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I NVENTION Field of the Invention: 5 This invention relates aY od for
produci ng acrylic acid conprising introducing propyl ene as a raM/naterlaI
in high concentration into a reactor which has a first reaction zone and
a second reaction zone fornmed of different reaction tubes, and inproving
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of . JP-B-62- f@yegxﬂﬂgpxgkgﬁﬁmepolymerlzatlon at the subsequent steps in
the process of the production.

15 Description of the Related Art:

Acrylic acid is used in coating material, fiber
processing, leather processing, andbuildingmaterial besides
being used for acrylic fiber copolymer or as an emulsion for
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
tobeusedinthereactionofoxidation. 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.



di scl oses a nethod for producing acrylic acid by using a 18 Jul

nol ybdenum bi smuth type catalyst in the reaction of two-stage ué?a ytic
gas phase oxi dation performed by subjecting a m 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 to a seeoRd-cHAQE J1eafd 2O d 05 Copverdd.ngy sirg ol £bA end@paerylic
acid, endowi ng the m xed gas supplied to the first-stage 10 reactor with a
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to the waste gas separ dted Tromt he gas forned by t second- st age
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This nmethod specifies such factors as the kind of catalyst, catalyst
t enper at ur e, thadtprppydemee 0P te: Nixpd2Qe6 PRYGENC? dthd ingEadEEPundue

I ncreasei of thgopcroéa%la ﬁyst bed to a level of not higher than 260°C and
adjusting the reaction conditions onthe first-stagecatalyst
bed so that the reaction temperature falls in the range of
260 - 370°C and the duration of contact in the range of 1 -
8 seconds, producing the mixed gas between the first-stage

20 reaction gas supplied to the catalyst bed in the second-stage
reaction and the gas resulting from adding air or oxygen gas
to the waste gas separated from the gas formed by the
second-stage reaction, allowing the oxygen content 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 : Y), 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 the kind of catalyst, catalyst temperature, and propylene :



concentration results in preventing oxygen from bein suppl

sufficient anobunt owing to the restric??on ,inposedgby tﬁg éggP%EP%%fF:Lyt
and lowering the yield of 5 reaction as well and for the sake of solving
the problemsuch as the runaway reaction of conbustion due to the

autoxi dation of acrolein in the second-stage reaction. The official
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subj ecting t ormed by’ the first-stage reacfion to a second-stage
reaction thermbyse@nverthagetplasiohel imint andclgweeiagi hecHésiAgOthe

reaction of first-stage tal ytic gas ase. Qxi i I
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at a level of not nore than 4, the propylene 20 concentration in the range

of 7 - 15% ahdehelgn P egbtrtecititHedan@ ol P4 - 1.5 kg/ cne (gauge
pressure), SUdde%%eja ués%??k!:.ﬂg tﬁgz%%ef emesb by_dher §j 359 - a1 égEoseachi on to

bel ow 280C, and a I'ng the“gas so that the ratio of nolecul
/ propyl ene :fethsd ifort hpodanieg afcry 1748 acRdshy weheepgtion 2f Bwo_g%aggxygen
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t her eby fornélgcng a ergrgi?, 16813 JuﬁJS/I%OOG g@z?s coﬁ%ﬁn?ﬁgwgcrgﬁgsg gcggfei ng the
gas with a hesdctkahatgerg second-stage reaction théreby convéerting
15 acrolein into acrylic acid, causing the reaction of
first-stage catalytic gas phase oxidation to proceed in a
specific reaction zone having the molar ratio of molecular
oxygen/propylene in the range of 1.17 - 1.66, the ratio of
steam/propylene at a level of not more than 4, the propylene
20 concentration in the range of 7 - 15%, and the gas pressure
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 more than 7 vol. % 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



and then supplying the acrolein-containin as to a
obtaining a m xed gas containing acrylic gc?d. Sincze;gngndagﬁﬁ%g&ggggrg?y
the amount of propylene has the 5 possibility of suffering combustion and
reaction to proceed explosively, the practice of controlling the amunt of
propyl ene in the approximate range of 4 - 7 vol. % has been in vogue to
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15 aqueous acrylic acid-containing solution derived from an

<

absorbing column is in the range of 32 - 55 wt. %.

The official gazette of JP-A-2002-161,066 discloses a

method for oxidizing propylene into acroleinina firstreactor

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

30 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



been cooled. By this nethod, it is nmade possible to eff
production of acrylic acid over a long pgri od while epr:\%ntl {%g&ys
accunul ation of a solid matter in the reaction 5 system and the ri se of
pressure in the first reactor, the second reactor, and the gas cool er even
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aci d pol ynercampcurdi sthBnn‘Qh@oTWat giO % hoc[:oggepﬁra%ﬁ ent of

requiri forced sus sio ,
resul tsTgn deér gtfdeg ?‘hé ghg‘ﬁ%@%ﬁl%&%ll%nggﬁ tér@ggﬁgglgasdqgeoébgt?gosy oy
he

i ncl usi on Qﬁeﬁﬁw,pdmmeam@dcoﬁséqa@ﬁel godepresatagaphacyverd 8fl

product. 30 The urlflcalon ste C
b ten than MBI IdEpt PG AFe8i 114 maeeet head o g 20 SRy i o ool urm.

20|ni ght endg e fRidtMBLepndoR ﬁl@ﬁﬂﬂldﬁaﬂﬂorﬂ whe 2086 rbedsacuyliel agnd
catenating the plurality of distillin
other than the reactor. %1nce various columns for
15 purification continue production of acrylic acid while
preventing occurrence of polymerization by adjusting such
factors as the pressure of distillation, temperature, and
amountoffeed,thecontrolofthesefactorsisnoteasybecause
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



col ums endowed with different functions, and o i j OI
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variation in the conposition of the bottomliquid of any one of such
distilling colums necessitates a due change in the purificatian.

condi ti ons oénds haits uhdequencoscepsenathagsbhat Pbrrath 'lggrsl,ngand t he

li ke which are 10 discharged frar t ' i '
e cont & LIRS FRNCHRECT T B arhsaun ERee by bater . he oty Lragtd
conpounds. The; £¥ ) ithadis®yobestiohmdngcharegees sfipstnhtesat ion he THiGoess of
production, therefore, can inprove the yield_ of pr oductd' QL e
g:)rsr}t)lols: tion met@qlffﬂeﬂ%&ﬁl%e&‘%r¥%¥cae%£{blseﬁeﬁ &8 HTSE RS v-\En&tﬁhteﬁe
ation,. i iQft 3 i i i
.f?{‘%ﬁ)ﬁ%mﬁ}ﬁ%dﬁé@c aaner at i ieft idie ipplohecompesdedsn i ke  a

. . QA
chain re Ctl%!’l. 1od for the production of acrylic acid
particul arl yof noieided toms tlaguice ofeapy| PRy PhesWsthAisttL1gddd CRIFINSre, it

is extremely difficult to cont . ot : .
SUMMARY OF W?W%ﬂ%ﬁ@ep‘?@égﬂ e%%i‘@ﬁ?%‘?*%%%@%‘%ﬁﬁ%%fﬁﬁs ?"E”Zt ant

process forcjdespsospednonsodpacrylic acid frompropylene as a raw 25

mat er i aI_the conditions in a reactor fromthe reagt] | Wi
phase oxi dati on tBhe H s bt itg’r? SEIGES 98S'a%f1§ #rﬁ@aﬁf}ééé?{}ﬁcg% g%iegas

absor pti,gn co| L. A &3 oSk LRk esk & trbirnpr6@esi Ay @amngesact leaddyicsc aci

! ghegk Heatadsi:
can be plr oduced WI)%E“I C}ln gh pr oduce_%q% Vi t;plf:r om pr%p | ene o?chi of yiase actd
concentrati oroniaimeti8d raacratresirl tHRRPEht it é’frotqﬁ’é:tpr(?g@sgtpglr

purification ¢ be sinplified. I Spd ti h beern perif t
basis of t hl%s%ﬁ'b 5&’6‘@@“@%8 JuIT}QZO%%g%g(?t idc%%l a??y by | P%lts;%ﬁfrg@?ﬁgnwa[] gr
content in thepbeitess Lhqthe gfrddessabsbrpréduceddumthrrehe@IPanGélof . 1.

- 45 w. %
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
a chain reaction. Tn the method for the production of 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.



the occurrence of a polyner at the subsequent steps of the process can be
effectively prevented. This control of the 5 water content cdfJB¥28%& ai ned
by adjusting the anbunt of an absorbent. By effecting this control in a
nore specific section of the range of 1 - 45 w. % it is nmade possible
to narrow the width of control of the distillation conditions at the
subsequent st eps, paesical ariPeyflucitiig ahe witdwesntenafimehylbettaamd in
t he absorption colum and a waste water generated from.t

, e process,
respect i vel yl+82{ A& InFRPMfE OBNE OB QUG HE E@%EQQQ%/OSfPo‘pgrSa‘t’Fonﬁ at the
subsequent stgps,cAnetaid# Repedyirieat £Re dhsdfeahfentepd dhapast e

water. It has been found that the adjustment of the concentration 15 of
absor ption pero¢ess ardry bey efffectdviedi pneyenthd . arbyhs cuttihe abddrdent in

t he absorption_col u resul.ts, in I (VAN cig._t bsprhed at a
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when 20 the exhaust gas of the absorption columm is put t% C\I/)cl iG, _.use, is
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It has been found that theadjustment of theconcentration
15 of absorption particularly by the variation of the amount
of the absorbent in the absorption column results in enabling
acrylic acid to be absorbed at a high concentration without
changing the amount of the water discharged from the top of
the absorption column and this adjustment, particularly when
20 the exhaust gas of the absorption column is put to cyclic
use, is at an advantage in stabilizing the conditions of
production.
Accordingto this invention, inthe process for producing
acrylic acid from propylene as the rawmaterial having a step
25 ofthereactionofcatalyticgasphaseoxidationusingareactor
having a 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



be rendered sinple and easy by adjusting the water content of th (?ottom

| iquid of the absorption colum in the range 5 of 1 - 45 wt . AR t he

anount of the absorbent to be supplied in the absorption colum is varied,
the acrylic acid can be discharged at a high concentration w thout
changi ng the amount of the water absorbed fromthe top of the absorption
colum. Thiswé&Dlvariation brings an excellent effect of stabilizing the

conditions of progduction, payti.cul K\Q’%Eﬁ sl @@t Sfetde
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and a second¥ ddtd i ‘%@hé%gﬁéécﬁgpgﬁEnF%?pﬁﬂﬁ?%ﬁéE%ﬁﬁﬁb]éwﬁ | MERPS20 The
first aspect,pf;thigsijpvendion is a nethod for the production of acrylic

acid conprising a step of introducing a m xed gas containj ng, pr O£¥| ene and
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oxi di zi ng pr i ning an ‘acro containing gas, a Step of
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packed with a conpl ex oxide cat st havi | ybde anadium as
essential cHRdHe RSO g’(‘fd %EPgli ﬁl%gt%ﬁﬁ ngc?ﬁgi%@%%?%‘?g%"m%ﬁﬂ%m\é‘g ggg',ljg]and a
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acid absorption colum and causing it to contact an ab orbeﬁt %hereby

obt ai ni ng arcedit iensaeifd PEERNETAPRGPIBE LERLAT Whi HHER FEPFUS6082°
conprises t S . sai g 4fjrst; QN ZRNg Argesai d second
reaction zgﬁ% 1%?ﬁﬁﬁ%gﬁﬂ%ﬁﬁgfqgfkygﬁgaﬁﬁﬁigg?ion ?hbes, (b) said mixed gas
for introduction into said first

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 oxidizingpropyleneandobtainingan acrolein-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



5 reaction zone having a propyl ene concentration in the range_ of - 15
vol . % and a water concentration in the range of 0 - 10 vol .18%"3'5&% (c)
said acrylic acid-containing solution absorbed in said acrylic acid
absorption colum having a water. 10 concentration in the range of 1 - 45
w. % For the sake of heightening the yield of production, it is

ef fective to lpgrease the sossenszati
. o ’ ! gation of propylene and necessary as well
to i ncrease thegconcentratloﬁﬁof oxygen. Since the, absorption of zhe heat

01;] reaction consegapridid 15 nen@eacsdons zABE 3BAFFeenite ATt ol of
the reaction_is diffi cgé%megog\gv?{ffép%ﬂ@ AL St {fBScubey, t he reaction of

catal ytic ga§°5ﬁa}§%l%9(i. ron wlT not be acconplished in a stable manner
on account of the(pgl shi@nmiRedeghswitbln tiherodupitdonvdntang®id f31% case,

t he expl osive range nentioned 20 ab . b i . i j
mol ecul ar® ox?@éﬁtl%cﬁ%eoﬁéml?gf?(ﬁﬁoqvai’ilg?anneof:%fl%\é%%%%gr%?ﬁ r %gf:??%#%zrg%e,

thereby | owggifg tihe gancenhhat hoPaoér t deénexygeat ion r orudes range tde
first reaction reactor consequently. It, has been found that by
si mul t aneousdy-atlp usel ng®t henhdvat er concentration of the 25 acrylic

aci d-cont ai ni ng spl ution i :ha S . i ici d
level in the ranggc gfsalld- ‘Q%g%\%tlg §A§:§gi ?6?§g%g§g£§%%§gt%§%ﬁ%§fﬁ he 0@
generati on ofasdpohyrgric i mdihe aisorymtiiom celadmnandagtinthe Sub¥ddifent

steps and mtigate the operation of purificatj t 4 he subsequent st
30 The tleorm@%?‘?‘P‘F’é%?H%‘h"l%gdﬁﬁeﬂarﬁgtﬁ si i_nvdeﬁpftg‘n %é'nbr aces | >HEP

dephl eamt | on. - BreE e o 018 Tuly. 2006 yeans 4 et h
whi ch consi sit is etfé&tqtlig’_&at@oliﬂt?if@ﬁsEotll*%&mlfb‘?m’rlf?gc.%rf rﬁfﬁtprr%)r%g’glfe%aéggt o
Corm ~st 1 ppt R R R B R e m e e T Cunb s e 6 ot ppi ng.
gas Since the absorption of the heat of reaction consequentlyp g
15 generated is not sufficient and the control of the reaction
is difficult, however, there are times when the reaction of
catalytic gas phase oxidation will not be accomplished in
a stable manner on account of the relation thereof with the
explosive range. Tn this case, the explosive range mentioned
20 above can be avoided by introducing molecular oxygen
additionally from inlet of the second reaction zone, thereby
lowering'then:oncentration.of‘thezoxygen‘introduced into the
first reaction reactor consequently. It has been found that
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
ndtigatetheoperationofpurificationatthesubsequentsteps.
30 The term “purification” as used in this invention embraces

distillation, stripping, crystallization, extraction,

absorption, dephlegmation, etc. The term “distillation”



5into aliquid and effecting transfer of an object substance in the

| i quid phase into a gas phase, the term"crystallization" nednsY£o8&t hod
whi ch consists in separating an object substance in the formof crystals,
the term"extraction" neans a nmethod which consists in separating an

obj ect substance by dissolving 10 it in a solvent, the term "absorption”

means a met hod which. GORSISESh | foReRArAtiNGaR 0 eCkosybsbanes diea gas
phase or a Fi 8w8 pﬁase by causing it to contact "a liquid or a solid, and
the term "dpphhégaaipodnt resrect methckpaTiati et sthe FFeardt idg an

obj ect substance by causin art_of.a 15 .or Of .} ang, Jdhe term
"IOM/boiIin@oééﬁégﬁnﬁgmpaggng§ﬁﬁp??ﬁ?%?givﬁﬁgh’i%ﬁeré?%ﬁs tO'gﬂzh St ance

whi ch has apgbawer » ReLhbAGPOENtclEIE ATy sapptiydnignat sier sppimiarahs
condition and the term "high boiling substance" refegs to a.sybstance

whi ch has aihtgherlimiid a@dp6TAeCthBA WedRFTer £&F 4% APYARE SRS d

condi tion. bew, Y g, {INFOLE 3ReWd badEndsse thbadr rosipiaill detumn Thi s

i nvention obtains an ac yl'Tc acid-tontaining gas by introducing propylene
into a firshenaactiherhadwkiphcosd iskistin sacpanpt &xg aRiodd eSatSHBA R ng

nmol ybdenum and bi smuth 25 as essentjal,,_ . co : Lherehy oxidia]
propyl ene ahl tl’f%lfﬁirﬁ‘goér?rg@rtcﬁ |’n£%%n ef?nn?%ggggétéég int rosdﬁgifgr%iﬁe

acr ol ei n- cophabRidhgatd N epagacond ansmsieonsabatapaebgdissdalyingonpl ex
oxi de catal yst havi ng nol ybdenum and vanadi um as essenti al.. Sonpoents. 30
T ngfiod S

The reddt or 1HobR EOLYERF t DBt BERt | AR LI s et S’

'S on
oxi dat 1 on. B CRELCanl- COBG. ype - 107 16 July 2006. 1 eactor can e, .
advant ageouskya isqdiBeimmebytcaycialsitia Aen éPFi%:iLéﬁEyd_er ?_é'é’éﬂddn. The
Such t ubes A BRS wrbte e SRk, e, SondlRo W AR Plbes
may in separating an object substance by causing part of a gas
15 or vapor to condense. The term “low boiling substance” as
used in this invention refers to a substance which has a lower
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
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



