DESCRIPTION CATALYST FOR PREPARING ACROLEIN OR ACRYLIC ACID 5BY DEHYDRATION
REACTION OF GLYCERIN AND METHOD FOR PRODUCING THE SAME Technical Field This
invention relates to a novel dehydration catalyst, in particular to a 10 dehydration catalyst for
producing acrolein or acrylic acid by catalytic dehydration of glycerin in gas phase or liquid phase, and
a method for producing the catalyst. BackgsgwadAptr igKnown industrial process for producing
unsaturated aldehyde and unsaturated carboxylic acid such as acrolein and acrylic acid is a gas phase
oxidation reaction of propylene as a starting material effected in the presence of a catalyst. However,

from the viewpoint of giobel waroiRgeare RRIIE U Riep/etio | iscraygstad-igcently to develop
another fechniquedyHY TR ATS(ENR BAd IQENEFPradUCERTIM KD KeETUWoEsiRch do not depend

on fossil resources. Examples of suchPBoBd e T0iE éthaddbl and bio-diesel obtained by a
conversion of fats and oils, the output of which may exceed 20 million tons/year. Since they are
produced frahechadgetablieldil, they can be an alternative fuel of fossil fuel and decrease discharge of
carbon dioxide, so taisheirintseastins 2o demasddshedpaciadcatalyGlyeepsasuwdabypreduct is
produced in geptaegssifocpraparinetherbinrdigsel aag-the guagg?igm_;@f gugergyi_sfﬁyﬁlgﬁ@rge_ as abput
1/10 of the ttalQikpih tstingiinithatalaree Amaunt ol alycerinisAispased iaufesmy of industrial
waste due tqn pﬂ@p&e between demand and supply and only a part of 30 glycerin produced is
utilized as materials for medicines, cosmetic and foodstuff additives. Therefore, new synthesis
reactions ar%ra%igg(r)%ql%d very actively to develop novel uses of glycerin and/or to expand its demand.
The co?germwmrin tg chemical materials with keeping its skeleton of three carbons
can be Glassified roaghly T S TRACHENE Br 55 B fi8n YB&HEHShd ko reRsaction. In this
invention, thBaRYaE GO 361F bEBxahitalifthalereRdictdUerdteh FddEEtN but the
oxidation redBHeH IR HGRESPRaM S Ten G & Fi eE Bxdes beirerdcindghadrsienoweferalready
proposed. Féfekatnpleirvevs: Pacent No. 888G 20, ¢crplealisvobraingdanith e yidkiiof 72% by 40
using a catalistlefiphosphorguasiedsigpotite doode actaprieroshichtashdigtemageodisceditbis The catalyst is
dispersid inaad orgamic jsokhent iaxing @ eighheilingipbint iotalwgich glytekn issadeed. drop-wise to
effect liquid-phasgidehydration peaditan. are DSIHOLESSaDVWRYSicFaRYB0LiBEUSRd i industrial
scale, becaussm alarge mrs)ﬂdra&l@f&@scbégeegd@ef%quﬁﬁﬂ@ﬁﬁﬁé&@@&%@&aﬁw@{?m@id mixture
comprising t3g, canpiEle . catalyahand PEAVELR IR erESa, 2dF ¥ilaa000:AR0R L5 igclpses a process
for producing.acfolgin) iR WHER-Glycerin i AIsPSY Sethin A O EOT ang)is, sbiecied fo. @ liguid-phase
dehydr tion ﬁea%stxl}gnslré}t{he presence of an acid solid catalyst possessing HO of =576 to +3.3 such as
83 pecied.

KH n P . .
SO4 and lycerin as a byproduct is produced in a process for preparing the

bio-diesel and the quantity of glycerin is such large as about 1/10 of the total
output, resulting in that a large amount of glycerin is disposed in a form of
industrial waste due to in balance between demand and supply and only a part of
30 glycerin produced 1s utilized as materials for medicines, cosmetic and foodstuff
additives. Therefore, new synthesis reacttons are researched very actively to
develop novel uses of glycerin and/or to expand its demand.
The conversion process of glycerin to chemical materials with keeping its
skeleton of three carbons can be classified roughly into two reactions of
35  dehydration reaction and oxidation reaction. In this invention, the dehydration
reaction will be explained with reference to acrolein production but the oxidation
reaction is not explained here.
Several processes for producing acrolein were already proposed. For
example, in U.S. Patent No.2,558,520, acrolein is obtained with a yield of 72% by
40  using a catalyst of phosphoric acid supported on a carrier such as diatomaceous
earth. The catalyst is dispersed in an organic solvent having a high boiling point
in to which glycerin is added drop-wise to effect liguid-phase dehydration



In this process also, more than 10% of carbides is produced, so that the 10 process can hardly say as
an industrial sufficient process and improvement is necessary. When acrolein is produced by a

liquid-phase or gas-phase contact reaction of glycerin, solid acid catalysts possessing HO of less than
+2 are effective. An example of such solid acid catalysts is phosphoric acid catalyst 15supported on a

-Al203 as is show |n JP-A1-6-211724. In this patent, acrolein is obtained at a yield of 75% in
gas-phases at 3 ;P}lilt the life of catal st is short. Still more, am unts of glﬁgﬁducts such as
hydroxy acetone mcreas% MYime anca?U the Serfleaé/tlvf); 651§ 61? §8 ﬁlaW(? 658551 disclose

processes for lﬁfea&@i’ﬁ@“ﬁcﬂ%@ﬂwsalﬁé’a%m #Bf ?esfé’ﬁﬁ?f%f‘@ﬁ?@&rﬁ?ﬂﬁ BB the presence
of heteropolyatiibEed &8s Sohitacidebisiyad prodygis lateteisaiyacid is those of Group 6 element
such as tuhgstosilicic Aciti! RRsEIRespHstiesaeid ang piiospHuatIybdic aeidimHesddteropolyacids
are supported®ycbiielénsnatspdra sild catriedarsdsphoritied @ceolainidiphagieldebf 25:86%. This
dehydration reaetigonointhieeglyeening hdvae veridis dffé ctad! withhfreesefmaxidatidn astbut L3ing nitrogen
stream as carieslgasKsisthatdegestion of carbon increase seriously and hence there is a problem of
deterioration in time ofsstaRiliscactivity apg setasivity phiheaeatalysisploaicedaset @hi ‘HBeoduction of

acrolein frgm ghycerol Qven3Q15iica-supporied. fietarapaly acidsro CAT Ak Rip-CRMMUNICATIONS,
vol. 8, no. 9, %ggggagpm pp. 1349-1353 discloses that supported heteropoly acids were effective as

a catalyst for the dehygdration of gl cerol 020 087083, oxvgen is,introduc dto prevent
degradation of the ca)t(glhst |n tﬁé% l¥és mdurceeéi:: |oyn ofqgécgr qlaI %}{Zféﬁé }é SSXOIﬁe catalyst 35

possessing the® cm‘f stre ﬂ}foS of -9%0 M Iiﬁe aten%% %la\"/%rle Bf solid acid
catalysts such‘%%?)th‘i?sp ﬁﬁ%ﬁﬁr(?&ﬁléch\l%&}%%(ﬂ%é’a%ﬂ%ﬁc‘%&%‘?iﬂ%‘bﬁ?a%%é%i%ﬁ/%rcoma are

used in ExampE®amertHe rﬁgﬁ\éé@yr’é‘idqﬁlﬁ&‘&’é‘lﬂ of#4%:Wh&8btained when tungsten/zirconia
catalyst was used. 40MdWevetethere Mot it aliRised saslyirided itdudtrizassehiscatahigher
performance. Oiselcbarbisfdhverntion iSuhemaryStill mere. fisoaspeet, aroibiprovigddaa dehydration
catalyst for prégdoing acralein:andaciylicracichthyleatalyticviletaideationreadtigh of glycerin, comprising
mainly a compound inwgnochprosms indasbieteropalyasiesarerexphangedsat deast partgllyawith at least
one catioseleehed:fram elagipits elgogingito f2E0uide to GrouR LRt the Retiadia alde of
Elements. ugg@ageacgngi%ggg&gn@ge is provided the supported catalyst as defined above, wherein
said compound is :Upﬁ%tﬁgt% FAUETSs (holD aﬁfwgég%eeieﬁffjs{grgéfgg%e@%&%&mﬁ for
Eha?acte?.zeda%@*¥h£J§ B %&ﬁf% e Pelonaing
to the Gr erlog STabie of Elements dr onium to a soltion o eteropolyamd
and flrlng8 rgesdltlngl }Zéll %bf T8N reactipy f’(ﬁfﬁﬁ BEEEE RSP BVt ‘“cﬂ%e‘t‘j%& 6Fthe catalyst as
defined aboveocgr‘)&l“éﬁg%pffohﬁﬁ%?élﬁgfr%e@efﬁﬁ%%%\?é‘%%rﬁ%csc?oﬂlﬁ‘)’f 4ePORP Brderylic acid by
catalytic dehydrafioh eaetisrs e gjbennd TertmibarPropRindiem of dsteppsatior tiidimeettion is to
provide a dehyétaiior eataljstandedlivr dproatittonastiserolein and acrylic acid from glycerin which is a
material not derived friavkpétroleumzlat a‘igldyielen  of A spebific olfjest oflvissinVerntion is to provide
a catalystusedilzdehypsatidrheeactioly et glyCarinta igrSdt ceoadiolei anhighnNgelchl ASfusther object of
this invention ig, tolpfaudenamethod for Irepaingol® that supported heteropoly acids were
effective as a catalyst for the dehydration of glycerol.
In WO2006/087083, oxygen 18 introduced to prevent degradation of the
catalyst in the gas-phase reaction of glycerin. InWQ2006/087084, the catalyst
35 possessing the acid strength of HO of -9 10 -18 15 used.
In these patents, a variety of solid acid catalysts such as phosphoric
acid/zirconia, Nafion/silica, sulfuric acid/zirconia, tungsten/zirconia are used in
Examples and the highest yield of acroiein of 74% was obtained when
tungsten/zirconia catalyst was used.
40 However, there is no catalyst usable in the industrial scale at higher
performance.



