PROCESS FOR PRODUCI NG ACRYLI C ACI D TECHNI CAL FI ELD [ 0001] The present
invention relates to a process for producing acrylic acid with high purity
fromglycerin as a low material efficiently. BACKGROUND ART [ 0002] 10Acrylic
acid. which is used as a raw material of an absorbent resin and the like, has
been industrially w dely produced by gas-phase oxidation of acrol ein obtained

by gas-phase oxidation of propylene. [0003] In recent years,
production of acrylic agj - i i product 15whi ch has
been obt ai ned by gas-phggg) ?Pgﬁﬁ%ﬁﬁj‘@%%?pﬁﬂag@)been di scl osed (refer
to Patent Literature 1). [0004] In addition, production of acrolein by

dehydrati on ofhghxcerin is disclosed (refer to Patent Literature 2). The
acrol ei n obtl&C By FREI3 production differs from 20 acrol ein which is
obt ai ned by gasr phase oxidation of propylene in terns of kinds and quantities
of byproducgs. herefore, in order to produce acrylic acid by conducting
conventi onal | y- knthwrnpregrast-ipteasen eekdtaab iaqmo@$s far podpasd ddrdiv ainka@i highg such
acrolein. it is described to be preferable that acrolein is purified by
enpl oyi ng aPedhORt $55eER 52 fanieiRA cEd iue (refer to Patent Literature 2).
25[ 0005] Further, it is disclosed of a process for producing acrylic
acid, conprising the steps of producing allyl alcohol fromglycerin and
conducti ng Ga&KERSENDXARIAt i on of the obtained allyl al cohol to produce
acrylic aciﬂX%EFfer to Patent Literature 3), PATENT LI TERATURE [ 0006]
10 Acrylic acid, which is used as a raw material of an absorbent resin and the like,
has been industrially widely produced by gas-phase oxidation of acrolein obtained by
gas-phase oxidation of propylene.
[0003]
In recent vears, production of acrvlic acid by gas-phase oxidation of a product
15 which has been obtained by gas-phase dehydration of glycerin has been disclosed (refer
to Patent Literature 1).
[0004]
In addition, production of acrolein by dehvdration of glycerin is disclosed
(refer to Patent Literature 2). The acrolein obtained by this production differs from
20 acrolein which is obtained by gas-phase oxidation of propylene in terms of kinds and
quantities of byproducts. Therefore, in order to produce acrylic acid by conducting
conventionally-known gas-phase oxidation of a composition containing such acrolein, it
is described to be preferable that acrolein is purified by employing a
conventionally-known technique (refer to Patent Literature 2).
25 [0005]
Further, it is disclosed of a process for producing acrylic acid, comprising the

steps of producing allyl alcohol from glycerin and conducting gas-phase oxidation of

the obtained allyl alcohol to produce acrylic acid (refer to Patent Literature 3).
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PATENT LI TERATURE | Japanese Unexam ned Patent Application Publication
No 7005-7131125 PATENT LI TERATURE 2 International Publication WO 2006/ 087084
PATENT LI TERATURE 3 Japanese Unexam ned Patent Application Publication No
2008- 162907 10 SUMVARY OF | NVENTI ON TECHNI CAL PROBLEM [ 0007] As
byproducts in the process for producing acrylic acid from propyl ene,
acet al dehyde, acetic acid and the |ike are known to be produced in the step of
producing 1 (=Y f exanple, and form c acid, acetic acid, propionic
acid and tthfﬁﬁilit@RﬁH@@ﬂ to be produced in the step of producing acrylic
acid, for examp| e. Meanwhile, as byproducts in the process for producing
acrylic acid fromglycerin derived from bi odi esel, propional dehyd e, phenol,
1-hydroxya08ﬁgﬁ@TL%T dcetone, nethoxypropanal and the like are known to
be produced in t . i i £t m cid, acetic
acid, propionic QﬁPﬁ%ﬁﬂygéyﬁﬁgggﬁgﬁggﬁﬁgﬁﬁ%E@%k@%ﬁ@ﬂ?gbﬁi?gﬁ%ﬁd the like are
known t o5bePATENUCETERATWREE2St ep of produci ng acrylic acid, for exanple.

Moreover, in the process for producing acrylic acid fromglycerin, a

consi derabl y Iardgwgﬁﬁﬁﬁ¥PH@wWHﬁUWT¥4g§m§§Sﬂroduced as byproducts, as conpar ed
wi th that iparBeTRIPSESSURPE Producing acrylic acid from propylene. Thus, in
the process for 25producing acrylic acid fromglycerin, it is required to
purify acrol ei n okpaeseyUnesamuied PafitiAppbentiby Publ@a@@] No. 2008-162907 The purity of
acrylic acid affects production of a hydrophilic resin, and it is known, for
exanpl e, that presence of acetic acid or propionic acid in the acrylic acid
30possi bhy cawpas3ry or povenTefN odor of the resin. In the process for producing
acrylic acid fromglycerin, since a considerably- |arge anount of organic

aci ds such gﬁcé@B€AEP§6ﬁﬂi3ﬁd propionic acid is produced as byproducts, as
conpar ed mﬁgﬂngrat in the process for producing acrylic acid from propyl ene, a
techni que f efficiently purifying acrylic acid is required [0009]

Acrylic acid prodacedplbyudhe droyeceesior ipbridcipg aditic ngidreaepmopclane, be, in
general, purified by distillation or crystallization. However, according to

the investi gealghadhyodinaciprad brdike AgdRP bR & brOEe! Bl drae since
| mpuri tes & oRIPTHAIUGHDIATRI REARUGEE. hddil oEANBlIRNRPAN hAd @R AWaAL! Ly In the

process for producing
known to be produced in the step of producing acryvlic acid, for example. Meanwhile,

as byproducts in the process for producing acrylic acid from glycerin derived from
biodiesel,  propionaldehyde,  phenol,  I-hvdroxyacetone,  2-methoxvacetone,
methoxypropanal and the like are known to be produced in the step of producing
20 acrolein. and formic acid. acetic acid. propionic acid. pyruvic acid, 3-methoxypropionic
acid and the like are known to be produced in the step of producing acrylic acid. for
example. Moreover, in the process for producing acrylic acid from glycerin, a
considerably large amount of impurities is produced as byproducts, as compared with
that in the process for producing acrylic acid from propylene. Thus, in the process for
25  producing acrylic acid from glycerin, it is required to purify acrolein or acrvlic acid
efficiently.
[0008]
The purity of acrylic acid affects production of a hydrophilic resin, and it is
known. for example, that presence of acetic acid or propionic acid in the acrylic acid

30  possibly causes a problem of odor of the resin. In the process for producing acrylic
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10 acrylic acid fromglycerin as descri bed above, purification by
crystallization is easy to be operated and preferable while purification by
distillation is conplex to be operated and i nduces increase of the production
cost. Further, it has also been found that purification by crystallization is
effective to renove organic acids such as propionic acid, which are substances
causi ng odor of the resin. 15[00101 In vie NN of the above

circui nstances,. an object. of the. present invention is to provide a process for
oroduci ng il BRPATF R hEGRIGIPR 9o BN Sictpinie sl fssdsr i al

ef fici ently aci@ @ndSHlopbhiNcil @ ROGRIEM b@Rddlkts. as compare® AviE Milak @@k bbcedst has not
been know, that acrylic acid can be produced by conducting gas-phase oxidative
dehydr ogenafdravodseing pepylie Adf denyerepylens. adrsheinphior siisisndn apdsmgdeniis not

cont ai ned igdgﬂuféhghein-containing conposition \Nhich is an 25 oxidation
product of propylene and industrially wi dely used for producing acrylic acid.
Ther ef ore, [@o0hps been considered to be preferable to separate propional dehyde
and acrolein for producing acryljc acid by oxidation of acrolein froma
conmposi tion cont @t gAY FFAER be HiFRboxsTHessihedl REPFHCINGHRIEFEST §2hPydRydr at i on
product of _ghyrer ilind G 2hisaRitoneye e pnoRiianal Aelvde andraes abeie belong to
the sanme categoiy of al dehyde conpounds, and noreover, the boiling point of
pr opi onal demydgigatidnatbyi ghe4@€eni svehtosse itt bast been oind Ayt pocatmpdritesras| ei n, t hat
is 52C, so that pro ioQ%QQﬁhgde ang aqr lein are difficult to Qﬁ separ ated by
a convent i ofaPYHLBRRTTREN D SSQBHISR Y a8gs qyaabey di sy Praessh P #4968 nent  agent
(e.g., hydraaineicid k8RH13Ycerin as descib&@l oS PRfifiéai¥L B RRStaRN N iRb@RSbvely
studied to a process for producing acrylic acid froma conposition containing
pr opi onal dehydecratgshandaprefprabésshife purisgiicnghsediptglafen tsheempiexcdormgoseeiedn

cont ai ni ng A ¥ diugesalﬁi:l%as%n& E‘%ﬁ’g@@%ﬂ Gk 9 GRflePs ARL ﬁ%é‘%genb?’ouﬁgﬁ%ﬁhase

oxi dati ve dehydrogenation of osition contalning propion ehyde 10
usi ng a sol pdritatial ystcnealizaid ReMEphwbdensti antaManads ymhas gssenti al
conponents. Therefore, actylic acid with high purity can be efficiently
produced wi fH&UthdEPaPHEsiapgs srupedal Hdki@Enf r om t he conposition contai ni ng
propionquehxgg and acrol ein prepared by dehydration of glycerin. Further, it
has been foun 1hat acrylic acid and propionic acid in the obtained
conposi tion are dhfvial eftlheyalmeparamesthnbys. puobjectoddt thopresdnt Iis-esansisabl i zat i on,
conpared with purificatiion of distillation. ThEVEfOTF, shnce propi oni ¢ acid,
whi ch cause€™KE LRSS (P BECPeMsPds 26 WilBEB AT BNTPPHYCHP 2 8ARY from t he
obt ai ned aciysldrial a@géichilvt he obtai ned acrylic acid has the conparabl e
pol ynmeri zation property to acrylic acid obtained by the process of producing
from propyl ene, and a hydrophilic resin such as, for exanple, an absorbent
resin aag a &@iﬁﬁ'ﬁQkyﬁﬁSBﬂﬁ in, 20 \' '\ hiCh is produced fromthe obtained
acrylic acig, S Qree romodor and has the sane physical properties as a
conventi onalocane. [0014] That is, the present invention provides a
process for producing acr¥llc acid, conprising the step of conducting
gas- phase oxi dat i Ve Btepibe deatiobReds knavashymspdictactncandist P dHcag by
propi onal debydgetRi B-hasOblilatiat @lhYdbeGA AN At TRIMRIBNUM addition

propionaldehvde is not contained in an acrolein-containing composition which is an

25  oxidation product of propylene and industrially widely used for producing acrylic acid.

Therefore, it has been considered to be preferable to separate propionaldehvde and

acrolein for producing acrylic acid by oxidation of acrolein from a composition

containing propionaldehyde and acrolein, which is a dehydration product of glycerin.

[0012]

30 However, propionaldehyde and acrolein belong to the same category of
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and vanadi um as essential conponents. [0015] In the process for
produci ng acrylic acid of the present invention, the conposition may contain
at least acrolein in addition to propional dehyde. Further, the 30conposition
may contai n propi onal dehyde and acrol ein prepared by dehydration of glycerin.
In addition, the process for producing acrylic acid of the present invention
preferably further conprises the step of crystallizing acrylic acid froma

conposi tion ntalnln ic acid ared by the -phase .oxjdative

Gehydr ogenatiigh ¢ 6OBBIRS a1y bxfe s SRR Fn Y kg EREREERPRRIKIES pr ovi des
a process f%rd@&p@uﬁbQﬂﬂﬁghﬁﬂﬁQﬂﬂkhﬂ&nr@ai@ suchs@shadprapRmambent smgsin and a
wat er - sol ubl e resin, conprising the step of polynerising a nononeric conponent

i ncl udi ng aésrgleinc argcilidigeto@ube demsyatadnby pr seiesriicalbckidyay medod esuch s
ADVAI\I'I'AGEQJ§IS§E4:§59'E§“S% M}Mﬁ,glg 9%& We%”ﬂ\drazm According to the present

i nvention, acryfic acicis 0 oma c np03|t|on cont ai ni ng
proplonaBdehyne] and further, acrylic acid is also obtained froma conposition

cont ai ni ng propi onal dehyde and acrol ei n wit hout separatlng 15 propi onal dehyde
therefrom In addi Bt apaRicts By ecBibaredididalery pracesicion Psstained by

gas-phase oxidat élc\{(?fr‘éj&@’&rn%ﬁﬂéﬁ t&MhiARG p%ﬁ)nﬂhéﬁﬁe 9l Q@fa Q1. %e\ahaR@”'POS' tion

cont ai ni ng propi onal dehyde 'and acrol ein prepared fromglycerin can
eff|C|entIyﬁnmdiEdCbmp@mmeamhmz&Uwomcaaddmdem&mun@uiqmﬁykbcma¢bd haV|ng t he
conpar abl e eto ic acid t ai ned onvention rocess for

o ohuc: g adiohiie: SOt e GIRGOHRERA tnde JPaPgiid Sritin e anesRiEq

Mor eovern g thﬁn?ﬁk@h@@ﬂdﬂﬁk&hmﬁu@Qh&\&ﬁmﬁﬁQﬁhk@&ﬁuhﬂwp&kMﬁﬁré héded y and

sui tably used produci ng an absorbent resin. BRI EF DESCRI PTI ON OF DRAW NGS

[ 0018] 25F| @’herzfosm@w Ke acid alithdughy puitd can breefBdiantt mbdushd sbow seietiosr r el at i on
of acrylic g %nﬁlﬂ%‘é{e‘af&fgx%sf pogth%Heﬁo& didlHy Olﬁoﬁg&&e c?e aEJj‘ %&é{é‘iha' S

obt ai ned |n perlnen

concentrati grepaigd be deﬂrgalrzttlom/mﬁf(gh csiiowWFutthe, ©ohy Bdeatfo@ml tﬁzit aaﬁmylabnd agi d
concentrations in cr stals and tenperatures_of the crystals gbtained in
Exper i ment aProB wsthg opigingg) composition argpificientls tpiated bp| RIRERYIOL Bf one

embodi mgat. glfyst‘?dl&&’dbh! EARYSd R IR Qi Qlios SP AL A4#3E PTHIRRGRI Gn&Chbpibhigm crude

acrylic aci
acid, which causes the odor, can be removed to a detection limit or lower from the

obtained acrylic acid, the obtained acrylic acid has the comparable polymerization
property to acrvlic acid obtained by the process of producing from propylene, and a
hydrophilic resin such as, for example, an absorbent resin and a water-soluble resin,
20 which is produced from the obtained acrylic acid. is free from odor and has the same
physical properties as a conventional one.
[0014]
That is. the present invention provides a process for producing acrylic acid.
comprising the step of conducting gas-phase oxidative dehydrogenation of a
25  composition containing propionaldehyde using a solid catalyst containing molybdenum
and vanadium as essential components.
[0015]
In the process for producing acrylic acid of the present invention, the
composition may contain at least acrolein in addition to propionaldehyde. Further, the

30  composition may contain propionaldehyde and acrolein prepared by dehydration of
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DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [ 0019] <<Process for producing
acrylic acid>> A Process for producing acrylic acid of the present
invention, that nay be hereinafter referred to as a "produci ng process of the
present invention", conprises the step of conducting gas-phase oxidative
dehydr ogenati on of a conposition containing 10propi onal dehyde using a solid
cat al yst containi ng nol ybdenum and \ anadi um as essential conponents. [0020]

<Raw material > Acrylic .acid is produced from propignal dehyde by the gas-phase
oxi dat 1 ve 18N Gy cYbaBHaTT B PraBy e FE bR R e B O S B rher of ore.
a raw mat er padferbtge turftef céhigrises AdULIpNG @Y 00RESe Antd&iPhiesentorhfbsRBhI ON i s not
particularly limted as long as it is a conposition containing at | east

pr opi onal dek§@ninggeryhedcid preppediinle e¥-hate PidstvcihydipedebastoppriBhe present

i nvention, ﬂﬁ{giic acid can be produced by gas-phase catal ytic oxidation of
acrolein in ad tion to the gas-phase oxidative dehydrogenati on of 20

propi onabdehyde. Tigirekntrigyventihealcoppoided d @ocofvl draducige abydbygilic desinaddi tion to
propi onal dehyde nay be used as the ray' material in the produci ng process of
the present Si%vantFoadsodseh ik S o VHEmoRSIst &Sy niPUWEE RS pihepitehdlidehyde and
acrolein ca olbﬁleﬂé’iﬁéjgrn%om%lﬁé et thCIQMnQQ&y@' atd Blr(‘)dﬁ’éed%' d@[)fo'aess[ 0021]

25<Solid catalyst> e solid catal yst used I n the produci ng process of
t he present dessukgitabore.i s a nol ybdenum vanadi um cat al yst whi ch cont ai ns

nmol ybdenum and vanadi um as essential conponents, and a solid catal yst used for
produci ng acrylic acid by gas-phase oxidation of acrolein is preferably used.

