WO 2009/128555PCT/JP2009/057818 SPECIFICATION Title of the Invention 5PROCESS FOR
MANUFACTURING ACROLEIN OR ACRYLIC ACID FROM GLYCERIN Background of the Invention
Field of the invention 10The present invention relates to a process for producing acrolein ancUor
acrylic acid e REesEand, more particularly, to a process for preparingeatrotesnslsydehydration of
glycerol in the presence of a novel catalyst based on salt of heteropolyacid. Description of related art
Fossil resources, such as oil cuts, for the chemical industry will be exhausted in a 15few decades.
Resources of natural and renewable origirbEFLHBRI&IdT HNNnaterials are consequently being studied
more and more. Acrolein, an important synthetic intermediate for the chemical industry is produced
industrially by oxidation, in the gas phase, of propylene via the oxygen in the air in the presence of
catalyst systems based on mixed oxides. Glyide ddnvardifrom animal or 20 vegetable oils in the
production of bio diesel fuels or oleochemicals is one of the routes envisaged as a substitute for
propylene, glycerol being able to produce acrolein when subjected to a catalytic dehydration reaction.

Such arocess mpeRCERSIHEN AR SRR A DA TEOEBNCO & RARSNERpiStAtyithin & more
general context of environment protection. ﬁﬁé %%%g%%eparmg acrylic acid in one step by the
oxydehydration reaction of glycerol in the presenc lar oxygen is disclosed in WO

06/114506. The principle of the method is based on the two consecutive dehydration and oxidation
reactions: CH20OH-CHOH-CH20H CH2=CH- CHO + 2H20 CH2=CH-CHO + 1/2 02 CH2=CH-COOH
30The presence of oxygen serves to caH3cks ofdizgtibryentinstion, following the glycerol dehydration
reaction, leading to the formation of acryllclaeld émm theegligserol in a single step. This method can be
implemgnted in th?l@é%ﬁ?’ﬁl%%"@lﬂ%ﬂb@ VR Goncentrated [kt salutions of
grectlyig é r(}yce(:‘goflgr[gﬁ]le]lH guaﬂ) %§ o

glycerol. Thj oducin lic acid IS particula vantageous
because it i?l%%§ ﬁ??r(ie%‘? i 3r§|ﬁ gg@é&fb? WBW@%/&F ﬂrfé’ﬁ&?eggr&l‘ﬁ%kﬂﬁ atiof

molecular ogb’@%fﬁif%ﬁhetﬁéeSW@ Qf)@gmmmtﬁsﬁmgf?&!&mmdtlon stage. This has many
drawbacks, in particular the reaction in the flrst dehydratlon step risks running out of control by
combustion, and furthermore, when the s | ygen is air, the reactor must be much

larger because of stnraeaaf&@fsa&io&emr&meer tﬁér B&mpﬁﬁesﬁc}%ﬁyﬁé%ﬁ@ﬁé&f glycerolin a

1L} “

Dasce aled ant

two-stgp meihogdl Igpfnp{ %th%f%utlet of the |rst Fg a strean? contalnlng not
only the acrolein pro u e by- pro ucts ut alsoala In%ge quanf%a/ 0 er orlglnatlng partly
from the glyE&t5HLs 159 PR ENter produced by the dehydration reaction. Use of

agueous solutlons%ﬂgl?l@em lmmrsystpwfemmﬂbme’ooﬁmk&ma&donéuﬁffyssspmdmeﬂ sent to
10 the secofdussaiyr byhaigaiie agralei s prisizesk torasyldie acidiie B8 RESANLE ok acalalyst. The
conventiondj eaialyse lardhls antialioneactinate.05naialy eqlde poRaNG ALIcEsL s lemen

selected from Mo, present in

metal form SFESEREE ﬂvklra’fe t}&caPISB?{Jécigo%lfﬂﬁhﬁ‘[éil‘}F 38 %‘ié”ﬁﬂ‘fﬁe’@éﬂ%ﬁ &%?rfgkn%e SPidRSas
molybdenurPiishesslis or Kubpite dos vmam@zqmagtmrarmmmbie to produce acrolein” when
subjected to a catalytic dehydration reaction. Such a process makes it possible to thus

respond to the concept of green chemistry within a more general context of environment
protection.

25 A method for preparing acrylic acid in one step by the oxydehydration reaction of
glycerol in the presence of molecular oxygen is disclosed in WO 06/114506. The principle’
of the method is based on the two consecutive dehydration and oxidation reactions:

CH;OH-CHOH-CH,0H = CH,=CH-CHO + 2H,0
CHy=CH-CHO + %2 O; = CH,=CH-COOH

30 The presence of oxygen serves to carry out an oxidation reaction, following the
glycerol dehydration reaction, leading to the formation of acrylic acid from the glycerol in a
single step. This method can be implemented in the gas phase or the liquid phase, with
concentrated or dilute aqueous solutions of glycerol. This method for producing acrylic acid
directly from glycerol is particularly advantageous because it allows synthesis in a single

35 reactor. lHowever, it is necessary to introduce all the molecular oxygen from the



15 presence of water. This means that the second stage catalyst looses its efficiency and its

mechanical strength rapidly in the presence of the stream of water, making the maintenance of the

method difficult. Moreover, the acrylic acid, produced in a dilute aqueous solution, requires separation

and concentr&folt&raprsihat are generally complicated and fairly costly. NeGagR0esaralgst systems

have already been the subject of studies for the 20dehydration reaction of glycerol to acrolein. A

process 1s KAGWR-HAM Sigkch RREHLERGR dibOlRIeRATDGRGIAICI: oM BNCSOLACqRIING O
east three aci | r

which acid salts having at ctional groups or mixtures of thése salts are used as

catalysts. THEPSFERURA R JIYFeLpRg OutoE srazel by iffREnH i grfbfusihermaes wivhanothe
phosphate, prhrieefimetléradzbesyerads ey e pezstoizensPbefragyndargsr Aecarsting thetheetemehing of the
patent, the Yieldiaitainethyith this type of catalyst is greater than 80%. In US Patent US
2,558,520, the de | jon.i reied out.in dasiiquid phase inthe presence qf djatamaceous
earths iipregnate%ﬁgg%%s %ﬁ%ﬁi&@lﬁﬁﬁsﬂﬁl Ségggr%cil%#ﬁé{%% a%%%%é%sso veer) .")‘S\%acef(gcr)ge of
conversion SFYRER& A &Bﬁ%ﬁ?@fhfzf SHES BSTEGRREORARInE sk thagawlein ppgsedent US
5,387,720 dizd tbebanirducisstar gsodusiag aerolitinobywdenyoingiionad plydeidbm figuitiophake or in
gas phase ajohiRmPa@paeyIRaNhY RieSHREuaNEsRadiaslitealplkstadhatiade sefingey their
Hammett acgiivohSCARMSI ISl BRYe R HAm el acddiy helo, (S andrprelerablichelow -3 These
catalysts correspond, f6r 35 éxample,’to Ratqra or synthetic é?lllcepu_s materials, such-as mordenite,
montmbillo M SHRPLERRE BREES A ASHRIRE, Souirediadesrbr aiddn i prrsnenoid raabifiple
alumina (AlI20®)cenaentinnaldatelFiO Ry duverathiynmawtbasie, ginaslty solidbasivdimiganieaacids;
oxides or mixacexiRasssichasSARMAAWNING GNAHNRDTMiNgdaxiEe saf PelSKORRlyagMs. The use

v

WO 2009/1285 1 of these catalysts would make it possible to sglve the problem
of formation of’??go%égégp%ggzgggﬁ%eéétg lgvﬁithn% _%f%?ro%a%%‘%fon zﬂgpt}fl%% 851%%%?5%%28%% in the

aforementioﬁgﬁa&bﬁ‘ﬁmﬁrﬁf’lﬁﬁ’%ngg@i’bw}ﬁ’d“féufﬂt@i%%l Apprdtisrpevindubios s, the
stronglipacidissswlid 5Eatatiyrstsiloseatiatimn it aciditd stegs trstlystiveSeard efBciave angtiong
catalytic acrt]mgmr' ﬁﬁuﬁ@@i@tﬁﬁﬁfjwmﬂqﬂ'h &Eﬂ&uQﬁr?Jet@t@@;@Isfm@fw, ?&%@%@@&%&{éﬁéﬁauicwy-
However, t e en i eri(g :Ic [.produ ing.acrolein from glycerol generally
lead to the f(gtr‘r%ﬁaéfi&(&)yﬁ?}(% cﬁ%?go@(]ctgsﬁ Sﬁékégzﬂﬁ griyp%ﬂgé%g%%cy%olggn%&é%?/%%é%esgg%%ﬁyde,
acetone, ad&?ﬂﬁﬁeﬁfsaﬂaéwa%m%ﬁ%@ams%ﬁ 49t psipEBHaknsamBlicptetrrASEGRgERYol, cyclic

