states of oxidation

of the relevant el enents i it the preparation
of the catalyst to 5 be §§g§¥i QEPEP;[%&WE&FEMC]&M% he firing

tenper atlir e and t Régraw imtescakbmatd baidgxas antussedtiay tRemrgeéde
catal yst excepting nol ybdenum oxi de do not need to be particularly,

di scri ni nat e§Or A& T T HPR O RF E ML AR ARG T NGk SR igrEnyen tar
use may be adopted. The shape 10 of the catal yst does not need to be
particularly discrimnated. Spheres, cylinders, tubes, and the |like may be
used. As the nmethod FEFGRIBTLONePOSTHEnBREFEBRERt EMSOOAMEDITS ng, t abl et

nol di ng, and the [ike e ed.. Further, .the formwhich has. such, .
Catal Yo o subst antEeRERETEs EBRC AU EEe s AP NP ER AL E T AT AL 45
step for2zembsaehdngmasf ¥4 é€ aact € Wit fubHedbs g Pricpy I@anand /drefcf®lein
absorbing acrylic acid contained in the gas qbtained by the step of

reaction withOaft ABSGFBERt OLTRETAINEYS Sive MR G Xkt iRt orf i HeFRIdPhg t he
conposi tion QLS%QPHQES RBRACHLYY 1988 ad e HRPRIdd oth A hd hea £bEOFREA by aNd

the tenperature o orptionmay be selected fromanong tThose of the known
processes fothemeadtsione f oatafl yAdroga s phaise.oX s ticon Wil h an dles quisefior med

DY Lhe react L 2528 SPhARITIY YnE WA, UB1826LRYa30 AR duebE NS
25 solution obtained by the step of absorption mentioned above,
which method is characterized by the step of dehydration
mentioned above adding and an azeotropic solvent capable of
forming an azeotropic mixture with acetic acid and water to
the column and distilling the resultant mixture thereby
30 preventing the bottoms of the azeotropic dehydration column
from substantially containing the azeotropic solvent and

water and adjusting the acrylic acid concentration at the



25 .acrylic acid-contai ning agueous sol ution nentioned above is preferred to
be obtained after the unreacted acrol ein has been renoved by distillation

or stripping, for exanple. At the step of absorption, the a v
acid-containing gas is introduced into the absorption col un%r'émt K@Z

absorbent 30 for absorbing acrylic acid is neanwhile introduced into the
colum t hrough the upper part thereof and brought into counterfl ow contact
with the gas HoRsPIrfdiR pered ropisf debydration cRIuMOL 20D =ospe pifi 600 6f
acrylic acid._ thggmxed qgas guided to the acrylic acid absorption colum
generally contain acrylic acid, acetic acid, and water in amounts falling
respectively in tHg& hangssewhel@toRremtu¥tOmary do FuMfilol taRdphrpodd W %
5 I ncidentall as th .absoré)ti on col ym, Hﬁ@f\ﬁgf t he known absorption

col ums such OEalfs B AU mC I patkeBCe8l & RAZRR AR 1 olehydrakdospr ay

col um mey bedisath -frﬁmoﬂgl?h@:%riz%l%%%rnpfaisoﬁ1 COLYEBEin h@u@h%?n&iﬂc&!gﬂ or
t he packed colum is generally used partlcu¥arly advant ageously. In tﬁe

case 10 of tRE packédlasionmas £ mbritigmnsat rithe dodnge mentacsedr ahouad

possessi ng per\ i | ar.| r.irrequl arl ack in the
interior of ?ﬁeé %%?%Wn%tg%otqﬁ:agﬁﬁlggéeoft%ggﬁ% iY tﬁgéé: rbiggo‘f"ilf‘ﬂed
wi th the packilsgp, thee sgaesdatgiornd caohimetin scivarnéed stép db Hespahating
absorbent to bet%gfglLﬁg, t he known solvents such as_ water and_ organic
aci d- cont ai nidt§ FlHaytpE X P thigedacabEBPhEM L RSt be 1isb@sSePeRBr

singly oroin ddnd, Ohiddfe, Mnslus£sattlng e &r@_fglﬂ@ra%%@cm@@ne{—aw@n
absorbents to be used in the absorption ¢olum IS conposed of 0.1 - 5.0 20

W % of acryl iad Bedtop.of thepaneotsppacedelydrationmblBonn igotiew snge
water. The a I t. 4 ferre : ke, of .preventing su
%%qbs%ed Spbi& et:hq ?Zeée&ang dse%al?arya on %ﬁfglﬁn soaggawed

pol ymeri zi ng su ances as acrylic¢ aci rom Iz
sui tably any aofcdttomuques yopetrZaionnfds anhiobigh arisnes ugitlesutbydneguinage
nononet hyl ether, nanganese_acetate, nitrosophenol, cupferron

t ) N- oxyl
conpounds, ¢ tHBUPFI PP HYBEEHamsty L ishaRofnever e kaeniaratuirAbne.

The absorgentod 9iBYt 1181488 8 l&Irr fed@utPERAcB WS IRAIIQ iidis ©3MREEAEI ON
speci fi ed above. The water phase in the 30 storage tank attached to the

azeot ropi ¢ deétpshmad opf cahumremtirdeici solivansd ias tihe hbssebentof othe

acrylic aci d Lo dhe o ylhgapgt doaRRAR O 1 HalBeaRFutttd AL Rnde Wi !
by thus preventing acrylic acid from polymerization, it is
made possible to decrease the amount of the azeotropic solvent

20 to be used, obviate the necessity for consuming energy in
separating the azeotropic solvent in the produced acrylic
acid, and attain further decrease in the amount of the
azeotropic solvent persisting in the product. Now, this
invention will be described further below.

25 First, this invention targets the acrylic acid thereof
at the outcome of the reactionof catalytic gas phase oxidation
of the raw material gas with a molecular oxygen-containing
gas. To be specific, in the known reactor such as a
shell-and-tube type reactor, the reaction of catalytic gas

30 phase oxidation of propylene, propane, Or acrolein is
implemented by supplying a molecular oxygen-containing gas

and an inert gas in their respectively specified amounts to



descri bed specifically below. The operating condition in the absorption
colum are decided by such factors as the pressure, tenperature,

conposi tion of absorption Iiquid, and anmount of absorpti on\i MIﬁ A | ow
tenperature and a | arge anmount of absorption liquid are fa ? 02
conditions. Since these conditions are affected by the subsequent steps, it
is comrendable to set appropriate conditions by taking into account such
requi rement sthes meadticoneich athey prebende 0T ani byddiizdng theadgisd. cragi d
concentration in the acrylic acid-containing aqueous solution to be

suppl i ed to TIHPRLR0AGH e tonmsd by usindsPEPeyeene ARdt AETYAAGe of
55 - 80 wt %au i aisabbyalidedhBy! 808§e0f 169 thiS dMrIpeH ' in the
range of 65 - 75 yvt%Thé' condlyt.i onze151f§r t% eé(%reﬁa%qgﬁéﬁ%ekgbgé?pti on
col umm, theri&astelomped pabadyrdd gas phasetosbdation. erfBie eawr ndtieriied of

such an gcrylic acjd- L al.ni S's pon_as nentioned abogve,
Acrylic gci Oddli' mgglﬁgg%ﬁg to %Cl;%g:lrj’i zegé\%%{r:] tﬁg%r’at iagugf 138$§F|u§a5ci dto
wat er i s aboarydEh-cditalthing tdees dorlyd ius eat afdd 2th € eraettioat tondik ibhe
acrylic acid:contai r}1i.n aqgleous solution falls short of 55 wt. S

therefore, tH&F &G ']t“gé‘Ei PUCH; 3B LITE 1t RIRSIA T IR He REcBHPBSRE

dehydrat i on g0} vens usela At d BRoSELSARABIBAG 3hekhy Ufetﬁ@%fa)twrf);)rBB%sses

azeotropic solvent to be used varies with the anount of wate The acrylic
aci d 25 conclent rag¥phictd@i@fore, is preferred to exceed 55 wt. even for

t he purpgse of d | t. of,.the . ORI C vent an
consequggt |y dec?%%%ﬁ%&?%%é%]%{r% so(r%”ﬁuégl d‘%’é% Pz%%eéin.% I Pntehg%ag‘P§Fi C
aci d concentrat i natexdaddsc@fpoéntde seleexedr frohe arioray dpsaegyanshage in
extrenely 30 lowering the efficiency of absorption.in the absaqrption

col urm.  The RASTRAEMT  APAACET LGLRANE UEPY A6a CRAGSONOLY LERRE XB88Fpt i on

col umm i's pr&f ey ablys ivb1 hes | aRgEeOE1 8r loxydedt iftenddd to2ekrNOV 20@2 more
preferably in the range of 0.2 - 3 wt.9% The acetic acid concentration is
preferred t oreRCHEON W X istiarsiagide usedd iin eRcakeisn g the rangerdess

w |l beat di N ri el ' pPeL Si L.t bott om
of the 83asebit ob Llpoch aisiag] of B RS AELECLR1PEORRShehE , ABa°P
general | y i maii Heieranges afud0 as dorbd fodiluxsi denvend team negd tasart himsuacrylic

aci d-cont ai ni ng aqueous _sol ution to be guided to the azeotyopi c dehydration
ol rm and R RCTEHG nEPEI KNEo TEFEAMIH oo SRR 4 i wEPR. T63CHET-
azeotropi ¢ SEhMEM t@@?éhf@@gﬁeﬂ% abely ihbes et @hdHee et @6ntdre cazaakaei ¢

e

dehydration col umm, any o nown Col ums such as a plate colum, a
packed col ungas a phatsteedonaiptéonunfioeandat speay ced ule nRfrsacudadlyas
such anygzect{ Ol fn Aehydnat Laf, Cabm._ e R & gBLUML L dhe Sy PReked
col umm, “whi chever Beteertits T hé occasion, Is generalTy used

advant ageousdgvankSagenas by & sexdaipt espettitha tarieekceps d sohe efiff itd emeyused
for this invention, the solvent containing at |east one nenber sel ected
fromthe grotb E83SF4Png of heptane, dinethyl 20 cycl ohexane, ethyl

cycl ohexane, tol Uﬁ@ﬁtﬁ&“%&oﬁ%%‘i’&%’ Fl LIBPENT @i d Xty €BRe Q@ -Boslge s
t hereof; the solvent containing at |east orie nenber selected fromthe group
consi sting ofeaceidyl |kt oneatdilysdper opgds kethase meehitipedppl kefond
methyl i §%b“tg’ioé}?igﬂ&cgﬁkgihik@%‘g&' for example, theoxidizingcatalyst
which is generally used in the production of acrolein by the
reaction of catalytic gas phase oxidation of the rawmaterial
containing propylenecanbeused as the former-stagecatalyst.
The latter-stage catalyst does not need to be particularly
30 discriminated. For the purpose of producing acrylic acid by
the gas phase oxidation of the reaction gas mainly containing

