;z{| }e3eur Tj V6HTt METHOD FOR PRODUCTI ON OF ACRYLI C ACI D BACKGROUND OF THE
| N\VENTION Field of the Invention: 5 This invention relates to a nethod for
produci ng acrylic acid conprising introducing propyl ene ajmwmmmm,mwmil al
in high concentration into a reactor which has a first re nd a
second reaction zone fornmed of different reaction tubes, and ipug®Vvi ng

wat er concentration in an acrylic 10 aci d-containingsolution in an acrylic
acid absorption col um t¥EBHORVEIR | FRAIMECTEMHOBHFACRYLIAL AGID % t her eby
preventing the solution from polynerization at the subsequent steps in the
process af the production. 15 Description of the Related Art: Acrylic acid
is used in coating naterial, BACKEREUNI &SI THE | BatHerIq ocessi ng, and

bui | di ng naterialissi?es being used for acrylic fiber copolyner or as an
enul sion for aBk&sFAvBLalBRt LNV§RELIMRand for this conpound is now 20
increasing.5 Thus, i&¢hi§ iGRRSFAIONYr&1LbE ed DietRBArRACHFOMuOIn§ AR MtiC gas
phase oxidation of propylene, for exanple, with a viewto realizing the
principle of nmaS3dpfeBRELF BRI U HP R intk pFeryileacr ad arefast mate Aaw

material gas i&igﬁ%@ééﬂmﬂﬁ@ﬂ ¢f8la 32200 NGHALA Had 9 FN54 a.%g%tq_fonabout

25 4 - 7 vol. ecause the reacfion of catalytic gas phasée oxidation has

t he possibilitgook dsd engeéoond o etalod ioangeneffavged sif odi. £ Hepemid reg caionhe

proportion of gﬁ%ecul ar, pxygen to be used in_t ction of _oxidatiqn .
S

h
Si nce the raw MPEFYal® PrEter Y24t 0 H8S g&:ﬁ%ﬂ"& M2 RoACENLNS i on

for the 301pur gesa-ebntaRHONY RS 1R oaf i &h %&Q?l@.% U RUHBE b LPt 1 ¥R CbAUTNn
nodi fi cati ons have been proposed for the supply of the raw material gas at

a hi gh concent Fat okevel Irnéhst ¥ppgaICHazet l"-’g BE - I gherebys pgevesk ing

exanpl e, di scl @geSsé MBS Rl pBT PHVEL PGt 86H Mt €nRCE OGSO Rps in
nmol ybdenum bi smuth type cat al ys? in the reaction of two- s?age catal ytic gas

phase oxi dati ofhpeptocaed oy thdjerredugtiomi xed 5 gas conposed of

propyl ene, air, and steamto a first-stage reaction for converting

propyl ene into acrolein and subjecting the gas formed by the first-stage
reaction tlb a Besondpsianeof etii¢i Paldoed crtverting acrolein into acrylic
acid, endow ng the n’ixeﬂ_gas C;;Jdopl,ied to.the first-stage 10 reactaor_with a
conposi tion such t haFT¥HiCnd r &Bi 31979 ndfecGPAF 1By ec%laé'r'opﬁl?ﬁé

“falls in the rppeeeskig]12a@her brokle sRNGNERNSy LONCEIhA8EE 081 bRstResr ange
of 7 - 13 0, and the steam concentration in the range of 2 - 30 O,

control ling thBeipapesed dee dFrYhic Abbesd §aBOPYNOE QD ashan ignulsdrs fen
adhesive agents. The demand for this compound is now

20 increasing. Thus, it is generally produced by the reaction
of catalytic gas phase oxidation of propylene, for example,
with a view to realizing the principle of mass production
using an inexpensive raw material. The raw material gas is
generally supplied at a concentration in the range of about

25 4 -~ 7 vol. % because the reaction of catalytic gas phase
oxidation has the possibility of belonging to the range of
explosion, depending on the proportion of molecular oxygen
tobeused inthereactionof oxidation. Sincetherawmaterial
gas is preferred to be used at a high concentration for the

30 purpose of improving the efficiency of production, various
modifications have been proposed for the supply of the raw

material gas at a high concentration.
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15 into the catalyst bed to a |l evel of not higher than 260C and adj usting
the reaction conditions on the first-stage catal yst bed so that the
reaction tenperature falls in the range of. 260 - 370C and the duration of
contact in the range of 1 8 seconds, producing the m xed gas between the
first-stage 20 reaction gas supplied to the catal yst bed in the

second-stage react ifgf, %E%ditélf‘alg FESHH 1o N IHIR AN N Al £0,07 e PXYGPE, 9aS

to the waste gas separated fromthe gas forned by the second-stage
reaction, all cliiswgddes exymprhabnientpradusnigeetiicarcirblii thiatg tde

nmol ar rat'io of_t.h otal .{X)_qf the 25.a nt. of. ox .in the m xed gas
subjected to tn}?elgeqcfesqq "##@W%&%¥P%ﬁa§ﬁgggﬁ&%%%ﬁ%ggngQf e Aated?Rer ei n
to the amount ftguyapyd €8¢ ph¥sd dﬂxidilé‘tﬂé%@@r@@iméabiyeﬁﬁﬁﬁie@@iﬁg% mixed
first-stage reaction, (X: falls in the range of 1.6 - 2.8 . 1, and

control | ing tEas éﬁrﬂ%}%ﬁ&?@%?i?ﬁ&lﬁﬂ?ed&‘ﬁ%@ PH &iteps tRea3BLTFETTEREEI on
into the secondsstags CaHA Yok i b?%?&l@ﬁenoin@bgh&‘jréf&[‘n 280g This

met hod specifies such factors as the Kind of"catal yst, catalyst
tenperat ure, @wbjndpyiende gas foprpdeny rthe Fiystassaggnrendbéonnteease of

the propyl ene goncentr.ation | tSe] J fe bei .
supplied in a %eu%%&ss{ﬁaafqecir%gr??%g'r?nuﬁ%go%rﬁé%%lﬁg%?ég??&E‘?gzr)] %1%‘8333@% by
the expl osi on ddid ! endbwiovertiing mivedigdsl @ipll rehcto ovhast iest-swagé or

t he sake of solving the, problem such as the unﬁg@y reaction of c,orrbugtl on

due to thélaut™BadRT oft'vd AcFBMBPRLEACENEUSEC st&§e M4 i TGHELoThR
of ficial gazethe &fuikh Brbeh 37 $rdipyalepeesaa1 get HoghE OFapgOdsei Ny acryl i c

acid by a reaction of two-stage 10 cafal ytic gas phase oxidation performnmed

by subj ecting % Gri:xkd tesPEORBEPBPRPIFIUPNEASD Bl rurandsx9gen, Bhtl: st eam
to a first-st %Eﬁ?%b‘%@ %&%ﬁ&ﬁaﬁ%ﬁe{ﬁ tn8 r%5§8yd€§‘§ J0¥ O AELLS I‘ng“d
y the d st age

subj ecting the gas forne Irst-stage redction to second-'st
reacti on t her ethe dempentaitng el & fathel mixed rdas qoripn toathd, irausdngt L dm

reaction first-stage catalytic, gas_phase oxidation.to proc olN_a
specific ?gactlirb%o %%‘ﬁec?ﬁ#%ﬁgﬁeéj gﬁl% Sari 8 &oacr’rhll‘g@ﬁfca&‘%&égg)n?p?%%yl ene
in the range afdfusting Eh8&ealchd onaddmd i i et peansang talgeaci expysof not
nore than 4, the propgéene 20 concentration in the range of 7 - 15% and

the gas pressted is? et ZRGeT8RCHIAN. temBeiay i feddfgéNpFBsshirRye of

suddenly cool ijgp thegas 404 nah Rihe ol b3t osh 886t M BAUHLRahgebBlOY 280C,
and adjusting the gas so that the ratio of nol ecul ar oxygen/ propylene falls

in the range of secrgds 2pgodukéngathe mbxed gasedetpeepyrbaeliestsstagehe
e o P s B TN SO LU BELRN 05 iboiliElaL
by a m xed gasrearitzimiang the\ds rasud thpgsipmh pidddng aeactn orygenpyasti on
contalning 30 2 Euk" el hse OgShaPRPRN' $05k, THHue 2h8MRATH, Phacy on
tube packed widdcendaitdgestrebBeioRy d10Idwing 8h8iok§den Sontent to assume
such an amount that the molar ratio of the total (X) of the
25 amount of oxygen in the mixed gas subjected to the first-stage
reaction and the amount of oxygen added herein to the amount
of propylene (Y) in the mixed gas subjected to the first-stage
reaction, (X : YY), falls in the range of 1.6 - 2.8 : 1, and
controlling the temperature of the mixed gas prior to the
30 introduction into the second-stage catalyst bed to a level
of not higher than 280°C. This method specifies such factors

as thekindof catalyst, catalyst temperature, and propylene :



gas containing acrolein, cooling the gas with a heat exchanger, and then
suppl ying the acrol ein-containing gas to a second reactor thereby obtaining
a m xed gas containing acrylic acid. Since an undue increase of the anount
of propylene has the 5 possibility of suffering conbustion and reaction to
proceed expl osively, the practice of controlling the anmount of propylene in
t he appr oxi na g : A s .40 e i g j

i nvention coniog(ﬁgt g:saoa;llogibdﬁgya&é%lt?rgl ?ﬁ%gt Egctkgﬁ%gr g?uﬁtglegﬁlﬁ?gmggge
entering the fdonstent@artdant oresmits hensepoadentanyorodygenoofrog daredng

lying to th t f bei introduced, i t he s. d
onotor i th SoBs R b A §E e PR L AR RRE AT B e gD
pernmtting thempRisked gyo tiee ¥R e 1dimit Ghhd ansentimy ik yieger gdmg to

t he disclosure, the acrylic acid content in the 15 aqueous acrylic
aci d- cont a? ni F§aSHIeN 3R Rl 3Bd FRBFNES VR GHFALVERY (AT PEOPACRRAIGIaNge

of 32 - 55 W .5 % nhdh&ahfd féécﬂ%ﬁtotfec&lﬁb&&fﬁ@ggf%ééjch@%ﬂgﬁﬁa%}%a

as
nmet hod for oxi (iZI ng propylene into acrolein in a first reactor an
conti nuousl y procwsioigiacriyl itheasiegohdestage zeroképrn.20 in the second

reactor, which nethod pr ces th ryli i d by the _rgacti f .0as
phase oxi dation of Ia%'reop?/ffglhela@i t?}%ﬂ %‘%t &éf‘l ?%g%t E’é gg;jgg?t i%&r?%g'P%gsso id
matter as to aeddnLoorasrddudishedrbeticrat iddyosttedctafort b€ dwa-aitagact or
even after a protracted continuous, operation. This nmethod whjch 25 produces

acrylic atPd WAYENEG 9}S Phése CIPFsPEREERRRR PY RSy I eratnd ARy ¥5Dm an

acrylic acid apsOeRhpeRstagUPRosy I EHE alRsh duidre J:8RfdH OB naf s€@hl g iL gas
phase oxidation for Converfing propylene into acrol’éin is characterized by
adj usti ng t he rEPHERgcoreapttal | ghereby |earVerhinge Prapyéese om® - 15
nol o and the r..rati . am.angd.agx ag,, t r ne L a
specific rangearEz}JnO A })aﬁ(anghtbh%%gé‘?lgl gb% gggbgggﬁﬁgeﬁle%n?nf%}gaf%% c acid
by the reacti areasticat atgt ac secdbnd-gfamyphasacbxonattihenrehfyt evorttharting

| ei n-cont ai ni ng .gas ;has b led.. By this.method, it i d
possi bl 6 18 oPf St ARTBusSHFBULEL (ST KA abTh VeI aiTong er od

whi | e prevent ifigdthes taeeuMialliy@l cohas ?ﬁbis@ BR1GEEION tHEpFEBEdd O &
systemand the rise of pressure in the first reactor, the second reactor,
and the gas coResifdfeFoRFEACPhECHARRERT Jdxe Mo lagcyatéd o6 BT st

reactor. Acryld\G e drJIMRKY 4nl $h8Nc£AGE | yr ROITRS 12i6B9 £RAPRMNG, Jfhen

the raw materi al” 'gas "of "high concentration 10 1s used with a viewto
hei ght eni ng t & gamdusipnliene af a Revedt bbdiott mosenehdod /i Sheiptdny tane

Phac’ ate 38 addhi3U A ROINBhe AaddlE o GP-T P¥s 205Q W96 Y d G ARl d and
in the range of 0.4 - 1.5 kg/cm* (gauge pressure), suddenly
cooling the gas formed by the first-stage reaction to below
280°C, and adjusting the gas so that the ratio of molecular
oxygen/probylene falls in the range of 1.75 - 2.5, the ratio

25 of steam/propylene falls in the range of 1 - 5, and the gas
temperature falls below 280°C.

The official gazette of JP-A-2001-64,227 discloses a
method for forming a gas produced by a mixed gas containing
acrylic acid by supplying a reaction composition containing

30 morethan7vol. % of propylene, oxygen, steam, and the balance
including an inert gas to a first reactor furnished with a

reaction tube packed with a catalyst thereby forming a mixed



subsequent step for purification the absorbed acrylic acid other than the
reactor. Since various columms for Z5 purification continue production of
acrylic acid while preventing occurrence of polynerization by adjusting
such factors as the pressure of distillation, tenperature, and anmount of
feed, the control of these factors is not easy because changes in these

condi tions af&%&oﬁ%&‘fﬁiﬁ&!&@&bh%@ﬁy BRAN gk Hd1Ga S QRERRIHSH E 8RRENngEEY! | C

acid is depressed a variation in the conposition of the bottonmliquid of
an absor pti orarchltlven stpplexdagpbbe 2o halmteorircen g giast ithl at feaond
conditions in. a high rvii i.d . cen I ntail. eneration.of an
acrylic acid rpeoa}%/]cﬁo%tﬁﬁréfo}g%&% %ﬁﬂ%ﬁé%c‘g %ﬁ%é%&gﬁ&ﬁ%ﬁﬁ%igga ]%Ibcf gﬁjgf he
extent of re@lindead anced suspeascosf of hé hancndr alfi prodyeehe hhecknge, but
possibly results jn degrading the quality of acrylic acid produced duye to

t he i ncl usSi orPR¥s ¥ el Hofl Prref UARBT R SPRIRHLPIIRPA RA T ATh&OyPEPESBR t he

product. 30 The, 1UHifd1GAl | ReSLRR RN RCTY4 | EoREEE1 1 SnCeRPdghatt NoEe
of ten than not by adopting distilling colums called a dehydrating colum,
a light ends piapwlenanin &he aphrayymatg rangm@f dut toiadnn? befAcheenati ng

the plurality;of vgiﬂﬁ{ei ldd ”@argé’.' ””‘Bﬁi@”%%%t‘ﬁﬁohh S e%ﬁlatt%éémfi'g%fgf and
operating themj ol y thereby performng a Series of purification. Thus,
t he control oforttrcl ping fileatiempextaamures ofenter gdsf entbeing dhéef £cnst by

the fact .that a variation. .in the conpositiaqn of the bottomliquid of an
bne of saln Rt A dnesecnoaotans ke dasl The fpe Prppig 1g°to "

purification ©nght odnshOf ek §e oFulsiofy et r SheRsd i A b6 thelddddy réhetexhaust
gas, and the liké which are 10 discharged fromthe step for producing

acrylic acid wkth pideicdiomet nira Llys Wl krient epapetrd, oXyacpEbateby and
process of pradUETon® thersT are Co A BB o T e o8, e
conposi ti on dfcadwd sy axhbiistdigaslosuare ,ekhaparyliis aaidesbnent tim the
0 St Shkon SR ofs ond e, SRSIeL L AT LG PRLYEL BLECRES ik °
particul arly amedtistaty acstamm fiy iread ingdahe feskausttsgas,. therefore, it
's extrenely ATl AR ST Gozette &0 B30, SA a2l eengt ant-
method foroxidizingpropyleneintoacroleininafirst reactor
and continuously producing acrylic acid from the acrolein
20 in the second reactor, which method produces the acrylic acid
by the reaction of gas phase oxidation of propylene without
entailing the deposition of a solid matter as to a gas cooler
furnished behind the outlet of the first reactor even after
a protracted continuous operation. This method which
25 produces acrylic acid while having the exhaust gas (quencher
gas) emanating from an acrylic acid absorption column
circulated to the reaction of catalytic gas phase oxidation
for converting propylene into acrolein is characterized by
adjusting the propylene concentration to a level in the range
300 of 5 - 15 mol % and the molar ratio of the steam and oxygen
gas to propylene in a specific range and allowing the acrolein

to be converted into acrylic acid by the reaction of catalytic



SUMVARY OF THE | NVENTI ON The present inventor has found that when in a
process for the production of acrylic acid from propylene as a raw 25
material the conditions in a reactor fromthe reaction of catalytic gas
phase oxidation to the absorption of acrylic acid in an acrylic acid
absorption colum are restricted wthin specific ranges, the acrylic acid

can be produced Whtalzehbghdae@dHchEvbt ytke 0a P6 DOV een 04 il gonaeqd ration
in the 30 reactor and the operation of the process for purification can be

sinplified. e FAO&AEF orPihddlSeBALRRAT bt df BRdEnBOBAIPSCoFO 1 kect
know edge. 6con§‘g}fn ol dc}q@&’idri Gt g 1R ey SGeE%”i@r\% pe? 1bl&,Potd om
co 1 - 45 wW. % the

|l iquid of the absorpti um 1 n the“range of
occurrence ofpravenitimgr tix ackansdbtséquent assalisl nhtthe jn cbesseacnidme

effectively prevented. is_control_of the 5. water content can be attained
by, ad) Ust g RRE it L8P BrSRbRE BERTEUED U0t T T b R eT ol %
nore speci fi gezepid grRaeltorheahangReofad codbemtevén Wien sti@dgugasisebl e to
narrow the width of control of the distillation conditions at the

subsequent std&ss 15 g&Cygiled ke thecfiBfFors26F°Foss 10 of acrylic acid in

the absorption colyypyiand g 1est e WRLRY geper ahedefE0M,t NG, eS58in
respectively to the mninum and secure the stability of ‘operation a(% t he

subsequent staspwound.udhen ttee e pader iedr geReof ribghemnegntiat ient
ater 1iohas been gund Lhated 1 AUMRLIRIL oL LNG-causERL LAY | 0P di of

absorption particular e variati’on o he"a sorbent in
t he absor pti aetheldymthiesmketiodnisnbhbibhg Borydénerace dan cadyey bhbsoadistl at a

hi gh concentration w thout changi t he amunt of the, water .discharged from
the top of tROIIBSH AT oT‘nh%oFE_F’ra 3%‘5 t%sfr%ﬁ%tmfl%aﬁﬁ'éulaé\_‘iqyt en 20
the exhaust ms%_f%dém ébéﬁrf’ét PurCd iWHt iich RAk hBs6¥BbHCadSP]l ik adtg an

advantage in stabilizing the conditions of production. According to this

i nvention, i®WheE pitdeassther Prawlrd ng aBipFec VRTHORF o PFOPS erf@®s t he
raw mat ey gal .ﬂ@’i‘ﬂ%a%i%tne%gr&ﬂ{ué h?ré&@&ﬂQH o Cﬁé%ﬂé C a3y (F:l%h;"]fdf‘e

oxi dation usi'ng a reactor having a first reaction zo and a se
reacti on zoneudvergding ocoedrefncdi 6f epehymeraza t oon thpesd st Ingtspeiof t he

SR [T TSI ALY L BElsBY (ESMLLEL LA, SRLILE. L0
amount of feed, thecontrol of these factors is not easy because
changes in these conditions affect other conditions. When

20 the concentration of acrylic acid is depressed by a variation
inthecompositionofthebottomliquidofanabsorptioncolumn,
for example, the maintenance of distillation conditions in
a high acrylic acid concentration entails generation of an
acrylic acid polymer in a distilling column. Though it is

25 not to the extent of requiring forced suspension of the
operation due to blockage, but possibly results in degrading
the quality of acrylic acid produced due to the inclusion
of the polymer and consequently depressing the yield of the
product.

30 The purification step of acrylic acid is accomplished
more often than not by adopting distilling columns called

a dehydrating column, a light ends cut column, and a heavy



30 possible to produce acrylic acid with high productivity from propyl ene
gas of a high concentration in the reactor and facilitate the operation in
the process of purification as _ ~ well. Particularly the treatnments at
t he subsequent steps can be rendered sinple and easy by adjusting the water
content of the bottomliquid of the absorption colum in the range 5 of 1 -
45 wt. % Wesnddewrmnmooiumof, thecabenabény tloe el wrgipityecfi Aishélabagr pti on

colurmisvarie,the crylic.acid anb i scharged at. a hi gh.
concentrati on® ‘E’Wb%fan? y%&l%‘bt ﬁlé' H‘g g‘?“‘f%"’g%'t é‘PdaCE)%%IF%e]dl?r FBRMt he
top of the abgs@ixp&l}orthfémewywpefhbﬁmiﬂg\/@@e@hb@nobrpm&lamﬁwl | eAtisef f ect
of stabilizing the conditions of production particularly when the exhaust

gas of the abBs®® RIBHTbIQUthis FﬂHrJ’tfdc(i}-Cllq%S&@@ lBRIrEPdEES@RPfF"’FFERIrCF THE
DRAW NG 1% Fi @Il.f:ﬂ‘ld‘él‘@ WS el ISt 34 t&%” i@ t%epE:BﬁE??rlfsct%n

produ0|ng acrylic acid using two |ndepen reactors as a
reacti on zoneohnthe ksddemd ligadd off anyleoné)m@‘ﬁ ONsOR. 1 THBgPREFERRED
EMBODI MENT 20 The first asp thisigxentlon i s_a. nethaod .far the

N oduct on aindeget HEeEePRE Maddt Sl TETEGNe L 2o 1 SR B8 o

cont ai ni ng propy| Qs eqeen®| Seahar oxygen into a first reaction zone packed
with a conpl ex oxi de cat al yst having ybdenum and hi snmuth as .essenti al

conponents and 25 & & W’Fglctﬂ'oﬁ:ﬁeeﬁé‘héﬁatoﬂﬁér Y Hie ddks #hdcEoAESi ni ng

gas, a su@p Ofiiodesdusifnersahd ﬁégﬁ)'fe!rgpﬁ&d’ﬁ@iﬂﬁ RGr§AS o AL 94 & Se¢RBY
reacti on zone packed wth a conpl ex oxi cat al yst havi ng nol ybdenum and

vanadi um as e@,@@miraltlmmemtsem clsmEingg &R caprpdiustacirddcenharni ng
gas, ) 202, 5 EEal S0ILIAE noghl SACTH | el el nng gz o
t her eby obt ai subhgtamceacr yhi mh&cip:tms&aidﬁ noredbat ian, whhehefoge, can
improve the yield of production. The composition of the
15 exhaust gas, for example, is varied as with the distillation
conditions and the generation of the polymer proceeds like
achainreaction. Inthemethod for the productionof acrylic
acid particularly included a step for recycling the exhaust
gas, therefore, it is extremely difficult to control the

20 distillation conditions constant.