glycerol ethers, bubNawerpireseladyst spiementatie cdresburkdsnvichsohigiratd fromlithefformhation of
coke opothe dutalysicaindthryeiongitemt its@eastivation. The presence of the by-products in acrolein,

especially propanalfiphae, ROBRSMAIMSIHRRIR A PR B8-S 8RBIRhARIoIRRBAdEAUTes
separation aqd urification steps which lead to high costs for the recover t % puritied acrolein.
Furthermore YHEH 38?8@]}?1%3‘[%5%‘1‘%r"Bfgd‘i?gﬁﬁ5%@%@%1&?6?&%%%?%%&1@6@8@ LRt thay be
oxidized to [rapBesASsthalis diffloei & sepbisite fFommerytisianiof depecitiyty dissiittion. These
impurities thiatpaegratase mbgeeailylecdiharthepiolppfiannlicaioneiheassaieitcpiad yracibyd
dehydrafionf glvgaroh EhfiapRIcARt Q&Hﬁﬂ%@f*}ﬁé HagISIofe. SQUANE A0 IHART QNG %?g%%“oq"on of

acrolein 20from glycerol, by using more selective catalysts that make it possible to o high yields of
acrolein anoc?}tlaél éﬁ/%r%aﬁegﬁﬁﬂﬂt Ver long durations. In the field of catalysts, French Patent FR 2 657
792 discloses a catalst drtfahdral Iotpduialr dimrbydsetinnvisastiton dsrepréssents it Igassioné of the
following elgshentd: itheNBedénddnfGhatMgadesusSeaild BapRpnitbassaly phasiodic 46id &ity, has a value

of 0.1 to 2.05apdzik the: AmakALCkoNYAEN Langed ie e ethsk %?Q}%@Iﬁﬁ@%@éﬁ%@f%ﬁ%ds o

their oxidation state, this catﬁl st bejng combined with a support, chiaracterized by the fact that said
30 15 obtamned under these conditions.

US Patent US 5,387,720 discloses a process for producing acrolein by dehydration

of glycerol in liquid phase or.in gas phase at a temperature ranging up to 340°C, over acidic

solid catalysts that are defined by their Hammett acidity. The catalysts must have a
Hammett acidity below +2 and preferably below -3. These catalysts correspond, for

35  example, to natural or synthetic siliceous materials, such as mordenite, montmorillonite and
acidic zeolites; supports, such as oxides or siliceous materials, for example alumina (ALG,),
titanium oxide (Ti0,), covered by monobasic, dibasic or tribasic inorganic acids; oxides or
mixed oxides such as gamma-alumina, ZnO/ALO; mixed oxide, or heteropolyacids. The use



30 support is a fully impregnable macroporous support having a specific surface area less than or
equal to 1 m2/g, a pore volume between 0.2 and | cm3/g and an average pore diameter greater than
or equal to 1 micron, and that the active material is deposited on the surface of all the pores of said
support, said¥at#lyHE &g in the form of support grains impregnated witPaERFaMIAERE, which have
a size between 0 5 and 10 mm. 35French Patent FR 2 498 475 teaches to use a catalyst support to
which a pho % s,been added hysi Ixing with the catalyst that contains a phosphate,
thus making%%%gsgsl %eal ()S%Bzﬁﬁg@o%ag%h% %)r%catieepnjmo & r:ﬁ% i rr]og cﬁ%)éiét ate ¢ &‘rﬁ]gsﬁ%g?%%f the

catalyst in tRECHPSS85RsAteH Miterhe ine Rbasnbain tyrocoibors sssadiod i shoafrarmsrsieacitobutyric
acid and oxyigerment BRI620(93/058221 discloses a process for producing acrolein by dehydration

reaction of glyceriningasmphastihirE ISR RbRcweshssedasRRONdaRIE Galplyst. The
heteropplyagi, a,ihose, of GIoup. elemen sidh s Lungeigsilicic, 5 acid, unastophosprionc acid and
phosphomo? icacid. Sfﬁnese eferopotlpac?lds are suppor%lé on bi-e ements por Siic§ Cartier and
produce acroetheselNiRiicaraBsirfigirsrodiannlrinend are feytrsiad stvavekhis effected without
oxidation gas but ubivgvityaheratigsmrasooanisdaging sethebdapokitiprodicagardivdiefisa seriously
and hence thgteris agprekigym Iéﬁéieﬂ@f\ﬁéatigﬁdﬁiﬁm%ﬁﬁ}%%@ﬁcéc‘%ﬂbty AQdplassleciyiyalthe
catalysis. Tsua&ggg eﬁ al. I%Eo]% tion oafca roelelnaér(ﬂg% % ycerol over tsmca-?l{é)pgrte hete[opoly
acid" CATAPPETE \ N)(07: % vof:.'%xzl no. 9, . uR/r \ pep 1348135 0, and Chai et al.,
"Sustaffabl@PrsaRlaRAtoradrobiRs g4t BhaselcRyehatiseraly ceigolt 181npRpRBd photic
acid supportedyervziadi2 aouipdinBd Ocichs RighNiC BEaiv BT RYmueobd 02088, qoptid8atd93ndnd Chai et
al., "Sustainglefio ditH Ok QfcachiolRin PreRaAloman ¢ £ hay A ISHFalion Af ZireRMASIPRAIT
12-tungusto r%ogé)g@%: cid 8gtaI§st for0 as %%%sesd%r%y%gtlson a%fl t%lxcg{.ogém g’.PLIE rg:ATe LYST A:
GENERAL, XoF >3, 0 e@%p?l 5% |sapse at'silica oreﬁrconla-suppor ed He eroﬁ%fr acid is
effective as SRABAQR S pmerdigR Atas 0bigk deag to high W@@G@B/@ST@@%’,"'&(%@P@W&@ uced to
preventidegzaddtion birthercatalyshen she gasiphascisepoibriof glygbeincid) IMOROPEIBREDRIE, the

catalyst possessingdhe REiskirRR0lb plopiohf a2itomh8 is agacuAMatistrf 3RJid agiticataiysts such
as phosphogé: g(:lialcfﬁz,ircorgijlasﬁhlca]}“i)on/ | k%asb siulfuriﬁ.gscigllgtirgoeni% 35 turé%ﬁtegéféirgo%% He éjs?d in
Examples angt_ﬁe _ ig%st erF OF acrofein of 74ub was obtaine v%é% uﬁrgs ated Zircomia 8atalyst was

used. HRERASo oL the asiplein prodvsrddm dshviatiorioEglargehle at higher performance. Inventors
of this application TaveApitera Canganphasubizeftvessivghie 30ppoeb bmpradekfonnef teatleiorolein and

acrylicacid gamhgyeepsluesdiahpighvislibhvbsnaisall ahhatarepopmsice i Whish RigonsiA a

heteropolyagi : ially with at jeast ion selected f t
bgIg;%ﬁ’r?gyf(‘)Sgﬁ};g%l@%%%%%ﬁ%@%ﬁ R A%%‘?E e FaNRN ﬁgﬁc{e%%ec 13 elements.

iodic_Table of Elements, and complet is Invention. An
object of thi$ R

a1 %fdlﬁ&@%spﬂﬁé@%%f E?Bﬁﬁbfﬂ&%&%?ﬁ%ﬁ@@%&@ﬁ@ acid from glycerin
that is a material nbtedeptesenfsanigstraie afithaf@lbighgidddeuhinbsy K, REKis, deg|Osube is
characterized by foliavg features (1) to (16) taken separately or in combination: (1)Process for

preparg%g aqrolein?xag%%%gg@@ thcgglﬁerin, carried out in the presence of a catalyst comprising as a
main component, at least one compound’in which protons in a heteropolyacid are exchanged at least

partially with at lea%P8he iR deldeiéd 78t elements belonging to Group 1 to Group 16 of the
Periodic Table of Eléntemamount of oxygen bonded to the other elements and that corresponds to their

oxidation state,
this catalyst being combined with a support, characterized by the fact that said

30  support is a fully impregnable macroporous support having a specific surface area less than
or equal to 1 m*/g, a pore volume between 0.2 and 1 cm’/g and an average pore diameter
greater than or equal to 1 micron, and that the active material is deposited on the surface of
all the pores of said support, said catalyst being in the form of support grains impregnated
with active material, which have a size between 0.5 and 10 mm.