30[0022]i0  ADVANTAEOUS EFFeEasPrasveiNTtios solid catal yst include, for
exanple, a nol¥bdenun}vanadiun1cata|yst prepared by the steps of evaporating a
[

sol uti on coft/hi ng anmoni um nol ybdat e, anmoni um et avanadat e, copper nitrate,

i 1ol ybdate, ammni . copper
mat tor . ol ver | 21 RO Da bR AHER BRI S AR g B B e

cal ci nat i ng céhginihgr p@gionmtesdal afd aheliert acEamplide id 4l baparessotinaxam ned
Pat ent Application Publication No. 3-218334): and a nDL¥bdenun}vanadium
catal yst pr&pEPSHIOBy etiinpepsromontiisider i Al a astwisit i oHIOBht APRFHEE ammoni um

o a0 e BB, BSA y RLAT o e eRLS
and cal ci naby ngs-phee abxidaiine delsdlagenavion dep osispbase candatien of reef@npdsviokxanple 1 in
containing propionaldehyde and acrolein prepared from glycerin can be efficiently
removed by crystallization: and therefore, acrylic acid having the comparable grade to
the acrylic acid obtained by a conventional process for producing acrylic acid from

20 propylene via acrolein can be obtained. Moreover, the obtained acrylic acid is

excellent in polymerizability and suitably used for producing an absorbent resin.

BRIEF DESCRIPTION OF DRAWINGS
[0018]

25 Fig. 1 shows a solid-liquid line chart which shows the correlation of acrylic
acid concentrations in mother liquids and those in crystals obtained in Experimental
Examples 5 to 10.

Fig. 2 shows a concentration curve chart which shows the correlation of acrylic
acid concentrations in crystals and temperatures of the crystals obtained in Experimental

30  Examples 5 to 10.



Japanese Unexam ned Patent Application Publication No. 8-206504). [0023]

A shape of the solid catalyst is not particularly limted, and exanples of the
shape of the solid catalyst include, for exanple, a spherical shape, a
cylindrical shape, a 15ring shape, a saddl e shape. Size of the solid catalyst
is generally about (11 nmto 10 nmin dianeter [0024] <Gas-phase oxidative
dehydr ogenati on and gas- phase oxidation> In the produci ng process of the

present invention, gas;phase,oxidative 2 ehydr ogenat.i on of nposi tion
cont ai ni ng prop gﬁ%l géh@‘&% 9 %O‘bcgﬂrgfétoél&en%?g' %‘ﬁf)’g% ?qngﬂuoélf ”ée“?(’éﬁ/?oﬁat erial may
contain at kgasilin@ploplogichcidraaséetudd fviicQciar opi onal dehyde. In this case, the
conposition of the raw material is, for exanple, a conposition containing

pr opi onal dehyde and acrol ein, which is prepared by dehydration of glycerin. In
t he case wh i SYEAR i+ in 25 addition to
propionaldeﬁ%%gg%§§%$@g%§ggyﬁs prodgg% qyéﬁtﬁntaneously conducti ng

gas- phase oxiudati ve dehydrogenati on of propional dehyde and gas-phase oxi dation

of acrolein. [0025 . Reaction conditions for conducting the
gas- phase oxi dat | V& "UERAF rgeuts Gh1s6cdnd t he gas- phase oxi dation may be the
same as those of & KQUVER) i PORLIY -KARWCidPEOHESTesbA inRiATH CihAgmACHY! i ¢ acid
fromacrolein. For exanple, a reaction raw material gas containing the
conposi t i onhetinhfe refamedrit @i ‘@loduory gexesand therprésagrinvegasy . CorhprNehthes i nacti ve
to the reaction_.and added Hﬁ-aq£p tytg§& as conce?trationf is used as a raw
material ga§'°P Bk 4RSS TE S V‘zf@hei RREENIPR Ot S AICEIOH GPBBRG gen and
oxygen- eor i ghpebnaldehydBAWRNES | soRX YR sPfco@hinineSmBR8H@LALhYd UaRMidnd i ew of
econon cal aspect. Exanples of the inert gas include, for exanple, steam
ni trogen anéssetabermibnegXs.de. Further, it is preferred to reuse all or a part
of the resiﬂﬂﬁb]gas which is obtained after a product of the oxidative
dehydr ogenati on’ has been collected or all or a part of the gas which is
obt ai ned after orgamw @alBilters in the residual gas has been 10 conmbusted, as
the inert gas in view of econom cal aspect. It is generally known that steam
is effective to radiide2¢ihds Coibersk from Harigerldbrdrely Bie srsginicconetters and
oxygen, jand : i T a tal ned i.ner 0026] The
sun1conégntﬁ§§?§)a%%sgg%5?%&&%%@%3%%M3ﬁ%%§§?gfeﬁh&F%R%ﬁé9$£%¥%ﬁgﬁwéaM/15
mat eri al gasoritee ehemglprycessofitirepresanigeveanfiois hovpdruembarBolnoted Bs look usre % and
preferably in the range of 0.4 \ ol une Wbtq %% voI#n§¥96 Thg.conc%ntration of
oxygen in t Helr CLUPHEAN cqiiriicett Srstghopriosaldelvds o) Tyther, gopiding et 0. 5
vol une % t 0 pauMed PrResYor alrthrReRf iBlalby deRlit REdTaN8e pRiduddUR! iBhiet o 20
volune % The concentration of steamin the reaction raw material gas is
general | y i satplhec exadayien of agolgiol iy addigen to USag-ohymexgigt@olchgheeprtehedabl y 3
vol ume %1043 fRuTR. 0 TRXAARL efe lonkNBul 3G 0 (LD GRGHLRR, Fgw mRterial
gas include, Tor exanple, hrtrogen and carbon di o i 8¢,

propionaldehyde may be used as the raw material in the producing process of the

present invention. Such a composition containing both propionaldehyde and acrolein
can be prepared. for example. by dehvdration of glycerin.
[0021]
25 <Solid catalyst>

The solid catalyst used in the producing process of the present invention is a
molybdenum-vanadium catalyst which contains molybdenum and vanadium as essential
components. and a solid catalyst used for producing acrylic acid by gas-phase oxidation
of acrolein is preferably used.

30 [0022]
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[ 0027] A flowrate of the reaction raw material gas, a gas flow rate
per unit volune of the catalyst (GHSV), is generally in the range of 500 I1]
to 20,000 111, and preferably in 25 the range of 1,000 W to 10,000 hl.
Reaction tenperature is generally in the range of 180C to 350C, and preferably
in the range of 200C to 330C. Reaction pressure is generally in the range of
0.001 MPa to | MPa, and preferably in the range of 0.01 MPa to 0.5 MPa. [0028]
30<Dehydrati on of_ gl )éccerl n oSi ti %n cont ai ni ng

o opi onal dehyde. aHECHEr 1ETHCby belaraly onar g gUa n i b

convent i onaklofbld B RhOGRS SadiRdl PRp&EP! 1Y ad. staae@ffd\@@r&tmg aheMm@eneous or
het er ogeneous 1i qui d-phase reaction in which cerin of aliquid state or

gl ycerin i nceniapingamprniug olbets eamanim Iaetgmnp teg €pRPeE Rt Al Y RMQUWHBr  or di nary
or i ncr easeﬂm%ﬁgs?&ﬂé Rncfﬁpc%hﬁlhao&&reas‘é REER! o%ﬁﬁa sgl'ic{ %ﬁﬁerp&ﬁée?ﬁfng%&' on in\\
hi ch gl ycerin ga cerin-containing gas Is con solid acid
cat al yst 5 mayorbéngetipl myednatﬁrmamg drhi@g eantl e@&ﬁnaﬁﬂg thet hﬁm@@.ﬁne@&hﬁtﬁ grefeeact i on of the
latter is particularly preferable. I[0029] 10l n the % hase reactl on of the

latter, a rawRRIEdrip Mpasese Unsyiymined FrdengApelication Publie -t 1§ ¥ ®dsolid acid
catal yst i n,aneaGhaR-WhiEn] SusPipk dﬁféd' ¥y S %},@Q)ffcreg(s@nﬁlgf hxefnpgd reactor,

a movi ng-bed reactor, a fluidized-bed reactor, and the ke to produce the
conposi ti oncoomhiag rmmgommma@nmﬂ\dbdmdmmndumcmeﬂamnndate{ Oaaﬂllumaﬁbredsol idacid
catal yst is not articular@/ limt ‘i S as it is afcatlalﬁt iEuaving a
solid aci d. C%Pﬁh&”é“f 51PPERE) 83idr g éliltH“%’éttEng‘f P AcUE, " ot aka s

crystal ljne dAmiahddogildihgiat e SbthiBSRolIONARposRe® kaYieMrBRF &) Exdnfl@tiahyst in
which a mneral acid is supported on an inorganic carrier, a catalyst in which

a netal sal fapghespilinevaalinesldiagent SpEigprorRublicaan ae- $-AG1YAhi c carrier. 20[ 0031]
Speci ficall Yooz ran’pl es of the crystalline netallosilicate include a conpound
whi ch cont ai ns for exanple, at least one kind of T atons selected fromthe

group consi sting ,Qfsha‘fsle of Bhe Eﬂldadadll\@ls,noﬁlpdrtlhﬁlsﬂﬁllﬁlﬁtydstaﬁiﬂ|ei\ﬂﬁp18§ slutkure such
as, for exanple, LTA, | es of the netal

oxi de i ncl udPaef de solis C%%Sa@gfugac,fwea\@mplﬁo%Sl?élﬁ%ﬂbﬁl@pemzb Iricaljghege. azr 0, SnO,

d V20 ! Ti 02,
o0 V2035 S0 E5 MG, SY5D R Fe AT SR, Fn 020 203y 47 1102

bent oni te, keawolndhareete. nont noril |l oni te. Exanpl es of the catalyst in which a
m ner al aci? 3 supported on an inorganic carrier include, for exanple, a
catalyst in Whitkh phosphoric acid, sulfuric acid or the like is 30supported on

a-alumna, sili C%G%lﬁhﬁﬁm\lﬂ%%eﬂedro%énhﬁdﬂ HNXpIdee Sliddudg-11 ke. Exanples of
the catalyst in which a netal salt of mneral acid is supgorted on an

i norgani ¢ carri erlnj el g@éucuﬁg)rpr@%mfethe aprenlalipsntidng gebripoise MySOYive Al 2( SX4) 3,

K251, A81394h d%g?ng:itlgl)o% o gosuko'nk?%mﬁ?lﬁ%gy? %‘g@lﬁ?}r}le aéo'ﬂml & SIihlei ca,

Zi rconi Udm oxXi anli um oxi de or
composition of a raw material may contain at least acrolein in addition to

propionaldehyde. In this case. the composition of the raw material is. for example, a
composition containing propionaldehyde and acrolein, which is prepared by
dehvdration of glycerin. In the case where the composition contains acrolein in
25  addition to propionaldehyde. acrylic acid is produced by simultaneously conducting
gas-phase oxidative dehyvdrogenation of propionaldehvde and gas-phase oxidation of
acrolein.
[0025]
Reaction conditions for conducting the gas-phase oxidative dehydrogenation

30 and the gas-phase oxidation may be the same as those of a conventionally-known
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In addition, a solid acid disclosed in International Publications WO

2006/ 087083 and WD 2006/ 087084, that is zirconium oxi de supporting phosphoric
acid, sulfuric acid or tungsten oxide, may be used. [0033] Anpng these

catal ysts, a highly stable solid acid catalyst is preferred, since it 10 can
be put in oxidation or reduction atnosphere of high tenperature during the
dehydrati on or a regeneration treatnent; and crystalline netallosilicates
nmet al oxi des

| d
T atarti nebsta gl dEhl g i EBi s am'fe *En L LIS Ry SRS and has a

MFl struct upg, Cdnﬁurﬂlﬁ%ﬁl@rcablb@sltl(ﬁlr@ tBS radnBa@BAIAbxQ%h dR1 arf ingS tead it iphosphat e
conpound is preferab and al um num phos%hat e 15is particularly preferable.

[ 0034] mactwn@ethmrwgtlatmai added gy tapivgf thpzgpvr@centiativg, ik iethat AR4AWHZSM 5 has

a strong ac Vi u 6 Eﬁﬁge a J.gngth
par amet er hﬂtetﬂydf gﬁ’s gg}aﬁﬁ?%ogﬁgn’%n%“ %eraliﬂgu?-é O} S o et H&'ie. 8‘\\% okug , vol .
29, No. 6, ppygedRbriched hir, B8R pr. 0RQeh B aldﬁh plle&i’abl\l tisetl Sn kiraveT debidtmiad i d strength

of al um num phosphat e varjes depending on a preparing nethod thereof and a
crystal | i ne®¥Peftuc EFHRPlesaplatha iRFH #S YRS pratemRs SLedko%d 30d A8 ty of +1.5
Lo +4.8 in HRAATR!! rdled ifl G08h{ RAFARELETorHD a(l{sf e lteadm%am@lwﬁel@t Ki yoko
Sakanoto et al., N ppon Kagaku Kai shi, 95(9 53 [ 0035] 25In the
gas- phase reat@mﬁd)nftertarmoctlat@ﬂ tilsbxldatnAldleh\Idmnﬁmnduai baentcyllecsd dyelloegener at ed by
brlnglngtheﬁ ﬁhe%/ |ntoc nt.ac gas_cont n|n n0|dat|ve gas such
as oxygen at? B ghpehdh i ta‘ﬂ? é’rrgaé‘fc 'S'P'iter%i'%g" rﬁ% €85 J%t"ht 0 cont act
Wi th theogagomBushal ad@E treidadlid Yield dide@tbmi@ndsgebe GORbaghaRBhoRe thigne after
the catalyst is taken out of the reactor, or may be done by exchangi ng the gas
to be introdgdndsieiegivehle edest be qombsmmr@mgetf@@n%hyonfm%matt@sm ducted. In
the case wh Y, t C xed-bed reactor, the latter
in which thg(@a{'nﬁ ﬂf{.@i Sgé’aﬁio 8%5% y &{hgaqrge%q?t eme o% and refilled is sinple and
t hus recommgmdep. [0036] In the case vvhere oxygen is used as the

oxi dative gas which is used for the regeneration treatnment, use of oxygen of
air is econoni cal Theaiyen SepcpuEtipn gégr%&lﬁl gde 1aad rerolgin i dierfeaiian ¢ bon di oxi de

may be co Rapti d 0 there is a
3k of “abr UBRER s forbielly A0 G BP0 ST e ha o EonE SN it 20
vol une % of ioshggenge dfto.4 solnmed/ﬁrmcembledlunm %selemqnnmmmgasf é‘cgerad] thsting the
concentration of oxXy Bef.ore o her t he Oregq %g}l qn eat rrené for
renovi ng or r%“ﬂ]er&? %?rﬁbgaé%%%‘gra Y GHfiF fngaet by 5° R ﬁdouﬁletﬁém yst em or
resi dual oxygehad trethe tdige bEDENERHAYE RROLLRANBNT ThdhSnRgHNE sistigm by an
inert gas such as nitrogen may be conducted. [0037] The

r egener at ed teataips ravc amteal gas edzeaerally gatharapse of orolymat’nésizidgmadr. ol ei n

15agai n phen, PEIAGIKON AEREY W 4 5i0%e ©EAG LR BFHIFLENI s HASacRO38]

raw material gas include, for example. nitrogen and carbon dioxide.