acrolein and obtained by the former stage of the two-stage



25 ‘ketone, n-propyl acetate, n-butyl acetate, ethyl acrylate, nethyl
net hacryl ate, ethyl nethacrylate, vinyl acrylate, n-propylacrylate, allyl

acetate, isopropenyl acetate, vinyl propionate, propyl prorz’ ﬁmx@mﬂ hyl
crotonate, nethyl valerate, ethyl butyrate, dibutyl ether, "a es 30
thereof; and the m xed sol vent between the solvent containing at |east one
menber selected fromthe group consisting of heptane, - 15 2 7 NOV 2002
di met hyl cy&eshedanor eeafalEyirolgasanshasel asndatéphy| thenzenidizing

chl or obenzeg ; i ereof ;and the sqlvent containing at
| east one rre%ea)rwssgclngvcht ?gpflrrgoﬁﬁegls%#&pu%%‘%s?gfliﬁa 8$°8§8§ny| ket one,
di i sopropyl ketords, ®theetflopimeremtadeet oacalyethyld sehvayyskewdieh is

met hyl -t - butyl ket one, ﬁ-%rh%%l acetate, n-butyl acetate, ethyl acrylate,
met hyl et hACRFSRSR o6 RY P e RREF G atQE ™A dy MOaTP i Qs -An=BeUpyiDsabr y| at e,

al | oy acet aehdrealy MRENYL  agRHaFE, sVARY | rPEQRELDGLE .P(SPF}?{Al poheRate,
met hyl crotonate, nethyl 10 val er at e, et hyl butyrate,%l but yl et’her, and

nm xt ur est hePdSMmUkdy Badcired, Astemrat presfsdr gblecedementopetesbedefitan t he
sol vent contajni .t Efer ected fr t [oup, cpnsjsting
of hept ane,tt?’c?lnt?g%ﬁ é‘i‘ﬁ‘?ﬂ% tggggene, x%ﬁ%eﬁie,a%(?dcci%aoﬁktur‘g%rt'ﬁ%rg%%,ét he

m xed sol veonexzl ewemt skéestkdeiton thé greup asesh sithqb flagasil ionet axsber

selected fraomth rrQqup contai ning. of ethyl acrylate, pethyl pethacrylate,
ethyl met ha@i} &?‘é‘q&rlughecsgpxrfeﬁf: ¢BABL ﬁ%ﬁgeéFm%Bsﬁe%ﬁ%tﬁ%rr%’é?ms‘é‘l‘%ct ed

from t heo gr @ UGPBENSE 5RING o £ITHYs gIRIARET Ylli%tt&ungomghbfﬁﬁgéQPYéei‘fﬁxQPe’

n-propyl acrylate, n-butyl "acet'ate,” and m xtures thereof may be cited. The
amount of t Aeldxedtumopityngsiteant ans ipenysedntet ead, darficat abel eastuehy

defi ned bec it i i by. t he ter content in the bottons, of the
absorption %gl%ﬁlrénntt og%ieé‘éﬁ%% %ﬂf&&; “25%8 e ufze%??%b?é“&%hfér aﬂ]ohc%%f um
and t he ki nad laefmitrin azeiotdoin S dnvdnt i ¢ £n bem psedfod hexpgen) rapik, s} vent
however, can be used at the known rate which is used for the purpose of an

azeot ropi ¢ Cre&rmént 9/ TR gh TP SGiouR L b dthd-he, 85emdsi £a8iesi PEMPon is

preferred tgibe s large as 30 REAESIW fopardl LW pdcf {08 § hen VigypOI Nt
of preventing acrylic acid from polynerization, the use of this solvent in
an undul y | aeggesrouint bbri figs + hk0 di satlvnt age of d =18 -202 & ®NAV- 2002

recessi Lt g2 IAL0G OLuTe LAl gS0°60L S8 bRl 4! Lot oD LINLA) SahEntT o0
for the value to be fixed by the states of oxidation of the
relevant elements) may be cited.

20 Then, as the latter-stage catalyst, a catalyst which
is represented by the general formula,
MO,-Vp-W-Cug—-Ae~B¢~Cg-Ox (wherein Mo stands for molybdenum,
V for vanadium, W for tungsten, Cu for copper, A for at least
one element selected from the group consisting of antimony,

25 bismuth, tin, niobium, cobalt, iron, nickel, and chromium,
B for at least one element selected from the group consisting
of alkali metals, alkaline earth metals, and thallium, C for
at least one element selected from the group consisting of
silicon, aluminum, zirconium, and cerium, O for oxygen, a,

30 b, c, d, e, £, g, and x respectively for the atomic ratios
of Mo, V, W, Cu, A, B, C, and O, which fall respectively in
therangesofb=2-l4,c=0-12,d=0.1-5,e=0-



the top of the azeotropic dehydration colum is adjusted in the range of O
. 06 - 0. 8 w . ~. This invention is characterized 5 by preventing the
bottonms of the azeotropic dehydration colum fronsubstanti alg]? n@g gﬂﬂ?l ng
wat er and an azeotropicsolvent. By fulfilling this requirene

i nvention is enabl ed to decrease the anount of the azeotropic solvent to be
used and di spense_ rk of renoving the azeotropic solvent 10 in
the acetic aci'd*sép rat 'oﬁr\h%l%mﬁ As2@ when & Dl k6 EL¥BEr afBASK UEQT
performed onvialeeCe8bé ifiGMpyChnar st sapalle o%d%rt%?%tﬂehé h;rE‘ePé’&déRﬂB
from containing the azeotropic solvent and water, 1t has been foun at
the preventi 6ACHan® )atmadfarb%éilé%&si-l y acconpl i shed by adjusting the acrylic
acid 15 concentra P £Q eazeotr0|c dehydration col unm |n
the range of O. OGtI{h%gcgéd\t?\lQ%Otn% fr of %P‘SbP§ePﬁrP é"Paﬂge‘g%? Sl Jé

~, and parti bel askegd in thﬁsrﬂmgenbioﬁ dfcepOih§ the ﬁirlﬁﬁyﬁémﬁéﬁﬁiﬁkéas a
boi I'i ng poi nt_of }1 1C. The azeo&r ogl c. sol yent nentioned above, water, and
5(5‘%1 &i 8z

acetic acid fit £8Y BREET&A Bt P@p‘i“éx%@nﬁﬁgl e, Lo TPEmERI st hver
boi | i ng poi ntcatthay sACT ¥kéEpBEH c | n t ylic
acid is expel Iaed l?y disti IFatl gn n%laffﬁcafinélwﬂﬁh ﬁgﬁgey,cm? ?lgggﬁnt % ?’%pa%? t he
col um, ther ®RStdcylanly mbtecpossnatedt o Sheaigmubkttons ahespdlhs anatby

distillation Q ic soIv gt thr h t of the
col um and cén%gg%{}éa ‘%ﬁggdae%] nﬁé&‘%&ggg ms § o c%ﬁ gpnlegig V\gﬁgrs FRCt he
azeotropl@ solfvant catheyatidddstn@t ndedadt o paig iaguaely Gidat iminabégh is
supplied contains al dehxde and ot her | ow boiling. substances besides acrylic

30 acid and SPHEIESxcFYLliBgeLsy FhBeFneARR g &l§€| Y Rf85eat i BA Bt he
top of the Cale#HbPf ForRAAE @e&@st\emomﬂﬁ%mea}etruétoﬁﬁtotta%gpoeébpée to
expel the | ow boiling substances - NOV 2002 1 ncl udi ng al dehyde
out of the colodding, andttheatilommassbg vesdlt, Furthsat,yiwbei farmonhbéh
acrylic acid I e n be
ooyl 10 2 Su fch 8af U vL 0B 5L A0 BLo AUEK LENCAAL L LS RBR e o0 e
i s made pPossiilal ensteffujo.ntrol the acrylic acid concentration and pr event t he
acrylic acid from pol ynerization. 1t has been heretofore customary

prevent the pol ym3he tEBnIBF 3RFYPENG AT NG RGIGh¥iRY ?%é"%‘%ﬁ)‘fﬁ’l‘%l% t he

azeotropi ¢ Sqlageiy at Ot &5 IPRBseIHiQ g Q@r?i@@%@?&%&@cé’ﬁ‘é’cﬂfﬁt tAB s um
and hei ghtening the concentration of the azeotropic solvent in the Colum.

The neasure lods aidess a‘tle@l steRr afi ggasft iome vezztébtarbpalesm%m afhehe
subsequent ste Thls i en
azeotropic sglo\%ledrﬁ ]Trrbsmt e E’ t)gorfl?ggsubsb t&%oﬁ@ﬁg%gtogw aJt?e t he

necessi tyof orHengenpdian §gsa shep:dxﬁpsoébtelcsepﬂtt &Ihe:)absbrbbﬁtazenﬁr‘olpec
sol vent by expellln he acr lic acid fro the he colum jn a

| ar ger anmunttSREF S OLRE: HOSWMRdi ?n@eiﬁg's'f"gn EQM; airpRg hese
al dehyde can otfet@tes%%me?&eee%e%o £OrSthe! abk8PpRIoHeser Abeg1 aboygiat he

generation of a polyner of acrylic acid in the azeotropic dehydration
col um can bdnurislesttadddl yeof figve | gass yfofl'm@ddsopr'@s&lmlacblme@tflmldh’elgbttoms

of the azeotropic .dehydrati.on colurmfr nti n
azeot opi o sSBSHE S CREPAR® S8Rt Far oAbt corh s basssRPtRE | e
subst ancgs ar ed@mtcedctla-leeanletlngOEqwteous%olum:iacﬁlemaabimdmed)abow«aols 04
wt %, and nore preferably to below O w. % Incidental

adj ust ment ofPHefEEReY |5 %l@%*fé%t?%’f‘?’ént%? YREERGHS fa?ﬁglﬁigot‘?ﬁpl c
dehydration ggl " %?oavtl 10 ﬁf 4 £99E1 Pht PoRbor Qt§9pw_&_ng% eap ERaﬁth@' ned by
i St i

adj usting the enperature and the inner pressure of the
azeotropi ¢ dehydr &t awhecoteprofrbsdrptisn utheaaroyliomei@-containing

gas is introduced into the absorption column and the absorbent
30 for absorbing acrylic acid is meanwhile introduced into the
column through the upper part thereof and brought into