catalyst. Technical Solution Inventors of this application have made a variety of studies to solve
the problems and found that acrolein and acrylic acid can be produced at high yield by the dehydration
reaction gfigdyearina b/ lwsiagiaicompound in which protons in heteropolyacid are exchanged at least
partially iltlh %'{Jeast one cation selected from elements belonging to Group 1 to Group 16 of the
Periodic %ﬁlﬂ)‘f‘%lements, and completed this invention. This invention has following features
(1) to (8) taken Sepafatelysoesh chrrbiationideyDeybratmeatalgastoioprsddemegattolEii and acrylic
acid by catalyiic-gehydration eastion ekaivesiin: Geatainings agwMain CRpRAReNakigast one
compound in Whi%h, rogi))n]? ina heteropgel:){acid are f(zf(chané%’eid at I§ast gartiallé. ith at |east one cation
selected frORP S8 EhE BEIHGHTY t GO TR €8s T BFIRE BES i@ F s BF EdHbAts. (2)The
dehydratisastatalystifor priedisdirg actblsimant:hoylic acitloym catdiyticrdehydtatidienedstion of
glycerin cppgisting; maiply of a compound in which protons in said heteropolyacid are exchanged at
least partially with at least one cation selected from elements belonging to Group 1 to Group 16 of the
Periodic Table dfEleifighiS, 1iReiM e SlaR"or Kt ibfotyaRRI R SprEEEnte sy 1Re geMeral formula
(1): Ha A ZdOelmpkd0{1y hiphdrdd hydrogerr;. A is at least one cation selected from
elements belonging to Gr. Group 16 of the Periodic Table of Ele ts except.H,. X is P or Si, Y
is at least one e?grf%gﬁltr%g%gcgd{%%?n%h%%vrlé%g% ﬁ?g?fgﬁl%r&egan%n 58, CER i"(;::sf}ag:t I%éﬁr%%%da%ment
selected fORiaHecgfoR Etnisisikg SSharietoh reandon, of elupraia. savspping el dwity rdefes: 0 <a <9
0 < b < 9@<uesd2An0ho0r of 5t 1a6risrR MunbetdatarminedRnthie vddaton ob the elemgnts and n is
any posmlv?0 mbe5.6(§1) t‘m%catlgn Lisa@{el%?%lone alkali metal catlorli}1(1,46)31'%@-?1 alkali épetaldls cesium.

roup erodic ements or onium {0 & S0 eteropolyacid,

and firing the resulting solid mixture.
In a fourth aspect, there is provided the use of the catalyst as defined above or of
the supported catalyst as defined above in production of acrolein or acrylic acid by

catalytic dehydration reaction of glycerin.

Technical Preblems

An object of this invention is to provide a dehydration catalyst used in a
production of acrolein and acrylic acid {rom glycerin which is a material not derived from
petroleum, at a high yield.

A specific object of this invention is to provide a catalyst used in dehydration
reaction of glycerin to produce acrolein at high yield.

A further object of this invention is to provide a method for preparing the

catalyst.

Technical Solution

Inventors of this application have made a variety of studies to solve the problems
and found that acrolein and acrylic acid can be produced at high yield by the dehydration
reaction of glycerin by using a compound in which protons in heteropolvacid are
exchanged at least partially with at least one cation selected from elements belonging to

Group 1 to Group 16 of the Periodic Table of Elements, and completed this invention.



10(5)The heteropolyacid is heteropolyacid of at least one element selected from a group comprising
W, Mo and V. (6) The catalyst containing further at least one another salt of elements selected from a
group comprisingrglemenisibelanging o Grauprdateréaraun 16 of dhecReriodig,dable, ob.Elements, in
addition to sqii%lgg%s' of 15heteropolyacid. (7) The catalyst is used in a form of a catalyst supported on
a carrier. (%31 e ca)t'alyst is produced by calcination. Advantageous Effect 20The process according
to this inviéntion fehsricdighy ceninl istcdtalytitodetipdrated omprepérecagiolervidndaceylidasid is very
advantageous fofdicistlial HagBoRenapse Aol ARk achylic acid cambs.RIRdxced at higher yield
and in higher efficiency. In fact, the resistance to water js remarkably improved and deactivation of
catalyst can be 5(31965}%‘5%{816&@%879{8?5&& o tHE EBrRSTR ¢ s A BB 0 thi5 Mvd#idn. On the
contrary, in casevoftthe leastvertionalcatblystiot hetekopalyabidsy geferiotatiop Didcastivation of
catalysts is serioysn e ghycetimdehygration reaction in a gas phase reaction which is effected in the
presence of excess amount of water, such a reaction using as a material an agueous solution of

glycerin dtlower dnteRiiElERN 6R5HSlidiPpHASEh WHEHBeaenbe 6weérilcolsiyised as a
reaction mediumichiill-mmnne, roxdngntathelimgiaverentiin resistancs to Walglraproblemiaf corrosion
of reactors that wagz otgslerveicgli vggt%lnoag{d %%aall}/st was useiid ¢an bte alsio golvet Beﬁt Mtode for Carrying
out the Inventior 35The dehydration catalyst of this vention 15 us&a i a d&RVPatsH of Hycerin to
produce acroleirFéifrnaetyiicddidardcsomisrseengianly &compotminwHich Hrototeirdsaid
heteropolyacid argnexclifapgsstatleasi-partialy with at Igagh-ong Lationselscted fram,elements
belonging to GrouE 121510 Gro-i%é?of the Periodic Table of Elements. Generally, the dehydration
catalyst of this 4BTRTERISHHAS @’structure of heteropolyacid. The heteropolyacid is known and have
several structures such as Kepgin [¥peAayysorttype and Anderson type and possess generally such
high molecular Wleni%i‘g[.ghs 700 to 8,500. There are dimer complex forms and those dimer complex are
included in the presenlt invention. The elements belonging to Group 1 to Group 16 of the Periodic
Table of 5 Elements ma¥belsadian. potassium, rubidium, cesium, magnesium, calcium, strontium,
barium, scandium, yttrium, lanthroide,itapidms AUcen ety halnivm, sHramiM.eapgansse. rhenium,

iron, ruthenium, osmium6 cabalt, nickel, palladium, platinum, copper, silver, gold, zinc, gallium,
thallium, german{UiBRin! iehHiedisrett AR EeMLEFReTRE SRt salts of heteropolyacid may be amine
10salts, ammonium saltsXph&spttinium salts and sulfonium salts. The glycerin dehydration

catalyst according (o the praseqt inyeniignds s fer radkeing 46rolglh and aeivlic acid, The

above-mentioned compounds in which protons are exchanged at least pa%tla with at least one cation
preferably contai aMeast-drie eldtheht-seiddied frdrm ANgreupZomprikinglVBnved Band V. lons of

molybdenum and of tunggtepy f%m193gqaqﬁieine%%@ﬁtargglga%‘ew%qp%p@'%Z%%QEE@@G

polyoxoacid of high molecular weight. The polymerization may not be effected only with the same kind
of oxoacids but al%o With Btfér Kinde-drokedditis HERDIpdivada-iSa Bollhdia psBessing 20
polynuclear structure, obtained by condensation of more than two kinds of oxoacids. An atom which
forms the center oxoacid is called as "hetero-atom", while atoms forming oxoacids surrounding the
center oxoacid and obtained by the polymerization is called as "poly-atoms". The hetero-atom may be
silicon, phosphorus, arsenic, sulfur, iron, cobalt, boron, aluminum, germanium, titanium, 25 zirconium,
cerium and chromium. Among them, phosphorus and silicon are preferable. The poly-atoms may be
molybdenum, tungsten, vanadium, niobium and tantalum. Among them, molybdenum and tungsten are
preferable. The heteropolyacids used in this invention to prepare a glycerin dehydration catalyst may
be tungstophosphoric acid, tungstosilicic acid, phosphomolybdic acid and

3a



30 siloco molybdic acid. The heteropolyacid may be a mixed coordinate comprising the hetero-atoms
of phosphorus or silicon and the poly-atoms are mixed coordinate of molybdenum and tungsten, or
mixed coordinate of tungsten and vanadium or mixed coordinate of vanadium and molybdenum. In a
preferred embodiment, the glycerin dehydration catalyst according to 35 this invention consists mainly
of a compound in which at least part of protons in the heteropolyacid are exchanged with at least one
cation of alkali metald a, b,\Whea thisgiycarin rdalydratiemeatalyst is used, it is possible to produce
acrolein and acrylic acid atOhJQQ yigld. In a preferred embodiment, the alkali metal is preferably cesium
and at least a part of proto&s 'B @@ heteropolyacid is 40exchanged with cesium. It is also possible to
exchange at least a part o proton n the heteropolyacid with cesium and a part of remaining protons
in the heteropolyacid is e cha‘ﬁge att8ast partially with at least one cation selected from elements
belonélng to Group | to Grgu%cié dfthe Periodic Table of Elements. This glycerin dehydration catalyst
also is effective to prsdusensiesoléiteamdnadrplictheid=t higmyiélthcRésistarisatd water is increased by
5 exchanging part ofi peotope doivtaimnad beithe heteropolyacid with cesium, so that the life of catalyst is
improved i(gt;ompqrjﬁoaag%hqgeg@p@ggagildetggggﬁ ngg‘{p@glydﬂater -soluble. An amount of the
agueous SPLI' tion Glfﬂ‘glgﬁ{ﬁ ;ﬁlgtglf gxchapging cation is determined in such a manner that an electric
char% of ion to ed IS qdualdlo t 8ar less.than ga ]glalec ic charge qf the heteropolyanion. For
example ena c |on with ERarges of1+ RGBS ESS ket 3 SRTARTST rGBEEES., the cation
is added equal to GF985& HAHT ‘éﬁﬁRfé?é% B then&&rdpolyanion, and when a cation with charges of
3+ is addefio a hdtbeopaighision atithithg gBy Ges- athicastion s arilbdregall t6 ol tessitsan 1
equivalent to the hetbrapdly@niona 1&5-Wipenanpitisdtity ofcations bekintioduced;ampmount of the

cation is detelininediagui¢h amasnestbatdietntabelecticaharae ldhesationghegames equal to or
less fhan an electrig.chagnftae heteropolyanion. If an amount of an agueous solution of inorganic

salt or a proeportio fthe n 1§ be e d wi tons become excessive, the activity of
catalyst is ggoﬂednﬁt%e g 8(f )3%1* acry %hl cid At fon I[())\Elévegred1 Srifié'fife of catalyst is
shortened! r? l‘ﬁé’{ﬂé&’@ I‘?ﬁi&fﬁﬁf’&atalyst according to this invention contains

further at least compound of elements belonging to Group 1 to Group 16 of the Periodic Table of
Element indatidit ifdes/le compound. The compound of elements belonging to Group 1 to