[0027]

A flow rate of the reaction raw material gas. a gas flow rate per unit volume of
the catalyst (GHSV), is generally in the range of 500 h™ to 20,000 ™", and preferably in
25 the range of 1.000 k' to 10,000 h™". Reaction temperature is generally in the range of
180°C to 350°C, and preferably in the range of 200°C to 330°C. Reaction pressure is
generally in the range of 0.001 MPa to 1 MPa, and preferably in the range of 0.01 MPa
to 0.5 MPa.
[0028]

30 <Dehydration of glycerin>



In the gas-phase reaction, glycerin partial pressure in the reaction raw
material gas at an inlet of the reactor is generally 30 kPa or |ess,
preferably 25 |:Pa or less, nore preferably 20 kPa or |ess, and even nore
preferably 15 kPa or |less. The | ower glycerin 20 partial pressure is
preferred: how ever, in order to secure constant productivity., the follow ng
net hods are needed: (I) low ering the reaction pressure or (Il) adding a | arge
amount of dil uent co onents to er. Considerin an,industrial

T ewpoi it . hi GG TARPRCE g P PBasiPaT oo PR IR AP ORI B Tar ge scal e

pressure redu@umo@p@ﬂrggmlnar@ E@ﬁ&ﬁ%nhlﬂ ke nngibRes (dah: bandmbRese 1s a
problemthat it costs nuch to 25 collect the produced acrolein and to use a

| ar ge anmounBpestiicily. hemosespysoridntesocapeup bned e reqedon crlidseiceindhg with the
pressure | o 1) f t i.ndu J-ewpoi nt,

t he gl yceri ?\ﬁlﬁlam[ M’t? ’ngﬁ@;@ﬁn gAl ngo lmg ?E&{tzlﬁzgerc]l {‘Rlliv]\}‘rr%a;tS d aE‘a éMI\ Sﬁlufla/t he inlet of
t he reactor otdnapyr ef ﬁrcadal;e;d lﬁeﬁﬂrekcB&dlﬁbn oK ehe ¢mpleyeds ef grsqjmhse RadiokRa or nore,
and even nore referably 1 kPa or nore. 30[003 é re, the glycerin
partial preddithelireungasHr ghFFinafoniyiaEgs és Wa@ie @ét#l.aﬁolgda%clq e MBact i on raw
material gage aém l(})\%d' nlﬁ?ﬁlod%{] ifbe ERAGOT thE Odas ‘f)ﬁ%@p}egetlohnof he. qage where
glycerin concentratlon in the reaction raw material gas is 100 volunme 941, the
gl ycerin paptitiablagyr ms®wble. i s equi val ent to the pressure of the reaction raw
mat eri al gaixgé the inlet of the reactor. In the case where the reaction raw
mat eri al htains a gaseous conponent other than glycerin, the glycerin
paftla'IDreSSUfelhsmﬂgk%mﬂkG&Qn&?&ﬂﬂghﬂ&~@ﬂmihﬁwﬁ&ﬁ&@&&ﬂmﬁﬁggﬁﬁéﬂﬁﬁlOn in the
reaction raw naterial gas, of total pressure of the reaction raw naterial gas
at the inl erogctedneitih @ai@ild)ramd[@odw] im @ Terstor othagh prasigailes sekectlednérqneactu on raAN
g?teﬂa:’ :Ibl y g ?iat P(édggac'tcﬂl ﬂnog Lg-%gcgreﬁcgglgta?ﬂu le%da%g{ﬂ?eagtl L%naothg:h emliz)ger
limt of thﬁletooh@bsnpﬁﬂ%ﬁtaﬁﬁlg [gopiotaldeardd a(htllaablem limted as | ong as the
reaction gas exists as a gas at the inlet of the reactor, and the total
pressure isl§Ehkrally 500 kPa or less, preferably 300 kPa or less, and nore
pref er aphy 200 KPheOlon &8t ok Bl Q4K parycutarty TR Kong ! g'yeﬁm’e partial
pressure is not nore than 30 kPa, and) here ore ﬁ% e pressure of the
reaction raANumamenmdhmgbsEk&nﬂesbPamDsdmbwedahmbheumhwetﬁmﬁmmhwereactor t he

reaction raw nateria nevi t abl y. cont ai ns di | uent onent ot her than
G yoer i n. | LEaaNTE PHISEGE Pt A iecE AP B tha PEbal i TESSUREER ¢ he
reaction r awelambﬁdﬁealonaaﬁmlrg?am%%ﬁ?a a%tal\§t51§ whidhen heachit @NmiRYY n@teri al gas
may contain a diluent conponent. [0042] Exanpl es of the dil uent
conmponent i folupeisted pppan Bwempicearist eam nitrogen and air Anpong these dil uent
conponenf, sﬁ?fm is preferable, since adding steam brings 25in an

advant ageous ect on a catalyst lifetinme and an acrol ein [0043] In

the case where stgroficdusethRs dihee disklie GaAPRNRAt inGidamesmyoune
acconpanied with glycerin fromthe step of purifying glycerin, may be newy

added, or tMOIBOIBIHEL [BrExamPlenanershynpdindnpl Syasms sdected kpra the WP abl e ampunt
of steam 3UskRA BAKL bake Ra%SP thehdsS BRARNRshotare ud! AIF18 T&mdgfesms much as

the glycerin partial pressure int reaction raw materia at the inlet of
t he react or CHaY. &iER. aibFly MBOR.| Bies ooMTWssEmlplmodf tmnttahbx,ldanmludem&tzm eferably 2

tinmes or _less as ch as tha en_t he_apo eamis adjusted like this,
an advant ag@ddss ¥ atiohfxample; ﬁmqu % 17“& ;%,’%6 g%?’a%‘}do@é‘? V194 i s brought
in and a heay¥ ok a8fedatptotid,RASEdiPrTibN e 8, Qlild D730, NOEL D 1&s@RCt | ON
product, and thus preferable. [0044]

the clay mineral include, for example, bentonite, kaolin and montmorillonite.

Examples of the catalyst in which a mineral acid is supported on an inorganic carrier

include, for example, a catalyst in which phosphoric acid. sulfuric acid or the like is

30 supported on a-alumina, silica, zirconium oxide, titanium oxide or the like. Examples
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In the case where the gas-phase reaction is conducted under ordinary or

i ncreased pressure condition, gas such as nitrogen which is non-condensabl e,
that is, not liquefied under ordinary tenperature and ordinary pressure
condition, and non-oxidative 10 can be enpl oyed as the diluent conponent other
than steam for exanple. However, in the case where collecting propional dehyde
and acrolein produced in the reaction is conducted, it is necessary to take
account of copllecting efficiency in.the col.lectin tep, .and therefore, as to
e amount o e Ra D SRS P bRl St Er b PSP S eesure of
the di | uent ifeRiMBOREBland@rcataR@NinStig@M™MesOgenasal ). YK 20, t Arpes. E{%ﬁPb@)ﬁS as nmuch
15 as the glycerin partial pressure in the reaction raw material gas at the
inl et of therthedke srurneoried en aisluning siipppgcarun eyde. dsnmgearidgsortthglike. and nore
preferably 1nes or less as nmuch as that. [0045] Space velocity of the
reaction raw material gas including glycerin and the 20di |l uent conponent at
the inlef of the Iheaddiosn.i s geidernalkl Wistlosddhen r Ruregeatiohal 70dll&atiens5GWO00 11'
preferably in the range of 70 El to 25,000 hl, nore preferably in the range of
100  to 13VG0B7P$ ndaQ LDORS HErthprieFECanMONIds UARPHBEROsRPr§ 8¢d) || t o
12,000 IC . [iRQABLd or tungsteRRGEE WD bE giEREr at ure of the gas-phase reaction is
preferably 250C or highér and 500C or |ower, nore preferably 300C or higher
and 450C or [00g%kr, even nore preferably 330C or higher and 440C or |ower. \Wen
the reaction tenperature is too | a conversion rate. of glycerin. is |owered
and product | one. RMBtbBE SRy B G e in gtk el S hus 1t S
not prefierregh LOPuk N8 Kidd@bn MaNAducibe MuhHPhéreastt high (&BPPALAL firfhgl et 00 hi gh,
yi el ds of propional dehyde and acrolein are remarkably 30decreased, and thus it
i s not pref delpdention Q04 73generation trapfiegnt:aind grygitine redafvolintesonteey ordan gl ycerin
i's contained. jn.: r | O I teri gag. | } . cept the
above-descr?%tgn%?ﬁﬁéﬁﬁf%%n%ghgﬁy?ﬂghEkg%%%ctg%yﬂgﬁéggg%%RgﬁggggggglIed

i nducti on perzsets whigtlecontaisdsl a0 theplr apinanahgehyidbstandirads ebfefableaiid dsow at t he
begi nning of the reaction may be provi ded Exanpl es of the preferable organic
conpound i ndledeRal gsids) @ysillinggdbesnhaisicgmaounddepieierabls and duppprmehghefe net hanol |
ethanol45alkﬂﬁﬁﬁh&ﬂgghgélmgliphatic acid esters. [0048] In the case where the
or gani ¢ conpound ot her tﬁan glycerin is contained in the 10 reaction raw

mat eri al ga$)03deterioration of a catalyst activity nay be accel erated when the

organi ¢ conpound i s too nmuch cong ai Therefore, t ntent of the organic
conpound rel ative THG?H@‘Fﬁk%¥m%'(%?§§%48“§ ﬂﬂ@mg%ﬁﬁﬁfhﬁﬁ‘1ﬁﬂpﬁe reaction

rayN mat eri alidigaBaviisy faef @oaPloyand 01 RIS h&@S Stren B@n@ﬁe@&%«?{k@f& 40 mass% Or
I ess, and even nore preferably 5 mass%or |ess. 15[0049] Further, as
the di | uent theoinsnent KenthBashitheln o ibaPhokabaj.dicti 3y Ngas. Buckoa89.0l4fgen can be
cont ai neg | f Ll 1 ARG & AIRANE Uhan NSNS b LHERNe COTRAOENNEORLAI NS the
oxydi zi ig gas, accumul ati on of carbonaceous nmatters on the ‘cataryst is
decreased, anrgatifen@hdE@éredf and uRPSHeRGudthe, Satimhioimphaphoé hisheakat al yst
activity may be 20 provided. Neverthel ess, when the oxydizing gas is too much

cont ai ned, V9lil addipf obyibgi Bnsd- Yahyiemgigacad seengih papee@e b dedediogthe to a

conmbustion r [We] SNk Tale P S LE 1S R ] t 15&:\0f usi ng oxygen
s the. oxydr SrsnE R RSk, b S s B30 e o6 or 1 o6
as oxygen conséhtration or 3.5 times O less as nuch as glycerin concentration

in the reaction rayN materi al gas at the inL?t of the reactor, 25\ \ hiche er
is | ower> In“the gas-phase reaction, the catalyst with fowered activity can be regenerated

by bringing the catalyst into contact with a gas containing an oxidative gas such as
oxygen at high temperature. A manner of bringing the catalyst into contact with the
gas is not particularly limited: and the contact may be done after the catalyst is taken out
of the reactor, or may be done by exchanging the gas to be introduced into the reactor in

30  which the dehydration is conducted. In the case where the dehydration is conducted in
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[ 0050] In the case of conducting the reaction using the diluent
conponent under reduced pressure condition, steamand the like are preferably
used for reducing | oad on a deconpressi on device, since steam has | ower

boi ling point than glycerin and 30condenses at ordinary tenperatures and
pressures. [0051] In the case of using glycerin derived from bi odi ese
as the raw material, the conposition which is prepared by dehydration of

gl ycerin and contajns propionpal dehyde and acrol ejn b sed as-i.s to

o auce acr giiTerey feRETR BRE ERINIEE 2RO EhRrhe bR of

1- hydr oxyacedoeeis sanie itk aceddnendedet hoxypropanal and the |ike as
byproducts, which cause deterioration of the catalyst activity, decrease of
the yield, 0#3ploduction of byproducts such as formc acid, acetic acid,

propi oni c acid, ryvi G - ionic acid . [ id, md
hence, the conpo§¥ﬁ#%ﬁ£ﬁﬁﬁ%ﬁyﬁgggﬁégﬁ%%ﬁéi ié§@%%§$%%g“h€%3§&¥hégb€@ification
can be condugtedathyi teealklent. a8\ LY @nalflat- blecovwwniiel:had, anainelt @xamehes of t he
purification include a nethod of distilling a condensed |iquid of the reaction
conposi t i onSErMAuEeRERY FEReN digNifgmabhParsredPHyed sithgvger o Hagttlagh 18o) vent, and
a method of (i, 00 Rerb el i GaLsk QR ZARPATAL MheRiQVaASH i fl) B G dofiGhison col umm
and a diffusion colum, which is disclosed in Japanese Unexam ned Pat ent

Appl i cat i onaRuiv R calnimere Nb 0x:2008¢ 1r8d@Bnended tohee easerivgie fe adhetiidtheconposi ti on

is not purified, inpurities i cryli.c acid may.be renoved by purifying
aeryli . aci AR IEHED SLBEEETenteBrap. P R BRI, HI TP 1A AR BB ess. and

| ow ering pﬂ@ﬁéﬂéﬁmg@ﬁceﬁﬁ&ganib InattSrs PERAiMNE At Rekent BErGIAIMQAKI denQifte} fhe NOt
purified to be used. [0052] <Crystallization step> 20In the produci ng process
of the presé&gendryipanirdapnent. spuigise digssysiamshrant encelozs siuell agnidees mey &¢i d and

pr opi oni ¢ ag&gm%édobtained by the gas-phase oxidative dehydrogenati on of the
conposi tion contalining propi onal dehyde using the solid catal yst containing
nol ybdenum amd7yanadi um as essential conponents. This gaseous substance is

I iquefied by cooling condensation or being collected by solvent, and if 25
necessary, water OF FRACEHR] e¢alyshras bf wessh ascdstah Hel@r sinthaiging Hidsined

substange i SfieARYPHkiYcoREORNANUIQORLLY rkNgMEITeLhod (e, g, distillation).

and thereafter, a crystallization step 1s co ed to obtain acrylic acid
wi th hi gh pletsgy. [0053] The crystallization step can be conducted

by a conventionahhxﬁblom%»nethod 30 which .can segar&%ezgro i onal dehyde from
crude acrylic aci g "SHEPEE UL RO BUPGPETSIR N F§ kAN e 9% anese

Unexam ned Batgnh idRiieati@n iPudhbia@ato @Pa Mosss, PreReabhdds anthr3002n&19402.
[ 0054] The crﬁstalllzatlon step is the step of crystallizing acrylic

aci d by supprefrayy ¢ rdessyan gvenohere peeleraldy Y& kBa ¢rilgsat | Bie lappagletets t o obt ai n
purified,acryl.i.c id. . thod of .cr lizati nventi onal | y- knowa
crystal Pza %@# %%%H%ﬁ“ﬁ%ﬁ%ggﬁéﬁﬁﬂ%§é&}°§%%q¢ﬁé§ﬁ%€ﬁ§8m€£&ﬁ8‘“bar Fcularly
l'imted;, howaMeling bBBodr i hékdbd: 2Btlbwaringale RactRardresie dr (IN) Admhgarlayer e st ages
by using a continuous or batch type crystallization aegaratus. | f necessary,

t he obt ai nedMeyif< dilpsny sempeieyts iteceder d Gragidgrangt e BB AnKigBRle HewRP DA o

pur i [ cat i 0f; SHC BirASnARNbRAKA rSWRAE HGiot W0 Rirlk R4 bErdGhdibing aci d Wi th
further inproved purity
apparatus are needed in the method (I): and there is a problem that it costs much to
25  collect the produced acrolein and to use a large amount of diluent components and
power cost is increased along with the pressure loss in the method (I). Therefore,
from the industrial viewpoint, the glycerin partial pressure in the reaction raw material
gas at the inlet of the reactor is preferably 0.01 kPa or more, more preferably 0.1 kPa or

more, and even more preferably 1 kPa or more.