SUMMARY OF THE INVENTION

The present inventor has found that when in a process

for the production of acrylic acid from propylene as a raw

25 material the conditions in a reactor from the reaction of
catalytic gas phase oxidation to the absorption of acrylic
acidinanacrylicacidabsorptioncolumnarerestrictedwithin
specific ranges, the acrylic acid can be produced with high
productivity from propylene of high concentration in the

30 reactor and the operation of the process for purification
can be simplified. This invention has been perfected on the

basis of this knowledge.



conprises the steps of ( a ) said first reaction zone and said second
reaction zone being fornmed of different reaction tubes, (b) said m xed gas
for introduction into said first 5 reaction zone having a propyl ene
concentration in the range of 7 - 15 vol. % and a water concentration in
the range of 0 - 10 vol. % and (c) said acrylic acid-containing solution

absorbed in said genticuladly BPIAMALING €10d wER b Mg WAt e BOttom
concentration in the range of 1 - 45 wt. % For the sake of heightening the

yiel d of produkddishofi the ahsorptiiofecobuRfctRide FARIESHednT it Won &f
propyl ené an%ﬂ@%%%%%r%n%%ewﬁlg gg%yrn&f %_.sec@%u%%ré&g@nrtayt%soafowaen-

Si nce the absorption of t eat” of " reaction consequently 15 generated is
not suffici emreoebd lmencbet e6feotivatyreoevented s dilfifs cointrolowévehe there
are tinmes_when the reaction_of. catalytic gas_phase.oxidation w.ll _.not be
acconpl i shed YH% §t°£%|eéltnﬁﬁﬂel?e @rﬁfy 5th yo?gi"ﬁﬁgi"'g?a? SRR LSE 't h t he
expl osi ve rangssodberddl s BgASE fdtE X pilGS woritaide ivend i moed 2Peabove can
be avoided by introducing nol ecul ar oxygen additionally frominlet of the
second react | D e 0% BRR9SWEi Ag—t Ae Woncént tht i’-énmé?]etﬂ‘és’6§<9b§n

i ntroduced i ng@nbbechitid wigerldOBohEAEL Ut eae%&w&tﬂa‘cidrﬁ cbagibesnsfound

that by sinultaneously adjusting the water concentration of the 25 acrylic
aci d- cont ai ni 3y W subsedwsnths heps absedteaiin Hafdydgtedtdongl PE 4eF8 to a
| evel in.the f. 1 - .45. codd QEEI I (o] e e
generat i 3tr(1) of‘ggnag:?ﬁ}élr%é:r aerfét ﬁﬁﬂ %%%oar%%?%ét%%?ﬁcrﬁ% andl%lal{’?i tgh‘éqgég%sgéaégt
steps and m tggedeatidie fapear ahée prafesaitretpeatiorlat tod ehs nlindquent astieps .

30 The term"purification” as .used_in this.invention enpraces distillation,
stripping, cryRtHgi isd:rf‘,bléﬂttryaé)tﬁ BP,eré‘ﬁ&BPp?FpﬁgedErﬁBF38]{3??‘0#68?c. ~The
term"distillaidnMin tﬁeaé@iapn@{ﬂweerwé:hr@aaﬁéﬁt%ﬂ BhBealdtwateel ution

to the boiling point Thereof and separating fromthe solution a volatile

conponent cont ai nekt bagpeen, foumd thatthepdiystrgntalahize goReeRbdatAPRh
consi sts 4igh S&Pg%)llé@ed(}%tglucﬁg {ﬂ;‘fﬁfl%l%ﬁfﬁ::}rgtlﬂ:?lgavgk‘i%l'tﬂoﬁ”gfef:ﬁécé Blnt

transfer of an nce in th phase into a gas phase, the
t erm' cryst al | 0 £ &hiecalds omzaTst anndtehelswbpthooamluninsresithtseijgaeatbhgngn

obj ect substapce in the form of .cryst r}}e. t.erm " ract.ion’ . a
et hod whi oh Sonet B ¢8Rt et B 2 i LlRBheRbr BT e waliRRE To i
in a solvent,chdggief Pheabfotpti oN"theanted qeibhdrybiciranndicstsp of
separating an object substance in a %z;hs, phase or a liquid phase by causing
it to contact B PPEAFTaPNLIBMMY AN N halUBPFReBE p RV HATLHWERS a
met hod WRigch £ROSLS fud N REPYALINI A3 ce6h SURBhANGS ButCeYSLpg1part of
a gas
use, is at an advantage in stabilizing the conditions of
production.
According tothis invention, intheprocess for producing
acrylic acid from propylene as the raw material having a step
25 ofthereactionofcatalyticgasphaseoxidationusingareactor
havinga first reaction zone and a second reaction zone thereof
formed of different reaction tubes and a step of the step
for absorbing acrylic acid, by restricting in specific ranges
the conditions in the operation of production, it is made
30 possible to produce acrylic acid with high productivity from
propylene gas of a high concentration in the reactor and

facilitate the operation in the process of purification as



15 or vapor to condense. The term "l ow boiling substance” as used in this
invention refers to a substance which has a | ower boiling point than
acrylic acid in the standard condition and the term "high boiling
substance” refers to a substance which has a higher boiling point than
acrylic acid in the 20 standard condition. Now, this invention will be
described inwWekthil below ' This invention obtains an acrylic

acid-containing g .0t i i L QN ne
packed i th a conm B s HE R P ARG Rk L B b b e e 4R 0,
essenti al corponentddriet ebiypde dndi agspriopyddies @ind ftdrenivageancontent

acar ol ei n-cont ai ni n s into a.second reaction. zone .packed WM th _a conpl ex
oxi de cat al yscfthg'{ﬁ %@%“&E&@H&% ﬁfg'ld&’i%n ?ﬁﬁ%o%scsom%llncghﬁoﬁ%m%. 30
The reactgr dges; notamegg, to, be particularly restricted but is only
required to be capable of perform n%@a reaction of catal ytic gas phase

oxi dation. A shel |WheR-Gheerpype of [ne absozdeat tanke s WRfdiftagBotRPy used
pecause 11 exgelerd0idieo ehih AR LRAGELON1c LIS dTPES B scRb£feq AN
Nt y be

gquantity of reactl ubés and the distribution of Such tubes nm
arbitrarily sztecthddith Tonsenampatdbnt wetkhoownchasyingbese mpitbefuskd. The

term"first reaction" refe to r.oces r axidizing: propyl ene_ and

mai nly form n‘@a Yoid cﬁ%ésioﬁ‘%fr#ﬁf:ﬁg‘ E%grﬁg%@ oxﬁger%é%?lf%%l&?éﬁp uémt‘o %ﬁfﬁ ocess
for oxi diloi ngvaeiot Bb bpAiAgaceayl iekcagiléntA difletit refcstapizdnEnantha
second reaction 10 zone refer to the first reacii or‘hzon«?1 and t he second
reaction conditions of production particularly when the exhaust gas

of the absorption column is put to cyclic use.

BRIEF DESCRIPTION OF THE DRAWING
15 Fig. 1 is a flow sheet illustrating part of a process
for producing acrylic acid by using two independent reactors

as a first reaction zone and a second reaction zone.

DESCRIPTION OF THE PREFERRED EMBODIMENT
20 The first aspect of this invention is a method for the
production of acrylic acid comprising a step of introducing
a mixed gas containing propylene and molecular oxygen into
a first reaction zone packed with a complex oxide catalyst
having molybdenum and bismuth as essential components and
25 oxidizingpropyleneandobtaininganacrolein-containinggas,
a step of introducing said acrolein-containing gas into a
second reaction zone packed with a complex oxide catalyst
having molybdenum and vanadium as essential components and
obtaining an acrylic acid-containing gas, and a step of
30 introducing said acrylic acid-containing gas into an acrylic
acid absorption column and causing it to contact an absorbent

thereby obtaining an acrylic acid-containing solution which



zone which arranged in the direction fromthe raw material gas inlet of a
shel | -and-tube type reactor to the outlet for the reaction gas and forned
of different reaction tubes. For exanple, two independent shell-and-tube
type reactors are 15 used, with the first reactor serving as the first
reaction zone and the second reactor serving as the second reaction zone.
As oxide cat a&d{.‘%]ﬁgéy WYRE deiegddhic¥ process, it suffices to pack the first
reaction zone w a conpl ex oxide catalyst (i) having nol ybdenum and

bi smuth as essenti(@d) saidofienst Peaghion manelend sadlt seqoadr veatchioy
oxi di zi ng propyl ene .an S reacti .zone with a conpl ex oxide
catal yst (il )é{%% {kneglarlrﬁglfg%grle%ﬁihnuﬁ%ar@%%aé%ggﬁu%egg%é‘ég’e%u:gael%’corrponent and
intended to obtai nEcrsdidc mictel hyaoxfah zimgraduet Bom. ifoe sxddpkeret the
enbodi nent. of this, i nvention having 25 two independent. reactors used as a
first reacti off3IN®™HRANS RB_ELHE argaepwoﬁnfo%%n PHBELAR ST HHET BBIBW wi t h
reference to & o 115l §okl 9% dnd la deRU e TN RS o i A8 rdndkl of10 a
first reactor, 11 a reaction tube, 12 a conplex oxide catalyst (i), 13 an
acrol ei n-cont&ini¥y ¥Hs, 25 a0d, 20 a 30 second reactor, 21 a reaction
tube, 22 a conpl ex i C {1) . B : ak
acrylic acid-cont a(i I r?gqgag,&%ﬁ% éa%ié%rcp?qﬁl@oﬁ%l%@gg%ﬁgéégopﬁrm, 32
a distributorsaid 1lacryld® amdcdsorbsorptdéna codhmn, Bavangacayl water

aci d-con %i ni ng sol ution, 36 exhaust g%gs, 0 a %eh drgting colum, 41 a

di still ed®apoticat- L8 A it FENIR3 OF faret"phEse,* 50 a next process,

60 waste gas, 71 ardieathesEhaneer ,hea@@htéaiagathbowiéaaeoangsahagidﬁyi ce.
First, the propylene 1 which is ,a raw material gas is supplied to_the first
reactor 10 t ofetifeeifeChiVRet et HRGK 222 R £ORCLIE TES A REnBTABY é80Far

oxygen. The r&?ﬁgh?@ﬁ&% abhed 11 %Bﬁé{c‘%%%ts%rtﬁgcbﬁc%ﬁ%g%@i%té’f Bféggtéﬁzfp' ex

oxi de cat al yst as an oxidi zing catal yst and the cata i) 12

oxi di zes propylrere el dhemonpthenaedfoltéienheatit afnkrgcyaon| gonFhgnenthy
acr ol ei ngont aji ni n s 13 is_introduced in t he [.eac nd t he
corpl ex p AT eRras Al e o S ERHY S kB G ErSE N BB i SR
reactor 20 hass kEeT ipagkedhbretor adance agd defeacwiobeitheaireataiont 8
acrylic acid-containjng gas _ 24. Duridglg_r the i né{r oduc%i on of t

. . . e .
acr ol ei n- cont @YW FageFs BhASE P IEdoRd YtddcPBF 56, aFﬁBmﬁg%sﬁgdnﬁ}

i ncor porat e tHe5@iHl AmARhEEUbRIacROIRNog0Rhal Fé Tkt D& SiheAS wlilt® 8he 15.
Subsequently, the acrylic acid-containing gas 24 is 20 introduced into the

acrylic aci d exbptionaree unmlBoh4A ¢ 288 ok e 8XBy OBRY caafFpBARt 3gnedThe
bottom | i,qui d he, .col .t agrylj §.0s t aj Ri uki 5is
partly cizg)cul %k?é‘ﬂétgaﬁheﬂggr%lc@ci gglabisrgrfl;a)(tg#%cnﬁg%l 3{%&%%? ké%?aggol ed
with the cool &idBdiommidt ieomesléts oifnthe dwcedd neacbon o mphtieaebrg

colum 40 and, subj ect g‘therei to a dehydratin trea% he_.di éilled
vapor 41 1 ont el R rat e ot Tk Eh e S B Rheed ofic Ebe
di sposed at thergtopeattibe tedyibmcongegakuniy40 nothdshbaeh fouresuhtant
condensate is sesp,ar at ed int(i thg,sol vent phase 42 and the .
by simultaneously adjusting the water concentration of the
25 acrylic acid-containing solution which has absorbed the
produced acrylic acid to a level in the range of 1 - 45 wt. %,
it is made possible to prevent the generation of a polymer
in the absorption column and at the subsequent steps and
mitigate theoperationof purification at the subsequent steps.
30 The term “purification” as used in this invention embraces

distillation, stripping, crystallization, extraction,

absorption, dephlegmation, etc. The term “distillation”



30 water phase 43. The solvent phase 42 is circulated to the dehydrating
colum 40 and the water phase 43 may be reused as the absorbent 33. The
bottom|iquid of the dehydrating - 12 colum 40 is supplied to the
subsequent step 50 and further subjected to purification for the separation
of the I ow boiling substance and the high boiling substance The exhaust

36 f b St h
\?\/Zzt e gasogoﬁgipseéﬁgﬁlj\lfg@ part O%f%lté%}eé ggh}gg%w mﬁ Ci rcuI at(:aed

by the bl owebodlingt pelnEad:tterrem aﬂdase@ayrattengaframd thel y;otthememal nder

t her eof may be.dj sposed of as_the wast S_invention

conpl ex oxi dgoéﬁ%éﬁﬁs@l{‘?‘in%? GPRGH %ng&rer]rnt’ hghﬁa htr%rtm réi(’ft"rpgﬂrh?one i's
only requir eflebfis CONh&t Hodohyiuie mansare sbii anytpp w\lﬁgtaalst&tlpgxl
represented by the general fornula, Ma-Bib-Fey-Ad-Be- Cf - Dg- whereln Mo,

Bi, and Fe déRbPed AoididkAnd ebferting tarrﬁzﬂstﬁ'%orfe%e%tt]‘%ﬁ‘é? FUPAt3BR6t es at

| east one el ¢RRL 1%%@% aéé?H‘cB*&?e é5tﬁgf&%'rﬁtt"' Rha10iGkelognd
cobalt, B denotes at”least one ele ected fromtHe group consisting
of al kali nemahasannbtﬁradwnunhccndeﬁesesl mpamng)aeoebeqelsmhselaecteed from

t he group consi hosphorus bi um nganese, ceriu Iur| um
Lungoten” antrigis 2aRE 9 E40 Poneadnoris Rae N eek PSSR aRBhe metRes!
fromthe QVOWﬁl@ﬁ@ﬁn%tllet@ ntsephraemngahwﬁjwn sabstam@nyan@sbutramgum O
denot es oxygen, ., and a, "a% and x denote atom c ratiaos
respect i Ml lefl@laosoéi"enﬁe tﬁe Tﬁerlﬁ‘: SOfRF IensyuPRapRad Bethast yhichy ¢ -
0.1 - 10, d zodsis#d: if SefaPlingOanforjdet éhbé%ﬁhébiﬂ?%.%as PRadlee
satisfied when a = 12 is assuned, "and X represents the val ue which is fixed
by the state8rdt 1eghddinhns obydrusigieiaio e@eﬁr@ﬂt—@)llmyd bg aspéddas a
preferred ex I T, ,,t i i S qui red
to contain n%ﬁgbgré%u%%%d v c#% ,& ca %Ia trltcgd “hé(ﬁ:lhr S%Be)sig'r:% ed by
t he general ﬁnrﬁuparaﬁ/[hg\ﬁnnwibﬁnt Mng:—a(ﬁ@eOby(wbeseng plrtdenotaegas

mol ybde V_denot es_vanadi notes tungsten, Cu denotes cop

denotes I | 5sTABRE B dHeiiensay TRELPER, MOF ORI HRE GBS B6me) B8 ng of
antinmony, bi gBulihin this M@ tHBn eebakb td b WubIHKR] wRIEh BRI YierB
denotes at | east one elenment selected fromthe t_g%eoup consi sting of

al kal i net al sPahdiBekAPLAE BRARhAREYHIQ, atidichbiidie atanskad rREddRENt 5
sel ected froghhhe, griQuipy G‘Pﬁ%’hsﬁbﬂﬂlﬁ& siiﬂét%q{be'a'ﬂé'f'e%”tozal LGBgikymL-and
titanium O denotes oxygen, a, f, g, and x denote the
atomni c rati owhiehpbkasi aehygberl\mll/tng/\/pmt AchaB; agrydnd @cddchint fthe b =

14, C T 0 standacrid_cgncjutlon aN_owo, th51$ ];.nverq.tlon wﬂ?b% escr:.%o when a

in detail below.

This invention obtains an acrylic acid-containing gas
by introducing propylene into a first reaction zone packed
with a complex oxide catalyst having molybdenum and bismuth

25 as essential component thereby oxidizing propylene and
forming an acrolein-containing gas and introducing the
acrolein-containing gas into a second reaction zone packed
with a complex oxide catalyst having molybdenum and vanadium
as essential components.

30 The reactor does not need to be particularly restricted
but is only required to be capable of performing a reaction

of catalytic gas phase oxidation. A shell-and-tube type



10 12 is assuned, and x represents the value which is fixed by the state of
oxidation of the relevant elenents ) , may be cited as a preferred exanple.
The nethods for preparing the catalysts to be used in this invention and
the nethods for mxing the conponent 15 materials and nolding the resultant
m xtures do not need to be particularly restricted. They nay be sel ected
fromthe met hostctand claheb e aad vead et d sd s Mhivgledabecianspoptleatcalse inThhReshapes
of the catalysts, contenplated by this |nvent|on do .not need to be

particularly ¢St N O T THRAHIN v s TheRRt Ot dbr Fddfed?ad AR dy, of
circular’ col unmsor A NS tEOra LaarBhe: i Jheo Fres horsc @heg0hg ngemay be

stationary nolding, extrusion nolding, pellet nolding, etc. Further, the
cat al ysts whi &b Hanax idat éﬁ}?péeéubsTlaliﬂ:es?md’eﬁﬁsﬁh%ém@Wnr*éﬁﬁ@tW Bakriers
may be used. JL4his invention, the propylene concentration in the m xed
gas whichis Tntroduced into the first reaction zone is preferably in the
range of 7 - 15 vdthe %enmrefplrefterradqu;tﬂdn"t heefengetof a8 prd@eswl fo¥% and

particularly pre erabl he ran 12 vo | ene
concentr at i ong’Sngf%’rrP% HBV%LGBF a;ncgmamlyt frifng ta'!fgré’{\ﬁllnl aﬁarﬁ]{%?‘%esul t
in depressingsd e fieaic@Ren  Of e PE RSl HG! & Yrciedsl everd i idienhphseshedn
acrylic acid concentration. Conversely, if the - 14 pr opyl ene

concent rat i onikkeaedrlicagdd. ob fiKetaeasdsian 19npasdiantsceRIGPACEACRauUSi ng
the reacty t?or?éﬂi:%rfetrhteo R PELYE JARG8 Ao A ﬁ@rﬁi’@hé NG ddif Qgg@gggﬂsness

of the operatlon he wat er concentration iIn e m xed gas to be supplied 5
to the first zmtwkammmamse@r ehethblcjflrmtmmrm tdife @aw meteglialdy

f bl h | . bl
" Cho T ange 519 0 960 e TR datab o bYe TRk R F AR B T oa” o

the absorpti Oﬂh§Qlelaﬁmlohfgatéwanwaﬂcﬂrmapacemﬂﬁdnm ﬁéathﬁom’o(ﬂ;césgasmxceeds
10 10 vol. % therefore, the excess wll he at a di sadvant age i n increasing

the water con@¥RRRPHRi owq)flqdf?éea&%n&m%e&&-&nér% YB6r EAGHOLS BRA. It

has been g Ucﬁéi?ée%{ﬂ}?ttr@‘ 3L keNPhat fokesPr i gy VB &l BNGRM kakibeRogf the
bottom li'quid of the absorption colum Tow resuits in depressing the 15

ef ficiency ofzqrbscﬁrrpi itdre isecond zbBBOLPLI mrv:nwrﬁs dhe Becgmdeneagting
polymer | 2abi | 1 yoof s, 4w Get herabsornty o col R and: £ e Rl nkgg of

the absorption colunn i'Cl'ency "o as used
her ei n ref er st¢ padket nadiiinstdeecaepies MEdwa‘sh EO0OompiegAinie cARalypt

[ AAI n}, 20 wh AAI n denqt th t I trod d int
the absor pti of- CoMP At ARSI Ao S gt S5 arsH FEMEBRATCe ||

di schar gegh fropat iecdredfcd B@tab_aowtbp@lﬁoéylramml dqirpi@ptertnm and
invention, the efficiency of absorption of acrylic acid in the absorptlon

col utm can bepﬁﬁ’ﬂélﬁ%séﬁééédr?@'gls‘% ZRTS WA 9 epL e oadidRs CANGLYRE wat er
concentration 5.9 &hdw \fﬁjl re y%%en'ﬁﬁr SniN@nd®i ¥Rl as YssEt if1Xedngdgsent

ment i oned above sre to 1 nclude therein nol ecul ar oxygen. The vol une
ratio of pr op@rn@nmmmw@r obkpdanacsytée d@id Hy ogigd zéimglacrelegn. 2. 0.