Group16 of the Pam@dpxa&iﬁm@ofcﬁ@mﬂ&mwmﬂamal paltsracionie aalissThaanglal salt may
be salt of t@@h‘ff‘&&%@ﬁ'%‘%‘f‘%ﬁ?@ﬁ@%‘i‘&h ea, a@f?ﬁ@'h‘&ﬁ 999%%&1@ éﬂ\ﬁ@rfap%aug{ﬁ@ym The
onium saltﬁsr&ayblgga%g%n&isﬁlgh aanr?(qn (ncsg % thgphonl%mceglt sulfonldén S ts The metal

salt or the Onlﬁl may be npq}regare m s.uc matenals as nltrates Leng te. silfatés, acetates,
oxides and HldeS 01F tRE°¥0 mMBdrChr BTSN BITEAIR Hot Fiitet et %*6?85%6% the metal
salt is 0.0Lf3€6"84iBY \ﬁgl(jﬁ?alﬁ’r%fé%{blﬁﬁ) PR S0%%h EffW&thYrPﬂérﬁléﬁtwamMﬁsdor the onium
salt With respseedtoghie Hoevacaripouith the comitheymostiysprefaired dehydiatioh catdiyst of glycerin,
following cofripasitigr representet by thieogenerdkietinatiofl )os mentieneds 3ziiaAbiXkKKEZdOe]
NH20(1) ingiyhiehHdsHaHauaN reactidh iSbl0ast phgscationssieciaddion elemeantspealonging to

Group 1 tq,Groin 16 pidhe Eetiaria a@ke%&'lenlﬁefé s%%&%z}g‘%&%ra%f 2! aégr%ﬂeasct:ﬁ“;n ca

element selected fro he gr com r| o, Ti
In Ti q1u£ion%fl%%§ie one’ e?;mgﬁtcggf%c tr& fromth b%u&%ﬂr% S dﬁ Wi\ﬁ% Ti, Zr, V,
%g Crwﬁ‘/fﬁr 93 1@:‘8“!\?1106’&012}? B35 1 TERCHRG B URE A, bgtbllaﬁd’g’au%%ﬁ% FSII@ng ranges:

1mprovement in resistance to water, a problem of corrosion of reactors that was
observed when acid catalyst was used can be also solved

Best Mode for Carrving out the Invention
35 The dehydration catalyst of this invention is used in a dehydration of
glycerin to produce acrolein and acrylic acid and comprises mainly a compound
in which protons in said heteropolyacid are exchanged at least partially with at
least one cation selected from elements belonging to Group 1 to Group 16 of the
Periodic Table of Elements. Generally, the dehydration catalyst of this
40 invention has a structure of heteropolyacid.

The heteropolyacid is known and have several structures such as Keggin



50<a<90<b<90<c<12and0<d<12 e is a number determined by the oxidation of the
elements and n is any 10positive number. In the glycerin dehydration catalyst according to this
invention, the above compound can be supported on a carrier ("supported catalyst"). Examples of the
carrier are silica, diatomaceous earth, alumina, silica alumina, silica magnesia, zirconia, titania,
magnesia, zeolite, silicon carbide and carbide. The catalyst can 15 be supported on a single carrier or

a complex9pB)ixiue:oh 3l jRasi dWhaariskS: etveImatadad cg@ﬁé%@ugsegceﬁefgﬁfﬁ{mlehﬁapportlng the

active matgfialin GATiRIoA, amoyt ofﬁnsr@ea%omﬁmc'@aﬁgﬂéé ISR, O eIof preferably 5 o

90 % by wej ght fo, the We?gm o(f the carrier. In a variation, in place of supporting the compound in
resen mventl
which protons na. 20 he rop06ga0| Bre exchangedownh at least one cation selected from elements

belonging to Groug 1tb BB P 6t A& PEASHE T Hble f EoRAf ot i§pdssiditolefierduch
opera%on tRERERET oSy Rd S pplieAiAsHiMahto bidittiar asditien mesexshungeslithuation is
carried outstThgicatalystinay faweliamy, sitéperanthodm bl graitatawan peiveer dmcasén 2mof gas phase
reactions, bioweneinit ispreferable tehmalded thecatalystinios shapewt sphasgipelietRetylinder,
hollow cyligdgrdpahopihedike aRiignallywith %‘3‘1’&‘9@16“%'8%'%&1% RiAlvaliisehagped into
these con gg&atbqglﬁ gﬁt n%{ |ﬁ1 f;%rner d O(E)nl%l’llna AU ents Ag e of mlolded catalyst is for
exam le 1t 10 mm ora |x§ ed nldll ss than i m for af |zeop eyaa nf‘%‘é compound used in
the présentinveRtion CaR b EP R JLHRTPBY RAGMAT: escﬁ]n @BP&(& {Ste, an aqueous solution of
heteropolyacid is prepaFbEfratifehpidrafaBotrialyitiaerer ‘ﬁi@&rﬁbdh‘?aﬁf@%&ﬂ@é@b@ladéd after
waters in het@icfpolyam@@@mameébm afdlacofladseiptivelhateband orysianwdterape padtially or
perfectly removettunpertvacuam exbeatghying. Then, parasieoustB3rsdtian afhalidecarbonate,
acetate, nigaie.: oxplalen R sRhale sy lfale of metal QLopD 48%995%%% gpUgsgelution of

hetergaolygg:ngFrom the resulting product, a SO|Id component is obtained by suit Ie treatment such
as evaporation-drying, filterin vacuums d The solid com one js finally fire calcinated to
obtain ?he catalys%il or? fi/&gerlﬁr%gb(# St ghon reactl ﬁﬁfg&; ?dﬁ}i %%%rﬁ’se‘?ﬁ?ﬁ%/éﬁ‘f?on{‘@rhe catalyst
according 85 9&P ?eE@%f”iWé‘rﬁlo?l £y ihenBYNREraridetly WPAQ?/“@)@ a¥ikiEdesldehydrates. In
fact, they @&h@?@e@@e@emtémwét@éémwﬁﬁ@@ﬁﬁrmzaﬁdtha@mwwmngdooﬁwmmémahmnt The
calcinatiormodim belearriethdut irf airgragitier inéftgasmiehad nitrogemolredicich andargdmgor under an
atmasEphergbfiaed-gesaeanbinritd 8as ssualsiniafusracesstcihas myffladuimacg, rotary kiln,
flidized begdhenace. Theifunassimneriiniad seaeially Jhecolaligncan e flagiad even in a

reaction tu h.is used. for the erln ehy ration rea tlon The |r|n re Js usual 150 to
900C, pref‘grﬁr)/ g i lfl %gc?e pr eragd %f(? *PRE" éﬁ%lngﬁ}o %gntléued usually
for 0.5 to B ﬁﬂﬁ/ Zfﬁ‘%ésd fetfbgn 188 %ﬁd‘noo'?sglyce fi a@(‘?o?a‘?n@t?@’th%%vgﬁu%‘#%% be carried

out in gas PHERDBFYS IS Sh &S EhdT0e §883IhaRer I8 pRATERAIIED TERYGAS iphasEtieéietion can be

carriéd outincavaristycefirmactod shotnasifixed dednfiuidized pdaspivoulatingdiuidized bed and

movable beg:févaideg tHEe, ihe/finethbedds prefecabirlcoenenalionteh the calalyst aasbbereffected

outside thgdb f@ﬂ%Wh%megcmemstr&%o@m%Ogﬁdrqaﬁg%ftéaf%?éngpéf@gﬁféefaﬁ% the catalyst

is burnt in }e&&r fgb%%/cqgg €9 eﬂnl@lgsggﬁ, e'ﬁ"t of I lél% pha§e é%ac'gopl chSL{a(% rg {arlal reactors for
olid oln

liquid reactions ca %8 S can be n oif ‘e'rn glycerin

(290C) and'&¢rd SiRiBRY RNRRIF 149, H&gggé HofHSs ?e‘i‘ﬁffil/éﬁ} ower
20tertberatPss sBlgg”lfodb‘?sth‘Bdt acréfén 58?&%@8%’!&1‘1 m¥he 1Péaétlo%’fﬂ’tié\i"a\‘iipefl‘f@&’tﬁ15’é11filifreproducmg
acrolein asgagria aciicohderyaiativh of gheepivingay phliserisaaffe thed prioferalys ara
temperatunei pédl 50 @ dm 20, 1 shebtemper atuieis fover, ham3RAC;dbeilifetef catalysitwill be
Shortenedﬁi&d&ﬁ@lﬁ&ﬁ&ﬂ@@%ﬂ%ﬁﬁme'é@%ﬁé&%%ﬁf@rﬁ@@@&é%ﬁpon 25 products because the

boiling point of alvgedihis Aigha O #R8 ERNAN.TLIVEST AR SHCARAR 4RG, g sqipctivity of

acrog%n a acr |IC{:18I19(\;NI|| b owere %le toin remg,nt in parallel reactions successive
reactions. ore, more preferanje Fea tlon IRl Ta 158 %?8%@68 O?E%%‘r%%%d?e is not
limited spetfa i’fitﬁﬁ??? rﬂecfégéﬁﬁl% i‘?ﬂﬂﬁ&t"e‘@ﬁ%‘?é?&a&lﬁﬁ}lléwéﬁlthan 3 atm. Under

higher pressures, wﬁe@lﬁlﬁéeﬁﬁwnﬁﬁ*@’@4@@eﬁé&bﬁd tepusitionisfreable willedromoted by
higher pressurkiso ¢hdt dbeylife afidatalyseivifibbishonteagtteferred embodiment, the alkali

metal is preferably cesium and at least a part of protons in the heteropolyacid is
40  exchanged with cesium. It is also possible to exchange at least a part of protons
in the heteropolyacid with cesium and a part of remaining protons in the



A feed rate of a material gas is preferably 500 to 10,000h-1 in term of the space velocity of GHSV. The
selectivity will be lowered if the GHSV becomes 35 lower than 500h11 due to successive reactions.
On the contrary, if the GHSV exceeds 10,000h11, the conversion will be lowered. The reaction
temperature of the liquid phase reaction is preferably from 150C to 350C. The selectivity will be
spoiled under lower temperatures although the conversion is improved. The reaction pressure is not
limited 404peetalio buicideiseactiamgad he hawiephiftndbessaty unilersa pressutizedsebndidons of 3 atm

to 70 atm. from  dRgBAtenal of glveern is:easily auailghla @doasm SaqueRis sofytien gfglycerin.