30 [0039]
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[ 0055] Exanpl es of the continuous crystallization apparatus include a
crystallization apparatus in which a crystallization part, a solid-liquid
separation part and a crystal purification part are united (e.g., BMC
(Backm xi ng Colum Crystallizer) manufactured by Ni ppon Steel Chem cal Co.,
Ltd.; continuous nmelting and purifying system manufactured by Tsuki shi ma Ki Kkai
Co., Ltd.), and a crystallization apparatus in conbination wth a
crystallization manuf act ured by
i GouDN - a sortgie) Pl seuep A erSs g e it o b s B8epar at or or
a belt filt@fe)reactbdlrad Sh¥S4ahs AWK 1f1]et3@f(th@fba&6f t FBEe@,mpleKmé K¢ @hae Cryst al
Purifier) manufactured by Kureha Englneerlqg ., Ltd.). L0056]

Exanpl es of 2hBefiheanettralereincihy seaglion st Mgaria seasat (9 olineq (o heaglycerin

| ayer-cryst I a
nanufactureg&hmﬁggg'gmp&ﬁghﬁﬁ%&qﬁg%ggnk(ﬁgkxééﬁa %%th%ﬂ?%ﬁ??gg%ﬁ%% appar at us
manuf act air edf lﬂ;e BEAS. PROKEMasd Q@& ¢]the reaction raw DyRA#N ghs(bbminalal ¢a@aduson is a
met hod for conducting crystalllzatlon by using a dynam ¢ crystalllzatlon
appar at us wRPEPPER" WfilFB &t ceg- i, cly i @%&ﬁlprrr%ssura 1% {RSPed SoRangi8e QR i zer

provi ded wi iy 3L GIRSHARHEGCANKE thacTBE ?an'n%@ariapgascg@%@t bfGuf ¥stg! | i zi ng,
sweating and nelting, a tank recoverin ITquid after sweati ng,
and a C|rcukﬂmmnnapmmpﬂhbgwaumphyﬂm@ﬂ@nmdewacryI|c acid to the crystallizer,
and in which t gf crude acrylic acid is transferred by the circulation punp
froma storgéé ank installed under the crystallizer to an upper part of the
t ubul ar jgryst al | iBRrMotaMpREWR df8he Shdioh Gave iafdiial bds 2@ theMled & tRe AR T Or
conducting crystallization by using a static crystallization apparatus which
i s equi pped govetdily <}<HrkPét>«armré pr@feltagblﬂ hkPxpryers) Mdzmrep?mfw@led Kbt a
tenperature tr t g g and

ol {1 ng, 1 {1oRer ot P R, S PhuCRRRHE' s A SNl bt YRR BR300

t her eof , an@leaaudnagmk ekio af eg@svzertmmngleaom& Rk ok iagd i@ tatht igessaisaadnaglly 10[ 0058]
SpeC|f|caIIy cnide acrylic acid of a QUId phase is introduced into a
crystal | i zeP00 kPaorjiess. é’é%feféélﬁ yPP EPHey lePScﬁn e PietrAby Pivdda of ¥ssol i dified to be
deposi t gd opy@ pooling face (a tubular wall face). Wen the mass of the solid
deposi ted on t%e cooling face reaches preferably 10 mass%to 90 nass% and
nore preferably 2@@Hﬁ@$m@¢gh&@manEW@mﬂmnihaoﬂﬁomnhdeﬂhbkymubmaeﬁme|ntroduced
into the crystallizer liquidis i dlat di schar out of the
Crystal i sel b ieansrie b PhatChT B aHTRE olikda CTRET R Gioha e

di scharged hyc@} hatac@bn v BEERAL oQF inBHABINGntdRs bt a@ulgtn@&m&mlﬁn
crystalllzatlon) or a method of flowing the liquid out of the crystallizer
(static crysbagrin zan pddition. Meeinwhih easet Weere dhd @tal @rqsakenf dhgt regrtion aw

crystal zer t h y hi i n order
to furt ate‘?llafj L gas; .%e”sop@L ?rbﬁs{ gl&%]:\&%n rX\\V\i%ﬁteh{f%éqg ma% Qﬁer e%l%lh%g dynani ¢
crystalllzabmﬁﬂn@m the static crystallization is performed in nultistage, the
crystalllzatlon can be conducted advantageously by enploying the counter-flow
principle. IW42hi s case, the crystallized acrylic acid is 25 separated from
t he renai ni ng not [¥o QN E t in which
acrylic acid with k%%yg%#?@?ﬁ?§9£§%%ggﬁ%@gﬂggggftfgS&gﬂ ﬂﬁ |n|ng not her
liquidis sumplAmdng hetehblusttagepbments. Stedrh chpraterapld. sinacaddling ﬁtdfauﬂ owes purity is

roduce 06
P g [ 911 an zld\ ‘antageous effect on a catalyst lifetime and an acrolein yield.

[0043]

In the case where steam is used as the diluent component, steam may be
accompanied with glycerin from the step of purifying glycerin. may be newly added. or
the combination of them may be employed. As to the preferable amount of steam.

30  steam partial pressure is generally 5 times or less as much as the glycerin partial
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In the dynam c crystallization, \ \ hen the purity of acrylic acid is |low, the
30crystallization becones difficult whereas, in the static crystallization,
the crystallization is easily performed even when the purity of acrylic acid
is low, since contact time of the remaining nother liquid \ \ ith the cooling
face is prolonged and effect of the tenperature tends to be transferred
easily, conpared with the dynam c crystallization. Therefore, for inproving
recovery efficiency of acrylic aci t final. remainin her liquid in the
Gynam ¢ or y St o4eT sntagmh Bobha tas olfe AP S FTRT AL TE ATl on to be
thrther cryskahd ma@tas RO more preferab e MMBPET le@fas ShREES tHa@" Wh&h the
crystallization to be needed depends on the demand of the degree of purity,
and t he nunB@pusfof steaydsadiestaddieftlp. WHduImeseusatieg anca qatalg ligptigietd hi gh purity
i s generall -6 ef ar . ably 2 to 4
stages for %%%?@@%§%§%29@§%%£ﬁt%@ﬁgﬁ%ﬁ‘%ﬁ;%ﬁ%fﬁ#@gfu%h gﬁﬁegﬁ%gp% ly O to 5
st ages, pr etleradtiyn Protlect3ng tlag@sfdralile. St ri ppi ng stage (dynam c crystallization
and/or static crystallization). In general, stages in which acrylic acid with
hi gher puri{Y4than that of supplied crude acrylic acid is obtained are al
purification staggsyeaith $haQehe WalPhast NARGDR it NERGIRLAGRS: RFEnA lorStTi PPI Ng
stages. The stripping stage is conducted for recovering acrylic acid contained
i n the renmmimiaagdmnesher condgfinndgas gedessaiteged norvhtihenpuoniddnsabde itmhisstdges. The

tripin tage i S not necessaril raovi ded, and, in.the case where |low boilin
i oo uh g oBRERS R e R ek RO e S R PR et e o
crystal i pzatiome \ledbbithe RMudhS tdiBpohestiofiel thaatlean epémple. f Pbwexanm! e, the

stripping stage 20may be omtted. H0062] ~Even in the case of enploying
ei ther the denems evhereyentlagtingzirppiomldshydehands paspleie ripdupedlin itheatdagion ishe

crystallize I.C..acl bt ai.ned i tallizat] be used
as-is as a g?r(?)dg‘é%%“,lats)?&r?g@agb{é)at?ﬁl} r:fqﬁ(&edr;llt %)ﬂ%“fg %%% e@é/m%/l\l/ggﬁ]dl t?fg C@?e%wéépati ng to
obtain a 25pidtketare.ids h@eems@nyof @8 dilliet odhpinefadniber thdmestda@irahenpdnghl N0t her
liquid discharged fromthe crystallization step may be taken out of the

. p
system [ 008FFSUreridhedilientsomppraitesighaydmagpneeieeally @djtignss or less as much A

process  tor I ~ |4 S J i conpri ses
B0 the é§epa€?‘ggu| érﬂgpa@nﬂﬁﬁ%%ﬁﬁ’@ﬁl thdreh&dh ?a“ofnaieﬂﬁngt% Iﬁtﬁtfgef‘%l%ﬁt ﬁgﬁggéragt:alr,c M

olyneri zi hg, a nobnoneri c conpone
produced by ptdiealgy d¢ emss foordespraeduch ng tlat raptigoraeraferalfly tiddinadsordess Ahus, acrylic
aci d obtai ned EéULhe produci ng process of the present invention can be
utilized as™&° - rmaterial of a hydrophilic resin such as an absorbent resin
and a wat er y@akpbl e resin. [0064] However, acrylic acid obtained by the
process for producing acrylic acid fromglycerin contains a |arge amount of
organi c acids suctraes vélogiti ef Heilgactigeenw onaeiad candnghrdop elvbasinaviddthas _
bypr odugys, dE@e‘n?Qonﬁ%%gﬁt%l e TR tl%gg{)cto fis SQLANAL tﬁQraPnfe Lhs pygdrppip! e resin,
conpared wi th acrylic acli d obtalned by a %rocess or produci ng ‘acrylic acid
from propyl anheprefthUs; initle iaBgd GPON I ‘a@t25t000 pUr inbie gréerabhtiailedngctylobc aci d.
Anong 10 inpyrities contained in the aqr¥lic acid, propionic acid has simlar
boi | i ng poi At '@ b- A8} prd een moregneferrhlripthsrance ghets IhredPdRY B aci d i's cont ai ned
in |arge a”ﬁ%ﬂ% purification of acrylic acid by distillation becones
difficult. ccoldingly in the process for producing a hydrophilic resin of the
present inventioﬂkmamnyhhmaammdpﬁm@@m§Mmhi&hanmdpm&mhmﬂa@BdThagﬂgﬁmn reno ed
by pur f2|5 Catalllclo QOOQfC 0(% r1 \%ér,a Ilnlorlezp%tjer%glyl3SOOpé g}c 1?1';; e?la%d ]flg(l)JosCe(()jr' lower, even more

preferably 330°C or higher and 440°C or lower. When the reaction temperature is too

low, a conversion rate of glycerin is lowered and productions of propionaldehyde and

acrolein are decreased. and thus it is not preferred. On the other hand. when the

reaction temperature is too high. vields of propionaldehyde and acrolein are remarkably

30  decreased. and thus it is not preferred.
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[ 0065] When acrylic acid obtained by the producing process of the
present invention is used as a raw material for producing a hydrophilic resin
such as an absorbent resin and a water-soluble resin, polynerization reaction
is easily controlled, quality of the obtained 20 hydrophilic resin becones
stabilized, and \ arious performances such as absorption ability and

di spersion performance of an inorganic material are inproved. 100661

For produciqgﬁzre absorbent resin, for exanple, acrylic acid and/or its sai
obt ai ned by[ produci ng process of the present invention is used as a main

conponent 25 ( pr efvaéadl ogafd cokpuRT othBtRan MriABr@nained BY BPleeticBQawrol % or
nore) of nononeric conponents, and further about 0.001 nol%to 5 nol % (val ue

rel ative tomarigl gag igesragll apouat exceiadhd ARy hdesaideed tdilgeid cetpeanentotheeffedinl %t o 2
nmol % (val ue I ) ~ R eRNof nent fe] ymerization
"o ot o aPEoRENEs Eehiaf i RORMGL.S FRTEONERLE bioplonBaliRth SRla RN TH T
product bs dieiled aand bpgihnieg b éd réti@biay be ploeidads didaaiptes 30 the Jir¢ferablp 0067]

Here, the absorbent resin neans \\ ater-swell abl e and wat er-insol ubl e
pol yacryl i c OHaNg RAPPHY Belifoidplpinkagtadenyder drsdic agi; ey ioris Meth®eli nsol ubl e

hydrogel copfaiddi MgnhPicSfiRE aRpHatic 3ad T8Ss% or | ess, nore preferably 10 mass% or
l'ubl' e

less of a 5 water-soluble conponent (a water-soluble fraction) by absorbing
dei oni zed wi8B] or normal saline solution in an anmobunt of 3 tines or nore,

referably 10 ti to 1000 tinmes as nuch th i ght .of the polyner itself
Speci f i c axanpl edndiit e S GF AR b SEIDSHsBa® B the

absorbemt restibrl dakemhiBiid oh$ ddRAEMIIAELEE 4 Batdlh B.actPdlk ity NOFocelbrad 43RS,
6.174,978, 6,241,928 and the |ike. 10[0068] Pref erabl e produci ng net hod

in view of ihepreinigecrpirevadids fogimychagoataied c| Bwesdorenthe fegntertxa{ri erganics, pat ent

03 035405 At epsty d5Ey B3R BR ol B freit? cphBOAUORENANG] Y LGBLR 0% Nos, YO,

for produci agteiaegahs peddanbly Pesmimsfor @MmeRC hpld refeedbtl &S nAsSt ar tdsigndaw nmat eri al
by neutralization, polynerization, drying and the |ike are, for exanple, as
follow s. [ OGPOMCTAPKE YA M a5 ¢” aci d obtai ned by the produci ng process
of the pegesedfyo; 20 invention is supplied to the producing process of the
absorbent resin through a line. In the producing process of the absorbent
resin acrylic acilrihgr. ianttheoodilged companest otbert than seani oxydstigpgasasysblagnmer i zat i on

step and a drying step to.be conducted desired atnent.s, thereby producing
t he absor beft SRR bepgpniai r‘thF?léﬁﬂ%WiC(‘Bﬂ@o‘ﬁ?ﬁ‘f/sit\&ﬁ“ &%o{i@’ﬂti EEPOHH treat ment s
may be condugiffs RNy diRE &% aKRhiBulaforCbO&Rbdnakiond nBt@P JXBMe catalyst is
decreased. and the effect of suppressing the deterioration of the catalyst activity may be
20 provided. Nevertheless, when the oxydizing gas is too much contained. yields of
propionaldehyde and acrolein are decreased due to a combustion reaction, and thus it is
not preferred. In the case of using oxygen as the oxydizing gas, the content of oxygen
is preferably 15 volume % or less as oxygen concentration or 3.5 times or less as much
as glycerin concentration in the reaction raw material gas at the inlet of the reactor,
25 whichever is lower.
[0050]
In the case of conducting the reaction using the diluent component under
reduced pressure condition, steam and the like are preferably used for reducing load on
a decompression device, since steam has lower boiling point than glycerin and