counterflow contact with the gas just mentioned to effect



- 18 2 | NOv 2002 condenser attached to the azeotropic dehydration

col um. Though the condensate which has been fornmed by the condensation of
the top gas in the condenser contains the conponents other than the high
boi | i ng substances as described above, it is 5 separated i ndd NBVod@fni c
phase fornmed substantially wholly of the azeotropic solvent (hereinafter
referred to the "azeotropic sol vent-containing phase") and a water phase
cont ai ni ng otalbeo panipanent sacHpeiachcdl.r etheximi&kdd @7 Al i®d Cto the

sol vent - cont ai ni hase to the azeotropic 10 dehydrati on col um,

t her ef or e, pr AFESAthaRt 28 SNRO LR ks pesumpgangraldy eaBtainaaywdeic acid,
utilization @fcdthig oYY (HAL= i ppd as
t he absorbent for t%glelgz'r%qilcpc vz%é/dle;%%oar ptl%ﬁé%?gfn%ﬁ(?sg%%???tégﬁ%ﬁ ough
this inventi éhenignggshopridtonddtvons a8 . 2xpdl.ld ng .t He adblbe- dfs ¥ .t Be

azeotropi € sol vent, t hr taop. .of the azeotropjc dehydratiqn colum and
consequen%l y causilﬁgléi)%ﬂbaef#ﬂghgcénﬁh%ﬁkg&rﬂ -1@na%$ Uy, yegg%gﬁqeegngyn
distillationadsoyghidrhecobpmoé hehcadinplaté cslenall gthdieexabluhhs
yield of pr Od‘égi 0 g{lg)%- circulating the azeqtropic sol vent-containi ng phase
and 20 the w&f t%ﬂ- 1 GOl BN AHLE REAE SdawurRaY bedpird | vémpngother

azeot ropi ¢ defbudradt i (‘dﬂlﬁfﬁhﬁ,ndtﬁé‘fqﬁé)@é’r&%iﬁﬂn cok U%@e?ﬁﬁc?&&tizaﬂuﬂlﬂem to

use and consequently attaining effective utilization e azeofropic

sol vent and a&r generasily woved piaxdd dul arly sdventagedusigses In Hie cabkux
rati o of,ghe eot ropi.c _sol vent-cont.ai ni hase Ls properly in the
range of ! SO%ng% Bnﬁﬁ re° PBRer RIS HY ﬁ%"%&ﬂ‘ﬂg@ Elﬂarge._ E@.rféﬁe! B3h§2as
the reflux randpossessingparan@usidins s6Rakatd 089l aat9ldrci peeguisrly
attained fully satjsfactorily. The acetic acid concentration of the bottons
of the 30 az&@RGK&H dndelh dimdis o & SIfukRe i BN pr Pekhg surfare efngacht
0.02 - 3 WM. g7 UNLLRLHIY pefdist 76112496 0h Pnl ¢ ~tp8ngaRaf fLGyharly
in the range oof 0. 2fp-_ 1.5 wt, s~. Thoughlt Eule - 18ang%gi RE)% %gzi%gg??c

aci d concent cant@rl stprefreried ewtbe as | ow as pernissible fromthe

vi ewpoi n{- of the producti.on of rified acryli [ t he cqndi tions for

| ower i ngi% hi s conc%esnfglr{ét%%snog%?]g#vt@ b% WQPl}ea ’e%gﬁd’&n%‘f%gc?agﬁrgfes}lﬁ{]
addi ng to thesb ydwor edhgabrghatie aviBecoolt atid ndeRytiart gy Clod ugntaad
necessitating an increase in the amount of the solvent. They further bring

the di sadvant’™di® RASGARIHGS Y dpereg ¢ty bresuf &nghy eBn3RqhRAt Form
necessi tatingan addihir@Nokor{ 8 PeRSrd Mk & s S Uk &%icgé‘a{:ﬁ@ sbPBents

condenser and increasing 10 the steamflow rte sup to the reboiler as
wel | . Conver gal e uSedhis tWomedstargttiom eodewos 18 ewmpesed hef dkcess5wll | be

| 16 edhis domedmantiom - ducess
e usi VT y BYF TR T oA to 7 ¢ -1 i HL et obi G carparaL FEmacoRitn and

the acetic adod -separatéton gobfimiatdb. According to this invention, even in
the two-colum type plant including an acetic _acid separation colum, for
exanpl e, the steafiie pOFARNsdFpPredersetinef P0G S keeqdi PERVEBtHAY

purified is sfply a?oﬁﬁﬂ@f‘ﬁ.ﬁ_dm 't%&ﬂ%%ﬁf&w.%élv%&% 1@ the, casesphpt he
one-col um plant whi ch” possessés no acetic acid 20 separation colum and
effects the moliynemtsanicw dloy adidt fuihablyemy ofi kndwhyplehynenigation. The

L ool B L o P a0l O LD o RO e fRpRLat
consi der at i oy it dthe, hakdosyIPNeHolof chifeeeRrBhGYNLEEY] cethpownds, copper
dibutyl thiocarbamate, phenothiazine, and hydroquinone.
The absorbent is put to use after it has been adjusted
to the composition specified above. The water phase in the
30 storage tank attached to the azeotropic dehydration column
may be circulated as the absorbent for acrylic acid to the

acrylic acid absorption column and used therein as will be



25 the purification and the factors of equipnment such as, for exanple, the
theoretical plate nunber of the azeotropic dehydration col um.

Incidentally, the tenperature of the bottoms of the azeotroE?'r gg@yﬂmgti on
colum is preferred to be not higher 30 than 120C for the p Zo o)
preventing acrylic acid from polymerization. Since the azeotropic
dehydration colum is generally operated under a reduced pressure, the
control of -degcribed-spggifdealiliebedepoerature of the bottons is enabl ed
by regul ating the e t .of t.he I T Zeot,r opi ¢
dehydrati on col urr#llés8 #é?g?bgdQggh?%g\}gnaaghgg]%efui%glrpp%%‘é)?‘e%%&wr 4% the
range of 10 de@2fidedhebydebudhatfamtens uras | shgenaredsyre, opemledt tuiadsr
columm top pressure.in the range of 20 - 200 hPa., Heretofore, the condition

that substanfPAPPFLERERuRLI PENERIMECBI L i Ed/ RNT AR (U abFOTRiIs e of
keepi ng tshe |eqhenat W a i tidip Rt a0l {4848 %mheh € WS B tion

preventing acrylic acid from polynerization has”not been 10 adopted at

ti mes. Accor difgldanenifavprabde erndiheopst yribineatihesestondiyions agled wil |
not occur ev t er. i aptially.renpved from.t bot t :
Though t he rgggggﬁggrQ?h%éaéllf#%?gﬁ%é%r%% %\é Jy%tl oceq‘émée Ctijral:l?fatteod,s% may
be | ogi cal | yaprppbpirieteby cansligpesist | &y t hadking | antboi hcrguht swhsthances
i ncl udi ng aldehxde are expelled hy distillation as described above. It is

commendabl e FEAULREMERKE 8F PrEAFTiSHy aRHYA«i ¢ acid from detestabl e

pol yneriggation toraddnsdi §akkytady,of e Quryaaley RV *lde it tidPrin such
as hydroqui none 20 nononet hyl ether, nanganése acetate, nitrosophenol,
cupferron, Ntbryaewypbe ffsld-cepped Lri by aduadit sedirdiane to prre watRilaAde, and

v . . . _ . .
i b tor  magPRtS ez EpRayly RAFdEELIbh ULt B ey B VRE RO, |
at | east oneoZ55heAber wel ect gt fffeyakdprigy atvey riatigacod, 6aze01B opi £ %,

solvent, and water to the top and/or the m ddle _part of the colum. For the
same pur posedng W%ﬁﬂ%@r%&ﬁeﬁb%Gﬁtﬂ&en?ﬁlé%é?Srf’é?‘ Be brirgﬁﬁ?q'}#glt%és

col um tfy ough t BRebobELAL § BAT 68T thd N MOt S OGN Bollien pP2EUF O e, are
dehydration colum thus 30 obtained contain acrylic acid at a concentration

in the rangepoef@zredogonbe sein@Cadet ito SEiSHIA Ry aten A% NG athe
can be separ 654 K TS R bERS ATk Bt et Ph L A AFEPABA BERIES 2na”
acrylic aci daeaylhie extdatsantbst laighile ficegodtyates iize whenatbei cattd df
separation Cglclxjr%l.'ic acid to water is about 50 : 50. When the acrylic acid
20 concentrationintheacrylicacid-containingaqueoussolution
falls short of 55 wt. %, therefore, the acrylic acid is liable
to polymerize in the azeotropic dehydration column used at
the subsequent step. The amount of the azeotropic solvent
to be used varies with the amount of water. The acrylic acid
25 concentration, therefore, is preferred to exceed 55 wt. %
even for the purpose of decreasing the amount of the azeotropic
solvent and consequently decreasing the energy for the
distillation. If the acrylic acid concentration exceeds 80
wt. %, the excess will be at a disadvantage in extremely
30 loweringtheefficiencyof absorption inthe absorptioncolunmn.

The concentration of acetic acid in the bottoms of this

absorption column is preferably in the range of 0.1 - 4 wt. %,



5 Here, as the acetic acid separation colum, any of the known col ums such
as a plate colum, a packed colum, a wetted-wall colum, and a spray
colum can be used. As the acetic acid separation colum, si gl]qf(wy mmlt he
azeotropi ¢ dehydration columm, the plate columm or the packed colum, 10
whi chever better fits the occasion, generally proves advantageous. It is
filled wth a packing or plates. The distillation in the acetic acid

separ ati on &SneMPLedyeriad Liye ifno tined ramder odny .@f -t Bewkno&n cbhdi Atetscwhi ch

fit the distjl. ati r.exanple, it is rried out under a 15 colum top
pressure in%%lf%gﬁggng?aﬁgopng%(prﬁée%ecg c?o}:’ﬁniﬁs “t 8fh E"’eﬁ"ﬂé?ﬁf}alll@'of not
hi gher than I¥0GE. ektebds been. Mgy afnd @@ edssS WdTar Vet atagddi fdadEERELGRI C

solvent to thhe acetic acid separation colum for the purpose of preventing

the acetic dd & W Shag AP Lot UntF +@ntPnBEESAG tpdiny e Rattam oL athew 20
Lhe azeofr ORIARAUNAN ! Aehghtatlion [BE1RRLLOT Ofpdie aZ%pteL;’%ster

dehydration colum.” Since this invention is enabled to expe
di still ati ofossRntrasglomers Zene oy uimist iectanigago fil 2@hydés bwtadgusti ng

the acrylic acid C rati.on in the columm to s of the azeotropic 25
dehydrati on col un@%i%n%q'rtﬁ’eea}lrta%hod}a Lot 16 -turbl.%oaﬂ%f}?ﬁ)& ?(fl‘is]Tsc%%B%bPéggf
preventing taumeanrsysbtuadon to bdeyiaiddr® thenhpebyiBpicadéRydadishso
preventing th acr%l i,c acjd in the subsequent acetjc acid_separation colum