Concentraﬁe rltge aqﬂegu Egg&qgn (pglgjxggﬁl&ls 559 gt%a % ye(\é\{e\ghttgn %1959 preferably
10% to 50 Wfﬁ?\: riltratlglréo erln will esu tin suc pro%sgg]jjas production

Wel ht. To
of glycer|n3'§ & o swa%fe reacﬁo% een TS IEANGRG AorSiEh B AW dnd material
glycerin %mtﬁé’éﬁe‘?&PWﬁ?@ﬁ |§0t‘?é%’é‘§§]ai9 pasrsrgRRISHAL THitheggE LM, SRR tthe present
invention \K}Pw B erplafield sh mieheerd Wwigvrepenimg devertsiexalyprid, that tsisnheeamibn should not
be limited toathose ldéseribed in 10following examples. In the following Examples and Comparative
Examples, % meaps mgleud. danpesdaxamplech dbkasiwin saltof duopstopheshhiercacid (CsPW)

was prepa&%@ieﬁaqgéq'&lg 19 IPALAL3 A% Namaly . 29 4 Hﬂ?a%H'IBSfP@QH&e%CiQ £Gi3IPW12040]

nH20Q, abou1 3 & rgnue(iteggnNcl%;ﬁon Ino%nl%qero c grrplcalg 0. L was dlssolved in 20
ml o pure water o O’B inan aq eous SoRtion o (ﬁo%gsp oric acid. tfn a epa gve eaker 7.19¢
of cesium Rt %féiﬂ d CREAY ewa’sﬁ B 310 B S8 5hIf Hiatto obtain an

aqueous SEAtHieN 16f %‘é@énﬁﬂlﬂ?ét@ﬂfelﬁ%éb% §oﬁiﬂéﬁ%ﬁ%§mﬁ1ﬁl%ﬁﬁ¥@9\m§%@3 U stirring

drop-wise By eneanstaiavdtbpgiagefsnd] io theaddae dos salistiopadf snngstepthosipeds atith, White

slurry wasgeneieitaed Rt eveey dipring theleesulting $ludy waktieasethin RetetapoBuanenator under

vacuyan at\?fﬁeﬁoacpﬁﬁr%h@%W&H%%HQ%@&{FB&Q@&V%! %u@@@ﬂﬁ@%%é#@&f&%ﬁxﬂ%ﬂs Inan oven

at amblent Rb Bem-mky %trg\/%lb&i? %?é%‘?ﬁ%? rflreglfmhalr %g efg&% r%ogrs tfyi usmg a Muffle
0

furnace to esium salt tun StOp OI’IC aCI |n | a composmon

a cata
(proportior&Th trﬂ%l‘iearpaf? 6 ﬁo%l}ﬁﬁ%s e n?ﬁﬁgf 3 %ﬁb Samé' # gﬁ?ﬁé‘)‘l H %E: 12040.
30The cat&R}St RO AAIRHERRE S RIPOREP ROSHIR Geifted HAREY Ambe Rishswse ByBassing
material flgwetioougledhe fixextbedve, thThectagtiting catalyst powaerwdsocorhpagteld aind then
crushed. CGrusheid parttiatesiiveseidlesyboiterottarn ipatifeles oaQ ipsl & rlenhed&ticc of the catalyst

granules or particlgs was/paekee intﬁeSLé%z&%@ﬁiiO@eﬂgbﬂe(qam%mfle&%mg to ARi@queous
solution Ofagb/éiﬁﬁ'&(‘&SHPﬁHH?HﬁH&fa%q %ﬁﬁd"’@éefﬁﬁ]%m%’x? fr?ré%aéf"‘fn%g W rgte of 21 g/hr

byapump othaté) %erln as g aq? QQ% The resul nlq ga5| |e?l rin was passed through
the fixed cata(fygt ther with-air Fixe ca?a St B be was hea erature of 260C

to 350C. FLAH gaeﬂaan%mvﬁ%a%ﬁﬁp BEIBE RS %m@ycé 9 - EhaRert © it dhenf WathF = 4.2 : 2.2
8.1 : 85 5. hk\p{Bkeops mpy be metal salts or onium salts. The metal salt may be salt of
tellurium, platinuem, palladium, iron, zirconium, copper, cerium, silver and

aluminum. The onium salts may be amine salts, ammonium salts, phosphonium
salts and sulfonium salts. The metal salt or the onium salt may be prepared from
such materials as nitrates, carbonate, sulfates, acetates, oxides and halides of the
30 metals or of onium but are not limited thereto. A proportion of the metal salt is
0.01 to 60 % by weight, preferably 0.01 to 30 % by weight in term of the metal
salts or the onium salt with respect to the above compound.
As the mostly preferred dehydration catalyst of glycerin, following
composition represented by the general formula (1) is mentioned:
35 Ha, As [X1YeZ50.] » nH,0 (1)
in which
H is hydrogen,
A is at least one cation selected from elements belonging to Group 1 to
Group 16 of the Periodic Table of Elements except H
40 X 1s P or 51,
Y is at least one element selected from the group comprising W, Mo, Ti,



Products were condensed in a condenser and quantitative-analyzed by a gas chromatograph
(GC-4000, a product of GL Science, DB-WAX column). Proportions of products were corrected in
factors from the results of the gas chromatograph to detennine absolute amounts of products to
calculate the 5 conversion (%) of material (the conversion of glycerin), selectivity of objective
substance (the selectivity of acrolein) and the yield of objective substance (the yield of acrolein) from
an amounyef ylyserimiedrarnanrauataiglyceriz rermained and ameaims, of the products by following
equations: The copveraioR Lt MRIREA] scfadnale:aumier abmaierabraagied {(10gmale number of
ce

material supph O‘I;h elgctivity (%) jective,substance = (amole number of obj
substance%gbﬁgﬁgé%n?ofe%%\rfgéﬁfg %tﬁéoﬁﬁ‘%g‘éﬁxqf 1and %brh%ny(/{i]eald ?ASOB}H?

substance’ 2 {E e RUMBESF88  tive 15substance obtained / a mole number of material fed) X 100

0

reacte 0

ective

ective

Results are summ@dzédifl Table I. Example 2 20Procedure of Example 1 was repeated except that
5.44 g of rubidiumtnitrbité PRbNO3)(Mitsuwa Chemicals Co., Ltd.) was used instead of cesium nitrate
(CsNOR3) to prepate<accatalysh(RbPW) of rubidium salt of tungstophosphoric acid having a
composition: E10.5Rh2 5R¥W12040. Reaction and evaluation were also effected und

dition as.2! 1 P FReAt
Zézrge c(;)fnC g I|C ig@egnﬁf%%%% ga%eé%g]gé%?’%'the JOLEAWS gk 9'&%&?&%%58 1‘%?

20)(Walw Pure Chemical Industries, Lt

30instead Bt cesium nitrate (C5NO3) to prepare a catalyst (CaPW) of calcium salt of

tungstophosphorid a&h§

er the

?ﬁxcept that
as used

BEVASE B SR C B Ay SRS BIRE S s 10VeREQBH IR AR BYaluation

were also ¢ffeprthdrigertp s wame cbatiicascELamphoTiabaaianmpie 4 Exarppirseelfitheof Example
1 was repeategrexceptlival Bi@6ogatterric sutthtealiinnonatijaatd (faénd 03)3:9i42@)eNihon Kagaku
Sangyo Ceirddghi) Wasiiagehisiead, ofeoesiimi Ritale {GsNO3)toRERRArE TOR $athbfst can
tung%@ph%%%ﬁe&ﬂ Sheialyst-(E8RMY f calsiim salb oL ingsloph s PIRIGRGIdHAWRg

composition;
Example 1.

20

25

30

35

40

¢tive thaferia ¢ used effectively Dy suppofting 1ve materia
carrier. An amount of the heteropolyacid salt is 5 to 99.9 % by weight,
preferably 5 to 90 % by weight to the weight of the carrier.

In a variation, in place of supporting the compound in which protons in a
heteropolyacid are exchanged with at least one cation selected from elements
belonging to Group 1 to Group 16 of the Periodic Table of Elements, it is possible
to effect such operation that heteropolyacid is applied firstly onto a carrier and
then the exchange with cation is carried out.

The catalyst may have any shape and can be granule or powder. In case
of gas phase reactions, however, it is preferable to molded the catalyst into a
shape of sphere, pellets, cylinder, hollow cylinder, bar or the like optionally with
adding a molding aide or the catalyst is shaped into these configuration together
with carrier and optional auxiliary agents. A size of molded catalyst is for
example 1 to 10 mm for a fix bed and less than 1 mm for a fluidized bed.

The compound used in the present invention can be prepared by known
technique. For example, an aqueous solution of heteropolyacid is prepared
firstly. The aqueous solution of heteropolyacid may be produced after waters in
heteropolyacid contained in a form of adsorptive water and crystal water are
partially or perfectly removed under vacuum or heat-drying. Then, an agueous
solution of halide, carbonate, acetate, nitrate, oxalate, phosphate or sulfate of
metal or onium is added to the aqueous solution of heteropolyacid. From the
resulting product, a solid component is obtained by suitable treatment such as
evaporation-drying, filtering and vacuum-drying. The solid component is
finally fired or calcinated to obtain the catalyst for glycerin dehydration reaction
according to the present invention.