35 French Patent FR 2 498 475 teaches to use a catalyst support to which a
phosphate has been added by physical mixing with the catalyst that contains a
phosphate, thus making it possible to partly solve the problem of extraction of
phosphate during the use of the catalyst in the preparation of methacrylic acid from



(2)The salt of heteropolyacid is represented by the general foitula (1): Ha Ab [XlIYcZdOe] nH20(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 hydrogen, X is P or Si, Y is at least one
element sele&@RP8EERE group comprising W, Mo, Ti, Zr, V, Nb, Ta, Cr, RtE/Fes@e578lEs Cu, Zn, Ga,
In, TI, 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, Gu, Zn, Ga, In, Tl, Sn and Pb, and a, b, ¢ and d being in following ranges:
0<a<90 ésgb}l%’rac<agl< ?ﬁgﬁ%’%%'d <12 e is a number determined by the oxidation numbers of
the elements and W& ARYHBEHA7 rilisshrscrirfcipeapes0)febpsepuriomg e ieiufmbdebydratermmolecules
in the catalysta¢8)Fhefcetyoeris at lgastorecalialhenpiedaritons [XEhpalkabimeateliascesiynd (5)The
heteropolyagidda At teropaly Acid:GanIgiaia atisastans; sleme Bl SRAC S oM e QiR comprising
W, Mo ag1d V. {si)'tl'he progess in Wh‘_li%h ano&heﬁ?cgggpo%ng fat leas %%a element sélected from .
elements bel6nging o &Eouﬁ)ﬁ%rgrods FROPHEIPEMS IO PELIS B El e IS R ORYARSHARon to said
salts of hetetBRRAVES @1 PyTHERREN PoiEe Sikigib prrdliohaad amoduc@Frhdwatalystis drep&@d by a
method coniphisidghyy titéostepsctib addintyecspipion oy leastenaimatbbselectdifiopasipaments
belonging touﬁ?@g@ﬁ?t‘b%ént@tgﬁwQslgaﬁimggs‘?rﬁgdfﬁa-{%l@ O BIeTERISHALORUTLLQ .5Qlylign of

i ixture. (9) The calcination is carried out under an
atmosphore BFaloIert B8 of R ENSr Bl PR REARre L T HE o AEGAR e at
tempertfturesefeetipity ebtheabS%o 10 hours.

Tsukida et al. “Production of acrolein from glycerol over silica-supported
heteropoly acid” CATALYSIS COMMUNICATIONS, vol. 8, no. 9, 21 July 2007, pp
1349-1353 , and Chai et al, “Sustainable production of acrolein: gas phase
dehydration of glycerol over 12-tungustophosphotic acid . supported on ZrQ, and

15 . Si0,”, GREEN CHEMISTRY, vol.10, 2008, pp.1087-1093, and Chai et al,
“Sustainable production of acrolein: preparation and characterization of zirconia-
supported 12-tungustophosphotic acid catalyst for gas phase dehydration of glycerol”
APPLIED CATALYST A: GENERAL, vol. 353, 2009, pp.213-222 disclose that silica
or zirconia-supported heteropoly acid is effective as a catalyst for dehydration of

2

20 glycerol
In WO2006/087083, oxygen is introduced to prevent degradation of the
catalyst in the gas-phase reaction of giycerin. In WO2006/087084, the catalyst
possessing the acid strength of HO of -9 to -18 is used. A variety of solid acid
catalysts such as phosphoric acid/zirconia, Nafion/silica, sulfuric acid/zirconia,
25  tungsten/zirconia are used in Examples and the highest yield of acrolein of 74% was
obtained when tungstated zirconia catalyst was used. o
However, there is no catalyst usable in the industrial scale at higher
performance.
Inventors of this application have made a variety of studies to solve the
30  problems and found that acrolein and acrylic acid can be produced at high yield by
using salt of heteropolyacid, in which protons in a 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, and completed this invention.
An object of this invention is to provide a process for producing acrolein and
35  acrylic acid from glycerin that is a material not derived from petroleum, at a high
yield.



(11) The process is effected in the presence of molecular oxygen. (12) The process is effected in the
presence of a gas containing propylene. (13) The process is performed in a reactor of the plate heat
exchanger type or in a fixed bed reactor or in a fluidized bed type reactor or in a circulating fluidized
bed or in a moving bed (14) The resulting acrolein prepared by the process according to this invention
can be further oxidized to produce acrylic acid. (15) A process for preparing acrylic acid from glycerol
comprises a first step of the dehydration reactigglﬁglg%écerol to acrolein, in which an intermediate step
of partial condepsation. of the water and heavy by-pro s issuing from the dehydration step is
implemented. (%ﬁ'h&lfﬁlé)éélég déc%??gctt%rltﬂ?girﬁ%n#ﬁ?géﬂ% tREEh AlbIfwEtCde A step of
ammoaxiaiortdiy auroletomabacayionitrile, so that the resulting acrolein prepared by present invention
is utilized gfffectimelyess forpRpPErasPRGL LS Iadruides hetserhthesatehstdefinglabeve in
preparation of ag{oleégtolr gtcg}(/)lic a%glssi’gnby geh}/rgrﬁtion of Iéc rin[. lDetscri|gtion of the-_P.refeﬁr.erg
Embodiments hé 3&%y ration ca?afi/sf1 acgord?%n 0 this inverstion s uggﬁ?ﬁudqed}'n%r‘gbc of
glycerin to prodtEAerEleint sirgonetyReia itk anehesgndridelsastompdinerith whishsh e satioha
heteropolyacid ssk:exchanges b daasbelaniady withatjeasioneeatinn seipetee o elampeats
belonging to Greyp 1. to Group 16 of the Periodic Table of Elements. The heteropolyacid is known
and have a variety structures such as Keggin type, Dawson type and Anderson type and possess
generally&lch HighsHbrGnEF WelyRE s 505 BsdP B erreridiidtnEisropolyacid are also
included in the present inventidd, Ay [Kh&irZacidic métaDsalt of eleménis belonging to Group 1 to
Group 16 of the, Pegripdic Table of Elements is used in the present invention. The salt may be salts of
sodium, potassium, rubjdium, cesium, magnesium, calcium, strontium, barium, scandium, yttrium,
lanthanide, titanium, zir }ﬁd“rﬁd??a%ﬁﬂam chromium, manganese, rhenium, iron, ruthenium, osmium,
cobalt, nickel, palladium’ pratihigasicopperisiversigotdd ZAinengaldoranth &kilumg gerteatiumptin, lead,
bismuth and teldrigrauphes ¥¥ehAQ(d2RSPARCIL PRINOHVY8LR aRirp-salts of heteropolyacid acid
may be amine salts, amynonjum salts, phosphonium salts and sulfonium salts. The dehydration
catalyst for producing acrolein‘and "acrylic acid from glycerin according to the present invention
comprises preferably a $alt ¢t $aft oF5 ¢leteraporiaeietdraprises ardenstonpreiBTaent diacted from
a group comprisingZW WIsieutaVCr, ManBQiTaolybdenun agd anhtungsigniharrpoxoacid in water and
the resulting oxoacids pgl ri I id [ olecular weight. Tal}‘c)e
polymerization r_oceecﬁ? r%lgtl%r%% i?ﬁ%r%?é%%%&ﬁ%%?%xc%ﬁjg e%%ﬂ‘slg With other k%‘&g of
oxoacids. Heter%fpcﬁ&ayidwé’ a PolyAcMbdssdseinmyipbynteiedr struditire b BRd i By ¢dndessation of
more than two kindisl dfesnighrofaacidm pAmagem that forms a center oxoacid is called as
"hetero-atom”,)while atgms forging 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, 15 boron, a(?u?nli)nﬁré, germanium, titanium, zirconium, cerium and chromium. Among them,
phosphorus and silicon&re pretérablé. The poly-atoms may be molybdenum, tungsten, vanadium,
niobium and tantalum. Anang them, molybdenum and tungsten are preferable. Salt forms of the
heteropolyacids are used.in this invention as,glycerin dehydration catglyst, The heterppolyacid may be
tungstophosph(?rfg aacxllél%qun(asg%%ﬁ |E§%i%(#p%}8§% Ig%gﬁlﬁéﬁrﬁgﬁd%ﬁf lselﬂb%}‘trfo dic acid. The
heteropolyacid thay Bevarfpity ¢ oovivend gpedompisitgnshpephion s orshieoh eis ehetatero-atom
and molybdenumadachtungsteit asiig4poly-atoms, a mixed coordinate type of molybdenum and
tungsten mix%gecggtrgine}gealéyl%% S(Eorgggﬁi(régit rég‘ﬁtggha})nd vanadium, or a mixed coordinate type
comprisig%\]/ana lum and tungsten. 35 In a preferre em%'odiment, the glycerin dehydration catalyst
accordin thigli}?\/%‘ﬁﬁé‘n“é%tﬁéié‘%sc?ﬁ&}ﬁ}y of a compound in which at least a part of protons in the
heteropofyacid iBhexdhanggehiyithidt Isast dreecatiotyotialkal metaln I het alkalitmetal islpreferably

cesium. This ty@gg&ggrg%ggmg@gg? E@Iﬁ#}{%i it 19 pradiice acrolein and acrylic acid at high
yield. SOIC?a pregtﬁrred embodiment, at least a part of protons in the heteropolyacid is exchanged with

cesium atd a pAfoPI8RSAMIAG %?%e%&@%%ﬁ B M st lesde pisdidig ith at
least one cationchatenttsdbebm @legnientsrbetohdingto@rdapot tbeGtenipdié ofbhe Hekitaieitable of

