; e3eeBzbj j kDndoT y6yTBz METHOD FOR PRODUCTI ON OF ACRYLI C ACID BACKGROUND

OF THE mmmmﬂmm\w eld of the Invention: 5 This invention, in a nethod for
the pro crylic acid conprising steps for absorbing with water an
acrylic aci gpg@nt ai ni ng gas obtained by the reaction of catalytic gas phase
oxi dation, renoving | ow boiling substances and hi gh boiling substances, and

a step for thermally degpipesi PORaPrRAJUASLINI 6F At By Rl GRS contained in
t he high boiling substance-containing solution obtained in the step for

rFFDvam“mmmmﬁwﬂﬁmmfha nefhod for the production of acrylhc acid mhicr .

al | ows e poly Qﬁﬁﬁb [ nd enj oys exalte
product i Vi fi31504l 5 Descriptigﬁéééﬁéﬁe elg€e§ﬁ§w§$§§ﬁ$%9$b acid is used in
coating, textrliel@rofeshengnvenatibar products, and building materials, as
well as f copol yners destined tp produce. acrylic fibers, and_for 20,

bl s ons 3 o pr od LBLB AT E gt BT ARE A R L RRE AHEHEHE 1 o
acrylic acid heiaovompeieanyngtepbt fod Nb&¥irbOng eal i1 i @St POEHCcid on of
acrylic acid by using an inexpensive raw material, therefore, it is common
for acrylic adfddrecpbapréBdceasbybEpdnedabyibhe ofeackinny 9l qpir ek 25
oxi dati on of [ : td tyl as
phase oxidati§%98¥%§§§?¥gg5%gégggkgggﬁggfg%&g%lﬂg%gggﬁgﬁﬁgxgﬁigbggggggand
hi gh boi |l i ng bab$ingcesbdesices, yvne di sigepciof tbeamad lyvdedongoping esses
are reli on_t'o,separate and. renove such .by-produc and. puri.fy..acrylic
Geid. 30 The BFFFEREGI Bave: R o ARl Wortis i i mebdiiids &
met hod for predbstagcaceghteinthd Boludicdushbgiredi 1ad gas sbepi nkek by
the catal ytic gas phase oxjidation - 1 of propylene, for exanple, to an
acrylic acid 5%@8?%9-?01%6%‘6?%%?0 AREHYd FOrgaEet Brednthten £t

absorbi ng sol yenf G & NG A YEbC REdFentCeheC §61¢meAlFaePeh! e
wat er - sol ubl e sol vent thereby obtaini'ng an aqueous actrylic 5 acid sol ution,
dehydrating taéfagihenbsyasngl enjapsdessltedonroduahiviient ropi ¢ separation
colum a qiobtaining t hrough the bottom of this colum acrylic acid
substantid ly free fromacetic acid, water, and sparingly water-sol uble

sol vent, neanpbsteipxpehl bBigthbr raghteleaktop of the colum a m xture 10
consi sting of acetic acid, acrylic acid, water, and sparingly water-soluble
Sol vent by distil| AEFBRLCSRPARALF nESEReL BRI HRE i SaRIr LS PEPRT Y t ank
into an organigaphasephenirdssubsbamuialdinOinatesab16nt agnehed NaiLrffhase
formed of acrylic_acid, acetic acid, a solvent, and water, and circul ating
the 15 organi ECPRI¥BELR (IRStEARS r §pi PLEPHFAL RBRY EdFurfiPenfe 3BRutiYn, the
exhaust ofs. eRd1LD8nk! €6 LAl LTNAGIIOULBUER BHA! A A0 RfafRsses
possi bly contaln raw nmateria conpoundé, produced conpounds, and ot her
useful conpoufitle. d&ttamnd tffur elgrydticoficédals imyy time refafsiimigencyibh 207iew
production, the Eragtice of guttin t hese erial.s to cifr ulatgé{ use in
the process of°pf&AUdEi8d PESEoRECHICHEOMn Obs CT¥HECofFid BY S5/ dt9 &bt

JP- A-11-012222nekpeneX @bty mdtael a3 ek trerarioied {ohsrenomal fog aafylice acid
fromacrylic 25 acid containing acrylic acid dinmer and mal efic acid, which
i s charact eri 2649p}°i e rRIRAYGRA thie Th& FEaCtaeRdoE ofR SR Y i 235 IRRasSR d

di mer and)qmal gkkgagsbd &Py 1A, to 28k Amp BEOV it €RbUPBacEXBEIdf NY
acrylic acid by distillation tthrough the top of the colum to recover the
30 acrylic acratakEsadhgRre pPhasedoridatineg GbVedIseuUid RYWPTIHIE tien

acrylic acid- L0g.col i nt IR WL

Gecompos; ng 1 Re Ayt bpEE 18 koL h AT bOEFAIPRRLEE ARcEE TS es

t hen circul at yhgldtinhgeaskypact aofid heababtisnprocessied Bjrd o ide dineroral
deconposition tank to the acrzlic(ﬁggd-recgverigg colqu. Thii,nethqg IS
directed t owaPGPBFREEIARETERAVESUHEPHePYPRECES AR et i BAGEE A& 291 aci d
and, by cigcul ati nghkhgragkyhiCqagketpr 8dugeds byyt ey sleLonposidianpis, an
acrylic acid-recovering colum, "is enabled to obtain acrylic acid as a
fini shed proddésclpsegla aeddiod for orahxing peryhieiadishby opoieduahg i s

| i abl e to generat n rvlic.:agiyd,.po i t S

absorption ofga@FSFgcgggiékggéﬁgﬁebgu%éggégﬁ%i%ggﬁé%%sngﬁﬁaf? |%%f¥%%.
Various purification colums, therefore, have been used to produce acrylic
acid while preventing the occurrence of polynerization by adjusting
distillation pressure, tenperature, feed rates of liquids, and the |ike. 15
The official gazette of JP-A-2000-355570, "for exanple, discloses a nethod
for distilling an easily polynerizing conpound by the use of a distilling
device, specifically a nethod for preventing an easily polyneri zing
conmpound from bei ng pol ynmeri zed, characterized by supplying a liquid 20
substantially identical in conposition with the liquid existing in the
peri phery of conmponent nenber disposed in the distilling device to the



boi l i ng substance, separating a nigh boiling substance, and thermally
deconposing an acrylic acid oligoner, the efficiency of production of
‘acrylic acid can be inproved by effecting either (i) a step for introducing
a polynerization 15 inhibitor to a stage other than a stage for supplying
raw material (what is called "step for feeding” ) to a distilling colum
and a stage bEprapflenegfar eabingi et, ey £h acrol itiddi dalsé@ppt Don 2uRAMmM|, Ng to
a step for dehydration the acrylic acid recovered by thermul deconposition

of the ol i gof8SITHe ® AAhOHOf BPPEAEGUGTF RO ML rPFRrotng ARjvent

| ncorporate LBealiRiAS! Berkalichr aualNgagBtaE! YhbeasS! ghal ! ankfﬂﬁ pyoduced
acrylic acid or a step for further purifying the produced acrylic gc dinto
acrylic aci dwettex-isioghdlepapivent| thepgby ohtmining @medaeeushaceyhia step
for produgin p [ j | &t her J he.acrylic
aci d of o ni SRR YO BstaSaEng e FOhn B oL OR8]
provi di ng a tiankn arxodrapicoskparbetinnerobanh anbdeolst 2pn fiog tdhrargdt the i n
wat er, the s&e% for Ee ﬁratio of | ow boilin su%%%agges th% step for 30
separating hg§ tB_B‘i Pi n_g STPSTAMtRSC G 1Y EFPRERME G Y THECORPDRi ti on
of the acryl iaeegicd a@ildgormrteﬁ,ocaﬂcpgssésrﬁiﬁ@ﬁﬁswé@efh@ow@ﬁ@qysmeﬁﬁ,eps,
and then perform ng the subsequent - steps, prevents the occurrence of
pol yners to Meanytiideqasneliingsthrenakdihe topectvidie ¢alupinepgmprture
product i pa. LS ;l t i.a .the: .Qr., 1. ct iC

e d whi 2 oE3uB e G dBReek I R AT Baq s BRERES il pax BHEYY

aci d- cont ai nwagegasolabllet i aglvenm tie rddattiildratdfoncat aeptiratdag phhse

oxi dation, remnovi | ow boiling substances. and hi gh boil,ing substances, and
Cher ol Iy deEORBOLRAg e S R £ A SE SRR e RORESPRES BT ECHRER

boi I'i ng substapetan@ihailfisgaxatveait bad whberighsd heshea claépyiienoval ,
can prevent the polynerization nore efficiently and exalt the productivity.

BRI EF DESCRI PFHEN TFetHE asRan RG FE 6ent, isdwitehr AR FddFculatdndathfg
schemat i g1 | ¥rgah3 PLAERES 1h0k kNS R2dUEl0B Db AEL N Eodthd.i nCl uding a
step for the production of an acrylic ester and a process for the
production of pol faersdiwt iz dtheaxhausDESCR RTHGN e 1 KB IEREFERRED: ©
EVMBODI MENTS) 2% The first a ect .%f t hi sci Q¥egti on sre[I) tes t% a mat%od for
t he producti 'Gfﬁ: )i %%?E}I PR AT A h %rorpﬁ 868 (pa<3S 33 %pclpélr 338t at ‘flng an

acrylic aci dmateirdiani RGmpatinds ,Craldidedl gaspguasss oxdarthtotiter (ubefun step
for obtaining an aqueous acrylic aci d-containing, solution b¥9absorbing t he

acrylic 25 aEPEPOSRASi-ni Biytlathn®i PRIGHT aBhieBtRL GRS BRRgeEbIGLRREY (23 a
step fora@bt ?‘r&'d’il@:t‘i"o%qe s Ypractskbd Ry debivelmd i eResdBd/mt 8N NEo | OW
boi I i ng substance _from said aqueous acrylic acid-containing solution, (d) a
step for obt &FCHE %Oy HECatN dtBAP IS DO PHEAYGHILANEE- CORE AR RIRG

sol ution by 3Q regoving high boiling substances fromthe crude acrylic
acid, and (e) a step for recovering acrylic acid by thernmally deconposi ng
the acrylic acid ahegofigdiciait gametitenofh@PhRghl-062222pofbrngxample,

substance-coa}aigkn solution(i which nethod is ¢ racteQiged bg ﬁﬁiforning
at |east eitf&”%oP"® |S)ad“%tttbcb f&F FﬁFPXSE&Pﬂga%r ﬁ/rﬁfrli P8¢ bftor to
a stage p$henctidaronite istiage abeklseppkydngineravnaengleat aoddy hehstrge 5
for supplying a reflux to the distilling colum or (ji) a step for,
suppl yi ng” t he-SaBRYF RELEEFBA RDVEER WS et I A Ve RFIST RGP ERED BPF gonrer
to the step fen-yahkai BbRE CHYHEraciyli Gatd & Pudenydhabl 0An Therylic
tern'| owboi I ing“substance" as used in this invention 10 refers to as a
subst ance hawicigl-xeconer ibgi | i polponnt txpelddng i caaryliandacist andyr d

condi tions and _.the . ter.m "hi boi i ng bst.a " s.to u ance
havi ng a hig%@ﬁtﬁgﬂﬁﬁﬁﬁnp5bﬁpug aﬁhngéﬁiéEagﬁg ﬁégéﬁksFén §§8gggngﬁ%ions.
The tern3lacrayryd iaciatid, gesmkhinef éntrbduthagMnkabbttbmt ypquaddysy of
acrylic acid which is regre$ented by the following fornula [1], CkZzg}KII)
( -%-000 ) nffom |the (GREVELA RGILHPIMIGHI oFOHIN 5 1RLR 3 CRELRAS for
- CHZCHzor - Cfelddilsos iR HaRGk bhRAl debempllrialy theOhery1is HBYdPEiREr
identical or différent where nis 2 or nore.) "The term "polyacrylic acid (
salt ) " refers to as a polynmer containing acrylic acid and/or an acrylic
acid salt as the main conponent of the nononmer thereof, nore specifically
inaratio of not less than 70 nol d, nDr? preferably not |ess 25 than 90
nol d, and nost preferably substantially 100 nol% By using such polyacrylic
acid (salt), it is made possible to produce a water-sol uble polyacrylic
acid (salt) and a water-absorbent resin. As the polyacrylic acid salts,
preferably univalent salts and nore preferably alkali nmetal 30 salts and
ammoni um salts may be cited. Such acrylic acid nay be copol ynerized with
ot her nmononer. For exanple, the acrylic acid (salt) nononer may be either
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those represented by the general formula: Ma-Bi b-Fe c-Ad-Be-Cf-Dg- ~x
(Wnerel n Mo, Bi, and Fe respectively stand for nol ybdenum bisnmuth, and
‘iron, A stands for at |east one el ement selected from the group consi sting
of nickel and cobalt, 5 B stands for at |east one elenment selected fromthe
group consi sting of aI kali nmetals and thallium C stands for at |east one
el ement sel ednethé¢ rorhttdre lgguagd (:bhsiasrtd mhyeofcirculating at least part

D ot hnds 1 or O3t HERR oAb  eaBkan B Lenen b A0 bRRonPRh s RRRr DY ng o

sil I con, al ugbnNhe Za¢£PNidMacadd recodirifly @cthands foRi®OXk@eRoda, id, C,
d, f, g, and x respectively represent atomc ratios of M, Bi, Fe, A B,