5 be used. The term"first reaction"” refers to a process for oxidizing
propyl ene and mainly formng acrolein and the term "second rlédely P
refers to a process for oxidizing acrolein into acrylic acid. A first
reacti on zone and a second reaction 10 zone refer to the first, reaction
zone and the second reaction zone which arranged in the direction fromthe
raw material yegasoknb£h v advshebbeatdiyubeed ipscawesetiar ekoeflbeinuthet for

the reaction gas and fornmed of different reaction tubes or X I t
i ndependent €héiianaytafbeeagpéoreadiiy #akFE 121y §L29: %C{:ﬂu?ﬂg %ur)%f "

reactor SerVgggc@%ﬁh‘éuf)éés%n&e@ﬁ&' Qﬁlst%%ﬁtiaﬁ bire s%%%o&dlbfe%a(iﬁa(y ’Bervi ng
as the second reaction zone. As oxide catalysts for use in this process,

it suffices arbipaekilhedliasted.cafhiion zne@fnthR kndhpleskt brPEE /3 al yst
(i) bhavin nsg nol ybde um and bismuth as essential. conmponents 20 and i ntended
to obtai acPSIB?ﬁ by oxi di zi ng propyl ene and pack the second reaction

zone W th a conpl @KeOxieda catialgtstreddtjoravicegemsl ydmdemuprand:svsanmﬁ' um as

essential conponent and intended to ohtain acrylic by .0 'd|2|n
acrol ei n. Onexéxanrphe RFORHENEBBE THet YOFOFHI]'ggl %%(?Ptc?Jorh aﬁé\/?hﬁ e2173'“gt o)
| ndependent 1eactpns disad % Betbisttd B30idased qoe spdaisisgeandIeact | on
zone Wi ll be described belowwth reference to Fig. 1. In Fig.

denot es propyhmecrglsm@amd 3 AifrirstieactionEoRsAAcH Segend Ire@é%?tlt% t ube,

12 a conpl| ex oxide . ca aI
2 30 Socbha FERR RIS IO ML AL b iRe o 00 E S P e o S 1 %)

, 23 a heat gxgbamgesn a&ékaameabrlyﬂ theadidecontni firony the rawddad exbisor pt| on
colum, 31 a packed col um t |b t or 8
absorbent, 393% idY&itePt %E?hz%ﬁaé“gﬁ $t Hpﬁoﬁefaa?l%?ﬂjt %HTL'J L?%ﬁgt %g’ exhaust
gas, 40 a defydr %ta'cQg_o%O é’é@nd“ﬁofhecﬂb%ﬁﬂﬁ@é&@@@éacéioa wbeent Fohase, 43
a wat er phase, § next process, 60 waste gas, 71 a heat exchanger, and
72 example, two 1ndependent shell-and-tube type reactors %
15 used, with the first reactor serving as the first reaction
zone and the second reactor serving as the second reaction
zone. As oxide catalysts for use inthis process, it suffices
to pack the first reaction zone with a complex oxide catalyst
(i) having molybdenum and bismuth as essential components
20 and intended to obtain acrolein by oxidizing propylene and
pack the second reaction zone with a complex oxide catalyst
(ii) having molybdenum and vanadium as essential component
and intended to obtain acrylic acid by oxidizing acrolein.
One example of the embodiment of this invention having
25 two independent reactors used as a first 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 second reactor, 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,



5 a flowrate adjusting device. First, the propylene 1 which is a raw
material gas is supplied to the first reactor 10 together wi'BHUW KBt eam 2
and the air 3 containing nolecular oxygen. The reaction tube 11 in the
reactor. 10 is packed with the conplex oxide catalyst 10 (i) 12 as an
oxidizing catalyst and the catalyst (i) 1.2 oxidizes propylene and form

the acrol ei nygon AN AGLAS, 33 2 WSSl NS5 AGr oLy 1160 RlNaIe Gasip | s
i ntroduced info the secon reactor 20 and the conpl ex oxide catalyst (ii)
22 with whi choltthéoneadbi mxhausde 2ad n 4hear dgbyeragzdnaasoBEBA p4dkeéd in 15

advance oxides acrolein_and formth | i i df cont.al.ni

During the i %?Bﬂﬁ]g?gdﬁag?rt hgﬁ a%r%cﬁ%‘?%ﬁ%oéﬁ%%ﬁ n%§ %a@é%g%hr?%gé't %)fab second
reactor 20, Lhge@8SpiscEdy, i aCONPOtatgas | MET e rhentmdechdyer, and 72
oxygen-cont ai ni ng gas such as the air, 15. Subsequently, the acrylic

aci d- contfai n@n§lgusrane| 3d28st HR¥ odE¥e8 i nto the acrylic aci d absorption

column 30 and abpprbed bite (i apasdantnidn Taeabosianatdmix qfs tse

colum as the acryTic’acid-containing solution 35 is partly circulated to

the acrylic scpdlabsorptilon fdolsimredctes keptogebbrEdviER FhithEtEH S r 34,
d th t is.introduced jinto.25 t ' suhj ect ed
fherein 1o aRhUaRSE A go e HE PO LRR IR Ry | HiPodC, ROE ol ect e

therein to a@ ed vapor 41 fromthe
dehydrating £pliyhdd dazteandensegdabyed hd tdohbe nsap ldixspoide cagalylsé t op of

t he dehydrating colum 4Q and then the res ant ondensa i rated
into thé0sol (/Jahtl2;51%%%%2%%“9??@@6'}%&1ae‘?é%h§§@tz?§.y#h€l)si)?\%(rs%fﬁ%%%se 42
I's circul at ﬁﬁreég%i@ﬁ%aﬁahﬁ'&m&hega&@lm-%m.dihﬁ; ¥&& a8 .pheisen AZheRy be

reused as sorbent 33. The bottom|liquid of the dehydrati n?: - 12 18
July 2006 coicreldinicontpphlied gasthd s8b3BGLEANCELePNES SRE FGFOREr

and t he- i R BT hd bR Hie S oS T (R D L e
col um 30 neyhdersdotion diwposed of the reactor 20 has been packed in
15 advance oxides acrolein and form the acrylic acid-containing
gas 24. During the introduction of the acrolein-containing
gas 13 into the second reactor 20, the gas 13 may incorporate
therein a molecular oxygen-containing gas such as the air
15. Subsequently, the acrylic acid-containing gas 24 is
20 introduced into the acrylic acid absorption column 30 and
absorbed by the absorbent 33. The bottom liquid of the column
as the acrylic acid-containing solution 35 is partly
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



5 as the waste gas 60. Alternatively, part of the exhaust gas 36 may be
circulated by the blower. 4 to the reactor 10 as a recycle dés’u'éﬁﬁo%nl y
t he remai nder- thereof nmay be disposed of as the waste gas 60. In this
i nvention, the conplex oxide catalyst (i) which 10 is used in the first
reaction zone is only required to contain nolybdenum and bi smuth. A

catal yst whi TSnd QRF €88t g1 byd ddhengeBebgkequbatnstap 50 and further

Mba- Bi b- Fec- Ad- Be- Cf - Dg- Ox %Wherei.n M, Bi, and Fe denote %I ¥)bdznum

bi smut h, and sulgreatespee phvalfjcat ACB&eat B §EPRERELOBRE WIShRHPO:Er 88 ed
fromthe group.l5 consisti of s pi.ckel- & 1nc 8. danet esnalusiteask one
el emrent sel ésg%bégg:af%rco%ma?#e@glﬁohéggoﬁgéétﬁ?ﬂf@? al Iﬁ(%l i metals anc? t@hal i um
C denotes at,3d easin ehe ebepeptisel eclednf3dmahde ghods ycdisPosiedyOsf

phosphorus, niobium manganese, ceriu telluri andd y and
| ead, D dé@notisthe Yaike TF gﬁe &%ﬁ%ﬁagjﬁéﬁé&%?rto%#tn%gé %?%ﬁp coﬁglgsti ng
of silicon, 3 yWinNya Aidcarited a9dthiet dnower @ denthesreayyem, léndsa, b,
c, d, e f, g, ang X denote atomc ratios ,respectivel)ﬁz of Nba‘Bib Fg, A

B, C. D andz0reggnlengas trnd gniy-the remaindgr theygol uay pe d35poged o oog
-5 f =0 - O% aasmi = %ﬁ:eo 3G are satisfied when a = 12 is assuned, and

X represents RS val-ud whicif s fixed by the states of oxidation of the

rel evant el ement s)in tAys bmwérteibas theprenpker @xddenprealasier ik WB1EBmpI ex

oxide catalyst (ii) is . only required. to contai o] ium A
catal yst Lhi s é%e&élé‘ FEﬁr%s'eﬁ%?’éaaﬁgl?ﬁ&O&egn%?; 1%%%%?%?&5‘@90%&%5%' )
Moa- Vb- W - CugkAgpfenGer EXd(Mhenetn. Ma denallgs tnoh jbleimumepy egendegsby

vanadi um Wdenotes tungsten, Cu denotes copper, enotes. at _l.easgt one
el ement. 13 thelgepereds §é’¥“§&?edM?¢‘d?ﬁbrﬁ§CQ$®’Lﬁ?”ggﬁ§?'s X g‘@'hgfe'éﬁt 1|§Ir)rt')ny,

bi smuth, ting; ”é;?&’%‘é%ex‘}@@é‘ b voi@Rum) i PfhuBndaglriemsifes Bedenoeesg, at
| east one elérfent Sel ected ror“rg the group consisting of alkalinmetals and
al kal i ne ear zh dmiaites &-ddmetsés arte | ebenerheselefbpfl from the group

15 consistingof nickel andcobalt, B denotes at least one element
selected from the group consisting of alkali metals and
thallium, C denotes at least one element selected from the
group consisting of phosphorus, niobium, manganese, cerium,
tellurium, tungsten, antimony and lead, D denotes at least

20 one element selected from the group consisting of silicon,
aluminum, zirconium and titanium, O denotes oxygen, and a,
b, ¢, d, e, £, g, and x denote atomic ratios respectively
of Mo, Bi, Fe, A, B, C, D, and O such that b = 0.1 - 10, c
= 0.1 - 10, d =2 - 20, e = 0.001 -5, £ = 0 -5, and g =

295 0 - 30 are satisfied when a = 12 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, MOa-Vp=We=Cug—~Re~Bs~Cgq—Ox
(wherein Mo denotes molybdenum, V denotes vanadium, W denotes

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



5 selected fromthe group consisting of silicon, alumn i i
titanium O denotes oxygen, and a, g, c, d, e,1f, g, agg]x ééaéggbﬁggand
atomc ratios respectively of Mo, V, W Cu, A B, C and 0 such that b = 2
- 14, ¢ =0- 12, d=01-5 e=0-25 f=0-25, and g =0 - 20 when a
= 10 12 is assuned, and x represents the value which is fixed by the state

of oxidat]| O'Leofﬁ%gisff R\ %P&_?ﬁ%%tn%)isd:iﬁi@’oﬂgnﬁﬁmedy,aﬁisatlm’lﬁf‘eined

exanpl e. The e or preparing the catalysts to be used in _thi
:rg?/g_ntl otnhandidki"ﬁellm;ed:chbaiktfdn:omlxni@ft]héné&%&ﬁ' dii, B §eRateriadl Jse%%lg

i ng e .resuyltant 1 XL ur. . :be; partd rq : rict
They may be %‘@%ﬁ?@%mf%me?;ﬁéd% %o@&ﬁﬁgﬁgﬁégﬁgalﬁgt%‘rﬁg%%lv%?%?%r IeCi ﬁd.
popul ar use.;pi& 11&haRRSs Rfrtimhaetatlal,y St denoneenpkaledsbyordi ele¢meRht i on do

not need to be particularly restricted. The. catalysts. .
spher es, 5ci reallenteso| iHARs Th I EHE nTerSis o9 %'g%f:é!. ”‘h(zag'lrrlegﬁjﬁrg s[rg? =

mol di ng may g SEALIPNRY 1RGN, ce¥ehetieenorphdhnganae | eb, noj dd
Further, the 'catrfaijl ysts whi cﬁ hlave' catal ytic (s)_gggt aﬁgggﬂdet) si {ml oﬂg’ ete
refractory carifiegs any Helanodd® ths phomke sra%%trieéﬁ,%ftﬁ@ega’oﬁgﬂé%

concentration in the  mxed.ga hch LS 4 uc I A0 the ficLs i
zone is pré’?'erwablcx}l’i fl'}’tﬁé rcénéréwcﬁ) %uéﬁlg&‘%/%lqg _‘%?dr?orrig'p%ef e?ablilzrsﬁct Ihgn
range of 8 -gX2oval - %, and parthcuf ar |G prief @mablgy = Pn-t A& ¥ReRe2 o 10 -

12 vol. % If the propyle t [ :
short agéOwi 112 ﬁéséFBPg)e/FleQ%P O’fn%%%ﬁ@%feéggi ﬁgeiﬁlﬁi‘i ?“ghg%lng% g#;%!ri-obucz ihgn

izd | ower i ng i hey . 2839 bedafciyh be @ detenaantalainents Ganvebset itedf the -
18 July 06 propyl ene concentration exceeds 15 vol. % the excess w ||

gos?i bl %/ res:uslhta ipr efargiady exe@Dléact or to enter the explosive range and
ggravating the Zeaﬁn%%‘éﬁﬁgz%o?-f pLBEaPPEE AAOLatHIG AL @0 Bengesdration in

the m xed gas to - Su
this invention and the methods for mixing the component

15 materials and molding the resultant mixtures do not need to
be particularly restricted. They may be selected from the
methods and the raw materials which are in popular use. The
shapes of the catalysts contemplated by this invention do
not need to be particularly restricted. The catalysts may

20 be formed as spheres, circular columns, and cylinders, for
example. The methods of molding may be stationary molding,
extrusion molding, pellet molding, etc. Further, the
catalysts which have catalytic substances deposited on
refractory carriers may be used.

25 In this invention, 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 the range of 10 - 12 vol. %. If the propylene 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, 1if the



5tothe first. reaction zone is preferably in the range of. 0 - 10 vol. %
more preferably in the range of 0- 7 vol. % and particul arl y8grgfeably in
the range of 0- 6 vol. % The water to be used is wholly transferred to the
absorption colum. If the water concentration of the m xed gas exceeds 10
10 vol. % therefore, the excess will, be at a disadvantage 1in increasing

the water C%&%?}{I@ﬁé Abferdtherthidt @Rddefis d5 oblt he, abisergxdess colldm. |t
has been el ucidated that an attenpt to keep the wat oncentration of

the bottom |pefsbloreshd tabk 6ARSIAT Bof HHF AtOw F%ﬁﬁﬁ%’ Fhe SR EST9 the
15 ef ficienc aog/e ASPTRIL Al d 1k A DRI QL SRS Atthe ligighkaimg  he
R h I

pol yneri zabi I quli the absorption colum and the piping of
t he absor pti on cathenwatefheoteenttafioniianiheonized@asn tonPg HuPPldedised

h [ f i.tud : (g
A ]| 30 ViR TAKK QEAGLGC™, REPEnRrb L5 CREryY | & ad T odtect i nto

t he absor pti.on celdinn sandoMlopteierabey thethavnangeodf @t yl ivolacisd
di scharged fromthe top of the absorption cq%gnn. Ac%?rdin% ta.thi,s
. ﬁﬁ .& —

i nvention, tans afEtciGHAL G RHRIGTAGIGh 1Tbft 09 &5 & i'n °t §€1ab<or pti on
col umm can bﬁné’?;%e&f’tc‘?’%f&%%e%%@%oﬂfft%@@ﬂér%% O el absbirpg ibhe wat er
0O a eve (0]

concentrati on not nore than 10 vol.. % The m xed gas
nent i oned abmiauniss. r Guihedvatel pongdatraképa i FCRLKER B FETECHTe

volume ratiao of propyl ene_: l e a . 4 t. 4 o1
1.0 - 218. o ‘36’a|%EeiI§f8g§d gg%a‘%}fgéyé%ﬁg}iyfags&taﬁe%f Eggagggggg%%or
nol ecul ar  oxydeRre@eieRNtBer wahed abncentpat Eonxyherhanip tionuddduds

occasi on demands. - 15 18 July 2006 The ot her . conpaonent. f ot i xed gas
are nitroget ddrHAPSHRIAYR,C ot héf }‘ﬁ‘gr Pe§hs ?E?ﬁé‘%ggﬁgug?agaéﬁ

di schar ged fa{tQ:'.E £ oAPSOS RiPRa t oL LB Eéh Byt 11en LECYRE asbftam Adeuiid t he
m xed gas. In this case, the amount of steam _the anount of nnlecggar
of the absorption column low results 1n depressing t

15 efficiency of absorption in the absorption column and
heighteniﬁg the polymerizability of the 1liquid in the
absorption column and the piping of the absorption column.

The term “efficiency of absorption (%)” as used herein refers
to the magnitude represented as 100 X {(AAin - ARout)/AAin},

20 wherein AAin denotes the amount of acrylic acid introduced
into the absorption column and ARout denotes the amount of
acrylicaciddischargedfromthetopoftheabsorptioncolumn.
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 the rangeof 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.