Elements other ithag.aasi4auilidis yRGigIxerun fRBMdRIND.catalYst also is effective to produce
acrolein and ac%lig g%aﬁcsitdigtsgi hO}/é%lpb Rgs(,:ig;%réce to water is improved by exchanging part of
protons contained in the ‘neteropofyaci with' 881, so that the life of catalyst is improved in

comparidén to cOrfespEmiihghaterppsl deids thietized intrademsin gvderibelwtes Tie abihpand used in
the present invenlioncapthe piepased Bicd@siRcted from elements belonging to the Group 1

5



WO 20091128555PCT1JP2009/057818 technique. For example, an aqueous solution of
heteropolyacid is prepared firstly. If necessary, water contained in the heteropolyacid in a form of
adsorption water and/or crystalline water can be removed partially or perfectly under vacuum or by
heat drying to prepare the aqueous solution of heteropolyacid. To the aqueous solution of 5

heteropolyacid, @n@ggeus seiutian pEhalide eaRogate; aceiate. Hitrigx@late sPReRRNatE or

sulfate of metal.or onium is added, From a resulting mixture, a solid component is separated by
suitable treatmaHt AP RS 68%83&%% it Hénﬁn?ﬂ}gcﬁbﬁ“ﬁﬁling. The resulting solid
compondft is fiddity firkd mtsalcimatadriedminthéccatalystfosglyosrin ey divtiongsaction
according to thefxesenb Binuentiand ineARamount of cation to be exchanged in the aqueous
solution ineral salt is determined.in such a manner that an.electric charge.of.cation to he added
becomes {e@ual o'or éggsnﬁ%aonnalr? eﬁefg r%gﬂcﬁgr%et%? eé%%%%r%%é%%nﬁ%r?@oregxg%p%}egmgﬁ a cation
with charges ofou8-added to a heteropolyanion with charges of 3-, the cation 15 is added in an
amount gqual torae Ipss-thhanskeidialenthe hehaiarogehsaanaligaa cation with charges of 3+ is
added to g ietergpalyanian wilheharass ol :J06.cllgn,isAdded I an AmeunLegual to or less than |
equivaler{ttt the heteropolyanion. When a plﬁra ity of cations is Inro uge%r, amounts of respective
cations drE’deterhfiraGRssUEHPATARARITSY that tRactStap BIRG ERd G SRETEREHORP 2 THECBMesS
equal to or lessfihad andetestticrohaige dhithifvdtbrapolyaniartdl-an amouicefamadquedis:golution of
inorganic sail or,a PEERALANQEte,eation(s) to be exchanged with protons become excessive, the
activity of catalyst is spoiled, the yields of acrolein and acrylic acid are lowered, or the life of catalyst is
hortened Athe FAG-ASSY BEHATHY G REBRESA I IEIN B3 TS YR AR 28" g Aibn
reaction may béinfartbmnwfidittest anprydiide ochydra@din fact, they can be used after pretreatment of
firing and vacuumARdng %M@%%E&?H@%Ime%id frob G KRIGDALGH FAR QE.CRFEEd QUL nuglr or under
inert gas such as H'tcri?gte]cr}h f}egg{pogn ai%rllgi%n or nder qn.atmos Qe e of mixed gé?s of OX geF and inert
gas, usually in a furnace Buch4s Mu fe fhace, ?o%ﬁﬁ?ﬁﬂz HhidiEd SR RIRAE .lﬁ't)?psé of the
furnace is not lifftédlsseadeRs i calcifiorrtein 4l efeetrd erenidugieastivn gubethatie used for
the glycerin dehydradionseaatiprisThefidpgiesaperature is usual 150 to 900C, preferably 200 to 800C
and more preferahly, 200,40 OOG e salpination s sontnuedsualy far A3 e 0.hows I 2
variation, th glycerﬁ] de%y_ ration catalyst according to t?)ls‘ invention 35 contains farther aeftpleast one
compound of el@mEATBRABHEIHE TG RATBIEHD Braeh rebrive PRribictirasrs BB A fitddition to

the salt of heterppplyacidyTihesompound oh élemiitsdoeifugingl to Group 1 to Group 16 of the
Periodic Table of Element may be metal salts or onium salts. The metal saltmay be salt of tellurium,

WO 2009/128555 P8¢/ It 0t 7818 pREANIART pRIfRadRfn O frdhe zrebiitn debhsdr, BsimDsilver and
aluminurpr &rheatniumisaits Iraybe ayliveasadtbyateinairatinsalfs phasphonium 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 metals or of onium 5 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 heteropolyacid salt. The mostly preferred
dehydration catalyst of glycerin is a compound having following composition represented by the
general formula (1): 10Ha Ah [X,YeZdOe] nH20(1) in which I-I is hydrogen, A is at least one
cation selected from elements belonging to Group | to Group 16 of the Periodic Table of Elements
except hydrogen, 15X is P or Si, 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, Ti, 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, Ti, Sn
and Pb, and a, b, c and d being 20in following ranges:



0<a<90<b<90<c<12and0<d<12 25 eis a number determined by the oxidation numbers of
the elements, and n is any positive number (including 0) corresponding to a number of water
molecules in the catalyst. In the glycerin dehydration catalyst according to this invention, the above
compound can be supported on a carrier ("supported catalyst"). Examples of the 30 carrier are silica,
diatomaceous earth, alumina, silica alumina, silica magnesia, zirconia, titania, magnesia, zeolite,

silicon carbide and carbon. Thepaialystsppflie-ueReFladRLadRsigcarrier or a. complex or mixture
of at least two catriers, By supporting the active. material in carrier, active compgonents can be used
effectively. An aﬁlguﬁh&%ﬁaégﬁ%tgﬁgaggﬁla%? Oggel]t% %" ;(t)ﬁ‘ﬂ)bn%e%g}%le}i%kﬁc@felpeé%%%%%8?%_35by
weight toSHEHEIgiR BFYHBGaATERIen e dendifAcid sRe compsringamPesnshbundisiwhich
protons ipafeterdpolyacichprdaxthangad vith gt deast onre satiaiiselestedfmemelameantsdelonging
to GroupgL1ig.(GHOWR 188 Reriadic.[ablg oG RIemenis. & i5p053h iodi
2009/128555PCT/JF%20609/057§18 effe%:txﬂgjg opergzion thtatit i&eﬁ?péﬁ/g%?ﬁg 5%%I?egafkl)rl§tlf/)%nto a
carrier ar%ffmﬁ”tﬁe exchange with cation is carried out. The catalyst may have any shape and can
be granule or pdkdenetarcastyet gassphase reastiohsyhawemear! it ispreferablaitd nmeld theeatalyst

into a sh@péeeg)fzsm%ﬁ, & Religis, ylidem hoprwagylinder.Rarer the ik Qptipnalywit.agding a
molding aide.. The catalyst %)e haped into Age%? ve-configurations together with carrier and
optional %ﬁ%ﬁﬁlétrf %ﬁﬁtg@%g Oltﬁe'&%zitﬁfi}gp dy ;i‘/%t%f?%??%"l‘ 1%%% oP éfi‘ﬁhié?éllﬁ 1#mm for a
fixed bedbagrd®f iessntian. 1 mm for a fluidized bed. The dehydration reaction of glycerin according to

this invention carmbg GRIHRAMEDULIN BasRdsaOLIJigUIgPhasEAN thgygasHpase iscrtgferable.
The gas phase.eacion 5o 08 STIEA ulin ANanel Ol reaclors suchasfifeg bed fulfized bed.
circulating ﬁUI ized bed and movin Bed, g\mong tﬁem,%enﬁf‘e ed and the' flidizea’Bed Gre
preferablf? R&genBPATTHGE c AN S HEN SEBHBGtal Bineidedr iAsiddithe reLREMTheeasiatyst is
regenerageshidi ain Oy irioxygRntbanidining asmorAR o Bidragen wentairiag gas. hasase:sd liquid
phase reaci g l.type ctors jquid ti for soli lysts can be used. Since a
sl e R e T e e e
reaction E&Hre&80 pratbitBly Betbnt e BFIEF Y8 pEtadfed B satdarni Jsiisisiin ditinuously,
20The reaction temperature for producing acrolein and acrylic acid by dehydration of glycerin in gas
phase is effected preferably at a temperature of 450C to 200 C. If the temperature is lower than 2000
C, the life of catalyst will be shortened due to polymerization and to carbonization of glycerin and of
reaction products because the boiling point of glycerin is high. On the contrary, if the 25 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 250C to 350C.
The pressure is not limited specially but is preferably lower than 5 atm and more preferably lower than
3 atm. Under higher pressures, gasified glycerin will be re-liquefied and deposition of 30 carbon will
be promoted by higher pressure so that the life of catalyst will be shortened. A feed rate of a reactant
gas is preferably 500 to 10,000111 in term of the space velocity of GHSV (gas hourly space velocity).
If the GEISV becomes lower than 500111, the selectivity will be lowered due to successive
reactions. On the contrary, 35 if the GHSV exceeds 10,000111, the conversion will be lowered.