30  condenses at ordinary temperatures and pressures.
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25be conducted during the polynerization or after the polynerization. [0071]
The neutralization step is optional, and, for exanple, a nethod of mxing a
powder or aqueous solution of a predeterm ned anobunt of a basic substance with
acrylic acid or polyacrylic acid (salt) is exenplified; however, a
conventional | y- known net hod 30may be enployed without ally limtation. The
neutralization step may be conducted either before the polynerization or
after the pﬁh%nfrization or both before and after the polynerization. As the
basi ¢ subst &'to be used for neutralizing acrylic acid or polyacrylic acid
(salt), conventiafahd ¥ask@WEinDagiceris Uaskanens bipdekel as thef @G @x@nm! @e (hydrogen)
carbonates, alkali netal hydroxides, amoni a, and organic amines may be 5
used appr ople@lat’félty’“ Neluelr alsi Zuenaen rlat i dehofratione pol ghaeariy i daciodtaing” not

atio (e o SiPlRaRarag FbeR i by B et e 1o MR B LSRG PR 5 { G2y

polyner|zatb@mmnahhadmmmsmhaumolyﬁﬁbhaaam&nzsh@mnh&mnmb pahbhyedpandly 1 mted.
10 and conventional ly-kno \ Ni | yneri zation pethods such as polynerlzatlon

usi ng a radfhihe Jbt rhyprosget. dﬂﬂ?hﬁawea&ebﬁrwf%ﬂa'a phibe sHalBY PGtHaRT RetersPL
pol yneri zat 'u{%r\ iy &qﬁmﬁ:ﬁ&g@@d\@f&dﬁ% RGN Qi @&d V£et?a1&§c9>brd% RV acdNd

ul traviolet polynerization using a photosensitizer nmay be enpl oyed. Further,
vari ous condiuven®ids uchehssiprapdmiofcit he qoolliy neerd, zad itencei rliet t@ahpsitiand

polynerlzatl n ndi ti ons. be. sel ect a rlatel urse,
convent i onalPfh ﬁﬁgmwﬁdﬂwpgsé@“shﬁﬁmgg g&ﬁ @FF% Fﬁgaﬁbgﬁf’ }%Fﬁ ¥ fronorer s.

at er - soljybl gosAidhally-RHEMeMIENINE AREpIBY df @RNukificatRal ﬁs{él?desa GRholeradded, if
necessary. [0073] Acryl ate pol yner obtained b pol ymeri zation, that

i s, absor bedtstiliagjargondessedisjuslcaldiee teactton eompesitng @taa@ﬁecmoahhmuﬁlg)bmleﬁod is not

particularly, lukl% %%91’1%?189 d;ﬁben? ;&%g}r{&i?éd @gi%uﬁg?ggt?oglﬁpﬁayﬂgg%ud% ch as a

hot-air drie used for

appropri at ek\ythdz{ ybingtiat calud@sadded clﬂﬂft)&ldﬂ@cdl&tﬂ@ef\ﬁicﬂhe dijofogéceiabipynat t he
tenperature in the range of 70C to 230C. [0074] The absorbent resin obtained
in the dryi MjesEpEdnenh@rpicgonEublicatiny NaedpOgd 1588 ylede speerhess aul ati on and

pub eri zati o fliRnds ‘E@ts ififkas &N lfcaé‘c?d ﬁfa@%%'rb%! gﬁrlf{fﬁg be used

after post -treat nent COI’ esponding to t e usage such as a
conventlonahuyhdmmdunﬁaddhqu33mmncHuduﬂgo%mMQUMUgngeagaﬂ$zm¢kﬁﬁmggance and a
bi nder . produ ctMchEsSt 1?8 O%errgd that the composition is not purified to be used.
[0052]
<Crystallization step>
20 In the producing process of the present invention, a gaseous substance
containing acrylic acid and propionic acid is obtained by the gas-phase oxidative
dehydrogenation of the composition containing propionaldehyde using the solid catalyst
containing molybdenum and vanadium as essential components. This gaseous
substance is liquefied by cooling condensation or being collected by solvent, and if
25  necessary, water or the collection solvent contained in the liquefied substance is
removed by a conventionally-known method (e.g.. distillation), and thereafter. a
crystallization step is conducted to obtain acrylic acid with high purity.
[0053]

The crystallization step can be conducted by a conventionally-known method

30  which can separate propionaldehyde from crude acrylic acid, such as a method
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The present invention is hereinafter described nore specifically by reference
to Exanples; ho \\ ever, the present invention is not limted to these
Exanpl es, and can be put into practice after appropriate nodifications or
variations within a range neeting the gist of the present invention, all of
whi ch are included in the technical scope of the present invention. [0076]
<<Experi nment Exanple 1:>> Oxidation of propional dehyde A fixed-bed reactor was

i ded by fill] tion tube (i | ameter. of 1028 m th of 500
iy made of C5taH BB G aaN ¢ heio b Bid B age Sl bARITRR NRT (e

react or wasoimsisl dhgedoonsm4nrter bath at 230C, Then, propi onal dehyde-cont ai ni ng
gas \\ as introduced into the reactorHere, as the propional dehyde-contai ni ng
gas, a nm xet’§ak consisting of 2 \ olume % of propional dehyde, 12 vol une % of

oxygen, 37 volu % Of W\ I 9.,V0 % FuUNe 1S i ntroduced
at a space vel ogﬁhf %&@%aﬁ% Stf? 3%81%%‘?{’ Mf\ tsécr(ﬁ@ﬂ%éé?h??%%%?ﬁsp P%@égi ng the

pr opi onabdebyde-acohi atiditng cgasllizafidd apatatgas obtatnpirified neatit acid\ \ Aas condensed
by cooling to recover, thereby obtaining an acrylic. acid-containing

conposi t i onmefod 79 costrihgatp cf'atCP'b‘i‘?n‘t‘:OdlagI‘%‘f‘“\ oysidizgioiy P dasa¥ OFl ows. I nto
2,500 nL of eMYﬁfo%d \anc\ tﬂg'ng?h(}d i}; n@tspag‘ttiétﬁa{rl‘}:’qin\ite\i; H(')\{fé?vep%t drf@allizoaﬁgn 91a9f amoni um
par anol ybdate, 116 g of ammoni um netavanadate, and 44.6 g of anmmoni um

par at ungst abe pwrramed s g@l arahyre atagestbyening b, ®nignuofis vabwdi wpe ¢ivitdkiadienwas furt her

dded th to. S t el i 750 ni . f \ Nat whi ch .\ i d\ hil
Dot a6 gt - Lt Mot SR Urigeicetl BEH Gt it vt Bafh®r SICES o of ' ©

copper (b) @xp@ficaith @%h ds Rhshafdt ornRRtidol tb S¥iatepETee aadHedcill Remhatiher Thus
obtained two solutions were m xed, 1,000 ms of spherical a-alum na having a

di anet er of @pIAMAtYIS. m as a carrier \\ as fed thereto, and then, the
resul tant mfs Le \\ as evaporated to dryness while stirring to obtain a
catal yst precursor. The catal yst precursor was cal cinated at 400C for 6 hours

to give the oxi datiaaiples atf alheySintifetus IBRra0GHCINNG pa@tuy lihdudkcd ehystdligatisppor t ed
nmetal el enent conposition of the oxidation catalyst for producing acrylic acid

was Mon V6. SRARS naeich gorrgfaliziipe ppteth fo ikl tepgsstion part and a cristal

15  purification part are united (e.g.. BMC (Backmixing Column Crystallizer) manufactured
by Nippon Steel Chemical Co., Ltd.. continuous melting and purifying system
manufactured by Tsukishima Kikai Co., Ltd.), and a crystallization apparatus in
combination with a crystallization part (e.g., CDC (Cooling Disc Crystallizer)
manufactured by GMF GOUDA). a solid-liquid separation part (e.g.. a centrifugal

20 separator or a belt filter), and a crystal purification part (e.g.. KCP (Kureha Crystal
Purifier) manufactured by Kureha Engineering Co.. Ltd.).

[0056]
Examples of the batch type crystallization apparatus include a
layer-crystallizing apparatus (a dynamic crystallization apparatus) manufactured by

25  Sulzer Chemtech Ltd. and a static crystallization apparatus manufactured by BEFS
PROKEM.

[0057]
Dynamic crystallization is a method for conducting crystallization by using a
dynamic crystallization apparatus which is equipped with, for example, a tubular

30 crystallizer provided with a temperature control mechanism for conducting crystallizing,
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Oxi dation of a m xed gas containing propional dehy de and acrol ein

Reaction was carried out in the same manner as in Experinent Exanple I, except
that a m xed gas containing propional dehy de and acrol ein, which consists of
0.2 vol une % of propional dehyde, 1.8 volune //i) of acrolein, 12 volune % of
oxygen, 37 volune % of water and 49 volune % of nitrogen, was used as
substitute for the propional dehyde-contai ning gas. 10[ 0079] The aciylic

aci d-contai ni ng._conposi tions optained in the abovye . eri nent Examples 1 and 2
Were: quant PEERGART THATS FeaThy R RS ke i B OPA IR bR A En & Bnver si on
rates of propidiahgeiypdes sxg)bg-i@ww@r S deRlt @ShOtryaellidreddd, inthifctyihel ds of
acrylic acid, and the yields of propionic acid. These results are shown in

Tabl e 1. 15cmde @crviiqeciiiselransisrred &r yia ercalafion awap figen §plerage gk prsspledni ¢ aci d
shown in Ta _ | at i or y _ n of nol ar
quantity of ta!ﬁ)(?ecr)éllle\gﬁéﬁé@%éfgg agnlg)ggc&gfgfl {r?llgitﬁ&?:ﬁec%r%gdgc Po%ﬁ?ﬁ‘h@cﬁﬁ ('ghr@ilhal gas.

[ 0080] [ FabkestillizationEx p etethive idr daxdrphecristilkpeion e nkingx aapd ayvRalGamioent r at i on of
propi onal dehyde 2.0 vol % 0,2 vol % Concentration of acrolein 1.8 vol %

Conversi on FRRazatesy wblplb#ﬁ SHPae h\g},taefor example. a tubular crystallizer provided with a

temperature control mechanism for conducting crystallizing, sweating and melting,
wherein the crystallizer has a discharge valve at a lower part thereof, and a tank for
recovering a mother liquid after sweating,

10 [0058]

Specifically, crude acrylic acid of a liquid phase is introduced into a crystallizer,
whereby acrylic acid of the liquid phase is solidified to be deposited on a cooling face (a
tubular wall face). When the mass of the solid deposited on the cooling face reaches
preferably 10 mass% to 90 mass%. and more preferably 20 mass% to 80 mass%, of the

15 crude acrylic acid introduced into the crystallizer, the liquid is immediately discharged
out of the crystallizer to separate the solid and the liquid. The liquid may be
discharged by either of a method of pumping up the liquid (dynamic crystallization) or a
method of flowing the liquid out of the crystallizer (static crystallization). Meanwhile,
the solid is taken out of the crystallizer, and then, may be purified by washing or

20 sweating in order to further improve the purity.

[0059]

In the case where the dynamic crystallization or the static crystallization is
performed in multistage, the crystallization can be conducted advantageously by
emploving the counter-flow principle. In this case. the crystallized acrvlic acid is

25  separated from the remaining mother liquid in each stage and supplied to the stage in
which acrvlic acid with higher purity is produced. Meanwhile, the remaining mother
liquid is supplied to the stage in which acrylic acid with lower purity is produced.

[0060]
In the dynamic crystallization, when the purity of acrylic acid is low, the

30 crystallization becomes difficult: whereas, in the static crystallization, the crystallization
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99.6 nD1% 98.9 111010/0 Conversion rate of acrolein - 98.7 nmoll % Yield of
acrylic acid 3.1 nol % 82.3 nol % Yield of propionic acid 78.9 n0D1% 8.9 111010/0
[ 0081] As shown in Table 1, it Was found that acrylic acid was
produced from propi onal dehyde by the producing process of the present
invention. It was also found that acrylic acid was produced fromthe m xed gas
cont ai ni ng propi onal dehyde and acrol ein. [0082] "Experinent Exanple 3>>

Pr oducti ons. of onal dehyde Ieln b hydrati on of glycerin
N s 209 carBu R e PR euRS LR B R T kS e el LR 1 ¢ om
10gl ycerin pymfahy ot Ruid\@gh ﬂié%B@lﬁ@d’a@Ss HRloneW ®d ekiP@8Bhe temperature

tends to be transferred easily, compared with the dynamic crystallization. Therefore,

for improving recovery efficiency of acrylic acid. the final remaining mother liquid in

wn

the dynamic crystallization may be subjected to the static crystallization to be further
crystallized.
[0061]

The number of stages for the crystallization to be needed depends on the
demand of the degree of purity, and the number of stages needed for obtaining acrylic
10 acid with high purity is generally 1 to 6 stages, preferably 2 to 5 stages, more preferably

2 to 4 stages for purification stage (dynamic crystallization) and generally 0 to 5 stages.
preferably 0 to 3 stages for stripping stage (dynamic crystallization and/or static
crystallization). In general. stages in which acrylic acid with higher purity than that of
supplied crude acrvlic acid is obtained are all purification stages, and stages other than
15 these stages are all stripping stages. The stripping stage is conducted for recovering
acrylic acid contained in the remaining mother liquids generated from the purification
stages. The striping stage is not necessarily provided. and. in the case where low
boiling point components are separated from the remaining mother liquid of the
crystallization apparatus by using a distillation column, for example, the stripping stage
20 may be omitted.
[0062]
Even in the case of employing either the dynamic crystallization or the static
crystallization. the crystallized acrvlic acid obtained in the crystallization step may be
used as-is as a product, or may be further purified by washing or sweating to obtain a
25  product, if necessary. On the other hand, the remaining mother liquid discharged from
the crystallization step may be taken out of the system.
[0063]
<<Process for producing hydrophilic resin>>
A process for producing a hydrophilic resin of the present invention comprises

30  the step of polymerizing a monomeric component including acrylic acid produced by
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40 g of alum na (boehmte, manufactured by SASOL Ltd.; trade nane: Catapal B)
was fed to a porcelain nortar, and further 12.5 g of zinc oxide (special
grade, manufactured by Wako Pure Chemical Industries, Ltd.) was added thereto
to be well 15 mixed. Into the thus obtained m xture of alum na and zi nc oxi de,
t he aqueous sol ution obtained by adding 2.8 g of nitric acid to 40 g of

i on-exchanged NN ater was added and well m xed. After m xing, the resultant

m Xt ure was concentrate e duct on a
ot et er BRSO E et e T AR R BSR4 TRl BOE colartn
di sh and dr lpﬂ!éuahg ]aQQ:stf o thé ﬂ}éﬁéﬁtsnn&éldloﬁtcaﬁﬁﬁﬁutﬂ%d 3s hOoHKS nlaRgelr ol current,
and further calcinated at 700C for 2 hours under air current. The resultlng

cal ci nat ed Prdsapielic iges syl ay ep phserbenirasia pelevateiosobblaiefina catal yst with a
particle S|ﬁ$ I 0.7 mto 2.0 nm [0084] A fixed-bed reactor was
provided by till1ing a reaction tube (inner dianeter of 10 nm |ength of 500
mm) madesof st ai nlessesteaelic wdid bbthibedrhy die ﬁr&tessalbﬁpmd@c&ﬁ@zicyﬂtc, acainlorhhe react or
NN as installed. in a niter bath at. 360C. 0085] 10Then, . gl yceri n-caont ai ni ng
gas \\ as i SPFEHUEEHIST Bree e Pkl Brongetdls Heh %@H@i%@r PrRie &ﬁlfiaﬁnﬁ. ng gas, a
m xed gas C‘Bﬂ)@oﬂc‘ R RloyFroav, 'dm%h/p{)és)bl\oéaugé JRebt &lor%%nvd?lﬂﬁérm dgpRiiic NN at er and
39 volune % of nitrogen was introduced at a space velocity (GHSV) of 630 hr-i.
During the tdsmecdmpumediwidh fmoy resactdooblaiheglury eamdceissr mpRdecinparsliad @idfigrour s from
the start of introd t he cerin-co. 'ni .gas, the s flown out of the
15r eact or wWHSPASSor b H“lﬁtgbéﬁ@%”PPﬁ?é“F Egggﬁ HBilig %@ttﬁ@“?g recover a
conposi ihonifmpiidt RbM&ngl apPinNahdiehwde p%]ﬁblﬁ'@ h@l laf sinhiR®®8B]ling point to The
obt ai ned recovered solutions after the reaction were quantitatively anal yzed
by gas chr oml@@raaqdhwnd atherefare.warerf puardorich aeidt Ive cedrivesk s dirge atneovdt gl ycerin
20 \\ as 10 i.el P i ona e S ng the yield
of acroleingwmﬁ%( é%@ ﬂmP%\(L%R??&1%%§H%Q(M@PL@ AQPHR%ﬁ%o% %'ronlthe
start of i nbr@ebs%ngroﬂf@ng;h We@opliiti€ oRtrabMihe prgas, inddndod. hendionver Soan rate of
glycerin was 100 mol % the yield of propional dehyde was 8 nol % _ and the yield
of “acrol ei n s PSP IfrY 601@&% P@ntfﬁéo‘teidd’f’é FFigRaten 1 KHighliZanss werierably om t he
start. 45[09%% "Experi nment Exanple 4>> Productions of propional dehyde and
acrol ei n by dehydration of glycerin A Ti07/ZrQ catalyst (the anount of

supported Ti@pShas 7.4 mass% used for synt hesi zi ng propi onal dehyde and
acrolein fromgl y\%’ﬁern{ ancrﬁ% acglh(}()gagn%hlbgt e pro ucm%rp? cgsrs% th%%?gseﬁtml\legt\{\(l)sn 18

used as a raw material for producing a hydrophilic resin such as an absorbent resin and a
water-soluble resin, polymerization reaction is easily controlled, quality of the obtained
20 hydrophilic resin becomes stabilized, and various performances such as absorption
ability and dispersion performance of an inorganic material are improved.
[0066]
For producing the absorbent resin, for example. acrylic acid and/or its salt
obtained by the producing process of the present invention is used as a main component
25  (preferably 70 mol% or more, and more preferably 90 mol% or more) of monomeric
components, and further about 0.001 mol% to 5 mol% (value relative to acrvlic acid) of
a crosslinking agent and about 0.001 mol% to 2 mol% (value relative to the monomeric
components) of a radical polymerization initiator are used to conduct crosslinking
polymerization, and then the product is dried and pulverized to obtain the absorbent