5 oxygen, and the anount of other inert gas which are necessary for the
conposition of the mixed gas may be adjusted by the amount J8Y¢h&%Pecycl ed
gas. In the first reaction zone, the m xed gas of the conposition

menti oned above is supplied at a space velocity 10 in the range of 500 -
3,000 h-1 (STP) per 1 nB of the catalyst (i.) under a reaction pressure in

the range of nor maheRt@EUE SinpdPe Pt So VR riaiary ¢ @88 Witkogdhe depasin on
tenperature is controlled at" a level in the range of 250 - 450C,

preferably diaokhder amgeobieBd0ertIBEC. ThemrdanEtoyas A1E6RRRIRAHF Yhs 13

di schar ged Lo 10g, [id &ln chIAGH 96 0N Be TUC A dNEL ALY A fnded Nt O
the second réaction Zzone, of it may be mxed wwth the air. 15 :for the
pur pose of i gaer porahisgavel,echid amooxygensbedny éhietansint af modwsed dmt o t he

second reaction zone. Alternative, the 20 .gas, may be.heated or cooled to a
t enper at it e BFYPRDMI ti’ﬁeam‘?‘élﬁ%f)ifoﬁgﬁﬁr d%e&ﬁtﬁ%%wﬁﬁc het SBEGTE 5 édct i on
zone and theporifihé it retpecnnded eant naf Bensd jdheedasplutian
contai ning gas supplied to the second reaction zone supplies the m xed gas
under a reacamonnprefsthe racyatedad@y®- of normal 25 pressure to 0.5 MPa

(gauge pressure) g aysbapeyel QGLbY ;LA Adie T aige 1x800 czb 009 Rel (STP)

per 1 nB of the catalyst reaction tenperature controlled in
the range ofoRP6sitHON@erpriefrerdbypvienis mpnigsl et @ Hpace3ggtocity

Incidental ly, the water c tratj iR m_xed, gas_ 3Q .suppli o the
first rédcti o Z¥héB4R Bgr%g(?é'rgfhgg rb; é%gp) Ehto o%’?gcp ey,BB%{ﬁ ﬁ’té:
Carl - Fi scher (mpthehr Qlrddetitg ggessateaihypeamigy of Tiermv! pressure

concentration of the mxed gas - 16 18 July 2006 nmay be directly neasured.
Ot her wi se, i Eon@y5 HEPa o(GRMUES PHRIRWFFhy (HhE \K)&?EFW%ﬂE@HWéF%BHé of

various gases,nift{pdced.ifd@e1 he £hEStadRASEI DN ZopgoRNdpsabieabigy the
results of the neasurenent to cal cul ation.
in the range of 300 - 380°C.

15 The acrolein-containing gas 13 discharged fromthe first
reaction zone may be introduced as it is into the second
reaction zone, or it may be mixed with the air 15 for the
purpose of incorporating molecular oxygen before it is
introduced into the second reaction zone. Alternative, the

20 gas may be heated or cooled to 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



5 The acrylic acid-containing gas 24 which is obtained by the reaction of
catal ytic gas phase oxidation has a tenperature in the rangée8dply20e -
350C. Preferably, it is cooled to a tenperature in the range of 10 0 - 3 0
0C, particularly in the range of 130 - 270C before it is supplied to the
10 absorption colum 30. As the heat exchanger 23 to be used for. |owering

the temperalyg, pany;obcthy kawileeal ocpkangees itanae nsebuiltilsy
cool i ng nust prevente romlowering the tenperature of the m xture of

reaction gasmeabelrbugt hehedewr pel ntcoBFeRHEA i RRBr 0T WHEHETHE r 1TOn gas
has already 15 fallen,in a nLopes; [ANGe Qf sAHMDENHAl HhE, skh§efOPhGNh S NOt

necessary astACHRTFEFIot M eRuite Tt his i nvention, 'the acrylic
aci d- cont ai ni-ggugas @4 the mepphiemeht thecabsoiption.col unmm 30 and

subjected therein to the treatpent of absorption,py th
absorbent> 20 33. Fhe aeFyii€ Ac+d-CORtathtig 933 %g %}%ﬁuilssg Cg%ﬁ'%%gec%o t he
absorption cglugp 3Q-generdl | yrceataiRsiacrgds cplegsel bridbhhéonamge of 10 -

30 wt. % acetic acid in the range of 0.2 - 5 w. % .agd V\ﬁier in the
range of 5 -tébpatrateseThe Wondiananet £8P Th@%@sor%?? REARLY udthg s he

conposi tion of conpanen I d £26bhUB OFFS,, ddve: GaMRosi¢ i on of
t he absor ben??Of%%EOtah%éx%%%rlsp%ggfﬁrﬁgtt%fe JLta sorption may be lsar.bi traril yiI
sel ected onifheneopdhtkonft ha t-he&y afak beffheendteriscavmaitiag itth Gte the

acrylic acid-containing solutio Birsi n.th t i @Cd 301t_otk£@ fylic
acid abdé pt RBFOEBFLAR FAH™R P { he arrrélé3 E‘Fggogg%ghggmz % The wat er
concentrat | 0, pf e ihetdienkngrirdtuet , tdiy eoltrknswmbee tpraflemgsins i n t he
range of 1 - 25 wt. % "and particularly preferably i{l ‘itih rag_reweogir% - 20
W, % - 17 mdp Belyseboe ThHE ﬁﬁ?é#nepﬁlééﬁt]i’%ﬁ”f)ﬁ?%f nér%rﬁ_a o wt . %
s difficult, Lo ORIAL D@0 46 e didieadvanl Ag8ctohngacasi gl sheciasunt
of acrylic ag1 1f’o e Tost. nversely, if the water concentration exceeds
45 wt. the edeeg® it bfbehatmiaxture. When the reaction gas has already
15 fallen in a proper range of temperature, the cooling is not
necessary as a matter of course.
Tn this invention, the acrylic acid-containing gas 24
is supplied to the absorption column 30 and subjected therein
to the treatment of absorption by the use of the absorbent
20 33. The acrylic acid-containing gas 24 which is guided to
the absorption column 30 generally contains acrylic acid in
the range of 10 - 30 wt. %, acetic acid in the range of 0.2
_5wt. 3%, andwater in the rangeof 5 - 15wt. %. The conditions
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 liguid
of the acrylic acid absorption column fall in the range of

30 1 - 45 wt. . The water concentration of the bottom liquid

%

of the column is more preferably in the range of 1 - 25 wt. %

<

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



5 di sadvantage in requiring the apparatus used at the subsequent _steps
such as the distillation colum to be enlarged and sufferlnd8HWé2%ﬁbunt of
t he dehydrating liquid and the anbunt of the waste water to increase as
well. Further, the liquid has the highest polynerizability when the nmass
ratio of acrylic 10 acid to water in the mxture is about 1 : .1, and the

sol ution tenge {9t8LNIrAic A ROIGHTEELL Ang Bdoakser At won ok deh Bt the
subsequent steps. Mreover', when the dehgdratlon IS effected b
azeotropi ¢ ditet PPratnoan@sis [@Atudt AaadveRtadr IdilAGr AT 1PHERAG Lin the

amount of the Maler, PACtaalLY dp fONdeased idbdvas<daly dr o | RileCQlatBy 40

i nduces pol ynéri za acrylic acid and tends to"give rise to a
pol ymer . Speonbemakhy;oho@xﬁaedﬁawéioﬁ:dehydt®¢|ﬁ§C¢ﬁ% Weiyl be at a

aci d- cont nln ol ution 35 ment _of .azeotr whi ch
i's perforﬁe % gﬁén ?ggelrﬂzge%‘ﬁlﬁhn%gb&a??gﬁlrgtfs so‘ﬁ‘%ﬁ he%?%,e@ ér}
resorted to. skbpkhguwat els &eRCeTitstlileR iogX eeedmnd fowbe %11rahgee1xcms will

i nduce consplcuous oi |l -water phase_separation between_the h hObIC

azeotropi c GBAFEraNOHE S SMPERT ehdDfed ¥ty d Lodrder Laeidiadse
pol ymeri zati ae {rge'vﬂstt%f wHREY-Efl lme%'s%p%%me a@ﬁytheracme 1&@&&1

pol yneri ze. acrylic acid absorption colum 30, any of the  known
col umms suchhasqMahIghEﬂmBnlypackedbcbiUﬂwheBGh@ﬂa&ﬁﬁﬁﬁﬁp0§@§rﬂﬁﬂﬁtm

used. . The, pl ate col um. or .t hey packed, £olum, opE oyes, Pres @iabls 1RgLe, t he

acrylic 1% e acrylrc acid aining gas t

treated i s htghdanto ddirmale mepb2ghieonin nhchebsokpmonesokunm drel prtevent ed
effectively. - 18 18 Julé 2006 In the case of the ac f.or

e
exanpl e, it FBe PHEFERHBP F&eﬁﬁaceMSIESEEanwﬁﬁ?e gyﬁﬁﬁgéopeﬁﬁtlvely
hi gh Eff'C'e@g¥e8£e§b§g;QEéQﬂr9&1@C&Yéi£1fﬁﬂibd“h§|¥iﬂﬂ§ﬂﬁ%ﬁ@@ isl d;eof the

fl ow of the absorbent thin the col um and

diagram, the increase in the amount of the water partially

15 condensedinthedehydratingcolumn40inducespolymerization
of acrylic acid and tends to give rise to a polymer.
Specifically, for the sake of dehydrating the acrylic
acid-containing solution 35, the treatment of azeotropic
dehydrationwhich is performed inthepresenceof anazeotropic

20 solvent is generally resorted to. If thewater concentration
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. Theplatecolumnor thepackedcolumn
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.



5 packing material having a relatively low ability of formn t he pol yner
of acrylic acid and/or plates on the downstream side. The eaér’%g?(gin
“relatively high (low) " neans that when a plurality of packing materials
are used, a given packing material has a higher (lower) performance than
t he other 10 packing materials. The statenment. "a packing material having

a relatively |ow abiljfy.0fcfoF MY S AAY BRI uniBANSo hatamp M @ is
plurality of packing materials are used each in packing the acrylic acid
absor pti on coteferalkll giteplpaskiangaakiiagi laaterhag havongra alatlyely form a

pol ynmer than fhe qther, packi 15 _nmat.eri : Sk , bent
and t he acrg}i"lr%1 e&éilﬂ’-l@g}ﬁtya?ﬁi%r?& Oéngagﬁle%g\?g%g?%%% Oélgtﬁtggléslcﬁre?agﬁ? Foen
contact, theiupper 8 tf fw tde 8oy Whsorasint abisdript itdre collomm agehst i t ut es
the upstream side and the bottom side of the acrylic .acjd or pt.i on

col unm cnstRacK g MR Fdvids PREART 3 d&1 3t vsg % ﬁr@wvﬁP?'ﬁﬁéyp%%P Rt erials

and pl ates V’éﬂ&%ﬁ@%&%k'é@k 11& Qe Rpakianerapn ks agithaBmptirean
colums, the gauze“type regular packing material ranks at the top and the
sh_egtttype srnlyiu amhpf_:mr@smref’i’f&ﬂ?t@ﬁ@lb’rmgjwéPW[béé‘l@amj HaReMben  the
gri ype regul.ar packing material ; t ol s ol e
descendi ng dachéTu]ﬁ JIQC_ rr%% 81"3(:?(%(&31%&1??%?%%25 %#é lg%es%'r pa{t i@gﬁnbtgr?&&gtggi nary
col um. The i @desa Whad arkigeadopkdwai j hpbrfbrpenter thave thgualthetrhe

Corms 5Dt I iis BRCREWALEN. 1y PEECABPA il PRETZode (e Dal2d 138 (ype
regul ar packj ng.1mat&fd8) IARhkSiati tyhet o rangdt ke ppheaier t yleanseghhar
packing material, the irregular packing material, the grid type. reqgular
packi ng_mat ertical 2 pvr Al YpP PGS AT BAF e 13l S By S5 5365 14 PRAKERE
W th A vi ow T REFYRCEr T FRECTBE P Epunal o, REEeh MRy ko e
glu Bcs:teatn Qg gaLze at ypeer ragiil dry packony arpodyirer thahi bl @ttherdpspbiada
15 materials. Generally, since the absorbent and the acrylic
acid-containinggas areadvanced intocounter-current contact,
the upper part of the acrylic acid absorption column
constitutestheupstreamsideand thebottomsideoftheacrylic
acid absorption column constitutes the downstream side. In
20 the various packing materials and plates which are available
for packing acrylic acid absorption columns, the gauze type
regular packing material ranks at the top and the sheet type
regular packing material, the irregular packing material,
the grid type regular packing material, and 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 reqgular
packingmaterial and the irregular 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



5 under treatnent to polynerize, it poses the problemof polyneri &ti on
and renders an extended operation inpossible. Conversely, \/\Hér‘f“lﬁ'ﬁé grid
type regul ar packing nmaterial. is wused, for exanple, with a viewto
preventing the polynerization, since this packing material. is deficient
in the efficiency 10 of absorption, it requires the colum to have an
undul y | arge;+ hei obhe f @estbpdpngposeenf aiiai nilng gauespeypedrebfilerency.

Thus, by using the gauze type regul ar packing .materi on h pst.ream
si de of the fd@ving mwéemaﬁi 4scHRES Wilﬁ-g‘ h l%“oﬂ%/oe?#Pef-%h?%‘éE’égl ﬁgr%ﬁ and at

least one matgrdal &51 8¢ gfsbrpridR, the a&amgléonéiﬁéér@@fgam@ shpet type
regul ar packing mat erd al , the“irregular packing material, the grid type
regul ar packiemlamtperdlaing amtartialplist dabpar EPcAL&PPY eprefBPERR) Fhe
sheet type regul ar packing nateri.al or the j gyl Paski &g of

mat eri al g dH4%He HB%?}E‘P?Bgmt icpeql%’gloetaﬁrhl% e la‘gi P{D%%lgt t)&h%; event1 20 °

pol yner i zat i oy and- the: it halleneyieats absatphiled auer agzitarstipdssahdet he
extended stabl e operation is realized. The gauze t . reggk‘%%igﬁlcggngs

i ncl ude Sul ZanvRRaG Yy (Hedethe Shntt ofRF g ﬁé%‘i%ges TRt aY),
Technopack ( h e& G0 a v thprav@n¥ing tiRapslymadezhyion,

M t subi shi clﬁ%%‘lﬁcg%r%E}E%‘ieﬁgel??rn%vgo. . I?td. .,n _tlr?? s,hegt t JL_)E.re ul ar

packi ng matsimicd hiimc padd Bl DAPAKLE hekfe dA8f 1SHANoAH Hésvé ﬁaagwes Co.
, Ltd.) Technppack, (nmade, b .SUi : t Mdu1s 15agk (nade
by M tshBi skﬂ?éﬁgﬂirgﬁﬁo%hg}%éggi ?\%géo&eceftlamh)% }layﬁg&grui dut f/}pe rggul ar
packi ng mat efdiaji: ifeg! tie pumpdge od Gbt{ hmiieg an KEOHCERG AEEFFHENED:

B e
Corp.) , - 29 1§ stHun?@0@eaBe the Plai X ihel adgusdeventadyingatie tray,
bubble cap tray, buffle tray, dual flow tray, super, flack tray, ripple
tray and | etsalnmnt Anorye erdEmn; 2R Ji 22 PalkFE ﬁ%‘f%‘?‘ §|e§,e°té‘s£581§ M i
Rings ali'g | Féé;"@é&é‘o%%%hﬂ%@ ¥hd 884 AL yPETE G ar packingmaterial,
the irregular packing material, the grid type regular packing
material, and the plates, particularly preferably the sheet
type regular packing material and/or the irregular packing
material, on the downstream side, both the ability to prevent
20 polymerization andtheefficiency of absorptionare satisfied
and the extended stable operation is realized. Thegauzetype
regular packings 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 irreqgular packing
materials include Raschig Rings, Pall Rings, Cascade Mini

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



5 prove particularly favorabl e because they excel in the abilit to
prevent polynerization and exhibit a high efficiency of absd?d%?gﬂm The
top of the acrylic acid absorption colum is generally operated under a
pressure exceeding the normal pressure. The 10 pressure in the top of the
colum (gauge pressure) is properly in the range of 0 - 0.4 MPa, preferably

in the range,pf Dne- Qa%eg/P?nc@ﬁ‘eré‘iéiféU{?éjry valdd e rangeouwble -cdp 03
MPa. If this pressulf?e I's lower than O MPa (‘gauge pressure), the shortage

will be at atdasadmaﬁfh@é:rlay/né@éésfl@tflwgaiar FARRME 1 8CHetd 2% driPRA ai | | ng

a plant cost_and a oSty s 0.4
I\/Pg (gauge pF’é%%Lﬁn Ielc *%% excess%ﬁ!ﬁé%grﬁedgl trhga@gﬁfggﬂeaeﬁeﬁ(xlfagﬁ| ri ng

the tenperatuyseadé Mihe mhsgsr@md oMTeoihimh permet hasr bpseduleosmadkigrabl v
with a view to expelling_the | ow boil.i subst} ce 20 fro he t he
col um arid eRBPY® ﬁ@rﬂ:ﬁguﬂélr}ﬁfe?a}%kﬂﬁn@ec’%‘ﬁs% Vi Csd ”{}1 %‘Bc or ption
col um. The E@:?&G‘é@éz&'ﬂf &0 Bfmdre; 410 Pfarikhexeabitmai i g @ﬁ:rceicértaybﬁ
generally int range of° 30 - 80C and particularly in the range of 40 -

70C. This i nademxptll@@nterrpl ates adjusting the water 25 concentration of
e Yy act 4 R0 LBRY 10 S8k 98 1 d Do AN OB 14 reMer 1 yTOUGY
T IS

the nmethod for ef ust nment ot need to be parti cuI arly
restricted, dperacsd unteend pmeasbeee&xcmmhdlg)yhemmﬁé p¥Rs ShtrRInt T8 t he

absorbent to be intrqduced. nvention prefer ffie

absor pt i'{dn PATEIFIHT dNachd Y %é?hﬁlciogﬂ'}%(gégﬁﬁt eres%ﬁlgr fé pcrc%%teg}g?
bet ween the peryfd crachd €ond ai i ng Mess prdfeacindsd iinntehet rangies ofptli on
colum and the absorbent. - 21 18 July 2006 supplied tgere%} ggt rrass

flow rate of-thel a6or b Rﬁ@b’é?rqlﬁﬂt}ﬁ Ihdheadg@ % °d.
advant ageous#?! i d e dANES i 1842y thal bR, fm;téo%fﬁés%wﬂr%fﬂ,ythe

advant ageous range of. 0.3 - tinmes he nmass flow rate of
t he propyl enghortage will be at a dlsadvantage in necessitating a vacuum
15 device and entailing a plant cost and a utility cost.
Conversely, if the pressure exceeds 0.4 MPa (gauge pressure),
the excess will be at a disadvantage in requiring the
temperature of the absorption column to be increased
considerablywithaviewtoexpellingthelowboilingsubstance
20 from the top of the column and exalting the polymerizability
of acrylic acid in the absorption column. The temperature
of the top of the column is preferred to be generally in the
range of 30 - 80°C and particularly in the range of 40 - 70°C.
This invention contemplates adjusting the water
25 concentration 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 inventionprefers toeffect
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