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

Ga



WO 2009/128555PCT/JP2009/057818 reaction can be carried, if necessary, under a pressurized
condition of 3 atm to 70 atm. The material of glycerin is easily available in a form of aqueous
solution of glycerin. Concentration of the aqueous solution of glycerin is from 5 % to 90 % by weight
and more pref?3@BRY/ 1395 to 50 % by weight. Too higher concentration of B Eifeaet il #esult in such
problems as production of glycerin ethers or undesirable reaction between the resulting acrolein or
acrylic acid g, Hateyial deqiifsHl i e enaley At isnatessa togasly glvcern s
increased. Thg process according to the present invention is effected’preferably in the presence of
molecular oRVGSADTHER-SER & m&3/%e in a form of air or in a 10 form of a mixture of gasses
containing moleculBhosyhedratine ertedpsicts pmduyengredudes timifecmyditorcaf fromglicodmpounds
SUCI:I as phenloaii Hy1prodieCtp euen awmmaléemflﬁﬁs@mpa@ﬁ%@yoragqmw 0>§¥E§0I%n0ne-b
In the proce ' 100, th a 0.gantain.gas such as nitrogen, argon, carbon
NP i i MR R R D A N A
presence of%‘bﬁg%gntaining propylene. In fact, the process according to the present invention is
advantageously caleisdoduniyibde prasandeodftangsictidnrgas isseétl ifromtan exidetoreafigngpylene to

acrolein. ThisxeeaediohgRsHe-gRNesalyraMixéus Bforeacidasieh P PYIsReuRORAgHpItialy presented
in the propy ' , 0 oxvaen, C By products such as agrylic acid, acid
or the like. F&g@gg& I%gﬁé’)é@ﬂée% Ep%rgc?ﬁgg%mﬁ%?ﬁ@%ﬁgf%%ﬁﬁ%é’r%ﬁgﬁ}‘{%}%%:gzse{}sg fé% p%tr Srmed in a

reactor Of thE 158 h QAP &R anF& Se i ds A LSRR B UTSHRSIRE PP bafniBIFMEmselves
circulation chbiatedd thiacoadepsntivn afcaatysthathiste &bl ogfysab meracadvadtagestinttetms of heat

exchange, apsaniateckitéh bighdigaikexsinanas capredyatdhis, whildhisdRe RreRetenisprRIgicularly

suitable for. ' ty i ig reactions,.or.for su ing heat,in the
Ctareup phe R 8 B e o

makes it po2iiR eithieleMHER BHAB JBBY the SRRt PRI RS e PR Ee S8lBMiEQRrKPBMbient with
the cird@latibesia slmiakehgrgmdidnin tiersysierir chindupiates ivay dnd assembied irimonoigles, which
givcles greatemaf, fehiliyruvhetenas fegargscliseasize @HF%&W@E@%HW??}&EQ@W@MHE f
replacemen - it or rac the invention are, for
example, thé%éag}g&%%@ﬁgg?%@%@u%gn%%%}%gS%nggﬁngr é%@ %40?}%3(5? H'Ehné ?:%cg%[?(g%tfe\l}vhich is
incorporatedy Pé‘?% f‘é‘. ThaSe PEMRPE AP8 DEIFERRSIRPEIStaBIE BFA iR atAIS i ERNRRsA of
reaction meélcesn sipdoificainngeaiebiss rebbeidreteregiclysoch maitHss eungstbrhtsphoms enidnvention.
The plate heahgstebanger uset] fosibephreRskaine ohf{methircralaiprndmBHiackyig acidm catalytic
oxidation of ¢ ot | /[ may alsq.he WO
2009/12855?%5-‘;::691(5é{gg%éc&)%s;;/&c{)ﬁs§ S%qu?a i{éﬁﬁ%‘é@’rﬁ%&g%@@g §é€:%?§ rr%p ﬁogﬁ?f’?‘.%’v%ﬁ?ﬁﬁa‘gg,ﬂfﬁe
resulting acfofeif Brepae B?fjtﬁéob’r% AU, Ang HABSIE AR TR BABGRAIRER e MIFFLF REaIBEE to
produce acriiReatidnmvhsaarren dpststimenmited reagdiattet ppesarmimicingsnnasproeeds for 5
preparing acryisdaniil o mglyeé il anptisivgadisbsiapoiihedahydiationgeagtion of glycerol to

acroleiss in which af infREREREERIsmALARI iR sandensalianalibs walkanddeaing iy piaducts
issuing from. the dem/dratlon stegxglli}émglemente . In fact, the presence of'water in thg d,e%ratlon

reactor serves 1 proniote tie 25 JiEHAMARAD IFAKGh 3o AR3 R PR A AP & R fiGation of
the dehydraheteregolagiyds cHeRapascewdt fortsyash os iprjiargfie keld frotnl g Ybersikednmatelcome the
drawbacks @ priefemadtizoctsiuvhile BHawingethsyaseiofdbilierause vasasplutinnasak glygarmhibat
enhance the,dehygdralign s gi%mi'lﬁggg}gigponomical. The solution provided by the invention

constit%es an optirpizatio et ee%{)ﬁe uantity, of water fed to the first st dehydration reactor and
the quantity of water %E?B%ﬁ%"é?g Ao tHeH tsé@éﬁ%ﬁsfbﬁ%%%ﬂ%%ﬂ%%tﬁ%ﬁ@%ﬁ%‘ﬁ‘gdﬁsists in at
least partly ESABERESHgYIHE \FatEHPrasém inarecdirearaiiogirmydions the tehhaterime bxaddion of the
aqueous glyeerbisgidtinrgist praviaitthethenoedss agecaaialysiénsd ring demstivatrioiggdapidly, on
tne one hangh, 2hedp RrRYbUR RODH MG 0M YA B LA beid IRACUE.N igother
20More pre?sely 't e lates,to a m

resent invention r hod for preparing acrylic acid from an aqueous
solution of giyBer ?%%%‘pﬁ%?ﬁg rzf\ltflffgt %?éagsgf'c?éﬁ@/dfa?_%ﬁcw ﬁqé‘%ﬂﬁfgﬁﬁeﬁ%&? [8ifPEafBd B ut in the
gas pheie iftie Préigheickt a Ramsiananip uvaler dspiagsevebobbetsrdangiagdpsmbat ardasecond
step of oxidabaratfedhdnatrelbitctomadpdiddsitthinsshial) an ihiernmedifie stepabansisiingrsval least

partly condegsiagieiviies BBFAGRRARY Rt RIPONEIRABRR N IHE RHAD M ASSHUGEqM the firs
dehydration step |531 plemented, The eﬁr%ﬁsmn at Ieaﬁ}par{gﬂcondensmg means_ that 20% to 95%,
n |

preferably 40% to /o,cgflfﬁguv?/gtéﬁsfﬁie i BTSSR ARY FRLR G ABNP e FRATSE PYs KIMBDed in the

intermediate step before being sent to the second stage reactor.
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The process according to this invention can be used advantageously in 30following second step of
ammoxidation of acrolein to acrylonitrile, so that the resulting acro kin prepared by present invention is
utilized effectively. Now, the present invention will be explained in detail with referring illustrative
examples bubtfigiNERIon should not be limited to those described in 35&ABVRRE E&ERIBles. In the
following Examples and Comparative Examples, % means mole %. WO