30 resin.
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[ 0088] 22.8 g of titaniumtetrai sopropoxide (special grade,

manuf actured by Wako Pure Chem cal Industries, Ltd.) was fed to a porcelain
nortar, and 80.0 g of zirconium oxide (manufactured by Daiichi Kigenso Kagaku
Kogyo Co., Ltd.; RSC-F1P) w as fiuther added thereto to be well m xed. After

m xing, the resultant m xture was e \ aporated into dryness on a hot-water
bath while well stirring. [0089] The resul tant product NN as dried
at 120C over&)i gEt, cal cinated at 900C for 3 hours under air current, and then,
t he cal ci nal[eg roduct was pulverized and sieved to 10obtain a catalyst with a

particle size of Qerd NWN dRoBed M¥in [MERAOI water-swellablef iax@dwhedikgastor \\ as
provided by filling the reaction tube made of stainless steel shown in

Experi ment Eapgstle @idhaing & ciepslighed faicso ywaididpans gater-wiule hydipgali on

reaction of f%ﬁﬁ'ﬁéi&ef\é@‘%’% Irn:lfgg% ot lte%sg,élti4}§ d%gfg&%@,o[}gin;gjs%: O?SIﬁgsnoiEéperi ment 15

Exanpl e 3. t he hour's our and from2.5
hours t 053 hattr-sollilslervinpencat & tva@f-sdluttle Gdczinn @y tadbeorfiny cleionired evatedioni ng gas,
the gas flown out of the reactor was absorbed in acetonitrile in

scrubbi ng b8PTIE SHECsBEBYRI &' EBABOST £ BRSO iU rRTAgP0pt birenal H@ﬂsgz and
acrolein. [Q0RQ2]as much asTHR QRIAL r}ﬁdthﬁegay&&e%aﬁl uish e akhifpled hgqr eaction

were quantitatively analyzed by gas chromat ography, an(ltl It was found that the
conver si on netaugfengngdedd of phyasil 9@ pekh! thhasyibeltdesof lilgribpiiodratrdelyde NN as 9

nol % and the yield lepn 5 4 | %9 during the tine fromO.5 hours
to 1 hour fr“b%)ét Wge‘E&F'?’%{S}?’?’Phﬁ%@(?%n%zﬁqr#égdl’%/g’@#‘;l‘ﬁ-cont ai ning gas, and the
conver siion [@ke] of glycerin was 100 nol % the yield of propional dehyde was 6

mol % and the yield of acrolein \ as 42 nol%during the time from2.5 hours to
3 hour fromthe shrafetabfeqaodicingopghahmne of Brperingermdugairedisdosad 4,
conposition I ni p | I ol ei from

o voori n. _ana Pur ki UsPERRLAE BRI TR 208 0 4SSS AIANNGEE, I

produced fr eoblpaegis el Wehydsssanindiwmedoosoidiesend aepasi tions; and hence, it
was found that acrylic acid was able to be produced fromglycerin with high
yi el d by supPl®yl ng” propi onal dehyde in these conpositions to the producing

process of acrylig sé'%ﬁl-b&e\%%hla(g{ébs RE Bﬁ)rdﬂéihé)fﬂe abQARH resin from acrvlic acid as a

starting raw material by neutralization, polymerization, drving and the like are, for
example, as follows.
[0070]
A portion of acrylic acid obtained by the producing process of the present
20 invention is supplied to the producing process of the absorbent resin through a line. In
the producing process of the absorbent resin, acrylic acid is introduced into a
neutralization step, a polymerization step and a drying step to be conducted desired
treatments, thereby producing the absorbent resin. For improving various physical
properties, any treatments may be conducted. and. for example, a crosslinking step may
25 be conducted during the polymerization or after the polymerization.
[0071]
The neutralization step is optional, and. for example, a method of mixing a
powder or aqueous solution of a predetermined amount of a basic substance with acrylic
acid or polyacrylic acid (salt) is exemplified: however, a conventionally-known method

30  may be employed without any limitation. The neutralization step may be conducted
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<<Experinment Exanples 5 to 10" Crystallization step for separating propionic
acid fromcrude acrylic acid As shown in Experinent Exanples 1 and 2, acrylic
acid can be produced by 10 oxi dati on of propional dehyde and oxi dation of a
m xed gas contai ni ng propi onal dehyde and acrol ei m however, the thus obtained
cnide acrylic acid contains propionic acid as a major byproduct. Therefore,
the present inventors exam ned a nethod for efficiently separating propionic

acid fromthe crude acrylic.acid. [0095] 15First, a peri men anple 5, 120
o of orude. S0 Prafr Bk RGO LarBE FRIRh PerGa iR P RE S MO T her 1 qui
NN as put i pbomerighiass ROiel sRn@bii@prk dbbecool g6t hanaRlindndrylid hadantirety
thereof, and then, the resultant solid matter NN as nelted whil e being

i mrer sed i npalvogrlia oead ésalt). posypaHon FdAeNER bania substapges cacthurder et sol i d

matter could r i\n JROLL! SRS 9 ~ . -6Cto
grow a 20 ¢ ﬁgﬁ{gﬁ) Fi gt%}st élﬁﬁﬁ%é?%&%%dhﬁe cr ya&a%&g%f‘)@%ﬁ% glg} ﬁgrgom t he
[iquid by suedd prdpriatervat iNattraliFhéons eypar @t d pphystAt acd asngputarticnta@ly anot her
glass bottle and slowy SWeated to reduce the size thereof, and then, the
crystal was 8EparaE S Fheotivstid i Rfutaortivgalmsuiraliration FeodR&l yewtippa

conposi tion hy. gage GREOITBHIMIBARY o0 fdPlher, another 5 experinents were
conducted in the sane manner except that the conposition of the nother liquid

and the 25ct®8l72hg tenperature \ ere changed, and the results are shown in

Iﬁ’g!sg%z ) 0[)?7822} ¢ i[%ﬁgllé'glerﬂatiogx ethod rlrl?trl]lte pgﬁr’glen‘ﬁlzaetiomfep C1:son %ﬁr’tﬁ:{ﬂ%‘y Bll;litgg? ther liquid

10 and conventionally-known polymerization methods such as polymerization using a
radical polymerization initiator, radiation polymerization, polymerization by radiating
electron beam or active energy beam, and ultraviolet polymerization using a
photosensitizer may be emploved. Further, various conditions such as kinds of the
polymerization initiator and polymerization conditions may be selected appropriately.

15 Of course, conventionally-known additives such as crosslinking agents, other monomers,
water-soluble chain transfer agents and hydrophilic polvmers can be added. if necessary.
[0073]

Acrvlate polymer obtained by the polymerization, that is, absorbent resin, is
subjected to the drying step. A drying method is not particularly limited. and a

20 conventionally-known drying means such as a hot-air drier, a fluidized-bed drier, and a
Nauta drier may be used for appropriately drying at a desired drying temperature,
preferably at the temperature in the range of 70°C to 230°C.

[0074]
The absorbent resin obtained in the drving step may be used as-is, or may be

25  used after granulation and pulverization into a desired shape and surface-crosslinking.
or may be used after post-treatment corresponding to the usage such as adding

conventionally-known additives including a reducing agent, a fragrance and a binder.

EXAMPLES
30 [0075]

21



crystal (mass% Cooling tenperature CC) Acrylic acid Propionic acid Acrylic
acid Propionic acid - 79.7 20.3 95.4

The present invention is hereinafter described more specifically by reference to
Examples: however, the present invention is not limited to these Examples. and can be
put into practice after appropriate modifications or variations within a range meeting the

gist of the present invention, all of which are included in the technical scope of the

wn

present invention.
[0076]
<<Experiment Example 1>>
Ocxidation of propionaldehyde
A fixed-bed reactor was provided by filling a reaction tube (inner diameter of

10 25 mm, length of 500 mm) made of stainless steel with 20 mL of an oxidation catalyst,
and the reactor was installed in a niter bath at 230°C. Then,
propionaldehyde-containing gas was introduced into the reactor. Here, as the
propionaldehyde-containing gas, a mixed gas consisting of 2 volume % of
propionaldehyde, 12 volume % of oxvgen, 37 volume % of water and 49 volume % of

15  nitrogen was introduced at a space velocity (GHSV) of 1.800 hr".  After 1 hour from
introducing the propionaldehyvde-containing gas., effluent gas from the reactor was
condensed by cooling to recover. thereby obtaining an acrylic acid-containing
composition.

[0077]

20 The oxidation catalyst was prepared as follows. Into 2.500 mL of water
which was stirred while heating, 350 g of ammonium paramolybdate. 116 g of
ammonium metavanadate, and 44.6 g of ammonium paratungstate were dissolved. and
then, 1.5 g of vanadium trioxide was further added thereto. Separately. into 750 mL of
water which was stirred while heating, 87.8 g of copper nitrate was dissolved. and then,

25 1.2 g of copper (I) oxide and 29 g of antimony trioxide were added thereto. Thus

obtained two solutions were mixed, 1,000 mL of spherical a-alumina having a diameter

of 3 mm to 3 mm as a carrier was fed thereto, and then, the resultant mixture was
evaporated to dryness while stirring to obtain a catalyst precursor. The catalyst
precursor was calcinated at 400°C for 6 hours to give the oxidation catalyst for

30 producing acrylic acid. The supported metal element composition of the oxidation
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4.7 -6 6 89.3 10.7 97.9 2. | 7 95.3 4.7 99.0 1.0 8 98.2 1.8 99.5 0.5

catalyst for producing acrylic acid was Mo;>Ve 1WCuz3Sby .
[0078]
<<Experiment Example 2>>

Oxidation of a mixed gas containing propionaldehyde and acrolein

wn

Reaction was carried out in the same manner as in Experiment Example 1,
except that a mixed gas containing propionaldehyde and acrolein, which consists of 0.2
volume % of propionaldehyvde, 1.8 volume % of acrolein, 12 volume % of oxyvgen, 37
volume % of water and 49 volume % of nitrogen., was used as substitute for the
propionaldehyde-containing gas.
10 [0079]
The acrylic acid-containing compositions obtained in the above Experiment
Examples 1 and 2 were quantitatively analyzed by gas chromatograph to obtain the
conversion rates of propionaldehyde. the conversion rates of acrolein. the yields of
acrylic acid, and the yields of propionic acid. These results are shown in Table 1.
15 Here, the yield of acrylic acid and the vield of propionic acid shown in Table 1 were
calculated based on propionaldehyde or a sum of molar quantity of propionaldehyde
and acrolein in the reaction raw material gas.
[0080]
[Table 1]
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7 ) 99.2 0.8 99.8 0.2 10 10 99.7 0.3 99.9 0.1 12 [0097] As shown in
the result of Table 2, since the acrylic acid concentration in the crystal
becanme higher than that in the nother liquid, it was found that the crude
acrylic acid can be highly purified by the crystallization step. Fig. 1 shows
a solid-liquid line chart which show s the correlation of acrylic acid
concentrations in the nother quuids and t hose in the Crystals. The
solid-liquipg Tine (a dotted snomn |nﬁ§ ?¥ s created by pol ynom al
|c

approxi mati pn fromthe data I%P aci d concentrations in
the nother |iquid and the c*v f%?p [0098] 10Fig. 2 show s a
concentratip rt which shows tre correlat|01 of acrylic acid
concentratlogéfﬁgﬁgogggrystajs Hheoltenpar at U2ewl’f the crystals. The
concentrati Rnrvn ted line) wag created by pol ynom al approxi mati on
fromthe dateo&ﬁnﬁﬁbﬁs) of the acrylic acidl%onﬁgntrations in the crystals
shown in Taphgoldin - -0 Vole

Conversion rate of

propionaldehyde 99.6 mol% 98.9 mol%
gcorlg\l;;sion rate of ] 08.7 ol
Yield of acrylic acid 3.1 mol% 82.3 mol%
Yield of propionic acid 78.9 mol% 8.9 mol%
[0081]

As shown in Table 1, it was found that acrvlic acid was produced from
propionaldehyde by the producing process of the present invention. It was also found
that acrylic acid was produced from the mixed gas containing propionaldehyde and
acrolein.

[0082]

wn

<<Experiment Example 3>>
Productions of propionaldehyde and acrolein by dehydration of glycerin
A ZnAl,Oy4 catalyst used for synthesizing propionaldehyde and acrolein from
10 glycerin by dehydration was prepared as follows.
[0083]
40 g of alumina (boehmite, manufactured by SASOL Ltd.; trade name: Catapal
B) was fed to a porcelain mortar, and further 12.5 g of zinc oxide (special grade.
manufactured by Wako Pure Chemical Industries, Ltd.) was added thereto to be well
15 mixed. Into the thus obtained mixture of alumina and zinc oxide, the aqueous solution
obtained by adding 2.8 g of nitric acid to 40 g of ion-exchanged water was added and
well mixed. After mixing, the resultant mixture was concentrated until it was made

into a paste-like product on a hot-water bath. The resultant concentrated product was
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[ 0099] 15Next, specific exanples of highly purifying crude acrylic acid were
sinmul ated based on the solid-liquid line shown in Fig. 1 and the concentration
curve shown in Fig. 2, and the results are explained. [0100] (Cal cul ation
Exanpl e 1) Batch net hod Crude acrylic acid containing 3.8 nass% of
propionic acid as a nother liquid is cooled in the range of -2.3Cto 10.0C to
be deposited as a crystal and kept at the sane tenperature, and then, the

crystal is parated fr t 1iquid, ction fil.tratign. The thus separated
crystal is SR nanG i ehd el Sy TERn G wdeb e rbndour dSbdla ea i n ¢ he
same manner c@genk. N@d aeee caltiakiiad 7@RE &or aGOMIsImd@CdidciMeh ahpudsukiygof 99. 8%
can be obtained by the third crystallization operation, as shown in Table 3

[ 01011 [ Tabk@cigjted moewe pvap prlypréretiond sieved e phfain atdl sh Wk e padiclersistodl | i zat i on
Third crystgllizatign fdcrylic acid (mass%
5 [0084]
A fixed-bed reactor was provided by filling a reaction tube (inner diameter of
10 mm, length of 500 mm) made of stainless steel with 15 mL of the above catalyst, and
the reactor was installed in a niter bath at 360°C.
[0085]

10 Then, glycerin-containing gas was introduced into the reactor. Here, as the
glycerin-containing gas, a mixed gas consisting of 27 volume % of glycerin, 34
volume % of water and 39 volume % of nitrogen was introduced at a space velocity
(GHSV) of 630 hr'".  During the time from 0.5 hours to 1 hour and from 2.5 hours to 3
hours from the start of introducing the glycerin-containing gas, the gas flown out of the

15 reactor was absorbed in acetonitrile in a gas scrubbing bottle to recover a composition
containing propionaldehyde and acrolein.
[0086]
The obtained recovered solutions after the reaction were quantitatively
analyzed by gas chromatography. and it was found that the conversion rate of glycerin
20 was 100 mol%, the yield of propionaldehyde was 10 mol%, and the yield of acrolein
was 41 mol% during the time from 0.5 hours to 1 hour from the start of introducing the
glycerin-containing gas, and the conversion rate of glycerin was 100 mol%, the yield of
propionaldehvde was 8 mol%. and the vield of acrolein was 51 mol% during the time
from 2.5 hours to 3 hour from the start.
25 [0087]
<<Experiment Example 4>>
Productions of propionaldehvde and acrolein by dehydration of glycerin
A TiO»/ZrO; catalyst (the amount of supported TiO> was 7.4 mass%) used for
synthesizing propionaldehyde and acrolein from glycerin by dehydration was prepared

30  as follows.
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96.2 98.9 99.6 99.8 Propionic acid (nmass% 3.8 1.1 0.4 0.2 Tenperature (O
-2.3 7.7 1 0.0 101021 10(Cal cul ati on Exanple 2) Continuous net hod

[0088]
22.8 g of titanium tetraisopropoxide (special grade, manufactured by Wako
Pure Chemical Industries, Ltd.) was fed to a porcelain mortar, and 80.0 g of zirconium

oxide (manufactured by Daiichi Kigenso Kagaku Kogvo Co.. Ltd.. RSC-HP) was

wn

further added thereto to be well mixed. After mixing, the resultant mixture was
evaporated into dryness on a hot-water bath while well stirring.
[0089]

The resultant product was dried at 120°C overnight, calcinated at 900°C for 3
hours under air current, and then. the calcinated product was pulverized and sieved to
10 obtain a catalyst with a particle size of 0.7 mm to 2.0 mm.