Though 30 air i's used Alvaniageousl s i liesd SRULCR Al sadian

oxygen, oxygen-enric or “pur é oxyge as ‘occasi on
- 15 25 two independent reactors used as a flrst reaction zone and

a second reaction zone will be described below with reference
to Fig. 1. 1In Fig. 1, 1 denotes propylene, 2 steam, 3 air,
10 a first reactor, 11 a reaction tube, 12 a complex oxide
catalyst (i), 13 an acrolein-containing gas, 25 air, 20 a
30 secondreactor, 21 areaction tube, 22 acomplex oxide catalyst
(ii), 23 a heat exchanger, 24 an acrylic acid-containing gas,

30 a absorption column, 31 a packed column, 32 a distributor,



The ot her conponents of the m xed gas are nitrogen, carbon dioxide, and
other inert gas . The exhaust gas discharged fromthe absorption colum 30
'may be recycled for use in the mixed gas . In this case, the anount of
steam the anount of nol ecular 5 oxygen, and the anmount of other inert gas
which are necessary for the conposition of the mxed gas may be adjusted by
the amount ofs3t ha fSyEHERk 988 al Bobler{ i ISthany 8BEY1 98 ZONE. oI 1 gas
of the conposition nmentioned above is supplied at”a space velocity 10 in

t he range of s®0®ticd 00 hedh{&TP)gper 40n8 ofehykeatdngl worlufin), didexr a
reaction pressuyre i he . range .of P re,to_0. a ug
pressure). Tr%%rtg'&é‘t%l%ﬁ’ tpg%e(rzgt il gg:iggégn@rﬁgggédﬁataaw%:’%%\glpﬁ(%a‘?hgsor ange
of 250 - 450G npaf eraklessi,n é0heasarggas) 300a- h880Cexdbardder, and 72

acrol ei n-cont ai ni n as 13 discharged .fromthe first reaction zone may be
introplucea ad if[]"%‘“grigarﬁeoatqi'élsz:é@@ngiel”éﬁ&'i on zone, or it may be mixed caith
the air 15 for th@‘i&lértp,o%ﬁeoﬁerQQéﬂ@rﬁ%ﬂ‘ﬂcﬂ@@%‘l_&aw Axyeeabefpsadt is
introduced into the second reaction zone. Alternative, the 20 gas may be
heated or codluaplieda toei¥per &LLFE BRATHUM Fbrtagedhegawitbnthe B5@amtd on in
the second T eagd LAD AANE AN L] QLS ShtaL henpecand tegalyan zone.
The acrol ein containing gas supplied 1o the second reaction zone supplies
the m xed gadlunhdetheareeatbdbrdrd ps gesikesl with lher angel et omddestat2hl yEtessur e

to 0.5 (gaug ressure). at a space velacity in the ran of, 300 -5, 0d0
r-1 (STB) pai il HBSaH THettadnd GaFarr et ofd thg etabest bSO nPar SEHRS at ur e
control | ed i phddis leat0gn @280 he 48061 ePheteh BRI Xihg gblEl T anageaf, &0 -

380C. Incidentally, the water concentratjon in the nmxed gas 30 supplied to

the first refVPHOROEHBEWEE Mihed b GeRATIRDrrdt sy ridphyE eI d he
Carl - Fi scher nm{hof, 20rahy dlecHag18%k @B{fﬁ’&'&%@ﬁ.gétd-rff) Wat G+ RQAGRIYH ration

of the m xed gas - 16 may be directly neasure herw se, It nmay be
found by neasihe mpadicomattatoec@dcént thei vrschPrvaldi bas heerpaciadduced

o cal cutat | v aeH e Ra PR AR O BT P rbO b T e s B LRIy

the reaction gfs eatal yirtngahephaseoaucdidn @t hhe aciel@ai-aiditenimidde
range o f 2 0 0 -_3 5 0C . Preferably, it_is cooled to a tenperature in the

|
range of 100 923BBCNRAMEIFEPTY HEFARE £ andd P2l MAFARCHARDGH St is

supplied to tieAd mks HAdR 60 edQcoNtati Renheghs exebRNGErt K 41 be
used for lowering the tenperature, “any of the known heat exchangers may be

used. This cddl+ n§uhsaauen tdvey ditte RITYIHI ARld1aptd niaspsiest e 67 t he

mxture gf r%ﬁ%f&{hc@?%ﬁm elt%]\% ta%?‘cﬁ‘?.\é’ BeLAt aBLok Eiiﬁ;%&‘ﬂﬁnn Wen ddre
reaction gas has already 15 fallen in~a proper rangé of fenperature, the
cool i ng i s natbswdeskhy Lhesaksomhierct 33 (The betton ltikjusd oy éheiaml,unrhe

B TR DO PR e PR, SRR e Pl o0 G o
absor bent circulated to the acrylic acid absorption column 30 as kept
cooled with the cooler 34, and the rest is introduced into
25 the dehydrating column 40 and subjected therein to a
dehydrating treatment. The distilled vapor 41 from the
dehydrating column 40 is condensed by the condenser disposed
at the top of the dehydrating column 40 and then the resultant
condensate is separated into the solvent phase 42 and the
30 water phase 43. The solvent phase 42 is circulated to the
dehydrating column 40 and the water phase 43 may be reused

as the absorbent 33. The bottom liquid of the dehydrating



'20 33. The acrylic acid-containing gas 24 -which is guided to the absorption
colum 30 generally contains acrylic acid in the range of 10 - 30 wt. o,
racetic acid in the range of 0.2 - 5 w. % and water in the range of 5 - 15
wt. % The conditions for the absorption including the conposition of
conponent 25 gases for the reaction gas, the conposition of the absorbent,

and the tenpegalamie 4f iabsaepplied p@tHE saibidguand ¥tepl sctati Furidher
condition that they nake the water concentration of the acril iC

aci d- cont ai ni #gPIBFHed A %%m%%%ﬁhe ﬁ&@ﬁaa&ﬂom%f tlee yPWdoAdilag

b t f; 0 i

2ors18<ralrc1)tlrgtn| ggé@?&%ﬁé%ot tom i qu:ég‘eb?llﬁ'e col Béngaﬁ%emr%h%%e%u?bﬁ )?alsn t he
range of 1 - 26 ﬁutomd:m(alqmwrtgtmdmcbyumneﬂérmbebe rwhdiel y ahgx.pom‘edlof 20
w. % - The wat [ concentr ion f shor t

G fticuit To BBOIMARES SER0TT GRLLaeaREAYELTn FrEr ok FAG TiAtTR oS of

acrylic acid ge xb@yll@estcl@jwﬁé@lwy e Hiowat ef toRMRNWeldteT axceeds 45
w. % the excess will be at a 5 disadvantage in_requiring the apparatus
used at the sHFREHER 986epRA QRYY S8et FRMHIRYSY thereR LBRURE 93 SPOSER ar ged
and sufferinggkhgs apRaingaefet gs desydrating liquid and the anount of the
waste water to increase as well. Further, the liquid has the highest

pol ymeri zability V\h@rﬂtﬂﬁeinﬁgstmm & hsf campgcepcco&m@@a@atlas\nat &) whiichhe

m xture is, ab . d I I in the
absorpti 0?10 co %Hnlﬁ]egnﬁ%é:t%%t EEéPgFJ sea%hté%?‘ %?Hggl %%92 l%\ﬁ%eﬁgtaé”%am
dehydration imotfbeched atnd aaztem.nt(hpl CAchastia]lylsett w(nricas:leﬁeptésaéretfbd byt he

di agram the jncrease |£10tt nount of .the water parti all y 5 condensed in
the dehydr atlﬁg e PRI ”’ﬁef?i‘r’er?%tp‘#oﬁe e Rer G i é" i alg t ends

to give rise o, %n@ofa%hotémiwéﬁdryf bh8huthe SrKereh x@%@é&tawew the

acrylic acid- cont ai ni ng solution 35, the treatnent of azeotro
dehydrati on whi €enpEegerdftor heast noRfe c3eBsdiic & et zEeR™ op @ FFOIH vent

| s generaldy &8&951&@%«%83? dfcidi€a E%a‘i‘&”%&éﬁ@%é?ﬁt%ﬁ@ﬁ%éné@ e %? the

excess w. 11 i nduce conspi cuous ol wat ef phase separation between
hydr ophobi c agebécbpd c Ldehy dihat |g1g>uspolqm‘rstlmdlg/\mﬁralkehnjemetbésdlasxpier si on

pol ynbri Jo. AERERECRRT SR Be OPREoR EoPbHICHD.* St il

col ums such gswbaicmsczsﬂum opasikethois N nispLay, atd nddne £ £ ceriiiyn, be
used . The plate_colum or the packed col um proves preferable Wnere t he

acrylic aci d EBHERRERE | HHIFESD AI¢ WA ARAatrade Nt M ERF Gds 186 She
treat ed i hi gheanrbidie: RRIENAZ 9oNthE bheusolEy nestls 41 i spesvent ed

effectively. - In the case of the packed columm, for exanple, it is
preferabl e toabmaereura, paekG ol ymtadyd Aliteaviupg @ d@mcates/a:yyq*ﬁrgh aéﬁ‘ Bai ency

of absorpti pnﬁof cacgylic ?Clgg 8{}1 g?p@é&é?%ttreeaa@oﬂl%e o@exjesg chive S’e| y

absorbent within fhe col umh et eri al havi i

| ow ability obffls by chae ol ;aryreC,oID aand/ 10 cwedh dthartdbor—p(bal es 1dn the
downstream si de, The ssion” atl veI gh(| ns that en_a
plurality of patkfng te |aI§ Useed' [81 mater ifA® fas a
hi gher (lasnerd penf @f@@mgﬂam Evh@noi h:en_z is assumed, and X represents

the value which is fixed by the states of oxidation of the
relevant elements), may be cited as a preferred example.
Then, the complex oxide catalyst (ii) is only required

to contain molybdenum and vanadium. A catalyst which is

30 represented by the general formula, MoO.-Vp-Wc-Cug-RAs~Bs~Cgq-Oy
(wherein Mo denotes molybdenum, V denotes vanadium, W denotes

tungsten, Cu denotes copper, A denotes at least one element



10 packing materials. The statenent"a packing material having a relatively
low ability of form ng a polyner"” neans that when a plurality of packing
materials are used each in packing the acrylic acid absorption colum, a

gi ven packing material has a lower ability to form G pol ynmer than the ot her
packing 15 materials. Generally, since the absorbent and the acrylic

aci d- cont ai nisred egaedaf voradthanpesip nboststinhgrofcamt Bmbnyohtianttht heimypper
part of the acryl,ic aci.d absorption col.um Canti.tut s.the {__ream si de
and the bott OrOSRHB FORHES adFOPY DS AL GPpPPSHRe 5 ¢ rc%%@ 1S75ds the

downst ream sigi@ eldhmedlt $8LeyBEd EOmMAMKY FEL B £E is’,ﬂtﬁn@é‘ﬁ alikatiesmadd1Gh are
avai l abl e for packi n(i acrylic acid absorption columms, the gauze type

regul ar packiang wdkediae eanks &?tﬁﬂiértgpdaﬁ@t?ﬁea%h%%ﬁs’%ﬁ%ﬁ reégam%nt
packing mat erdedloo e frroﬁr{e%ﬂae?egsn%ﬁ('é%é@ﬁ lof tde d ¢ Il ar

packi ng rraten‘%e and th low 25 1t nthe escen go er in
terns of the zdfrfdoniigume yngf tabem.pml,oﬁ danahysomdyg\amy T b,ThDe @ at es

whi ch are endowed with erfo fance eqL the sheet e, regul ar

packi ng mat ef‘af-7afhd IH Je]’igngleglﬁﬁfea BatiShYy rﬁftté'r F?SPﬁc%é‘?%yo&tbﬁ’e’ ease
wi th which aeryki,ccagi d,psl, yoprageso §1hﬁ19ﬂwztﬁb39= Rypelsegelaro pacgki ng

mat eri al ranks at the top and the_ sheet type regul ar packl%r:cg material, the

irregul ar packith§-datrePiaf, =the gti of t5 % T SguPRE Batk? ny HRtEISHIR =nd t he
plates fopl owy lé9assm'néd' nide, &i\%&eg@h@g Qﬁgexfal&@]%lblﬂelgaf’fﬁeciw

regul ar packing material (s used a view to heightening the effi'ci ency
of absor pti orkhef staegadpreidat iveofHdqyuatevaypeleaguican /perkbag itemder i al

is liable toa(ry %§%fae&lél&ste% &% under treatnment to polynerize, it poses
po r

t he problemo Fymeérizati on a "enders an extended operation inpossible.
Conversely, when tihe gxemdoﬁppéoregnéparpmgkum cmdadlyisais te hsearsed dm

le, wt t ol t. t hi Ki
marorial 1S LR BT At T e RERa0 of ko BLr o o6 CTRANTES 1 he

col um t pshay @t iWndUbydl 36 D81 Re ity régﬁltaﬁtWIMﬁe@fdoohbalﬁééw N
expected efficiency. Thus, by using the gauze type regul ar qE:ackl ng materi al
€

on the upstr &emparddcoflariy rretrsctede IThRY dayoReasfiagt in
the col umh anfdodeanh GNe Rl fhtaki el eatam 5&8%@@%&%9&1

fisting of the eet type regular packing nmateri al irregul ar pack| ng
mat eri al, thehpdeas tque:hleeglartarlypaskcngtaapéatad biandhiﬁelrpteit‘@sm do

parti cul arly refer b he sheet Ki mat er and/ or the
i rregul ar packi né‘e Le-%é %F P%ﬂt%‘ﬁ‘é Ct% €, @g?hc?%ai}gsoﬁ |nfa>yto
prgveﬂt 20 pojdeygelrméalt asnspmlrééle @in‘ama?aﬂ@yo&@innabsanata:pmmda:s;,atﬂlcs:f| ed
and t he extende e . oper ize ze type re ar
packi ngs i ncledif?&‘ ?th‘E?éh‘bg? Pﬁ@ogalggrﬂ‘?%% F@ég}oﬁ’ﬂ é‘lor]Icg]sngC'o
Ltd.), Techn%@a&lﬁs(lrmﬂemez,/dh/hgsu' &1 | mbidmg,ar&d\ﬂ CFuPaﬁlsr(rmaeby

M t subi shi Chem cal 25 Engi neering Co., d.), the sheet type reqular
packi ng mat erqaé'-laslyisﬁ?csl M@%LDAPRK(%WSU@PE%a%%%yFiﬁ§9§ﬂ-FI5 s @p.

Ltd. , Tec t Ltd. ) , and M C . Pack (nade
by Mtsubl shi mcal éﬁ_ﬁ'eeewrsl ?{llély %ecgselt_itd . ) , the grid type regul ar

packi ng Baterials I]mcthudelﬁi/'entgond the propylene concentration in the
mixed gas which is introduced into the first reaction zone

is preferably in the range of 7 - 15 vol. %, more preferably

in the range of 8 - 12 vol. %, and particularly preferably

in therangeof 10 - 12 vol. %. If thepropylene concentration

30 falls short of 7 vol., the shortage will possibly result in
depressing the efficiency of production and lowering the

absorbed acrylic acid concentration. Conversely, if the



30 (made by KOCH Engi neering Co., Inc. ), the irregular packing materials

i ncl ude Raschig Rings, Pall Rings, Cascade Mni R ngs (nade by Dodwel |

Corp. ) , and I MIP (nade by Norton Corp. ) , - 20 and the plates include
sieve tray, valve tray, bubble cap tray, buffle tray, dual flow tray, super
flack tray, ripple tray and jet tray. Anong other irregular packing
materials, Caswagd-evenicoRicegs rand onMVFRCRRiighl perad ¢ hedibley exegabawipacki ng

ol yror i Fat | PRk hEBRE Ca P ARe S Bl ChEFCRP sk AP BT ore e LebpvEi T he.

acrylic aci d mbser piridongeaavat ing gerehalzby dopehatedofindhe apprassohe
exceedi ng the nornmal pressure. The 10 ressure in the top of the colum (

gauge pressure ) |@%W6§§FIW?W@W?%§%F gml}gachg,@pato HeefEPBRBEGd n t he
range of @ - Q %h@%ar@’&erQEEhﬁﬂl gbha~id rbfé‘@ef :qu t(l)ﬁe rgngé Mpag | f

this pressure is | ower than MPa (gauge ressure) the shortage wll be at
a di sadvant age lioh viedce&si marengrafeaehhm 415 thoe i tangmd et ai i Mgla pbant

cost and a ulfl{ by, 698t AP ST ATl Lhe desqtce gregedseO,d) Py (gauge

pressure) , cess W ant agé ' requiring
t enper at ur e dahd Watalrsos pie asedoismhdld yoerensfeased wonthda dbsabpyisnth a

view to expellin heIo boi l.i ng substance .20 fromthe t of the c¢ol umm
2nd exal t 1 ng FHET! yErtHRBIAteE CBRORFRELORA PR FHES 50T BEFOR ol U,

The tenpegpat ufe vQ)fl ”%e taRrafolkBe £REUSHRESs Rﬁﬂfﬁrﬂeﬂéttﬁ QQsSéGSh@hb& in
the range of 30 - C’and partlcul arly in the range of

i nvention conltl’erm)ICGIGé@lm e Wgt@hecm%th@Je@hdéﬁttm b@ﬁt@ﬂl ih@uaéryl ic
aci d- cont ai m&gsﬁléﬂ% ){En__d]:t&{e Croajtrl% of I% ng)é/[e ﬁHQth Qﬁageggod for
justmen

effecting this a 0es no needto epar y restricte t he
adj ust nent caat deenget ltai}neelpb;he/aayeng:ctz’rraaratrmﬁtombfthbea:lmsmdneﬂmqumdbe

i ntroduced. Thi nve tion prefe fect. 30.the .abs tion, of rylic
2ci d by esi abl] Shi SBSRACEROR AU oHY R F ROt lar Tt HEBRT{ 1T abhh
cont ai ni ng gaéfﬂlrttlre:rdi;pedfl s d et iais ot i e cabsoppafndnt ey latwgor beat - 21

- suppl i ed thereto at a mass flow rate of the absorbent Broperly in the
range of 0.1 eligf5tetr}1r?é‘a they R GEREFIA3P T theCf arfde 3-18 3d_ 0 3thepes,

and particul afly, %Qﬁ%é! ¥nldNthBep {309y H thhe AbsokptibnMBs1hfnt he
mass flow rate of he propyl ene 5 introduced into the first reaction zone.

| f the mass fTWeamé’&ﬁflmmoitﬁéﬂﬂon‘wI@ ﬁ())f‘tasﬁlsedlhemeﬂersretfﬁés
shortage w | I uI t_in.renderin e ab cr
difficult, decre S|Iﬁag?#é (aﬁéfn%pl%y e@f%etdﬁ gof g ﬁ%qﬁl dx‘lkn Fﬁzhg% &(pti on

col um, and iwkthiosirg Amirexitemern:esdenél aneommtjd)f tahﬁ:yefzfd eicddcynetotibheed

t f th Th tit f th tt I d of
Che. absor pti ohf oltn e SaBnaoDy “PaRE) Thok g s ShA & nomiferty o5

wetting |iquigbdyBid88id discharged from the top of the absorption column.
According to this invention, the efficiency of absorption
of acrylic acid in the absorption column can be made to exceed
25 95%, preferably 96%, by adjusting the water concentration
to a level of not more than 10 vol. %.

The mixed gas mentioned above is required to include
therein molecular oxygen. The volume ratio of propylene :
molecular oxygen is set in therangeof 1 : 1.0 - 2.0. Though

30 air is used advantageously as the feed source for molecular
oxygen, oxygen-enriched air or pure oxygen may be used as

occasion demands.