The catalyst according to the present invention used in the glycerin

a

eP 12pdé(gnRgactlon an evaluiltlog were also eff%%egc%nder the sa ?ncondltlon as



Example 5 Procedure of Example 1 was repeated except that 3.57 g of zirconium 5oxychloride, 8
hydrates (ZrOC12 81120) (Wako Pure Chemical Industries, Ltd.) was used instead of cesium nitrate
(CsNO3) to prepare zirconium salt of tungstophosphoric acid (ZrPW) having a composition:
Zr0.75PW12040. Reaction and evaluation were also effected under the same condition as Example 1.
10 Example 6 Procedure of Example 1 was repeated except that 6.34 g of lanthanum nitrate
(La(NO3)3i6midx@yipN aleayPhice hedridak Indubtriestkid.) Wwasusedliostead afcesien 41itsate (CSNO3)
to prepareﬂa&ﬂaaﬂﬂe%@ft%&@%M&@ﬁﬁﬂ%t@ﬁ@%i%&%’%ﬁ%&%ﬁ@mPOS't'On LaPW12040.
Reaction and evalyglop st 5P @J%e%sdcu & g SAngFondiigas bxample Xamp'e 7 20

Procedure o Exam 1 was degeate exc ?}%’ |um Iorlde( ake Pure
Chemical Pndruﬁrle?s ‘fe_lt Was u%%nogtél f%‘?—)?ﬂﬂ? ng R salt of
tungstbph&&prsHalhe Pdll@l W%S&%ﬁhq"%@é}ﬁ%@iﬁ%@%f@WPW% féﬁﬁﬂaé@aluatlon

were also effected eprley i Samedondiieas mgmmealloaxaémd@ gffecteBismmthisalt of
tungstophosptiosic adid (BIRW) iwasaiefareicagbareiing deitiAlidh129t49:and TRe A1r2Q06-110539.
Namely, 56 gt tatngstaphasphoric 30086t (HARWARR40H Mith & 0 =@ hautadr &adial19f Nippon
Inorganic gioky éo@*@m'cﬁgeaa&lwas\ffﬂ?sdaéﬁa%?gdlus?a%g ?eré"set\sV%f@ pifigptain an aqueous
soluti of tungst posﬁi) Qric a CI In a seﬁpartat% eaker, | % |lsmuven|trate % 03)3,
Kishida Chem I ? é mi oFESA) aq%eyous soEI{utCon 0 P addna A19% 63 Of water were
added. Th‘éafé tfﬂ'& é’&{@é 8RR DIBAASTH it s A8 BRRfsdERdeTesaPifg dfdis-wise by
means of &4 BBy RATEID B8 Aguertisdatution aftarigstophosptorkc e, asclisedwiside slurry was
generatedfatidvery drigping.cul atifpefleslitinh shdrrymlasdriet] bybadotaryrevapotiatar, uticer vacuum
at 60 C tofphidinshiteppetvees] el hiseawdeiowas then diigd at IR06furfhiedrs insddammeven at

ambignt PregsHye. Tmﬁhﬁer%a%wa ROVUREE, Wap fired: i aib AL LaliC f0F A DAWS Ry sipg & Mufile

Bivs0a0 A Sl (G br R TRy aalh el Hig IO PIUE R ARG 3ggigpositon:

reac 10n usual general reactors for liquid reactions for solid catalysts can be used.

Since a difference in boiling point between glycerin (290°C) and acrolein and

acrylic acid is big, the reaction is effected preferably at relatively lower
20 temperatures so as to distil out acrolein continuously.

The reaction temperature for producing acrolein and acrylic acid by
dehydration of glycerin in gas phase is effected preferably at a temperature of 450
*Cto200°C. If the temperature is lower than 200° C, the life of catalyst will be
shortened due to polymerization and carbonization of glycerin and of reaction

25 - products because the boiling point of glycerin is high. On the contrary, if the
temperature exceeds 450°C, the selectivity of acrolein and acrylic acid will be
lowered due to increment in parallel reactions and successive reactions.
Therefore, more preferable reaction temperature is 250°C to 350°C. The
pressure is not limited specially but is preferably lower than 5 atm and more

30 preferably lower than 3 atm. Under higher pressures, gasified glycerin will be
re-liquefied and deposition of carbon will be promoted by higher pressure so that
the life of catalyst will be shortened.

A feed rate of a material gas is preferably 500 to 10,000h™ in term of the
space velocity of GHSV. The selectivity will be lowered if the GHSV becomes

35  lower than 500h” due to successive reactions. On the contrary, if the GHSV
exceeds 10,000h™, the conversion will be lowered.

The reaction temperature of the liquid phase reaction is preferably from
150°C to 350°C. The selectivity will be spoiled under lower temperatures
although the conversion is improved. The reaction pressure is not limited

40  specially but the reaction can be carried if necessary under a pressurized
conditions of 3 atm to 70 atm.



In preparation of the cesium salt of heteropoly acid in Example 1, tungstosilicic acid was used instead
of tungstophosphoric acid to prepare cesium salt of tungstosilicic acid (CsSiW). Namely, 50 g of
tungstosilicic acid (a product of Nippon Inorganic 5 Colour & Chemical Co., Ltd.) in place of
tungstophosphoric acid was dissolved in 20 ml of pure water to obtain an aqueous solution of
tungstosilicic acid. In a separate beaker, 7.43 g of cesium nitrate (CsNO3, Kishida Chemical Co., Ltd.)
was dissolved in GOhalnedteaterdd gilptaia i aguious, snlillerohchsinne Niie ukhe Aquaous solution
of cesium M@%% added dundek R TINoHE %%%M&Qmﬁ%?%fx gfﬁPE’énﬁcM‘%' tg the aqueous

solution ofw%sgy Ueis A Wi Sy 138 erfsra}e%a% Ve liRpIngy, &Eﬂfﬁ? liing slurry

was treated in a owder was then

rator under vac tain |te wder
dried at 1608567 €S .ngi‘ﬁcs U R LB s%u%ngﬁe * e PESIRFA B b S ired in ar at
15250 C SRS EsEnR) 2 vRe T AERSt BBtaRT Hedan akedt iaeERpAcdacid (CsPW)
having a cox#isositishicerin. 5CY2bRwe 20w ners Redotbri anecevetuationssvele glgecsffested under
the same éoardidian as Example 1. 20 Comparative Examples 1 to 3 To compare with the salts of

heteropolyacid, hetrrapelyasicsatangwas sisedi1and explualed in miRiCaMpR@iNG ExamRles | to 3, as
oL ape N AR g e,
30, produc%t(')sﬁo% p%)onalmgrganlctj (f]})gu?g?%%l RicAT 5’){ ﬁ.t&}l W(gsrj(()egrl I}g‘ﬁ?ﬁfp %h/Surs in Muffle

furnace at®EH AT 7 Reaction and evaluation were also effected under the same condition as
Example 1, 30Results of these Examples are summarized in Table 1. Table 1 Catalyst Reaction

temperatulEx@o@ilgserin conversion (%)
Example 1
15 Cestum salt of tungstophosphoric acid (CsPW) was prepared according to

JP-A1-4-139149. Namely, 50 g of tungstophosphoric acid (H3[PW204] nH;O, n =
about 30, a product of Nippon Inorganic Colour & Chemical Co., Ltd.) was dissolved in
20 ml of pure water to obtain an aqueous solution of tungstophosphoric acid. In a
separate beaker, 7.19 g of cesium nifrate (CsNOs;, Kishida Chemical Co., Ltd.) was

20 dissolved in 60 m! of water to obtain an aqueous solution of cestum nitrate. The
aqueous solution of cesium nitrate was added under stirring drop-wise by means of a
dropping funel to the aqueous solution of tungstophosphoric acid. White slurry was
generated at every dripping.

The resulting slurry was treated in a rotary evaporator under vacuum at

25 60°C to obtain white powder. This powder was then dried at 150°C for 6 hours
in an oven at ambient pressure. Then, the resulting powder was fired in air at
250°C for 3 hours by using a Muffle furnace to obtain a catalyst (CsPWO) of
cesium salt of tungstophosphoric acid having a composition (proportions in
material, compositions hereinafter have the same meaning): Ho sCsz sPW 2040

30 The catalyst was evaluated in a fixed bed reactor operated under ambient
pressure by passing material flow through the fixed bed.

The resulting catalyst powder was compacted and then crushed.
Crushed particles were sleeved to obtain particles of 9 to 12 mech. 10 cc of the
catalyst granules or particles was packed in a SUS reaction tube {diameter of 10

35  mm).

An aqueous solution of glycerin {(concentration of 20 % by weight) was
fed to an evaporator at a flow rate of 21 g/hr by a pump so that glycerin was
gasified at 300°C. The resulting gasified glycerin was passed through the fixed
catalyst bed together with air. The fixed catalyst bed was heated at a

40  temperature of 260°C to 350°C. Feed gas had following composition in mol %:
glycerin : oxygen : nitrogen : water = 4.2 : 2.2 : 8.1 : 85.5, GHSV was 2445 '\,



Acrolein yield (%) Examplel CsPW 260 100 92.9 2 RbPW 280 100 91.2 3 CaPW 350 78.6 49.8 4
FePW 300 99.0 70.95 ZrPW 350 =~

Products were condensed in a condenser and quantitative-analyzed by a
gas chromatograph (GC-4000, a product of GL Science, DB-WAX column).
Proportions of products were corrected in factors from the results of the gas
chromatograph to determine absolute amounts of products to calculate the

5 conversion (%) of material (the conversion of glycerin), selectivity of objective
substance (the selectivity of acrolein) and the yield of objective substance (the
yield of acrolein) from an amount of glycerin fed, an amount of glvcerin remained
and amounts of the products by following equations:

“The conversion (%) of material = (a mole number of material reacted /

10 a mole number of material supplied) > 100
The selectivity (%) of objective substance = (a mole number of
objective substance obtained / a mole npumber of
material reacted) > 100
The vyield (%)objective substance = (a mole number of objective
15 substance obtained / a mole number of material
fed) X 100
Results are summarized in Table 1.

Example 2
20 Procedure of Example 1 was repeated except that 5.44 g of rubidium

nitrate {RbNO;)(Mitsuwa Chemicals Co., Ltd.) was used instead of cestum nitrate
{CsNO3) to prepare a catalyst (RbPW) of rubidium salt of tungstophosphoric acid
having a COInpOSitiOl’l: Hy sRby sPW12040
Reaction and evaluation were also effected under the same condition as
25  Example 1.