[0090]

A fixed-bed reactor was provided by filling the reaction tube made of stainless
steel shown in Experiment Example 3 with 15 mL of the above catalyst, and
dehvdration reaction of glycerin was carried out in the same condition as in Experiment

15 Example 3.
[0091]

During the time from 0.5 hours to 1 hour and from 2.5 hours to 3 hours from
the start of introducing the glycerin-containing gas. the gas flown out of the reactor was
absorbed in acetonitrile in a gas scrubbing bottle to recover a composition containing

20 propionaldehyde and acrolein.
[0092]

The obtained recovered solutions after the reaction were quantitatively
analyzed by gas chromatography. and it was found that the conversion rate of glycerin
was 99 mol%, the vield of propionaldehyde was 9 mol%. and the vield of acrolein was

25 40 mol% during the time from 0.5 hours to 1 hour from the start of introducing the
glycerin-containing gas, and the conversion rate of glycerin was 100 mol%, the vield of
propionaldehvde was 6 mol%, and the vield of acrolein was 42 mol% during the time
from 2.5 hours to 3 hour from the start.

[0093]

30 As shown in Experiment Examples 3 and 4. compositions containing
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Cnide acrylic acid containing 2.0 mass% of propionic acid as a nother liquid
is supplied at 1000 gith to the crystallizer A and the crystallization step
i s conducted continuously,: in accordance with the flowhart shown in Fig. 3.
In this case, purified acrylic acid \ vith a purity of 99.9% can be obtai ned
at 928 gth fromthe crystallizer C 15 Further, acrylic acid in which

propionic acid is concentrated to be 26.4 nmass% can be extracted at 72 g/ h as
a purged sol utio a from crystallizer F. The
conpos 11 ond B RHeRgr GET arePhRoeHEger Pt i, s EbCeT10a S eps are
shown in Talpkgerfnent @wlsﬁlebl hetdlle deidFivhd ﬁ%ﬂLtfbeﬁ 13 Hofbnddeh9de &mtaikddyigt al (12)

8.S6 717 Crystallizer E Filtrate (11)
these compositions: and hence. it was found that acrylic acid was able to be produced

from glycerin with high vield by supplying propionaldehyde in these compositions to

wn

the producing process of acrylic acid without separation.
[0094]
<<Experiment Examples 5 to 10>>
Crystallization step for separating propionic acid from crude acrylic acid
As shown in Experiment Examples 1 and 2. acrylic acid can be produced by

10 oxidation of propionaldehyde and oxidation of a mixed gas containing propionaldehyde
and acrolein: however, the thus obtained crude acrylic acid contains propionic acid as a
major byproduct. Therefore. the present inventors examined a method for efficiently
separating propionic acid from the crude acrylic acid.

[0095]

15 First. as Experiment Example 5. 120 g of crude acrylic acid having
composition shown in Table 2 as a mother liquid was put into a glass bottle and rapidly
cooled to solidify the entirety thereof, and then, the resultant solid matter was melted
while being immersed in a warm water in such a manner that a trace mount of the solid
matter could remain. Next, the glass bottle was gradually cooled to -6°C to grow a

20 crystal. and after 20 hours, the crystal was separated from the liquid by suction filtration.
The separated crystal was put into another glass bottle and slowly sweated to reduce the
size thereof. and then, the crystal was separated from the liquid and melted to be
analyzed its composition by gas chromatography. Further. another 5 experiments were
conducted in the same manner except that the composition of the mother liquid and the

25  cooling temperature were changed. and the results are shown in Table 2.

[0096]

[Table 2]
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A Crystal (10) (10) 1'86 61 Crystallizer D Filtrate (9) EV6 cc en
Crystal (8) 066

Composition of Composition of
Experiment mother liquid crystal Cooling
Example (mass%) (mass%) temperature
No. Acrylic | Propionic | Acrylic | Propionic 0

acid acid acid acid

5 79.7 20.3 954 4.7 -6

6 89.3 10.7 97.9 2.1 -2

7 953 4.7 99.0 1.0 3

8 98.2 1.8 99.5 0.5 7

9 99.2 0.8 99.8 0.2 10

10 99.7 0.3 99.9 0.1 12

[0097]

As shown in the result of Table 2. since the acrylic acid concentration in the
crystal became higher than that in the mother liquid. it was found that the crude acrylic

acid can be highly purified by the crystallization step. Fig. 1 shows a solid-liquid line

wn

chart which shows the correlation of acrylic acid concentrations in the mother liquids

and those in the crystals. The solid-liquid line (a dotted line) shown in Fig. 1 was

created by polynomial approximation from the data (circles) of the acryvlic acid

concentrations in the mother liquid and the crystal shown in Table 2.

[0098]

10 Fig. 2 shows a concentration curve chart which shows the correlation of acrylic
acid concentrations in the crystals and temperatures of the crystals. The concentration
curve (a dotted line) was created by polynomial approximation from the data (circles) of
the acrylic acid concentrations in the crystals shown in Table 2.

[0099]

15 Next, specific examples of highly purifying crude acrylic acid were simulated

based on the solid-liquid line shown in Fig. 1 and the concentration curve shown in Fig,

2, and the results are explained.

[0100]

(Calculation Example 1) Batch method
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01 Crystallizer CFiltrate (7) r; 66

Filtrate (5) 686

wn

10

15

Crude acrylic acid containing 3.8 mass% of propionic acid as a mother liquid is
cooled in the range of -2.3°C to 10.0°C to be deposited as a crystal and kept at the same
temperature, and then, the crystal is separated from the liquid by suction filtration.
The thus separated crystal is entirely melted. and crystallization operations are repeated
in the same manner as the above. In this case, acrylic acid with a purity of 99.8% can

be obtained by the third crystallization operation, as shown in Table 3.

Crystal (6) 666 1O Crystallizer

[0101]
[Table 3]
o First Second Third
Mother liquid crystallization | crystallization | crystallization
Acnylic acid 96.2 98.9 99.6 99.8
(mass%)
Propionic acid
(mass%) 3.8 1.1 0.4 0.2
Temperature
A - -2.3 7.7 10.0
&)
[0102]

(Calculation Example 2) Continuous method

Crude acrvlic acid containing 2.0 mass% of propionic acid as a mother liquid is
supplied at 1000 g/h to the crystallizer A. and the crystallization step is conducted
continuously in accordance with the flowchart shown in Fig. 3. In this case. purified
acrylic acid with a purity of 99.9% can be obtained at 928 g/h from the crystallizer C.
Further. acrylic acid in which propionic acid is concentrated to be 26.4 mass% can be
extracted at 72 g/h as a purged solution (a remaining mother liquid) from the crystallizer
F. The compositions of the crystals and the filtrates in the respective steps are shown

in Table 4.
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.--,--, 15 er 7-,1 086 CZ Acrylic acid (mss% Propionic acid (nmass%
TamaaUMe(Q As is clear from Experinent Exanples 5 to 10, crude
acrylic acid could be highly purified by the crystallization step. Further, as
is clear from Cal cul ati on Exanples 1 and 2, propionic acid can be efficiently
separated fromcrude acrylic acid, 5 whichever the batch nethod or the
continuous nethod for the crystallization step was enpl oyed. Therefore, it is
under st ood E@@% when the crystallization step is enployed for purifying the
conposi tion 1aining aciylic acid obtained by gas-phase oxidative

dehydrogenation ofs & GQIMER%H EkfRingANEQAMHIBIS 16 APi G0 delindsid asuylbec acid \ N
ith high puri can be obtai ned eff|C|entLg Wlo [ 0105] <<Experiment Exanple
yr

11>> Pr oducblgbg parifidr Oy itee ser@llvatom geyc e%(fisylﬁl%eaécfrfdn NNl@datishoduced from
glycerin by Etxﬂﬁplfeso l 'm?c\"&,”&oﬁ&’ﬁf? Acid can be efficiently separated from crude acrylic acid.

5 whichever the batch method or the continuous method for the crystallization step was
emploved. Therefore, it is understood that when the crystallization step is employed
for purifving the composition containing acrylic acid obtained by gas-phase oxidative
dehvdrogenation of a composition containing propionaldehyde, acrylic acid with high
purity can be obtained efficiently.

10 [0105]

<<Experiment Example 11>>

Production of acrylic acid from glycerin

Acrylic acid was produced from glycerin by the following steps.

(1) First reaction step: Glycerin was dehvdrated to obtain a composition

15  containing propionaldehyde and acrolein.

(2) First purification step: The reaction product obtained in the step (1) was
purified to obtain a composition containing propionaldehyde and acrolein which is able
to be supplied to a second reaction.

(3) Second reaction step: The composition obtained in the step (2) was oxidized

20 to obtain a reaction product containing crude acrylic acid.

(4) Second purification step: The reaction product obtained in the step (3) was
distilled to give crude acrylic acid and the crude acrylic acid is purified by
crystallization to obtain acrylic acid.

[0106]
25 (1) First reaction step

(A catalyst for the first reaction)

Boron phosphate catalyst used for the first reaction is prepared as follows. A
powder of boron phosphate (reagent manufactured by Johnson Matthey) was calcinated
at 800°C for 5 hours under air current. and the calcinated powder was finely pulverized

30  in an agate mortar. The obtained finely pulverized product was put into a cylindrical

31



(1) First reaction step: dycerin was dehydrated to obtain a conposition
15cont ai ni ng propi onal dehyde and acr ol ei n. (2) First purification
step: The reaction product obtained in the step (1) \\ as purified to obtain a
conposition containing propional dehvde and acrolein which is able to be
supplied to a second reaction. (3) Second reaction step: The
conposition obtained in the step (2) was oxidized 20to obtain a reaction

product cont ai pi ng crude rylic, acid. (.4 econd i fication step:
The T eact | offchl Atk b &M | RlsMistes 5" ¢ymrvatvies TEEy e 2 Bve. or ude
acrylic aci ¢higmesst b s CibglemnacsiddsinGzeacind Ednfavted fiiigd ambn?résgibﬁtldmai@ ion to
obtain acrylic acid. 50106] 25(1) First reaction step ( cataI%St or the
first react mgaline by applyighp pigssyroaphautelder epypptesige@oime).t Hefobfagiedr eaction is
prepared as Lof r S r uf act ured by
Johnson Nhtf%g@#Paggk@aﬁgﬁﬁgﬁggt%?9§%88£p%r8®ﬁﬁéag£%%%§%%pﬁ?Q%%gf%gnt, and the
cal ci nat ed pieveddebbidN Gt ishil yhefdlist\retctiaeditBipartiale dagatie offornan to Ihe obt ai ned
finely pulverized product was put into a cylindrical nold nade of vinyl
chloride (olit%r dianeter of 48 nm inner dianeter of 40 nm and thickness of 5
mm and pre%ﬂ%ﬁjzed and conpacted with a conpression nol ding machi ne by
applying a pressure of about 20 ton (conpression nolding). The obtained
conpact nol ded pr@dbctratwageaca®n out of the cylindrical nmold and pub erized

and sieved to obtain a catalyst for the first ieaction with a particle

i amet o of 0.7 mntetbEDereToY DAgHRatlihsekan by thner kS R’ £} . ped
react or jwas 2phay i1&eth &b inlohy Mdedf E@ARES Q&I LR 0 (MINd¥ahe sHoREBHATst.Qlnd 1025 nM

| ength of 500 mm) nade of stainless steel with 50 nL of the above catal yst,

and t he readtedracigasvap mstaled iad nitar kathitt3ep bat h at 360C. [ 0108] A
condenser NN, as installed at an outlet of the reactor, and cooling water at
about 4C, w as lntroduced thereinto. The pressure of the reaction system NN as
reduced to 62 A condenser was installed at an outlet of the reactor. and cooling water at about