Flow rate of absorbent per unit tinme [nB/hr]/ 15 Cross-sectional area of
absorption colum [nR] The quantity of the wetting liquid is properly not

| ess than 0.2 nB/ nRhr, preferably not |less than 0.8 n8/n2hr, and
particularly preferably not less than 1.0 nB/nRhr. If the mass flowrate
exceeds 1.5 tines, the excess will results 20 in increasing the water
concentration of tmca*cmgi:bcmpohdncera;tfa&rmmgxe@lgasiacmnmtﬂmia;eirs, csatpegted to

absorption of a c acid, If the tenperature of the ahsorption colum is

el evated V\ntrfheP’?/‘?/ 2Bd PEREKGHE WAT er T?*lﬁw%’é‘h%‘ﬂ%’? Béﬁ%i R I&E I

aci d- cont ai nigg %Q's%&‘b@'ioﬂtc@llﬁﬁ’fﬂ%toarﬁéy|k@’§éc¥8§e& Koy gkevial LAB nMkdq be at

a di sadvantage in disposing the acrylic acid to polynerization. As concrete

exanpl es of tgrs aEQ@ﬁb@n@aﬁel paesampiitedf ssieam, ktrmmeuv’@mfmbm\elamgam c
aci d- cont gi ni g, Y et AN AR LOF LRG| ELL: Hudr OPNPLE of AN £ L qui ds

may be 307ci eseasor ents nay euse er srngyor in form
of a m xture fdr tahe compose tdenbef sthe Iﬁmxetdrrgasrma/prné adjushedabgotihent is
preferred to have water as a nain conmponent. - The absorbent in the

acrylic acid St t‘?% tl?:%lrlﬁﬁi’c%erﬂ? gg"arrpl e, possr bly has a conposition of

0 - 10 wt. % of aqryltﬁeaczalti,sto red&cdn %AE, etk mBed, g@ddof0 thd 00 W .
% of water. Incidentally, this absorbent is preferred for the 5 purpose of

preventing sWRINRPHEL iR MeAtigneghabariecnsuapliricah@ grpeeyelocity

pol ymeri zati o or. glﬂ,ﬂ liect up
consi sti ?\Lg ofﬂNttofy?thﬁg%ﬁﬁ so pﬂ@? nﬂpou d%éfr%aﬁggrjfeiszéggaa% ]g%}gh as
manganese aceti} endeoppeaeaditdlohyp s $mma.mb’alma1reagem nasmad:mmees d@re

di butyl -t hi ocar _t?[ﬁrga"t@ 4troso conmpoun %Hl ne conpounds

phenot hi azi ne- ok I T RS HS not geti®t9 np%‘?‘?ﬁ’%rtﬁ%"r]f?/ is
restricted bL&orﬁ@ﬂoblaecsertegtwlzélr AN SIS I alNgeXy £ QBTPOUTBISCWhh £8f @F £b1y

general ly known as pol ynerization inhibitors for vinyl 15 conpounds. Anpng
other N-oxyl toriptiidid® of 68 M twt3&hEthyl piperidinoxyls represented by

tCElg fg:_{'@a& E%C{Ea_lf@ﬂ@a&%ble%nlc&’eg %a% 1@&1&%@’@%&%1%?@0[85

and RZ denot eeeap’crmnogenrﬁan@ynl@e (JHZUP@H@@@ a%vx#alﬂleMdtl}q'r@@ghnN oxyl
compounds ar e y5abl & WAROU DA NGRARL GULaK! YiLRSLEECLED. 14 Tlp BrgPer tO
C r , 6,6 y

use one or nore nenbers sele m-anon etrane
pi peri di noxylpu2sosle hgdr mmoz,pb,r&tﬁngetm@]rmidmdr poxegendi hexykre adnd is

Lo B 2 bl s TELL plLoPLLd N ) phosPhy e ul el 2t frd @
2, 26, 6-t etor anpidlayPhBeiést & c8b1led?E a temperature optimum for the
reaction of oxidation in the second reaction zone and then
introduced into the second reaction zone. The acrolein
containing gas supplied to the second reaction zone supplies
the mixed gas under a reaction pressure in the range of normal
25 pressure to 0.5 MPa (gauge pressure) at a space velocity in
the range of 300 -5,000 hr™! (STP) per 1 m® of the catalyst
(ii), with the reaction temperature controlled in the range
of 200 - 400°C, preferably in the range of 220 - 380°C.
Incidentally, the water concentration in the mixed gas
30 supplied to the first reaction zone can be determined by gas
chromatography, by the Carl-Fischer method, or by the use

of a hygrometer. The water concentration of the mixed gas



4- hydr oxy- 2, 2, 6, 6-tetranmet hyl piperidinoxyl is used as an N-oxyl conpound,
since it constitutes a stabilizer systemw thout requiring inclusion of a
nmetal in the relevant conponent, it dism sses the possibility of the
netallic parts 5 of the equi pnent being corroded by the stabilizer and
facilitates the disposal cf waste liquid as well. As typical exanples of
the N-hydor Xymad; 2066, bitt €t BrEhdysupeer i o ey ®ouiel, may be found by

1, 4-di hydroxy-2, 2, 6, 6-tetranet hyl piperidine and 10 )

1- hydr oxy- 2, N BLIHAT afkdtthy Wa%iSFer CORFENTEG tHODE| t 8F. TREdEuUs gases
N-hydr oxy- 2, 2,6 &sdidAmRlcaY knki PeEL i P COIMRUNMIR Y Q‘ﬁb‘jé@@iﬁht bRE
singly or inthe formof a mxture of two or nore nenbers. "As concrete
exanpl es of tresw tE & H-thet meestundmerd gipeedldivia tdompound,
2,2,0,6-tetrameth i peri.di ne and 4-hydraxy-2,2,6,6-tetraneth i peri zi ne
may be ci Sed. The}s@«g’égc?pc s 3% y%dcém&s?éld’l % F8° gi‘lngﬁl Cgr lisnogjﬁﬁg?ggm of a
m xture of tusgy othevkeapetbear of ldwtalept it | yas phase oxidation has a

N- hydroxy-2, 2, 6, 6-tetranet: ~yl piperidine conpoupds and 20 L

2,2, 6,61 ct | HERGAHIOAPITHE EOREBMILCH & PO0ST bl FRRARTARIdY 48 is
inpurities i dANEPESh¥lenPedualre Gf tN PXHbeeIMAIDES 0oc TRErHS8uPE - SYICh a
comerci ally avail abl e N-oxyl conpound restlts in additional use of an

N- hydr oy- 2, 2,16 -hetFange I"F?/% b Peri &7 AC cerdimditandis asppplied to the
2,2,6,6-tatr o]l il ne ,¢onp I f phenol
conpound?6hy%gg%ﬁﬁﬁﬁﬁg?%%ggﬁghS?ﬁonggng%% %gﬁg%ﬁ%%ﬁﬁﬁéﬁgﬁ)%éagebéggﬁted.
Met hoqui none frmieseailngthagesyse tenatseany ofxciked &nowdriogpt apokangetde

ef fect of preventing paly ization, 30 particularly when_it is used in
Conbi nat i on Vi B 880Ky yE S AR DI NSV ERME SoRBoLASE K8
concr et e exanie@ipdhae ikendt Bhazn g epaWENhact ith gaskizepelbivaghae,
bi s- (cc- et hy| benzyl) - phenot hi azi ne, 3, 7-di octyl phenot hi azi ne, and

bi s- (a- di et HADERZPE) phedt RL&ENRE - neyh &R tdia EgacthenFphérssal feadrpound
does not j5eede 410 e iRAKt b EYDEF I damyd B F%@b@gﬁﬁkeva&/h@%o%ﬂ]i% §-§ ’fé‘?@tmhe

various i norgani c and organi c copper sa . concrete exa
copper salt coqssasaky coppemaditakydfdiadunsear bamat es, copper acet at e,

copper napht henat ppet acryl.ate, copper .sulfat.e. copper .nitrate,,and
Copper cohi ori de oy BB 6 TBACTRENE cEier G L Godetnsoaa "R R 24

uni val ent andidsvppehiedfty FReallssdrgahlon cAlung 30 Aad a0ppeIteshthegefpounds
nment i oned above per dial kyl di t hi ocarbamat es prove particul ar

, | ar |
favorabl e frdmf ttﬁﬁeo&r%&em: Bf abseEptienrbeidiplise /L EBﬁc?}é?%r%?’éFrpl es
of the copper3sl5 @ial lszékgmeiééﬁab@aﬁt@;nf@@&gs di aRiiddisshecachapst e,

copper di ethyl dithiocarbamate, copper dipr oEy di t hi ocar bamat &, copper
di but yI di t hi d¥e BRRRE®L 1egppet umn sthopnerehiltcap arhke axapdar acid in

di hexyl di t hi ogfs hanRie o rCopPer3 dliiheny! dbbhiacat PAMH &he range of 0.2
-5wt. %, andwater intherangeof 5~ 15wt. $. Theconditions
for the absorption including the composition of component

25 gases for the reaction gas, the composition of the absorbent,
and the temperature of absorptionmay be arbitrarily selected
on the condition that they make the water concentration of
the acrylic acid-containing solution 35 in the bottom liquid
of the acrylic acid absorption column fall in the range of

30 1 - 45 wt. %. The water concentration of the bottom liguid
of the column is more preferably in the range of 1 - 25 wt. %

and particularly preferably in the range of 1 - 20 wt. %.



20 copper nethyl et hyl di t hi ocar bamat e, copper nethyl propyl di t hi ocar bamat e,
copper net hyl but yydi t hi ocar bamat e, copper nethyl pentyl dithi ocar banat e,
copper net hyl hexyl di t hi ocar banat e, copper 25

met hyl phenyl di t hi ocar bamat e, copper et hyl propyl di t hi ocar bamat e, copper et hyl but
yl di t hi ocar bamat e, copper et hyl pent yl di t hi ocar bamat e, copper et hyl hexyl di t hi oca

rbamat e, coppefmdwater concentration falling short of 1 wt. % is difficult
et hyl phenyl di t hi ocar bamat e, copper propy! butyl di t hi ocar banat e, copper propyl pen

tyl di t hi ocar Hefebdadapped ispat a daﬁéaypﬁéﬁgmrt HiNGESaBaRE: Bhecyppent
propyl phenyl haee fbamal &g C@&p% s\q nééh}xﬂéf%@ﬁaf Ei”mcth% wEPEET
but y dit car

but yl hexyl di t |ocar amate, copper pheny amate, copper
pent yl hexyl diddm oerartraniire, ex@@w @énwyl phenyhdl elcesar ddit e aatd &opper

hexylphen Id| arbamate nm ese cop

i A Ky i Bhi G SR ) TR GG RO & 20 B IR Er ) AT e SEPREBPERE sal (5.
Among ot her copned slieth kyd dthbi @cet banat Bsn nedhinanech %@V@alalﬁcpe&ﬂand
dlnethyldlthlocarabanate copper di et hyl dithi ocarbanmate, and cop

di but yi di t hi ot FRirER %tbﬁo@@om&/@.ﬁa@i}%dshaﬂ%bb@g %%&M@@ttmeo%%%at e
proves parti ciif leywhaverabl&r ft'boﬂhéPSaé’é QAPQLINY , Ofm&ftfrfé?zt 2Rd BA§EidS of

procurenment. As concrete exanpl es of the manganese salt conpound, - manganese
di al kyl di t hi doas bhﬂé)tlsbe(sttfwla{ﬂl@ﬂl@r@lptmﬁmtmyaéﬁ ragtiyd £ aernyic propy

manganced 20 M Ay FAFER 0 AT BANTE RabARel fof taeBd HARGABCEL %M et at e

manganese octoandd eo Geneadeseane@plenatie, thengsswse: jpar tanganakad and
manganese salt conpounds of ethyl enedi am ne tetraacetic améj#%ti/ be, cited.

These mangane's® s3PSeBRPoLnBEChAY IRVt (HAD Stiyl oY M 8 form

of a mxture é’fféé"@ec@rbﬁtﬁzﬁ‘ed@n’%& -diHH 13 1laRv At bQ”lM@E%f:&té@elﬁbﬁﬁébent
to include one or nore ‘conpounds sel ected from anong N-oxyl conpounds,

phenol conpouttRkgFRihgdies ddwineascogpekhdi amayndiathit €avBhALt RRTTHR1EVSO
d
compounas g am@&?&’éﬁ?@%@qg t"’HE?d @Pé@%r’f\fE??ﬁggi@%ﬁ:%&ag@ﬁey§§a9ioﬁm or

nore of these seven ounds or greater
ef fect of pre@ﬁnalcmglpcl yarerd zandortends26to gike anmettof at heolymer.

I hi bi b dd d b I
ostrict ed bulPHEGE b Bl EpotPy aditistab o suREid RESEORE Lrohe  GHY 1 Hg

rel evant 0per@é1@rborhﬁaimn@owy@tlorprw;ertﬁ@ tigatméie &0t 8testPopicof the
5 polynerization inhibitor to be used in the range of 3 - 3, 500 ppm (by -
mass) based o@]elwf'ér?fﬁ]s%nBhlﬁhé-saﬁﬁrﬂqré“eéc-’rfﬁthﬁPtfﬁéefl@a@tflQihaéﬁgtF%Pb‘é

i bi £orS 1o Be e de e aoUht 80 Reatel compaanl 1% {a T Pacraneehor 1
yl compound 1s In t e range of 1
500 ppm exceeds 45 wt. %, the excess will induce conspicuous oil-water
phase separation between the hydrophobic azeotropic
dehydrating solvent and water, render the dispersion of a
polymerization inhibitor uneven, and dispose the acrylic acid
25 to polymerize.

As the acrylic acid absorption column 30, any of the
known columns such as plate column, packed column, spray
column, etc. maybeused. Theplatecolumnorthepackedcolumn
proves preferable where the acrylic acid concentration in

30 the acrylic acid-containing gas to be treated is high and

the polymerization in the column needs to be prevented

effectively.



10 the amount of manganese salt conpound or copper salt conpound is in the
range of 1 - 200 ppr~, the anmpbunt of nitroso conpound is in the range of 1
- 500 ppm the amount of phenol conpound is in the range of 1 - 500 ppm
and the anmount of phenot hiazine conpound is in the range of 1 - 500 ppm
respectively based 15 on the nmass of acrylic acid in the reaction gas.
Further, the site forheheasupplty tbk bhekpdl yoRumaat fon epdmplépriandst he
nmet hod for the incorporation thereof into the systemdo not need to be

parti cul ar | y FF&fErabi&d Loy PLlpse 2 RAT I R I8 Ysitoser DAY 19Gpal etakively

pol yneri zati gy gpbEBi & 9EnEP JMEBYERPE N8N IIaty 1 NE RGIYbh & 1RCHFs BPSLRPLI ON
col um. When the polynerization inhibitor is mxed with the absorbent in
advance of tadsupdl Ehendleof ofothreabporbenti witbiot thezedlenheandval y
because it i I i i but ks I Nyt ryl cl
absorpti o‘%’l c%a%fﬁa%grggéﬁg%%%?% ggigp"rl(elgg? ¥%Vé%a{qblg§rt§]gﬁ¥ {L'A?i?rg#%as
been separ at ethd pollhaepusf fagdmgl oolaedd adlysri pvatds am dhesdowhs coaarnpl at e
i nposi ng any restriction on e for g{}ég cation subsequent to the

C

t he net hod
step for the S3or pt PEFB SRFHAN "rﬁﬁ‘?’ﬂ}v% 1 }o'g) T BERRS 3 dV SR ng

the water concenthahiiey ef %Qék@ﬁ&;tzﬁ)&‘%éfﬂ&ig Hhe R ACHY hiGeAChLA-RDRG PLi ON
colum in a specific range thereby inproving the efficiency of absorption
and stabilizimdFatal mp a Righeus(keweluesr ferrarce ghtRhothe odbher

restrictipg rjfi k to [T RN : ral:l_w,

treat ms*n;l 6f otr&%éﬁ&éré%?%#lggsf ol O\NggngfntEhg {s%eégggjdrrl segaer%J éta%ingégflll%w

boi | i ng substaanedattilvelgt dpws abdl isgparfatfomgpiaghaghobginkrfignsabst tmge, and
t he ot her stg‘@s for _purification. This inventjon eu[m' s_conbin f'c%lgof any

t
of the et hodthedt & BRI Oh PRSI ESTH kit S5 1S &PED MPec

purification wfe aeryhie £6idameyrpeiehf@st@th n@t?ﬂeéﬁlpxaowntghﬂaﬂefb@ﬂ of
distillation but also by proper conbination 10 of_ stri ppi n%, )
crystal | i zat ile% 2ekevaEtalin 1tab46r T PRAYMSEr Ehan HheEhest PRRkinte

second asgectnle s | NURRELAT1YS 81ABENOG (asd it aducthanagty syl i C

acid conprising a step of iIntroducing a mXxed gas containing propylene and
mol ecul ar oxyafed-HannEaif ind gasare edvangrdiate gakes vwiuirenttooptaxt oxi de

catalyst havigg mbybdenym and bl sput hasaaasenial SUMORINLS Al

oxi di zi ng prop and ai ning an acroléin-containing-gas,
i ntroduci ng saiw@Eidnles theopsaraang igeanditloe bostonsddeedciisoaczphic packed

with a conpl ex oxide catal yst 20 havi ng .nol ybdepum and vanadi ym as
essenti al  CorFbAPSORRE 6Bt 39 MY CAPAdEeS SEF RO HaRhg g8, Hhd a
step of botradici,Re$8Ld AW AS maCedi6IBt M DIDIA t@BSWwh R a3 a6hYLAK18Ci d

absorption colum and causi ng_ It to contact an absorbent thereby obtaining
an acrylic adiar eefkangi agriblatdoit ARSERPESORORAPHIBRS, tHe JREES BYPE a )

said first rqpé‘gt,j : i ds r ' (o] ' f
di fferent reactl Ol(l’)lé}t éggglﬂ?gg‘%lghé%%%g%seﬁgq%%(ﬁ?e trgg?&glnégpfeggmgxed
gas i ntroducetkduitay gaakifig grtegdetli, ofthzoAsribgiudgri packéngangkeBbabf 7 -

15 vol . % andcﬁehgr%tte}fpé:9288%2%&%%1{&%3%%393131)}eadnd the plates follow
25 it in the descending order in terms of the efficiency of
absorption in any ordinary column. The plates which are

endowed with high performance equal the sheet type regular
packingmaterial and the irreqular packingmaterial. Interms

of the ease with which acrylic acid polymerizes, the gauze

30 type regular packing material ranks at the top and the sheet

type regular packingmaterial, the irregular packingmaterial,

the grid type regular packing material, and the plates follow



gas being in the range of 0 - 10 vol. % and (c) said water concentration
of said acrylic - 28 aci d-containing solution obtained in the acrylic
acid absorption colum being adjusted to a level in the range of 1 - 45 wt.
o by adjusting the amount of an absorbent to be introduced. 5 This second
invention is different fromthe first invention in respect of the necessary
condi tion of ithdn twre (Mso@mtimnestddraveheanthy gaazpoivyipe hadguler

adj ust ment of the water concentration of the acrylic acid-cont.aining

sol ution to RACEHET MRtSGlanke BFed Wils 9 VIS oadighé®riddhytithe
regul ati on OEftfaélém?néfcgbéJ@p@i&Pr keptetfnbre rétl'h%"ﬁﬁg gdibge Q‘Bﬂfé

necessary conditions for the second i nvention are the sane as those of the
first invent regwaati PAckiagovaterhalekpabisabbast @6l dpeiraryahisteinase top

of Zbsorps | otk caluaieant ebnaeah.steam i SALed PLODYLBASLROTY ol 1

and inert” gas whi ch are géenera e réactl I'C gas phase
oxi dati on. | tpoltylmerdfzartd oncamd bendeﬂycalneetcmldéd operatédniimgassilllday bei ng

heated wi th the heat _exch e treate V\nththeflowco roller 72
Lo have the CRBNSSS IS cWhRD: Bhe SRidSUar FRoLerohte by B TAhd a wed

with the air wgddn ﬁ@hféﬁagﬁppé Ev'i@h%uﬂﬂivyté PEé@@ﬁtiﬁgUﬁ% g8t iZdkion,

Theconposi ti onof t heexhaust particul arlythewater content thereof ,
however, is Fdagd FhigrPad bygt%t%reﬁﬁﬂerlét G?éléﬁ-eﬂﬁemo‘iﬁ%feﬂﬂ?@mncy

absorptl cold Lfn%]: d- LRV -0 eﬂéjiq f the
S ream cgﬁt ai ne 7 P]%ﬁjé lﬁn %%k@ggl%%gbé I‘l&rgnll%rﬁrgﬁ n ée%?aﬁﬂgug?‘?%é&tgé)

~ . The actheoighcthﬁqgnﬁgetmgp@mwaf ajftatmanmtaarech)mmdlafﬁwnm@y
dlschargedg fromthe.tao f the co in hete erature of the
fop of the camim By HSanohrDeurlat, sre e il BEA AL S0 ne
amount of thehst agereeamacnad on the ﬁnocﬁdfgaﬁebyiq@i@mdn@é)imngwtﬂrethe
tenperature of the top of the columm is heightened, to give rise to an

acrylic aci d S93%ERdr 1hitthe folump and ghd eqsdorpe |We€diat}nﬁelﬁﬁt§6rﬁl?%t

when thej anoyife ﬁo&ﬂ‘@oﬁ%@ﬁ?x@&bf‘t‘i&ﬁé&ﬂt %é‘?e Hﬁﬂﬁﬁa%ﬁuh@‘?né/\’?éﬂalcome”t
of the acrylic acid-containing solution can justed by varying the

anount of thé@bs&@@maamcm@gmﬁ%madn blie gird dvieiiee rEqVdArGrRClIiNg he gas

36 di schar geg luamahineshan o1 i 2ol M £AN 13 pROLLALLRTy SheGHddal Y.

t he secondlnventlon ‘'stmlar |on|s p éerre
effect the abygeptregnlafr pec};ing meﬁ:m eatidblri 'shle rtgrn@gmllae:r -raakiery

contact between the_acrylic acid jncludi, as ,i ed 10 into the
oo i ont A e ot R, Se ekt St SR e P Phe ST B PR E at ¢ of
the absopbentpdik ﬂz)étll%rf[éh‘ﬂi tﬁa@e:fqtcl@néy-oflaésétg»@fon agheadtagenus y in
t he range of O. times, and particul arly advantageously in the range

of 0.3 - 1. 1atn|dr’?‘é1§e ?Etﬁﬁgeﬁﬁé@bflled?/??reﬁté‘-%\‘lﬁ RE2BLEEHI enEl e ARHEEUTRE 15
into the firstedi83Gt ARKENE include Sulzer Packing (made by Sumitomo

Heavy Industries Co., Ltd.), Technopack (made by Mitsui &
Co., Ltd.), and M. C. Pack (made by Mitsubishi Chemical
25 Engineering Co., Ltd.), the sheet type regular packing
materials include MELLAPAK (made by Sumitomo Heavy Industries
Co., Ltd.), Technopack (made by Mitsui & Co., Ltd.), and M.
C. Pack (made by Mitsubishi Chemical Engineering Co., Ltd.),
the grid type regular packing materials include Flexigrid
30 (made by KOCH Engineering Co., Inc.), the irregular packing
materials include Raschig Rings, Pall Rings, Cascade Mini

Rings (made by Dodwell Corp. ), and IMTP (made by Norton Corp.),



I nci dental ly, the expression "by the anobunt of the absorbent to be

i ntroduced"” conveys a double neaning, i.e. that the water concentration is
controlled in the range of 1 - 45 w . %and that, even when the water
concentration remains 20 in the range of 1 - 45 w. % the variation
thereof is further restrained within a constant range. The significance of
the first neashdogthe phates eyl edplsiaes ity herdlivesteragpedubdiiet bap
invention. In contrast, the significance of the second neaning resides in
the fact thattFas RIEEhS SFavn dHaLdbYRY JFastr EXREST LIRSk dricebssipple

producti on caprg Al het Ady. I abhdl S DICIUSRIIS A | 4 hiaf cofi o0 BC

conposi tion of e boftomli‘quid of "the acrylic acid absorption colum

constituting ChecapstisdRiofgs dwed PMBE exdd chpeatimm thiehely regul as pacddogt i on

of acrylic ac] [ : rous [ [ step. f par.ati on of
a | ow boi |CSI ngp %%%tp %%%ég%g%slﬁ g'pfq’s‘%ofxpagbel;?ggéa#?%%gngg%cgeﬁ‘ ’b%?ﬁ?g’g’l?&%& ance,
and ot her steps posvent ifdloatdmivariorcand auhibliy saiigledidilc iehagddift i on
to the - 30 step for absorption of acrylic acid and the step for
dehydration nBREPHREYCRAbove, a change in the water content of the bottom

liquid of the acrythetdpidk @1@@8&9?&98 2RAIAHBY o F N 1 HXEFPhifn 15 @lera 1)
varying the anmount of the dehydrating solvent used 5 in the Subsequent step
for dehydr at i operahed uagear aPyessane avregtiaxsthe noymaloy et ey dhet he

dehydrati C e gﬂ! [ i Malalpe] used,
and the &%un?gggguf%g%sgﬁgﬁk Cg%gégc aﬂnﬁ?&%@% pg%aéssewyfg %%%l%%regggver ed
and recycl ed tnobthéi nenge of ne. - That dikengepfafdtel i edhid trange wdr Yi ng
the acrylic aci(g1 oncentration of the botitom.liquid of e deh r%ing
colum and the AmbulEs ofa% Lot ?"zﬁ%ib‘hr%fh%?ftﬁ%er OL%%be' gdégd Sjﬁd
varying the copdihionsredsire sHhevtderhapepanpsi (e tgieddute )hoichieng
substance. The variations in these conditions entalil the 15 occurrence of
Scryl id c ac5iI g ﬁbpyiétgeaﬂfﬂzggs@w 6?—;6@%&?31@&%Hh?&ﬁ&sﬁatéﬁgiié;éa%é’gﬁﬂlgm
egradin e ct,. [ iLOR, : een
di rect edglt owacrigy%r%dééll(ang acarl%?lgélaci &) V\nntsch ﬁel!g 3§gr ee o?fpg{riffi ?gti on by
ad{ usting t heCmaversgbmgé:ﬁ theipmesaf;]lrtermx@@ec}& Dcf&tﬁﬁ(gmgaipmasgum) '
solution in a_presgri r e.i.n t.he_upstr t he. se . t
ment i oned abot\-ife?ét ﬁerceel%% s‘f [ P)?i nagJC a%d%égr?\%%ngﬁgfngl hééﬁ‘?%_ %Irlréntq\“gl%at t he
subsequent dowesmpeeanuseries ahest &psopptisrstadiunimgtbhebey alinatrieasedas
wel | . The purpose, Qf enablin t\t‘]f wat er cqoncentratjon of _the 25 acrylic

aci d- cont ai ni RYEBLEEFBRL¥MLE: 8 EPRF RSt Liing Yhmbew Bpiiing sybjtangs o pe

further cantrebbRtAd +3pCOPKIAN LGN ARAS S &Xad% inkOEn &R R r ilA@ inarRge of 2
0O 1w . %y be accorplished by nmeasuring the water concentration of the

bottom I i qui d0§fa$h§§lé‘bs§1ﬁ%ﬂ iioh s @RRoaRY Lear gPhENR he Theo (HeMPe attiae
he. et hod T of CreRe LG P vt GEE SR BRPE aFFon of *endCerHBey | fE Iy o "

t he absor pti onangeugt 3 0a- rit°Roandipiactt ifduidsly 34 the range of 40 - 70°C.