Example 3
Procedure of Example 1 was repeated except that 3.22 g of calcium

chloride, dihydrate (CaCl, 2H,O0)(Wako Pure Chemical Industries, Ltd.) was used
30  instead of cesium nitrate (CsNO3) to prepare a catalyst (CaPW) of calcium salt of
tungstophosphoric acid having a composition: Ca; sRb sPW 204,
Reaction and evaluation were also effected under the same condition as
Example 1.

35 Example 4
Procedure of Example 1 was repeated except that 5.96 g of ferric nitrate

(Il nonahydrate (Fe (NO3); 9H,0) (Nihon Kagaku Sangyo Co., Ltd.} was used
instead of cesinm nitrate (CsNO;) to prepare iron salt of tungstophosphoric acid a
catalyst (FePW) of calcium salt of tungstophosphoric acid having a composition:

40 FGPW1204Q_
Reaction and evaluation were also effected under the same condition as

10



82.560.6 6 LaPW 300 95.0 65.6 7 HfPW 350 84.6 62.1 BiPW 320 85.7 60.9 9 CsSiW 280 100 93.1
Comparative Examplel pw 320

Example 1.

Example 5
Procedure of Example 1 was repeated except that 3.57 g of zirconium
5  oxychloride, 8 hydrates (ZrOCl; 8H,0) (Wako Pure Chemical Industries, Ltd.)
was used instead of cesium nitrate (CsNQOj;) to prepare zirconium salt of
tungstophosphoric acid (ZrPW) having a composition: Zrg 75sPW 1204,
Reaction and evaluation were also effected under the same condition as
Example 1.
10

Example 6
Procedure of Example 1 was repeated except that 6.34 g of lanthanum nitrate

(La(NO3)y 6H,0) (Wako Pure Chemical Industries, Ltd.) was used instead of
cesium nitrate (CsNO;3) to prepare lanthanum salt of tungstophosphoric acid
15 (LaPW) having a composition: LaPW;,04q.
Reaction and evaluation were also effected under the same condition as
Example 1.

Example 7
20 Procedure of Example 1 was repeated except that 3.53 g of hafnium chionde

(HfCls) (Wako Pure Chemical Industries, L.td.) was used instead of cesium nitrate
(CsNO3) to prepare hafnium salt of fungstophosphoric acid (HfPW) having a
composition; Hip7sPW 12040,

Reaction and evaluation were also effected under the same condition as
25  Example 1. ‘

Example 8
Bismuth salt of tungstophosphoric acid (BiPW) was prepared according to

JP-A1-4-139149 and JP-A1-2006-110539. Namely, 50 g of tungstophosphoric
30 acid (Hs[PW,3040] nH:0, n = about 30, a product of Nippon Inorganic Colour &
Chemical Co., Ltd.) was dissolved 1n 20 ml of pure water to obfain an aqueous
sohution of fungstophosphoric acid. In a separate beaker, to 7.69 g of bismuth
nitrate (Bi(NOs;);, Kishida Chemical Co., Ltd.), 28.3 m! of 60% aqueous solution
of nitric acid and 117.6 ml of water were added. The resulting aqueous solution
35  of bismuth nitrate was added under stirring drop-wise by means of a dropping
funel to the agueous solution of tungstophosphoric acid. Yellow white shurry
was generated at every dripping.
The resulting slurry was dried by a rotary evaporator under vacuum at 60
°C to obtain white powder. This powder was then dried at 150°C for 6 hours in
40  an oven at ambient pressure. Then, the resulting powder was fired in air at 250°
C for 3 hours by using a Muffle furnace to obtain a catalyst (BiPW) of bismuth
salt of tungstophosphoric acid having a composition: BiPW 2040,

Example 9

11



74.0 54.8 2 SiW 350 73.4 50.2 PMo 260 91.3 16.3 Example 10 5Powder of cesium salt of
tungstophosphorie acid (Cs2.5H0.5PW12040) (a Product of Nippon Inorganic Colour & Chemical Co.,
Ltd) was fired in air at 250C for 3 hours by using a muffle furnace to obtain a catalyst. The catalyst
was evaluated in a fixed bed reactor operated under ambient pressure in a fixed bed. Namely, the

resulting catalyst po"‘ﬂ%}% %&85%9%?“%9319@&[}& then %r shesk, ZSJHPQ%%Pﬁ{t'EL&%‘g%e1PaSSGd
through S|eve§ fo abtain paft esas%\éln parélc size 0 gro 2.mes d%‘o cc otf th catalyst granules
E%d? Y B (OG5 i
a

or particles was %%S%)fg ’31{?’&%36 ﬁ%ﬁgﬁh mm). %rg)queous Eolution of

glycerin (a cor?(r?l as fed to an evaporator at a flow rate of 21 g/hr by a

pump so that glycerin Nogehsgkifed af%@s%ﬁécr@gtﬂtlﬁﬁ BESIIEl @fy@é‘ﬂﬁ%a@lﬁ%@é‘d through the
fixed catafyst et tto&therwitAL &R T hddixBuriatal9 St MR pehtEd A Yermpessiyrd & 260C to
350C. Feed ga$§ halded faewiRgcEmpusitomingwes sglysenmniotpgeirsiivsgetidwaler £ 6.3 : 4.0 ;
14.9 : 74.8. GBi®V¥raiad&UAS TIH 2RO degiswercagn afyed-arithelc drhensioh (%) bidnaterial (the
conversion of glyceéiia)] thé tohvension o matekiat({glyeesn)cthe seladtivity oftangetistabstances (the
selectivity of aTirleiguantk thehsedactiviteahacnilie acid)anddhe yiald efitangetdsopstances (the yield of
acrolein and the.yiald of aeplinadidavesaisaleualed yihsssamemetand asExamplaide Result is
shown in Tablg2ry was gencrated at every dripping.

The resulting slurry was treated in a rotary evaporator under vacuum at
60°C to obtain white powder. This powder was then dried at 150°C for 6 hours
in an oven at ambient pressure. Then, the resulting powder was fired in air at

15 250°C for 3 hours by using a Muffle furnace to obtain cesium salt of
tungstophosphoric acid {CsPW) having a composition: H; sCsy sPW 7,04,

Reaction and evaluation were also effected under the same condition as

Example 1.

20 Comparative Examples 1 to 3
To compare -with the salts of heteropolyacid, heteropolyacid alone was
used and evaluated.
In Comparative Examples 1 to 3, as heteropoly acid, tungstophosphoric
acid (Ha{PW;,040] nH,0, n = about 30), tungstosilicic acid (Ha[SiW 1204 nH,0,
25 n =about 24) and phosphomolybdic acid {(Hi[PMo1,04] sH,G, n =about 30,
products of Nippon Inorganic Colour & Chemical Co., Ltd) were used and fired
for 3 hours in Muffle furnace at 250°C in air,
Reaction and evaluation were also effected under the same condition as
Example I.
30 Results of these Examples are summarized in Table 1.
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Example 11 50 g of cesium salt of tungstophosphoric acid (Cs2.51-10,5PW:2040 (a 5 product of
Nippon Inorganic Colour & Chemical €o.; Ltd) was added with 80 ml of pure water. In a separate
beaker, 0.008 g of chloroplatinate hexahydrates (TEPtC16 61-E0) (Wake Pure Chemical Industries,
Ltd) was dissolved in 0.5 ml of water to obtain a solution which was then added under stirring dropwise
to a white solution of the cesium salt of tungstoppa%ﬁgtpric acid by using a dropping 10funnel The
resulting slurry was treated in a rotary evaporator under vacuum at 60C to obtain white powder. This
powder was then dried-at I50C for b hours inan oven at ampient pressure. Then, the resulting powder
was fired in air at 250C for 3 hours by using a muifleafititce| toG@ytairira catatyst{Rt-CsPW) of
15platinum-added cesium salt of tu ﬁ&@@ﬁhﬁsphmpgﬁmviﬁ@lavpﬂming cbllc?i osition:
P10.0011i0.5Cs2.5PW12040. Reaction and evaludtion were efféted undef’fie same condition as
Example 10. Result is ﬂéh}%’dli‘ﬂéf-ét Tabte eurngilelz “:m N ,'31 0 g@‘ULET)f‘E)’@Fng‘ll was repeated
except that 0.492 g of+ironnitrate 1o (FetNQ$)3 9H20) (NIHON KAGAKTSANGYO CO.,
LTD.) was used insteadof the-chipropfafpigte hexahyegrates (H2Pig 6 6H20)1g prepare a catalyst of
iron-added salt of tun‘m aElgFe-CsPW)aving a 25zpRposition; 70,0
110.26CS-1.5PW12040: -'onquq,ev?iuati%@vere effectgdsunder thgsgme condition as
Example 10. Result isshownin Tghle 2, Example 13;30Procedurg ¢f EXampls k1 Was repeated
except that 0.488 g of chromium mitratg fagahydrate;fer(NO3)3 9HZD) (WakePyre Ghemical
Industries, Ltd) was used instead ¢t the ghloroplatinatehiexahydrates (HZPtCZb 61-120) to prepare a
catalyst of iron-added salt of tungstophespiyoric acidy§5r-CsPW) hayjng a|composition: Croms
H0.26Cs2.5PW12040. 82Reackized and gyaluation were effected under the same;con dition as Example
10. Result is shown in Taskeifle Example 14 Procedure of Example 11 was repeated except that
0.095 g of ammonium_nitrate (NHANO3Y:#ako Purel&hemical Indddtries| | td)daas used instead of the
chloroplatinate hexahydrates (H2BtC16’8%:1.0) to préfthre a catafsfof 5 ammbrdium-added salt of
tungstophosphoric acid (N144-CsPW) having a composition: NH4 0.08 110.42CS2.5PW12040
Reaction and gvaluatiorowere effected under the same condition as Example 10. Result is shown in

Table 2. 10Example 1§, 4., FrRcRANB Al EXAIRIBIHIAS I6RGRledRXFaRIANALQ 8 g.Of rubidium
nitrate (RbNO%&\/htsu a Che_m#czTI.Co, h:gig Waringsec?é‘! stea(%pfdtﬁe cﬁloEgBL |?at§ 1hexahydrates
(H2PtC16 6H2Y) 8’%%\% FEUCArIF8t Of rBRATN-R0ded S5t SF S0y &obriosphoiit A8 tRb-CsPw)
having a compositigi: 2BRBOg8aE 04268 HEgRYS40. Reaction and evaluation were effected
under the same condition @saExampie: nRedult is Shalweinrdalne 2perated under ambient

pressure in a fixed bed. Namely, the resulting catalyst powder was compacted

D ON =
s )
ppsfiate

10 and then crushed. Crushed particles were passed through sieves to obtain
particles having a particie size of 9 to 12 mesh. 10 cc of the catalyst granules or
particles was packed in a SUS reaction tube (diameter of 20 mm).