C D and O §é&RCtRet toward effecive usepof thq@zcrd'laczaggd Gimep, m - 5,

]assu?re-s g’nﬁﬁ%%?&%l QCl ugn%?gﬁa&ﬁ:hggt%%m@dﬁ%y tﬂye ox IZI #glq}stat es of

t he rel evant bgl 'eherdecc)mmlbeom:mcedm Theylact ecidtperocat Bhy stolwan equi r ed
to ef fect gas_phas at| G contai hing.acroleip to
broduce. 20 adPy PrapA8iy e eBRash. et aith ABLd5ts TR L Eh it g SPEERTEE,

repr esent ed by thacgymeba&ci@rmha e&/&lytpdNyn@ﬁzﬁerngoﬁgo@Xd aMQireBi n M

stands for ybdenum V stands for vanadium W stands for tungsten,
stands for cé&ﬁ@#e9—9gﬁéﬁ’é@tﬁoﬁ‘néf’rﬁ'éaé’ta%P@F@ﬁﬁﬁtd%}%FE& ?Qﬁﬁ?ﬁhe

group cof§i sthRIaBEc2paBh B‘E”Xcr?!L%BUSBLdtaHd thO B e AR tprdd &k

ni ckel , and chromum "B stands fo | east one el enent Sel ect ed fromthe
group consi stferpwfificet iomet Fag iomiskput heicatridn aelangs, siendftéum C
stands for a cl

i 1con, al uleyEmesf M BRBLadtE RSt LIS U ulide R OSSO )
d, e, f, g, anduxreaepeodsfveb)lymemieaenbnatwn adlja*stmsgofdzl‘dleaﬁ/ﬂorQJ A,
B, C, and o such that b = 2 = - 12, =0.,1-5 .a- 10 - -
5, f = 0 - S5PTERGYGS+ bemp%)a%ﬂf“éesaﬁ‘?%dfo?é&eﬁh%ﬁ J&@’%f'i ahg &%‘B]l

repr eseni§ a nunerheabr Fak UE1 \Waizelh teSo £i7eeth -1\ olohe 586170, 2 b é&aaﬁ;eﬁe of t he
rel evant elenents ) may be cited. The acrylic acid-containing gas y\hl ch is

obt ai ned frofifRaoseFeacMithed gfﬁffercbélﬂtyﬂédﬁ’tgalaﬁls eﬁﬁllYZCPQ/UtYm@)SJe?l%ryl ic
acid, 0.2 - % 1

acr yI ic acid- cg\ %Pﬁl ?ﬁg nge& | s lbt g‘llgéagbée%%efe%tﬁ o? c%lt alytic
gas phase oxmeahodnfos g:@mm’emg @amreagdlyl polgmedlabsgrmmgpwmﬂ ufrpm®0. The
process mhic 10 ensues therein | dir cted 0.absorbin e lic,acid
cont ai ned in a9 ga%ujt?ﬂ? edi f‘ﬂEaSESEééE f &Y rse‘a%lf]‘rig’rp% h q‘ﬁ]q%eous
absor bi mgo soe\aeeitan{tiemgacme}rtmn i hor®rpsei tasnt heitrompasi tiiagquid gas

conponents in the reaction gas, ,the conposition of the aqueous absoybi ng
sol vent, and®¥3sti8gt éﬁ‘pépﬁt BRE IBRCrHeC RSP RSRE TR EL§RPY of 1 t hi S

process may BReegiikaf1 i hf‘g&@Gﬁc@io%&ﬁﬂﬁed@h&ﬁbé’fBy‘a%eﬂlﬂfb&ﬂ?lng
heretof ore known processes for the reaction of acrylic acid. Wen t

acrylic aci dme@msénwmaxgas TherenerpuebbpepEinaarldigyied sqb@tmtyalky

aci d- cont ai ni; I|e | i colunn
20 after thelggrn glﬁgfagaﬁals O%gm%;ienoveg'latgl tbéill%dl ét%ﬁd;te?{gﬁq:olqgs%fr?u%n

may be olher ‘piesrephemgloEd:dncpdrtmxtablemblern*ghn@lghrthﬂthafentlréesga@adfms been

led. Th the d th whi.ch t t ff
xal ted | nor 81bRE P IRARSAELRSE AT AHe SR8t elrordeUn b PRV PEHeT AT The
absor bi ng c0Lawrea%filyopbe_zymeedzh@@ebamﬁwnaebe@yn@ft@WW&@W@I ng

colums as plate colum, packed colum, wetted wall tower, and spray tower.
General |y, th|l§ab§olbfhgsb®gmlnﬂ) R tmeefsehrrfeeet efbe %prwem@%dm%mﬁ%r a

packed colu I paﬂftk ]jg&[ eof is
packed regulmg.ﬁsgl_%grinﬁl%}gﬁﬂ%‘?\@fie{r?ﬁe %ﬂefsq'Law %ES?ES%%’E@E area
and exhi b0t i ryeaipo LYyarerezzaitliicy wilihe rgashd @pmtcillm]g de\ucmat actuld eéfected
on the surfac of .t.he packed bed filled with the fi n.the absor bi ng
col uim 20, ft?cttljré(ea r yPTRVERFEE ¢ St P YR Slﬁﬁ%}éaﬁéé?a tﬂejr)g
absorbing 5 %Q'l‘é@ﬁtngzhoCQ’QéPthQBnabﬁotftbé NMdi AGIY oinC taei durﬁatétéﬂdtllﬁ;@d from
t he upper part into this colum to bring into counter current contact with
t he gas nentioned above and to effect absorption of acrylic acid. As the
absorbi ng solvent 21 so supplied, an aqueous 10 absorbi ng sol vent may be
used. This solvent is at an advantage— n3being inexpensive and all owi ng
exhaust water emanating fromthe process for the production of acrylic acid
to be reused. The aqueous absorbing solvent is only required to contain at
| east 80 - 100 wt. % of water. One exanple of such 15 an aqueous absor bi ng
sol vent may be conposed of 0.1 - 5.0 wt. % of acrylic acid, 0.1 - 10 wt. %
of acetic acid, and 80 - 99.8 wt. % of water. The absorbing solvent 21 to
be used here|n may be prepared |n advance as fornulated |n the conp05|t|on
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25 These N-hydroxy-2, 2,6, 6-tetranethyl piperidine conpounds nay be used
either singly or in the formof a mxture of two or nore nenbers. 14 As
typical exanples of the 2,2,6,6-tetranethyl piperidine conpound.
2,2,6,6-tetranet hyl piperidine and 4-hydroxy-2, 2,6, 6-tetranethyl piperidine
may be cited. These may be used either singly or in the formof a mxture 5
of two or nocempenbetsuenber dentled s tilAjdgokgv e, 6,Tha eeranel hyhid

pi peri di ne cogpounds.and 2.2 6, 6-tetranethyl pi.peri.dine conpounds ar

Dobst by, contAPREACAL IMSINAT KL ROMRER oA Lo ToeT 8 BRI e Lo
N-oxyl conpogndsjuidegriaetell sish theCOMTEY Ldabltychyaidlabie, 40r@fpgict of
N-oxyl conpound equal s_the use in conbination with L )

N- hydr oxy- 2, 218 35° 1 B¢ R bet By L 1 ERp e At ot @Bind 8 e e D1 29818, ¢ et Plarket hyl

pi prdi di corpouad ng i ' I t shspol
corrpound,r56hy r 35?n%%?éﬁg%qf?%gﬁgoﬁg?%?hg%@g‘ﬁgﬁgl‘?étrrgé' b{‘ﬁ%‘.l ted. The
15 net hoqui nanecpropés salenbl @ axtespeingtdwkvent earehd sbheehhyskdqui none

in the effect of preventin Jxa)loI% rization v.vgen i%ﬁhs used in conbié"lation
with an N oxyl coﬁbBﬁﬁd’"%ﬂgl C firehothiH: FAE S npRtIST Fhake (Hfind.
conpounds majokevesedthé gt dsyy foef tike Mbddiipt itfn bMaerylRecasedeig. 20

As typical exanples of the phenothi azi ne ¢aonpound, phenot hi azi ne,

bi s- (a- met hyFB8nSYP5 pHeARE HI%eSeRs LPr7PUrdLiFrSRCRoRRPazL AR kR form

bi s- (C~1j el byl 82X} ANEBOLRLAZL N&/FORE 1hlrli90c e f ARPRIAR! faroPOUN

does not need t e particularly 25 restricted. Either copper 1norganic

salts or copbeenong®d cteapredeas berydad. amsid yphithe prevenddngcogper

di al kyl di t hi L0 te, r | at e,

copper sul 1 apeCuERERE et R AR SRR T CRA ATARA S BRI A 2

copper salt tempeuataray, ansahbent8df fieédd ilgarid.of Thermmiad moilt odrt ksl ent

conpounds. Agong ot her copper salt corr}gounds ment i O‘S&B above, coapip.er

di al kyl di t hi 52GFBARERCHFETYE REFANSHTRE PrERSURE JRL PG GRNCEN T 2L 1qH

ef fect. Asf ypkRahgexaiRuetaheblig1goRReh @i dnaygd tit otaihawai er&OPPEie

di met hyl di t hi ocar bamat e, copper di et hyl di t hi ocarbamat e, copper _

di propyl di t hPeearbsanaeeoScappaerylic acid polymer results in lowering

di butyl di t hi gﬁgrggggaeogogﬂgrgkgggég[ di t hi ocar bamat e, copper

di hexyl di t hi ocar banat e, Copper

di phenyl di t hi ocar bamkhe, poppes sefhy| ed ypulr 1 i ccardranef e agppier et i) pr opyl

di t hi ocar bamat e, copper 10net hyl but yl di.t.hi ocar bamat e, copper et hyl pentyl dithi o

car banat e, COBB r yl ?y?8¥¥ﬁ?‘805‘ﬂ}gnﬁ° ,yérbeﬁbngl?%t ﬁ@@ghﬁq%ﬁqco r bamat

e, coppexo et §ghprapglidby hiins ardxasthlod, oE0pREalytic gas phase oxidation

et hyl but yl di t hi ocar bamat e, copper, 15et hyl ptent |.di t hi_ocar bamat e, copper et hyl hex
[

Y Y.
yl di t hi ocar béﬁﬁ?g?éoﬁﬁeF@Pﬁyﬁﬁﬁéﬁ??d??h BeaFi&idtd 3G GO Bh A . tfyrf%i t hi oc
ar bamat e, copgerRLeRYLReBEYL LS Nk R SF DRPB &1 GOPRE AN RytdIaXY | & £ e ar bama
t e, copper propyl phenyl di t hi o- car bamat e, copper butyl pentyl di't hi ocar banat e, copp
er but yl hexyl dstihl ockibartdie devppesbang Insissilyi thpadasbbast eng @i Spent yl
hexyl di t hi oc oppe p | di t hi ocar banat e,
andcopper hex?hgjﬁ{e%%ﬁalﬁt ﬁ?oégrgg%r}%t ggﬁ%y be cited.
Theseco@zer di al kyhdi ttheocaibanmtdeis itay bebatancevabrttindppersaldt oxa
di val ent cop al.t . Anong, ot her copgerSOdi k%EI{ di.t hj.ocarbamates cited

er I
above, coppergﬁﬁﬁiﬁﬁpai fRPBcEPBafBPR Eb%e?gd? Ty S PR ES Sind
copper di but yhdi sbleaankanpiiehaedVeyhayvadabke off exsatic dbid eefstds
effects and easy acquisition, and copper dibutyldithiocarbamate proves
especi al | y fhe¢sidBpechengcrypieaciskdnpereandfiQms At ferdgiradmbund,
manganese di yLdLt Al b i Oélcpr_S:E be
i denti cal orehlgf %g?é—ﬁ?ggﬁg gg‘g}%gﬁa@ %fﬁée?hﬁf ée% é(%érsoépy , or iu%l),
manganesy di pheédypdbdbctaohamatien rdvegriehael ot ype o3 ddmey amsenabetes e,
manganese octanqate, manganese ht henat e, manganese per manganat e, and
manganese saff 58R&S oflte%ﬂgfgﬂﬁﬂiaﬁﬁ%OQ%ﬁP'EaE@ﬁ € W itFEREP B0
cited. ThesefBrnganResecaelbnCONR KK Hrivedie ospdo8utebnShBOk¥1Drand the
formof a mxture of two or nore nenbers. This Invention prefers the
absorbing solvent to contain one or nore conpounds selected fromthe group
consi sting of N oxyl conpounds, phenol conpounds, nanganese salts, copper
15 di al kyl di t hi ocar bamat es, nitroso conpgunds, and am ne conpounds or one
or nore conpounds nentioned above in conbination wth phenothi azi ne.
Nat ural ly, when the absorbing solvent can be prepared as a system of three
or nore conponents by the addition of one or nore of these six 20 kinds of
conpounds and phenot hi azone conpound, it will manifest an effect in
i nhi biting polynerization equal to or better than the effect produced in a
t wo- conponent system The anmount of the polynerization inhibitor to be used
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10 a raw material gas to a reactor for catal ytic gas phase oxidation and
consequently entailing plant investnent and cost of energy. Wen an exhaust
'gas fromthe top of the colum is circulated to the reactor 10, diluting
gas and unaltered raw material conponents can be effectively utilized. 15
In this invention, the aforenentioned adjustnent is pref erred to set the
amount of thenthgus &1WRbGIRG & heeRABephRure it ¥fMaebn ©05P-5E64hOR&| area
of the colum at a level of not less than 0 .3 nB/n2 ~ h, preferably not

| ess than 1 p@$skbly Ko Hhe edtpntagdirIAding thhey duagaity of predutted to
as a val ue ' VAol L qui lied
por uni t i nenSpaeRbntotdd o 8Bk BB a 0Lyt E st cha FR AR,
When this copossibhyisesaltsfirediedrmling eheotual itheodbserpliometdum is
infallibly given a wetted state and the anount of the wetting |iquid proves
proper. Since 25 the liquid is stored in a proper anmount on the gas-liquid
contact device, the state of suh®age Wi Taet tedpnriiont he 1iquid and the
state of the colunmn avoiding drift and stagnation of gas or liquid can be
both realized wi tFe@tPFaFent THRVERBEPHMAF (i BCOYCX R Brahr bt i diedhedm 20
I's cool ed 30*%8‘%%@ Epahegi&%%m )i R0 RA R EBR PQEEQ”&M%&(& he
col um and then clrbulrated to the a sorption colunn tb i ncrease the
concentrat i onnofaterythe acirglin tkddscondaining dgas dhifainedersr atllg, in
the bott.ogm |iquid,of the absorption calum 2Q,,nanely the_aqueous acrylic
et - corltar i Sg° EbPR b At agi 6, 585 GhATS S AREBREALIRENG S0 an
unal tered stpé£lisyEuddrdiclusepazs thiognal ey eilaegosebstahoef wmd, S
benzal dehyde, form c acid, acetic acid, nalefjc acid, and acrylic acid

ol i goner,  anth@aRilyesdeERRPRSIRG| yRRr i 3GEY bIC | rAf 1 t AL WP esdrhe i n
addition t0 @£fybigndfidk dhbold¥ed Jrenibom 14 N A0WRGLBAERYEb fed by

aci d-cont ai ni ng sol utton ﬁ%ntloned above 1s led to the azeottopic

dehydr at i on @ffecting g0 hard (303 edepdfor nirdandnedticoan pekymemnl zateior opi ¢

sol vent .suppl j efo,_t o) j Cdistil i W t he
process 1 or Jé%kt?gkl’}fl?ﬁ% %ﬁea a%%%%%sé%}g%ll?tgé%c% détgéo#)g onﬁsmﬁ%nl:é‘fhi S
invention predeesisdb(whatald callladk"abdpofor feealiergt)oteoaldidtei ISuihsg ance

destined to be, 15 trapnsferred to the sybsequent ocess before the, .
subsequent pPOLIRE 318 & SHAGR SOL SEEP LIPSt hE* A ERRBSES acty | (i)

aci d- cont ai ni gk S9! #8¢ FhppHBMReLS8E¥p ESrSUORy e Lt {6n okl sfd by atd on
colum 22 and deprived of "such 1ow boiling substance as acrol eintherein,

t hen the bot29id Fegoversed bhshegmad| derrieo s ¥yt ef rtdie 1 dgampunp U to a
cool er 24, [ j L3 N ' i been
cool ed r%zebr eiarﬁg)lc%ggtf%%ﬁp#%ugfé%%ﬁl%%&#yﬁgg(%%gfli%l%gfl ﬁ?é?ég?gtt i\gﬁc}{nﬁ efore it

i s transferradtep fdwepradikc28g antad¢sy hibclespesSfirdsmet he producede et id on
infallibly, dec&ease t he re%entj;on time 25.£'n. t he_.hi h-tcgr’g)eci ature state,
and repress THeT anbudtS OFP a1 T EORRTT (RUREY Hide .e%ft? hat T e < t¥iet Dot t om
liquid of thecadhshitpdidrgnidimridpbe highsepuedtyo the mapkfwtdimut

bei ng passed . through the distjllation colum 22, transferred via the punp

23 to the cobMePrPArabRdtherginir BLPRt ERKF (F ARE inghR BBLYECENRLLE At erred
to the bse | h e s L f

shel | - aizg- t ug%'etnéyaplg(‘r %g%ti%gﬁhggg%&ﬁs,ﬁgﬁgge?gégéﬁ%@%&gxigﬁa%gg??ﬁaﬁgdy spi ral
type heat - mentiorgdhabhgees whi ch have been heretofore known to the art
may be cited. Lo il ta . Whi - i