This invention contemplates adjusting the water

25 concentratlon of the acrylic acid-containing solution in the

range of 1 - 45 wt. %. Though the method for effecting this

adjustment does not need to be particularly restricted, the

adjustment can be attained by varying the amount of the

absorbent to be introduced. This invention prefers to effect

30 the absorption of acrylic acid by establishing

counter-current contact between the acrylic acid containing

gas introduced into the absorption column and the absorbent



the water concentration fromthe change in the electric conductivity of the
bottomliquid of the colum and a nethod which finds the water

concentration by acidinmetry are available in addition to gas chromatography
and Carl Fischer 5 process. The acrylic acid which has been obtai ned by the
first or the second invention may be supplied to a step for the production
of pol yacryl isugslied sabt)etbcammafsacflwmrpnb)ca‘i:tyéiabsanjbcén(t sedpeylpnd the

pol yacrylic agcid. thus obta gml)o be use furt h facturing a
hator absor by Hy SESFRISPGSE Seaml b5 FrBSeh 4 ASHROFOUFEY HTG CPAVERTPB
therefore, isof g1t hod . fZokihbe, PaRdUsd Ot fa KatarkiagedtsdyCOAPELSI NG
using the acrylic acid obtai ned by the nethod nentioned above. The process

for produci ngrémﬂ%'léér‘%/ﬁ c hcl §1psaIt9 the mes sechb@V &@ teoC hiduRECpBl §RLryl i C
acid (sal #P&é@@é&?'ﬂ&& hc%h ¥E‘cc dléxﬁ’ Jdife St &R chEa HEH%rﬂb&at' on,
the step for polynerization, e Ste rying, and the ep for cooling
sequential |y rate loef bhdeabsmrbemédlaadsmm} ecftOng tzhmsa,crtdiet shoheagel evant

treatnents. This, process afford ol yacrylic it elects,to omt
the et r ol i ST brESTOREr h CBERd ROt e AP SSEREe0s. Hhd B $5idet op
for neutralizaifeicuen} iqRedI0NetEONAlditilgSal Bidiidtdhd Leduidhen
process is allowed to performa necessary treatment on the flow of the

acrylic acid WerRRSHRWID TV A@d dPFPRENISaBOPKETSTAL 8Pt bPRr iles. It
may inclyde acgk Oéisfiéf@ﬁé&g St ec?néj ge'}gtgbnayfeﬁhéhgb§558tE.Qﬁ column.

pol yneri zation, for exanpl'e. The st for neutralization is an arbitrary
addi ti onal |t@m@fqnanﬁmuy'pﬁotbss%ﬂﬁgna togeidtet dtepbsosptihnscelepn a

nmet hod whi Chwfs?nééf}.r?eé rbf"bﬁe(ﬁdé]gfoalclr%( %‘rﬁu‘ir a resultant 30 polyacrylic

acid (salt) prescr basiC ‘'substance in the form of

powder or aqueous @Wantiton dsmywéietmgt ad.qu'lﬂde[mémbm:;f]or- this mxture does

not need to be - 32 SPpartlcuI ar%t%/ restrlcted but may he sel g gted from
I

anong the known net hod 1o et &ENE, PRET VR FAlez A OB My be

carried qut prior to poéf{di@élgé’éﬂﬁha(lt he el abisad ?'tqan%bhuﬁnrr@m@ﬁrer)
during the course of polynerization, or 5 subsequently to polynerization

(the neutralizati dhhguauangigas of theqa@témmly-qqud FayPERP Y Ned b8ESbot h
before and af{ﬁ’éntd‘eﬁ ROV R, Zgi:é?@ra tn%% i%éé’sﬁt{fﬁ od seX &M G, Bfa

process is depicted ‘as carryi'ng out the step for polynerization
subsequent | y partheukaxhy frorefimuhlyl nettless tWem . lﬂen@z’mzphlo f 8F the

neutralization is rr|e out subse n este for ation, -
the constructTdn® og Thet & %a?’%ﬁ dssnay%b% é?ﬁpeH‘]‘? %8 Fe‘ﬂll?g \Elﬁf"tl %ﬁe f1 ow
of the prnacessn TherdeMier f ehepalater | gahtentandibhe devicee fosrylic
neutralization may be identical_ or not identical. 15 The basjic substance to

be used for n%%%‘il'aq"?&?%bnh% 1L Wrigke My cle L8 cBRRIBFERAS R NARFOWRAT BB ¢

substances asgf heh-y@Xanpt £y, C%rbet@é‘tt%ﬁﬁgfa’EhEéro@Bﬁéea%sJBﬁ%&'o@PéoPﬁmﬁ' kal i
metal s, anmmoni a, and organi c am nes e ratio of neutralization of acrylic

acid does notimeetevateed wEtrR i & ot i@ y‘EOZGlKéQQr tbeedatFhecpraenbtrazaenon my

be adjusted sgy hal abbe 1A 4 hRrsal bl s S BaER deyelods e, Lpoge of 30

- 100 nol % prefera € range 0 of t he
reacti on2&f nenis aélthnlmlquﬂ ragd at dibedvembugd, mhdsspemnngl thay be

attai ned by u5| n}gllg S‘éfét rargo con?érlzgdtlon
As concrete examples of the absorbent to be supplied,
such known solvents as water, organic acid-containing waters,
and high boiling inert hydrophobic organic liquids may be
30 cited. These absorbents may be used either singly or in the
form of amixture of two or more members. For this invention,

the absorbent is preferred to have water as a main component.



25 means, nanmely by introducing the product of neutralization into such a
cooling device as a cooling colum, for exanple. Wien the |iquid thernal
medi um supplied via the line 4a is adopted as a refrigerant, it has the
advantage of |owering the cost of cooling. 30 The acrylic acid (salt)
solution resulting fromthe neutralization, when necessary, is introduced
into the stepHOraisvedd zat | ofe d&eyIEE h@elaoabeéfpsiwgc@h@nn,?@or

pol ymeri zation at this steg does not need to be particularly restricted.
Wien t he pol ﬁ?@ﬂ?zleﬁn PASEEbdYiag adcompes bt keriréa) —pbl yiver A4t aepylic
initiator, it 85 Y0tk o #BE fledfie denouna frthpdsclo ol Vil gaLLensuch
asr adi at i on- i hduce yrrerl Zation, el éctron beam’i nducéd pol ymerr zati on,
and ultraviolet | |Igi’d1—dermtlﬂﬂelqi,potlymr iabstoirbentsi gy prpfierpedndidn zehe At
thestepfog pal neriza ion th iC_a LCLd when_nec Egrg:, ma% bel.

ol yrr 1 28" BB TEGIAR Gh ERaYEDG4 At 2 BRLYHoF A SR At FEAr RE i
acrylic acid ddiq e tgaliyn@t idfatiisf e/akiontadh bassokhasrdOcsipothasd nore

preferably not less than 20 wt. % and preferably not nore than 80 w. % and
nore prefer al:ﬁ%/l%e%F@“ﬁiﬁgrgrmlRAﬁon%S%H%Pf XY GRABHEIZaPRSRCL | n

this inventi s bke 88 4dRakbAe48 LRy NBELBAET ON
initiator an ‘?Pé‘ﬁ{:do% ;[nl oﬁgho? pr%l%rgce?}lzgtél onarrgy ee aar tﬁ traril ybée{:ect ed.
Such knovvn acﬂnahkae]sim}ldmrmmse t he cswsls- | i nki ngs agent andppeher
m)norrers wat er-.sol ubl e_chain transfer agent, and hydrophilic
acr ool 401 A SRR B SRoP b6 2 ORe S edur o AEHERAR  For
the step of roly/ rprfd iz iz irge f eact or or a device which is arbltrarl |y

sel ected may be used. The oI nerization device dges not need.to_ be

particularly rest Fh& QPRRIRGT 2P eBCTr BH' I?OfP%nPﬁﬁBhﬁu%hﬁée whi ch
are in popul afedise; ot B"BEn{%@'H@QEXbbGeé%&rﬁ§@éﬁN—W&y%nr &sswﬁi@mthe
pol yneri zation is generally & polyner in the formof a hydro

subj ect ed furamergetrmr@léqyebnp@m aﬁyﬁ’Wm%ﬁlQm‘el%rlé%@@l@Pr@xgélfl f’h@Yl he

wat er co al & n. The for g this, yner . need
to be pa?tﬂ cu E%y res‘[rl ct ed%e po ylgr(r‘iés\]?1 rraghbe]pﬁil ed a&ggé%gg%)érl y
sel ect ed terrpb,r:la,t&,r@-t@rmmﬂty]y ipigdrel diarngeylaf Zepre2afd€ely bgi nghany of
such known d;‘yn Pn devi Cfs as, the hot air drier, fluidized-bed drier, - 34
drumdrier, i) ? Asthethermal mediumto be supplledto
the step for drying, the st eam 'g}f is discharged fromthe step for the
production of acrylic acid, parth rly the heat of reaction obtained from-
the device 5 for catal ytic gas,@Qase|oxdati on, ﬁ be utilized. The
hydrogel of polyacrylic acidg N ly the hy |)at ed polyner, is
thermally dried by using any o valg ous'3dryi ng devices in popul ar use. The
hydrogel nmay be dried by using suchsa heat conduction type drier as the
drumdrier

(wherein R' denotes CH,, CHOH, CHCH,0H, CHCH,CH,OH,

20 CHOCH,OH, CHOCH,CH,0H, CHCOOH, or C=0 and R?* denotes a hydrogen
atom or CH,0H) are favorably used. Though N-oxyl

compounds are usable without being particularly restricted,

it is proper to use one or more members selected from among

2,2,6,6-tetramethyl piperidinoxyl,

25 4-hydroxy-2,2,6,6-tetramethyl piperidinoxyl, and

4,4',4"-tris~-(2,2,6,6-tetramethyl piperidinoxyl)phosphite

which afford a proper effect of preventing polymerization.

Particularly when 2,26,6-tetramethyl piperidinoxyl or



‘10 or paddle drier and exposing this hydrogel to the heating surface of the
drier which has been dried with steam For the sake of decreasing the

‘resi dual nmononmer and ensuring the efficiency of drying, the hot air
conduction drying which is effected by direct exposure of the hydrogen to
the steam 15 proves favorable. Specifically, by drying the hydrogel with a
hot air, naneliyhydgakyconRaicnicrgestransthal pifdeni @dhokyl eipeisédires afn not

| ower than 50C, preferably not | ower than 60C and not higher than 90C,
preferably nof¥yHe COmMPEngo CSARGCat t aCPRADEFRESS €@ of T3 12/ rSYHeRM | 00C,
preferably not,;3Q Juawered ian dp0Gangs {0k Beghermdiian 200y Prafrsably not
hi gher than 180C, it is nade possible to decrease the residual nononmer and
i ncrease a watcompsiygortpt ibdisapases\ticf poheibbl yey ofl the acitd1lisgpards . The

duration of t dryLn pr.operly I d,general Ly _in.the ran of
one m nut egt OQ)%S %%?e%qhqlglyg)rm %?‘tprbeeg)%‘rqalbﬁlg|r§g%"§ebg’an‘gktl.*gofg)éLal ?’\%«%l %ﬁut%‘g?t o]
one hour. The fladdijddratdsCc tied digpsabl rfwhbsher sgliid asowelbe step for
drying still remains at an el evated tenperature_when it is discharged from
the drying col um. ¥ operly, *YRIG&L cool ed SH*BR1ePe step Pdr coolingd'®o a
correct tenpen@inysR dxy1Ne sargeceianeehy i enpe r84in20C, s in
the range of 40C"- 813% 'Ilhough t he net hgg for clbgtgﬁ ng-lt he pol yﬁ%ﬁ}?ﬁyaci d
- 35 ( sal tl A -dodwdrexynmdad (o SbEepapipehyar | y r @derdddde t he B4 ng

may be attagined |.Qwin ld ., w 0 | ucing Lk int n
arbitrar yi@ooﬁ’l A e\?&(,:mg ’%d?r)i 6a§%%gm%gﬁ&?g§%%¢ﬂ#ﬁ% %18 ya%%ylc‘f%@ea% d
(salt) which |Theskean-lgobtadyi2 5 €, lfe tetpactet yile mpigreativris emayoripmwrsdsl as

it is . It my further undergo granul atiaon pul verization to an_expected
Shape or furt Y PROBPBErSh eI Thar BIRY &F | BLEEabP TRl e aEer efdihg
agent, spice, oxnGhdd@RImMBEdsas to suit the purpose for which it is finally
used. 10 For this invention, the polyacrylic acid (salt) which has been

dried is preferred® KONCEETEd. CYABRLIERe RhdroRRl 1< (1§ Rrieitialeel size
in the appsoXigRfs- iy Sa?{)mg’&gnci,o_ §,eyle$ ab . por AR LG %&F@@id&ﬁ'{e le,

t he pol yacrylic acid ri'sing affer drying i's i he formof dry
particles 15 redydroxy-@p@réxitraesirpnehhyhe piprpeiainenaayo beveridiedan

Generally, th r i i ryi re. i. of an
2g0r cqat o, doninain g SoRofRR MEE it e s Eh b BeL < P G SPRE Hmen
the dry pol yaa yhixtanoiel (ofaltwg icrpuheesi zeenlosrd urt heIncidsast{ikd, as
occasi on demands, 20 to farm olyacrylic acid (.salt ) powder having a
wei ght aver agd'] 'Odiye"zdizarﬁe%e‘ etrapREy ngBlB‘ngglnel,c‘gmo?W an
preferabl yoi n 2,18 ¢ a9 tfank@y1 889pebinand t@&nlg&?\ﬁ’@é | $ré urgdied i pBgle,

when necessary, to incorporate“therein various nodifiers such as, for
exanpl e, the &pidAidieshblaf i MPWIL tH-esurifa OB ISidds AHAINHE Rferi-oxyl

granul ati on bicrbqg;omﬂgd. d8RUYA0e blich S, eggi%iﬁg,e?b%ﬁgsléwis i on

of a cooling step not only to I nprove efficiency”o veri zati and
shar pen t he pammpdundsi zergssiltebut iim butaddlid¢donali npruose t heofari cus

solid stage pr i &s of ater bing resin,such 30 for exanple,
t he wat er absgfﬁﬁ%ﬁ%ﬁeﬁf&dﬁ’;@& ttrﬁg‘%gé@aﬁﬁﬁl%l&% (3;% tunﬁindérrlgpréergsure
whi | e resebai 3,29 &, wlitseereshgl pipegitihiaei odingodual particles of the
powder because the - 36
As concrete examples of the phenol compound,
hydroquinone, methoquinone, and (p-methoxyphenol) may be
cited. Methogquinone proves advantageous because it excels
hydrogquinone in the effect of preventing polymerization
30 particularly when it is used in combination with an N-oxyyl
compound or a phenothiazine compound.

As concrete examples of the phenothiazine compound,



nodi fiers can be uniformy added to the powder. Experinments Now, this

i nvention will be described nore specifically belowwith reference to
'wor ki ng exanpl es thereof. 5 (Reference Exanple 1: Preparation of catalyst)
A ol ybdenum bi smut h type catal yst was prepared as the catal yst for use in
the first reaction zone by follow ng the procedure of Exanple 1 of the

of ficial gazehesothidRiAe7000-325795s- | d-méthy eeslesi pnstiebasiLated yst (1)
10 herein below. A nolybdenum vanadi umtype catal yst was prepared as_the
catal yst for SudediRCtid PASEORA1AEEE on zone by fol | owing the procdflire of

Exanpl e 1 of yihe (gcf-fdiﬁieﬁlnyq%%tz}zq)%gxeheth@%i%@ﬁﬁ%- pbt cWkkh , be designat ed
as Catalyst (Il) herein bélow 15 nversion rati o of propylene (%9 = 100 x
[ (Number of nol e§Fhefcorpex sdlpempauns)deennabareast towledmr i iewlp! ivd

propylene%] %% 1,914 2f L3¢ 96 B (%%1' 189 ¥,.b§ f.£§4 % med
acrol ein) (n% égfiﬁienDPes OF§SUSD |e8cprop§Fene gé%?dlo (§%?y i%ﬁécid
(o) 25 = l100oxrdanfichtoyyeer shlhel eAntohoratd exampllies attbe robpermaier of
nol es of supplied propyl ene g e A reactjon apparatus i ch was
formed of & G oTEREE T CoBPEEa gt RORTRAEELaEr FRETREER. [PRRRST BRATH Snd a
second react @bp%%ﬁhnéghﬂhéﬂéﬂey\ﬂdd’p d aekglater d‘d];%‘féﬂ guileatef dddml
medi um and nmeasuring 25 mmin I nside dianmeter and 3,500 mmin |ength, - 37
nitrate, and copper chloride may be cited. The copper salt
10 compounds of both univalent and divalent forms are usable.
Among other copper salt compounds mentioned above, copper
dialkyldithiocarbamates prove particularly favorable from
the viewpoint of effect, for example.
As concrete examples of the copper
15 dialkyldithiocarbamate, copper dimethyldithiocarbamate,
copper diethyldithiocarbamate, copper
dipropyldithiocarbamate, copper dibutyldithiocarbamate,
copper dipentyldithiocarbamate, copper

dihexyldithiocarbamate, copper diphenyldithiocarbamate,

20 copper methylethyldithiocarbamate, copper
methylpropyldithiocarbamate, copper
methylbutyydithiocarbamate, copper
methylpentyldithiocarbamate, copper
methylhexyldithiocarbamate, copper

25 methylphenyldithiocarbamate, copper
ethylpropyldithiocarbamate, copper
ethylbutyldithiocarbamate, copper
ethylpentyldithiocarbamate, copper
ethylhexyldithiocarbamate, copper

30 ethylphenyldithiocarbamate, copper
propylbutyldithiocarbamate, copper
propylpentyldithiocarbamate, copper



the gas outlet of the first reactor being connected with a pipe having a
nozzle to the gas inlet of the second reactor was used. The first reactor
was packed sequentially in the direction fromthe gas inlet side to the
outlet side thereof 5 with (1) ceramc balls only having an average
dianeter of 5 nm (2) a mxture fornmed by m xing the catalyst (I) and
ceramc balls L Tie 29 QVES BOS i amter of 5 nmat a volune ratpgeelk 7 0
30, and ( f@%e cg?a?yst (C"T") only in the order nentioned to8 orm

| ayer s neasurpngpBiphemyldDth egarhaiate, 300 10 nmin | ength respepbevel y.
The seconrd reactor wa cked sequentially in the direction fromthe_ gas
inlet side tgb‘f‘fpé{%%?f%f&s%]eocﬁfg?a%ﬁ‘t% th (1) ceranic balls onfFYPR&Vi ng an

average di amepgfyDhely it 2carpanduy,e formed by m xing the catabyst (11)
and 15 ceramic balls having an average dianmeter of 5 mmat a volune ratio

of 75 : 25, aRtYlBhe§nyh@lehief3hand@yq, ) only to form |l ayers nESBBEENg 300
mm 700 mm  apgh 2y R8Py T i dendndespectively. To the first pgapker. a
m xed gas conprising 9.0 vol. of propylene, 13.6 vol. %of 2, and 5.6 vol.
% of H20 (thepentpipheneldbmvierarbat@ter opane, et @nd) was suppFPepesat a
space vel oci t 1 =L (STR). I h I nst or. g nozzl e
di sposed in tlFY]% %%%%égg%%%%%‘%af aelﬁa[(;tu% I Ig?;ofb Se[ hégﬁlgér]ét r%g‘%:{%rgghggtr he
inlet of the dtsadkyldbakiotarbdatés nag] betleoth airai vtadrgrer atndr éiok120€ and a

relative humdity of 25 80 o was supplied at a.s e_velocity of 1. 625
hr-1 ( ST ) FOPBRE Salbhd PURICoPLOAT CAPESE ARo kRAdiERIPFBROARATES

continued whihentfEnt@MRBHALYr 88pRErt Bﬁméﬁﬁ%’m&itﬂ?gbéréﬁéméﬁé, f bbgge&eact or
and the second reactor were so adjusted that the conversion ratio 30 of
propyl ene fel #ighhyhdithhgreappamyte 0 aml goprraddbukyldishdoghrkaralei n in
t he range of 5 9 e h ng; el u 0.15
I e e e S R N G R
the start of partieatardy faviveaplel frafh ther viégpatntd ofasf8&ct ahdreh®e. The
acrylic 3& d-cgnt ai ni ng gaﬁ obtained at this point was introduced at a

t enper at ure of T 1RBeCHhEDTR “acrylic acid absorption colum 5 having 14

steps as theoreticat OoPestofeddmiied @ Ak hahkk@nagey kbt tacbiipbligagi n
wi th an absorbent water containing 1.8 w. %of acrylic_acid, 5.6 w. % of

acetic acid, BRBIIBERS R AHBUHILIGHIRATGRR RN HIE diidiledro88 WY Bfm
based on the apPWHMOEnREL] lé!th?l?%ir%ﬁynaﬁcﬁ‘ﬁuﬁgﬂ.)”érﬁi 8Rb oot 8y DigRgub8 gas

i ntroduced into the absorption colum. Wen the anobunt of the absorbent was
so adjusted a®ayo fikethe wdeatieahcent @uti onobherwdspott om Npggrdese t he
absorpti col;tL 3 9 th itions 9C | rature
of the tgzg) of !i'tﬂﬁfgeg%%éﬁfé‘ﬁ%%{%ﬁ’%g%?,pt ?Ké%?@%%% aﬁ§£’8§§?' NP}artlQT%ggggseol ute
pressure) in pcetsteg omangenesp ofodtmcadleym, mamgamwese i c napitienateai ni ng
sol uti on havi ngrBa target wat er cogcentr tion was obt ailq_'ed at_a n%ss f.l ow
ratio of the ZADBAPSHF PREMABYBPBER(/ PREpIIPETERESE St 1RARYFICET efRly of

absorption atethisehbdBamdfe 9&c3¥nadetihe absDr payorb&okurrednas epesat ed
for one week w thout inducing any rise in the pressure l.oss in the colum

and the nei ghB8PEBBESC et CRBPEBPEAMaRLS RERd Siaisr SABILHsPEREREt he

i nspecti ofy di dopgt o@eh et xfuPO! YA Ninh tdesMdpg), the top, and the

piping. 25 A sanple, 5 m in volume, of the acrylic acid containing

sol uti on consequenThisobrenteibmasefragcthe rbgordent bpeinThede @fe pibe was

i mrersed in i t ' i equi the vi ity of

t he sanpl e tgﬂ??ée(:%&?rgcgsg%e?tgcgggﬂg{%ﬁﬁbgg% 1(]_8]%1 %%Igp%rund}" }6&@%851
compounds, manganese salts, copper dialkyldithiocarbamates,

nitroso compounds, amine compounds, and phenothiazines. The
30 combined use of two or more of these seven kinds of compounds
brings about an equal or greater effect of preventing

polymerization.