5 introduced into the first reaction zone. If the mass flow rate of the
absorbent falls short of 0.1 tinmes, the shortage will result'8iHYP&%deri ng
the absorption of acrylic acid difficult, decreasing the quantity of the
wetting liquid in the absorption colum, and inducing an extrene decline
in 10 the efficiency of the operation of the absorption colum. The

quantity of EEE Yebhivie dit b e DhatHe18hsarqd berceohusbrbeat galdged by the
foll owi ng for Pa. Quantity of wetting liquid [nB/ nRhr.] Flow rate of

]
absorbent pefinurhe nange psP bk 1 - 25t Tress ASWANtGISo U dal B ERB IAIHS on
col um [ n] he guanti Qf th I fguig 4 OP&E tid 888 t han
0.2 nB /n2 - ﬂg, 8b$|ef gr'ainl)%yl(i{{r\e()st’, %P\giég%ﬂg%h%gglﬁﬁé(?vﬁgﬂ ht ,A%sn lparti cularly
preferably neangesst than 1.0 thdwtoe luhe dss Hd owmagte olforhe prepadcdeds 1. 5

times, 'the excess will results 20 in_increasing the water ent.ration of
the acryldc lBEFHdESﬁ@aJrWF‘P\gt}%%IéﬁS r\?ﬁ%ﬁoflszgfﬁfecﬁ&%eo%%%%o&t&tol%%n of
acrylic acidpatf dhenkeapesabane ©f11shenabsapi.anttabspTthd Shelrevateed with
a viewto fixing the water concentration in the acrylic aci gécontai ni ng

sol ution at witbnzesnlt| dvelrergenifids e 3RIGPWIN e 4FTEL4FsAFaht age

i n di sposing,t he. yl { | o pal i Za i As,cePchehe xamles of

t he absorben?l?gl%gféUpdp ?é%g'&ﬁﬁé'ﬁgk%gﬁé SO \ﬁ:ttlsl as wat e?, (%lani.c

aci d- cont ai nthg abserstiomncohimh, koid iimglucieva amy ¢xdpieslsi desdg®& &M i qui ds
may be 30 cited. These absorpents may he use Lth i.ngl:y _or, | he
foram ofl0a nfRe e HF1¢MY o‘?Pr%Fee Q'Peﬁ\%?efsqn co%r% i g%isg)\fg%tl}sgn,wl{&ﬁltg'

absorbent i sypgef@dtety @ fhare wateing laguddnaf ntioe rherantt ia22 col@miul y
2006 The absorbent in the acrylic acid absorption colum, for exanple,

possi bl y hasia éefhbesedtbontlee frllawinguiomW@-acrylic acid, 0 - 20 wt. %
of acetic acid, agﬁag;piﬁy 100 Whtt PAPT1 MALRS -[ni*pmPdenf atly, this absorbent
is preferred for e . _ ,

Flow rate of absorbent per unit time [m’/hr}]/

15 Cross-sectional area of absorption column [m?]

The quantity of the wetting liquid is properly not less
than 0.2 m®/m?-hr, preferably not less than 0.8 m*/m’-hr, and
particularly preferably not less than 1.0 m*/m*+hr. If the
mass flow rate exceeds 1.5 times, the excess will results

20 in increasing the water concentration of the acrylic
acid-containing solution which is subjected to absorption
of acrylic acid. If the temperature of the absorption column
is elevated with a view to fixing the water concentration
in the acrylic acid-containing solution at a constant level,

25 this elevation will be at a disadvantage in disposing the
acrylic acid to polymerization.

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 a mixture of two or more members. For this invention,

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



5 purpose of preventing such a polynerizing substance as acrylic acid from
pol yneri zation to contain one or nore conpounds selected frdfvehé’roup
consi sting of N-oxyl conpounds, phenol conpounds, nanganese salts such as
manganese acetate, copper dial.kyldithi.ocarbamates such as copper 10

di . but.yl.-thiocarbamate, nitroso conpounds, am ne conmpounds, and

phenot hi az iaggn.ﬁg}gggb%gxxbegﬂggﬁr 5 140 Aty neRd R e RAyIineY| afdy

restricted b e selec uch N-oxy conpdunds which are
general |y knewamplepqosmitiizahasrm cohpbistirieontaf Ovt APl wilb scofFsuitisic Anong

ot her N-oxyl conpounds 2,2,6,6-tetranmet hyl . piperidi .S I t

the fol | owi Agifortml 40 ¥h)y *KT efe ic-a?\%‘g'y )andﬁé@:‘i h?:b&‘%-ym%?%tﬁes%” °d by
denotes CH2, CHOHp, CHEERERH 1 FHCHRGH2 Qb s 0 28 HOCH2 @ e fehiaed? CH2 OH, t HeHCOOH,
or C=0 and R2 denotes a hydrogen atomor. CH2OH) are favorably used.

Though N50XxybuTpee eddsr eien Lidhs eCRAR NI 2 PR T ARST Y F8strict ed,

it is proper_to.u ;0.
2.2,6,6-tet r%‘ﬁ%‘?h§ Orgi %ﬁr&?ﬁ%%ﬁ&g?i- %‘?"8’%’5%2‘“2“6? et eyl e

p!periQLDOXyéel@@ﬂed41@h£ﬁé@;ompso@ﬂiztﬁp@qﬁﬁqumgﬁympounds,phenol
Poi yror | zat | SARBOPAET BRGS0 SHa. FEPRRTIT B oet ol NoRf lor - 23
18 July 20064 fi5 hy§1 @x¥h 2oc@rbémates et ranet byth pi peridsnoxyl, icoppsed as an

10 dibutyl-thiocarbamate, nitroso compounds, amine compounds,

and phenothiazine.

The N-oxyl compounds do not need to be particularly

restrictedbutmaybeselectedffomsuchN—oxchmpoundswhich

are generally known as polymerization inhibitors for vinyl

15 compounds. Among other N-oxyl compounds,

2,2,6,6-tetramethyl piperidinoxyls represented by the

following formula (1):

2 o1
Hszl j(CH_q, M1

H;C N tn,

(wherein R! denotes CH,, CHOH, CHCH,0H, CHCH;CH,0H,

20 CHOCH,0H, 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



N-oxyl conpound, since it constitutes a stabilizer system mﬁg qu

requiring inclusion of a metal in the relevant conponent, if ET%%Q%%eS t he
possibility of the metallic parts 5 of the equi pnment being corroded by the
stabilizer and facilitates the disposal of waste liquid as well. As
typical. exanples of the N hydorxy-2,2,6,6-tetranethyl, piperidine

conpound, 1,A4-di XY -2, @, 0,105 hyli pRAAE IS d
1. - hydr oxy- Zé,}g,,cg%/%{e‘f)r%’n%’t%’y{ t%t:)%ﬁegﬂrﬁﬁg %éggggﬁéin?éﬁ.q a‘?’hleli;gd as an
N- hydr oxy- 2, -&x6r1 etamgretriyy| sdinser iidi consbipobadsa AtgbbeélasEdSEFLRBY

i ngl inthe f f ' f
om0 of it o Ghul PR R OL 4 N0 s0Ta (REETEIICI e PetovERE!

2,2,6,6-tetr ydiddtedt petidlisig saed tHe pydsoryi2r, & Gheetataittiiyparts
pi perizine may be cited. These conpounds nay be used either si nIgIX qr in
the form bf o nfRkeurcsugPmend dveHrst ecﬂﬁﬁﬁéﬁé. BhcFREntSHaRLL1zer an

N- hydr oxy- 2, Zfa%iﬁ,‘j]tt%ttreas”ﬁf 'di%%%‘%%ildB@ewﬁgﬁgomﬂqfﬁi@ngszQell_.
2,2,6,6-tetramnet piperidine conpounds are possibly contained as
inpurities in commercial proguital of N oxgkampdepounds. Pfe use oftBfich a

o BB o ARRR e SRS orbontptut,
2,2,6,6&tetLq_rgh%?ﬁﬁﬁgﬁ@tg%ﬁe6qgnpeuﬁdmeﬁhymoncremdpexamﬁkes of té&mdphenol
Cied. N8 hodaiaRe i Guds adv ARt AGBEE bt R 14 A%cary RyaroRGrRone | n
oo o on” PR B Ses geRngh b e stpsoagea 1
concrete exampyebeofsede ijfaroshnaky ner donpbendorm 9f a PaxFyre 960%7°
phenoth|a2|n%T %bi%-%%h%%&gxlbenzyl)-phenothiazine,

As concrete examples of the 2,2,6,6-tetramethyl

15 piperidine compound, 2,2,6,6-tetramethyl piperidine and
4-hydroxy-2,2,6,6-tetramethyl piperizine may be cited.
These compounds may be used either singly or in the form of
a mixture of two or more members. Incidentally,
N-hydroxy-2,2,6,6~tetramethyl piperidine compounds and

20 2,2,6,6-tetramethyl piperidine compounds are possibly
contained as impurities in commercial products of N-oxyl
compounds. The use of such a commercially available N-oxyl
compound results in additional use of an
N-hydroy-2,2,6,6-tetramethyl piperidine compound and a

25 2,2,6,6-tetramethyl piperidine compound.

As concrete examples of the phenol compound,
hydroquinone, methoquinone, and (p-methoxyphenol) may be
cited. Methoquinone proves advantageous because it excels
hydroquinone 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,



3, 7-di octyl phenot hi azi ne, and bi s-(a-di nethyl benzyl) phenot hi azi ne may be
cited. The copper salt conpound does not need to be particul afyly 2806
restricted but nmay be selected fromvarious inorganic and organic copper
salts. As concrete exanples of the copper salt conpound, copper

di al kyl di , t hi ocar bamat es, copper acetate, copper naphthenate, copper
acryl ate, cq&mgﬂogﬁ&iggﬁe,copper Hiid (@t-ene taiyd beopyér) -phlemoitdd azayehe
cited. The copper salt., 10 conpounds of both unival ent and divalent(;orns
are usable. 3 GEREPheRpbeiasaltes conpounds mentioned above, c&pper

di al kyl di t. hi ocar hagmh £sn PTIO¥E, PRI bhenb @ Lyz {2 arapl e fdomad § he vi ewpoi nt
exanpl e. e

of effect, for conc e exanpl es of the copper 15
g! . a|t Ey: . pht L hi ocafjmaaapp,eraqd;recompmnﬂ@qﬁsmmaeéma@@par@éﬁﬁérarly
i .ethyldithi ocarbana caopper, _di propyl dit hj r t
di . butyl dit rﬁ_e.%tc‘:ajr%a%‘iltek&t %f)pbeer i peeér?ft‘ltcg|§dﬁ“?ﬁ’?‘5§g’§%a§r§€g%@@§%p§?d
di hexyl d. i t HrQoardaspper seappear dsplmermyedie dkamebe hafuthe, cOfpenppert
met hyl et hyl di t'hi ocar bamat e, copper _ net hyl pr | .. dithiocarbamat copper
R et

met hy| but yy Qo b HRRRET Higpldty 1 et L& hiCOPRFEafate 2 “Cdpper . -

met hyl hexyl 34_;& | ACALBATRLSa teQPEShpLP dBlItReaypPet Huldeaidagabpercopper

et hyl pr opyl | Tl ocar bamat e, copper et hyl". but yl di thi ocar bamat e, copper
et hyl pent yl diittrdtorarbdmatepetophepridenay hexgiaetn. iThr £OPR 2 1¢opper

20 oL LR S AR Cun SRR RGERILM Ay aow Gemmte. cover
propy. | hexyldiddy enardarmigper 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



propyl phenyl di t hi ocar bamat e, butyl pentyl di t hi ocar bamat e,

but yl hexyl di t. hi ocarbamate, 5 butyl.phenyl.dithiocarbamate, 18July2006
pentyl hexyl di t hi ocarbamate, pentyl phenyl d.ithiocarbanate, and copper
copper copper copper copper copper copper hexyl phenyldithiocarbamate
may be cited. These copper dial kyl dithiocarbamates nmay be both unival ent

and dival ent_10 %i}éﬁﬂﬁl?ﬁ$§ﬁ§??hg;her copper dial kyl di . t hi cegpihamat es

menti oned addve? cop i ocar abamat e, copper
di et hyl . di t hhagsr hstoet el d artdi coppemadiehut yl di t hi ocar bamate pr 89@PFP&vor abl e

and copper dlbut | dit carbamat.e proves particularly favora fromthe
vi ewpoi nt. Jrutef¥RRRT éﬁé;{hﬁﬁf gﬁ? R Sérocurenment. As concrete gégﬁpfes of
t he ”Bn9ane%%ﬁyﬁﬁeﬁymaggﬁgbcaﬁﬁwmmmgse di al kyl di t h. i ocar bamat espptlre al ky

group nmay be any of” nethyl, ethyl., propy and butyl, and the two_al kyl
groups fiay metynaermnmnducmmaw@y, hanganese 20 EBpRY

di phenyl di t hi hiENg3NGse f ormate, nman
o, ganese acet aggppBmrnganese
oct anoat e, ﬁ%ng§2%se naﬁﬁhéhate manganese per manganat e, and naﬁganege

sal t conpouQﬁanqﬂphﬂﬁgmdmuhﬂamanmamaeﬁfraacet i c apdd may be cfPERSIThese
Txture of GBS HEDAF e TG e Mkt Pon Srerdh s TRE SbsorBRAT To
i ncl ude one Pra1 KWRIE OIS agelseriptbé et anmigalleaxy Andodpoahdst phenol
10 copper salts. Among other copper dialkyldithiocarbamates
mentioned above, copper dimethyldithiocarabamate, copper
diethyldithiocarbamate, and copper dibutyldithiocarbamate
prove favorable and copper dibutyldithiocarbamate proves
particularly favorable from the viewpoint of effect and ease
15 of procurement.

As concrete examples of the manganese salt compound,
manganese dialkyldithiocarbamates (the alkyl group may be
anyofnethyl,ethyl,propyandbutyl,andthetwoalkylgroups
may be identical or otherwise), manganese

20 diphenyldithiocarbamate, manganese formate, manganese
acetate, manganese octanoate, manganese napthenate,
manganese permanganate, and manganese salt compounds of
ethylenediamine tetraacetic acid may be cited. These
manganese salt compounds may be used either singly or in the

25 form of a mixture of two or more members.

This invention prefers the absorbent to include one or
more compounds selected from among N-oxyl compounds, phenol
compounds,nmnganesesalts,copperdialkyldithiocarbamates,
nitrosocompounds,aminecompounds,andphenothiazines. The

30 combined use of two or more of these seven kinds of compounds

brings about an equal or greater effect of preventing

polymerization.



conpounds, manganese salts, copper dial kyl.di.thiocarbamates, nitroso
conpounds, ani ne conpounds, and phenot hi azi nes. The 30 conbi néduiy280Df two
or nore of these seven kinds of conpounds brings about an equal or greater
effect of preventing polymerization. - 26 18 July 2006 The anount of the
pol ymeri zation inhibitor to be used does not need to be particularly

restricted but mayhe proRer by 28] pstatkt 0 Stidn Lk gAY kenseohsthe
rel evant operation. It is, however, proper to limt the total anount of
E Be 5 pol) y lr)reldiodeatricmtnﬁbaditt@i b@gatcﬁibelaslém rigs b€ beshgjet BRYPe PBOBODLY ppm
mass as on t mass, o e acrylic idyin i

abgorbed. Asa(laéﬁgF'(?éi ?ﬁesﬂpéf%k?ér et nacfrji)tyulrénss %ocff gpﬁerlgggyeflgﬁgaﬁgéggtggﬁto °e
pol yrmeri zati gr iirhi hidwrweer 0 peopsediot hémiamtat toftalk endurtonpbutidei s in
the range of 1 - 50Q pp 10 the, amount_  of manganese salt c ougd (9