distillation col n%nﬁgéfng%ﬁ%%%%}’eﬁgggag{e}%gl?ﬁ Egoggggt{ggapztgngﬁ/%oaﬁi on
colum 30. Thesehar ddtmrea eadhhthevsbep | iy abssulpstianc éncaater, eftfect ed

as with a light-ends cut col.um jch is separately installed. In this
respect, t heQEﬁB S&’(Baﬁaitd-oé’cpgﬂtﬁ‘ﬁt%ﬁ ]n"gg ss&hﬁqad’ﬁe@dnf:bﬁp?ﬁ?g Yy this
inventi oy brgaghyat iNgInNRAL BE 112her s €195 M FeY adQl Yhé Gty doprtsrm#l t he

transfer to the azeotiopi'c dehydrati on colum 10 or the |'ight-ends cut
col unm and edeaPBPe®it henlsdt tomacrqliid a¢id led igbgerpteomt Ed the £8RMAS he

bottom | i qui I (o] i.ped t e i St d i;on. The
cool i ng terrpg?g{rb%}e% g%%tq%e@ﬁéqgtéghg’a%l?@Iﬁq{cer{ag?(g-%ggﬁﬁgﬁgn?bﬁggo%ét%%)ﬁél}ﬁ t he
tank is preferred to be in the range of 20 - 50C. Then, 15 the aqueous
acrylic acid-containing solution in the tank 25 is supplied to the
azeotropi ¢ dehydration colum 30. As the.azeotropic dehydration colum 30,
such known colums as pl ate col um, pack%d colum, wetted wall colum, and
spray columm are usable. The azeotropic colum 30, 20 simlarly to the
absorption colum 20 nentioned above, is generally preferred to be a plate
colum or a packed columm. Incidentally, the preferred nunber of
theoretical plates in the azeotropic dehydration colum 30 is in the range
of 3 - 30. 25 As typical exanples of the azeotropic solvent to be used in
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colum 30 acquires a conposition having a water content of not nore than
0.05 wt. % and an acetic acid concentration in the range of 0.02 - 3 w. o.
'The azeotropi c dehydration colum 30 prefers proper 5 addition thereto of a
pol ymeri zation inhibitor for the purpose of preventing acrylic acid from
under goi ng unwant ed pol ynmeri zation. As the polynerization inhibitor, the
typi cal exanpke@scipﬁdventthﬂmpacagraphcdeﬂlpbgymEtb'bh&h&bsobBEQQéncolunn
20 may be use% ei ther. sin of am ture of two or nore

by s it S eRbe Afdo P A ke Ehet AEERERONCT EEI, B PRARHEEGP 0 be Suphl| od

in conj unction wi ﬁ‘ﬁl%crﬁide@tté‘é'nd iWidre WeltdloNEbt Nens Op¥Edh B EnVaRor i zed
in the part of the distillation ‘col um above the stage for supply, acrylic

aci d escapesachylis wgier Whachonomndiseansteps fortabsovbibe shdeabert he
o end't™ el D8RI E9NeE QoA iMlicky BELCL LS, PONRL 81T cha PEELESET! Ve
in preventing the ynerization 1 nhi ront g precipi ecause
the acrylic adi d:zettﬁ]ryatt:tts the @@JawmerdMamnnhrbmbod_ngWImwtbelmnduct of

the thermal 20, d conp03|t| n_aof the trylic acid oligoner ich w
descri bed Spé(‘:llbts GRFSy h%‘l"gl RNt OW??i ’Eged"”g? %’g yPpd aﬁ?ﬁrm?i!%er ves
as an effect u»éeou\tpblsll #at tRE LirAciy hice dasl dgemér C@stitd B StrothBehigh

i nprovenent of the uctivity. When the acrylic acid is supplied to the
azeot ropi c d@ﬁ}é#&&ﬁﬂb%ﬂ?ﬁﬁﬁ1ﬁﬁ$?§}nﬁmgﬁ&hqt%ﬁpﬁfsﬁhta695mqﬁﬁhqﬁteP

enhanci th f r

iy bi tof” 1 ST R B LS Raret TR T Lt a R SOt R Ry

by- produced mmdekixal&citihe wimeduabdwvibgd in water, is present in the aqueous
solution in the formof hydrous malefic acid, it is gradually 30
anhydri di zed when heated by repeating the work of distillation . Also in

the acrylic acid recover Q&kf%&‘ o dRIOTTOIN dﬁcqrmpsmpjmmg t he wat er forned
by this anhydridi zation is contained. By - circulating this water to

the azeotropic defydrati &% %xﬁ%ﬂﬂhd&ﬁﬁré@h}HFQFFﬁ@tﬂﬁgtﬁ%?%mhtlﬁﬁelﬁf%re it
i s made posshbbeeka FOWeInd e MR on0BE B ry Nid R iR qﬂeqhdlml 8 step
dehydration process is at a further advantage in preventing t

pol yneri zat i &eri hhemmﬁudtrmn ofidan feinyg isr esitgict andompm@@@tsdtfng thethis

i nvention, g?oﬁhEti' _gglgéggﬁi&bogc gn(gglgyrther i mproved by
repressing the concen ion e acry I'ctacid’oéligomer (acrylic acid
dinmer and trimer) in the bottontliquid of the azeotropic dehydration col um
10 to a level of not_nore than nore preferably to a level of not

nore than 3 w. Thomqwq%%rﬂﬂot?w UL (%n renoves

wat er angp | ow boi IrhRgf$Ubst A€ Rt BhDE U Aved o RANEQMSe P%LY hi fethod
aci d-contai ni ng solution, the process for 3ygdratlon 15 and the process for

separat i on offOrHeh¢ rASHIAting ofBSTHAdE F& Ay EPBREL 8ESsEParat eey of
each ot her e t ct by
this dehydra??gngggnigeﬁg ?lnegﬁ%iig orn?%ﬁE?ﬁﬁbxgoiéig@¥or t%9§998
separation ogamgﬁasnmxldgﬁsmmwthha@bagfmnOEt@nelnganmqunﬂusmmrphlmnth 20
ot her her et of ar. kno et hod f ur i fi atlo SO eI by di st llatlon
the purifi caf"6h ™ rl;rf‘lllng aci g“‘h’%yorbe ¥redt esaor\%/”eq yst I i 22T THN-C o ng
to the wsgle b&ﬁ@ec@hlt‘a\m(infgogaé heisielaac bigaeoals abpbebeny @ebwunttl cayion,
this invention designates what is aqbtained by renDV|n%ﬂhater and

w
boi I i ng 25 sﬁb%’i%ﬁ’té@§f PR IMEN G862 TS acddi Y a6 erﬁ"ltﬁﬁé’o?ﬁ‘tl? oh as
the crude ackylneiag! (io%ﬁ%otlrlétrﬁ%f Yubsithancd HRmPrNeRs sadwdosepasayi oa of

hi gh boiling substance. In this“invention, it is preferable to install a
cool er or a ﬁ@nﬁ-bemWQeMlmhespleteee,ftd aze@#tbﬁpe dehgéiringorcEnbior 30

t he process far. 8 t ss,. for
separation of ﬁlgh150|%lﬁg $itb: gﬁ%%ﬁ +%£€%§¥Q'%8H§$ﬁﬁﬂg%cFﬁ?ﬁ%qggtdby

crude ac3yli @emelvdnlgshj;@mbedlbng-stﬁfstanddwﬂsémmnmgrmheatau@tlaro acfdj d W| th

a punp 34 to a cooler 35 and _the crude acrylic %Qld cooj ed therein_ is
stored in a PRk 3. %ySFhPsf?Faﬁ§F@Ve§P-H€| Ay a6 o st%?r%lhﬁe t ank
25, it is nedecRagdsing tRe Yy I‘lf}?ab'l@lubﬂl?cﬂﬁtéyé&{ﬁ’aﬁt&y itrheneort 4RI,
decrease the tinme of retention’in the high fenperature part, and repress

t he amount of an oligonmer suffered to occur. The cooling tenperature of the
crude acrylic acid in the tank 36 is preferred to be in the range of 20 -
50C. As the cooler, shell-and-tube type peat 10 exchangers, plate type heat
exchangers, and spiral type heat exchangers which have been heretofore
known to the art are usable. Then, the crude acrylic acid in the tank 36 is
supplied to a heavy-ends cut colum 40. The heavy-ends cut colum 40
constitutes a process for heating the liquid under treatnent 15 and

expel ling acrylic acid by distillation through the top of a distillation
colunn Frontthe V|emp0|nt of the thernal eff|C|ency, the feed I|qU|d to

Y o o o ey I o o e T r



25 cut colum is a device for obtaining acrylic acid, the use of the
distillate substantially identical in quality with the product (raw
material as ester and high purity acrylic acid) results in stabilizing the
quality of product. In this invention, it is perm ssible to condense the 30
acrylic acid-containing distillate gas obtained through the top of the
hea\éy-ends ClbbiadJnlgrmd sdﬂsaatlicsupphyaahihgasolpﬁtriom,f Wh&cheataéﬁhlaﬁi derylic
aci d-contai ni ng condensate.liquid - 29 tqQ t azeqQtropic de ration
Col umm 30, | FEPEERIGTYCd Y ESFISTESNG Aitydied o Aarary Ofs ()1 PPERBd
product of agoyl ift2eHdcifgda Foliyieer Bl 6K ahihdlb ift®r thea eRfe aReeki gh
purity acrylic acid and thée bottomliquid of the colum contains 5 the

pol yreri zat i 6Ranniiblsi 8$rJcadoy isepRdiydng Rgsaer Maged igdhandhithe stage

boi | i ngsupst e hi s i i,on, lsL.quidqi.s desi ed as a
i gh Dot 17 ng oo et B i et e S o Ay Ao K1l BE 933,04 o
for thernall gteépcdoposupglyhegathglacryatia aidyaeovenrddabyethebmadily and

10 consequent|y recaoveri acrylic acid. The thermal de osition qf the
2orylic: aci dISFOuERa LT, Rhet QAT | 1D L TR ePHEP BREORDEALNLPEnCEue 51
The thermal deggIResiadien Aehylrdassnot need to be particularly

di scrim nated on account of its form Since the oligonmer has 15 high

vi scosity, possi bMresHRIE" bPELeHiliang P ians & o f ¥s8Guidt Bate In¥RETAPED| ays
an inferj@r |igu operty. ki 4 <S4 r : ' an
i ncli nat*gn trlc?\(%lr {E%eBFi éu?‘éﬁ%ﬁ?*gg %én‘?jngé %%{a w%%ﬁng%?ggﬁﬁgcﬁéﬁl ating
and/ or stirriacgydevi ecidapadler sftamdiafrdr wionidig iohe eodpobiet temm20hiighi de
the tank. The cqncentration of, efic.acid_contaj i,n the degonposed
| qui d bt al PRI IBTE RAPEHERRE! HEbEhpas Aron T L EkTREs Ty 1Ko Beinghehor e
than 5 wt. ~bodneafher pbliyiti bhaheadepDic aicill undiem standard osonaipiehsrably
in the range of 0 - w. % The, reason for restricting the malic acid 25

f

1 . .
concentration to ﬁ@ﬁ ﬁﬁFE T%EEV%#EWQCld P%lﬁﬁgﬁr(hﬁeﬁﬁf ﬁQ:EQ@iHl?Eéﬁﬂly
convert sy nt @ yhldBIdduACi §f WAk EP118 %Eiﬁ$§m@bﬁﬂ¥étf@bfé&@ﬂﬁéaaﬁ diRaving a

high nelting point precipitates  as a solid. For the purpose of obtaining
t he deconposd&@lliogding dfors®mlehi[s Jdescription, it is preferred to provide
t he deconposition tank 51 if, Ll Wer_.p thereof with a distilling
devi ce such as, for exanple,zaeggkgrﬁcxag? )§e%aratip%5colunn 46. - 30
The hi gh boi [(whgrsalims habe earc dmttaigeirng £ sbl-ubi and | =X syandsdfoo +¢w,0Mglef i

acid separation columm 46, the bottom|iquid af the col i's _conceptrated
Wth atnin G rEBYSTe) ar orretid i thet g e d S Gesinpdsed MY Re
ther mal glgconpesittiicen ort Ak fekenkth&dr@uind igbtoaigieedrieam t he ther nal
deconposition tank 51 nmay be_agai n_concentrated in the thin film evaporator

50 and the acryli EPECHIBOPALNEFTYAIEAHTE(BALE) HF XGRS HeAfe POLYmer
deconposi ti 0%0%%)63‘.@1%{@9%%%%[1%- aciACEnANEragh Yad Ly Pt hd %1 \BAY hgednkn the
thin filmevaporator 50, this acrylic acid 10 may be recovered through the
top of the nmiaghi compopdentpaf dthcomonomemmtiéredhie e isipecidii¢addyainti on

The distil 1 ad SRR B S0Eot ik Tasi ol TR Mop it lbiuaar fefs

colum tpp prESIUND mdlkhe anang@sef pieferhkbldyhBabcabat)iaadg acoomholm.bottom
tenperature of not, higher than 120C, The thin film evaporator 50

preferred ové¥ #54RgI PUGRAPPLBRCFYhaChaatd ed@bnbertt s é@&&;?%ﬁé?lﬁ i s
capabl e of cerCgUJRIdNt aySrer $b0kbTe Oho W 8-yl fE08k1y . (d816) dayice 20
does not need to be discrimnated between a horizontal type and a_vertical
type. The theiaRer-ddsornesitt | Basivnpedd uklkei Polij@cendifal 2t ofpdEPri on

tank 51 is g i ] e i cyharnlsy erably
in the range%%%ﬁ%%g&gygghgﬁé&%ﬁgl%ggggtqgfPé?ggéf%ﬁe??%%§%Hg%%ﬁhggggiliquid
reserved3dn tshd tishendemmtacionpseailtsanay deks svedint Safchhvasrgldcldcidmaygt
general |y defined because if{ varies with the tenperature of_ thernmal .
deconpositioﬁeq?P?%YQﬁﬁkﬁ%$W9t&€ QQﬂPQQW%%'iEQﬂﬁ¥q@§lﬁ¥Eﬁe§5rY&%5
hours. Thus, Jdhg thennrl) dgeaRes thep twak &Sk ¥y needssia ipkew deiehth a
heating nmeans. It suffices, however, to maintain the tenperature of the

t hermal deconposition by externally jacketing the tank and/or internally
(or - 31 external |l y) disposing a heat exchanger and utilizing such a
heat medium as steamor oil. This invention_pernmits addition of a

pol yneri zation inhibitor to the high boiling substance-containing solution
5 prior to subjecting this solution to thermal deconposition in the malefic
acid separation colum 46, the thin film evaporator 50, or the thernal
deconposition tank 51. This addition resultsin efficiently preventing the
pol ynmeri zati on and possibly pronoting the thermal deconposition. As the 10
pol yneri zation inhibitor capable of pronoting the thermal deconposition,
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25 mis not less than 2, a plurality of -X-~ s may be identical or
different). Thus, the bottomliquid of the acid separation colum 80 may be
circulated to the esterification reactor 60 as illustrated in Fig. 1 or it
may be supplied to a separately 30 provided thin film evaporator and
deconposition tank (not shown) to deconpose the acrylic acid oligoner

cont ai ned t herpirdx i & A9THO0ENL S5 GRS i (L dd d& HePlen lilddidagr 8- 34
deconposed and further converted in the thin f ilmevaporator into an

al cohol ,, acr W iarcassi-d inkidigarr gty 19T giod i apelymentized t hesguchnpshets are

i ntroduced agaj .. Rt.q . L f ' [ : onst,l

effective 5 S\S;idlri}ofgtlﬁ&tﬁrbélﬁ%p%%gﬁggbﬁgﬁcﬁ{?ﬁ}w agﬁgxagéoﬁpﬂ%i‘dt&?gn of

t he bottom | i“guitér ey e lewibined: ‘bys ¢dheaddntiefieref t ¢ he safaly £pehyymened