2009/12855 B2 ) Cesi alt of tun tophos 0, sPW) was |
prepared aC%(I‘%)lrg(;j;ll-réggl to%%?g ﬁébgl%gaﬁamgﬁysgwm %J;il%ge%s (g\ ga(ﬁorlc g(ﬁé[%\ﬁfﬁ&o 0] nH20, n
= about 30, ¥ {rétiGé ‘B’PWpﬁ%’rﬁ@ﬁSﬁg‘&rﬁE@kﬂ@ﬂ?@ Rttt mL‘tQW\?&SPG}%dWéﬁrlﬁ@@ml of pure

5 water to ebyaialincagueausaohitioand tadgstophdg phoerdsidy nadse paratertheakery hdA g of

cesium mtraigr{ﬁgs%qse;b%ﬁ@tﬂa £fueBYEab fufiok 168 H\é@ér&ify%?%\é@@ i Sennkghwaietda.ARIANY an
aqueoug sohul%grn gf ym nltrate The aﬁ%'eousts% Lit&)n of gesiy nltrate was added under stirring

a1 &
drop-wise by me a blroIl ﬂg Fiunnel to the aqueous sGIUTon oF tdhg: a%opﬁ%éﬁ?%rﬁ:"ﬁ%ﬁ?f *White
slurry was

pprigl ?mﬁélrégamﬁgegurﬁrmétréat i RIFSHEy 8vigdisrator
under vacu unnaioﬁi@ﬁtt tes dstamwthlia/pmwdbte Thistpentenviassthenpdiadoat dbaagfofifidraigs in an

oven at amhigntRERSHHE~THEN THhe f@ssum{g &QYHdé‘Jﬁ&ﬁ%%Eﬁ@qs'rﬁﬁHlﬁl %5&?&9%§1&9H{§é3b6u$'n9 a
muffle furna 19 o%%mcgtcfatet\lyf

stophosphoric acid havin
composmon pro?ortlons In %aterlalg%erelna%tegﬁ%%’rrﬁpf)esﬁ?togh ha%ct%8 Ve md&n ﬁ’fﬁf At
1-10.5% 2. BEXRA! The catalyst was evaluated in a fixed bed reactor operated under ambient
pressure in a fixed/beambiar elfsdtieresbitieg datagyest jpobdenues cerpaatast afiddhd naiushed.

Crushed paaté@éeﬁxweaema@ﬁdatmw sigYemtelebiaindia 'el%$ bavino:s RariglesizeQhRio 12
mesh. 10 cc of tp%cat % ranule artﬁcles W ? Oh%%l in a SU reactlon iube diameter of 10

mm) queous SO U'[IOI’] (0] g?ycer n fa cen ra 1on 0195813}&1’50 Wel xam ed‘f“o %n evaporator

at a flow rat@&P?le?chB?réeﬁlﬁ’rf] S8 ﬁf&@lﬁﬁ&lhﬁﬁ%@@éﬁ%@a‘mb%ﬁgﬁé ‘P@éuiﬂﬁ@ eRti9fed
glyceritbwasspadded! threnghntbmenfixepidatalyst bed thgettieegithadént Tioe theehetaiapydihednyvas heated

at a temperaigen of 26Q6n t@ied cﬁm@s 6?@@ 929 0 a0l MIBG SOPRASHIQRN SRS Qs ralycerin:
oxygen: mtrg}%en yaler= d% (? GHSV was 2 445 h Product were ¢ densed in

a condenser an quantltatlve ana ze amgmgs gﬂroma?o rapﬁ progl ot of &uﬁvéuence -4000,

DB-WAX colPﬁFﬁFﬂp‘FiVéﬁ&’t’iong"BF’br%dﬁE‘f%lWlér%fcﬁY@&%dﬁﬁ‘T%{B formrtesfitesrerd gas
chromatographons 30 e distierminedabbs shgte mmounts digprddusitaiiebalridatkatiye odntersivivf®o) of

materiab(th%M@QQ&D&QB{CEEQ)h&%ﬁ@ﬁ%@%ﬁﬁﬁi@%tﬂéhﬁé‘?&ﬁoﬁ%ﬁ‘ﬂe%\@ﬁya@ﬁ&ﬁ@em) and
the yield of tgrget %&%@?B%@C‘Eoﬁiﬂ% leld ol ro'?c'”lzﬁj 0,0 a@%"%’?ﬁ"f ‘éSﬁ{ n feﬁo{i‘g amoé%‘: of
a ol

glycerin remained amounts of the products by | Iowin ations: e conversion (%) of

material = 15 PUEEAOIY HAAMRIPBY MEHRMS FRAEISH PaHoRFHYRbO! GRS SHpHREe)t
selectivity (pbisaljectivisinuisstantdie 400 41alrwteedumbtredifardentlystansbobtaided / a mole

number of materiahﬁac&eﬁ)yWQé’&QalagS%SB@T/@;@;?Qgglgﬁ%ﬁﬂlgnThgéael%(%p@bjggfeé%ﬁubstance
T AR LR SIS R AL AR LPHORIRER R RECH o shown

in Table 1. 5 Exgl
can be used after pretreatment of firing and vacuum drying or without pretreatment.

The calcination can be carried out in air or under inert gas such as nitrogen,
helium and argon or under an atmosphere of mixed gas of oxygen and inert gas,
usually in a furnace such as muffle furnace, rotary kiln, fluidized bed furnace. Type

30 of the furnace is not limited specially. The calcination can be effected even in a
reaction tube that is used for the glycerin dehydration reaction. The firing
temperature is usual 150 to 900°C, preferably 200 to 800°C and more preferably 200
to 600°C. The calcination is-continued usually for 0.5 to 10 hours.

In a variation, the glycerin dehydration catalyst according to this invention

35  contains further at least one compound of element belonging to Group 1 to Group 16
of the Periodic Table of Element in addition to the salt of heteropolyacid. The
compound of elements belonging to Group 1 te Group 16 of the Periodic Table of
Element may be metal salts or onium salts. The metal salt'may be salt of tellurium,



Procedure of Example 1 was repeated except that 5.44 g of rubidium nitrate (RbNO3)(Mitsuwa
Chemicals Co., Ltd) was used instead of the cesium nitrate (CsNO3) to prepare a catalyst of rubidium
salt of tungstophosphoric acid (RbPW) having a composition: H0,5Rb2.5PW12040. 10Reaction and
evaluation w&¥e effeousdsander the same condition as Example 1. Examplec3/srzoo9Rsagsdure of
Example 1 was repeated except that 3.22 g of calcium chloride, dihydrate (CaCl2 2H20)(Wako Pure
Chemical Indlu tries, Ltd sed instead of the 15 cesium nitrate (CSNO atalyst of

, S u ).to prepare
calcium saltpoﬁﬁlﬁlégs’t&p%hgég‘ﬁ%fiérggfd Z(lé%olg\l)ﬂlhaﬁﬂﬁgeé’ c%%%c%itl%lr?:e&aaﬂ. ﬁbﬁfﬂ%& Ragggtion and

evaluation ETEHELE MK ST IS PAE S ATAMON WS Sikhn Haosproninm | ealts 200 rsenienyf
Example 1 walssre pElatethanteplithat 5196 guhfewic nitratbd Hy¢enadisates(fel (ND)A191420) (Nihon

Kagaku Sangye{e®- chidd yues usediinsteadpfeesivmirate FeNQD R REepater UT salhof

tungstophosphoric acjd.a catalyst (FePW) of calcium_ salt of tungsiophosphori id having a
composgltior?:P lEe%Wfi %f‘ﬁi{éﬁfé%ar%v %\93%&?&0\5@8 gﬁé%ﬂgﬁfh%a(zwh@ sﬁcgr?% nditfotas
Example |. 2safszahly8-81 to 3y dstitie B Erdripeot hasmeind saits oxcdsteRis. sAtgWitlyirconium
oxychloride mstathydraths (Er&6H2 1820 %41W/ako Pure Chemical Industries, Ltd) was used instead of

the cesium nitrate §GaNRR) ;9@9&_&%é%%%%%am&m}ggpm&s@mrmﬁjgm&%ﬁ ving a
composition; %rOWZSPW120 %.Reactlon argdd%/a%atlon welr? e ?Jtz(g under the same condition as
Example 1. E’xé’mﬁﬂé 6 PRoCERIrE BFEXAMDIEM Weager%eﬁga a4Eke ? that 6.34 g of lanthanum nitrate
35 (LaNO3)3 61-120) (Wako PlrddRerhiéafPidduatiél; Ltd) was usedlihstead of the cesium nitrate
(CsNO3) to pregatrd lanthanum salt of tungstophosphoric acid (LaPW) having a composition:
LaPW12040. Reactipn.andgvalyation were effected under the same condition as Example 1. WO