30 This rise of the viscosity is so related with the length of the tine
that precedes the start of polynerization. The short tine indicates that
the solution polynerizes easily 3 9 . and the long tinme indicates that
the solution polynerizes only with difficulty. (Exanple 2) The sane
reaction apparatus as used in Exanple 1 was 5 adopted. The first reactor
was packed sequentrnéla/mmnthef dileepbilgmetriattiba gakibhter to dre e edhe
outl et side thereof with I'(' ceram ¢ balls only having an average di_aneter
of 5 Mmm (2) doRf RO LED ﬁ&f%@/r‘?&%‘ﬂw:’tﬁéeéé?é??%@bPF)maa}ﬁHeé’éPé%ﬁréLYbal S
having an avepagesdbamed eyl chdodkid i¥akuge 4k nAlR Al Bperation(s) 2
m xture formed by mxing the catalyst ( 1 ) and ceramc balls having an
aver age di amalt’erlaf, aomavar,a pasinare traatl onigf ﬂlme t@t)alaanJO(lnﬂ pft fde

catal yst ( or mJ nme in 0 00 and 2,
200 mmin 3 ené?ﬁ ]%51 e%gé:on% re%\%t gg%ngcfkgd' 3700
sequentially ppmt hleydnazes; |mséd am tihe gassi ntfethslmyl)ict rte:xwulrettkm' de
thereof with (1% ceramc bakj only havi ng an average di %meter of 5 (2)
a mixture forAEAChYCRIFENG bc*:&‘éi e IRTG St aRT 8T BaF £d aﬁ‘&\ﬂnﬁ& an

average di amegeryd 15165]915&1@1 ﬁ@hyﬁgrzgafﬁéh%rg{lgﬁor@@o Badided, knlhe
catalyst ( Il ) only to formlayers neasuring 300 nm 700 nmm and 2,200 mm

in length resp@@tlm?epﬁ N?GXYheC@mP@‘ﬁndeh%tm the manae §ds 1com5r0|03“9@gl:10 5

vol. o of ro Hle\(, 9% QHH I f t he
bal ance fodrarregxof ,%ng%%ﬁine?sc? %?i d|30eI<:JI c§> \b%rssaalc/%% glﬂ Qlln(()im ty
of 1,300 hr-1ligShPkhenrangefdf $t- Qeacppm, tﬁlermrgmt & mmiz:zd>sao d:o&mxanmdi | n

t he pipe connect react or nl et of

th tle fi t h
second react or® chrhng:hﬁ ?e:aggjeu%% &d t%&g I rs‘%}?%ta’d@énﬂ:f %‘ﬁcﬂi &8 élt“idve
humidity of 8@g WashsudHd&edrat - EPBER, \éﬁicp@héxan@funh &7 pridiothi8ERhe n 30

t he second reactor. At this tinme, the reaction was continued while the
compound is in the range of 1 - 500 ppm respectively based
15 on the mass of acrylic acid in the reaction gas.

Further, the site for the supply of the polymerization
inhibitor and the method for the incorporation thereof into
the system do not need to be particularly restricted. It is
nevertheless proper to supply the polymerization inhibitor

20 through the top of the acrylic acid absorption column. When
the polymerization inhibitor is mixed with the absorbent in
advance of the supply thereof to the system, it is utilized
effectively because it is enabled to be distributed uniformly
in the acrylic acid absorption column. It is economical to

25 reuse the absorbent which has been separated in the purifying
column.

This invention does not contemplate imposing any
restriction on the method for purification subsequent to the
step for the absorption of acrylic acid, because it directs

30 adjusting the water concentration of the bottom liquid of
the acrylic acid absorption column in a specific range thereby

improving the efficiency of absorption and stabilizing the



‘tenperatures of the thermal nedia for thefirst reactor and - 40 t he
second reactors were so adjusted that the conversion ratio of propyl ene
fell in the range of 97 0 . 5 nol o and the yield of acrolein in the range
of 1 0.5 nol % under the second reactor outlet pressure of 0.15 MPa
(absolute pressure). 5 After the el apse of 100 hours follow ng the start of

the reacti onyatrhieus &ubstiquaatylsitepds ahdantBiowaddedtrictnqctysdic
aci d-contai ni ng gas obtained at this point was introduced at a tenperature

of 168C i nt o paw¥ iddoptiionagid aalis 6PREL6ACCBRERAhaVi ng 14 steps as
theoretical ”“”berc;e‘?ﬁ‘ez%tﬁgs, tRe2PEOL B Lhe égﬁa(g%af%@%#r@ ié‘%fc?ii‘o‘%&h an

acrylic acid containing solution contalnin acrylic acrd, 6.0
w. % of acetbyctheiskemfdrssiepanat fmp ani owf by rog) siubeha nae eghal €200 w .

based h of acryli idin.th | i i d- cont aj ni
PPt oducen | e PRESABLARBEA BROBALIG SUPRERTE e SHOGNE BFDERE LHRb bont
was so adj ust@ geripitiXidhe WALG i ceaeeNdn dkkrAn t8fcdmel fot ool gy d of

the absorption colum at 21 wt . %under the conditions of 62 . 9C in
t enperat ure &f the nepheds fepasiyiretiend g roknesinufa Bhe axtl MPa

(absol ute pr %@Eg%ikﬂcg%ﬁéﬁ%ﬁ a?f?%?% L8RaGhad B %?E%B’Eedzﬂoé"}né’ﬁ%b I c

aci d containing ut1on havi ng et water” concentration was obtai ned
at a mass fl &y theimediod bé dnouiklafidmhbusbsbsbdyt ppoppy| @b ind; Bon The

RMERRS e EE B L o T
the col um apgiddieineicgidkesheadn.Wien the colum wa s then opened and
i nspected, the inspection did not detect a polynmer within the columm, the
top, and the piFﬂ,#ie second aspect of this invention is a method for the
production of acrylic acid comprising a step of introducing
a mixed gas containing propylene and molecular oxygen into
15 a first reaction zone packed with a complex oxide catalyst
having molybdenum and bismuth as essential components and
oxidizingpropyleneandobtaininganacrolein-containinggas,
a step of introducing said acrolein-containing gas into a
second reaction zone packed with a complex oxide catalyst
20 having molybdenum and vanadium as essential components and
obtaining an acrylic acid-containing gas, and a step of
introducing said acrylic acid-containing gas into an acrylic
acid absorption column and causing it to contact an absorbent
thereby obtaining an acrylic acid-containing solution which
25 comprises the steps of
(a) said first reaction zone and said second reaction
zone being formed of different reaction tubes,
(b) said propylene concentration of said mixed gas
introduced into said first reaction zone being in the range
30 of 7 - 15 vol. % and the water concentration in said mixed
gas being in the range of 0 - 10 vol. %, and

(c) said water concentration of said acrylic



A sanple, 5 mM in volune, of the acrylic acid containing 30 solution
consequently obtained was placed in a test tube. The test tube was inmersed
in an oil bath kept at 95C. The tinme required for the viscosity of the
sanple to rise was - 41 found to be 13.2 hrs. (Exanple 3) The sane
reaction apparatus as used in Exanple 1 was adopted. The first reactor was
packed sequenidialddpritaimiemd doletionn dutanmindie gas tld ehcgiydect cadhe

outl et side thereof with &1) ceramic balls only haV|Q€ an average di anet er

of 5 nm (2) 3PSABALR FOLNER BFLnT ahttRd &ot adetet iin &Re caRgRi®tbal Is
havi ng an aver agg sdiamegey, O&d?ué‘@iﬁ% ﬁxé/@xd&ﬁxtr alrl @n0Ep3BrbenP. tb Be) @

m xture formed by m xing t e catal and ceram c balls having an
aver age di angtndiragfucedym at a vol une ratlo of 70 . 30, and ( 4 ) the

cat al yst | ) only to formlayer measurl g 5 500 and 2,
200 mMm i ngl engt h f%?ﬁec??%%?% )ﬁ'?ﬁen &e8nd S e%JC)?ger t 858{9&}:}% Egnﬁal |y
in the 15 di rigsidmiidn am t8spgas dMittle sedessary hﬁ:r&lﬁtﬂ:ﬁin safdehéhfus@@f Wt h

(1) ceramc baI | s only having an average di anete m Xt ure
formed fly mib&ndarenahpave F‘f‘“‘&ﬂrg Egﬁaﬁf’&n’ﬁawgt hal? né;gi‘hs)%%?%ge

diameter of %M @ ted WRJtratabnb8r: tAB, aéByl dc A L&A OATRINGY
m xing the catalyst 20 (Il) and ceram c balls havi ng an average di aneter of

5 mm at a volSgltian &oof el Jg thgdrenge)ok Ae-chl altysts Gslﬁlﬂab@l‘?@' to

form | ay?ny_’E‘i@i&‘%gQFgr fno3¢ e 5&9190@‘8 §Pche %%%o%‘fé& 'tecf‘olgk_B@

respective reactor, a m xe as conpri sl 25 of
propyl ene, 1Arnoducdd.of T@é oahelrmébasﬁarf/oomindlﬂ'izz(io@shéoltratheceeé@mdred of

N2 BrOPENe, o it dor SR R e s 8RBT Al 8 et T
the outlet ofagdgefirst reactor and the inlet of the second reactor, the
ar The exhaust gas 36 discharged from the top of absorption

15 column 30 contains heat, steam, unreacted propylene, acrolein,
and inert gas which are generated by the reaction of catalytic
gas phase oxidation. It, therefore, can be recycled as
illustrated in Fig. 1 by being heated with the heat exchanger
71, then treated with the flow controller 72 to have the flow

20 rate thereof adjusted in the optimum range, and mixed with
the air 3 in advance of the supply thereof to the reactor
10. Thecompositionoftheexhaustgas, particularlythewater
content thereof, however, is readilyvaried by the temperature
of thetopoftheabsorptioncolumn. Thisinvention, therefore,

25 requires the amount of the steam contained in the mixed gas
tobe limited in the rangeof 0 - 10 vol. %. The act of changing
the amount of the water contained in the discharged gas from
the top of the column by varying the temperature of the top
of the column is not only unfavorable for the sake of 1limiting

30 the amount of the steam contained in the mixed gas but also
liable, when the temperature of the top of the column is

heightened, to give rise to an acrylic acid polymer within



30 adjusted to a tenperature of 20C and a relative humdity of 800 was
supplied at a space velocity of 1.536 hr-1 (STP) in the second reactor. -

42 At this tinme, the reaction was continued while the tenperatures of
the thermal nmedia for the first reactor and the second reactors were so
adjusted that the conversion ratio of propylene fell in the range of 97

0.5 nol % andthbeays&t sk bowfcaamel.ei tnidohteas@Nemed the Emébutitl §€ wrter the
second reactor outlet pressure of 0.15 MPa (absolute pressure%/. After the

el apse of 108PRBYPSEOH FATEI/hERSt BRanee Théhceyatrsncorhenyief dhe
g > g % T ' ned at
acryl1c acl a\e@§1§é a &ggal%tgmlﬂgesemélbﬁ @%%{g%ﬁ%bﬁ%ﬁg%}c ytnad ned a

this point was trntroduce at a tenperature o Into Ic acid
absor pti on cahemambant ngf Hhestadsorbentheodetheavanuabeon of £ sthepsvatembsor b

the acrylic acid therein with bsar bent ter caontaini 1. 8 wt. % of
heryii e ai acoptenfofothe dab. 2P SR AAT doc ek, 158 kAR ST R none
as equal ed 20@nWMbe PpshbaSEUe®N 1Spkhe ragaunt ofter ¥etonacithvehtiiith

acrylic acid-containing gas introduced into the absorption columm. Wen the
amount of th&1BBIBEBENEC 688 IRYRRL RN tiF Prefereerdateretitledt®t i on

of the bOttO%Eioggit;dL_oﬁfof hee BRI HEEQ”]%%%%Pisﬂj?n ouRtEW Iy e ¢
conditions of 62.9C in tenperature of the top of the acrylic acid

absor ption cebatacantedvesn\Pae (absyl ie e@prdsnadla)ding wass svterasfuasse t op

of the cplum, .an .acryli (o nt ai ni ol,ut i.qn in £ ter
concent 1201 o Boekrkiatiot SSIME HERrER i AR E B sk YiElers
absor bent/ prapykeness flow 2fellog ehki gabeoeyent pbspeply am athd hiandd ne was
98.6% The absorption colum was_ operated for ,one week w thout _induci ng any

rise in the Pre@stire -osE1RAES t REVEAFFNTI % A8 HRF JitEHQddY - trert the
col umn wast hen yeReNgda ansh-i NSPELE BA 2 dhe tadereelyoRndt He NPingetoe o &
polymer within the colum, 30 thetop, andthe piping.
- 1.1 times to the mass flow rate of the propylene introduced
15 into the first reaction zone.
Incidentally, the expression “by the amount of the
absorbent to be introduced” conveys a double meaning, i.e.
that the water concentration is controlled in the range of
1-45wt. % and that, even when the water concentration remains
20 in therangeof 1 - 45 wt. %, the variation thereof is further
restrained within a constant range. The significance of the
first meaning is as already explained in the first aspect
of the invention. Incontrast, thesignificanceof thesecond
meaning resides in the fact that the variation in the down
25 stream of the process of production can be efficiently
restrained because the variation of the composition of the
bottom 1liquid of the acrylic acid absorption column
constituting the upstream of the process is diminished. 1In
the productionof acrylic acid, since numerous steps including
30 a step for separation of a low boiling substance, a step for
separation of a high boiling substance, and other steps for

purification are continuously carried out in addition to the



A sample, 5 m in volune, of the acrylic acid containing solution

consequently obtained was placed in a test tube. - 43 The test tube was
"imrersed in an oil bath kept at 95C . The time required for the viscosity
of the sanple to rise was found to be 15.5 hrs. (Exanple 4) 5 The acrylic
aci d-containing gas obtained in Exanple 3 was introduced at a tenperature

of 167C i nt 0g88p &Gk WY oGl ibrabS 8¢ Y1 D6 ac ot i d18y/s tgp 4 rlepPirat ion
t heoretical nunmber of steps to absorb the acrylic acid therein with an

absorbent wal8RtEBREAIHNEE 12 cBange I8 shedkdifT Coatedt 91 Yhsubotdosy
acetic 10 acmﬁvﬁadoﬁtme MWk ek Qu%egcwﬂ%ﬁﬁn@q%xe%x% 14, ppm

based on the armount of acryli'c acid in the rylic aci d- cont ai ni g gas
i nt roduced i nesuiLhe iabserpiingrtloohnemnt Wiehhe ldehyimantingf soh*eerabsxsreuent was

o) adjust tof| t he t co f n.of t ot mI| f the
absorpti on Zé‘ orfe gteqélemvr\}t%. Séeanlﬂ" %Ieﬁ‘gdcr%r? 5 |o€§e& "iﬁe %

tenperature ehetpeesoprofin hheatnyéffoﬁmﬂitabs@emdmtmd;wﬁmﬁml @hkl MPa
(absolute pressure) in pressure of the top qf .the colum, an acngll ic acid

cont ai ni ng séF‘BPPBn°ﬁa??%@%lx%rd&a%neﬂn@&??&@ﬁ?rE?|]6% igedoind Fd€ at a

mass flow raghgupist Be apRUBL1GEnES phageabé%laan%aégpghga@ 4303 pbhe
efficiency of absorption at this tine was 5a. The absorption col um was

oper at ed for reaevesefl and neaycieddgiongt ang toi e n he phesgafantdss in the

col um t e ect ed,
50! e LB SR RERC DR LB ML SRR ChREn 2R BsPEr L
top, and thelpgpidgofA tsmrpﬁehy&rantlmc_m uolLuma anfl the aamghntc ac€i dhe

cont ai ni ng sol ution conse uent |y obtained was ced | a_ test tuhbe. The
test tube vanOEWEF%EGtF'H illbf:ﬁ% k8ptP&t aéilg%d Tﬂ8 30" TN Y eqdiS ed for

the viscosi t&oﬁaltm@néa@pltﬁlé gubksguunt dapH¥htivberl8nd Kigh poixame e 5) -
4 substance. The variations in these conditions entail the
15 occurrenceof acrylic acid polymer at thestepof purification
and form a cause for degrading the quality of the product.
This invention, therefore, has beendirected toward producing
acrylic acid with high degree of purification by adjusting
the water concentration of the acrylic acid-containing
20 solution in a prescribed range in the upstream of the series
of steps mentioned above thereby simplifying and
conveniencing the treatments at the subsequent downstream
series of steps and restraining the variations as well.
The purpose of enabling the water concentration of the
25 acrylic acid-containingsolutionalready falling inthe range
of 1 - 45 wt. % to be further controlled in a constant range
suchas, forexample, therangeof20*1wt. $maybeaccomplished
by measuring the water concentration of the bottom liquid
of theabsorptioncolumnandvarying theamountof theabsorbent
30 to be incorporated based on the result of the measurement.
As the method for measuring the water concentration of the

bottom liquid of the absorption column, a method which finds



The sane first reactor and second reactor as used in Exanple 1 were

adopt ed. They were packed with the sane catal ysts to formlayers neasuring
'200 mMm 800 mm and 2,200 mmin length respectively in the first reactor
and layers 5 neasuring 300 nm 700 mm and 1, 800 mmin | ength respectively
in the second reactor. To the first reactor, a m xed gas conprising 8.0

vol . % of promHeneatdd. doneéntLaofofRframdtieb change¥oiof tHrd éibetbatance
formed of Nz, propane, etc. was supplied at a sBace 10 veloc ity of 1, 5

00 hr-1 ( STEINGuEkive:ty bELERS Detiom LIgRidRfh thReCAbIBN ANfl §pBREROdN t he

pi pe connecti ngnidie Quhhet e 1HELEEr HodRARhA idRd e aéd“ﬂd%e%frgt hgegecond
reactor, nothing was introduced. At this tinme, the reaction was conti nued
whil e the 15 tavrpicradtie ép additieon hergas chedina tbgraphy dnd StanleBtsoheand

t he second.re SIS were so adjusted that the conversion ratio of propyl ene

ac
fell in th«g ra%goeeos'97 0. 5ml %and the yield of acrolein in the range

of 1 0.5 nol % underhd hersedendcigaghehohdd Hedtt @3iaitied by theMParst
(absol ute pressurei%?.e 20 After the el apse of 100 hours follow ng the start
of the reacti ot tife SRSANG VARSI PRCMAYi dec§4BP46Sd §OnBI SEEP §RE BReylic

aci d- cont ai ni ngrgactoRAi Bed gb1iAbsSyPokntadas i(Rneduced ahafuiglpErature
of 172C into an acrylic acid absorption colum having 14 steps as
t heoretical nuPEeraqrysiepeid 6sabsormdihe pgluaeyyléc aciid thity ebhaimed an

absor bent t i % of Lyl i ) o O etic
acid, and l\gﬁcﬁﬁ%ﬁggt‘ﬁ%&%% %Hg‘é}r@%’a&‘. rrllglﬁg%%suwegﬁaﬁ?ggg%%’b\%o\,gbﬁﬁlrﬁ ]géasse “on

t he anmount of for gkempael.d The thérdcaspect adi dh corinmentigngashentfodaced
into the absorption 'fﬁ%l’ﬂ%gn \{yge(e)n tae gm)unt 30, of thf.absor ent was, so

adj usted as to-¥ A% PEREORERARFHEPBIP PO LKRHHH L0 R GEPEPEES tha
absor ption col ygin@thdQoyl i%Abdesbt AEnEQDT thONStAbAGRRG dibd gpPeeat ure
of - 45 the top of the acrylic acid absorption colum and 0.11 MPa