N- oxyl coppound. The. nethaod far, the _production o acrylic ester consists
1 obt af v ng nesbE b LByeeiny et g gt ren ot Bl b BF 24 eier 0ThS s
reaction of dehydighier-ahsokBBheate&XAMESSd Hertditn RicH <ty @d akceheh.
various species of alcohol such as nethanol, ethanol, n-butanol,

i sobut anol , fecpPdlyapbylic - Bgtignol salt pe@SanpPSsespent anofrogspeankadl

cycl opent anol - n £(}ﬂ . C R 4% - nol ,
15 2- hept anoIS:tl%l-é%?é%apﬁ% , -?&%ﬁg%@;’?mg?f%&;@g?ﬁy exg]r?o efielg}slgnonyl
al cohol , andvaaemHinslodaboll iftgy be cited. They may be in a linear formor
in a brapched form They npy. be. used ei ther  singl r.in the.formof a
conbi nat f(gn of twd 6 Qﬁ\é‘["e_ -9 FOHGER af‘fsa,lg?‘ﬁemr &R bﬂvﬁg)ﬁﬂ?f‘i ons
20 and di sti IdmdriaescoRddkl ©itsgd 6F RALic«f, F8gapaDEss ¥SdaENGhatednahove
may be arbitrarily selected fromthe known conditions. The acrél ic acid

which is obt &UEd S GALLIRS HEW RN c APIDTRIRG 460 han bed eBYER8E LREf i ned
as wth a distjllati : Al i ' fry LLy. For
exanpl e, a co%tr?\/lg@'o%g?@%%#ggg%’laﬁgggggh%%g{ y'd?g?iqu%lﬁfﬁgggsgﬁgb%henyI
hydr azi ne and/epraraid rgatekunmehégh Hosildddrgubstaheesmpanad iqgd dolnman
anount ip.the range 9f.1.0_- . ol e ef er abl. .0 - 0 s, per
mol of the al%ﬁee%;}g:e gSﬁ ai %%%‘gg?)&frg%r (ﬁsdnl,lﬁgnrfd g% ?Cl é)rfy;intgr eSP ﬁﬁgmégg% 8i s
further addedHihmerfatle Ehepbeatbirant whiizhureres agbfected tsgemparatimg
distillation with a known di.stillatign colum. This distillationis - 35
perforned, f&CTBRAFNTE, bin v TtHEs REc BiHaH AN ed PP 141 8018 par at or
under a col um t OppRY €SEHMSuirl Fi1@ g eaar &t ed @1530 1NBR ilASstr@pp@angol UM
top tenperature in the range of "35°- 90C. By this treatnent, the

concent r at i ogyysftaddsizas ighdekydsacisonur fndapbsasptienn, fandeksempiedehyde
can be deggre L 10 p i i A0 {ty.can be
obt ai nedfgy @:ﬁeﬁ%één c?%%%???%%??oﬁl géica::ﬁéétwgﬁog%ﬁer-a I}s(‘g{r)%jé%glffgsi nis
produced fromaapoplentsacbdtainegossidlsolpriohaes bynhaadialgl eheoscadugionn use
because of its 1 ogloor.lor stinul us bo %he s}gip. .Acr.él i, C aﬁi do hiagh purity
obt ai ned by $PcHYSuPCAEREi 8RS 5BSpFEF. aBFy L BE&HI nTERPES 58251 R this
invention, thetddfoe ecitspérhigh ptargett fubsobhaenis d sosupabnetdoto a
polyacrylic acid ( salt ) production process, 120 to produce golyacr lic

aci d (salt), MWAREhPRRA§S 1Y 158PRd¥d P02 pf bEtRRRI R riidtss &PFe ?lFE_éP s for
exanpl e. ) Yherpolwagr ybk?s?&iﬂikﬁti?&ﬁd%ééjné rPRAH iroraceBahthhgha
purity, this invention pfrefers the purified acrylic acid to be transferred
with the punpaddeto sutips tangleerind 3hendotrhe odc cylyis¢ adsi-d cool ed in the cool er

43 to be stored in the tank 20 .. The f o) j | S, ptQcess
‘s that by this colig eratRLe soﬁa%&ee LT eY off?%%%gfﬁ%’qw%&?@bi SRR by,
decr ease t he imateaidiicnwil Mebé Mdder ibegh bedapewathiree paxréncand Fdpr.eds t he
anount of the oligoner suffered to form, The cooling tenperature of .acrylic
acid in the tank I‘DERERAG efth3SIPUEREIPT %IFgﬁéﬁgﬁw on %e§r¥ &c

pol yacrybpc agdih E%ﬁFElsEé%lﬁ%@h%&@%a&@ﬂaﬂ gaBaplcd rifa ibriodiebag

pol yacrylic acid (salt) by sequentially introducing the acrylic acid

menti oned abdatawial Aeuppakhiatiner hodsesBolegularpfyarti £3€88h pPRBcess
122, 30 a dryj process_1 i I 2 j L.Ag it
to the re|evﬁﬁﬂgéfég%ﬁén?sggﬁ%ﬁﬁfﬁa’3%§%°§%F@Wﬁ§%§?ﬁé ﬁggﬁgtaggggggFﬁzed,
pol yacrylic acid is obtained. The - 36 neutralization process nentioned
above is perforned optionally. The acrylic acid may be given a treatnent
adapted to i nprove a varying physical_pr%peL;y. A cross-1|inking process may
be additionally perfornmed during or after the 5 polymnerization process. The
neutralization process is an arbitrary additive process. For exanple, a

nmet hod whi ch conprisesm xing acrylic acid or a produced polyacrylic acid
(salt) with a prescribed amount of a powder or aqueous solution of a basic
substance 10 may be cited. This nethod does not need to be particularly
restricted but may be properly selected fromthe known nmethods . This
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transfer drier as a drumdrier or a paddle drier which has 10 been heated
with steam Fromthe viewpoi nt of decreasing the residual nononmer content
and exalting the drying efficiency, the hot air transfer drying which
expose the hydrogel directly to thesteam provesparticularly preferable.
Preferably, the hydrogel is dried with a steam contai ning gas such as, for
15 exanpl e, anaosukajéctta\{g RhaardewmPoenia prrf ehabtyadiiowobfl exeslybas 50C,
nore preferabl ¥ not | ower than 6QC and preferably not hlgher t han 90C, nore

preferably n8BSHPRAR? PHARHRD HAGP N ARHED kBnPEYICRrEOPLEaf8ian §29f not

| over than 16QecigRdaBye PE&ialARAYePPA1 Ig%%tstsh%ﬁ@acta%eowé@ta@ y not
20 hi gher than 200C, nore preferably not higher thanl 80C because thi

drying pronotlésﬁltd’reaéecf@la%ampltehea rSélﬁldu-@IndﬂﬁmmﬁietYBmm@mthhya@hed

i dont a1y riERceBapREA BRERS " O HES ok pTRARERY bE BESRY SR

mnute to thaeea tirawrmat%latertmpchteynﬁ; \femenump$et (xe:snel'dmuh fdhfing
pol yacrylic aC|d saltﬂh}mhlch I's,obtained after the drying process is

still hot at3FRelpiRe ofTh& sAFEPLEER/f MHRM HE TN hgSHRIPEESAPREY bl v,
therefore, itehst§onl &f ddtA20Q gAY ﬁﬁ&’&é%ﬁcﬂd?a‘\:l%n ap%BHhéE‘seaéﬁﬂPfé ature
in the range 30 of roomtenpérature to 90C, preferably 40 to 80C.~ The

met hod for cé@ﬂﬁng Th?srﬁépya@ﬂypp@da@#@n€séWFP(ﬁﬁﬂ#%ﬂﬁmaﬁQEFQk)QEﬁf
partlcul e d, 3 i ng
Bl ovn it Lo goars BErEate by REY Ry YR pbibcRiRNTe sy Hona
refrigerator gaihe aol yaeag:tnonacﬁemg(aadtt@re/mwhmchaaﬂmetmse«bolf@d tiohas

prescribed te ature be. put t.0, use.in its ed 5 fo

Qpt i onal Iy, PEOREGCBENA FREVLREIARIE Ay ermt Bf ik Ehe gf Seigytions

granul ation th@H'&Q@'é%bHO&na%iéfhﬁkéﬁﬁkbﬂé)kﬂH%HFﬁEéﬁé%éé&”fﬁf‘the

vari ousaddi ti vessuch asreduci ng agent, flavoring agent, and binder so as to
suit the purﬁ@éétépnaﬁﬁlﬁéavléﬁ agddthis i nvention prefers the dried

pol yacryld ¢ acid &héakaw)méee}?ﬁﬁfogagdls b dde cﬁyqr QQehsi §of T4

divided to a particle sitze int ppr oxi mat'e range of one - Severa nntand
dried, the desiaed porquomqterlab|¢bMpnnegt|a5|qma:he horen of pirgpypkeneé cl es

rRasUrl 0 SORUbRTE 4R SERha T, IER AL YuphDoudR HhASH PRE LRl S

optionally pmhtemaeobcﬁmmm:tmra 5E%motuee:d11m obygen anwtnachsalcamed
(salt) powder having.,a weight average particle dianmeter in the range of 10

- 1000 Vim PfefEFBbi)erb09asgas CarPoRnERoKhris BEWIEFARnd TRPWAR |

nodi fyi ngy ag%@hété!ﬂcfoﬁ ef BErRK e LAY eatatyemc éa@ap?% glce
cross-1inking agent, et|2|ng i nder, and deodorant are added toget her,
t he appl i cat P8Ada tlancd@erSnglommt@nmdﬁru@bﬁlﬂb@ﬁvxﬁted, a

pul veri zatio r p

Phe var i ous J5etoasrorSabg,EhPe EeabEbE FlTBh e hoti At adtadliy A 0
t he cooling peepess thathLE exselsanteﬁ&iefﬁwunanmypbﬁsreabtmonpehrh@s of
t he wat er-absorb resin such a ex a wat er-abs rptlo ratio
under pressuf& XﬁﬁFe%ﬁ#&r%ﬂrﬁ?ﬁﬁ%ﬁ%ﬁ glgﬁgaﬁﬁﬁblﬁﬁﬁqn rhﬁ%s of
powder. B) Fgerbhesni R¥enlsicdn.as ttHeS Mihe et l Q:dnt;tdrﬁﬂmena by the

pol yneri zation inhibitor to any of the distillation colums at a stage

ot her than t Ge-SaadedrtrovikAgs reacthen cffaed byt 9asmhase grtdahirRt age
for supply otvhteneﬁtgwénepﬁéttgéwagé Y%ehd tt%&ﬁtnta di:9a15UBRbYnEht! Norne
pol yneri zation 1n or to the azeotropic dehydration cofum is preferred
to be higher fphmnrt-heaseagetﬁdnys$upptlytbe t.heteav\shagert:atalmWew ypbe

et ux. Tho BOESHGEFOREMaRs FRHPIAAOE N Thre eaebirois ipns bnfgdiidn o 110

suppl i e3¢ ogabhabtwnkdt ke aer pblrtlaqudrggntrasmmgteal ution by the use of
an atom zing injection_neans. Particularly in the azeotroplc dehydrati on
colum, 10 the achyei cERENAL vhERFE| SAAINFET edS byr §HE TR '&SF ng an
acrylic aci daQ.chQ%'I%rffo?n m#ﬁ%féﬁéc' 9»&“: féai Eﬁaﬁ@m&a b% ﬁﬁ@c&@é‘iﬁé@l ng
sol ution. Exanples S |nvent|o re specificall

descri bed be|OM/MAth reference to working exanples Example 1 Acryllc acid
was produced by following the process flowillustrated in Fig. 1. First, by
subj ecting propylene to 20 catal ytic gasgphase oxidation with a mol ecul ar
oxygen in the presence of an oxidizing catalyst a mxed gas containing 7.1
vol. ~ of acrylic acid, 0.3 vol. ~ of acetic acid, and 14.7 vol. ~ of water
was obtained at a rate of 388 NnB/mn. This gas was introduced into an
absorption colum 25 (cascade mniring 3P 10m) to obtain a bottomliquid at
a rate of 8050 kg/h. This absorption colum was operated with the top
thereof kept under 1100 hPa abs at 62C Through the top of the colunn

. I e T D o o o -



30 the top liquid of a malefic acid separation colum containing the
acrylic acid recovered by thermally deconposing the oligoner froma stage

'i nterveni ng between the stage for supply - 42 of an aqueous acrylic acid
solution and the stage for supply of the reflux. The concentration of the
acrylic acid oligomer ( acrylic acid dinmer and trinmer ) in the bottom of

t he col um welso§@untepgedentedm by-. thelhgdneiriaam Ifogwud aqf MBg-BOlire was
passed t hrough a cool er annexed to a tank interposed between this colum

and a heavy-eddsBetltrPer B WFIRIE 38 e P 0 UL Fhd SIRAFSHHAAY &Fansl the
heavy-ends cedr GRI1yBa MR He8mithD AR SHRHE A' Wdndd 90t Nead DigydTedi ary
stage thereof. This colum was 10 operated under the conditions of 45 hPa
abs. in toweelemgnpreseated dmgnitheigroup ebnsdgtiagiaf niqkebayH adkaltop of
t he colugn, ac ' ' i ned at teqof .5 +..The bqttom
l'iquid otrbm t h?sé%éox}%srmaf%ia\ﬁice%%t%giogl%d e?‘f“\?ﬁr{taf%&ec&c%]dzy%@'{a%hae 3 |°d‘1 mer and
5 w. ~ of rmededistaed dfvasl ksalpplretch 10 andl 5 el leifune, aristaejEarfid et col um
provided with five sieve traés througl&t e bottom thereof. The columm was
t

provided in e8RS hoPRenPLRBFRE! SHLERT 5P ii‘rt_h? _egﬁ‘ﬁBPaFBPSécﬁ6‘1§gt Per mal
deconposi t i gis%i%ﬂ%ﬂm APSH LAY maRdandske contidd ] eie_ﬁleki_&ﬁ, hRaSen, I N

pressure an inreflux ratio to obtain acrylic acid containing 0.5

w. $ of nalattimenry daad keadht B sdlangOiRy/at 1aastgne atenept stelEatasbl um.
The acryl,i c i aj . S r terjal .f er and
hi gh- pu?iioty f;%éxgli%rga“;g% E) %‘ﬁggﬁ%gaggu(??tssﬁa%ry [ éaaviélgldﬁ{\/\%s Z tfr%{oﬁé&r%“dsed for
t he product iamd 25 tefnipod,y @csyhndsatod. o8ppeam atael Vb, thedhoet ofn Ig quard of t he

thin filmevaporator was introduced into,a thernal conposition tank and
Subj ect e0. {HATRSP Lo A AE DR EERRYoRFORES TGS (e TEonBie Bhe Bof Srs0c | n
t enper at ure @ndp A AW Ssddh raiaNty &n dgliime Rgrtc af d.he batg,om 14 quid 30
formed in the tank was circulated to the thin filmevaporator. To the