2009/128555PCT/JPzgoa{o'ff?gl’BnExaﬁrggle zelc eﬁr%coedug x%f Etxsa le I.wast re%eated e>§cept that
3.53 g of hathium cﬁforlde ( ELA)) f\/\fa 0 Pure &themlcé?lncfus fles, 8?%&3% use rﬁ’%@eéd of the

cesium nitra¥EERNOSS teshsrigrtirelhinighFElanestsungsriphelprstic acid (HfPW) having a

~ composition: WO75R\ViEIP@4®iReaction and evaluation were effected under the same condition as
Example I. 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, T1, 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 a, b, ¢ and d being
20  in following ranges:
0<a<9
0<b<9
0<c<12and
0<d<i2
25 e is a number determined by the oxidation numbers of the elements, and
n is any positive number (including 0) corresponding to a number of water molecules
in the catalyst.
In the glycerin dehydration catalyst according to this invention, the above
compound can be supported on a carrier (“supported catalyst”). Examples of the
30 carrier are silica, diatomaceous earth, alumina, silica alumina, silica magnesia,
zirconia, titania, magnesia, zeolite, silicon carbide and carbon. The catalyst can be
supported on a single carrier or a complex or mixture of at least two carriers. By
supporting the active material in carrier, active components can be used effectively.
An amount of the heteropolyacid salt is 5 to 200 % by weight, preferably 5 to 150 %
35 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
belenging to Group 1 to Group 16 of the Periodic Table of Elements, it is possible to



Example 8 10Bismuth salt of tungstophosphoric acid (BiPW) was prepared according to JP-Al-
4-139149 and JP-A1-2006-110539. Namely, 50 g of tungstophosphoric acid (H3[PW12040] nH20, n =
about 30, product of Nippon Inorganic Colour & Chemical Co., Ltd) was dissolved in 20 ml of pure
water to obtaWCet&¢fdeEas solution of tungstophosphoric acid. In a separB{&/JBHIEH05288 ml of 60%
aqueous solution of nitric acid and 117.6 ml of water 15 were added to 7.09 g of bismuth nitrate

(Bi(NO3)3, éﬁa&da&bswﬁm&%h&ttﬂa&@sor@ﬁe NG AFHRQFSPIY IS RIGMUN MRS, Was added

under stlrrlneq(qlg WIS }éaq}ggt@ss{%r% o% ping funne othe agueous solution of tungstophosphoric

acid. Yellow Whlte urr Was generate ?ever dropp The resulting slurry was dried by a rotary

evaporator under JM%’FBB’@YZWW SBYaﬁkf%ﬁl?é‘ 6 ? EFARU oW AR WSS thR s Rsef 88950C for 6
hours in an pvse atatibisnbprescurat Brerfthd lesultmddtwdetalys fireddrsbapatoZ508efer 3 hours

by using a pelidesfUEHRsEEt0 RPlRIR %;qmaafstb@t laiﬁwéthﬁe@ltdgftwmowwmﬂg acidJRiRYV) having

a composmgrzi eBll%%lg%p sg?@an)% n’g% gd int pf prgg‘eeraglo of th g Ges) (lfj% aIt %Etrﬁeterogolyamd in
Example 1, tungstosmc:lc %atid Was Usediinstea prepare cesium salt of

tung orlc aci
tungstosilicRACRP{C & AHX NiaRAgest-q E;Pﬁm’@é?sénmea%a TRYodaEE of RABHEK HeFgdhfetcolour &
30 Chemicah@mpletd)twd$ dissbdredfinziObml afidwidevatdato lotmaifoan dopidized bedution of
tungstosilicic acid ﬁﬁ@&ﬁp&f@ﬂ%ﬂ@@@d@bi&&%@éﬁﬁﬁmrﬁmgtﬁ:(@M@@edﬁ@ﬂigﬁagé%ﬁﬁé& Co., Ltd)
was dlegolvggltln S\g égga&er é l{[% a%%gottﬁ% %Iutl%gsgf icesmprggfateTThe agqueous solution
of cesium nitrate ed under t|rr| dgrop -wise b ans ofsaFcFo pping funnelg?o t?1e agueous

solution of §S?&H§§t6§ﬂlaﬁ aaﬂeé\m%*elarmfég Qéﬁ%ﬁ‘ﬁf@ﬂg Seebersy SrspdRg: Muidiacd Rsdulting slurry
was treatedcimcalatingy Buapeedtdrednaiet vacvung bed0CAmobgaithevhjtéhsolixiet. Hdvisauahwvder was then

dried at I50@fnfifehopes iararp%fhateamh@g&efsﬁsurefTJaemyghecaasuktiw&&@tﬁ%wﬁiefised in air at
250C for 3 hou WO 2009 555P8T£IJP2009/057 %Slusm%g Muffle fur ace ':%obtaln cesium

cat 18 re enerat 0 ~-C
salt of tungsto CIC aC|o?I1 haV| a co osmon W00, 0F?eac it evaluation

were effectél SHdERERR %%f?fﬂ%‘ﬁ&ﬁcﬁﬁén alg eﬁa?nsfeirqSIem%aﬁeete;aamareg garmel typgg
compare withattersafts didaterepdivasidphetdidpolpdrits atenewaseubeSand avditigredee in In

Comparativedirainpiest Iotvieets 1oterap obvacid) twpstaphas niarc psith (3{R¥WAA84RQ]ME 20, n =
about 30), tynoslos| &hclé‘%géﬂéé Wé%%ﬁ?]él'?@&%? roavt?é)“{e%&aﬁ%%%@ FPhom Aé&ﬂ'cﬁ cid

(H3[PMo0I2040] nH20, n , products of Nippon-Inorganic Colour & Chemical td) were
used and fikdHEBEeRRHIUNIRLY-3 hours in muffle furnace. Reaction and evaluation were effected
under #e same cobitiowansiExampiectatTehldor 1sradatihst Reabtion erhpesatlice @€jd by

dehydration of glycerin in gas phase is effected preferably at a temperature of 450°C
to 200°C. If the temperature is lower than 200°C, the life of catalyst will be
shortened due to polymerization and to carbonization of glycerin and of reaction
products because the boiling point of glycerin is high. On the contrary, if the

25 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 preferably lower than 3 atm.
Under higher pressures, gasified glycerin will be re-liguefied and deposition of

30 carbon will be promoted by higher pressure so that the life of catalyst will be
shortened.

A feed rate of a reactant gas is preferably 500 to 10,000h™ in term of the space
velocity of GHSV (gas hourly space velocity). If the GHSV becomes lower than
500h°, the selectivity will be lowered due to successive reactions. On the contrary,

35 if the GHSV exceeds I0,000h'l,, 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 specially but the

10



Glycerin conversion (%) Acrolein yield (%) Example 1 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

WO 2009/128555 PCT/EPZO09/057818

reaction can be carried, if necessary, under a pressurized condition of 3 atm to 70 atm.
The material of glycerin is easily available in a form of aqueous solution of
glycerin. Concentration of the aqueous solution of glycerin is from 5 % to 90 % by
weight and more preferably 10 % to 50 % by weight. Too higher concentration of
§ glycerin will result in such problems as production of glycerin ethers or undesirable
reaction between the resulting acrolein or acrylic acid and material glycerin. Still
more, the energy that is necessary to gasify glycerin is increased.
The process according to the present invention is effected preferably in the
presence of molecular oxygen. The molecular oxygen may be in a form of air or in a
10 form of a mixture of gasses containing molecular oxygen. The presence of oxygen
reduces the formation of aromatic compounds such as phenol and by-products such
as propanaldehyde and acetone or from hydroxypropanone.
In the process of the invention, the reactant gas may also contain gas such as
nitrogen, argon, carbon dioxide, sulfur dioxide.
15 The process according to the present invention can be effected in the presence
of a gas containing propylene. In fact, the process according to the present invention
18 advantageously carried out in the presence of a reaction gas issued from an
oxidation of propylene to acrolein. This reaction gas is generally a mixture of non-
reacted propylene, propane initially presented in the propylene, inert gas, water
20  vapour, oxygen, CO, CO;, by products such as acrylic acid, acid or the like.
According to one particular embodiment of the invention, the process is performed in
a reactor of the plate heat exchanger type. This reactor consists of plates forming between
themselves circulation channels that can contain a catalyst. This technology has many
advantages in terms of heat exchange, associated with high heat exchange capacity. Thus,
25  this type of reactor is particularly suitable for removing heat easily in the case of exothermic
reactions, or for supplying heat in the start-up phases of reactions or in-the case of
endothermic reactions. More particularly, this reactor makes it possible either to heat or to
cool the catalyst. The heat exchange is particularly efficient with the circulation of a heat-
exchange fluid in the system. The plates may be assembled in modules, which gives greater
30 flexibility, whether as regards the size of the reactor, its maintenance or the replacement of
the catalyst. Systems that may be suitable for the process of the invention are, for example,
the reactors described in documents EP 995 491 or EP 1 147 807, the content of which is

incorporated by reference.
These reactors are particularly suitable for the catalytic conversion of reaction media,
35  specifically gaseous reaction media, such as those used in the present invention. The plate
heat exchanger used for the preparation of (meth)acrolein or (meth)acrylic acid via catalytic
oxidation of C3 or C4 precursors, described in document US 2005/0020851, may also be

11



ZrPW 350 82.5 60.6 6 LaPW 300 95.0 65.6 7 HfPW 350 84.6 62.1 8 BiPW 320 85.7 60.9 CsSiW 280
100 93.1 Comparative Example 1 ow '

WO 2009/128555 PCTP2009/057818

suitable for the process according to this invention.