At> of é]itroso

m
copper salt POAPBEHdZALSOPRIEP FadCoPe 115008 Wi AHE Q
conpound | Spg?l g_Bﬁ 7h288¢ Pisdd-orthdrBss g @Hﬁuaérﬁii@hgaﬂﬁ cAMpeind s
in the range - 500 ppm and the anount of dphenot iazine conpound is
in Ejh_e r aﬂgereéclionm b beradsisuatigdrel psizagardsihepreferFRsaunies yl i c
acid in ther t i an gas. ., Fur I . o. e
pol yneri zati Sﬁatc}il?nlﬁrb X rdufﬁdbpggmﬁéggggakgrI%%E?ﬁ%%érl%?r étei %ﬁé?hetr'}}aeof into
t he system dampahtnegdntoxhe pampoendaisyimeshe ixdmge df.1i-s 50Vt hel ess

proper to supply the polynerization [nhibit 0 th h t t f th
acrylic i dggﬁsad‘kcﬁ%’?‘bﬁfd’&ﬁrtﬂﬁﬂe%l?ﬁittclﬁé‘lﬁfg{ Ficfgﬁiu%sﬁﬂﬁicbciorﬁ%cﬁurf ren' xed

with the absegbgt hienrafgy e 0bhobhspBURRBkLYahdei€0lr hotibSoyEiiandt is
utilized effectively bgg%use it isr%labl ed to be distributed unlﬁnorrﬂy in

the acrylic asith &bsorpngerrtdl urkP0 ppm,stle siiindaPitBhemo} GRPQUR
D30T bent Wy ERg VRSB 205 bl WP R S HBRoHL event o
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



restriction on the nethod for purification subsequent to the step for the
absorption of acrylic acid, because it directs 30 adjusting t'Adumater
concentration of the bottomliquid of the acrylic acid absorption colum
in a specific range thereby inproving the efficiency of absorption and
stabilizing the - 27 18 July 2006 various subsequent steps, and not toward

restricting Lhe;our khicaylonc! acapy sagel kict Mekind (Ehaimdling tie
treatment for de ydration-is followed by the step for separating a | ow
boi | i ng subspamiéicthéost bp abByfepesepar arehgod- hi gh boiling substance, and

the other steps fqr purification. This_ j.nv i g i Nat f

of the methods of SBEFF;@%{ R A A
purificati onbgft.@@rsyt_légcfagisbpmmgebf:e@wmbmmenbbyanbys,tme retdmd of
distillation but also by proper conbi.nati on 10 of stré in

crystal | i%zat £8R, searaetiDa, LR S03tia, SBRETpar it %‘g‘ﬁa‘gﬁ’éﬁﬁ%‘??%he
second aspect,of, 1,nis dAueRt 0fni s @vERkdIeHh HOEntbE caaduaticanoefarer yl i c

acid conprising-a step of introducing a mxed gas containing propylene and
nnlefular oxgferhé med hbBlsaof | pwrif keatian haned gfadie ¥ RRNt A EnATd oxi de
catal yst hayj ng nmol ybdenum and_Qj 4 i et $,eand

oxi di zi ng pr%b?ﬂ% l%ﬂﬁﬁﬁﬁyégﬁi%gkggﬂggfgﬁ%?%gﬁg%tg#ﬁ?ﬁgggas, %5 stéb of

i ntroduci ng pRithaaeehedn £aitsaiililagigasbittad s byeporper eagtiom tZome

packed with a conpl| ex oxi de catal yst 20 havi l ybd d. i
essenti dl°, c%ﬁﬁﬂﬁéﬁﬂ§“&hdCr@ﬁ?éﬁﬁﬁﬁﬁt&ﬂnac?§€$ g§%¥ﬁig quﬁﬁfﬁé%ggg#yghgsa

step of int%Qggggﬂgc§§agn§§{ygﬂp acid-containing gas into an acrylic acid
absorption colum and causing it to contact an absorbent, _thereb

obtaining an acryFhe sadahdcaRParhi g tHGSULNBRNAPRHLS 25“‘%‘6%%%%%% st eps
g; gﬁgfZ?;gté%ééé?ﬁgﬁg%ﬁﬁgg%9TECQQgh§@dﬁﬁ?ﬁ§¥ﬁéEﬁ%%%bQﬂfiﬁ%@%dﬁ%ﬁ%@'for”Ed

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



(b) said propyl ene concentration of said m xed gas introduced into said
first reaction zone being in the range 30 of 7 - 15 vol. % dfdu¥Re&%at er
concentration in said mxed gas being in the range of 0 - 10 vol. % and
(c) said water concentration of said acrylic - 28 18 July 2006

aci d-containing solution obtained in the acrylic acid absorption colum

bei ng adj ust gd. 0. {gyﬁ{nj%n dNgtidigeoptaided 4 Wehe% &yrgli distdaigl t he
amount of an absorbent to be introduced. 5 This second invention is
different frapssotetionstolimydeingnadiustepet? ofleVkd ABCERRATBALORi ti on

of the item_(c) tiqned ahave, - [ dafpddeadi usd ment  of
the water co]rlc‘endtéT‘:Y‘E"on° gjfy Fﬁgug’%rl@grghéc% &(l:lgﬁtcg% n% ng solution to a
.level, in therreingee® 1 - 45 W. %is attained 10 by the regul ati on of

t he amount of the absorbent to be .introduced.. .The other necessar.y
conditi ofs for tHBhkRcERECDANVERIGHN Y et} hglﬁﬁﬁeﬁg [}‘re‘nroo e Eggt%rﬁfsitrst

| nvention meply afefon ali0¥esptle SxhakshdaassiGydosabatged 61 amd Heenop of
absorption colum 30 contains heat, steam_ unreacted pro%élse

acrol ein, apd) imenticmed where artarpkiertdie PBR L fdatedds 64 tg%’?%l ytic

gas phase oxidation._ It h e, e 4 cagcid-lestranadd n Fig.
1 by being heat VW?ihe]f héemﬁ%egl{t%a%clhogﬁg%eﬁethﬁ%%?kgn ct rgz:aLt ed W tah t hg flow
control l er 721wt hewed helblely 20 tiet eanlger ebfl adpGsved % i REtaddicfum

range, and mxed with the air 3 in advance, of .the s e Q the
reactor101.6%’Th€906ﬁ§8§?ﬁ¥&9(ﬁft{hﬁeﬁﬂgﬁgF Sgs?gfﬁggg%%ﬁggﬁé ?ﬁekhater
content ther%@érod&@é@.\/e@he benegagdib¥syary asbiyit iend eipetdteusecoot t he
top of the absorption colum. This invention, therefore,.25 re uireé t he
range

amount of t hineemaiveanedhechnars RRORE REFNGAL T T ol BECPHHP R BFLEACPR
of . - 10 vgl. % The act of changing the amount of the water contained
in the disch %%%‘ gas from .
The exhaust gas 36 discharged from the top of absorption
15 column30containsheat,steam,unreactedpropylene,acrolein,
andinertgaswhicharegenerataﬂbythereacthmmofcatalytic
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 readily varied by the temperature
of thetopoftheabsorptioncolumn. This invention, 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 limiting
30 +the amount of the steam contained in the mixed gas but also
liable, when the temperature of the top of the column 1is

heightened, to give rise to an acrylic acid polymer within



the top of the colum by varying the tenperature of the top of the colum
is not only unfavorable for the sake of limting 30 the amoun'® Jg¥ 2P¥e st eam
contained in the m xed gas but also liable, when the tenperature of the
top of the colum is heightened, to give rise to an acrylic acid pol yner
within - 29 18 July 2006 the absorption colum. In contrast, when the

amount of they  ahsorhant, | s Makned. 14 he change, ahdhensabpbuseberdnof the

acrylic acid-contalning solution can be adjusted by varying the anmount of
t he absor benébsodbéhe imvaatiedn thetthange @f Sheowabar ePntaet ik e

di scharged fromihe tap, of the col um b trQl i_fically, the
second i nven"‘Eﬁ:fﬁﬁilcéia‘rﬁl1de'(rclo§1 PReE ?%g?%{)‘rﬁvcganrf%%néﬁéﬁ%?gg?ﬁf?gﬂ%ﬁg’r fect
the absorptiga ffower Wi ehachbsbybestabhd sthag animt srr cuf rdret watent act

bet ween the acrylic acid including gas introduced 10 into_the absorption
col um afd t@@ﬁ%ﬁ&ﬂbﬁﬁéﬁpesaﬁﬁl$@ e 4608 FRESTPP f{h§308§

absor bent pr&’&‘?rb% | e nange @{»egiéicah?,titms,s@@aﬁdlt a@eemsliyni n the
range of 0.2 - 1. times, and particul arly advantageously in the range of

0.3 - 1 .1 simekatly tteethestifsounvand isoh theppebpyredc e mifaficéde 15
into the first reaction ne, . knci dent.al | qols I "b h nount
S}b%c?ﬁp Joorbgfizg,%”gélg 3 :L;c(ﬁ;' bﬁl e%’ta&aﬁﬁ.gﬁ%{ﬁge%%hﬁﬂer Y:iu'g:g%n%t o

of the absof uce onveys a neani ng, t
the water., Eeomeandt nadtiveren $heoricrglllied aicidt heciaddgegofjasl int46dwced % and

that, even when the water Qonceniratiog rena%ns ﬁo %n thghrqug of .1 - 45
w. o, fRe vEMiQthRERRIRFRIGOT SOFHPE AEF tRREPFRFREG T YRR H- & S8REPERt
range. The sign fxﬂa%?'anthf rhbe of ivd IRV prapaallveddy taxpkanged in

the first aspect of the invention. In contrast, the significance_of the

second nmeamhg -fesi tes tiimesheaftuenteaapuphe Ititg FBRIFNCEHE dowh - 35
he var at i onBES T R Bap et R e e B e Ry ey T of TS e ol e aci g
absorption collumtimes 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 the range of 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 the second
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



constituting the upstream of the process is dimnished. In the production
of acrylic acid, since numerous steps including 30 a step for'8d8par® i on 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 - 30 18 July 2006 step for. absorption of acrylic acid
and the step | JEEt d theE@Weol Aeharsatien
content of t%{e@%ggfgﬁ]@bg l&&gg of tﬂh%mgg?i%?éﬁaci d absorpti onbgol um, for
exanmpl e, resentioned wdoyiengatdimngmant the wterderpgeati of e Pestolised 5
in the subsequent . st for dehydrati e essure
in the intertdfigd Otfﬁg:h&eﬁﬁayést(gn%é%gﬁubn%%%wgﬁghl#{n’o?%?hg&aﬁp@%'

pol ymeri zat i @k i Q.htx%r)}bﬂnj)ehuseﬂndmraﬂdftﬁrﬁe dahpdnasiofy gdlererol uertl phase
42 and water phase 43 to be recovered ang recgclg&}fromti e to tige. The
change f &rt higt the peBEPEYENh SARR/ITRY FRBYAERYIPR  ddt tEBREEAT A4S 8R%f t he
bottom |iquiyl of e debydedd iiRg «5lsmd £ adkk i @imidinPlolhgn, the

pol ymeri zation rnhibitor to be added and varying the conditions of the
subsequent separmat icdh thfe phéyheyhzabienngnhRibsenice berpisodar pati 6R€ in
these conditions entail, .the 0GCe g, Pf ryld & agh dspohynmey gk the
step of puria1‘“i‘°éj<';ﬁtisonoa‘x:l a%f%%f%%%%a%o%?d%ﬁa%%% ?ﬁe quality of the
product. Thisdvatent haa,rddigrieidf eom dmebeet itier. ecThd ahawagadfprvleEi ng

acrylic acid with high degree _of purification b diustin r
con)éent RAti dff?%%‘ltc%%r? HéWIglPS th& -%Y&Tﬁc;\?‘ﬁ+¢1§°§6¥§gfh??8lﬂ O%nt%é]g?)égéﬁi bed

range in the ypsty eaf ehet RRrSRa@Sngofcsihaps amMt theedmbore dhetkby

sinmplifying an conveni enm_ng_t he treatnments at, the subse(}]iuent downst ream
series of stmpymenizadsiarai Anhgbikervdiq abeonddaed wand YREYPECPpo5RE of

Sorbi 00 pel b AR HE R Bheie gt acyphige aenegniabth e
control | ed igubsteansi.antheangeiasichsasn tbhesexeopdetione eahgdlothe 0 1

- % m]a_lgbe oaccc%or e!ricsehgg acrylic acid polymer at the step of purification

and form a cause for degradihg the quality of the product.

This invention, therefore, has been directed 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 in the range

of 1 - 45 wt. $ to be further controlled in a constant range

suchas, for example, therangeof20*1lwt. $maybe accomplished

by measuring the water concentration of the bottom liquid

of the absorptioncolumnandvaryingtheamountof the absorbent

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



by neasuring the water concentration of the bottomliquid of th
absorption colum and varying the anount of the absorbent 301?dwﬁémm

i ncor porated based on the result of the neasurenent. As the method for
measuring the water concentration of the bottomliquid of the absorption
colum, a nethod which finds - 31 18 July 2006 the water concentration

fromthe changgeipatbe @bg@gﬁtgat@@ﬁdmebmvﬁmb(ﬁhéﬁgeb@ht@ﬁeHemﬂdtﬂmcthe
colum and a nethod which finds the water concentration b 30| 6% are
avai | abl e i n e@RIYG ol tty §fsthARMRVYLAENYdaRd BF CORECHRpd a egﬁ)(? ss

The acrylic aghftyhi:iqdas hee pptalfnt e ddeiddr 8y & idifeepponde

i nvention na e supplied to a step for the production of polydcrylic acid
(salt) to rramﬂ'zaﬂah]ee ipddaiction ¢oagas qsamatagrhphiyeapdl Gaxck yiisehadi d

t hus obtalned 10 qu be used for further manufacturing a water absorbing
resin, The third aspect of this invention, therefore, 1is a

met hod for the pr@ﬂm@ 16k a@hmawhybhchagumb@orwmim bys itihg: tﬂi&s&cryl ic
acid obtained by the nethod nmentioned above. The ,process for producing
pol yacrylic a@idﬂFS§ﬁFPW@slnY?néH§@I@&Yt88p§88@3ée€oF§aér§FF8 58thb§alt)

by i ntroduci odie G Ybisc ﬁ&ifaé%ib@ et f qisanaut r gl zahhQRactieest ep

for polyneri t|on the step f and the step for cooling
sequentlalIypqiyduzyﬂmkﬁcntnsabhé@m@ﬁh%pb}Eéﬁrﬁélcﬁmé@ﬁﬂ%ﬁPbtﬁhéed

rel evant _treatnents 0 0, Lyl

el ects tébomqa%ﬂ%uﬁgéggﬁ? ﬁfﬁ%rm a%%ﬁgﬁﬁgé%gg %dﬁ%éﬁﬁfh %%ég
therefore, thesetepmple. m&uitah.raeetspﬁbtrretfttlmmdrwbmtdoannsherefesean
arbitrary item The process is allowed to orn1ﬂbneces ary treatnent on

the flow of t%am%qdcf%ut@evﬂ%d‘écw‘é&}vot ‘P oY % g5PFd
state propertjfsy{fe HBY '.LE!E'aléCi%é\bEéQx&édbyr&ﬂ@ﬂe@h@am&wm}gacpaba%er t he

step for polynerlzatlon for exanple. The step for neutralization is an
arbitrary additiofdle process for producing polyacrylic acid (salt) is
15 enabled to produce polyacrylic acid (salt) by introducing
the acrylic acid to the step for neutralization, the step
for polymerization, the step for drying, and the step for
cooling sequentially in the order mentioned and subjecting
the acid to the relevant treatments. This process affords
20 polyacrylic acid when it elects to omit the neutralization
of acrylic acid. For this process, therefore, the step for
neutralizationmentioned aboveconstitutesanarbitraryitem.
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. Itmay 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 agueous solution may be

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



itemfor this process. As a concrete exanple of this step, a nethod which
consists in mxing acrylic acid or a resultant. 30 pol yacryli8uyePef (salt)
with a prescribed anmount of a basic substance in the form of powder or
aqueous solution my be cited. The nethod for this m xture does not need
to be - 32 18 July 2006 particularly restricted but may be selected from

BONg iy SRRMDSRI0RYD olbEL OO ANY e BeobEpebpbanerth Ay Tate By

be carried oBfTpr yneri zation e neutralization, with a nononer)
, during thekgewnsetfodzl yimeidantehlyothd shdrsbomartity add 2goleRdtazat i on

(the neutralization with a el) .. i onal | . ] 47184 0¥n bot h
bef ore and aP?e‘FarJE'h%d@49@%%?90%%?@%%@%%%3@?e ug%;rrpll e, i he
process .is depi gt g@ndmesar," Wud neutchet ke ustsep offorpqiginarerzazsitdnn or
subsequently to the step for neutralization, Wen the step 10 far

neutral | Zat i enbsequantisdteupobyBeEyERhtIy (s MEEt A 130+ o dt i%at i on,
the construction of t} at st yoradidiete aadsifded he
ggé opgﬁ%ﬁﬁgg% EE§¥§fﬁecQ%rﬁ QRS Yo

fl ow of the S? Ss. I ce pol ymeri zati on and the device for
neutral i zati @Re gy idenidrcal Inorhendl lhgenatedlexarplrnetBERIOK St ance

to be used for neutralizing may be prope C f UG Qi basic
subst ances as® ﬂ@vplcér)?élnﬁse,cac%rr%}%t%%poﬁﬂ%i %g%gotﬁg)?egoqﬁ)ydri %eéglof al kal i
metal s, amMmopjBscalenel gar cranshep. tIhaertriad iaghtiveut r dhepathers 6P
acrylic acid does not need to be particularly 20 restri‘::‘%qt(etqlc.D 'Iipee st

neutral ilZat i 6armagubsahipatien 5o qardtiacheut: aEPaceheP § 1S EACH a

level |in the pangg, ofo39;a: 1000 +AB! denpralerabl Yot nidapmgenf G - 80
mol % When t B hBatY "of "The reActi on of neutralization is required.to be
renoved, thbe peopealy megibeedttaisitd Bpeudlny ah BRBIPFATSSToolilfy 25

T e e e GRS AES s Bputee fsmgnrmtioset o
medi um suppl 8¢ ybaitbatktag 4a hst identical.

15 The basic substance to be used for neutralizing may be
properly selected from such known basic substances as, for
example, carbonates or bicarbonates, hydrides of alkali
metals, ammonia, and organic amines. The ratio of
neutralizationofacrylicaciddoesnotneedtobeparticularly

20 restricted. The neutralization may be adjusted so that the
ratio thereof will reach a level in the range of 30 - 100
mol%, preferably in the range of 50 - 80 mol%. When the heat
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



adopted as a refrigerant, it has the advantage of |owering the cost of
cooling. 30 The acrylic acid (salt) solution resulting from t'Rguly 2006
neutralization, when necessary, is introduced into the step for
polynerization. The met hod for effecting the - 33 18 July 2006

pol ymeri zation at this step does not need to be particularly .restricted.