from yi el di @Y HBRG et A h Ehediednet AoraeotiRp f disitiddiadd omwine
acetic 3§ agie %Ezl%taﬁdrggrb Cé&llLUEh'&aéhe;gﬁJfféér%@ﬂa?&%eﬂgdgpeg@éo.@a”ﬁ

condi tions as those heretofore adopt or the" purpos Irstillation.
Further in this iHamnt aenthehezéotxopsc aiehydrat @n coldimn Hany2odizthe

azeotropi ¢ dehydration colum which i uppli.ed to the acetic acid

separ at i on g‘onar(fqo’} ot sén&éz%%t ?OB%%?OIC\?&HE“,D " 1fe H:%ﬂﬁ%‘%s%?@u%?’ 98s
produced i nJdierprgansedlaingchnd 4 Gpghs, eollumn Mag ve sy .t empesaenre and
does not require chilled 5 water as a cooling water., The energy required

for distillidfy ARCHARKT SHY TRV FRUBR debe cRbele TREUBEEPFCcTRE d
separat jgn ;;%I&{eh ébﬂhhgc'mﬁ&ﬂ@@efz%ﬁw crdelydripd | @RGRIYM, ks

preferred f the sake of preventing acrylic acid fromyielding to
det est abl e enmtalner ived adtantbageswsiybl y any of the known

polyrer 22t on | Wt ek S NG o8 e BonerEt VL Gl BgE mggenese

t hi ocar bamatifs e Forot i &z igan Bish htieogoill Pene. cSHERLIARI NG| atraidasat bas
i nhi bitor can be supfl ied in the form 15 of an acrylic acid-containing
aqueous sol WRSHEE 82t At edd rondt e JXREPHAN &5 hiRq Cdham@ sy d#RethYL t he

sane 0S ar en- 1.0 be i e
pusg ecgyhc,aﬂt%gé il eeﬁgg Re ROl Y Y, geélﬁaﬂﬁ,oé%r@w b8hoehhe

colum throu ‘om t hér eof. his I nvention a ws t'he condensat e of
the distill atlel@&bldnzdme gasy bam@at ang mhxbughst bberepfof the azeotropic

dehydration colu to be circulated.to _the absorption | u nd

azeot ropi ¢ col um%%ﬁozﬁfsn?oc%%ajtrhjeﬁl%ia%. f?%sgé)dfetlf‘%ﬁb%g Steﬁ?escq:celdr %gggti ng
use or indepaislepiduy EBREESEinghef ity Bket@are caitisopirogpydckgtoneaci d
may be obtai ned through 25 the top of the acetic acid separation colum and

condensed antPkiHelprenl t katodeympehydiigobetdi Kehgnorehlat stnBytEd
suppl i egsal | &aste P T ﬁaiacfa%%tg&eeqt OBl AeRKdalleon e iMer Pk g cpar L al

recirculation aci d-contal ning condensate enables”acrylic
acid to be fmetlner methaczeyl30eef Bbyilvalethabiry evrriensbnyl gaasyabrs,

acet | c aci d BPERbheERY LAt RorP IV L RESRATG LFobPOBgpTg tktatly YinyT 705
propionate, propyl propionate, methyl crotonate, methyl
valerate, ethyl butyrate, dibutyl ether, and mixtures

30 thereof; and
themixed solvent between the solvent containingat least

one member selected from the group consisting of heptane,



2 T NOV 2002 circulation to the azeotropic dehydration colum, the position
for supplying the condensate to the azeotropic dehydration colum is
preferred to be on the sane | evel as or |ower than the ingfz ﬂ g gmgply of
the acrylic 5 acid-containing condensate to the azeotropi e 9

col um. Under the conditions used by this invention in the azeotropic
dehydration colum, acrylic acid concentration in the colum rises higher
as it goes d&ﬂ@ﬁhxﬁnﬂhélphgxan@nfenhﬁhpp&yﬂo@e&h&econ&ﬂnkﬁ@, endlytlhe

condensate i t he colu contal c.acid higher than
the acrylic tE’;{i'(:rl(é)- cont |rﬁ§’eé?&§&ﬁ!sx PO P ‘% ESpbRPTEBA g1yt the

suppl yi ng tmmmensatamentgtwt aeastray ﬁeﬂkﬁs@w@xé@&b&%umnégibﬁﬁd at
the sane |level as or |ower than the position for supply of the acCrylic

aci d- pontalﬁ?ﬁf%ﬁﬁkﬁﬁm %€Iut|6heth¥ 15 ketansy t d%*ﬁ?@%ﬂm&lonkﬁhpaﬁded for
pUT 11 G381 Ol AR SURRkGA S e Lt hopy ool pmg, et he
o the e co

posi tion apprOX|nat|n nDst closely np05|t|oﬁ I'n
ef ficiency dfetsapar at-paepyil tal¢@t@zt6&)t me;hxtrtydefmyo@rtatbeonemhyllnacwllhteot be

| onered. 20 |nv |on escri bed. nor
specifically be OM/MA%E 5¥g?§ﬁ \%ﬂfﬁﬁy c%%ﬂ VbRy Y EﬁﬁﬁﬁiétSF
production af- mmwyat:):y[mtk‘;}(hlld)ﬁh&eftfatﬁﬂ1§b990p@h?l aﬁa@dté/\;aslhwt

heated and stirred, 100 kg of _anmoni unmol ybdat e and anmoni um
paratungstaﬁBxW&Q?%ﬁ%s0P§88YLRP¥9R#QQ%ﬁﬁtaﬁ?t§6MHQR9FOQﬁF%mu@@GbYﬁltrate

solut | omopr RSty drage il &l alfBuly1 W FOPALhaN 1A Sod Ppbfllo LTS

of purified water, 19 kg o ¢ hitrat ers pur i “Mat er
and 22.9 kgWﬁYth$nﬂm¢E®4trate in 30 liters of purified water additlonally
- 24 ~ | 002 of ox of water,. and VO

inert gas mas su ﬁ|@QF?op¥%ggrﬁgﬂgdaFgﬁﬁﬁQH+qLﬁﬁ}%ﬁn%ﬁfe%ﬁerﬁ?évsptl69

N8 per hourconffeein BRet hen 1gas tobd Ak Naémbedm 81 6ct 8aCtebmagh&ogpespd of
5.8 vol. ~ of acrylic acid, 14.8 vol. ~ of 5 water, 76.3 vol. $ of an inert

gas, and a tAMIIHHLing P Heptang, tolasmeastdydc benzedemKtdrpge, aRAd
mal ef i ¢y §ci %Jﬂ&%%@&ﬁw én@q&maﬂs&v@& B@%wéggpédﬁ@%otaﬁpo yﬂ@%fer ption

colum at a tenperature of Hydr oqui none was a rization
i nhi bi tor tonemeieeedirand mmubshast one member selected from the group
containing of ethyl acrylate, methyl methacrylate, ethyl
methacrylate or the solvent containing at least one member
selected from the group consisting of ethyl methacrylate,
20 diisopropyl ketone, n-propyl acrylate, n-butyl acetate, and
mixtures thereof may be cited.

The amount of the azeotropic solvent to be used herein
cannot be uniquely defined because it is fixed by the water
content in the bottoms of the absorption column to be supplied

25 to the azeotropic dehydration column and the kind of the
azeotropic solvent to be used. The azeotropic solvent,
however, can be used at the known rate which is used for the
purpose of an azeotropic treatment. Though the amount of the
azeotropic distillation is preferred to be as large as

30 permissible particularly from the viewpoint of preventing
acrylic acid from polymerization, the use of this solvent

in an unduly large amount brings the disadvantage of



10 the top thereof . This absorption colum was operated under a colum top
absol ute pressure of 110 kPa to absorb acrylic acid. The bott?r@@fmbfle
absorption colum were conposed of 63.8 w. ~ of acrylic acid, "2 -~ of
acetic acid, 32.5 wt. ~ of water, and the bal ance of malefic acid,

acet oal dehyde, 15 acrolein, etc. plus 200 ppm of hydroqui none. Then, part
of the acrylic acid-containing aqueous solution (the bottons of the

absor ption &SCEHFLtRENGupblliadwe ahmexsbtengi gy débyddastbhladiom ( 2 )

illustrated in Fiyg, Lhrs he inlet f uppl yv. of _the acrvlic

aci d- cont ai ni ng 218l atg]ut}tgo&?%%% o’nqjlhfg .acgtrt}bfsjéég]u%élnjt‘f ?OQ%%I’%%%/YJO% 3 the
absor pti on ¢dleutmpwef & Is2igdcdt gt dehtyel raft ith kellimnoished I8sbeql Bie from
above of th zeot r opi hydration colu (2 royi ded with 40 sjeve trays
. To the aze_(glt%r opr e gt&yﬁﬁéa‘t 80%68" “ufm F@%l%V%%FFOQBS&hQWWWt op

I qui d( a8 y byt ieev eh€0mY @heibte el pEdle z 6 0P b e daeGHIa taSnthbSERRE at i on
colum ( 8 ) which continued to the dehydration colum™( 2 ) at a rate of
1. 6 kg/h siffomeghstapblahly gontaisting water and 3w azgelrppacessdbyeruppl y
of the colu G Ui I : i c .dehydratian. col t he
colum top :E?qui g%ﬁ@%&ﬂﬁ%i%ﬁﬁ%&@%ﬂ u%nﬁr%/glpﬁé%%%?efgrée%%%%gof 187
hPa at the 16tHepketeet thpesmdunt of tiECazeotiapid ebleratasoabeaz®ed r opi c
solvent. The distillate -, 26 2 T 2002.i ncqrporating therejn 6 liters
of concent 1 SRAAFPPREE ST 5hE THich o RPRGYLRE WIS BFEREOBOLAT RS has
added di@pwige thaubgeauentddid &ttt oh o Bhmed s A Ssdwi b AdeRe kg Of
an aqueous 20 wt. ~ silica sol solution and 0.29 kg of potassium5 nitrate
in 15 |iter €lgboyates seadvamariorrehaadd e repdisionsavkicipans erpalle

obt ai ned wa %ﬁ%%q’: d, stiyre ' e rati . S dried
and pul veri ;’52 e I?J;J’gktﬁst%tﬁ\ g%%é#‘sw\gggﬁol% élg:%ll?\lqtngia see;paeg%éjtégﬁg?i nder
5 M in di asetlereranand iwagckynderhas baendidurai taat te $66Cehation xidéd hour s
to obtain a catalyst. (Exanmple 1) Acrylic¢ aci.d was produced in,accordance
W th the pr GtocantPa g 1Y AsGIR Lo By SUDusicl FBPereRELie ARG 1. 1
15 stangs f @omertdaali JiPht URPLYpAf 8Reafad tifopid BetQaraitAbndc SPRRAUS
solution, 2 for an azeotropi c dehydration colum, 3 for a gas line at the