(absol ute pressur e)The gHasess £0gf PrREucdpJoPolHacesl ifmacad &8y ciscid
cont ai ni ng ssol 4t 1o Hay I get {60 t i S4 j t a
mass fl owqr at iéojﬁéok?‘)l thhe\Ga tﬁutc% g>]‘§> lty\ré\%trggégr %%?%? / %?é%gpeiﬁg éﬂ???ﬁ@&}ﬂg&

efficiency of BbsaEgptylor acithite theeshep §6roeuThalabsbiphi ohheostieap was

ope o B S S NS B Bl Bk BACEA Sebsgokr
10 the inspectéanl g srotuetetiedlyainotlyseirdért hienttilb@ecobninsubhect bpg and

the piping. the acid to the relevant treatments. This process affoxrds
20 polyacrylic acid when it elects to omit the neutralization
of acrylic acid. For this process, therefore, the step for
neutralizationmentioned abcveconstitutesanarbitraryitem.
The process is allowed to perform a necessary treatment on
the flow of the acrylic acid with a view to improving varying
25 solid state properties. It may include a cross-linking step
during or after the step for polymerization, for example.
The step for neutralization is an arbitrary additional
item for this process. As a concrete example of this step,
a method which consists in mixing acrylic acid or a resultant
30 polyacrylic acid (salt) with a prescribed amount of a basic
substance in the form of powder or aqueous solution may be

cited. The method for this mixture does not need to be



A sample, 5 m in volune, of the acrylic acid containing solution
consequently obtained was placed in a test tube. The test tube was inmersed
in an oil bath kept at 95C. The 15 tinme required for the viscosity of the
sanple to rise was found to be 8.2 hrs. (Exanple 6) The sane first reactor
and second reactor as used in Exanple 1 were adopted. They were packed
sequential | y ity 200 4,08, SRR GRkalyBhS ﬁ%f&r B 13led FRBRUERDHG 2R M
800 mm and Z,200 mmin -l ength respectively in the first reactor “and | ayers
measur i ng 300knmWn meOhews . ankhc2, =00 adyi it heageh foggpatitalsl aatiiorthay second

reactor. To the first t ] Xe . risi 9 v . 25, of

pr opyl ene, 1?66 cl(/aoIJI’I.SfL o§§%C§,£i%%d{%§§q\y%\%§:l%ogg?mﬂzéggiehfé %gfga%%%a?lo??red of
N2, propane, witth 3 Mmesomepp) | @ar g atispaceuyed osf t pobfmdr 20Ot bon 1 ¢HTP) in
the first reactor. Through the nozzle di sgosed in the glige connecting the

outl et of 3t heSHHFRAUGHaY dr° ARt YIRE 12RO Pof thReNSBEBAL L FRELPBr YV ithedai r 30

adj usted to %éﬁ‘peb%tt‘i'b%_a(lﬁyz,oﬁ ﬁﬁgb% cobpidy Bub Wi b¥r8te 3 ¥Bser

supplied at a space velocity of 1.746 hr-1 (STP) in the second reactor. -

46 At thisthe pelymegizeddrnen Imshechiliuifadtgd xampéet dipscprecess of

2 usted t hat Tt HAZREREEToPonCRaFY 81gr ChFomient S to) bt REnPEER2ELfn ST o
5 nmol % andsubdesequaltdlp tof thersotep fornnétierahhzet bdnl wWhen thked%teager t he

second reactor outlet pressure of 0.15,blPa (absolute pressure). After the
ol apse of D100 HoMS A HATHS T RE SHEFLOBIOHhE PERASIELY £ She 868

acrylic acid f@s folymerimit¥%n, B 2onskiracagbd- 68NtAkNhpPagasudbhayned at
-this point was introduced 10 at a tenperature of 171Cinto an acrylic acid

absor ption coPRIBFIREH Y Mod ifiiegs tassuhboklei Bav Minttde prosesss tBhabsorb
the acrylic 1.0 i ] r : i pj . % of
acrylic aci d?&%%é%]vt%.ro‘%g 8&%%5??%@"2%1?5?‘ %;%H%c lé;érz&tg?oﬁ%]?g(r)%l%/#%%ﬁ none
as equal ed 20fawthe pidemas=d. or ot heleariowatl .of acrylic acid in the
acrylic i d-cont aj,nin as introduced into the absorptiaon colum, with the
mmse {1 omerat o of ARG RLDSFIENE b Ll DAY STOpH A iy Tov P, o
this tinme, therdpepef ddiletRfd thent SRchfkiden asild eudsitdnalksokpt i 6 col uMm

was 73.7C, the pressure of the top of ,the 20 colum was 0.11 MPa_ (absolute
pressure), tHFIPREF’ cORERARRBET oﬁroiblFﬁébBBPFSﬁvl Y965 (He bX¥HR was

25 wt. % andndder &f fiGlnRiies Of aalSopphhRIcWasn Ifed %0 Theecabsatpbi 0ff col umm

was operated for one week w thout induCing any rise in the pressure loss in -

t he col um ameeuteahisafhibor abegrylheacis dars =ot naRdWEsPE hart bpehardland
i t t he i t . ' ithip th
oo, 28 TERTEREEIGD" afE RELEfa e 0 B o ROLA (i Bhg, 1

colum, the top, and e acrylic
aci d cont ai ni rat sol titewep £ aniddquerstdhy aoReaedednwabepkrangd ofi a0tesi0@ube.

For the viscdbTiy SEATELIiple HE FRUEe s Poutd Folhe TG g heatl! "o

of the reaction of neutralization is required to be removed,
this removal may be attained by using an arbitrary cooling

25 means, namely by introducing the product of neutralization
into such a cooling device as a cooling column, for example.
When the liquid thermal medium supplied via the line 4a is
adopted as a refrigerant, it has the advantage of lowering
the cost of cooling.

30 The acrylic acid (salt) solution resulting from the
neutralization, when necessary, is introduced into the step

for polymerization. The method for effecting the



- 47 (Conmparative Exanple 1) The sane first reactor and second reactor
as used in Exanple 1 were adopted. They were packed with the sanme catal yst
to formlayers neasuring 200 mm 700 nm and 2,300 5 mmin |ength
respectively in the first reactor and | ayers neasuring 300 mm 600 mm and
1, 900 mmin length respectively in the second reactor. To the first

reactor, a m%s@p;f:g@lsw@@mﬂ Sithgh6s G e doek REOMERNEo O pirealeu1¥raly 42,
and 9.9 vol. %o Hzg%éthe 10 bal ance formed of N2, propane, etc . ) “was

suppl i ed at areépheEcted oci ¥henf theopolymer izgtRpn nig hetfeesedr washor.
Through the n [ %?rfr‘ ' d connecti et of first
reactgr and t %&Jf(g?gtﬁo t%%ié%%i(}%aplrrggtc]f or, ’noltjﬂ?n#%%%lgrﬁ 'thdl‘jlgl d%f15 At
this tinme, thehe&acwnorebiaslcofpolyeenikzialtdontmdheaperatiatdonefinidueddher nal
medi a forlsthe first reactor a tthe seDcond jtr{ggcto S \C/jfre so adj usted t hat
the conversi oRCTHIFOI 5 = T opyTee 58 1Pt CHTy € 0 EF 123 L 108 idndy and
the yield . ofileesel@idrin lb%htaﬂﬁl@u@édl BobymetYednden thassgagond 20
reactor outlet pressure of 0.15 MPa (absolute pressure). After the el apse

of 100 hours PRPTRSEMY-EESt afit Hie bheP Loz bmetiratian dthbe agevjice acid
was 87 . 8 m%e%,- ¥ %%E)égts%r%'ﬂig% ?Jr?trigﬁ.%r%%do%aﬂﬁﬁ ﬁzgﬁgg'e%ueo' nt

was i ntroduced at a tenperature-of an acrylic aci bsorption
col uim havi ngadaysiepscisl t Heeddt)i cablntaber dvingpsan o aahydrle t heidcrylic

200, PO U0 RO RSK DL ST Gy 0T A ETE 0

W . ppm basedppaféhsbByonst Ddsacthdn @ acitd i ande paerfria®bly not more
than 80 wt. % and more preferably not more than 70 wt. %,

prior to the polymerization.
In this invention, various conditions such as the kind
15 of polymerization initiator and the conditions of
polymerization may be arbitrarily selected. Such known
additives as, for example, the cross-linking agent and other
monomers and even the water-soluble chain transfer agent and
hydrophilic macromolecular compound may be incorporated, as
20 occasion demands. For the step of polymerization, a reactor
or a device which is arbitrarily selected may be used. The
polymerization device does not need to be particularly
restricted but may be selected properly from among those which

are in popular use.

25 The polyacrylic acid (salt) which results from the
polymerizationis generallyapolymer inthe formof a hydrogel.
It is subjected further to a step for drying for the purpose
of expelling the water contained therein. The method for
dryingthis polymer does not need tobeparticularlyrestricted.
30 The polymer may be dried at a properly selected temperature,
preferably in the range of 70 - 230°C by using any of such

knowndryingdevices asthehotairdrier, fluidized-beddrier,



30 acid-containing gas introduced into the.absorption colum. Wen the
anount of the absorbent was so adjusted as to fix the water concentration
of the bottomliquid of the absorption _ ,~ 8 _  colum at 25 wt. % under
the conditions of 62 . 9Cin tenperature of the top of the acrylic acid
absorption colum and 0.11 MPa (absolute pressure) in pressure of the top

of the colu an.acrylic i_d, cont.aini sol utio in target water 5
concentratio ’r\ﬁé{%dﬁb?gf naéafig{:\uge E%p$ld§%efdt i %501?%%1%!165%33&88 uxphteo
absor bent/ pr gRylaipF &Y 8o Tbneefsfcbgi ey Ofyahsorpheostabmt Rihs.chi s was

95.2% After the operation of the absorption colum had been_continued for
five days, i|CiREHaFISCORFPRIE 8ECRCEVUMICOPT AR hEPR ALY SLCtIRIDr essur e

s in the coluiu.andiihenachgbashaaccianoths inabugtonas hesy, arened

and i nspecte the 1 nspéection detect a consi derabl e anount of polyner
wit hin th2 cdloomeatilettiop gasnghtlhe pikpidagion,saapl be Btidlizaedvol une, of

the acrylic acid nt ai. nJ 5 | ut.i.on._cqnseaquent | y t.ai ned s placed in
a test tube. The S ?}yl%%%ﬁésq nt%érlgégﬁyﬁlacn%(ﬁ i b(ast"‘lcﬂ3L e’ptnaﬂéﬁg‘scﬁ]erhe
time requiredyidoatiddepylpres) tis ehekinelsargtieed dbyrusengamnyf odnghtioode 11.8
hrs. (Comparative Exanple 2) 20 A_reaction was carried out by follow ng the
procedure of EIHRS gg%ge B YRE LS cﬁé’ﬁgpﬁar?ﬁ‘é‘gd’i‘%ﬁeeﬂéled by

concentrat i onghi B such ¥OheatYeohB8cB2oROPGEBL ARLELNaS Ot HE drdhn \Wier %0,
and the H20 concéntration to 11.6 vol. %resSpectively in the m xed gas

suppl i edl@o tohve PRidddte dederorndApkRPsing Bhipseydsoeel 100 Huurkedoindw ng
the start of fhe Jeagk ‘Bge &Pg?i‘!xﬁllgclgzhﬁ{b\séénc.d%&'e(& %ihSZtgémfmlF . The

acrylic acid-containing gas obfaine poi nf was 1 ntroduced at” a
t enper at ure dahelddkeiof deameasinhi thacied idnsadrpénaner cndhanbaving tlke st eps

as theoretical_nunber of steps to apsorb the acrylic acid, 30 therein with
2n absor bent e R, fin Ry 1157 sCHE POk, BT it Hoh g GITLER o
acetic acid, jagndrgdeheanniiictobxPydueaus Nane: a5 RYLRINEHo200e WMredPM
based on_ the anount of - 49 acrylic acid in thé acrylic acid-containing

gas i nt r bduc@Faviesof 2verapker ptSres iddrcaddy - PY-REN ingetkerbydrogelivheh
bsor bent - i1y X ' th
apsorbent wa err#o“t{asaﬂo aimsked %s}u %Jdﬁém%@%\&'@t%anﬁo%@g [féew-%bnﬁit €

bottom | i quid of theé absorpti‘on . % under Itions
of 62 . 9C i rrempeyertamer ef giott hewepham 50 aprefecahty hatbdowpritdmmrol um

AT TS SNl gL S L R o R
obtai ned at andhas 4 ltwamMpeatdtaref of heotamowel ©hahheo GlosopbepetabDpyiene
20 lower than 150°C and not higher than 200°C, preferably not
higher than 180°C, it is made possible to decrease the residual
monomer and increase a water absorption capacity of the
polyacrylic acid (salt). The duration of the drying may be
properly selected generally in the range of one minute to
25 three hours, preferably in the range of five minutes to one
hour.

The polyacrylic acid (salt) which results from the step
for drying still remains at an elevated temperature when it
is discharged from the drying column. Properly, it is cooled

30 at the step for cooling to a correct temperature in the range
of room temperature - 90°C, preferably in the range of 40°C

- 80°C. Though the method for cooling the polyacrylic acid



10 - 0.8. The efficiency of absorption at this tine was 94. 9% Wen the
absorption colum was operated for four days, the operation thereof was

di sconti nued because of the detection of a pressure loss in the colum and
t he nei ghborhood. When 15 the columm was opened and i nspected, the

i nspection detected a consi derable ambunt of polyner within the colum, the

top, and the (rg'ariie(}gdoés %méc} BoHe ﬂ)&‘rt‘_’fé&‘i@rlffxre"sg%i@%%ﬁ',iﬂléﬁk

cont ai ni ng sol ution consequently obtained was placed I1n a test tugJéI.ngO The
test tube wasnayrirersttainedrbiblovdnly kepd windsderkon virnéntegdiieddgf or
the viscosity. .of fthe sanple to ri wa und .8 hrs. (Copparative
Exanpl e 3) A reret? 8R avégs)ltcraarrr}f e&ggﬁtm%f{ 93761 eo%mg%ggf h]ttjah epF%%léa%%]éa of
Conpar ati ve Exanplme? pdlylaerghdnrgiard d heali2) enhdetanhast beeni bobhedntsed gas
supplied to the first reactor tog 9 . 6 vol . . After the el apse of 100
hour s fol Powitl EKBSSEER AP TRt yremey He ui s 2 bhdSor AEMAY EURERSTwas 57

1 ol % . The,aeidd eathefORRIoY BA1025 10kkabRedoahnt BkpeBRLA! sHABe

i ntroduced 30 at & tenperature of into an acrylic acid absorption

col umm havi nprAstEmwr aknedrprrate dihensdervar ietepadd bt apsor sucheadcrylic
acid therein rvgc{u%ﬁlg; %%%g'i:beghlc\é\@t, ea(nc;"b%.nvc\#e'r ggogs'té%uit Y h?gggéd 3.5
, an hy a

wt. % of aceti T aci duch~an’ anount o roqui none as ‘eq 00 wt.
ppm based on fdre winmmtitofisadditdldvaased.n the acrylic acid-containing gas

i ntroduced into the absarption colum, Wen the anpunt .of th bsorbent 5
was so adPusted as Yo e Pﬂ@eﬁﬁP@P'c%%é?ﬂr}ryﬁq%’ It A lSSFteLG Viryeld of

the absorpti ahsplediNgAied hsbrefervbdeto theceandil i ofsefite2nPErbhel
tenperature of the top of the acrylic acid absorption colum and 0 .11 MPa

( absol ute priss Fgamented sred siEe B &R aRFBHinale congdh ofapngckylic
acid contai ni ut.1o V] t r i ;

obt ai ned at aél%a%g]f owgrrl%%h%‘%o?g'? ﬁg’ a%olgﬁ%{a}g?&t% He&g%?%a%f/@'p'g\gg?éﬁe =
1.5. The effi@anty agfisdlmgorpfteondayindiis tinneheatod®. ddrvhpaabiolpsi on

colunm V33 OBEL A e L0 R0 el UL IOUEL 00 B30 S ghesure
openedand i nspagded. 1y Ne i 8pQChhenidl és netcwlet Bed FER VITSTing bienihhe
colum, the tt?l‘?e’ f%nr% tohfe a%i Fgaigrclggc'egate, depending on the kind of method.
employed for thedrying. Whenthedrypolyacrylicacid (salt)
is pulverized or further classified, as occasion demands,
20 toformapolyacrylicacid (salt) powder havingaweightaverage
particle diameter in the range of 10 - 1,000 um, preferably
in the range of 100 - 800 um and the powder is further made,
when necessary, to incorporate therein various modifiers such
as, for example, the aqueous solution of a surface
25 cross-linking agent, granulation binder, and deodorant, it
is made possible by the application of a cooling step not
only to improve the efficiency of pulverization and sharpen
the particle size distributionbut also to improve the various
solid stage properties of a water absorbing resin such as,
30 for example, the water absorption capacity of the polyacrylic

acid (salt) under pressure while restraining the dispersion

among the individual particles of the powder because the



A sanple, 5 mM in volune, of the acrylic acid containing solution
consequently obtained was placed in a test tube. 20 The test tube was
imrersed in an oil bath kept at 95C. The tinme required for the viscosity of

the sanple to rise was found to be 6.5 hrs. - 51 Clainms: 1. A method for
the production of acrylic acid conprising a step of introducing a m xed gas
cont ai ning prgp g and éﬁ tion zone 5
packed with aﬂc%%% e§ ox?gnﬁcata yst 3%#% 3%? bi smuth as

essenti al conponenExpandmeutdrzrng propylene and obtarnrng an
acroleinJcontaining %a a ste L nL.r sai.d acrolein-c g@:ng gas
P

duc
into a second reac et ggﬁﬁﬁoﬂﬂFﬂﬂ'g Q5%b BRr & aP4

nol ybdenum angeifwVaneli HE¥ 8666 €hd | wdr DR 0Lt S] e delodt&bni ng an acryl ic
aci d-contai ning gas, and a step of_introducing said acrylic_ acid-containing

gas into ah acryl|&k§§PHe§%§o$b%mB%ec%?u%ﬁe%%ﬁa%%ﬁﬁr%ﬁ t3taygoht act an
absorbent thereby R%@iﬁd&tm@ﬁ@dﬂg @gledc&@i'i OhRG gggggk§§|%§”t%%

conprises the steps 157of ( a ) said react on zon second
reaction zoneCBEathtofcnedtsef lmrﬁtfeerfemtstrzeemtmm tasr:m@sby(mlbwmgnthed gas

f [ d ' ' h
concent rati onPPRCERECPange 2barebE ™ s Yo U ARP OB, BEEIR 4 on i1

the range of 0Op-al@ovol328y98nd {€)wsnl dhacagkiignaced- asnicaitailygtsqlyt i on
absorbed in said acrylic acid absorption colum having a water
concent r at4 onP ?ﬁeﬁﬁe%ﬁ§ﬁ@e of A 1Mo lyhdgnumgwangdium Aﬁ&ﬁhoaa5653?ﬂlﬁﬁsto

claiml, Wner?kepgi?‘bg a”@%@lﬂebéé‘ﬁalfst rﬁdxodbl%eijn 'ﬂH@séébHdaﬁéé/éﬁfor@Q'o%e
absorption cofum at a nass flowtate in the range of O. .5 tinmes the

mass fl ow r at BYdfolgraspyideiee pnece@uee@fuﬁﬁ@n@eﬁ d offi ke Oiféa@taéeazeﬁee 30 3.
A met hod aCCOEQ'HE-AQO§L§b€%34.“ﬁ%r%Eﬂlabga&QSLgnated as Catalyst (II)

herein below.
15
Conversion ratio of propylene (%)
=100 x [ (Number of moles of reacted propylene)/(number

of moles of supplied propylene)]

20 Yield of acrolein (%)
= 100 x [ (Number of moles of formed acrolein)/(number

of moles of supplied propylene)]

Yield of acrylic acid (%)
25 =100 x [ (Number of moles of formed acrylic acid)/(number

of moles of supplied propylene)]

(Example 1)
A reaction apparatus which was formed of two lines of
30 reaction tubes acting as a first reactor and a second reactor
each furnished with a jacket for circulation of thermal medium

and measuring 25 mm in inside diameter and 3,500 mm in length,



conmponent of said absorbent is water. 4 . Anethod for the production of
acrylic acid conprising - 52 a step of introducing a m xed gas
cont ai ni ng propyl ene and nol ecul ar oxygen into a first reaction zone packed
with a conpl ex oxide catal yst having nol ybdenum and bi snuth as essenti al
conmponents and oxi di zi ng propyl ene and obtaining 5 an acrol ei n-containing

gas, a step ofnhbnydHBIH I 93 EhaCEeketNreastar b&UngaSondd: &l IS @
reaction zone packed with a conpl ex oxi de catal yst having noh§bdenun1and

vanadi um as eBiRAthayindfponcals BAdtEDIE SilRdSanCact) i T Y-LEFHEOI ng
gas, and a stghsQlsed!l I GHLCENDs B a ALY s LAcRENTsEOREALNA DGy 0P ol © an

acrylic acid absorption colum and causing It to cont ct an a
t her eby obt ai dingcahonchndm d:hacgals cioritedti Biidg solthtd ont\hbtcﬁiat@mm@s? t he

steps of (_a irst _rea nd_sai d second rea ti o

bei ng f or med %ﬁ'gg ?}Lr‘éﬁ?alpk%\ ]8#’ Cﬁfgf%%a(‘ﬁﬁ L Hrop%en r{ §ntO at| on
of said nixedsgasg, i nzyoﬂuﬁﬁﬂtmfétfdﬁnéﬁfny5ﬂ1xiﬁ§ﬂﬁhﬁ1dﬂﬁﬁiﬁyﬁ ﬂg)'@nﬁhe
range of 7 - 15 vol. %and the water concentration in_said nxed gas being

in the range geramic plld hagringn@n AV ]39S AHEMFAEEr OE ohEBhEFaR iH B sai d
acrylic acid- gge&a'&f £ Sowt 'é}(a QR atﬂsdca@aiy@t QCbethaEhGE}?é)Qﬁfd@ﬁ on

col um bei ng justed to a [evel in the range ‘of Yo by adj usti ng
t he anount of mgntapsedenifors bavens rfftﬁiiﬁcle‘ﬁ-nsﬂéog mip, r?é)ton@@:a%: r2d|3rQ(9 to

claim4, M@ergmfﬁé Sﬁgan eé@ig gﬁsorbent to be_introdyced_ls 0.1 - 1.5

times the mas ant— o propy e introduced into said first
The second reactor was packed sequentially in the

direction from the gas inlet side to the outlet side thereof
with (1) ceramic balls only having an average diameter of
5 mm, (2) a mixture formed by mixing the catalyst (II) and
15 ceramic balls having an average diameter of 5 mm at a volume
ratioof 75 : 25, and (3) thecatalyst (II) only to formlayers
measuring 300 mm, 700 mm, and 2,000 mm in length respectively.