Wien the pol ymaKneatiizam ios &t fatiedteptdods noadheali wlbserrparzat:umarly
initiator, it may .resort to any of the kpown nethods of polynerization

such as radréﬁﬁ&ﬁlpﬁéécedW@%ﬁﬂ@%%rP?%X@%ﬁlZ%Fe%?réﬁ sEfRatTRuceHEh 2
polynerlzatlegdleaq FH&&&@¥&95€th'QHEthQQHEEle°ﬁ¥9ﬁfe§§£tOﬂouéh dod

phot osensi ti zer. he“step for polynerlzatlon the acrylic aci when
necessary, naydﬁnqxnmabhode@ﬂppﬁymamxﬂamgueeuehaﬁqul@ta@mdlwée¢e§

sol ution avrn an_acry l.ic ac ncentration of ref rab not ss
than 10 TrerareY b er e RTooRororsbiendn aer B SL ARt ar e sy
not more t hamtBQv\Mble% and ighre ipgatedabl pollgtnelmfzettﬂmfmn 7thaltng % aprior
to the polynerization, |In this invention, various ¢onditions such as the

kind 15 of BBPYREFRSAELBATH niAt BREAS LERE IHRC LYRBT £ 73hi0Bt thsAGHE 1S at i on

may be arbitpakjl %158} el saS4ChnkPoNe pAaddids a8y &% £68h @fraerqﬂ@oué he
cross-1inking agent and ot her m)norrers and even the water-soluble chain

transfer ageﬁCrIah@;IC I"Wdl(bpmslaldi Jmasedusieaul bﬁVeDQ‘pO@md ary bec  acid
i ncor por ed o) n f yneri a
N T TG e

reactor Jor & P STaTH ecte use
pol yneri zat i pﬂeﬁ@yameydm)@ts Ted s neeth ta0 hﬂ: par tamijlp_&rdi}era_rkd@t maodt ecbrdaut nay

ol yacryl fc BEFB FRLFT) hHiEh Tt R AR o o RO rEAR (h % gemeral |y

a polyner i n%fhgrfggrmgg polWifk OO tiod! 1S subjected further to a step for

drying for the purpose

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
polymerizationisgenerallyapolymer inthe formofahydrogel.
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 as thehotairdrier, fluidized-beddrier,



of expelling the water contained therein. - The nethod for drying this

pol ymer does not need to be particularly restricted . 30 The '§oly#8%6 nay be
dried at a properly selected tenperature, preferably in the range of 70 -
230C by using any of such known drying devices as the hot air drier,
fluidized-bed drier, - 34 18 July 2006 drumdrier, and Nauter type drier.

As the ther i tQ. i 449 d/he In g 4 eam
which is dggg‘ﬁ‘?g%ﬂ raglﬁ P%g%%?@ép&f%r t eteﬂprégﬁt?%%g{lh%{&galcfﬂiﬁﬁgﬁaci d,
particul arl pet mprdatecdofta etoe i shepbtfaimettfirom t heedevicea B ifadr Tt al ytic

gas phase oxi.dati on, / be uti]ized. e hydrogel of polyactyljc. acid
(sal lto), nangf-y° ﬁégeﬂgﬁ?/%{’e S(ﬁlepﬁ{:ﬁﬁegor i{g‘et%%?%%boﬁrolfgac%y ' éiar%lihy of
various dryhpgidavhees thHe MMM ¥t ueeotlibe bydaogeld Faymbendrdedidy using

such a heat” conduction type drier as the drumdrier. 10 or paddle drier and
exposi nd t hferhgatadeticogahePheati AgidatitPacemdy PReUBE{&FSHhi ch has been

dried with stea 0 . a b198er-6askENgtike (Lsidualy grngmameand
ensuring the ef PEI @X?;Bgﬁdg’;l g)g,lgt he§%ot aicr:L co(nduczc'?i org1 dryi'ng which is
ef fect ed byhdidretedexpiogmer, ¢b tierhyllpgeradoby hes sneamyl6L pragviess

favor abl e. ecificall by dryi t he hy el - wt I ly a
gas cont ai n?ﬁl‘jlgge‘% 'l%léts &%d%#'ﬂ)ggﬁtuse['engégglf%c%o%%l r%yhﬁ%v@%{?%g)ﬂoc,
preferably #gtnkoweeht hameaWomdttniain hiygherdriean £0Gheprdfuar ahliemot

hi gher than 80C _and at a tenperature of not |ower than 1Q0C, preferably
not 20 U0oveer t RaRdisodr b at HHRARING HAH-200C T 5%k radiP st fi%her
than 180C, if f5-080F QRSHMIS mi@%%%ts%eéﬂedfgéadwth SPOOFEN FoRd

increase a water absorption capacity of the polyacrylic acid (salt) . The
durati on ofthéeay phigdemsedreingitbeer ¢yider baoadmpghand ¢ysuRiAh&heange of

one it & Lpe 28, HALE PN Fan BT A 4, USSP liig ke 0

is effected by direct exposure of the hydrogen to the steam

15 proves favorable. Specifically, by drying the hydrogel with
a hot air, namely a gas containing steam, at a dew-point
temperature of not lower than 50°C, preferably not lower than
60°C and not higher than 90°C, preferably not higher than 80°C
and at a temperature of not lower than 100°C, preferably not

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



for drying still, remains at an el evated tenperature when it i i
fromthe drying colum. Properly, it is coorgd 30 at the steﬂgﬂaﬂg@%gP?LSEd
to a correct tenperature in the range of roomtenperature - 90C
preferably in the range of 40C - 80C. Though the nethod for cooiing t he
polyacrylic acid - 35 18 July 2006 (salt) does not need to be particularly

restricted, the df ¥hag ndiByob B@bARH:BY1 Bk0Ying ol ke ndntlhmmaory or

i nt roduci ng irtrary cooling device such as the refri t
ie-rrrggr g;)l ¥aqnyy ihée aticdifsdl by hinwinhaslidewandobh@deed o5 gyre 5 egreg o
ure ma e use S it is. |it. . R i -
pulyerizatidH:gﬁtaﬁqﬁéhékEﬁF%hgqglﬁﬁggiégﬁéEﬁﬁﬁéggagg&%&rgr o
ul vel . P . porate therein various
addi tives such asphd gsicj - Agentac ispi (@& l@ndvibiaidérass ez teosdd tche
purpose for which it is finally used. 10 For this inve ion,f%h%
Wla%a;:[]yﬁhcq?@&gxwﬁ!t?)}wwa% Be¥PrPfed é?%lgrlesr'er éam?% & 888 ed.
e hy S AdBanERY e 1 S izRdidd e leXpathied] shage
to several ﬁ§1aﬁﬁjﬁh§%.dPled, forégéﬂﬁiégaf%éipolig€;§?1c acig gFaFI)One
g;bflng aItFirQEQI$FEISlm¢DIP@¢$tﬁr¢h@r@¥¥ ﬁéF#PEﬁeédé?élﬁﬁésﬁPFﬁg s
oxi mat e n the range of .gone \, I
gggtehg: ﬁs o%ﬁqquﬂ;&% ’dF?ilgg’a%Igd ?Dﬁuﬁ%%le SE;?% g?%\%g%reeggt%g@rs}é
g ongedhestd af iethiothllemplseded for the drying. Wien the dry
pol yacrylic acid (salt) is pulverized or further.classif,i a i
g:r?ingls,wgp to fdidm Y Isy&-E‘WPit&O&ci'Hh?s%ﬁ’{i’}a‘b]&ﬁfe‘f %3—‘-&? rﬁ;;sg;i’t ?’3&% %Z\S/:afgge
e di [, ahN rs : -td., ) By . idmr .
bF 100 - 800 FUBEERa E R pander L far Lher made - When necessary. tg o

( _ : _ is further nmade,, when necessary, to
!sgfa{ Pg:\agfe J;mgﬁlfﬁgmf;m;dow AOELFPetB %%@P%%?XJFI‘&)%%W%ZO?H&%%&%US
deodor ant , i%evefrsa]?rgﬁbaép%géh%ﬁ)’\sgk%g@f %lg%%??“&lg’gﬁ%?édal%oﬁﬂﬁ safgﬂld
only 1o | hpr asiel § heaidiing afcyrolipingeid dat For BAMTSHAdsNPaTticles |
15 measuring approximately in the range of one to several mm.
Generally, the dry particles occurring after drying are in
the form of an aggregate, depending on the kind of method
employed for thedrying. Whenthedry polyacrylic acid (salt)
is pulverized or further classified, as occasion demands,
20 toformapolyacrylicacid (salt) powder havingaweight average
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 sizedistributionbut 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



the particle size distribution but also to inprove the various sqlid stage
properties of a water absorbing resin such as, 30 for exanplé?JWHgo%hter
absorption capacity of the polyacrylic acid (salt) under pressure while
restraining the dispersion anong the individual particles of the powder
because the - 36 18 July 2006 nodifiers can be uniformy added to the

powder. Experiments Now ,this . j 14 J4degd nore
speci fical | yOH B TH' 7% eufnelnce gy%%dngtéé%ﬁlsgg thereof. 5
(Ref erence Exanplgxgsrifteapay ation of catal yst) A nol ybdenum bi snmuth type

tal yst d th t al f .in.the fi . I
by ol | owi ng | he N3 o uare e SahPil PORERE 1R BT SBaeafas gty
9P A 2000 335798, o} o Widde b LSRRG A5 SRRl thldectE herein bel ow A

mol ybdenum vanadi um type catal yst was prepared as the catalyst for use in
the secoBd react i (GtefrorencenExadinlenilig Raepasddedurcd Rted®i)e 1 of the

of ficial gazette  of R-A- 08 . 1, iéggg hal yst
(I'1) herein be|éhF°}¥%€Sﬁ3§r%?gﬁégéf?%é%$kﬁfg'yﬁéﬁgg(/@ ;%%%%%fCF (Nunber
of nol es of g=actyert Foepysena) the(himdereagtt imn eenefby degilicstngr 6p§l ene) |

20 Yield of acrolein (%, =_100 Nunber nol .of _for ol gien

/ (number ofPrrﬁﬂeéngﬁ(é/%ofpplEiX@H‘PéreE)é}l eﬁg)]%‘t?ieel 8%2%8g%§'y| gggﬁg% (5/(;f )25 =
100 x [ (Nurer ofo o393 70fs f orrwedsiaar e cdasighated nuwrbeatabfstok & of
supplied propylene)] (Exanple 1) A reaction apparatus which was forned of

two |inge ofher30n eheloon t dbaBO i eRIBevanaqF &R F¥REt S HHY S s¥@Bnd

reactor prepared as the catalyst for use in the second reaction zone
byfollowingtheprocedureofExample]Axftheofficialgazette
of JP-A-08-206504. It will be designated 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 vield of acrolein (%)
= 100 x [ (Number of moles of formed acrolein)/(number

of moles of supplied propylene)]

vield of acrylic acid (%)

25 =1OOX[(Numberofmolesofformedacrylicacid)/(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
eachfurnishedwithajacketforcirculationofthermalmedium

andneasuring251mnininsidediameterand3,500nm1inlength,



each furnished with a jacket for. circulation of thermal nediyum ngl
measuring 25 mmin inside dianeter and 3,500 mmin |ength, - 1%7’“"’%@ Suly
2006 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 outl ethei destberbef & wilteh f(ik)stceramitorbhklisgonbynhatedgwabh aver age
di aneter., of , 5 .(2) a mxture rmed by m xi he catalyst (l)_and
ceram c bal | Elﬁﬁvg‘:g{j”g% QPESE GPahRE 78S o?n%%%r}gfkg ¥orone 'r?aa‘{tr%r of 70
: 30, and (3Y)athes&adl alprd rikstopbictor s Yladed BeRLAREE11Q ifiofHe | ayers
measuring 300 mm 700 nm and 2,300 1.0 mmin |length respectively. The

second react @ireasipaciean shgueas iidilist sAdenko i eutileh Fidtmtirreps inl et
side to the e [ . i 1 Vil n

aver age di arr‘gwéir) &,%? .g&néﬁﬁf% 3‘?’;‘%1%%‘% (]aﬁ ?‘gﬁniga rﬁy%i%%%%%aﬁaétf;%ﬁt (rn)
and 15 cer anbcmbal {3) haviitgtare afaermege Wi ametierg dfhs gataltyst vd)urgd rati o

of 75 : 25, and (3) .t catal.yst (11) only t.o formlayers asur.i ng 300
mm 700 nm %ﬁﬁa’g}%@%ﬁﬁwﬁ??{l\égnﬁtgﬁr %tdil\?g‘l .erTB%tié”mf Fgg? S r, a
m xed gas COpRELISidW 79- © @) .ard (6f) Phepydeiseysd3. B vally ¥mofhddrdaid 5. 6
vol. % of H20O (the 20 bal ance fornmed of N2, propane, etc.) was supplied at
a space vel oeeRyigmred tgpforp. lay&SIPmaas HE S gp@tmeg@@ommlﬁﬁ%@gﬁoot he
nozzl e diyspased; in pi SONerd 1 the outlet of the first reactor and
the inl g’to, Wt %:'Ls‘ge‘lg%tnlg ][r:)%sct or, t egai r adjusted to a tenperature of 20C
and a rel ative hubtiei spcohd25 B%Owaswasipphicé&gdats edsaciea Mal ogit hef 1. 625

oo one) AT Ei eI LA b BB A Ene e Epnppms gL e
second react@itWere) Seerad)ius ted Ishain ihéaaanuerasi averalgeo dl@mef epr ofly| ene
fell in the g?ﬂﬁ?(%% %7migtgrgnkggggg é;%nfif%éithe catalyst (II) and
15 ceramic balls having an average diameter of 5 mm at a volume
ratio of 75 : 25, and (3) the catalyst (II) only to form layers
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,0 (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).



of acrolein in the range of. 1 0.5 nol. %under the second reactor outlet
pressure of 0.15 MPa (absolute pressure). 38 18 July 2006 AfE Y£R8 el apse
of 100 hours followi ng the start of the reaction, the yield of acrylic
acid was 87.4 nol. % . The acrylic acid-containing gas obtained at this
poi nt was introduced at a tenperature of 170C into an acrylic acid

absorption colum havj ng 14 st S_the j n e S 0
absorb the %%??/IT i%‘%C?Joaﬁ%%r%fnf\gf)\?gt)ﬁo%ﬁgagég;%‘g%{‘gmg er EE%%Falb?an%gtel. 8
w. % of acrydicrasi dehEy8eMiofaofyBiettidasislg7 ahdodach Thaaamylit of

hydr oqui none as_equal ed 200 wt. ppm based on_.the ampunt of acrylic acid i
the acrylic aid-euHtaiming 966G Q’%ai%dod‘t}cé@lisnPG’lgﬁewé‘ﬁs&P 'FPéHC@B}I ulrm. "

Wen the amé@% Fe@%g&%@u?g%@f)ﬂm’c di"i’ﬁ:% 80 agdiusted: afabSofp¥idheonanar

concentration of ottomliquid of the absorption colum at. 25 wt. %
under the cdmditripnd step? @Cthaorehpepitnnmeber ofi REepsptoRSINEAERSl i ¢

acid absorptj on col umapd 0. 1 1, AR5 805BLYL S, RLES Sl sl esgur @ of

the top of tH&" _ _ cacid contarning solution havi'ng a target
wat er conceptrat igm awas/1dkt aicidd at cawmasg blfowceaticoaofidy hendmeuah  of

t he absorbent/propylene = 0.9. The efficienc f sorption at this_ ti
was 98.3% &0 afeingh &dr BYsR IESReRR ﬁéseSBQXE?iea%B chgngp%egﬁs ![fs%Bu![rre

i nduci ng any.Jd sgddhd Bg REeSIYEeakeasihnthBeacpb Uy apdatbentaghghbor hood.
When the colum was then opened and i nspected, the inspection did not

geﬁﬂect a0polgamintiroiiinetihente |then absprptiop, Cahdm® he Wigh f§e 2BOWREanpl e,
in volune, of the acryli id.c j olyyt i pa.C

obt ai ned vvasor% Eg%d G r?oa%teélg‘t Cﬁ'{aﬁ%ego %ﬁﬂ%’sétbgt a%e %ﬁ?ﬁ?‘ﬁg‘”?ﬂ%ﬁ oil.
bat h kept atcdGnthe ion o€ tiesbiotadnf biquhé of Sdeskbgorsbtihe sahphe to

rise was found to be 11.5 hrs. i i i i i
with the | er?d:t RS wt. % under ttsle CSOOnd-IZL Ij:sonrs! %% 85 598 i\ﬂ %%%E%Xth%esgfr el ated

the top of the acrylic acid absorption column and 0.11 MPa

15 (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 = 0.9.

The efficiency of absorption at this time was 98.3%.

20 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,
the inspection did not detect a polymer within the column,
the top, and the piping.