top of the adzedtweopiaadgemfdPalion BePlnnt.43oprafebabéyistr toelxangequid
Vessel | 6 T&F S G 5r CphlsRt "k FOIRE baxt Al AN L KREPEARGREER 2 20
dehydr ati on colL bonwt 8%f.or Aanyadetacidbiad sdparidgtiggpoint of 141°C. The
azeotropic solvent mentioned above, water, and acetic acid
20 jointly forms an azeotropic composition, which has a lower
boiling point than acrylic acid. By setting such conditions
as the acrylic acid is expelled by distillation, if only
minutely, through the top of the column, therefore, it is
made possible to attain substantial expulsionbydistillation
25 of water and the azeotropic solvent through the top of the
column and consequently prevent the bottoms from containing
water and the azeotropic solvent. The acrylic
acid-containing aqueous solution which is supplied contains
aldehyde and other low boiling substances besides acrylic
30 acid and acetic acid. By setting the acrylic acid
concentration at the top of the column at or above 0.06 wt. %,

however, it ismadepossibletoexpel thelowboilingsubstances



col.utm, 9 for a condenser, 10 for a colum top |line of the acetic acid
separation colum, 11 for an inlet for supplying the colum top liquid to

the acetic acid separation colum, 25 12 for a line for th r C
acrylic acid, and 13 for a reboiler. First, a reaction tubg\%agﬁlvlifuﬂad W th

the catal yst (conposed of Mo, Bi, Fe, Co, W Si, and K at respective nol ar
ratios of 12 . 1. 0: 1. 5: 0.5: 1. 0. 06 ) obtained in the 30

exanpl e of pREdudiingnatdebydabout afdlientcenden berdiiseilnathenf.or xgta on of
acrolein mai.n Lr orgrp%oggjzene and a raw_material gas, conpgsed of 7 vol. ~

Ly .f
of propyl eng, s}é} Vol Yerlsatiqpn050Fs iditeifatdid f PRANEh&Cdthem t op
was condensedcilustibe 6gnggageloy Qoimﬁga@m&s&cééec&mw@ QRefasg |1 ne (
co

3 ) of the azeotropic dehydration colunh. The resultant ensat e was
separ at ed i N8 VR 1shab¥sSekéngt hbet eoneert phtten (withinodi 805wt . %,
sol vent -gcont @i {4 BG4l ref huxe rate of 19.5
kg/ h, the acrylic aci %%%B%ﬁfﬁ%g}ﬁ@%rﬁ?%l}%agg a‘lhi:%S %%égcg%n o(?neftﬁ%tlon
azeotropi ¢ debypravieot dhleumriydsid.az it .from Pl pmdrienet pbase (4)

i ncor por at ed pheri%t hhazi e as ol rization inhibitor till a
concentration of ~150"PPm AR 18‘%& LG GXfhenakds SGppPrevebhertdt®

through t hepbayhemizbtdombe abrdQil httarsyhitereifesly dhstidd@it ¥e The
acetic acid concentration of the bottoms was 0.8 w. $° The bottons
cont ai ned n&NEhEZQVILRIE nBplv@htr toThe poinphkedete Sheaiaradtatopic ate of

8.1 kg/ 1 t LY tqgﬁﬁ{ t i t] |
wer e gu{)bpl i ggﬁy gﬁ%g'%%tbélgﬁgt %9‘{1 rhom teérp'glpga %?‘ %t %gﬂgggg ?g)ég'(r(:)l%dbgeq;pﬁ;e?a}tJ im(;n
colum ( 8 pzpodviogdd wisbAvehtsi éawe thayscoliihins col T wesasapes atteds under

a colum top absol.ut ressure of 53 hPa by supplying nol.ecul ar oxygen
thereto thrgﬁﬁﬁ’slsﬁg' &“’t%arﬁattrfé?'rbocfpa%‘% M@E%%p% ROLVESs /A aTiF usi ng
a reflux rasudsequen? stiFppughntibe iheRnefichhe sC@ndled & aIBHIE the
aci d-cont ai ni ng condensate containing 4 w. ~ of acetic acid was obtai ned

at a rate ofeRO§ady/ R fandheond&esdd ABL Deistyd @I e LA h the orkfetrsans
attach th ) .t r t-ant (of0) e, e J kgh
o nedupstantially, | SHEIAP, 4o SOOBGIIPET. ehbS RYeet eyl ek KO

was returne
descri bed ahoverpdratrisfd wx sitiequifbrf rddrm tsepaoatdenserf (tik Jazmsititopial |y

concent 1 at | GRSETROBYo PG o & B eSO DA ‘WUt P ot e
than 5 00 ppai@mnagnyhiravgéd Asubtdidicévelr .2 5aheeothé. ok Hdil g st eam
flowrate for the reboiler of the azeotropic - 27
substances including aldehyde can be also expelled by
20 distillation as described above, the generation of a polymer
of acrylic acid in the azeotropic dehydration column can be
prevented effectively. The expression "preventing the
bottoms of the azeotropic dehydration column from
substantially containing the azeotropic solvent and water"
25 means that theconcentrationsof boththesubstancearelowered
to below 0.05 wt. %, preferably to below 0.04 wt. %, and more
preferably to below 0.02 wt. %.
Incidentally, the adjustment of the acrylic acid
concentration at the top of the azeotropic dehydration column
30 in the range of 0.06 - 0.80 wt. % can be attained by adjusting
the distillation temperature and the inner pressure of the

azeotropic dehydration column and the reflux ratio from the



2 |- NOV 2002 dehydration colum ( 2 ) was 10 .2 kg/h and that of the acetic
acid separation colum was 1.5 kg/h. The total steamflowrate for the
reboiler required for the operation was 11.7 kg/ h. 5 \Wen tz"n; gom\;\]gpi C
dehydration colum ( 2 ) and the acetic acid separation colum ) re
continuously operated for 14 days under the conditions nentioned above and

their interigrs,were inspecte hereafter, the 18th plate of the azeotropic
dehydrationééﬂqﬁﬂ§%ﬁﬁfﬁﬁkﬁﬁ%€d£?otgﬁrPf%&?ﬁ%ﬂiﬂtd%Rquﬁﬁ%Rﬁl%913ﬁﬂky but

show absol utitlgugiot Bé @6 nalenishe: o it 164 ha8 Her?r PRMYEBY + HELIRAEAL LY S FXanpl e
1) When thesane acrylic acid-containing agueous solution, 15 azeotropic

dehydr at i on doFhifntoRA@satBtiNe gendessgar apnbains|ilimcanposentisnotranpl e 1
dopt t : t h_pl fot tropi
were adop eQﬂﬁﬂﬂtﬂﬂ?tﬁEﬁP?ﬁ%&ﬂ@ C?B EQ%ngés Al égggglbegeaﬁﬁggyg% ggsthe

£
dehydrati on col umm was “se he "acryl i'C acid-concen

gas enmanat i mepdraieyh inte aopojanbe HErest fopmeddshpdtantoalegl whally?2 )
was 20 found 05 otto were found to have an acetic

0. w. ~. The b
aci d concenf%%fFﬁ% ﬁggﬂtFQH¥c~§8ﬁHeBBnt( SrSidtatisT + bRrheRECHortNatBR. The

bottons wer e a8 sk At s 31 v éh - 8bnBa BnkAGhpnihen )t he UMt &f HhEse
distillate to be obtained from25 the acefic acid separation colum (8) was

altered so é’sor{t@jé}ﬂdﬁgeofhé?fa(?&mwwtﬁ con&Bet ratt oafofrefiaxicg obBet o not
Gisti11ate wae o e S RS B, Ron “BrCrafedfranad™ ©
t r eat ed1@ herdsihy diredeiorend 1 nphy the@rtedfe regnercvesiativans ageous itxeeppect
g o108 1ot e Ll LV B9 R o oS B B L ST
The water phase can be reclaimed as the absorbent for the
acrylic acid absorption column. Specifically, though this
invention has such preconditions as expelling the whole of
15 the azeotropic solvent through the top of the azeotropic
dehydration column and consequently causing a small amount
of acrylic acid to be expelled by distillation through the
topof thecolumn, it is enabled toexalt theyieldof production
by circulating the azeotropic solvent-containing phase and
20 the water phase in the produced condensate respectively to
the azeotropic dehydration column and the absorption column
and putting them to use and consequently attaining effective
utilization of the azeotropic solvent and acrylic acid
contained in the circulated phases. The reflux ratio of the
25 azeotropic solvent-containing phase is properly in the range
of 0.5 - 10, and more preferably in the range of 2 - 9. So
long as the reflux ratio is in this range, the separation
of acetic acid is attained fully satisfactorily.
The acetic acid concentration of the bottoms of the
30 azeotropic dehydration column is set properly in the range
of 0.02 - 3 wt. %, preferably in the range of 0.1 - 2 wt. %,

and particularly in the range of 0.2 - 1.5 wt. %. Though the



- 28 2 1 NOV 2002 azeotropic dehydration colum was 9.8 kg/h and t hat
fromthe acetic acid separation colum was 3 . 1 kg/h and the total steam
flow rate for the reboiler required for the operation was 12§ NOYh2002 The
operation of the azeotropic dehydration colum ( 2 ) was discontinued when
the pressure in the bottom of the azeotropic dehydration colum ( 2 )
abruptly rose after 5 days of continued operation. Wien the interior of the

col um was @lretionspeid edontbati8tionhriauigbrddehrehates 196 hbe 168} ugs 10
were found to _be c% re]d_vvitt}i2 S liters of deposited polyner.
( Conpar at i v& ELLTS ei/z”) AR R ydevoddrty PECt b iRrodystdion R Regbbied

sol ution, azeqiyndpi sc_d@F»tqfeaabaaiecibﬂ@wfoﬁq%mrigctﬁ%%&&p&{xﬁf%ﬁgo S

colum as used in Exanple 1 were adopted and the tenperature o 5th
pl ate of th®edL¥otG-dA wiehydraei @t ool dhsadmansageatin7@d@dimiye weryhec acid

Gehyarat on eLbm L0 )P paee cuir 886 qffafaclOf, BT fao o

dehydration col um was fou
found to havnecsssddettiing8n daict ez ént st kmouaft Of Thaet sotrvend. coriayn

nei t her tol yene.,nor water. The_ bottons were gbtained at a rate of 6.8 kg/h.
When t he angeﬁlﬁt%h&r N sttrf(l’I%Jf%a‘%\SaBEaSSt it nd@WELIMG Hd1e R eEa hENY

separati on golesmur(BhnaesoakbanedtI9 Aeck8siRaRIaLt B L £ $oRC
concentratiﬁ of the Bottgns tqo not 925 Fmrg t han gooﬁpﬁﬁléht:%gﬁgﬁzgt???ate

was obt ai nedredt hrpasdest syrfarg/ arezhpf thet¢ondersemsandippideensng he
azeotrofhc d Lon 2) oper at ed,_t herei,n under _entirely the
o ‘11.?1@' é@ééﬂ QJan?t 5%183 () Ehe rebc*:l. 128 nglvi’&f

sane conditions as in I§>C<1arrpl e ex I'ng the ange 0 atio to
5.0. 30 The Coinwamsfdlyy iAtth fsoconbkentehdiiosr epbéaisedwtt oM the @xeoss opi

dehydrati on_cql.u s 10.6._kg/h and that froqmthe acetic acid separation
col um was Yﬂ& %l#\aﬁrf#"iﬁ%" Rrage 1mpgendesingaL sidsE iQuddntPI /% e f or

the reboil elace?qd 4€fH €QE1188veRG t RE tWBTilurfh K94 Ne. the azeotropic

dehydration column and the acetic acid separation column.