To the first reactor, a mixed gas comprising 9.0 vol. %
of propylene, 13.6 vol. % of O;, and 5.6 vol. % of H,O (the

20 balance formed of N;, propane, etc.) was supplied at a space
velocity of 1,300 hr™' (STP) in the first reactor. Through
the nozzle disposed in the pipe connecting the outlet of the
first reactor and the inlet of the second reactor, the air
adjusted to a temperature of 20°C and a relative humidity of

25 80% was supplied at a space velocity of 1.625 hr™* (STP) in
the second reactor.

At this time, the reaction was continued while the
temperatures of the thermal media for the first reactor and
the second reactor were so adjusted that the conversion ratio

30 of propylene fell in the range of 97 * 0.5 mol% and the yield
of acrolein in the range of 1 * 0.5 mol% under the second

reactor outlet pressure of 0.15 MPa (absolute pressure).



reaction zone. 6. A nethod for the production of polyacrylic acid 30
conprising using the acrylic acid obtained by the nethod set forth in any
of claims 1 - 5. - 53 . A
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found to be 11.5 hrs.
30 This rise of the viscosity is so related with the length
of the time that precedes the start of polymerization. The

short time indicates that the solution polymerizes easily
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(Example 2)
The same reaction apparatus as used in Example 1 was
5 adopted. The first reactor was packed sequentially in the
direction from the gés inlet side to the outlet side thereof
with (1) ceramic balls only having an average diameter of
5 mm, (2) a mixture formed by mixing the catalyst (I) and
ceramic balls having an average diameter of 5 mm at a volume

10 ratio of 55 : 45, (3) a mixture formed by mixing the catalyst
(1) and ceramic balls having an average diameter of 5 mm at
a volume ratio of 70 : 30, and (4) the catalyst (I) only to
form layers measuring 200 mm, 500 mm, 500 mm, and 2,200 mm
in length respectively.

15 The second reactor was packed sequentially in the
direction from the gas inlet side to the outlet side thereof
with (1) ceramic balls only having an average diameter of
5 mm, (2) a mixture formed by mixing the catalyst (II) and
ceramic balls having an average diameter of 5 mm at a volume

20 ratioof 75 : 25, and (3) the catalyst (II) only to form layers
measuring 300 mm, 700 mm, and 2,200 mm in length respectively.

To the first reactor, a mixed gas comprising 10.5 vol. %
of propylene, 15.4 vol. % of O, and 3.4 vol. % of H,0 (the
balance formed of N;, propane, etc.) was supplied at a space

25 velocity of 1,300 hr™* (STP) in the first reactor. Through
the nozzle disposed in the pipe connecting the outlet of the
first reactor and the inlet of the second reactor, the air
adjusted to a temperature of 20°C and a relative humidity of
80% was supplied at a space velocity of 1,674 hr™ (STP) in

30 the second reactor.

At this time, the reaction was continued while the

temperatures of the thermal media for the first reactor and
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of propylene fell in the range of 97 £ 0.5 mol% and the yield
of acrolein in the range of 1 * 0.5 mol% under the second
reactor outlet pressure of 0.15 MPa (absolute pressure).
5 After the elapse of 100 hours following the start of the
reaction, theyieldof acrylicacidwas 86.9mol%. Theacrylic
acid-containing gas obtained at this point was introduced
at atemperatureof 168°C intoanacrylicacidabsorptioncolumn
having 14 steps as theoretical number of steps to absorb the
10 acrylic acid therein with an acrylic acid containing solution
containing 1.8 wt. % of acrylic acid, 6.0 wt. % of acetic
acid, and such an amount of hydroquinone as equaled 200 wt.
ppm based on the amount of acrylic acid in the acrylic
acid-containing gas introduced into the absorption column.
15 When the amount of the absorbent was so adjusted as to fix
the water concentration of thebottom liquid of the absorption
column at 21 wt. $ under theconditions of 62.9°C in temperature
of the top of the acrylic acid absorption column and 0.11
MPa (absolute pressure) in pressure of the top of the column,
20 an acrylic acid containing solution having a target water
concentration was obtained at a mass flow ratio of the amount
of the absorbent/propylene = 0.8.
The efficiency of absorption at this time was 98.5%.
The absorption column was operated for one week without
25 inducing any rise in the pressure loss in the column and the
neighborhood. When the column was then opened and inspected,
the inspection did not detect a polymer within the column,
the top, and the piping.
A sample, 5 ml in volume, of the acrylic acid containing
30 solution consequently obtained was placed in a test tube.
The test tube was immersed in an oil bath kept at 95°C. The

time required for the viscosity of the sample to rise was
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(Example 3)
The same reaction apparatus as used in Example 1 was
adopted. The first reactor was packed sequentially in the
5 direction from the gas inlet side to the outlet side thereof
with (1) ceramic balls only having an average diameter of
5 mm, (2) a mixture formed by mixing the catalyst (I) and
ceramic balls having an average diameter of 5 mm at a volume
ratio of 50 : 50, (3) a mixture formed by mixing the catalyst
10 (I) and ceramic balls having an average diameter of 5 mm at
a volume ratio of 70 : 30, and (4) the catalyst (I) only to
form layers measuring 200 mm, 500 mm, 500 mm, and 2,200 mm
in length respectively.
The second reactor was packed sequentially in the
15 direction from the gas inlet side to the outlet side thereof
with (1) ceramic balls only having an average diameter of
5 mm, (2) a mixture formed by mixing the catalyst (II) and
ceramic balls having an average diameter of 5 mm at a volume
ratio of 60 : 40, (3) a mixture formed by mixing the catalyst
20 (II) and ceramic balls having an average diameter of 5 mm
at a volume ratio of 80 : 20, and (4) the catalyst (II) only
to form layers measuring 300 mm, 500 mm, 500 mm, and 2,000
mm in length respectively.
To the first reactor, a mixed gas comprising 12.0 vol. %
25 of propylene, 17.4 vol. % of O0,, and 1.0 vol. % of H,0 (the
balance formed of N,, propane, etc.) was supplied at a space
velocity of 1,200 hr™ (STP) in the first reactor. Through
the nozzle disposed in the pipe connecting the outlet of the
first reactor and the inlet of the second reactor, the air
30 adjusted to a temperature of 20°C and a relative humidity of
80% was supplied at a space velocity of 1.536 hr™' (STP) in

the second reactor.
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5 of acrolein in the range of 1 * 0.5 mol% under the second
reactor outlet pressure of 0.15 MPa (absolute pressure).
After the elapse of 100 hours following the start of the
reaction, theyieldof acrylicacidwas 85.8mol%. Theacrylic
acid-containing gas obtained at this point was introduced
10 atatemperatureofl67°Cintoanacrylicacidabsorptioncolumn
having 14 steps as theoretical number of steps to absorb the
acrylic acid therein with an absorbent water containing 1.8
wt. $ of acrylic acid, 6.5 wt. % of acetic acid, and such
an amount of hydroquinone as equaled 200 wt. ppm based on
15 +the amount of acrylic acid in the acrylic acid-containing
gas introduced into the absorption column. When the amount
of the absorbent was so adjusted as to fix the water
concentration of the bottom liquid of the absorption column
at 17 wt. % under the conditions of 62.9°C in temperature of
20 the top of the acrylic acid absorption column and 0.11 MPa
(absolute pressure) in pressure of the top of the column,
an acrylic acid containing solution having a target water
concentration was obtained at a mass flow ratio of the amount
of the absorbent/propylene = 0.7.
25 The efficiency of absorption at this time was 98.6%.
The absorption column was operated for one week without
inducing any rise in the pressure loss in the column and the
neighborhood. Wwhen the column was then opened and inspected,
the inspection did not detect a polymer within the column,
30 the top, and the piping.
A sample, 5ml in volume, of the acrylic acid containing

solution consequently obtained was placed in a test tube.



10" 10" 10"3,;10% & ()-!&0 "10%"]"& ()-Fl.&0

"109% " f" & () - Fl : JEJWJOKgKKaB{\ : Ol ! 109&' ()- "10%& ()-z!k "10%& ()-z
109& ()- S&LOY& ()- 109& ()- K&LLMVDNN[ 9f{\: 0mi ! (>("109%& ()-'t

T&L0% . & ()-3! T&L0%t3#3&' ()-3&10%&' ()-y!p

"109%&' () - gS10%&' () - NOPPPPPQY{ Y: Oni ! L &10%&' ()-1!tL &10% (& ()-1 10 10

10: 10%& () - ! vhe MO0 (hdd (ratOUBmérs QRSN WWMI3H Y Rt dp & EQYBEEE () Thid * &10%
<& ()-1!L &10%<& ()-1''L &10%7& ()-1'yL &10% - & ()-1I'L &10%7& () - TWKXXXXY
A[ [{Y70m ! &9t imes reapireofapophe (3scxpitnogf dhg -9agplrRo £ise WaG 10

1(3(\)(0/100/& O*@%%A%%éx% Ygomi%%/ 10%"& ()-!;C .
6" & ()-!'T+1'10% -z2& WE& ()- 'k &L0%EhEh& () -k
&10%EhEh& () -n_u_yvEwamphead bb{ Y70m ! I DL&LIOY%&' ()-1'tL&IOY (& ()-1!f
L&10% ()5 1! kL&lO%ﬁLle(gérly]}Pc; alcoi"d-containing gas obtained in Example 3
was introduced at a temperature of 167°C into an acrylic acid
absorption column having 14 steps as theoretical number of
steps to absorb the acrylic acid therein with an absorbent
water containing 1.8 wt. % of acrylic acid, 7.1 wt. % of acetic
10 acid, and such an amount of hydroquinone as equaled 200 wt.
ppm based on the amount of acrylic acid in the acrylic
acid-containing gas introduced into the absorption column.
When the amount of the absorbent was so adjusted as to fix
the water concentrationof the bottomliquid of the absorption
15 columnat 8 wt. % under the conditions of 62.9°C in temperature
of the top of the acrylic acid absorption column and 0.11
MPa (absolute pressure) in pressure of the top of the colunn,
an acrylic acid containing solution having a target water
concentration was obtained at a mass flow ratio of the amount
20 of the absorbent/propylene = 0.5.
The efficiency of absorption at this time was 97.5%.
The absorption column was operated for one week without
inducing any rise in the pressure loss in the column and the
neighborhood. When the column was then opened and inspected,
25 the inspection detected practically no polymer within the
column, the top, and the piping.
A sample, 5ml in volume, of the acrylic acid containing
solution consequently obtained was placed in a test tube.
The test tube was immersed in an oil bath kept at 95°C. The
30 time required for the viscosity of the sample to rise was
found to be 18.8 hrs.
(Example 5)
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balance formed of N,, propane, etc.) was supplied at a space
10 velocity of 1,500 hr™! (STP) in the first reactor. Through
the nozzle disposed in the pipe connecting the outlet of the
first reactor and the inlet of the second reactor, nothing

was introduced.
At this time, the reaction was continued while the
15 temperatures of the thermal media for the first reactor and
the second reactors were so adjusted that the conversion ratio
of propylene fell in the range of 97 £ 0.5 mol% and the yield
of acrolein in the range of 1 £ 0.5 mol% under the second
reactor outlet pressure of 0.15 MPa (absolute pressure).
20 After the elapse of 100 hours following the start of the
reaction, theyieldof acrylicacidwas 86.3mol%. Theacrylic
acid-containing gas obtained at this point was introduced
at atemperatureof 172°C intoanacrylicacid absorptioncolumn
having 14 steps as theoretical number of steps to absorb the
25 acrylic acid therein with an absorbent water containing 1.8
wt. % of acrylic acid, 3.8 wt. % of acetic acid, and such
an amount of hydroquinone as equaled 200 wt. ppm based on
the amount of acrylic acid in the acrylic acid-containing
gas introduced into the absorption column. When the amount
30 of the absorbent was so adjusted as to fix the water
concentration of the bottom liquid of the absorption column

at 40 wt. % under the conditions of 62.9°C in temperature of
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5 of the absorbent/propylene = 1.1.
The efficiency of absorption at this time was 98.9%.
The absorption column was operated for one week without
inducing any rise in the pressure loss in the column and the
neighborhood. When the column was then opened and inspected,
10 the inspection did not detect a polymer within the column,
the top, and the piping.
A sample, 5ml in volume, of the acrylic acid containing
solution consequently obtained was placed in a test tube.
The test tube was immersed in an oil bath kept at 95°C. The
15 time required for the viscosity of the sample to rise was
found to be 8.2 hrs.
(Example 6)
The same first reactor and second reactor as used in
Example 1 were adopted. They were packed sequentially with
20 the same catalysts to form layers measuring 200 mm, 800 mm,
and 2,200 mm in length respectively in the first reactor and
layers measuring 300 mm, 700 mm, and 2,200 mm in length
respectively in the second reactor.
To the first reactor, a mixed gas comprising 9.0 vol. %
25 of propylene, 13.6 vol. % of 0, and 8.9 vol. % of H,O (the
balance formed of N, propane, etc.) was supplied at a space
velocity of 1,500 hr™ (STP) in the first reactor. Through
the nozzle disposed in the pipe connecting the outlet of the
first reactor and the inlet of the second reactor, the air
30 adjusted to a temperature of 20°C and a relative humidity of
80% was supplied at a space velocity of 1.746 hr™ (STP) in

the second reactor.
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At this time, the temperature of the top of the acrylic acid
absorption column was 73.7°C, the pressure of the top of the
20 column was 0.11 MPa (absolute pressure), the water
concentration of the bottom liquid of the column was 25 wt. %,
and the efficiency of absorption was 97.1%. The absorption
column was operated for one week without inducing any rise
in the pressure loss in the column and the neighborhood. Wwhen
25 the column was then opened and inspected, the inspection
detected a certain amount of polymer within the column, the
top, and the piping.
A sample, 5 ml in volume, of the acrylic acid containing
solution consequently obtained was placed in a test tube.
30 The test tube was immersed in an oil bath kept at 95°C. The
time required for the viscosity of the sample to rise was
found to be 11.6 hrs.
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mm in length respectlvely in the first reactor and layers
measuring 300 mm, 600 mm, and 1,900 mm in length respectively
in the second reactor.

To the first reactor, a mixed gas comprising 6.0 vol. %
of propylene, 10.8 vol. % of O, and 9.9 vol. % of H,0 (the
balance formed of N,, propane, etc.) was supplied at a space
velocity of 1,250 hr™' (STP) in the first reactor. Through
the nozzle disposed in the pipe connecting the outlet of the
first reactor and the inlet of the second reactor, nothing
was introduced.

At this time, the reaction was continued while the
temperatures of the thermal media for the first reactor and
the second reactors were so adjusted that the conversion ratio
of propylene fell in the range of 97 £ 0.5 mol% and the yield
of acrolein in the range of 1 £ 0.5 mol% under the second
reactor outlet pressure of 0.15 MPa (absolute pressure).

After the elapse of 100 hours following the start of
the reaction, the yield of acrylic acid was 87.8 mol%. The
acrylic acid-containing gas obtained at this point was
introduced at a temperature of 172°C into an acrylic acid
absorption column having 14 steps as theoretical number of
steps to absorb the acrylic acid therein with an absorbent
water containing 1.8 wt. % of acrylic acid, 4.8 wt. % of acetic
acid, and such an amount of hydroquinone as equaled 200 wt.
ppm based on the amount of acrylic acid in the acrylic
acid-containing gas introduced into the absorption column.
When the amount of the absorbent was so adjusted as to fix

thewater concentration of thebottomliquid of the absorption
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The efficiency of absorption at this time was 95.2%.
Aftertheoperationof theabsorptioncolumnhadbeencontinued
for five days, it was discontinued on account of an increase

10 of the pressure loss in the column and the neighborhood. When
the column was then opened and inspected, the inspection
detected a considerable amount of polymer within the column,
the top, and the piping.

A sample, 5 ml in volume, of the acrylic acid containing

15 solution consequently obtained was placed in a test tube.
The test tube was immersed in an oil bath kept at 95°C. The
time required for the viscosity of the sample to rise was
found to be 11.8 hrs.

(Comparative Example 2)

20 A reaction was carried out by following the procedure
of Comparative Example 1 while changing the propylene
concentrationto8.0vol. %, theO,concentrationtol4.4vol. %,
and the H,0 concentration to 11.6 vol. % respectively in the
mixed gas supplied to the first reactor. After the elapse

25 of 100 hours following the start of the reaction, the yield
of acrylic acid was 87.4 mol%. The acrylic acid-containing
gas obtained at this point was introduced at a temperature
of 173°C into anacrylic acid absorption column having 14 steps
as theoretical number of steps to absorb the acrylic acid

30 thereinwithanabsorbentwater containingl.8wt. %of acrylic
acid, 4.1 wt. % of acetic acid, and such an amount of

hydroquinone as equaled 200 wt. ppm based on the amount of
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The efficiency of absorption at this time was 94.9%.
When the absorption column was operated for four days, the
operation thereof was discontinued because of the detection
of a pressure loss in the column and the neighborhood. When
the column was opened and inspected, the inspection detected
a considerable amount of polymer within the column, the top,
and the piping.

A sample, 5ml in volume, of the acrylic acid containing
solution consequently obtained was placed in a test tube.
The test tube was immersed in an oil bath kept at 95°C. The
time required for the viscosity of the sample to rise was
found to be 11.8 hrs.

(Comparative Example 3)

A reaction was carried out by following the procedure

of Comparative Example 2 while changing the H,0 concentration

oe

in the mixed gas supplied to the first reactor to 9.6 vol.
After the elapse of 100 hours following the start of the
reaction, theyieldof acrylicacidwas 87.1mol%. Theacrylic
acid-containing gas obtained at this point was introduced
at atemperatureof 171°C intoanacrylicacidabsorptioncolumn
having 14 steps as theoretical number of steps to absorb the

acrylic acid therein with an absorbent water 1.8 wt. % of

L,;
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into the absorption column. When the amount of the absorbent

5 was so adjusted as to fix thewater concentration of the bottom
liquidof the absorptioncolumnat 47 wt. $under theconditions

of 62.9°C in temperature of the top of the acrylic acid
absorptioncolumnand0.11MPa (absolutepressure) inpressure

of the top of the column, an acrylic acid containing solution

10 having a target water concentration was obtained at a mass

flow ratio of the amount of the absorbent/propylene = 1.5.
The efficiency of absorption at this time was 99.0%.
The absorption column was operated for one week without
inducing any rise in the pressure loss in the column and the
15 neighborhood. When the column was then opened and inspected,
the inspection did not detect a polymer within the column,
the top, and the piping.
A sample, 5ml in volume, of the acrylic acid containing
solution consequently obtained was placed in a test tube.
20 The test tube was immersed in an oil bath kept at 95°C. The
time required for the viscosity of the sample to rise was
found to be 6.5 hrs.
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Par agr aph Fx”ﬂq;alnlng an acrolein- contalnlng gas, a step of introducing

e PSR LB BN (5"
QRVZ] ° Clgthﬂ@HGde with a complex oxide catalyst having molybdenum and
10 vanadium as essential components and obtaining an acrylic
acid-containing gas, and a step of introducing said acrylic
acid-containing gas into an acrylic acid absorption column
and causing it to contact an absorbent thereby obtaining an
acrylic acid-containing solution which comprises the steps
15 of
(a) said first reaction zone and said second reaction
zone being formed of different reaction tubes,
(b) said mixed gas for introduction into said first
reaction zone having a propylene concentration in the range
20 of 7 - 15 vol. % and a water concentration in the range of
0 - 10 vol. %, and
(c) said acrylic acid-containing solution absorbed in
said acrylic acid absorption column having a water
concentration in the range of 1 - 45 wt. %.
25 2. Amethodaccordingtoclaiml, whereinsaid absorbent
is introduced into said acrylic acid absorption column at
a mass flow rate in the range of 0.1 - 1.5 times the mass
flow rate of propylene introduced into said first reaction
zone.
30 3. A method according to claim 1, wherein a main
component of said absorbent is water.

4. Amethodfortheproductionofacrylicacidcomprising
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as qoqﬁ%%ﬂ%?ﬁgpasagiene and
molecular oxygen into a first reaction zone packed with a
complex oxide catalyst having molybdenum and bismuth as
essential components and oxidizing propylene and obtaining
an acrolein-containing gas, a step of introducing said
acrolein-containing gas into a second reaction zone packed
with a complex oxide catalyst having molybdenum and vanadium
as essential components and obtaining an acrylic
acid-containing gas, and a step of introducing said acrylic
acid-containing gas into an acrylic acid absorption column
and causing it to contact an absorbent thereby obtaining an
acrylic acid-containing solution which comprises the steps
of

(a) said first reaction zone and said second reaction
zone being formed of different reaction tubes,

(b) said propylene concentration of said mixed gas
introduced into said first reaction zone being in the range
of 7 - 15 vol. % and the water concentration in said mixed
gas being in the range of 0 - 10 vol. %, and

(c) said water concentration of said acrylic
acid-containing solution obtained in the acrylic acid
absorption column being adjusted to a level in the range of
1 - 45 wt. % by adjusting the amount of an absorbent to be
introduced.

5. A method according to claim 4, wherein the amount
of said absorbent to be introduced is 0.1 - 1.5 times the
mass flow amount of propylene introduced into said first
reaction zone.

6. A method for the production of polyacrylic acid
comprising using the acrylic acid obtained by the method set

forth in any of claims 1 - 5.