4°C was introduced thereinto. The pressure of the reaction system was reduced to 62
15 kPa by a vacuum pump, while adjusting the pressure using a constant vacuum apparatus.
Then, a glvcerin-containing gas was introduced into the reactor  As the
glycerin-containing gas. a mixed gas consisting of 44 volume % of glycerin and 56
volume % of water was introduced at a space velocity (GHSV) of 420 hr'. The
glycerin-containing gas was introduced intermittently for 20 hours. and the gas flowing
20 out of the reactor was entirely condensed by the condenser and recovered in a receiver
cooled by an ice bath. The weight of the recovered reaction product was 939 g, which
corresponded to 99 mass% of the supplied raw material.
[0109]
The obtained reaction product was quantitatively analyvzed by gas
25  chromatograph, and as a result, it was found that the reaction product contained 34
mass% of acrolein, 0.5 mass% of propionaldehyde. 6.4 mass% of 1-hydroxvacetone, 44
mass% of water and 15 mass% of heavy components.
[0110]
(2) First purification step
30 The reaction product obtained in the step (1) was supplied at 0.12 kg/h to a thin
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15kPa by a vacuum punp, while adjusting the pressure using a constant vacuum
apparatus. Then, a glycerin-containing gas \ \ as introduced into the
reactor.As the glycerin-containing gas, a m xed gas consisting of 44 volune %
of glycerin and 56 volune % of water was introduced at a space velocity (OHS
V) of 420 hr-1. The glycerin-containing gas was introduced intermttently for
20 hours, and the gas flowing 20 out of the reactor \ \ as entirely condensed
by the condenser .and recovered in .a receiver cpoled by an ice. bath, The \ \

of ght of t ndP &elel Al Skt e B alic WAL B SO R8s Pedpehadl 1o oo
mass% of t heengypialt 8 WA ATBY8Y ifigh wab 04AR). daesoobpai drathdeea@fidOfpers. oduct \\  as
quantitativg&g anal yzed by gas 25 chromatograph, and as a result, it was
found t hat ardagidlpie ronigrdtuc? nEsTit A fe@leny (haswss’ofof eqramaldahydg. 8 nass% of
pr opi onal de 4. S9 -dy, yace 4 % . ater and 15
mass % of heg%/ég/s% /?:8%@}1%@%?{ 8tf% 4nd(%)ﬂi@%so?q‘pahe?ir@?tc§t% {5)521?@{ %‘g‘fl §%)nf%1uél% eaction
product 6bt arapétalidehyidbendicegiei)ilyasvibsaiisd ppd.il BEe/Atroth thPtokof tht disallea. thin film
distiller, which was operated in the conditions of nornmal pressure, 85C of

wal | tenper&tldtle on which a liquid film\ \ as formed, and 300 rpm of bl ade
rotation speed, gRds@ofighiddhalp containing 42 mass% of acrolein, 0.6 mass% of
pr opi onal dehyde, 4 nmass% of 1-hydroxyacetone and 51 nmass% of \ ater (that is,
a conposition comhdixed-hgl propi wgirdetydds Glhdg acewlia hipe waseralrnaditered at 0. 11

kg/h fromt top of t distiller. [0111] (3 cond reacti.on ste A
fPxed- bed r ASeroNets pPOUMEbEd st ges VST R e R e et er of
25 mm  liengphepekd 39 ExpEImdmRERaBple St aind! (RS Seabibe Qlas WstANedOn At htePbathhe Oxi dation
catal yst 10 prepared I n Experinent Exanple 1, and the reactor was installed in

a niter bat ROUC. 28b@. thrrrempotitien ehodprish theoiepdBl aisnaidplied te fe reacey (2) Was
lied t _ ' | t t~Qf .th
Fonttor. andREwer RS Ripudf RISl Pl PRhE il R R BT SR o A i xed

gas consi st in@doded Gthéretntcd| wEniedofasaciek@ld 0f 03 valmee, %fodcrqeiopbonal dehyde,
0.46 vol ume % of 1-hydroxyacetone, 6 volume % of 15 oxygen, 13 vol ume % of
wat er and 7XoNBEure! Fwronldengdgenhas!ust i ucegrayacgtons. ¢ volume % of

pr opi ongk deydey, Cpnt giyHeng cﬁ%at?réaerﬁlyﬁap@&ﬁgg%Qﬁhﬁt&‘og(e@?‘??in@éd&gﬁ%% hi*. The

conposi tion contal ning proplona e and acrolein intro
i nt erm t t enplopidnaldelRdegonnisingr gm dthe spaar teloditvt HEH$©aot ilowp brid tThe gas fl own
out of the reactor was .condenselgb@h/qv he conEeenser. an g};covered iﬂ)ra receiver

cool ed by afTERSISACATARES RO L R RTINS AR D AR S
22 hours from the start of the reaction, and the gas flown out of the reactor was
condensed by the condenser and recovered in a receiver cooled by an ice bath and in a

20 cold trap subsequently installed.
[0112]

The weight of the recovered reaction product which contains crude acrylic acid
was 620 g, which corresponded to 95 mass% of the supplied raw material. Based on
quantitatively analysis of gas chromatograph, it was found that the reaction product

25  contained 62 mass% of crude acrylic acid, 0.1 mass% of propionic acid, 1 mass% of
formic acid, 3 mass% of acetic acid and 34 mass% of water.
[0113]

In the production of acrylic acid using glycerin as a raw material. it was found

that the amounts of byproducts of organic acids such as propionic acid. formic acid and

30  acetic acid were increased compared with the conventional process for producing
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[0112] The wei ght of the recovered reaction product which contains
crude acrylic acid was 620 g, which corresponded to 95 mass% of the supplied
raw material. Based on quantitatively analysis of gas chromatograph, it was
found that the reaction product 25contai ned 62 mass% of crude acrylic acid,
0.1 mass% of propionic acid, 1 mass% of formc acid, 3 mass% of acetic acid
and 34 nmass% of water, [0113] In the production of acrylic acid

usi ng gl yceri n.as.cﬁ raw maaeri al, it was found that the amounts of byproducts
of organic A% UELRINERORIDS SRR BEFH formic acid and 30acetic acid were
increased compared with the conventional process for producing acrylic acid
usi ng propylene as a raw material. [0114] (4) Second purification step

The reaction proddtPecopd pirHisatianftaphe step (3) NN as supplied at 0.2 kWi to the
fifth stage of a djstillati o hayi ~ [ hugusly
distilled under the ‘Ié%éﬁ‘aﬁﬂ‘%ﬁg %H gdﬁagarlgﬁ?{éu%g%éﬂr\azksiasg&%%ea%gg%g‘[%ﬂ E)I {Sﬂtgl [lation
amount f somfttheta©pr Odistilao odluim hofind1 OGaeek ghdhconAsudmslk elstilled wakeudie acrylic
aci d having conposition of 86.6 nmass% of acrylic acid, 0.1 mass% of propionic
aci d, 2.4 mE¥¥UHWF ohg Eluzing éalty, of g, 194 aiiilsRsrantoypinfiem 4 teP ahide $999 nass % of
water was oBralnPdaAl Qs A3Rkoblal ML s RAUIOMosHDR of 86 BGhKET of

Crystallization operation was conducte y €00 g the crude acrylic acid as a

mot her | i quidylioaad.t @hpesds wf @rapamgeacd. 2.6 nBS% of neomaridnped abass’e ofabout 15C)
to forma crystal, k ing at the same tenper at 3 d then, separating the
crystal £ r oot 8 A byl pt parror - ho:bdng LeBRueRERRT |\ Cas
nel t ed, jand c@luﬂﬁ."tC@@ta@fzatldﬁQ)ﬁ@FaM&{ hs WAGu AR cBblidoQhe @08 MR adildGs hhe rest
thereof \\ as processed by the 15 crystallization operation, in which the rest

was cool ed awthgr haviHde a ferperatuteorapge efmpet’ttarreom deigeergfre4algat € &M dem
tenperature bout .15 Kk t - _ ture, and
thene the. iyt b ieokd d fheribah B, (8P B b BT ARIRLS V05

Accor di ng t hetih@idctiyyssit@dd filzadidnon Tap edpatatednsy st paaheted wad & pbom@sn bNihk ot al
acrylic acid with a purity of 99.9 mass% or hi gher Was obtained finally:. The
results 20 “aptal sHswrmmedTdpr enalysisridt Gieareshrigaipr! oRs piegrssdi &Y albFd and

acetic a6l d MAgIDE| AV NGiHCLLSHIAN tld Mst ol QR of 1aRbfePliquia™Rt fer 11 quid
First crystallization
temperature range of 4.8°C to room temperature (about 15°C) to form a crystal, kept at
the same temperature, and then. the crystal was separated from the liquid by suction
filtration. According to the crystallization operations repeated two times in total
acrylic acid with a purity of 99.9 mass% or higher was obtained finally. The results
20 are shown in Table 5. The total amount of propionic acid and acetic acid was below

the detection limit (1 ppm).
[Table 5]
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Second crystallization Acrylic acid (nmass% 86.6 98.8 99.9 Propionic acid
(mass% 0.1 N. D. N D. Acetic acid (nmass% 7.4 0.3 0.02 Water (nass%

Mother liquid crys tlajlilrijati on cg-sstzlclci);laiion
Pm(l:ligsl;;, z;cid 0.1 N.D. N.D.
”‘(ﬁgscsﬂ/i)id 2.4 03 0.02
(n‘f’;ts"f;)) 10.9 0.9 0.08
Temg)ecrz)lwre - -5.8 4.9

N.D. means a value below the detection limit (1 ppm).
[0115]
<<Experiment Example 12>>

Production of an absorbent resin

wn

Acrylic acid containing acetic acid and propionic acid in a total amount of 200
ppm by mass, which was obtained in the second crystallization operation in Experiment
Example 11, was mixed with a polymerization inhibitor to give acrylic acid containing
60 ppm by mass of the polymerization inhibitor. Thus obtained acrylic acid was added
to NaOH aqueous solution, which had been separately prepared from sodium hydroxide
10 containing 0.2 ppm by mass of iron, under cooling condition (solution temperature

35°C) to be neutralized at 75 mol%. The content of iron in the acrylic acid and the
water was under a detection limit, and therefore, the iron content in the monomer was
about 0.07 ppm by mass based on the calculated value.
[0116]
15 Into the obtained 35 mass% sodium acrvlate aqueous solution. which has a
neutralization ratio of 75 mol%, 0.05 mol% (relative to the sodium acrylate aqueous
solution) of polyethylene glvcol diacrylate as an internal crosslinking agent was
dissolved to obtain a monomeric component. 350 g of the monomeric component was
fed to a cylindrical vessel with a volume of 1 L. and nitrogen was blown at 2 L/minute

20 into the vessel for 20 minutes to expel the air. Then., an aqueous solution containing
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10.9 0.9 0.08 Tenperature (C) _ -5.8 4.9 N.D. neans a val ue bel ow the
detection limt (1 ppm. <<Experinment Exanple 12>> Production of an absorbent

resin Acrylic acid containing acetic acid and propionic acid in a total
anount of 200 ppm by nass, Wi ch NN as obtained in the second crystallization
operation in Experinent Exanple Il. was m xed with a polynerization inhibitor

to give acrylic acid containing 60 ppm by mass of the polynerization inhibitor

Thus obtain acrvylic, aci s added to NaOH aqueous sol ut.ion ich had been
Conaratery Bangil Rl bR ab T "R el PRy tibs B HiHSh hag Of
i ron, under g0l idhgiveandhd RRoh&R tnRRedtEBPEratdibie a3RGkad aidee thestbral i zed at
75 mol % The content of iron in the acrylic acid and the water was under a

detection | Mhile, bedied stitkisk &F of estirrehdo  fiash nebmeaimtionn tHeer ndwbierofwls about 0. 07
ppm by mass &@ﬁi@gza?lanttgeestﬁ:lqlllugtc\%sasttﬁ)%ﬁa/ ﬁL atic[agtjre]ogl o'h%,oﬂ;)% Jhe aRhaiRed 35 mass%
P i ch ha tral 7a

sodi um acrylate aquecus SO I on, S neu 1on ratio of 75 nol %
0. 05 nol % ( celdaticde t Thé henpediumn atr thk ahenacaeo usoms@neiiti aegchaf pakyet hyl ene
glycol diacrylate as an internal crosslinking agent was dissolved to obtain a
monomer i ¢ cBAPBREATION E5weg et of HE maligmeryd  dynperient MRas P8t )yl i ndri cal
vessel W thagy y@h U fdrizhidn waNghoBleliEPBE B WARUR!E O‘Mﬁb?équ%tlkfrﬁlg!fésﬁlﬁ%g' nto the

vessel for 20 mnutes to expel the alr Then, an aqueous sol ution containing
polymer material was taken out of the cylindrical vessel to obtain a hyvdrated gel-like

crosslinked polymer.
10 [0117]
The obtained hydrated gel-like crosslinked polymer was segmented at 45°C by
a meat chopper (hole diameter 8 mm) and dried at 170°C for 20 minutes by a hot-air
drier. Further, the dried polymer (solid matter: about 95%) was pulverized by a roll
mill and classified by a JIS standard sieve into those having a particle diameter of 300
15 pm to 600 pm, thereby obtaining a polyacrylic acid absorbent resin (neutralization ratio
75%).
[0118]
Acrvlic acid obtained by the producing process of the present invention has the
comparable polymerization property to acrylic acid obtained by the process of
20 producing acrylic acid from propylene, and the obtained hydrophilic resin is free from
odor and has the same physical properties as a conventional one.
[0119]
According to the present invention, acrvlic acid can be produced at high
efficiency from glycerin. Further, if purification is conducted by crystallization,
25  propionic acid, which lowers a polymerization property, can be removed to a detection
limit or lower from the thus obtained acrylic acid: and therefore, the thus obtained
acrylic acid has the comparable polymerization property to acrvlic acid obtained by the
process of producing acrylic acid from propylene. and the hydrophilic resin such as. for
example, an absorbent resin and a water-soluble resin, which is produced from the

30  obtained acrylic acid. is free from odor and has the same physical properties as a
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0.12 Wno' (relative to the nononeric conponent) of sodium persulfate and
0.005 glnol (relative to the nononeric conponent) of L-ascorbic acid was added
thereto while being stirred by a stirrer to start polynerization. After
starting of the polynmerization, the stirring was stopped and static aqueous
sol ution polynerization was conducted. The tenperature of the nononeric
conponent reached peak polynerization tenperature of 108C after about 15

m nutes (polynerization peak .tin and then polynerization roceeded for
30" nut oo, <SBUGALNETy RN EI G BT P P ER AR kPl En “out o
the cylindrirhicH @SRIehvht@ aBtiahdid @ Wyrrated gel -1ike CrO s slinked pol yner.

10[ 0117] The obtai ned hydrated gel-like crosslinked pol yner was
segnented at 45C by a nmeat chopper (hole dianmeter 8 mm and dried at 170C for
20 mnutes by a hot-air drier Further, the dried polyner (solid matter: about
95% NN as pulverized by a roll mll and classified by a JIS standard sieve
into those having a particle dianmeter of 300 Rhn to 600 gm thereby obtaining
a polyacrylic acid absorbent resin (neutralization ratio 75%. [0118]

Acrylic acid obtained by the producing process of the present invention has

t he conparabl e pol ynerization property to acrylic acid obtained by the process
of 20producing acrylic acid from propyl ene, and the obtai ned hydrophilic resin
is free fromodor and has the sanme physical properties as a conventional one.
[01191 According to the present invention, acrylic acid can be produced
at high efficiency fromglycerin. Further, if purification is conducted by
crystallization, 25 propionic acid, which lowers a pol ynerization property,
can be renoved to a detection limt or lower fromthe thus obtained acrylic
acid; and therefore, the thus obtained acrylic acid has the conparable

pol ymeri zation property to acrylic acid obtained by the process of producing
acrylic acid from propyl ene, and the hydrophilic resin such as, for exanple,
an absorbent resin and a water-soluble resin, which is produced fromthe
30o0bt ai ned acrylic acid, is free fromodor and has the sanme physi cal
properties as a conventional one. Accordingly, the present invention can
enornously contribute to the technical fields where acrylic acid is used.

CLAI M5 . A process for producing acrylic acid, conprising the step of
conducti ng gas-phase oxi dative dehydrogenati on of a conposition containing
propi onal dehyde using a solid catal yst containing nol ybdenum and vanadi um as
essential conponents. 2. The process according to claim1l1, wherein the
conposition contains at |least acrolein in addition to propional dehyde. 3. The
process according to claiml or 2, wherein t he conposition contains
propi onal dehyde and acrol ei n prepared by dehydration of glycerin.
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4. The process according to any one of clains 1 to 3, further conprising the
step of crystallizing acrylic acid froma conposition containing acrylic acid
produced by the gas-phase oxidative dehydrogenation to purify. 5. A
process for producing a hydrophilic resin, conprising the step of polynerizing
a nononeric conponent including acrylic acid produced by the process according
to any one of clains 1 to 4. 6. A process for producing an absorbent
resin, conprising the step of polyne&gébgg a nononeri c conponent i ncl udi ng
acrylic acid produced by the process ding to any one of clains 1 to 4.

1. A process for producing acrylic acid. comprising the step of conducting
gas-phase oxidative dehydrogenation of a composition containing propionaldehyde

using a solid catalyst containing molybdenum and vanadium as essential components.

2. The process according to claim 1, wherein

the composition contains at least acrolein in addition to propionaldehyde.

3. The process according to claim 1 or 2. wherein

the composition contains propionaldehyde and acrolein prepared by

dehydration of glycerin.

4. The process according to any one of claims 1 to 3, further comprising the
step of crystallizing acrvlic acid from a composition containing acrylic acid produced by

the gas-phase oxidative dehydrogenation to purify.

5. A process for producing a hydrophilic resin, comprising the step of
polymerizing a monomeric component including acrylic acid produced by the process

according to any one of claims 1 to 4.

6. A process for producing an absorbent resin. comprising the step of
polymerizing a monomeric component including acryvlic acid produced by the process

according to any one of claims 1 to 4.
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