15 According to this invention, even in the two-column type plant

including an acetic acid separation column, for example, the

steamflowratesuppliedtothereboiler requiredtobepurified

is small as compared with the amount involved in the case

of the one-column plant which possesses no acetic acid

20 separation column and effects the purification solely with

the azeotropic dehydration column. The two-column plant, in

spite of the inclusion of the acetic acid separation column,

proves economical as compared with the one-column plant in

consideration of the total amount of the energy required for

25 the purification and the factors of equipment such as, for

example, the theoretical plate number of the azeotropic
dehydration column.

Incidentally, the temperature of the bottoms of the

azeotropic dehydration column is preferred to be not higher

30 than 120°C for the purpose of preventing acrylic acid from

polymerization. Since the azeotropic dehydration column is

generally operated under a reduced pressure, the control of



The operation of the azeotropic dehydration colum ( 2 ) was discontinued
when the pressure in the bottomof the 5 azeotropic dehydration colum ( 2
) abruptly rose after 7 days of continued operation. Wen tie]i ragpy of
the columm was then inspected, the 6th through 18th plates of the colum
were found to be covered wwth 2 . O liters of deposited polyner. 10
(Exanple 2) Acrylic acid was produced by follow ng the process di agram

i | | ustrat edth® FRgperatwkenof hchadrottiamsadisd enabil@idnbpgragueatsngotiveéi on of

Exampl e 1 I r it r__and. hydroqui none,  the botto 15 of the
absor pt i onmﬁgleﬁﬁﬁ%oﬁggénﬁeérh%%gcﬁ}ea??ﬂaﬁﬁ(%r %%BHSOFGOQéCé%?&NE@th‘?nM. 0
w . % of acrcpllumnadisd pref@rsed tOfhaaeetd s tht Afall MatdORinMet efy, and
t he bal ance %f mal ef i c atg[in, acet al dehyde, acrolein, etc. plus 200 ppm of

hydr oqui non&M®283PHE Bt £ 8nTof Ot neTh iy dient ton urel viek els gpnerally a
rate of ¥ kegperbeeudhderecbibfh fcﬁg, éé’i‘.hif:e der?é"liaq{(%& 0% %ﬁ“ﬁ%‘@o
a I ¢ de I on

solution (1) at the 18th plate fro ove of the azeotr ydra
colum ( 2 PPprovigeateifehe4the epaditdpn thab stubes tereuialdpy theshyatat i on

colum ( 2 r I 2 li,quid fromthe acetic acid
separation ég‘lot‘ilrn% %)fgtﬂ)att%r% c%% con Olvgeuée%%[ro YHe RIERATRT OIS P2 ) was
suppl i ed si twelnpelna tileough the boheomat ffwn 18i8inkatad |dbidwywaroty opi ¢
dehydration_col umm .(2), thel,col um _top liquid was distilled under a colum
top absol ut E’rﬁr"g?dwg‘é’ FEHL MBANEL Sfornroismgrzatd one Rsdr ik BN 65C

andwas rondaaspiddn dbe wopsdenser 4Q)koahtaghed: t ttﬁ{i%t Omgggtgsgg' tam? L NOV

condensate was separated into two phases . "Wen the to
200Z phase PRLYResiwgadlion péf foxpliiataaidatil binato ok ckgl hyenhehenrgheé c aci d

concentrati [ iy f the azeatropi ¢ dehydration colum

was 0.3 wt. %t.e IiLT(%Qt ugbcgre ulxaeg’l 3?% G‘l%éf e(i4§,rmﬂﬁf§h%?’%|t§?f‘ﬁe V\g Oggge Qs a

pol yneri zat reasbn Bbirbthds diffeverosqanidid aetotolbl PP ddshk 88| ecwl ar
thereto thrqugh the bottomat a rate of 40 Nljters/h

oxygen was supplied |
to effect dF‘é‘g'ﬁilef BP9 72 L TREXPICHERE Y 2 SHEPOSIITHI N L FBRA@MRP EbFR%I n
nei t herid ol QR tAGCeat %c-lum%ea@etehg)aﬁ %éeeﬁﬁéf‘laﬁctéﬁtdﬁﬂﬁfa@{or?’- 8

kg/'h. 10 Subsequently, the bott'ons of "the azeottopic dehydration colum ( 2
) menti onedagheescwdbeds ahsivieed to the 15th plate fromthe top of the
acetic acid separati.qn | unm 8 ). prquided with 35 sieve. trays. This

col utm was oper atlgd l%n&%%m;é ngc?l(bulr?n f[%rpocébesoﬁau}fee Opfr é’s%%vreentolfn%sal lJD‘i/

suppl yi ng nmakddufabmodggentiblehpoeiyneritatgbnt he battsaitapigoinpton rate
of 15 Nliters/h and_using a reflux ratio of 6 . O . Through the top of the
col umn,  acr FPP¥ac PR LYBIRAZRATHP™M WD IPIgioTf et§UChciaF waty QB RN By

di stillggiopodbrthite oétﬁef},kglzntaangmés@crx&beae@ d vase FEddpnegbi o the

azeotropi ¢ dehydratiron colum ( in the manner 20 described above. The

reflux |i quicdpdfermion ,cdrderys sonp@uraiidi dagpret ydinoey o dylaitaseh 1t hagmat o,
Through ¢ he PROTEBRLA e 401 DRz CRBEYPE ot Fhe g ePRtRERy Subfletbidy i h7a
concentrat i ed1@mnNot SGBhea tpslydPi pprivrsimbilvbict ned de suppleedfis. 4
kgl h. the form of a solution additionally containing at least one
25 member selected from among acrylic acid, azeotropic solvent,
and water to the top and/or the middle part of the column.
For the same purpose, a molecular oxygen-containing gas may
be blown into the column through the bottom thereof.
The bottoms of the azeotropic dehydration column thus
30 obtained contain acrylic acid at a concentration in the range
of 92 - 99 wt. % and acetic acid at a concentration in the

range of 0.02 - 3 wt. %.



The steamflow rate for the reboiler of the azeotropic dehydration colum
was 10.4 kg/h and that of the acetic acid separation colum was 0.9 kg/h.
The total steamflow rate for the reboiler required for the PpNONL200p Was
11.3 kg/ h. 30 When the azeotropic dehydration colum ( 2 ) and the acetic
acid separation colum (8) were continuously operated for 14 days under the
condi ti ons nentioped apbove and {heir - 31 Z 1 NOV. TOO interiors were

i nspect ed t her eaft%ertN1HelABERELPR ougBeDEERABRE: E3NoPet REPaZasedofrem

dehydrat i on 04 Wt teRIsCo ebsies ‘é‘%@ott‘}ogﬁ[)c{/ M?gpﬁtﬂafﬂ@.og' %%iﬁﬁ\ﬁrarg{ ag?&?‘%énﬁl o

(Exampl e 3) Ac.r(i;l ic acid was produce oW ng t procedure
1 while supPSAth§ampPe extraetedl imm popilfiigd dtetet he Hoetdoetda deid

separation h pl ate of the azeotropic dehydration col umm
Cé)éfﬁe r%??ﬁ xgﬂ?’)éllhr1I

and changing t u ratio of the acetic acid separation colum. As a

result, @hen the hetepras ahd heetdet h6iacsEpsLRBIOHI GO GMh YEhyvretae ust ed
so as to lower the etic acid concentration thereof to not nore than 500

ppm the reftRB¥} aFPLUBRS{ AECBoAGeRs RIGTH Ry ¢ AcPACHAs FBLRBNE 03be
1.6. 15 As respesdswihe coNdhi | Ahdfa 93?%3’}, Eb?ﬂmﬁ”eéﬂ%ﬁ%ﬁs‘&&?p'A%l the

dehydration colum, the 18th p1 ate was d to carry thereon a slight
anmount of de3RRbic AfldFRpasovlan aolumn sisgmidfard ypdloy e, aZhetsbpam f | ow

rate for the ' f e azeat ropi ¢ dehydrati on col umm s 10.2 kg/h
and that of Q%@%ég%%ﬁi%ég%mﬁ’ gtgb%rfgﬁto% Cc‘%/ll% (Waé:%f P3CKEAL CRAGM e
total sfleamvwhivheate fiettde rihod | ahd egicaed Il Yeaecapanyt i proves 11.5

kg/ h. (Exanpl e %% 25 Acrylic acid was produced by follow ng_the process

di agram i | | RYY2REIEAUET 9.1 i1gifktled jgikhnd BRFKLNE Q& BlasREai ni ng
aqueous sol ution pge Usesh { 1 BXpoR! £n %H’@%c%fi@i%@[ 5earak8 o cd /hto
the 23rd plate fron?above of an azeotropic de ygr atd?or?%?%%cooglrrﬁ g}lgl\% ded
with 50 sieveay ey periforwmes dnderlamyl dithehknawe oatompi ti e wdriath ditcol um

'tjg(rjrgrer gt ﬁ?le 2 eg@%@?fgéyignpr ekséf"rgxglgp]!'gig anigt cgggiéét QuE' %glger a
15 column top pressure in the range of 20 - 100 hPa at a column
bottom temperature of not higher than 100°C. It has been
heretoforecustomary toadd anazeotropicsolvent totheacetic

acid separationcolumn for the purposeof preventing theacetic

acid separation column from inducing polymerization or allow

20 the azeotropic solvent to persist in the bottoms of the
azeotropic dehydration column. Since this invention is
enabled to expel by distillation easily polymerizing
compounds including aldehyde by adjusting the acrylic acid
concentration in the column top gas of the azeotropic