An agueous soiution of glycerin (a concentration of 30 % by weight) was
fed to an evaporator at a flow rate of 21 g/hr by a pump so that giycerin was

15 gasified at 300°C. The resulting gasified glycerin was passed through the fixed
catalyst bed together with air.  The fixed catalyst bed was heated at a
temperature of 260°C to 350°C. Feed gas had a following composition in
mol %: glycerin: oxygen: nitrogen: water = 6.3 : 4.0 : 14.9 : 74.8.  GHSV was
2,445 17

20 Products were analyzed and the conversion (%) of material (the
conversion of glycerin), the conversion of material (glycerin), the selectivity of
target substances (the selectivity of acrolein and the selectivity of acrylic acid)
and the yield of target substances (the yield of acrolein and the yield of acrylic
acid) were calculated by the same method as Example 1. = Result is shown in

13



Example 16 20Procedure of Example 11 was repeated except that 1.751 g of telluric (VI) acid
(H6Te03) (Shinko Chemical Co., Ltd.) was used instead of the chloroplatinate hexahydrates (H2PtC16
6E120) to prepare a catalyst of tellurium-added salt of tungstophosphoric acid (Te-CsPW) having a
composition: Te 0.5 H0.5CS2,5PW12040. 25Reaction and evaluation were effected under the same
condition as Example 10. Result is shown in Table 2, Example 17 Procedure of Example 11 was
repeated exce&l%]r?a%'OiZS'g of potassium 30 nitrate (KNO3) (Sigma Aldrich) was used instead of the
chloroplatinate hexahydrates (H2PtC16 61120) to prepare a catalyst of potassium-added salt of
tungstophosplmrigacid (K-CsPW) having a composition: KO.08 110,42CS2,5PWI2040. Reaction

and evaluation were ej‘@e(éte& %gﬁ{ﬂghgaﬁag}e t%%gg% ate%ﬁllgé@ngglg ](%'SB%E;%IF% lsﬁcmndp Table 2. 35

Example 18 rocedure of Example 11 was fe d except that 0.327°g of ammonium
perhenate (NPERREO4) (VIBATERU TSP B ol WL Toe b achar e T latHbte
hexahydrates {E 2R{€ 181 20}t 0! pregsanés abeakaly st 8P Fhenfinslaersadr saktef hemgstéphesphoric acid
(Re-CsPW) ha¥irgr@l conjinsitionkRef081d0.baS2bRWAR 040, was difReiaetian ardevafuation were

effected underhg same,eandition AvrEXRIIPIE A0 nRe stz showp i Tableisplableg fatalyst

Reaction temp\%ﬁ?tteug%lggl)og I(;/P ‘fnl{&lencesium salt of tungstophosphoric acid by using a dropping

10 fumnel.

The resulting slurry was treated in a rotary evaporator under vacuum at
60°C to obtain white powder. This powder was then dried at 150°C for 6 hours
in an oven at ambient pressure.  Then, the resulting powder was fired in air at
250°C for 3 hours by using a muffle furnace to obtain a catalyst (Pt-CsPW) of

15 platinum-added cesium salt of tungstophosphoric acid having a following
composition: Pty oo1Hg sCs2 sPW 12040,
Reaction and evaluation were effected under the same condition as

Example 10. Result is shown in Table 2.

20 Example 12
Procedure of Example i1 was repeated except that 0.492 g of iron nitrate

nonahydrate (Fe{NO;); 9H,0) (NTHON KAGAKU SANGYO CO., LTD.) was
used instead of the chloroplatinate hexahydrates (H;PtClg 6H,0) to prepare a
catalyst of irom-added salt of tungstophospheric acid (Fe-CsPW) having a

25 composition: Feggs He26Cs2sPW,2040.
Reaction and evaluation were effected under the same condition as

Example 10. Result is shown in Tabie 2.

Example 13
30 Procedure of Exampie 11 was repeated except that 0.488 g of chromium

nitrate nonahydrate (Cr(NO3);y 9H,O) {Wako Pure Chemical Industries, Ltd) was
used instead of the chloroplatinate hexahydrates (H.PtClg 6H,O) to prepare a
catalyst of iron-added salt of tungstophosphoric acid (Cr-CsPW) having a
composition: Crgos Hez6Cs2 sPW12040.

35 Reaction and evaluation were effected under the same condition as
Example 10. Result is shown in Table 2.

14



conversion (%) Acrolein yield (%) Acryic acid yield ()/0) Example 10 CsPW 280 99.4 84.2 1.0 11
Pt-CsPW 260 100 74.0 4.6 12 Fe-CsPW300 100 65.8

Example 14
Procedure of Example 11 was repeated except that 0.095 g of ammonium

nitrate (NH,NO;) (Wako Pure Chemical Industries, Lid) was used instead of the
chloroplatinate hexahydrates (H.PtCly 6H-O) to prepare a catalyst of
5 ammoniom-added salt of tungstophosphoric acid (NH;-CsPW) having a
composition: NHz ¢.08 Ho 42Cs9 sPW 12040
Reaction and evaluation were effected under the same condition as
HExample 10. Resulf is shown in Table 2.

10 Example 15
Procedure of Example 11 was repeated except that 0.182 g of rubidium

nitrate (RbNOQO3) (Mitsuwa Chemical Co, Lid) was used instead of the
chloroplatinate hexahydrates (H;PtCly 6H,O) to prepare a catalyst of
rubidium-added salt of tungstophosphoric acid (Rb-CsPW) having a compesition:

15 Rb gos HooCsasPW 12040
Reaction and evaluation were effected under the same condifion as

Example 10. Result is shown in Table 2.

Example 16
20 Procedure of Example 11 was repeated except that 1.751 g of telluric (VI)

acid (HgTeO3) (Shinko Chemical Co., Ltd.) was used instead of the

chloroplatinate hexahydrates (H.PtCly 6H.0) to prepare a catalyst of
tellurium-added salt of tungstophosphoric acid (Te-CsPW) having a composition:

Te .5 HosCsy sPW 12040,

25 Reaction and evaluation were effected under the same condition as

Example 16. Result is shown in Table 2.

Example 17
Procedure of Example 11 was repeated except that 0.125 g of potassium

30  nitrate (KNO3) (Sigma Aldrich) was used instead of the chloroplatinate
hexahydfates {(H:PtCly 6H,0) to prepare a catalyst of poiassium-added salt of
tungstophosphoric acid (K-CsPW) having a composition: Kgog Ho.42Cs2 sPW 12040,

Reaction and evaluation were effected under the same condifion as
Example 10. Result is shown in Table 2.

35

Example 18
Procedure of Example 11 was repeated except that 0.327 g of ammonium
perrhenate (NH:ReQ4) (Mitsuwa Chemical Co, Lid) was used instead of the

15



11.7 13 1Cr-CsPW300 100 61.4 15.2 14 NH4-CsPW F.280 99.8 82.9 1.1 15 Rb-CsPW280 99.9 83.2
1.0 16 Te-CsPW 280 100 47.7 23.4 17 K-CsPW 280 99.9

chloroplatinate hexahydrates (H.PtCl; 6H-.O) to prepare a catalyst of
rheninm-added salt of tungstophosphoric acid (Re-CsPW) having a composition:
Reg s HosCs2.5PW 15044,
Reaction and evaluation were effected under the same condition as
5 Example 10. Result is shown in Table 2.

Table 2
Reaction Glyeerin Acrolein Acryic

Catalyst temperature | conversion yield actd

*C) (%) (%) vield

(%)

Example CsPW 280 990.4 84.2 1.0

104

11| Pt-CsPW 260 100 74.0 4.6
12+ Fe-CsPW 300 100 65.8 11.7
130 Cr-CsPW 300 100 61.4 15.2
14 | NH4-CsPW 280 993 82.9 1.1
15| Rb-CsPW 280 89.9 83.2 1.0

16 | Te-CsPW 280 100 | 477 23.4
17| K-CsPW 280 9.9 87.1 1.1
18 | Re-CsPW 280 100 ‘ 86.2 1.1

Then, experiments were carried out by supporting the cesium
16 tungstophosphate on niobia (niobium oxide). A degree of support was 30 % by
weight.  The degree of support is calculated by following equation:
The degree of support (wit%) = 100 * (weight of cesium
tungstophosphate} / (weight of cesium tungstophosphate + weight of support)

15 Example 19
15 g of cesium salt of tungstophosphoric acid (Cs; sHpsPW12040) (a

product of Nippon Inorganic Colour & Chemical Co., Ltd) was added with 250 ml
of pure water and stirred. Inio the resulting white solution of the cesium
taungstophosphate, 35 g of support of niobia (Mitsui Mining & Smelting Co.,
20  Lid.) and stirred for 2 hours in ambient temperature. The resulting slurry was
dried in a rotary evaporator under vacuum at 60°C to obtain white powder, This
powder was then dried at 150°C for 6 hours in an oven at ambient pressure.