heavy- ends c4f+ @It Hd ~t Re #aFefitc aci @andepat & iodEAngnsatdsdfdiaft i on of
copper _disbulihodlid i 9581 bl AR 4355 unBX A AAONS TRAARRL Wtls ol her 1 n
acrylic acid was 1 ntroduced as ‘a polynerization inhibitor by spraying to a
condenser. Thiel Wastfd x@id by bheaixiidig iBidbsmtedodftlecrgl evantied eaehtd39 wt. %
of acrylic acjid lg)elaicg ma% (acrylic acid diner and triner) 5 was di scarded
from the théfial deco{?% sition tank at a rate of 170 kg/h. The plant was
stopped after aboriie L hteer a6 catanyistucdrogeiabd @ afnfbdtheas ppered to
test the interjor. The test falled to detect, any siqgn of . probl em_The

resul ts of VFKIHGL X HfpReECaREianNcIRPT R FIL BAPATIRIRIAN SROMCED in
Table 150l ”_J@P}Piqlac(ic?. rﬁW@?ﬁi‘Eﬁlt&@axﬁﬁﬁ@sQﬁf'{Hféﬂddﬁltﬁ&, those .
pol ymeri zation i nhibitor containing solution to stages othér than the stage
for supply ofepresentrd britdle dagerad farayd & otlostippiy-6RatAe Bre€itBx, (i)

t he case of j | d i r t her. 0si ng
the 15 ol | gondrer Gl MRAH e FRUUATRNE ¢l abhrd el vl e
t he pol yneriadtamds nfoibithorgsdent aidu sy aseisutficon dopgpetrhe A wittamden faar yl i c
aci d-contai ning solution with an _atom zi.ng injection neans, .and (iv)_ the
case of ad] Bt ARG e CETER FBH OO et BPP S ii) SRR g
acrylic230 aghelsfn) HisRady,eted,byibbearpl ypseepmias Ntitd10) iagener
contained in the high boiling substance-containing solution to below 5 wt.
% The sym&h@mﬁﬁi*es%rﬁtsafb}gﬁ JRr &pllieedt oneasd ameats pedsicted &iafsent s
t he absence | AR d«catd 8R- 3 5 j ried
out by foll o%‘%g%%’ﬁg cpr oceédtfj\l?}{ed g? %@%p%@&gﬁ{ Fe%‘s?(}%g’[ef}%geﬁy rgfqi%ir’none
di ssol ved i mandtdalildget, hestands for aquiéeastamrg eilengoitds sbdéatédrfram part
of the polynerization inhibit.or tao the .azeotragpi c dehydr.ation colum, at the
stage for qu) ?yg%?uff h%orésqltfe%g sooq gty C.onl’heaﬂélﬁllﬁlrué‘?s&f‘é:qo&s]‘su“}’n at"r%le
azeotropioc dedyiimf i OnscghagMrehovkggansi gn of, rd sedj nepbeyt gonandeek’ s
continued operation, Wen the plant was opened and tested after about two
nonths' - 44reSPeGhtYelidhF@santoAtomie HapaeFt?HADf Va Hol YherRmdy f ound
on the sievectrays &ighet than g he stage for syppl wof 4 he pqueous aerylic
acid solution! Exanple 3 5 An operation was perfornmed by follow ng the
procedure of Exanple 1 while supplying hydroqui none as part of the

pol yneri zation inhibitor directly to the azeotropi c dehydration colum

wi thout using the top liquid of a malefig acid separation colum. On the
day following the start of 10 the operaftion, the azeotropic dehydration
colum showed a sign of an increase in the pressure |oss. Wen the plant
was opened to check the interior thereof after about one nonth's continued
operation, the precipitation of the polynerization inhibitor occurred in

t he nei ghborhood of the stage for 15 introduction of the polynerization
inhibitor into the colum and the holes in the trays were found to be

p— . B Y B 1 S



An operation was perfornmed by follow ng the procedure of Conparative

Exanpl e 1 while introduci ng hydroqui none as - 46 the pol yneri zation
inhibitor to the azeotropic dehydration columm at a stage between the stage
for supply of the raw material and the stage for supply of the reflux. The
plant was opened to test the interior thereof after one nonth's 5 continued
operation. ThHoudyh tShe farfoldnt ~ob / t aRd pd| Fnr- sif faredatesddad when ke =
azeotropic d i C N 1 i
Beanpl o 1. R pPostRR AR s8R s AR aRIIBA VAl ST CL S e stRa,
occurred in thetheoxidizimfstieesbfecHeoreliayant iedemnehtshendklbe cited.

pol ymeri zation inhibitor and bl ockage al so was.found in the holes in the
trays . The Wiy RSEAHIGH SGroeNey-noh §ESC P 1EBI HinPRERENGR 0P T8 m
evapor at o5 Wasedtioatoageyedhl i grenttd 1Rantdhat 2 b RytQORPaE afd el fexaRle 1.
Exanple 6 15 An operation was perfornmed by follow ng the procedure of
Conpar ati ve Ekehpi d -0 Wil & efr agriirngcifle aerdydit kriwk r &co@feader-om t he

thin film evaporat t : AZEOL Y QP gﬁﬁ/ unm. ant
was opened to testﬂ{%e%ltr?{%lr?or ig{rgerg‘% a rgéa%anée)%rrrg%hhms% ggﬁ%qﬁt&?gb@
operation, thehreamsuidrs af dastlweie gad pictsbloxidistfionerdts Supmpltiedse of
Conparative ample 1. The water. content of.the odyced acrylic_ acid,
novever,  vias HoaPb ASET L Ao AP SRR aREr BPHBROVEL: plRoPRERaSS MO W ng
the procedur eerdhus €ospaiat iyedExaspbe toWabkerbihgodHei aerydeoaeiione as
the polynerization inhibitor to the azeotropic dehydration colum hy

sprayi ng t og€tHEraifed rkthefgahed@ingt bicithoPracess tRro§RctAoON op of
the heavy-engs; c t ] [V eni g{ﬁ_eg}, for
supply of ra\?\'/&rr%?tearni g{zaggugn%ﬁ{lﬁ%ﬁéﬁggl&%ﬁtsupgﬁg I{)Ef\a{t e rgpﬁgztt%%ﬁg pl ant
was opened ormuclorash'tthe aranpmssid ioperadt iges taenpestentise iinntcdel aeachdoaof
Though the azeotrqpi c dehydr.at.i on coluymm_showed no si.gn of - 47 an

parti cul ar pr%‘%ﬁ ,e%%e[ ﬁé’"‘lpg;sgd'l%tls?nof’%t gg? FRITRES n%fsgcﬁg%r%gglgfenttﬁean%
heavy-ends cuwhe deanperattitdiet Rilte fadsomtaipar aimiichvaire Rgledndobablthis

different fromthose of Conparative Exanple 1. - 48, a~ Ei. MN3 tn~ ~
ONN-"~ ~ U ~dkpcess mayobg any-of fhe Sekepedocfrdikions Jifihgre vspd -
ao~z~ ~~, ~Uz{ [0r 03 h&Lel9rdrs knodm 0§f‘6<9e~s~ses~ fortle Teactiba &f @ryilid J~ .
e ~N'" .'"~SSr 00~00~~a~, ~~U~~ xb (C-a~"3 +~ +~0
~ UaN ~+~~' v@gid. n When the acrylic acid-containing gas contains

unaltered acrolein, the acrylic acid-containing gas may be
20 supplied to the acrylic acid absorbing column 20 after the

acrolein has been removed as by distillation or diffusion.

It may be otherwise supplied to the absorbing column 20 after

the gas has beencooled. This is because the degqreewithwhich

the absorption efficiency is exalted increases in accordance
25 as the gas temperature is lowered.

The absorbing column 20 to be used herein may be any
of such known absorbing columns as platecolumn, packed column,
wettedwall tower, and spray tower. Generally, this absorbing
column 20 is preferred to be a plate column or a packed column.

30 In the case of the packed column, the interior thereof is
packed regularly or irregqularly with a filler having a large

surfacearea and exhibitingair permeability. Thegas-liqguid
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In the absorbing column 20, while the acrylic
acid-containing gas is introduced thereto, an absorbing
5 solvent 21 capable of absorbing acrylic acid is introduced
from the upper part into this column to bring into counter
current contact with the gas mentioned above and to effect

absorption of acrylic acid.
As the absorbing solvent 21 so supplied, an aqueous
10 absorbingsolventmaybeused. This solvent isat anadvantage
in being inexpensive and allowing exhaust water emanating
from the process for the production of acrylic acid to be
reused. The aqueous absorbing solvent is only required to
contain at least 80 - 100 wt. % of water. One example of such
15 an aqueous absorbing solvent may be composed of 0.1 - 5.0
wt. % of acrylic acid, 0.1 - 10 wt. % of acetic acid, and
80 - 99.8 wt. % of water. The absorbing solvent 21 to be used
herein may be prepared in advance as formulated in the
composition mentioned above. For example, a water phase in
20 anoil-water separator 32 annexed to anazeotropicdehydrating
column 30 may be circulated as the absorbing solvent 21 for
acrylic acid to an acrylic acid absorbing column and used

as such.

The absorption efficiency of the absorbing solvent 21
25 1increases in accordance as the solvent temperature decreases.
The absorbing solvent 21 is preferred to be supplied at a
fixed temperature in the range of 0 - 35°C, particularly 5
- 30°C. The amount of the solvent expressed in the liquid-gas
ratio, namely the amount of the solvent (L) to the amount
30 ofthefeedgas (m®), isset intherangeof2-15L/m?, preferably
3-12L/m*, andmorepreferably5-10L/m?>. Thepolymerization

of acrylic acid occurs most readily when the mass ratio of
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of acrylic aC|d which conprises (a ¥or obtaining a

aci d- cont ai niheg pgpdyreriy addtcal yt i ¢ gas phase OX|dat|on (b) a step for

obtaining an aqu$§$s acrylic. aci d-cont n|n sol uti b absorbln hthe
ci d-con % ?

acrylic I PR 2R%ad St BBB?bP ?Wﬁﬂﬁ § step

for obtaini peigiedd zacsin e faghdnby Iﬁteingaizm; k@lb%lt(i/r{@re aen@&rpglbow
boi l'i ng substance from sai d agqueous acrylic acid-containing solution, (d) a

step for obP&LSmMPTESERS EhecPPsRHR 18NSR VSST PhgteuBeREALE- EBAFEILAI ng
solution by JeHRYSRIohE CAIBLRPISe1 M tePELBACENE 'fHBUAEBnS4REngChY! | ©

aci d,
N-oxyl compounds, phenol compounds, manganese salts such as

10 manganese acetate, copper dialkyldithiocarbamates such as
copper dibutylthiocarbamate, nitroso compounds and amine
compounds, and phenothiazine. The nitroso compound includs
such compounds as N-nitrosophenyl hydroxyl amines or the salts
thereof, for example, ammonium salts of N-nitrosophenyl

15 hydroxylamine, p-nitrosophenol, N-nitrosodiphenyl amine and
ammonium salts thereof which are decomposed by the conditions
of thedistillingcolumn and the decomposed components thereof
manifest an effect of inhibiting polymerization of easily
polymerizing substance. The polymerization inhibitor which

20 is contemplated by the present invention does not embrace
such a substance as undergoes decomposition in thedistilling
column and gives such a product of decomposition as manifests
an effect of inhibiting polymerization.

The N-oxyl compound does not need to be particularly

25 restricted. Any of the N-oxyl compounds which have been
generally known heretofore as agents for inhibiting the
polymerization of a vinyl compound may be used. Among other
such N-oxyl compounds, 2,2,6,6-tetramethyl piperidinoxyls
represented by the following formula (1):



15 (e) a step for recovering acrylic acid by thermally deconposing an
acrylic acid oligoner contained in said high boiling substance-contai ni ng
sol ution, which nethod is characterized by performng at |east either of (
i ) a step for introducing a polynerization inhibitor to 20 a stage ot her
than the stage for supplying a raM/naterlaI and the stage for supplying a
reflux of said distilling col f (ii) a step for supplying the acrylic
acid recovered by thermally dec ng said oligonmer to said step for
obt ai ni ng, crude acrylic aci @&j E;r ion. 25 ( ) Amet hod according to
claim1l1, which further conpq; %ﬁ ng the f Iomﬁng step (iii) and/or
(iv); (iii) a step for supplylng yneri zation inhibitor containing
solution together with an acrylic aC|d cont ai ning solution with an

atom zing injecting means, 3 0 ( iv ) a step for thernally deconpos ing the
ol i gomer cont gi,ggle i A xS ¥d rsofh Pel) Bfiofyleaiclen, CHtALALO, eRbUHLOR,
thereby lowering the concentration of naléfic aci d contal hed in

recover ed acr QHPEHzMH OHsoCHEPOH, tar £0astl BT shendri forera hﬁdnose\m at@ms )
Anmet hod accor cl onpy S; te
esterifying t%eq%%? )lc‘:,&amée §$%§%%ég?%8§£%§ 1%%% EEE %Pébyegrgéucing
an acrylic esbege, oermbrg bomp@ummﬁ(yeﬁeﬁﬁdﬁnamnngfy;mg61®et@tramechybld

bt d d st th b ht | i d. of ty.
(1) "R e hoRIBETSRGPAEYLb ACPIRORY TPt Sh ARk st ey br
install ed betyggn sgi q- suep%x(l@_ (2,096 , ¥4 dthiamkld rul bse B85 r 54 ERokP1 )

carried out therewth. 5) A net hod for the productl on of ‘a pol yacryl | C
acid (salt), phaspbBibteszeWhirhprodieeng 998 peffecky| i dracipréverting py

chaim 3 o ol Briyaetiapiofly S diblon 8% B AELAN LafpSils (o BE widh 1"

and/ or a cool mttheutnstahhpd belwménasdod.step (g)Pamdieaubidebyf or pheduci ng

t he poly yl a| ..z 52 . C as
AT A M A9b % Agg 2511)&5 AZ9% AL. A° PIRATIRHNOKY A or
L. A9. A& _. A&9%1AN_§3 T ORY- é\,t- a%A‘eeA_&%(mét%A piperidinoxyl is used as the
. A(9. AL. A’ 9% A9% A(L. A_. AFs. A(9% A" h9 AL. A{ &% AN9. A. L. Aa9. AN . AL. A(9. A

a&9. A99. AL. AONARX®L cm_mppuqch]sg.pge it forms a stablllzlng agent without

EF | gb al:ca a cajc
) va] ca ool caf caf Eo A\ FOLHMERE M AR LEkeY) pahbaheatssl enbeal el cal
3Lyttt &4 peanpsdsibsISuE s wiod rzidica m&aqmldai]qzar]a:tai]lclee]lcaqta]:ha] ca] c
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]ca]ca]ca]ca]mahﬁahcahﬁabéakéalmg]ﬁakaakaa]Ca]ca]ca]ca]ca]ca]ca]ca'3a4b4456

66669L: QOBPBB | _
B! B) B* B, B- B} ;l,:f;?]i]%%]%af%?%}%] e djvdarempoaPdaey) sy eaftatta) ca)

cal cal cal cal cabgslfat sahoal oalan] cakhal catoR}a AR PPRK AT ERERGGR 1 JKKKL

N<NNBPPQDQJU viperhding] cappaped] ealkdc & ¢t caitelraned]wa] mwca}@ar]ca] caj
cal ca] ca] ]c %‘ % ﬁkca] ca] ca] ca] cal] ca] ca] ca] ca! - V. VIV2VBWKX, X- X: X
XZZKZLZ[ zz§ F F 6] AN I Xsni d _Z]]]ca]ca] ca]ca]ca]ca]ca] ca] ca] cal ca

" bbbc
ddeFIdddSeQeegfgyfiaf’?{Yf'?g 68o8gFsEnrEeEM Y ca) cAREHEES ca) c%?%%]’%%‘]lba] cal
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selected to suit the operating conditions to be involved.
It is preferable to set the total amount of the polymerization
inhibitor to be used in the range of 3 - 3500 ppm (by mass)
based on the mass of the acrylic acid in the reaction gas
to be absorbed. BAs regards the preferred amount of the
30 individual polymerization inhibitor to be used, this amount
of the N-oxyl compound is in the range of 1 - 500 ppm based

on the mass of the acrylic acid in the reaction gas, that
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N-hydroxy-2,2,6,6-tetramethyl piperidine compound is in the

rangeofl-500ppm, andthatof2,2,6,6-tetramethyl piperidine
compound is in the range of 1 -~ 500 ppm.