25 dehydration column in the range of 0.06 - 0.80 wt. %, it is
capable of preventing the acrylic acid in the bottoms from
polymerization and also preventing the acrylic acid in the
subsequent acetic acid separation column from yielding to
polymerization. Furthermore, thedistillation in the acetic

30 acid separation column can be carried out under the same
conditions as those heretofore adopted for the purpose of

distillation. Further in this invention, the bottoms of the



2 ~ NOV 2002 The colum top gas was condensed in the condenser ( 9 )

attached to the colum. When the tol uene phase (4) obtained by separating
the resultant condensate into two phases was wholly reflu i vag@ te of
30 kg/h, the acrylic acid concentration 5 of the colum tgg dgi f ound
tobe O. 2w . o and the anount of steam supplied to the reboiler to be
12.7 kg/h. Incidentally, the reflux |iquid had incorporated phenothi azi ne

therein as g i ' Leabihi I L sac trati and
wos di ot 11 ol TS BehpRratabR S et v e S o Sins 2R B om
of the col urarial sepaxtaticin 6 Mdt tesstdin The azeobioplict Belveper thet he
azeotropi c de rati,on colum wa nd tq be 12 7 kg/h. The bottons of the

h f
col um had &V %cgeé’ﬁ%tea& dgéﬁne’éﬂa?lﬁgaohno?%%&or}ﬂﬁ%s hatSs5dsshre15h8nd

contai ned aksalusitlhasha halgueBenperdtidle afitd BbekhhdtOPehALrRNCHAS 1 ed.
conti nued under the conditions described above for 14 days, the interior of

the col ufn WaE§Mapaceeel ing Waken-hat Thedsjmidy raguired ahsthéliagd
pl ate and a r i red. 20 - 33 Zt Nov
bl g%%%% ]t%cglvta%ﬁe@prgggu{aé 8ad-RaeUL"

zoos Cainms: (1 ction or acrylic acid, conprising a
step of subjecti Mheprapst emeaand/ sepacadlienn dod wn caxiniobaniy cabakpiei ¢ gas

Gae forned B RPPFE Aehytat IR Al a8 hRakEr BT a0t

absorbent, gx¥ewerst iy ofadigfyil atddpdt her@k' Yy i€1a&hg- cOAt agatagtagueous
sol ution obtained by said step of absorption, and characterized bg.sald
st ep of l@ehRrAmeni zafiontardd-ewvi tably any ebrheknauppdl snerizakiPRg an

azeotropic m 1 ef | j Stk | t ant
ot ur o and S dES BuBGChs e PRt win AL HeneraOpaEapeR,
azeotropi ¢ defetthtad | antecolsophenoli,heupfiegeoal, -6yl confdusds ~cbppeeby
preventing the bottong.of said azeotropic 15 dehydration cqQlum.from
Dubstant | at 19 RER L FRiGeatPamal for rRPECEBEaBA and bt BYSTPIYLPORG et hod
accordi ng t GdiRiapdlymeRekaitionhendsbYtbs a8ahdbe CNGSNE 1&d 116D the Ebem

acrylic _acid-contal ni ng aqueous solution to be supplied to said step of
dehydr atPon 9% am FEryihic ramgé-@Pneainigg aguecus(sglytipst RedthecsP®i ng to

claim i, V‘hea[r?&fkgrs%ih% aggg;ggggitosf he agh¥khinC afbd GoDNCaRly ggkgesat the

top of said azeotropic I on ‘col um COH%FISES havi ng a ndensér
attached t o smodeandatrayoe eyt ai nbng galsuren bleds biwn dbteaitiengoduls
condensate c ntaiq%n at least acrylic¢c acid, acetic acid, an azeotropic
sol vent, and-RERugl ThoLALEAH Eg?ﬁeeﬁndensate into an azeotropic

sol vent - cont ai ni ngh PASR HI Gh WALwsPBABEcoRAEnSHDESEION Mikefilukieg said
azeotropi c sol vent-containing phase to said azeotropi c dehydrati on 30
colum. 20 of the gas emanating through the top of the azeotropic
dehydration column to be circulated to the absorption column
and the azeotropic column and put to use therein. Inaddition
to this circulating use or independently thereof, the
distillate gas containingacrylic acidmay be obtained through
25 the top of the acetic acid separation column and condensed
and the resultant acrylic acid-containing condensate may be
supplied at least partly totheazeotropicdehydrationcolumn.
This partial recirculation of the acrylic acid-containing
condensate enables acrylic acid to be further utilized
30 effectively. The condensate generally contain acrylic acid

at a concentration in the range of 90 - 99 wt. % and acetic

acid at a concentration in the range of 1 - 10 wt. %. In this



( 4 ) Anethod according to claim2 , wherein said adjustnent of the acrylic
acid concentration at the top of said azeotropic - 34 2T lp,’ 2[]
dehydration col unmm conpri ses having a condenser attached to said ong)pi C
dehydration columm thereby obtaining a condensate containing at |east
acrylic acid, acetic acid, an azeotropic solvent, and water, separatingsaid
condensate 5 into an azeotropi c solvent-containing phase and a water phase,
and subsequepirqulationi fp skhe azpedtoppicsaalepdrsonbai iolgiphAseHeo sai d

azeotropic o] ol um.. (5 thod ,according to claim3, wherein
t he wat er 131?‘%5%%%52“& %ggi &uggﬁaﬂéﬁigafgggscp@gpﬁsm L ahh8paBFREXPPRGT use
in said stepdeliydbsbighi @dluf)id piesheragces Bahh aHd damet1aiar aish the

wat er phase of said condensate is reclainmed as an absorbent for use in said
step of absd?htitveds ¥han) theptivketac i saRRAE| £ifn thenhecayd iche

bottonms gf Sﬁéﬂdﬂégﬂféfﬂiﬁ%deaﬁq%ﬁﬁiaqﬁ% %%QeéEEEQEE h@@&%@‘é‘%ﬁ%nt 0 an

acetic acid separation colum an istilled to attarn Separatiron of acetic
acid. (8) A woe . adbsleli ndiet gonldditons wisedeby tmiscintértfh in the

aci d- cont ai nj ensate is_pbtained fromthe top part of said acetic

aci d separ at%%%ogg&gﬁ% @%\l&y%fa?éagt CBgP{nnt’ h8FE8L1fs aE&BpFPBSePGréja;il@n
azeotropi ¢ demydreatciodnmeokiises §igheradithgdedcaowti ftoh T 1 podiB.iomherein
the position_to which said acrylic acid-containing condensate is supplied

25 is on t hef SafMRRNEINGEPEnEOBASPERSR /aR NI M CORAPTEALG RBTEduced
dehydraioon €oluHE dol uiiPBEhed st Be291 oGt Ya! £ihL e GAM AY 48,9340y

solution or lower than said latter p Ion .
Al e. As. Al & apsdAghTR M End. AqtlecusA. Sb1ABHLNAL. A8, . AReApdd 1Ay 9.fal A& A

AY.A@A Ays@gbf‘é@gp‘%fh'epé&o'ﬁ%éﬁégég 't%sghéAXZQE%gtEJ’igvge%)%ration column
is fixed at the same level as or lower than the position for
supply of the acrylic acid-containing aqueous solution. As

15 a result, the solution intended for purification is enabled
to be supplied to the distillation column at the position
approximating most closely to the composition in the column,
the efficiency of separation in the azeotropic dehydration
column will not be lowered.

20
Examples

Now, this invention will be described more specifically

below with reference to working examples.

25 (Example of production of catalyst)

In 150 liters of purified water which was kept heated
andstirred, 100 kg of ammoniummolybdate and 6.3 kg of ammonium
paratungstate were dissolved. To the resultant solution, an
aqueous nitrate solution prepared by dissolving 68.7 kg of

30 cobaltnitrate in 100 liters of purified water, 19 kg of ferric
nitrate in 30 liters of purified water, and 22.9 kg of bismuth

nitrate in 30 liters of purified water additionally
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h& ()-S2: _’ll.gcl%:e dehydration column (2) at a rate of 1.6 kg/h similarly
through the inlet (11) at the 18th plate for supply of the

column top liquid. Intheazeotropic dehydrationcolumn (2),

30 thecolumntopliquidwas distilled under acolumntop absolute
pressure of 187 hPa at the 15th plate temperature of 65°C by

using toluene as an azeotropic solvent. The distillate
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anaqueous20wt $ silica sol solution and 0.29 kg of potassium

5> nitrate in 15 liters of purified water was added thereto.

The suspension thus obtained was heated and stirred till
evaporation to dryness and then dried and pulverized. The

resultant powder was molded in the shape of a cylinder 5 mm

in diameter and fired under a current of air at 460°C for six

10 hours to obtain a catalyst.

(Example 1)

Acrylic acid was produced in accordance with the process

diagram illustrated in Fig. 1. With reference to Fig. 1, 1

15 stands for an inlet for supply of an acrylic acid-containing
agqueous solution, 2 for an azeotropic dehydration column,
3 for a gas line at the top of the azeotropic dehydration
column, 4 for a condenser reflux liquid (azeotropic
solvent-containing phase), 5 for an oil-water separation

20 vessel, 6 for a water phase, 7 for the bottoms line of the
azeotropic dehydrationcolumn, 8 for anacetic acid separation
column, 9 for a condenser, 10 for a column top line of the
acetic acid separation column, 11 for an inlet for supplying
the column top liquid to the acetic acid separation column,

25 12 for a line for the produced acrylic acid, and 13 for a
reboiler.

First, a reaction tube was filled with the catalyst
(composed of Mo, Bi, Fe, Co, W, Si, and K at respective molar
ratios of 12 : 1.0 : 1 ¢ 5: 0.5 : 1 : 0.06) obtained in the

30 example of production cited above and intended for use in
the formation of acrolein mainly from propylene and a raw

material gas composed of 7 vol. % of propylene, 12 vol. %
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dehydration column. The resultant condensate was separated
into two phases. When the toluene phase (azeotropic
5 solvent-containing phase) (4) was wholly refluxed at a rate
of 19.5 kg/h, the acrylic acid concentration in the column
top gas of the azeotropic dehydration column was 0.2 wt. $%.
The toluene phase (4) incorporated phenothiazine as a
polymerization inhibitor till a concentration of 150 ppm and

10 molecular oxygen was supplied thereto through the bottom at
a rate of 40 N liters/h to effect distillation. The acetic
acid concentration of the bottoms was 0.8 wt. $. The bottoms
contained neither toluene nor water. The bottoms were
obtained at a rate of 8.1 kg/h.