25 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 11.5 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



of the time that, precedes the start of polynerization. The 1gholrt2 é] me
i ndicates that the solution polynerizes easily - 39 18 July 05¥ 8% t he
long tine indicates that the solution polynerizes only with difficulty.
(Exanpl e 2) The sane reaction apparatus as used in Exanmple 1 was 5
adopted. The first reactor was packed sequentially in the direction from

the gas inl ek gi dget Pohhetr oMt ! ehdsédeet heneof thai sdl{djonepahymebités only
having an average dianeter of 5 mm (2) a mxture formed by m xing the
catal yst (1)oahy witha@iéfbarlsYhavi ng an average dianmeter of 5 mmat a
volume 10 ratio OL %gm'léSQ (3) a mxture formed by m xing the catal yst
(1) and ceramc bF S P]avin an average dianeter of 5 mnrmat a volune ratio
of 70 : 30, and (#hetbemeatebysiofldpparytee asorsed ajerBxsrRsert MAR00 M

500 mm 500 mm and 2,200 in |l enath res Lye e eact or
was packed s%ﬁ%%ﬁ?gal Icé’e? rfmlt}#é: r&\lal%%trl 8Rf EgrgnkFﬁe%ggé?F\g%tﬁzi%Ignét}bét he
outlet side gheeepionWddn the §&saitiletbalide balthdavitigtasideerteged anet er

of 5mm (2) a mxture f db 1 Xi t he talyst (11 d i
Al 15 v Ngrahh aUbt HGer ST HAOREr L BIOBLIRAY B VR (EE D97 AT 5. and
(3) the catalysi. (}))a Gl e (RMLAUSS SuiMAsUHOEA00YEY (700 ama and

2,200 mMmmin Tength spectively. To the first Teactor, a m xed gas
conpri si ng l8ebamit .bdblsf hpvipyl anevarage vdlamegesdt 0f2> Whatsa F/}/dme o of

T oy k2058 PRI 5] FERRIEs BEnke By et mpnee
di sposed in {he pidesMiecbangdst havanyl #h afertdye diiamsttereaét drumd- t he
inlet of the second reactor, the ajr adi us&t e% to_a.t r .yren]%; 0C and
a relative haiehune gRtigoaindd supht |ae‘H5 dt* )a tBGaG8 é}g?gg. ﬁ/ of ¥ 674 hr.-1
(STP) in 30:4hf SEFO &AGHOMmg 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 (ITI) 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 0,, and 3.4 vol. % of H,O0 (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



At this time, the reaction was continued while the terrperatL%rerI %Gthe
thermal nedia for the first reactor and - 40 18 July 2006 th& "§¥&dH
reactors were so adjusted that. the conversion ratio of propylene fell in
the range of 97 0.5 nol % and the yield of acrolein in the range of 1
0.5 rml%under the second reactor outlet pressure of 0.15 MPa (absol ute

pressure). 5, ALLEL e £l apse; GErL00 heykstielhaw . Lbaveraibnafatie
t hE' 5¢ acry

reaction, ic acid .9 mol % . The acrylic .
aci d- cont ai nbﬁ@mMealfreéd ab ithe s‘apgen@fv%?s * Ot ? Sficeandatng Rehstrat ure

of 168C into an acr Ilc aci absor t|o Ql ym Vel
t heoretical RAGnBeFO: ?lgtbﬁsd?% Jéﬁ)% hlg 710 acrn{ﬁil cqg)cdi]e ﬁ]}f;érjts;%%va%h an

acrylic acid,yggntginbnglsel g&bg@ur@ObEaIOnllBgMP.a8 (\aibsc%uttfe aoredduredcd d, 6.0
wt. %of acetic acid, and such an anount of tiF\gdr oa go aste%%alt%d 200
w.. pprh baééﬁebntbﬁeeéﬁﬁﬁﬁt ogf 188r PPrESadPI PP Er i

aci d-contai ni.g Qi‘é%é %ﬂé’f&’of BEQyﬁki@ RDSORHE BON9ERI1M. THE Adhen iiche
nt

anount of the a sor s so adjuSted as to fix the water concentration
of the bottom:idqumdtminihg ads ovipta bred it UrLSatP AN B Sop i idad

conditions of 62.9Cin te £ £
absor ption cdF Grﬁ?%a& i/ggg((‘: Islg{D %Je}i gscﬁér%§@ﬁb§%$ié§g_ﬁpgggﬁn}[nhe top

of the col unpayv2Rgan aeeylsi @samaibmmlcmmnngbsnlm|S¢t$pi$aer§>%Plflarté@ wat er
concentrati on was obtai ned at a ?15 flow atl os]t# g 1{17?&?501 + e
absor bertd prapyybie acig ghenin ¥l c‘?’éﬁﬂ}y fC A5t YT 67 hi s time was
98. 5% ~The ABSPLPALAG £Ob UPR. WESoORRIAIEL: (i N Weak witl haucasic

i nducing any rise in the pressure loss in the coI um and tf‘?%:}zed](?&’t% or hood.

When the col aohdwesnd m@wmp@n@molaﬂ’él G SOy InoNRed P Pt Hot
det ect a pmegrrer W Lhi 0 thr,ehecoéﬁfg‘u"nt E?eak‘igrh%”%ctﬂﬁ PhPLAE. abrsaT e, 5

in vol unePPBf b?ﬁg aé)lpyl i'C acid containin sol ution conse(iuent |y
Obtalned wasaphacesntaiaihgsdad lmeroduced into the absorption column.
15 When the amount of the absorbent was SO adjusted as to fix
the water concentration of the bottom liquid of the absorption
column at 21 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 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



The test tube was inmmersed in an oil bath kept at 95C. The tine re wred
for the viscosity of the sanple to rise was 41 18 July 2006 f1(§u'H'é129

13.2 hrs. (Exanple 3) The sane reaction apparatus as used in Exanple 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) ceramc balls only

having an avesage €b apetes. Dfnhrd. MM (2) a mixture formed by mxing the
catalyst (I) and ceramc balls having an average dianeter of 5 M at a
volunme ratio of &0xampgbe IB) a nixture formed by mixing the catalyst. 10

(I') and ceramc ?% %4l cart% yst ecg A6 A freten, Qg 5inm§ r?e% voluae ratio

of 70 : 30, and nly to foramlayers asuring 200
mm 500 rrm Sl iad . aﬁ@eZ,fZ@@tnneacnore&mm kpacelsspxécﬁaq}mr;t.la'ﬂﬁa/ sec the

react or acked, se ent n t t | et
side to Phe DHRTGHI ggof“h \?m“@ﬁ%(i}g‘édclr ?I BuF ég?nlr‘{)e ﬁggfsfﬁlﬁ? o
average di angtief @Of) derERid %)aldsmdh‘tllyr @ afvamae @ nby vidirgigeg di heetat-abyst .

(I'1) and ceram c balls having an average dianmeter of 5 mmat a vol une
ratio of 605 ™D, () a M¥ixkuFEe frameed PEy TdRdngg thige CeARAYFSt (20 @PF) and

ceran c ball A (o) I of 80 :
S0, “and (4) RO DR B AR B A a0 e g

mm 500 nm mtchQp(ﬁO@O i | n( 3 enghbxtespdsiingd Py Moxime thie catadgetor, a

m xed 9as si.n 25 of pLop Iene 0 of, 02, and
1.0 voI % frTlp) 38 gﬁﬁambﬁll%l%c]es ffba}'r‘?&? 5P Rﬁ a?op%ﬁégéé?y AS 5Waxﬁqsn éﬁppl i ed
at a space aVQbQ.@mteYer:J_& @p07 - Bo( SERA (@)ttli’lee fda’tﬁly’sﬁaqtmronlyhtough

t he nozzl e di sposed in the pipe connecti ng the out] et of tBe Ebé react or
and the inl EOIFF 1AHETSBBAAUF &BEt HP0 The 204 M0 °0F) T8 e 02 a2 BnPBr at ur e

of 20C and 3. qlegigrte rltdPedictivyeafy .

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 0;, 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™t (STP) in

the second reactor.



80% was supplied at a space velocity of 1.536 hr-1 (STP) in the second
reactor. - 42 18 July 2006 At this time, the reaction was cdAFMEEY whil e
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% and the yield 5 of acrolein in the range

of 1 0.5 nol % ungder +phe seqRNd tHLacs et 0ok | fhsPentinted While Mige
(absol ute pressure). After the el apse of 100 hours following the start of

the reactiotempheayiickd of e fheenadi Bedds B Haios tTHeAGEPY13Rd

aci d-cont ai ni_ as._obt aj , thi ' [ t..a
tenperature %Bgf%‘f@ng{%éé;ﬁ&a%ﬁqﬁ%? OZ%?%%EE%??%%}E%%P&%%A%Q&rh%llo4 st eps
as theoreticak prompered fetlapsntihatraage 6he7 achysimolecaddt biee giireld t h an
absorbent_water containipng 1. 8 wt. %of acrylic acid .6.9 wm.. %o
acetic aci d, “AnBCERERIN ahl! ANt aRIe _FRI%_r]ochJi o#é“%]?} éﬂhiaefre%%ﬁ%o.n pm
based on 15 {he-a8PuphtPbtagkiksGracbd ion1shepacrWhselatied prasaind)ng  gas
introduced into the absorption colum. Wen the anount of the absorbent
was so adj ushétermsthe elapshechiaiBp hesnsedeldorwdndofthenhsthattt &h GG d of

the absor bt | og, golym 8l A e acth Y0HSIc (NG £980b AR OBuERAT IR

t enperat ure or? e ac Ic acid absorption colum and 0. 11
MPa (absol uteifresstat)ing gaesshiraindd tade thop gfoittte wasl dmtrodasestrylic

aci d containi ng sol ution havj target water. concentration t ai ned
at a mdd 113 rtﬁ“}P@r@ftutrﬁeo%ﬂ‘gﬂ% ln{)‘?@ﬁ@%&’&%%ﬁ??%? 8591:'@%\&%%(518‘2‘. 25
The efficiengyypiq QQSQEBEEOQS ath ddftiet iidaTenu@Be 9% 6%t epEheo altsaryt ithe col um
was operated for one week without inducing any rise in the pr_essgrg | oss

e

in the col unecantic e idhEhghBéRHBbEl AeRSPRECES UahChEL T M Bifered and
't Rzpfglto,edén e 4 p'bffgf‘a%f&{y%cd'a@ia?t cdst et . & ROF VRS Wt t Ragcakern, 30
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. When 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, 5 ml in volume, of the acrylic acid containing

solution consequently obtained was placed in a test tube.



A sanple, 5 mM in volune, of the acrylic acid containing solution
consequent |y obtained was placed in a test tube. 43 18 July '83d0628%e t est
tube was inmersed in an oil bath kept at 95C . The tine required for,, the
viscosity of the sanple to rise was found to be 15.5 hrs. (Exanple 4) 5
The acrylic acid-containing gas obtained in Exanple 3 was introduced at a
t enper at ur e THe HEEE itobe was atmydrsedicind anabsbripitlorkeps! atmd hdld nFhe4d st eps

as theoretical nunber, of teps to .absorh th rylic acid therein_ with an
absorbent et &HESH n%)rll.qﬁ? \Ml.sq%solfbcya@%yl%i%ceygw, e7.%f Wee S05'6f acetic
10 acid, andSsueh @& gmouwnts afrdydroqui none as equal ed 200 wt.. ppm based

on the anount of acrylic acid in the acrylic acid-containing gas
i ntroduced into t(Exalpslsr ¢t on col unm.  When the anount of the absorbent

was so agdj usted % s L he:wa . ceptrali on of nddne petbamld qui d of
t he absorgpti on 1 c%%ﬁ%yiétc QSW&BE%B%%?%@ coér)lét;?ti%ns of 62 .@%Cj n
t enper at ur e waef ihheotlopedfat heteampgtatuneiof 2b3W pmitonasdamyd igndcddil  MPa

(absol ute pressure), in pressure of t top of_t cal , ylic acid
cont ai ni ng SOINERIHFMaGPHGRR PaVyEe %t%?gp%oar?cgﬁ’ter%ﬁl{gr% a\%/agiﬂggf% %i égd at a
mass flow rafdgy Ok ot BBsamButhe 20relid hec Bbsariesitd priapy banabso®bbntThe
efficiency of absorption at this tine was 97.5%, The absorptjon col utm was
oper at ed f oMadkex %’éT(a-W%WE)L}t-8W%dﬁ(ﬁ%@céﬁ}lﬁafelqﬂ%I]1é"’tpré 17 eFb8s in
the col ygm and d.henansh GO NaRfnc/Bennl a0 GLIGRe s dofven capenechand

i nspected, e i nspection detected practically no polyner within the
col umm, t he pipop, bagrt tore phpi Rgountsarpl @crBlia¢ peidollmnethefa¢helaerylic

The oot tuBE NS Tnrasd PR an orfoHedn Tant o SpReREfReh AT 1
required foiyhhetresansuhy of tihe HSsmmpileedto wisseonadjusted as to fix
the water concentration of the bottom liquid of the absorption
15 column at 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 column,
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, 5 ml 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)



found to be 18.8 hrs. (Exanple 5) - 44 18 July 2006 The sane first reactor
and second reactor as used in Exanple 1 were adopted. They wWéreYgd¥ied
with the same catalysts to formlayers neasuring 200 nm 800 mm and 2, 200
mmin length respectively in the first reactor and | ayers 5 neasuring 300
mm 700 mm and 1, 800 mmin |l ength respectively 1in the second reactor. To

the first reactorq 6 vo(%dfg/f%? clf_)é%g%%%% ﬁ%é’d}{d Po; o Propyine.inl. 4. 4

vol . % of 02, a_nd ance fornmed of N21 propane,
etc.) was swp;hmp]je at azespeacaeiob(tathl odihey oferile Gocked 1wiBTPEhen s fir st
reactor. Throu t he

Uhe Tirst rOAERBY=had RE= i BLE0T TS SeionaCp ut ane WaC ri 2 age "

i ntroduced. i irﬁ“ﬁeﬂ% réé}?ed@ﬁfélyomrv\/aﬁlél(fﬂndwadaawﬁdreaﬁﬂdelay&rs
tenperatures of the thermal nedia for the first reactor. and the second

r eact or s SwereeaHLBH 4 SOSFER hJt0 O HE , oKy &r 8P B} 4RI WPROFD FESPFLEREELEI | in
the range of. r?7th<9 55;@,{3@%{&(9 yield of acroleinin the range of 1 0.5
r

mol % under the Sécon eactor outlet pressure of 0.15 MPa (absol ute
pressure). 20 Aftes thieférapseeaftdi00 ahpixed fgsld oapy ishagst af tvadf- fhe

reaction, ”r}?e%él%%g’lgﬂegmé%l ;t aﬁl d, vva% 636 % gobo/% gf a&r(y]lf

i
aci d- cont ai Hi S rAtroduced }PO t(errperat ure

of 172C i nt @Ak REd Yolrfedchd Nazbspwpaﬁa C@l’[cu.rmwalsasupgliédsam[aassgace
theoretical nunber of steps to absorb the 25 acrylic acid thergin ith an
absor bedf, eckshedi AirR§01h8™ USTPY, 6F B I}c/s%cve@Ct?% wt'! rQ/qu" acetic

acid, and S;{fﬁb n%'%zﬁ'%o&i‘é%&ée@yq{ QAU POPE AnRA4aRItRAGLWE 1R bAsed on

t he anmount acrylic acid 1n the acrylic acid-containin gas introduced
into the abstinpt meamqumndV\hbﬁ thehrmﬁrﬁh%@e@lomdhéeéﬁgé’lrbeﬁt)t%§gso

adj ust ed astofl th
in rou

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 conversionratio

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 acrylic acidwas 86.3mol%. Theacrylic
acid-containing gas obtained at this point was introduced

at atemperatureof 172°C intoanacrylicacidabsorptioncolumn
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 liguid of the absorption column

at 40 wt. % under the conditions of 62.9°C in temperature of



concentration of the bottomliquid of the absorption colum at 40 wt. %
under the conditions of 62.9C in tenperature of - 45 18 Jul y820088%¢he t op
of the acrylic acid absorption colum and 0.11 MPa (absolute pressure) in
pressure of the top of the columm, an acrylic acid containing solution
having a target water concentration was obtained at a nmass flow ratio of

t he anount of the_absorbent apyi = 1.1 T i Gl f
absorption gr?‘et %’IOE ?anﬁ%ascﬁ%{.g%maogﬁcﬁe%%a Os‘%prpqnor%l%é'gfx\hln%h%gy%gebr@%?ed for

one week wi thedbluitedueieBguary thsprenstite pfeshareoboss thetdeleohum and

the nei ghborhood. \Wen the colum was t en.ogeged.and i hspect eda 10 the
i nspecti on @PdaReY1lder 8EEdaCRBIGHBLNG FRLATLAR BOYUR%, 2 tREITLP"AHRH t he

pi ping. A sapphentdathiohNyolpreinek 4P AEYi16Rehedi6 W1 aheiigousel ution
consequent|y obtained was placed in a test tube. The test tube was

i mer seds i nodntbiel ababhbrapt pappgbeneTrelid-time required for the viscosity
of the sample to.rise yas, haynd t0,Dg f:20hr 5. (EXAPle: G)adhey sare first

react or and seco rea used 1n mpl e 1 were adopted.” They were
packed sequeRnti ablsyprpittibn 20 v see cpéphysd sfoo boemuemkerwisthmdsuri ng

200 mm 800 nmm and 2,200 mm.in_|length respectively.in the first .reactor
and | ayer s 1REESHPIRPBET SAntn7ERE rF?ﬁe %i?ﬁﬁ i GIE FeAGER a?%s Sctively

in the secopd;fRB6LAbodTO Wikeh thEHo INBALYES thRndpetedandcampdcia, 9. 0
vol. % 25 of propylene, 13.6 vol. %of 02, and 8.9 vol.. % of H20 (the

bal ancel ¥ or rbd bASPRCT pppdie nadt clotaRds asBPPYTEd withizpde CaMdWrity of
ol pe. connectiagtPRe SUg1 SREoPiPRE st reactor and the inlet of the |
second reactor, hhmmgileé, SGnhdpustiane p of teeperatliiceaoid Z00taid iag el ati ve
hum dity Ofsolution 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 O;, 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.