10 In this invention, the polymerization inhibitor is
preferred to be introduced into the reaction system in the
form of a solution having the polymerization inhibitor
dissolved in a solvent, namely in the form of a polymerization
inhibitor-containing solution. The site for supplying the

15 polymerization inhibitor-containing solution and the method
for the introduction thereof do not need to be particularly
restricted. The solution may be introduced into the
absorption column at any stage other than the stage for supply
of the raw material and the stage for supply of the reflux

20 tothedistillingcolumn. Intheabsorptioncolumn, the"stage
for supply of the raw material" means a stage for supplying
an acrylic acid-containing gas and the "stage for supply of
the reflux" means a stage for supplying a absorbing solvent.
When the polymerization inhibitor is mixed with a solvent

25 to prepare a polymerization inhibitor-containing solution
and then this solution is to be supplied, the polymerization
inhibitor is consumed effectively because it is uniformly
dispersed in the acrylic acid absorption column. As the
solvent for the preparation of the solution mentioned above,

30 the acrylic acid~containing solution is available. When the
absorbing solvent 21 which is used in the acrylic acid

absorption column 20 contains acrylic acid, for example, the
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solution. In the absorption column 20, it is particularly

favorable to use waste liquid from a steam ejector used in

the process for the production of acrylic acid as the acrylic

acid-containing solution. This is because the waste liquid

10 from the steam ejector is an aqueous solution containing

acrylic acid, which has nearly the same composition ratio

as that of the liquid inside the absorption column and induces

no decrease in the absorption efficiency in the absorption

column. If the acrylic acid-containing solution to be used

15 has a higher acrylic acid concentration than the acrylic acid

composition in the absorption column, this excess would

possibly result in decreasing the absorption efficiency or
induce polymerization.

The conditions for theoperationof the absorptioncolumn

20 20 vary with such factors as the temperature of the acrylic

acid-containing gas to be supplied to the absorption column,

the amount of the gas supplied per unit time, and the volume

of the absorption column. Generally, the temperature of the

top of the absorption column is in the range of 40 - 85°C.

25 If this temperature is lower than 40°C, the shortage would

be at a disadvantage in necessitating plant investment for

cooling and entailing consumption of cooling energy,

increasing the condensation of a substance having a lower

boiling point than acrylic acid, and consequently degrading

30 the purity of acrylic acid in the bottom liquid of the

absorption column. Conversely, if the temperature exceeds

80°C, the excess would result in increasing the loss of acrylic



109 f & ()-1K 109%f & ()-1K 109%f& ()-1K 10%f & ()- 1K

109% f & ()-1*P, P. POP1P5Pct X<i S fK 109 f & ()- 1K 10K 109%f & ()- 1K 10%f & ()- 1K
109 f & ()-1K 109%f& ()-1K 109%f & () - 15P6P7PSPIP; Pt X<t X<i S f K 109% f & () - 1K
109 f & ()- 19 109%f& ()-1K 109%f& ()-1S f.t 9: P; P<P?P@APBPCPpT8i SK
10% f & ()-1K 109 f& ()-1K 109%f & ()-1K 10%f& ()-1K 10% f & ()- 1K

10% f & () - 1Katd¥ t&rolghCERRERERGRHRE R palbiH ot o Wamml I nk0 E&lﬁhle
10%f& ()-1S.f.t 9K 10%f&'() 1HPI PJPKPLPNPOPPPpT8i SK 109% f & () -
10% f & ().- LK1 DGR Ehek Yisdsck @5 produnios f & () - 1K 109 f & () - 1K

109 f & S
1096 f & ()~ 1K 1008 147} TUBPREYE7oN Pl StpoTar Lk TOU 18 157 1400 12 17 1k

10% f & () - 1Kinoeke &'a(n)g-elqa(f 0% IBkPR- (]g@ll@/@fr&'S(S)l . If this pressure

10% f & 1P P’ PbPd S t 9K lO@ﬁf 1K.109% f &

1008 1 & ()5 1K IBOHITSE Eie AOMERS S ALEE R b o SkE ST SR TSR PRLE) - 1K
10% f & () - 1Kih0%édespitkt 1006 & &hcbﬁnﬂo&%ﬁ&cé) -difd entailing plant

10% f & () - 11 PnPnPpPqPr PwPpP<i SSK 109% f &K
investment and cost of energy. If the pressure exceeds 30

kPa (gauge pressure), the excess would be at a disadvantage
in necessitating a big capacity blower used for supplying

10 a raw material gas to a reactor for catalytic gas phase
oxidation and consequently entailing plant investment and
cost of energy. When an exhaust gas from the top of the column
is circulated to the reactor 10, diluting gas and unaltered
raw material components can be effectively utilized.

15 In this invention, the aforementioned adjustment is
preferredtoset theamountoftheliquidwettingtheabsorption
column per cross-sectional area of the column at a level of
not less than 0.3 m’/m?-h, preferably not less than 1 m*/m?-h.
The term “amount of wetting liquid” is referred to as a value

20 obtained by dividing the amount of the liquid [m’] supplied
per unit time onto one shelf by the cross-sectional area of
the column. When this condition is satisfied, the interior
of the absorption column is infallibly given a wetted state
and the amount of the wetting liquid proves proper. Since

25 the liquid is stored in a proper amount on the gas-liquid
contact device, the state of the column wetted with the liquid
and the state of the column avoiding drift and stagnation
of gas or liquid can be both realized without fail.

The bottom liguid of the absorption column 20 is cooled

30 with a cooler (not shown) annexed to the bottom part of the
column and thencirculatedtotheabsorptioncolumnto increase

the concentration of acrylic acid in the bottom liquid.



109% f & ()-1K 109%f& ()-1K 10%f& ()-1K 10%f& ()-1K 10%f & ()- 1K

109% f & () - 1wPxPyPzP{ P| Pt X<P<i SSK 109% f & ()- 1K 10%f & ()- 1K 10%f & ()- 1K
109% & ()-1S f.t 9| P} P~PPPPPPpP4i SK 10% f & ()-1&K 10%f & ()- 1K 10%f & ()- 1K
109%f& ()-1K 109%f& ()-1K 10%f & ()- 1K 109%f & () - 1PPPPPPpT8pP4i SK

109%f& ()-1K 109%f& ()-1S f.t 9K 109%f & ()-1K 10%f & () - 1PPPPPPPPt T4i SK

10% f & () - 1Kee{¥A1 f ) 1 bkt @ Wtk dm 11ul@%8 £ &hle) aBKo2PYE bR ddldim 20,
109 f & ()-1K 1096 f & () - 1PPPPPPX<t T4i SK 10% f & ()-1S f.t 9K 109 f& ()- 1K
10% 1 & () - LRATDY &1 AONSPISPRISENL 1SK aFdTE £ )aimnﬂoml&t(l)onyxsuch

O%f&:() 1 LPbdfadys s ¥ @g{zﬁén) :!r}élm]ag.o frfgj . unaltered state,
10% f & () 1P PPPP3t X<i SS f. 0% f& ()-1K 10%f& () 1K 10% & ()-1K

1094 f & ()- 1MWPPPM—MOQ$Ict§OWS&' formad devgde; ( )acmolm%,f &f@yxfukal,

10% 1 & (§- IETOATEA I T 19 L4k Tooh & %% K Ho%prE itk and

10% f & () - 1RRRRARMCA8IASKL 196Mmé, (ndlkdditives such as polymerization
inhibitor are present in addition to acrylic acid.

In this invention, the aqueous acrylic acid-containing

solution mentioned above is led to the azeotropic dehydration

10 column 30 and subjected, in conjunction with an azeotropic

solvent supplied thereto, to azeotropic distillation.

Subsequently to the process for obtaining the aqueous acrylic

acid-containing solution, this invention prefers to install

a tank and/or a cooler to cool the substance destined to be

15 transferred to the subsequent process before the subsequent

process is carried out. For example, the aqueous acrylic

acid-containing solution, when necessary, is supplied to a

distillation column 22 and deprived of such low boiling

substance as acrolein therein, then the bottom liquid of the

20 column is transferred via a pump 23 to a cooler 24, and the

aqueous acrylic acid-containing solution which has been

cooled herein is stored in a tank 25. By coolingthis solution

before it is transferred to the tank 25, it is made possible

to cool the solution infallibly, decrease the retention time

25 in the high-temperature state, and repress the amount of an

oligomer to be formed. Optionally, the bottom liquid of the

absorption column may be transferred to the tank without being

passed through the distillation column 22, transferred via

the pump 23 to the cooler 24, and then circulated to the tank

30 25 and transferred to the subsequent process as well. As

typical examples of the cooler, shell-and-tube type heat

exchangers, plate type heat exchangers, and spiral type heat
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which is separately installed. In this respect, the aqueous
acrylic acid-containing solution contemplated by this
invention broadly involves the water-containing acrylic acid
prior to the transfer to the azeotropic dehydration column

10 or the light-ends cut column and equals to the bottom liquid
of the absorption column and the bottom liquid of the column
obtained after the subsequent distillation. The cooling
temperature for the aqueous acrylic acid-containing solution
in the tank is preferred to be in the range of 20 - 50°C. Then,

15 the aqueous acrylic acid-containing solution in the tank 25
is supplied to the azeotropic dehydration column 30.

As the azeotropic dehydration column 30, such known
columns as plate column, packed column, wetted wall column,
and spray column are usable. The azeotropic column 30,

20 similarly to the absorption column 20 mentioned above, is
generally preferred to be a plate column or a packed column.
Incidentally, the preferred number of theoretical plates in
the azeotropic dehydration column 30 is in the range of 3
- 30.

25 As typical examples of the azeotropic solvent to be used
in this invention, solvents containing at least one member
selected from the group consisting of heptane, dimethyl
cyclohexane, ethyl cyclohexane, toluene, ethyl benzene,
chlorobenzene, xylene, and mixtures thereof;

30 solvents containing at least one member selected from
the group consisting of diethyl ketone, diisopropyl ketone,
methylpropyl ketone, methylisobutyl ketone, methyl-t-butyl
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mixed solvents formed of a solvent containing at least
one member selected from the group consisting of heptane,
dimethyl cyclohexane, ethyl cyclohexane, toluene, ethyl

10 benzene, chlorobenzene, xylene, and mixtures thereof with
a solvent containing at least one member selected from the
group consisting of diethyl ketone, diisopropyl ketone,
methylpropyl ketone, methylisobutyl ketone, methyl-t-butyl
ketone, n-propyl acetate, n-butyl acetate, ethyl acrylatae,

15 methyl methacrylate, ethyl methacrylate, vinyl acrylate,
n-propyl acrylate, allyl acetate, isopropenyl acetate, vinyl
propionate, propyl propionate, methyl crotonate, methyl
valeate, ethyl butyrate, dibutyl ether, and mixtures thereof
may be cited.

20 More preferably, solvents containing at least one member
selected from the group consisting of heptane, toluene, and
mixtures thereof; solvents containing at least one member
selected from the group consisting of ethyl methacrylate,
methylisobutyl ketone, n-propyl acrylate, n-butyl acetate,

25 and mixtures thereof; and a mixed solvent formed of a solvent
containing at least one member selected from the group
consisting of heptane, toluene, and mixtures thereof with
a solvent containing at least one member selected from the
groupconsistingofethyl methacrylate, methylisobutyl ketone,

30 n-propyl acrylate, n-butyl acetate, and mixtures thereof may
be cited.

The amount of the azeotropic solvent to be used cannot
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The amount of the azeotropic solvent is preferred to be large

particularly from the viewpoint of preventing polymerization

of acrylic acid. If it is unduly large, however, the excess

would be at a disadvantage in necessitating a large amount
10 of energy for distillation.

The temperature of the top of the azeotropic dehydration
column 30 may be properly selected, depending on such factors
as the water content and the amount of by-product present
in the aqueous acrylic acid-containing solutiontobe supplied,

15 the amount of feed liquid per unit time, the temperature of
the feed liquid, the degree of dehydration aimed at, the kind
of other component to be separated and the content thereof,
andthekindofdistillationcolumn incorporated intheprocess
for purifying acrylic acid. Generally, the pressure at the

20 top of the column is in the range of 20 - 200 hPa (abs.) and
the temperature of the top of the column is decided by the
azeotropic composition which is proper for this operating
pressure. Theoperationof theazeotropicdehydrationcolumn
30 is rendered efficient by providing it with an oil-water

25 separator, introducing the distillate from the top of the
column into the oil-water separator, separating the
distillate into an oil phase (azeotropic solvent phase) 31
and a water phase 32, refluxing the oil phase 31 at a reflux
ratio in the range of 0.5 - 10 to the azeotropic dehydration

30 column30, andcirculating thewater phase 32 tothe absorption
column 20 and used therein as the absorbing solvent 21.

Consequently, the bottomliquid of the azeotropic dehydration
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g%i%lﬁe;itzation inhibitor, the
typical examples cited in the paragraph dealing with the
absorption column 20 may be used either singly or in the form
10 of a mixture of two or more members.

This invention prefers the polymerization inhibitor to
be supplied in conjunction with acrylic acid. While water
and the solvent are vaporized in the part of the distillation
column above the stage for supply, acrylic acid escapes the

15 vaporization and transfers to the bottom side of the column.
Thus, thepresenceofacrylicacidisconsideredtobeeffective
in preventing the polymerization inhibitor from being
precipitated because the acrylic acid entrains the
polymerization inhibitor. When the product of the thermal

20 decomposition of the acrylic acid oligomer which will be
described specifically herein below is used as the acrylic
acid, it serves as an effective utilization of acrylic acid
and contributes to the improvement of the productivity. When
the acrylic acid is supplied to the azeotropic dehydration

25 column 30, it will be at an advantage in enhancing the quality
of product and preventing the polymerization inhibitor from
beingprecipitated. Itisinferredthatwhiletheby-produced
maleic acid, when absorbed in water, is present in the aqueous
solution in the form of hydrous maleic acid, it is gradually

30 anhydridizedwhenheatedby repeatingtheworkofdistillation.
Also intheacrylicacid recoveredby the thermal decomposition,

the water formed by this anhydridization is contained. By
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According to this 1nventlon, the efficiency of production
can be further improved by repressing the concentration of
the acrylic acid oligomer (acrylic acid dimer and trimer)
in the bottom liquid of the azeotropic dehydration column

10 to a level of not more than 5 wt. %, more preferably to a
level of not more than 3 wt. %.

Though.the'ﬁreatment.of azeotropic dehydration removes
water and low boiling substance contained in the aqueous
acrylic acid-containing solution, the process for hydration

15 and the process for separation of the low boiling substance
may be carried out separately of eachother. Generally, after
the treatment for dehydration, the product by this dehydration
can be refined by performing the process for the separation
of high boiling substance either alone or in combination with

20 other heretofore known method for purification. Not solely
by distillation, the purification of acrylic acid may be
effected by crystallization. Owingto thewide range allowed
for the selection of a process of purification, this invention
designates what is obtained by removing water and low boiling

25 substances from the agqueous acrylic acid-containing solution
as the crude acrylic acid and transfers it to the process
for separation of high boiling substance.