15 Subsequently, the bottoms of the azeotropic dehydration
column were supplied to the 18th plate from the top of the
acetic acid separationcolumn (8) providedwith 35 sievetrays.
This column was operated under a column top absolute pressure
of 53 hPa by supplying molecular oxygen thereto through the

20 bottom thereof at a rate of 15 N liters/h and using a reflux
ratio of 2.0. Through the top of the column, the acrylic
acid-containing condensate containing 4 wt. % of acetic acid
was obtained at a rate of 4.8 kg/h and condensed by being
cooled with a condenser attached thereto. Of the resultant

25 condensate, the portion of 1.6 kgh was returned to the
azeotropic dehydration column (2) in the manner described
above. The reflux liquid fromthe condenser (9) additionally
incorporated therein hydroquinone as a polymerization
inhibitor till a concentrationof 100 ppm. Throughthe bottom

30 ofthecolumn, notmorethan500ppmof acrylicacidwasobtained
at a rate of 6.5 kg/h.

The steam flow rate for the reboiler of the azeotropic
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5 When the azeotropic dehydrationcolumn (2) and the acetic
acid separation column (8) were continuously operated for
14 days under the conditions mentioned above and their
interiors were inspected thereafter, the 18th plate of the
azeotropic dehydration column was observed to carry a deposit
10 thereon slightly but show absolutely no sign of the formation
of a polymer.

(Comparative Example 1)
When the same acrylic acid-containing agqueous solution,
15 azeotropic dehydration column, and acetic acid separation
column as used in Example 1 were adopted and the temperature
of the 15th plate of the azeotropic dehydration column was
set at 60°C, theacrylicacidconcentrationof thegas emanating
through the top of the azeotropic dehydration column (2) was
20 found to be 0.05 wt. %. The bottoms were found to have an
acetic acid concentration of 1.7 wt. % and contain neither
toluene nor water. The bottoms were obtained at a rate of
6.5 kg/h.
When the amount of the distillate to be obtained from
25 the acetic acid separation column (8) was altered so as to
change the acetic acid concentration of the bottoms to not
more than 500 ppm, the distillate was obtained at a rate of
5 kg/h. This distillate was supplied to the azeotropic
dehydration column (2) and treated therein under entirely
30 the same conditions as in Example 1 excepting the change of

the reflux ratio to 1.0.
The steam flow rate for the reboiler obtained from the
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12.9 kg/h.

5 The operation of the azeotropic dehydration column (2)
was discontinued when the pressure in the bottom of the
azeotropic dehydration column (2) abruptly rose after 5 days
of continued operation. When the interior of the column was
then inspected, the 18th through 30th plates of the column

10 were found to be covered with 2.5 liters of deposited polymer.

(Comparative Example 2)
When the same acrylic acid-containing aqueous solution,
azeotropic dehydration column, and acetic acid separation
15 column as used in Example 1 were adopted and the temperature
of the 15th plate of the azeotropic dehydration column was
setat 70°C, theacrylicacidconcentrationof thegas emanating
through the top of the azeotropic dehydration column (2) was
found tobe 0.9wt. $. Thebottoms were found to have an acetic
20 acid concentration of 0.3 wt. % and contain neither toluene
nor water. The bottoms were obtained at a rate of 6.8 kg/h.
When the amount of the distillate to be obtained from
the acetic acid separation column (8) was altered so as to
change the acetic acid concentration of the bottoms to not
25 more than 500 ppm, the distillate was obtained at a rate of
0.5 kg/h. This distillate was supplied to the azeotropic
dehydration column (2) and operated therein under entirely
the same conditions as in Example 1 excepting the change of
the reflux ratio to 5.0.
30 The steam flow rate for the reboiler obtained from the
azeotropic dehydration column was 10.6 kg/h and that from

the acetic acid separation column was 1.0 kg/h and the total
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pic dehydratlon golumn (2) abruptly rose after 7 days
of continued operation. When the interior of the column was
then inspected, the 6th through 18th plates of the column

were found to be covered with 2.0 liters of deposited polymer.

10 (Example 2)

Acrylic acid was produced by following the process
diagram illustrated in Fig. 1.

When the acrylic acid-containing aqueous solution of
Example 1l was preparedwithwater and hydroquinone, the bottoms

15 of the absorption column consequently obtained were found
to be composed of 49.0 wt. % of acrylic acid, 1.9 wt. % of
acetic acid, 48.1 wt. % of water, and the balance of maleic
acid, acetaldehyde, acrolein, etc. plus 200 ppm of
hydroquinone.

20 The bottom of the absorption column were supplied at
arate of 7 kg/h through the inlet for acrylic acid-containing
aqueous solution (1) at the 18th plate from above of the
azeotropic dehydrationcolumn (2) providedwith40sievetrays.
To the azeotropic dehydration column (2), part of the column

25 top liquid from the acetic acid separation column (8) which
continued tothedehydrationcolumn (2) was supplied similarly
through the inlet at the 18th plate.

In the azeotropic dehydration column (2), the column
top liquid was distilled under a column top absolute pressure

30 ofl87hPaatthel5thplatetemperatureof 65°Candwas condensed
in the condenser (9) attached thereto. The resultant

condensate was separated into two phases. When the toluene
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liters/h to effect distillation. The bottoms of the column
were found tocontainneithertoluenenorwater. Thesebottoms
were obtained at a rate of 3.8 kg/h.

10 Subsequently, the bottoms of the azeotropic dehydration
column (2) mentioned above were supplied to the 15th plate
from the top of the acetic acid separation column (8) provided
with 35 sieve trays. This column was operated under a column
top absolute pressure of 53 hPa by supplying molecular oxygen

15 thereto through the bottom thereof at a rate of 15 N liters/h
andusingarefluxratioof 6.0. Throughthetopofthecolumn,
acrylic acid containing 4 wt. % of acetic acid was expelled
by distillation at a rate of 0.4 kg/h. This acrylic acid was
returned tothe azeotropicdehydrationcolumn (2) inthemanner

20 described above. The reflux liquid of the condenser (9)
additionally incorporated therein hydroquinone as a
polymerization inhibitor till a concentration of 100 ppm.
Through the bottom of the column, acrylic acid containing
acetic acid in a concentration of not more than 500 ppm was

25 obtained at a rate of 3.4 kg/h.

The steam flow rate for the reboiler of the azeotropic
dehydration column was 10.4 kg/h and that of the acetic acid
separation column was 0.9 kg/h. The total steam flow rate
for the reboiler required for the operation was 11.3 kg/h.

30 When the azeotropic dehydrationcolumn (2) and theacetic
acid separation column (8) were continuously operated for

14 days under the conditions mentioned above and their
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10 ratio of the acetic acid separation column.

As aresult, whenthebottomsof theaceticacidseparation
column were adjusted so as to lower the acetic acid
concentration thereof to not more than 500 ppm, the reflux
ratio of the condensate of acrylic acid was found to be 1.6.

15 As respects the condition of deposition on the azeotropic
dehydration column, the 18th plate was found to carry thereon
a slight amount of deposit but show absolutely no sign of
a polymer. The steam flow rate for the reboiler of the
azeotropic dehydration column was 10.2 kg/h and that of the

20 acetic acid separation columnwas 1.3 kg/h and the total steam
flow rate for the reboiler required for the operation was
11.5 kg/h.

(Example 4)
25 Acrylic acid was produced by following the process
diagram illustrated in Fig. 1.
First, the same acrylic acid-containing aqueous
solution as used in Example 1 was supplied at a rate of 10
kg/h to the 23rd plate from above of an azeotropic dehydration
30 column provided with 50 sieve trays. It was distilled inn
the azeotropic dehydration column under a column top absolute

pressure of 173 hPa at the l4th plate temperature of 57°C.
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% of t hE@ZC])lUI%I)l top gas was found to$be} wt0 % ar?dS the amount
of steam supplied to the reboiler to be 12.7 kg/h.
Incidentally, the refilux 1liguid had incorporated
phenothiazine therein as a polymerization inhibitor till a
concentration of 150 ppm and was distilled with molecular
10 oxygen supplied thereto through the bottom of the column at
a rate of 60 N liters/h.

The amount of the vapor in the azeotropic dehydration
column was found to be 12.7 kg/h. The bottoms of the column
had an acetic acid concentration of not more than 500 ppm

15 and contained absolutely no toluene or water.

After this operation was continued under the conditions
described above for 14 days, the interior of the column was
inspected to find that a deposit had formed on the 23rd plate
and absolutely no other abnormality had occurred.

20
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to a reaction of catalytic gas phase oxidation, a step of

5> absorbing the acrylic acid contained in the gas formed by
saidreactionofcatalytic gasphaseoxidationwithaabsorbent,
and a step of dehydrating the acrylic acid-containing aqueous
solution obtained by said step of absorption, and
characterized by said stepof dehydration adding an azeotropic

10 solvent capable of forming an azeotropic mixture with acetic
acid and water and distilling the resultant mixture and
adjusting the acrylic acid concentration at the top of said
azeotropic dehydration column in the range of 0.06 - 0.80
wt. % thereby preventing the bottoms of said azeotropic

15 dehydration column from substantially containing said
azeotropic solvent and water.

(2) A method according to claim 1, wherein the acrylic
acid concentration in the acrylic acid-containing aqueous
solution to be supplied to said step of dehydration is in

20 the range of 55 - 80 wt. %.

(3) Amethod accordingtoclaiml, whereinsaid adjustment
of theacrylic acid concentration at the top of said azeotropic
dehydration column comprises having a condenser attached to
said azeotropic dehydration column thereby obtaining a

25 condensate containing at least acrylic acid, acetic acid,
an azeotropic solvent, and water, separating said condensate
into an azeotropic solvent-containing phase and a water phase,
and subsequently refluxing said azeotropic
solvent-containing phase to said azeotropic dehydration

30 column.

(4)Amethodaccordingtoclaimz,whereinsaidadjustment.

of the acrylic acid concentration at the top of said azeotropic
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said azeotropic dehydration column thereby obtaining a
condensate containing at least acrylic acid, acetic acid,
an azeotropic solvent, and water, separating said condensate
5 intoanazeotropicsolvent-containingphase and awater phase,
and subsequently refluxing said azeotropic
solvent-containing phase to said azeotropic dehydration

column.

(5) A method according to claim 3, wherein the water

10 phase of said condensate is reclaimed as an absorbent for
use in said step of absorption.

(6) A method according to claim 4, wherein the water
phase of said condensate is reclaimed as an absorbent for
use in said step of absorption.

15 (7) A method according to claim 1, wherein the bottoms
of said azeotropic dehydration column are further introduced
to an acetic acid separation column and distilled to attain
separation of acetic acid.

(8) A method according to claim 7, wherein an acrylic

20 acid-containing condensate is obtained from the top part of
said acetic acid separation column and at least part thereof
is supplied to said azeotropic dehydration column.

(9) A method according to claim 8, wherein the position
to which said acrylic acid-containing condensate is supplied

25 is on the same level as the position at which said azeotropic
dehydration column is supplied with said acrylic

acid-containing aqueous solution or lower than said latter

position.
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