Then, the resulting powder was fired in air at 250°C for 3 hours by using a muffie

16



87.1 1.1 18 Re-CsPW 280 100 86.2 1.1 Then, experiments were carried out by supporting the cesium
10 tungstophosphate on niobia (niobium oxide). A degree of supportwas 30 % by weight. The degree
of support is calculated by following equation: The degree of support (wt%) = 100 * (weight of cesium
tungstophosphate) / (weight of cesium tungstophosphate + weight of support) 15 Example 19 15¢
of cesium salt of tungstophosphoric acid (Cs2.51i0.5PW12040) (a product of Nippon Inorganic Colour
& Chemical Co", 1'td) was added with 250 ml of pure water and stirred. Into the resulting white solution
of the cesium tungstoPfisspiat! B5 BrEappditiss Afbsis Vit MiingrRSHATHPE RS 20 Ltd.) and
stirred for 2 hdixsniplarhbierit ¢euhipe rdtowe. ilNabEsalting slurry was dried in a rotary evaporator under
vacuum at 60C to obtain white powder. This powder was then dried at 150C for 6 hours in an oven at

ambient pressure. Then, the resulting powder Wzi‘%bffé%d in air at 250C for 3 hours by using a muffle

furnace. Reaction-andrevaluationwere-effectechuhder-the-same-condition-as-Example 10. Result
is shown in Table 3. 5Table 3 carrier 1 ReagtigpFlycediemperaturacanyersionspgole n
carrier temperature | conversion yield acid
(°C) (% (%) yield
(%)
Example 19 Nb»Os 300 99.7 84.4 0.6

From the comparison between Examples and Comparative Examples,
followings are observed:
{1y In the production of acrolein by dehydration reaction of glycerin, the yieid
10 of acrolein can be increased remarkably such as higher than 90%, by using
the catalvst according to the present invention, in particular, catalyst
compounds in which proton in heteropolyacid such as PW and SiW is
replaced at least partially by alkali metal such as Cs or Rb.
(2) When heteropolvacid alone (which 1s outside the present invention) was
15 used, the yield of acrolein is such poor as lower than 55% even in the
highest yield of acrolein for PW (tungstophosphoric acid).
(3)  The conversion of glycerin and the yield of acrolein are further increased
by adding a sailt of at least one element belonging to Group 1 to Group 16
of the Periodic Table of Elements, in particular, salts of K, Re to the cation
20 exchanged compound.
(4) The conversion of glycerin and the yield of acrylic acid are further
increased by adding a salt of at least one element belonging to Group 1 to
Group 16 of the Periodic Table of Elements, in particular, salts of Pt, Fe,
Cr and Te.
25 (5) Supported catalyst in which the cation exchanged compound is supported
on carrier such as niobia show similar conversion of givcerin and similar
yield of acrolein even much severer operational conditions to which the

cation exchanged compound is subjected.

17



yield Acryic acid (C)(%) (%) yield (%) Example 19 Nb10530099.7 84.4 0.6 From the
comparison between Examples and Comparative Examples, followings are observed: (1) In the
production of a crolein by dehydration reaction of glycerin, the yield 100of acrolein can be increased
remarkably such as higher than 90%, by using the catalyst according to the present invention, in
particular, catalyst compounds in which proton in heteropolyacid such as PW and SiW is replaced at
least partially by alkali metal such as Cs or RrC{Z2AWigen heteropolyacid alone (which is outside the
present invention) was 15used, the yield of acrolein is such poor as lower than 55% even in the

nighest yigigof 393 ArindenP Y dings P%?é@@?ﬁ%azﬁ‘[gélﬁ) 1hg senvesipn by a%r%wﬂnd the yield
¥

of acrolel e f r mcrease a salt of at least one e’ﬁ t belonging to Hp 1lto

Group_16 of the g&f‘é’"‘i’ﬁbﬁ%afﬁlﬁ’ile ehitS” ' Pafticiiar S 6t KY Re 10 HE Chtigh Ve

protons in a heteropolyacid are exchanged at least parﬁaﬂy with at least one
cation selected from elements belonging to Group 1 to Group 16 of the
Periodic Table of Elements.

{2] The dehydration catalyst of claim 1 for producing acrolein and acrylic acid
10 by a catalytic dehydration reaction of glycerin, comprising mainly a salt or
salts of heteropolyacid, in which protons in said heteropolyacid are
exchanged at least partially with at least one cation selected from elements
belonging to Group 1 to Group 16 of the Periodic Table of Elements, said a
compound is represented by the general formula (1):
15 Ha Ap [X1YeZgOe] * nHO (1)
in which
H is hydrogen,
A is at least one cation selected from elements belonging to Group
I to Group 16 of the Periodic Table of Elements, except H
20 X 1s P or 51,
Y is at least one element selected from the group comprising W, Mo,
Ti.Zr.V.Nb,Ta.Cr.Mn,Fe,Co.Ni,Cu,Zn, Ga.In.Tl, Sn and Pb,
Z is at least one element selected from the group comprising W,
Mo, Ti,Zr, V. Nb, Ta, Cr,Mn,Fe,Co . Ni, Cu,Zn. Ga. In. Tl. Sn and Pb, and
25 a, b, ¢ and d satisfying following ranges:
6<a<9
0<b=<9
0<c<12and
0<d<12
30 ¢ is a number determined by the oxidation numbers of the elements and n is
any positive number.

[3] The catalyst of claim 1 or 2, in which said cation is at least one alkali metal

cation.
35
[4] The catalyst of claim 3, in which said alkali metal is cesium.
{51 The catalyst of any one of claims 1 to 4, in which said compound contains at
least one element selected from the group comprising W, Mo and V.
40
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20exchanged compound. (4) The conversion of glycerin and the yield of acrylic acid are further
increased by adding a salt of at least one element belonging to Group 1 to Group 16 of the Periodic
Table of Elements, in particular, salts of Pt, Fe, Cr and Te. 25(5)Supported catalyst in which the cation
exchanged compound is supported on carrier such as niobia show similar conversion of glycerin and
similar yield of acrolein even much severer operational conditions to which the cation exchanged
compound is subjected. CLAIMS [1]Dehydration catalyst for producing acrolein and acrylic acid by

catalytic depydnatiopaiafetiait Qhglyeerins complising sManlY2.compawd inwhich o profaps in a

heteropolyac:ldl% &(g@@gg@ﬁt I& é@égﬁ%% |cét‘]91 %t Iegs&%%?eca |o[ selectle ﬂf;/ rrr;l f?é?]frézglsyst y

belonging to Gro

claim 1 for prod’uc 9 a%rﬁ&(glﬁpgllg %;ﬁ!:egb?atio%f Qfﬁlﬁcsab‘#wﬁafaﬂ% action of glycerin,
compﬁsmg mainly a salt or salts of heteropolyacid, in which protons in said heteropolyacid are
exchanged At |ddst paiettydvidt ke adt anecsrtion delacstdd fr6rmvdlementsidetonging:td Group 1 to
Group 16 of theiRewedic dahlexatiktements, said a compound is represented by the general formula
(1): 15HaAb [X1YeZdOe] nH20(1) in which H is hydrogen, A is at least one cation selected from

I t 1 he P Al f Iméwt1 cep 20XsPorS,
3?é“egjaiﬁhé’r?eﬁ%%%%Eeﬁéﬁti%i%é%ﬁiﬁﬁ‘%fﬁ% 2 Z}ﬁ%’é?ng%%g o o B s 5, e, Co.

Ni, Cu Zn, Ga, len (ﬂ and’ I—J’)‘E)agn“es}‘a “Z %188 Btie element selected from the group

comprising W, Mo, Ti, Zr, V,Nb, Ta, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, In, T1, Sn and Pb, and 25a, b,
candd sf&%}yiﬁgpr@lmrfgrrmgwlmg@apat@lmst foRry Gk ¢l RglZBidio aml 2dry B0adidabnumber
determined by thé pkidatonrasctibers 6f ghecetemeritsrandmzsdaby positiveprumberdd3) g he catalyst of
claim 1 or 2, inehiehvsaid aatas:isal inastl arecatkaliiroptalieations K bheiaatalyatobekim 3, in which
said pdkali meta ig, CGSINR-16 of the Periodic Table of Elements or onium to a solution of

heteropolyacid, and firing the resulting solid mixture.

[10] The process of claim 9, in which the calcination is carried out under an
atmosphere of air, inert gas or a mixture of oxygen and inert gas.
20
[11] The process of claim 9 or 10, in which calcination is effected at a
temperature of 150 to 900°C for 0.5 to 10 hours.

[12] Use of the catalyst defined in any one of claims 1 to 6 or of the supported

25 catalyst of claim 7 or 8 in production of acrolein or acrylic acid by catalytic
dehydration reaction of glycerin.
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[5] The catalyst of any one of claims 1 to 4, in which said compound contains at least one element
selected from the group comprising W, Mo and V. [6] The catalyst of any one of claims 1 to 5,
containing further another salt of at least one element selected from elements belonging to Group 1 to
Group 16 of the Periodic Table of Elements, in addition to said compound. 5 [7] The supported catalyst
of any one of claims 1 to 6, wherein said compound is supported on a carrier. [8] The supported

catalyst of claim ﬁ%ﬁéﬂeﬁﬁ%@é’aﬁ%ﬁ%ﬁﬁ&ﬁﬁ %Mi@i%%@@ﬁ& |a ceria or alumina.
[9] A process %r Mé yﬁ}f@ﬁw ﬁg@fﬁ ratlon reaction of
glycerin, characterized by the steps gast one metal selected from elements

belonging to the Group 151 to Group 16 of the Periodic Table of Elements or onium to a solution of
heterdpolyacid, and firing the resulting solid mixture. [10] The process of claim 9, in which the
calcination is carried out under an atmosph&B T BiA {iErt gas or a mixture of oxygen and inert gas. 20
[11] The process of claim 9 or 10, in which calcination is effected at a temperature of 150 to 900C for
0.5 to 10 hours. [12] Use of the catalyst defined in any one of claims 1 to 6 or of the supported

25catalyst of clal 8 |n ductlﬁon gg%\a%r?g |n %ilgg l,lf%?élﬂ’(} cata tlc de dratlé eaction of
glycerin. CATA N L ATION
REAIéndN%%fdt%gpmw% H%B’ﬁ@ E?\ @%@A@’ém/&fé@r Catalyst

used in a Proeeds ﬁﬁ%@&&%g%&éiﬁﬁﬁ@ﬁér%élaﬁdoﬁt%G%@Wé}afﬁ%ﬁﬁﬁeﬁ gh#krin to
valuable atheredtraicaktavian dimialdiThe gipdeVinidethidrhtio catabystivohsistspodjryi of a
compoundgosiainingal leaitsoe alanmbnteeleatert ik Maosatvoanskciadvhieth prRiers i the

heteropolyagighgrecexchapasd ab leastipartialiimith &t daastiane cation srigcted from elements
belopging to Group 1 to Group 16 of the Periodic Table of Elements. 15 [No suitable figure]

[No suitable figure]
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