In this invention, it is preferable to install a cooler
or a tank between theprocess for azeotropic dehydrationand/or

30 the process for separation of low boiling substance and the
process for separation of high boiling substance to cool the

crude acrylic acid. The crude acrylic acid is cooled by
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temperature part, and repress the amount of an oligomer
suffered to occur. The cooling temperature of the crude
acrylic acid in the tank 36 is preferred to be in the range
of 20 - 50°C. As the cooler, shell-and-tube type heat
10 exchangers, plate type heat exchangers, and spiral type heat
exchangers which have been heretofore known to the art are
usable. Then,thecrudeacrylicaeﬁdinthetank36issupplied
to a heavy-ends cut column 40. The heavy-ends cut column 40
constitutes a process for heating the liquid under treatment
15 and expelling acrylic acid by distillation through the top
of a distillation column. From the viewpoint of the thermal
efficiency, the feed liquid to the column 40 is preferred
to have as high a temperature as permissible. If the
temperature of the crude acrylic acid is unduly high, the
20 excess of temperature would result in increasing the speed
of oligomer formation, enlarging the possibility of
polymerization, rendering easy the occurrence of a polymer
in the heavy-ends cut column, degrading the final yield of
acrylic acid, and possibly hindering the continuous operation
25 in consequence of the occurrence of a polymer. If the
temperature falls short of 20°C and approximates closely to
the freezing point, the shortage would be at a disadvantage
in possibly freezing the content of the column and increasing
the amount of heat to be applied during the process for the
30 removal of high boiling substance. 1In consideration of the
final efficiency of production based on the comparison with

the amount of a polymer suffered to occur and the thermal
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As the heavy-ends cut column 40, such known columns as
plate column, packed column, wetted wall column, and spray
column are usable. The heavy-ends cut column, similarly to

10 the azeotropic dehydration column mentioned above, is
generally preferred to be a plate column or a packed column.
These columns maf contain a packing or stepped plates. The
numpber of theoretical plates is in the range of 3 - 30,
preferably 5 - 20.

15 The distillation in the heavy-ends cut column 40 may
be performed under the conditions of distillation which have
been heretofore known to the art. Specifically, the pressure
at the top of the column is in the range of 20 - 200 hPa (abs.)
and the temperature of the bottom of the column is not higher

20 than 120°C.

The heavy-ends cut column 40, similarly to theazeotropic
dehydration column 30 mentioned above, prefers addition
thereto of a proper amount of polymerization inhibitor with
theobject of preventingacrylic acid fromundergoingunwanted

25 polymerization.

In this invention, the polymerization inhibitor is
preferred to be introduced to any of the distillation columns
at a stage other than the stage for supply of the raw material
or the stage for supply of the reflux. More preferably, a

30 polymerization inhibitor which conforms to the composition
of the content of the column is injected at any of the stages

which is present away from the stage for supply of the raw
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109 f & () - 1%&tbadizfa& il 1K that it enables the solution containing the
polymerization inhibitor to be sprayed in a wide range inside
the distillation column and allows the polymerization to be
prevented effectively. Even when the injection is made at
10 the stage for supply of a rawmaterial or the stage for supply
of a reflux, the polymerization inhibitor may be injected
as separated froﬁ the raw material and the reflux through
another spraying nozzle or the polymerization inhibitor may
be mixed in advance with the raw material and the reflux and
15 theresultantmixtureis injectedthroughthe sprayingnozzle.
Since the acrylic acid concentration does not vary very much
in the heavy-ends cut column, the polymerization inhibitor
may be supplied at a stage other than the stage for supply
of the raw material and the stage for supply of the reflux
20 oritmaybeinjectedat the stage for supplyof therawmaterial
and/or the stage for supply of the reflux. In this case, it
is preferable to use as the acrylic acid part of thedistillate
obtained through the top of the column. The reason for the
use of part of the distillate is that since the heavy-ends
25 cut column is a device for obtaining acrylic acid, the use
of the distillate substantially identical in quality with
the product (raw material as ester and high purity acrylic
acid) results in stabilizing the quality of product.
In this invention, it is permissible to condense the
30 acrylic acid-containing distillate gas obtained through the
top of the heavy-ends cut column 40 and supply at least part

of the resultant acrylic acid-containing condensate liquid



109% f & ()-1S f.t 9SSSSSSSShL, i K 10% f& ()-1K 10%f& ()-1K 10%f & ()- 1K
109 f & ()-1K 109%f& ()-1K 109%f& ()-1K 109%f & ()- 1SSSSSShhL, i K 10% f & () - 1K
109 & ()-1K 109%f& ()-1K 109%f& ()-1K 109%f& ()- 1K 109% f & ()- 1K

109 f & ()- 1SSSSSSt X<hL, i K 10K 109% f & ()- 1K 109 f & ()-1K 10%f & ()- 1K
10% f & ()-1S f.t 9SSSSSSSSt X<i K 10K 10% f & ()- 1K 10% f & ()- 1K 10% f & () - 1K

10% f & () - 1Kt d0hé & Ao titoplit?iikblydratioh086 I ding )3-0LSTIRETHEALEXIN kK, 10Ke
109 f& ()-1K 1096 f& ()-1K 109%f& ()-1S f.t 9K 109 f& ()- LTTTTTTT Tt T4i K
10% f & () - 1Kc90¢ﬁ1&a%)9- hlausdsgepqrpliy 180 fandsher nrpdyer of agrylic

10% f & () - 1K ) sd T I 1O%E £ & () - K ()o1K
10% f & 8 et %%eéga%Tt}El%T%g$ﬁ§$té§gf‘% £ S ﬁéjr&nﬁog%gg ‘%"?r%l\?y

10% f & () - 1Katovdfie aridKkandorhe bpttemlDUgadd(9£f1khe column contains
10%1& ()5 1413 pgl’iz-xlt-l’e-zl:‘%.tzé%ii%nK A& , lakérlﬁﬁc acid oligomer, and
other high boiling substances. 1Inthis invention, the bottom
liquid is designated as a high boiling substance-containing
solution and is subjected to a process for thermally
decomposing the acrylic acid oligomer contained therein and

10 consequently recovering acrylic acid.

The thermal decomposition of the acrylic acid oligomer
iscarriedout inathermal decompositiontank5l1. Thethermal
decomposition tank 51 does not need to be particularly
discriminated on account of its form. Since the oligomer has

15 high viscosity, possibly shows precipitation of a solid
substance, and displays an inferior liquid property, the tank
is preferred to be endowed with an inclination toward the
liquid outlet and provided with a liquid circulating and/or
stirring device capable of uniformizing the composition

20 inside the tank. The concentration of maleic acid contained
inthedecomposed liquid obtained by the thermal decomposition
is set so as to be not more than 5 wt. %, preferably in the
range of 0 - 3 wt. %, and more preferably in the range of
0 - 1 wt. %. The reason for restricting the malic acid

25 concentration to not more than 5 wt. % is that the maleic
acid readily converts into fumaric acid which is an isomer
and the fumaric acid having a high melting point precipitates
as a solid.

For the purpose of obtaining the decomposed liquid of

30 thisdescription, it ispreferredtoprovide thedecomposition
tank 51 in the lower part thereof with a distilling device

such as, for example, a maleic acid separation column 46,
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109t & () - 1l J@Eﬂﬁ@r@%&}ﬂ&@i‘& obtained in consequence of the thermal
decomposition may be recovered. Since the acrylic acid is
vaporized in the thin film evaporator 50, this acrylic acid
10 may be recovered through the top of themaleic acid separation
column 46.

The maleic acid separation column 46 has a number of
theoretical plates of 1 -~ 10, preferably 1 - 5. The
distillation in this column is preferred to be performed at

15 a column top pressure in the range of 10 - 150 hPa (abs.)
and a column bottom temperature of not higher than 120°C. The
thin film evaporator 50 is preferred over a shell-and-tube
type heat exchanger in respect that it is capable of
concentrating even a liquid of high viscosity. This device

20 does not need to be discriminated between a horizontal type
and a vertical type.

The thermal decomposition temperature in the thermal
decomposition tank 51 is generally in the range of 120 -~ 220°C
and particularly preferably intherangeof 120 -160°C. While

25 the retention time (amount of liquid reserved in the thermal
decomposition tank/amount of waste oil) is not generally
defined because it varies with the temperature of thermal
decomposition, it is generally required to be in the range
of 20 - 50 hours. Thus, the thermal decomposition tank 51

30 needs to provide with a heatingmeans. It suffices, however,

to maintain the temperature of the thermal decomposition by

externally Jjacketing the tank and/or internally (or
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in the maleic acid separation column 46, the thin film
evaporator 50, or the thermal decomposition tank 51. This
additionresults inefficientlypreventingthepolymerization
and possibly promoting the thermal decomposition. As the

10 polymerization inhibitor capable of promoting the thermal
decomposition, 4,4',4"-tris-(2,2,6,6-tetramethyl
piperidinoxyl)phosphite and one or more of the compounds,
namely, 2,2,6,6~tetramethyl piperidinoxyls represented by

the following formula (1):

2 o1
H32;: j(CH3 (1)

H;C I en,
15
(wherein R! stands for CH,, CHOH, CHCH,OH, CHCH,CH,0H, CHOCH,0H,
CHOCH,CH,0H, CHCOOH, or C=0 and R? stands for a hydrogen atom
or CH,0H), one or more of the N,hydroxy-2,2,6,6~tetramethyl
piperidine compounds such as, for example,
20 1,4-dihydroxy-2,2,6,6-tetramethyl piperidine and
l1-hydroxy-2,2,6,6~tetramethyl piperidine, and

2,2,6,6-tetramethyl piperidinecompounds suchas, for example,
2,2,6,6-tetramethyl piperidine and
4-hydroxy-2,2,6,6-tetramethyl piperidine may be used in

25 combination among other examples cited above.
In this invention, the acrylic acid which is recovered
by thermally decomposing the oligomer mentioned above is

preferred to be suppliedto the process for dehydration. This
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proves favorable, both In terms of lowering the water content
in the product thereby heightening the quality of the product
and preventing the polymerization inhibitor from being
precipitated.

Incidentally, the acrylic acid expelled by distillation

10 through the top of the heavy-ends cut column 40 is enabled
to produce an acrylic ester when it is supplied to a process
for the production of the acrylic ester.

Now, a method for producing an acrylic ester from acrylic
acid will be explained below as one mode of embodying this

15 invention.

To an esterification reactor 60 packed with a strongly
acidic cation-exchange resin as a catalyst, the acrylic acid
obtained in the heavy-ends cut column 40 is supplied and then
an alcohol and other are charged to the reactor 60 to form

20 an ester. Then, the reaction solution is introduced into an
acid separation column 80, which by distillation expels an
acrylic ester, unalteredalcohol, water, and other lowboiling
substance through the top thereof. Subsequently, the
distillate emanating fromthe topof theacid separationcolumn

25 80 is introduced into an oil-water separator and is separated
therein into an oil phase 81 containing an acrylic ester and
a water phase 82 having water and alcohol as main components.
The water phase 82 is transferred toan alcohol recovery column
90 like a water phase 72 in the oil-water separator which

30 is the distillate through the top of the water-separation
column 70, and the oil phase 81 is supplied to a light-ends
cut column 100. In this while, part of the oil phase 81 may
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10% 1 & ()-1K recovery column 90 may be circulated to the oil phase 81 in
the oil-water separator annexed to the acid separation column
80. The water, alcohol, and other low boiling substances
10 expelled by distillation through the top of the light-ends
cut column 100 are circulated to the esterification reactor
60 through the column provided in the upper part of the
esterification reactor 60.
In this process for the production of an acrylic ester,
15 the bottom liquid of the acid separation column 80 eventually
contains acrylic acid dimer and acrylic acid dimer ester and
Michael type adducts such as alkoxypropionic acids and
alkoxypropionic esters represented by the following formula
[II] together with the rawmaterial components such as acrylic
20 acid.
R'~0~ (=X=C00)~R? [II]
(wherein m is an integer in the range of 1 - 5, R' and R?
independently stand for a hydrogen atom or an alkyl group,
and -X- stands for -CH,CH,;- or -CH(CH;)-, providing that when
25 m is not less than 2, a plurality of -X-'s may be identical
or different).
Thus, the bottom liquid of the acid separation column
80 may be circulated to the esterification reactor 60 as
illustrated in Fig. 1 or it may be supplied to a separately
30 provided thin film evaporator and decomposition tank (not
shown) to decompose the acrylic acid oligomer contained

therein. The components contained in the bottom liquid are
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aforementioned N-oxyl compound.

Themethod for theproductionof anacrylicester consists

inobtaining anester by subjectingacrylic acid and an alcohol

10 to a reaction of dehydration. As typical examples of the

preferred alcohol, various species of alcohol such as methanol,

ethanol, n-butanol, isobutanol, sec-butanol, t-butanol,

l-pentanol, 2-pentanol, 3-pentanol, cyclopentanol,

l-hexanol, 2-hexanol, 3-hexanol, cyclohexanol, l-heptanol,

15 2-heptanol, 3-heptanol, l-octanol, isooctanol,

2-ethylhexanol, isononyl alcohol, and lauryl alcohol may be

cited. They may be in a linear form or in a branched form.

They may be used either singly or in the form of a combination

of twoormoremembers. Incidentally, thereactionconditions

20 and distillation conditions for each of the processes

mentioned above may be arbitrarily selected from the known
conditions.

The acrylic acid which is obtained from the heavy-ends

cut column 40 may be further refined as with a distillation

25 column to obtain acrylic acid of high purity. For example,

a conventional primary amine such as hydrazine hydrate and

phenyl hydrazine and/or the salts thereof is added to the

acrylic acid in an amount in the range of 1.0 - 10.0 moles,

preferably 1.0 - 5.0 moles, per mol of the aldehyde contained

30 therein, and after a treating agent is further added thereto,

the resultant mixture is subjected to vacuum distillation

with a known distillation column. This distillation is
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decreased to less than 10 ppm. Acrylic acid of equal purity
can be obtained by using a crystallization device. When a
water-absorbent resin is produced from acrylic acid, it
possibly proves unfavorable for a given use because of its
10 odor or stimulus to the skin. Acrylic acid of high purity
obtained by such purification can be preferably used in this
case. Inthis invention, theacrylic acidof high purity thus
obtained is supplied to a polyacrylic acid (salt) production
process 120 to produce polyacrylic acid (salt), which may
15 be used to produce a water-absorbent resin, for example.
When polyacrylic acid is produced from acrylic acid of
high purity, this invention prefers the purified acrylic acid
to be transferred with the pump 42 to the cooler 43 and the
acrylic acid cooled in the cooler 43 to be stored in the tank
20 44. The reason for commending this process is that by this
cooling, it is made possible to cool the liquid infallibly,
decrease the retention time in the high temperature part,
and repress the amount of the oligomer suffered to form. The
cooling temperature of acrylic acid in the tank is preferred
25 to be in the range of 20 - 50°C.
The polyacrylic acid (salt) production process 120 is
capable of producing polyacrylic acid (salt) by sequentially
introducing the acrylic acid mentioned above to a
neutralization process 121, a polymerization process 122,
30 adryingprocess 123, and a cooling process 124 and subjecting
it to the relevant treatments therein. When acrylic acid is

not neutralized, polyacrylic acid is obtained. The
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process. Forexample, amethodwhichcomprisesmixingacrylic

acid or a produced polyacrylic acid (salt) with a prescribed

amount of a powder or agqueous solution of a basic substance

10 may be cited. This method does not need to be particularly

restrictedbutmaybeproperlyselected fromthe knownmethods.