80% was supplied at a space velocity of 1.746 hr-1 (STP) in the second
reactor. - 46 18 July 2006 At this tinme, the reaction was cdftFHEB¥ 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 inthe range of 97 0.5 nol% and the yield 5 of acrolein in the range

of 1 0.5 nol % undgr s d a I pr §?lp{ ]
(absol ute pressureet. é}rAhf)est erﬁﬁﬁ’e Eﬁgpgggg%ﬂ%go%osur(g 0 rﬁlo% n‘gh%geewg 8t of
the reactionempreapueled of tloe Whernmad dedds 8o6. Theaolirdt réhetacr yhdc

i d- cont ai ni tained_at thi i.nt i ntroduced 10 at :
Lemperatur e GFIARCTHE BIGHOACHATCSACEd “AEE0rDHT O EGTUET A ROtAA st eps

as theoreticalf pyapte:[e@;é 48PS nt €hahslide bieg7 acoybi fodgithd REES, Ne Wit h an
absorbent water containing 1. 8 w. %of acrylic acid, 3.8 w. % of acetic

aci d, and®su€h agroardbninofhRydRBEEI Abnk HsOefuaPtd vodew thpprederdd on
15 the amount.g,at aCpylh Gl 'r%s'sﬂrteh%fa‘b.r.ﬁlhé Cr«hﬁ'nga'é? @Eé"é‘lg?s )
th the s fTow Ta of’ t he

i ntroduced into tﬁe absorption colum, w S 10
anount, of tRhAétebsthberflappeopyl éfd fhioxed HollobrindAtthehistdantmnf tites

Lomperature oL L1goh oyl L SSLULG 20 0 BREYLPLAON Ol i 48,13 1O
the water capcentoathoning he betiomediguichdd gdeneatdbmindsodfvad . %
and the efficiency of absorption was 97.1% The absorption  colum was
oper at ed & or 2bAd SRRaC atiuHfE 17 hdtidNhe 2ARL Ty ke a?ﬁdﬁz’éoﬁ‘r”’@é@ﬁrcé’h% in
the colum and,{hg N1CL9BDAr A0Ghe AN A hRLES! ST LBCALOPAN AN
i nspected, the InSpectio detected a certaln amount of polymer within the
col um, the atopliartichshgrgingwiph sanpbsorbenitt watevlesmtaiofindgd .&rylic
o519 Contal 100 s Sk LD, BoTREbent y A5t 3 ned e oLt 0. LG8, 1L
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, with the mass flow
ratio of the amount of the absorbent/propylene fixed at 1.6.
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 oné week without inducing any rise
in the pressure loss in the column and the neighborhood. When
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.



time required for the viscosity of the sanple to rise was fq r}d 6be 11.6
hrs. - 47 18 July 2006 (Conparative Exanple 1) The sane fi rs#g P’ég@% or and
second reactor as used in Exanple 1 were adopted. They were packed with
the sane catalyst to formlayers neasuring 200 mm 700 mm and 2,300 5 nmm
|6(r)10I ength aeipegggvel y inlthe first reactor and |l ayers neasuring 300 mm
nm an , nmin_ l.ength respectively in the second reactor. To the
first reactor, a(ﬁio%’é’d‘réisw@om 3@0 vgl. % of propylene, 10.8 vol. %

of 02, and 9.9 vahe %k HIOstt ReactdrbahansecbndnedaotoiNlas piopantn etc.)
was supplied at a space vel 00|t%/ of 1,250 hr-1 (STP) in the first reactor.
Through th&xaepiiee Wiz erdeptede prBBY cWRRBCPRAGSEN& It It o2t he

first react o angkheol ALaL 1olyde rRE0RD rkeash Ofm, NAINAY aHaS? | 3 oduced.

15 At this tinme, “the reaction s continued while the tenperatures of the
t her mal Sredma fiar 1ehgthi respeetdvelyand thhefsesbnteaeber orRd Wed¥eE®

adj usted that the,conversion tio _af, pr I l.in f 97
0.5 nol % anBSPRELYE| W’a@é@l’%’}’napﬁ ]t’hée%\rllglﬁgr%1 %%kgth(} %5 in%:{ 30 under the
second 20 reactae gutbat peassyre of 0.15 MPa (absolute pressure). After
the el apse of 100 hours_ follow n% the start of the reactign, the yjeld of
acrylic acid wasT87tBe Foimst ¥RECTREN yR ML XSS ﬂgﬁcﬁﬂn&?rrﬁsh’d’%gs Ooﬁ?ir ned at

this point wase.hplieduceas ol ey o dB2GaInte ar A yldre aci d 25
absorption colum having 14 steps as theoretical nunber of steps to absorb

the acriyd i chatadcehtosied wift N; arprApihestC Wi svmrlaiod A§ A .Page % of
s taual ed 285°RESY Bbrt tealdon (B Lt Sof tEer TR TRy PR T
30 aci d- contaknhdwez pas iisplosedutadthatd peheoabsot phg drnecohibiet of the

first reactor and the inlet of the second reactor, nothing

was introduced.

15 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 conversionratio
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

20 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

25 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

30 acid-containing gas introduced into the absorption column.
When the amount of the absorbent was so adjusted as to fix

the water concentration of thebottom liquid of the absorption



concentration of the bottomliquid of the absorption 48 18 Jul®

at 25 wt. %under the conditions of 62 .9C in tenperature of the top of
the acrylic acid absorption colum and 0.11 MPa (absolute pressure) in
Erejssure ?f the top of the columm, an acrylic acid containing solution
aving a target. wate con Lati Vs Fped sak i3 fEsse datio
of the amunEOEBPntaﬁ:_eﬁ%B’g'drb%{r%?%%ﬁtg%y ene :Cg%.éf$%é 9e§:fl?lci encylfa{o?ﬂé
absorption abftbhe tbpeoWash85a28f1lidfaeid tdies oper kR ofpbfmn Foddsdrpt i on

colum had been continued for five, days, it wa i scont i

an increase Eﬂ@ao(fakﬁféhbq'eegéfﬁ?éuFS\s{s”? R¥Fﬁ5u58| %frﬁ%aengg? ﬁéﬂ‘ﬁgg&%@or ggg'nt °

Wen  the COEH”QC)%‘??i&h§318p§8§€|a§1@9n@;n§c§>§@tﬂ§h Kdeinqspectiqat wietect ed a

consi der abl e amount of polyner within the colum, the top, and thetgi pi ng.
on

A sanpl e,5 5 abpcentvetans was obkaiaef\at @ BaFs tdom BARAGT 18 SHAHH

consequent|y_obtain j | tes ube. The test tube was
i mersed in 8% %ﬁ? ggf’ﬁ@égg%?gfggggeﬁ%he éf%;he required for the viscosity
of the sanple to rThsee®asciénopdof calbeodgdt Bomrat YICohpzing iWaes Bladi-e 2) 20

A reaction was carried out by f owi.ng _the pro f r.at |

Exanmpl e 1 MFEQEﬁé‘ﬁd?l?f’gratq'fé}lrb?gbbF@r?g%r@oﬁgp@n%orclg'ﬁ%ﬁa?%eg. 8 vcajclliue:’éf t he
@ concent raghpne { bhyd Vot .wadalisaddtiheet2éh cananttr afi am incrthse vol . .
(%I)respe%lt{)lvfelgal@n t he qri%;%d gﬁé};ggpl ilgzgrtnto ét%%@firs(talelir)gﬁ():to . ther t he
el apse of o1 diehpXe $SR6E LOWS & Brdie ey 19%%he i

acrylic acid yas, ngnfre, % FB8 BPEAC 36 dnEPRataicti,Ng hegansphicaiived at
this point was™introduced at a te%perature of "173C into an acrylic acid
absor pti on cattantbd\d ngniddsrebie amourtieofcpdaienwidinothe Mg absorb

the acrylic acid 30 therejn wth.,an absorbent i ni 9
v L4 30 they L. 110180, water containing 1. 8 wt. %

When the anobunt of the absorbent was so adjusted as to fix the vvaé
u s %rcol um

A sample, 5ml 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 an acrylic acid absorption column having 14 steps
as theoretical number of steps to absorb the acrylic acid

30 thereinwithanabsorbent water containingl.8wt. %ofacrylic
acid, 4.1 wt. % of acetic acid, and such an amount of

hydroguinone as equaled 200 wt. ppm based on the amount of



acid, 4.1 wt. %of acetic acid, and such an anount of hydroqui hone as
equal ed 200 wt. ppm based on the amount of - 49 18 Jul y 2006 3aM¢PPR aci d
in the acrylic acid-containing gas introduced .into the absorption colum.
When the anobunt of the absorbent water was so adj usted as to fix the water
concentration of the bottomliquid of the absorption colum at 25 wt. %

under. 5 theycontid iy ah. the. adbyl i tamperaint£imiing @%st aptebdubedacrylic
acid absorption colum and 0.11 MPa (absol ute pressure) ressure of the

top of the cotimmthesapsarntien aeilamBont e £§S ARG 84 Wﬁ/?géoé fRtget
wat er CO”CGQ&J@% L 3 s"‘%% Qgéﬁg&%%hgégé‘ RS SHd QW benebnthatappupk of the

absor bent / propy ficiency of absorption at this tine
was 94. 9% ﬂﬂm@ottlt@nabsqupdmumtdm ahmovptioparctuh fér 2P out. daysderhe

operation the eof di sc i ecause of t cti essure

loss in the & bmﬁ\@?:‘}é' g g&P SR ST © Q;Fﬁglcg Itﬁ)ﬁérgﬁgéed and
I nspect ed, tJBid'%H@aﬁpﬂQBnd@b@Qhﬁdan@ @Qnsmdefqbbeoamm@npreéspmbynnn mﬁthln
the columm, the top, "and the piping. A sanple, n volume, of th

acrylic aci cPI(ﬁﬁﬁUeﬁ%Pﬁg’fh%§P9t9%ﬁh@oﬁ@e‘&f&féntapya‘blb¥]a}%é’&%%OB)F%‘:BH“?n a
test tube. esf?qr o fRlvin %SI i e%nwa%ég anéQn@kétbéhhwggpéb@élﬁé@ The

time requir e Vvis f the sanple to rise was found to be 11.8
hrs. (Conparadt amﬂéﬂrptva‘aa)lo&onfe’alm ﬁmuWésOf:é:blel s oupehy/PEPPHIERY t he

pr oceduw 25 of Conpar ati ve Exanple 2 while changi ng the H20O concentrati on
in the xed Jad 'supplied to the first reactor., to 9. 6 vol.. % After
the el apse of 10@GHROWfEikalehew bg rabeospanbnoatthmsremeims smessyi eld of

acrylic acid was 87. 1 nol. % . The acr aC| ontainin bt ai ned
at this poi WhaRadhenaPsatRE#C0C At AN ¢ %O%Ofgeufngﬁg 1£ei%?yl ic
acid absorpkﬁigiéHyoHnEhereof was dlscontlnued.because of the detection
of a pressure loss in the column and the neighborhood. When
15 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.
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 11.8 hrs.
(Comparative Example 3)
A reaction was carried out by following the procedure
25 of Comparative Example 2 while changing the H,O concentration
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 acrylic acidwas 87.1mol%. Theacrylic
acid-containing gas obtained at this point was introduced
30 atatemperatureof171°C intoanacrylicacidabsorptioncolumn
having 14 steps as theoretical number of steps to absorb the

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



havi ng 14 steps as theoretical nunber of steps to absorb the r I|c aC| d
therein with an absorbent water 1.8 wt. %of - 50 18 July 20636’52/

acid, 3.5 wt. %of acetic acid, and such an anount of hydroqui none as
equal ed 200 wt. ppm based on the anobunt of acrylic acid in the acrylic

aci d- cont ai ni ng gas introduced into the absorption colum. Wen the anount

of the absor%@% S% adiyst edoasator féxadhe, Wai@rs eane@ntmaunen of
t he bottom e absorption colum at 4 7 Wwt. %under the

conditions of H‘;&iﬂ@;u:mcumn@@r stupd edf 20Revtoppph baeed @y the aBPENt
apsor ption %ﬁ%agﬁygggjgrg}égﬁgl(ggfgifé%mBEF§§$§€3%4H§gQ%%§§HE?od9EeHhe top

of the colu containing ‘sol uti ving a target water
concent r at i ofh ¥@% hebdd #dn doMama. fwoen il anoint bé wrmehsoobenhe

absor bent/ propyl ene = 1. The efficienc absorption at this . tine was
99.0% The amsem%w%%%%%%ﬁ&?éd %SPDSﬁBthékowoght&mb 5%8tf}ci ng

any rise i n {11, B 6P 9% ford BELGRA UL PRE. bhenadkbtmebghbechond. When
e

t he col umm n opene d i nspected, the inspection did not detect a
pol ymer wit hofh 621e9?£blmmt:em}p¢neat1@)1pe @fdthie teinpi . the s%l%{ﬂ’%lc 5aGEd n

vol une, of t acrylic acid tal i B9 t ed was
placed in a atrle%ct enco Bm&%glgt(g ]tr!l tu%ég\%ggl:uemrérseg in 3an %rgg%)g{:ﬁ kept
at 95C. The 41 wBer€6piorrethé @roltllma ,vas@mmytlma)acnde:csmqﬂre.rtgosqble‘elms

found to be 6.5 hrs. 18 July nmet dfor the 1@89 ctlon
of acryfPc dtﬁ‘éﬂftgar?pltlaéﬁgﬁ& Ha§f3§pc‘6tlc?m¥%ﬁﬁ8?n“6a% Fag%CBnaT i ng

propyl ene a?& |l AL OXREeAmbBhe &f fﬂHébHs%&Qidrﬁﬂp&@@@leﬁepackesl with a
conpl ex oxi de catal yst having Q%bdenum and bi smuth as essent

conponents and oXitk Afflpiressy aPE@TPEHOR RtnGhdf &EF6I BRA- égn?ar ni ng

gas, a Stepfﬁe gbéé?%%ﬁ&@ 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.



said acrolein-containing gas into a second reaction zone packed mﬁ@? a
conpl ex oxi de catal yst having nol ybdenum and 10 vanadi um as N
conponents and obtaining an acrylic acid-containing gas, and a step of
introducing said acrylic acid-containing gas into an acrylic acid
absorption colum and causing it to contact an absorbent, said absorbent
being introduced into said acrylic acid absorption colum 15 at a nmass flow
rate in the reah@g&™®f 0.1 - 1.5 tines the mass flow rate of propyl ene
introduced into the-sai® figtsiod réact itde zpheduethirebyplobeaimli gy @siderylic

acid-containip ol.ution which ises. i ste sai d f.r.
reaction zoneC%nr%rslsszﬁ%g s%cgrtlagr é{afgp?%énrso%lrz?%neé bg]?ﬁgéf g;?)ﬁedé%r?cadﬁl?lgr ent
reacti on tubesrof)ergaighdn g qgas rf axygphr dduet isonfinaro saicd ibhr Sone

reacti on zone having a_propyl ene concentration in the range of 7 - 15 vol.
% and a wat erPRIFREAIEY iR lEHe FaAGe cBFal St AoViRg  MRLYRLREVSS 30E) sai d

acrylic acid-gontainiNg SeLULE 9N ABRQIReH d BnaSakdaas! ¥ 16 GGhdRbsarPt i on
colum having a water concentration in the range of 1= 45 w. % 2. A

met hod accor dolmgpitrongl @nmatronwhen etontaimang geenpanentp off shitrcabsdngent i s
water. 30 3. A:gfthod or the production of acrylic acid .cogErising a step
of introduci NP n e GHY CONEAT ARG I26r of¥icend SRGOHDI EEGFAF CBx7TER i nt o
a first reactpike®? wit® Wlden2@& zengepasketyyt thawi P M 8hdexiuae agat al yst
having nol ybdenum and bi snuth as essential conmponents and oxidi zi ng
propyl endOand"BHHEIW ff PSR GRdi IFEpRngnREngdgabtadningp 28f qhtkéduci ng

sai d acrol el n; conta,0L0g; 035q2s | seeand o eactLan. rone.nacked whith a
conpl ex oxi de cafg¥§s? ha |%g ng%g%g%nunghng vanaglun1a essentlgw
conponent s angbiobicainmiengiag gesylnto asn dacoyt &t neaiyl gassorption column
and causing it to contact an absorbent, said absorbent
being introduced into said acrylic acid absorption column
15 at a mass flow rate in the range of 0.1 - 1.5 times the
mass flow rate of propylene introduced into the said first
reaction zone, thereby obtaining an acrylic acid-containing
gsolution which comprises the steps of
(a) said first reaction zone and said second reaction
20 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
of 7 — 15 vol. % and a water concentration in the range of
0 - 10 vol. %, and

25 (c) said acrylic acid-containing solution absorbed in
gaid acrylic acid absorption column having a water

Q

concentration in the range of 1 - 45 wt. %.

2. A method according to claim 1, wherein a main
component of said absorbent is water.

30 3. 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



and a step of introducing said acrylic acid-containing gas into an acrylic
aci d absorption colum and causing 10 it to contact an absor Hént!Y2A¥ eby
obtaining an acrylic acid-containing solution which conprises the steps of
(a) said first reaction zone and said second reaction zone being forned of
different reaction tubes, (b) said propylene concentration of said m xed
gas 15 introduced into said first reaction zone being in the range of 7 -
15 vol . % andz¢he watekedonweéfity att orrdwPlesai dowided gasabefhg AVERE range

of 0 - 10 vol o%$%§8§%%c?a§§i?%Y?ﬁSEhCOQEG”EEQE599§8faEB% oﬁ§5¥gicﬁﬁﬂid'

cont ai ni ng soTu ai ne e acrylic acl sorption colum
bei ng adj ust edxtdiaihgvetopnléhe aadgebobhihingdbnwacrédbynadpostiing nche
anount of an absorbent to be introduced. 4, A nethod accogdlng to claim 3,

wherein the S@0unf 6F<Pait adior ing R neroduced FeIBIININY §3Sog

times thesmassnidow asednl @kaptabyl enrgid HdoduLagd dntH cs@bleki bstide
reaction zone. 5. A nethod for the production of polyacrylic acid |
conpri si ng usFageinet adigMing adPd yopeaRedaBy tFRNafEtHbd 2Sse€SEERER3N any

of clains 1 'cémponents 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
10 it to contact an absorbent thereby obtaining an acrylic
acid-containing solution which comprises the steps of
(a) said first 7zreaction zone and said second
reaction zone being formed of different reaction tubes,
(b) said propylene concentration of said mixed gas
15 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
(¢) said water concentration of said acrylic acid-
containing solution obtained in the acrylic acid
20 absorption column being adjusted to a level in the range
of 1 - 45 wt. % by adjusting the amount of an absorbent
to be introduced.
4. A method according to claim 3, wherein the
amount of said absorbent to be introduced is 0.1 - 1.5
25 times the mass flow amount of propylene introduced into
said first reaction zone.
5. A method for the production of polyacrylic acid
comprising using the acrylic acid obtained by the method

get forth in any of claims 1 - 4.