This neutralization process may be carried out prior to

polymerization (neutralized in the form of a monomer), during

the polymerization, or after the polymerization (neutralized

15 in the form of a gel), or both before and after the

polymerization. Though the diagram depicts a process which

performs polymerization after neutralization, the

neutralization may be performed, when necessary, after the

polymerization. Inthiscase, theconfigurationof equipment

20 andthesequenceof component processesmaybeproperlyaltered

to suit the occasion. A polymerization device and a
neutralization device may be identical or different.

The basic substance to be used for neutralizing acrylic

acidmay be properly selected among the known basic substances

25 such as, for example, (hydrogen) carbonates, hydroxides of

alkali metals, ammonia, and organic amines. The radio of

neutralizationof acrylicaciddoes not need tobeparticularly

restricted but may be properly selected in the range of 30

-100mol%andpreferably50-80mol%. Whentheheatofreaction

30 which is generated during the neutralization is required to

be removed, it suffices to introduce the product emitting

the heat of reaction into a proper cooling means such as,
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the polymerization needs to use a radical polymerization

10%VME! (

initiator, it may be performed by any of the known methods
of polymerization such as stripping polymerization, electron
stripping polymerization, and photosensitized
10 polymerization. 1Inthepolymerizationprocess, acrylicacid
may be neutralized as occasion demands and then subjected
in the form of an aqueous solution of acrylic acid (salt)
of a concentration preferabiy of not less than 10 wt. %, more
preferably not less than 20 wt. % and preferably of not more

15 than 80 wt. %, more preferably not more than 70 wt. %.
This invention allows various conditions such as the
kind of polymerization initiator and the conditions for
polymerization to be arbitrarily selected. Optionally,
various known additives such as cross-linking agent, other
20 monomer, and even water-soluble chain transfer agent, and
hydrophilic macromolecular substance may be added. For the
polymerization process, reactors and devices selected
arbitrarily may be used. Any of the polymerization devices
in common use may be used without any particular restriction.
25 The polyacrylic acid (salt) resulting from the
polymerization is generally a polymer of the formof a hydrogel
and, therefore, is further subjected to a drying process for
the purpose of removing water. The method for this drying
does not need to be particularly restricted. The polymer may
30 be dried with any of the known drying devices such as hot
air drier, fluidized bed drier, drum drier, and Nauter type

drier at a proper drying temperature preferably in the range
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109N ()--2 109 él(lg/aiggel, namely the hydrous polymer, of polyacrylic
acid (salt) is thermally dried with a varying type of drier.
The drying may be attained, for example, by exposing the
hydrogel to the heating surface of such a conducting heat
transfer drier as a drum drier or a paddle drier which has
10 been heated with steam. From the viewpoint of decreasing the
residual monomer content and exalting the drying efficiency,
thehot air transfer drying which expose the hydrogel directly
tothe steamproves particularly preferable. Preferably, the
hydrogel is dried with a steam-containing gas such as, for
15 example, a hot air having a dew point preferably of not lower
than 50°C, more preferably not lower than 60°C and preferably
not higher than 90°C, more preferably not higher than 80°C
and having a temperature preferably of not lower than 100°C,
and more preferably not lower than 150°C and preferably not
20 higherthan200°C, more preferably not higher than180°C because
this drying promotes the decrease of the residual monomer
content and the exaltation of the water-absorption ratio of
the polyacrylic acid (salt). Incidentally, the duration of
drying is generally in the range of one minute to three hours,
25 preferably five minutes to one hour.

The polyacrylic acid (salt) which is obtained after the
drying process is still hot at the time of its release from
the drying device. Preferably, therefore, it is cooled in
a cooling process 124 at a suitable temperature in the range

30 of room temperature to 90°C, preferably 40 to 80°C. Themethod
for cooling this polyacrylic acid (salt) does not need to

be particularly restricted. It may be cooled, for example,
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shape as by granulatlon or pulverization and then made to

incorporate therein various additives such as reducing agent,
flavoring agent, and binder so as to suit the purpose of
application.

10 This invention prefers the dried polyacrylic acid (salt)
tobecooled. Whenthehydrogel is finelydividedtoaparticle
size in the approximate range of one - several mm and dried,
the dried polyacrylic acid (salt) is in the form of dry
particles measuring about one - several mm. Generally, the

15 dried particles assume the form of an agglomerate. Thus, the
dried polyacrylic acid (salt) may be optionally pulverized
or furtherclassified toobtain a polyacric acid (salt) powder
having a weight average particle diameter in the range of
10 - 1000 um, preferably 100 - 800 um. When this powder and

20 various modifying agents such as, for example, an agqueous
solutionof asurfacecross-linking agent, pelletizing binder,
and deodorant are added together, the applicationof acooling
process enhances the efficiency of pulverization and sharpens
the particle diameter distribution and allows the various

25 modifying agents to be uniformly added to the powder. Thus,
the cooling process in this case can exalt various physical
properties of the water-absorbent resin such as, for example,
a water-absorption ratio under pressure while restraining
dispersion among individual particles of powder.

30 For this invention, it is preferable to introduce a
polymerization inhibitor to any of the distillation columns

at a stage other than the stage for supply of the raw material
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the reflux. The polymerization inhibitor in this case is
preferred to be supplied together with the acrylic
acid-containing solution by the use of an atomizing injection
means. Particularly in the azeotropic dehydration column,
10 the acrylic acid which is recovered by thermally decomposing
an acrylic acid oligomer is used efficiently as the acrylic

acid-containing solution.

Examples
15 Now, this invention will be more specifically described
below with reference to working examples.
Example 1
Acrylic acid was produced by following the process flow
illustrated in Fig. 1. First, by subjecting propylene to
20 catalytic gas phase oxidation with a molecular oxygen in the
presence of an oxidizing catalyst, a mixed gas containing
7.1 vol. % of acrylic acid, 0.3 vol. % of acetic acid, and
14.7 vol. % of water was obtained at a rate of 388 Nm®/min.
This gas was introduced into an absorption column
25 (cascade miniring 3P 10m) to obtain a bottom liquid at a rate
of 8050 kg/h. This absorption column was operated with the
top thereof kept under 1100 hPa abs. at 62°C. Through the
top of the column, water obtained by mixing hydroquinone as
a polymerization inhibitor, separated water occurring in an
30 azeotropic dehydrationcolumn, and wastewater generated from
a vacuum generating device in a distillation column and

containing 1.5 wt. % of acrylic acid and 5.4 wt. % of acetic
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109WE (- - ottom liquid of the absorption column was further dlStllled

to obtain an aqueous acrylic acid solution containing 70 wt. %

of acrylic acid, 3.4 wt. % of acetic acid, and 0.3 wt. % of
maleic acid.

The aqueous acrylic acid solution thus obtained was

10 passed through a cooling device annexed to a tank interposed

between the absorption column and the azeotropic dehydration

column to be cooled to 40°C and the cooled agueous solution

was supplied together with part of the liquid at the top of

a maleic acid separation column to the middle stage of the

15 azeotropic dehydrating column provided with 50 sieve trays.

The azeotropic dehydration column was operated under

the conditions of 190 hPa abs. in column top pressure and

1.0 in reflux ratio (total number of moles of the reflux per

unit time/total number of moles of the distillate per unit

20 time) to effect azeotropic separation with toluene. The top

liquid of the separation column was led together with the

waste water from a steam ejector which was a vacuum generating

device to a storage tank and separated therein into an organic

phase and a water phase. As the polymerization inhibitor for

25 the column, copper dibutyldithiocarbamate and hygroduinone

monomethyl ether were dissolved in the reflux, then the

resultant mixture was introduced into the column together

with the reflux. And hydroquinone dissolved in water were

injected by spraying into the column together with part of

30 the top liquid of a maleic acid separation column containing

the acrylic acid recovered by thermally decomposing the

oligomer froma stage intervening between the stage for supply
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cooler annexed to a tank interposed between this column and
a heavy-ends cut column to be cooled to 40°C and then supplied
to the heavy-ends cut column provided with 45 sieve trays
through the intermediary stage thereof. This column was
10 operated under the conditions of 45 hPa abs. in tower top
pressureandl.4 inrefluxratio. Throughthetopofthecolumn,
acrylic acid was obtained at a rate of 5120 kg/h. The bottom
liquid of this column which contained 31 wt. % of acrylic
acid oligomer and 5 wt. % of maleic acid was supplied to a
15 maleic acid separation column provided with five sieve trays
through the bottom thereof.

The column was provided in the bottom thereof with a
thin film evaporator and a thermal decomposition tank and
operated under the conditions of 45 hPa abs. in pressure and

20 0.5 in reflux ratio to obtain acrylic acid containing 0.5
wt. % of maleic acid at a rate of 400 kg/h through the top
of the column. The acrylic acid thus obtained was used as
the rawmaterial for ester and high-purity acrylic acid. The
high~purity acrylic acid was further used for the production

25 of polyacrylic acid. Separately, the bottom liquid of the
thin film evaporator was introduced into a thermal
decomposition tank and subjected therein to thermal
decomposition under the conditions of 150°C in temperature
and 40 hours in retention time. Part of the bottom liquid

30 formed in the tank was circulated to the thin film evaporator.
To the heavy-ends cut column and the maleic acid separation

column, a solution of copper dibutyl dithiocarbamate and
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of 170 kg/h. The plant was stopped after about three months’

1090V

continued operation and then opened to test the interior.
The test failed to detect any sign of problem. The results
of working examples and a comparative experiment are shown
10 in Table 1l. 1In Table 1, (i) represents the case of injecting
the polymerization inhibitor containing solution to stages
other than the stage for supply of a raw material and the
stage for supply of the reflux, (ii) the case of supplying
the acrylic acid recovered by thermally decomposing the
15 oligomer to the process of dehydration, (iii) the case of
supplying the polymerization inhibitor containing solution
together with an acrylic acid-containing solution with an
atomizing injection means, and (iv) the case of adjusting
the concentration of maleic acid contained in the acrylic
20 acidsolutionrecoveredby thermally decomposing the oligomer
contained in the high boiling substance-containing solution
tobelow5wt. $. The symbol O represents actual application
and the symbol - represents the absence of actual application.
Example 2
25 An operation was carried out by following the procedure
of Example 1 while supplying hydroquinone dissolved in water
together with an aqueous acrylic acid solution as part of
the polymerization inhibitor to the azeotropic dehydration
column at the stage for supply of the agueous solution. The
30 pressure loss in the azeotropic dehydration column showed
a sign of rise in about one week’s continued operation. When

the plant was opened and tested after about two months’
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109VE' (- - 2 10%MM&A@éfé%£Hﬁ%M¥@ ﬁérfgrmed by following the procedure
of Example 1 while supplying hydroquinone as part of the
polymerization inhibitor directly to the azeotropic
dehydration column without using the top liquid of a maleic
acid separation column. On the day following the start of
10 the operation, the azeotropic dehydration column showed a
sign of an increase in the pressure loss. When the plant was
opened to check the interior thereof after about one month’s
continued operation, the precipitation of the polymerization
inhibitor occurred in the neighborhood of the stage for
15 introduction of the polymerization inhibitor into the column
and the holes in the trays were found to be blockage.
Example 4
An operation was performed by following the procedure
of Example 1 while supplying the polymerization inhibitor
20 directly to the column without using the cooler annexed to
the tank. As a result, the concentration of the acrylic acid
oligomer (acrylic acid dimer and trimer) in the waste oil
from the thermal decomposition tank increased to 43 wt. %
and the amount of the waste oil was increased to 200 kg/h.
25 When the plant was stopped after about threemonths’ continued
operation to test the interior thereof, no sign of trouble
was detected.
Comparative Example 1
An operation was performed by following the procedure
30 ofExamplelwiththeexceptionofthe followingmodifications.
First, hydroquinone as one of the components of the

polymerization inhibitor supplied to the azeotropic
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was circulated to the heavy-ends cut column. Further, this
processwas directly shifted to the subsequent process without
using the cooler annexed to the tank.

The maleic acid concentration in the acrylic acid

10 recovered from the thin film evaporator was about 6 wt. %.
Thus, the water content and the concentration of such high
boiling substances as maleic acid in the acrylic acid were
higher than those obtained in Example 1. The amount of the
waste oil was 210 kg/h and the oligomer concentration in the

15 waste oil was 43 wt. %. The azeotropic dehydration column
began to show a discernible sign of rise of pressure on the
day followingthestartof theoperation. Thoughtheoperation
could be continued for about one month, it had to be stopped
owing to the rise of the pressure during the refining process.

20 When the plant was opened to test the interior thereof, the
azeotropic dehydration column was found to have a discernible
signofprecipitationofthepolymer and thepolymer inhibitor.
In the neighborhood of the heavy-ends cut column and the thin
film evaporator, precipitation of fumaric acid inferred to

25 be formed by the transfer of heat of the maleic acid and the
polymer were confirmed.

The concentration of the acrylic acid oligomer (acrylic
acid dimer and trimer) in the bottom of the azeotropic
dehydration column was 6 wt. %.

30 Example 5

An operation was performed by following the procedure

of Comparative Example 1 while introducing hydroquinone as
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suffered to occur in the azeotropic dehydration column was
small as compared with Comparative Example 1, the
precipitation of the polymerization inhibitor was found be
occurred in the proximity of the site for injection of the
10 polymerization inhibitor and blockage also was found in the
holes in the trays. The neighborhood of the heavy-ends cut
column and the thin film evaporator was not notably different
from that in Comparative Example 1.
Example 6
15 An operation was performed by following the procedure
of Comparative Example 1 while circulating the acrylic acid
recovered from the thin film evaporator to the azeotropic
dehydration column. When the plant was opened to test the
interior thereof after one month’s continued operation, the
20 results of test were not notably different from those of
Comparative Example 1. The water content of the produced
acrylic acid, however, was decreased.
Example 7
An operation was performed by following the procedure
25 of Comparative Example 1 while introducing hydroquinone as
the polymerization inhibitor to the azeotropic dehydration
column by spraying together with part of the acrylic acid
obtained through the top of the heavy-ends cut column at the
stage intervening between the stage for supply of rawmaterial
30 and the stage for supply of the reflux. The plant was opened
onemonth’s continued operation to test the interior thereof.

Though the azeotropic dehydration column showed no sign of
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(b) a step for obtaining an aqueous acrylic acid-containing
solution by absorbing the acrylic acid-containing gas with
an aqueous absorbing solvent,

(c) a step for obtaining crude acrylic acid by dehydration

10 and/or removing low boiling substance from said agqueous
acrylic acid-containing solution,

(d) a step for obtaining acrylic acid and a high boiling
substance-containing solution by removing the high boiling
substance from said crude acrylic acid, and

15 (e) a step for recovering acrylic acid by thermally
decomposing an acrylic acid oligomer contained in said high
boiling substance-containing solution,

whichmethod is characterized by performing at 1least either
of (i) a step for introducing a polymerization inhibitor to

20 a stage other than the stage for supplying a raw material
and the stage for supplying a reflux of said distilling column
or (ii) a step for supplying the acrylic acid recovered by
thermally decomposing said oligomer to said step for obtaining
crude acrylic acid by dehydration.

25 (2) Amethod according toclaiml, which further comprises
performing the following step (iii) and/or (iv);

(iii) a step for supplying a polymerization inhibitor
containing solution together with an acrylic acid containing
solution with an atomizing injecting means,

30 (iv) astep for thermally decomposing theoligomer contained
in said high boiling substance-containing solution thereby

lowering the concentration of maleic acid contained in the
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