The resulting acrolein prepared by the process according to this invention can
be further oxidized to produce acrylic acid.

In a preferred embodiment according to the present invention, a process for
5 preparing acrylic acid from glycerol comprising a first step of the dehydration
- reaction of glycerol to acrolein, in which an intermediate step of partial condensation
of the water and heavy by-products issuing from the dehydration step is implemented.
In féct, the presence of water in the dehydration reactor serves to promote the gas
phase giycerol dehydration reaction by limiting the deactivation of the dehydration

10  catalyst. This process for synthesizing acrylic acid from glycerol can overcome the
drawbacks of prior methods, while allowing the use of dilute aqueous solutions of
glycerol that enhance the dehydration reaction while being economical. The solution
provided by the invention constitutes an optimization between the quantity of water
fed to the first stage dehydration reactor and the quantity of water introduced into the

15  second stage oxidation reactor. The solution consists in at least partly condensing
the water present in the stream issuing from the dehydration reaction of the aqueous
glycerol solution, to prevent the second stage catalyst from being deactivated too
rapidly, on the one hand, and to prevent the acrylic acid solution produced from
being too dilute, on the other.

20 More precisely, the present invention relates io a method for preparing acrylic acid
from an aqueous solution of glycerol, comprising a first step of dehydration of the glycerol
to acrolein, carried out in the gas phase in the presence of a catalyst and under a pressure of
between 1 and 5 bar, and a second step of oxidation of the acrolein to acrylic acid, in which
an intermediate step, consisting in at least partly condensing the water and heavy by-

25  products present in the stream issuing from the first dehydration step is implemented. The
expression at least partly condensing means that 20% to 95%, preferably 40% to 90%, of the
water present in the stream issuing from the first step is removed in the intermediate step
before being sent to the second stage reactor.

The process according to this invention can be used advantageously in

30 following second step of ammoxidation of acrolein to acrylonitrile, so that the
resulting acrolein prepared by present invention is utilized effectively.

Now, the present invention will be explained in detail with referring
illustrative examples but this invention should not be limited to those described in

35 following examples. In the following Examples and Comparative Examples, %
means mole %.

12



320 74.0 54.8 SiW 350 73.4 50.2 3 PMo 260 91.3 16.3 Example 10 This example was made to
show that acrolein can be produced without adding oxygen by the process according to the present
invention. 20In the example, a tubular reactor consisting of a tube 85 cm long and with an inside
diameter of WRAMPARE358d to perform the glycerol dehydration reaction iR€F&IPRYO/ 257818
2009/128555PCT/JP2009/057818 gas phase at atmospheric pressure. This reactor is placed in a

heated cha@QgﬁlﬂlQiptained at the reaction temperature, which is 30C. The catalyst was ground and
pelletized to obtain particles of 0.5 to 1.0 mm. 10 m| of catalyst are loaded into the reactor to form a

catalytic bed 35 cmt&HY™HIE Hdbngrianbsrharivard (e A ss PsRarshaerriegde Pl dminutes
before introdd2id§-thdlamale i@ . Tok tagstophusphied witd 4H:48Vacs0s lsolgnnconibining2@% by
weight of glyeeantes ENGRen feegdenrskupiklenpithcal 1R aquerHatiGeIAlsalulippaYAPOriZed in
the heaged chambeTiRNA AR RBRS ST B Salalvab.The acaipd,contagt g wap,ghout 2.9
sec. The duration o?a cata St iest was about / Iours, WhIC corre:spondss?o About 80'mi 16 of
aqueous glﬁe?ﬁlgﬂdﬁgﬁep@%o&éf}ﬂ% Ehemyet! ARerrtdctighdisalyrddnde Mot sriei8ed in a
trap refrigerabédnvithagueshe dabios ainpisis rof thmveff (éntsquevescalletiacop erxivhc alyafeoraach
sample collagtien uhR fawNasiBeH KRBy Artha Qﬁﬁ‘@&ﬂﬁ)ﬁ‘n?fmw%ntﬁ\éaé‘qﬁaﬁﬁe%ﬁmgﬂ%@ the

reactor to p it. The frap af.: e‘ﬁ%%gt r outlet was then replaced, the nitrogen flow was stopped and
the reactor vvéaggsiépﬁ%%%%r&%%era osf/i\lllo reagent g?ggyﬁsfggﬁﬁlt%ed until appreciable

deactiV8tion of the dAERFSIRE SIEY ot Wsais b aTRIaRY, FHaPRTalPmsRden MAFEHBCE Bhisring and
leaving wastmebisinethitthistwalbowEtis pnask:balantetodredetel MihEdoSimilauty, ithenpreenicts

formed wergranabised f¥sshrompked! aRb Yeshih iy pes @ oRaY IS WVEI R PeHfesmad for 3 hours
by using a muffle furnace to obtain a catalyst (CsPW) of cesium salt of
tungstophosphoric acid having a compaosition (proportions in materials; hereinafter,

15 composition has the same meaning); Hg sCsy sPW 3040,

The catalyst was evaluated in a fixed bed reactor operated under ambient
pressure in a fixed bed. Namely, the resulting catalyst powder was compacted and
then crushed. Crushed particles were passed through sieves to obtain particles
having a particle size of 9 to 12 mesh. 10 cc of the catalyst granules or particles was

20 packed mn a SUS reaction tube (diameter of 10 mm).

An agueous solution of glycerin (a 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 temperature of 260°C to

25 350°C. Feed gas had a following composition in mol %: glycerin: oxygen: nitrogen:
water = 4.2 : 2.2 : 8.1 : 85.5. GHSV was 2,445 h. _

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

30  determine absolute amounts of products to calculate the conversion (%) of material
(the conversion of glycerin), the selectivity of target substance (the selectivity of
acrolein) and the yield of target substance (the yield of acrolein) from an amount of
glycerin fed, an amount of glycerin remained and amounts of the products by
following equations:

35 The conversion (%) of material = 100 * (a mole number of material reacted /

a mole number of material supplied)
The selectivity (%) of objective substance = 100 * (a mole number of target

substance obtained / a mole number of material reacted)

13



20 - an analysis by chromatography on a filled column (FFAP column 2 m118") on a Carlo Erba
chromatograph equipped with a TCD detector. The quantitative analysis was performed with an
external standard (2-butanone); an analysis by chromatography on a capillary column (FFAP
column 50 Mm@ BAEEENR an HP6890 chromatograph equipped with an REET@R6teHIBith the same
samples stored at -15C. The first method was particularly suitable for rapid analysis of the

products, and espesgiall fl lein, L he se t g& as used.to have a more precise
analysis of all the ri%t%ﬁ&gyﬁ%r@(ﬁ%:@%%%%%g%anﬁzgﬁ%% % %@%errboggﬁrr%erngagatr%npcﬁy after
silylation were performed to confirm tﬁggélpggdlt%.nﬁﬂeﬁﬁglb%ﬁéé‘?é‘ﬂﬂ@ tified were the unreacted
glycerol, thekasndiasrshormmeth diaiithé. by-products such as hydroxypropanone, acetaldehyde,
propanaldehyde, acetone and phenol. In the example, the glycerol conversion, the acrolein
selectivity apgd P2§l¥iglds of the various products were defined as follows: 35glycerol conversion (%) =
100 number of moles of glycerol remaining/number of moles (gfglycerol introduced; acrolein

yield (%) = number!dPRIE SEdrammlotasdansalrb ex 6Fphahas SrigiyeafaubiddceitEaty O
2009/12855RdE2dis1057 81 Beavwisin(sele dtidity wis) ust00instentieo Dfthwlessofracroteire

produced/nggiden of faqiespalaly canalyeaste s biila ACEIANS FOR AYISAORARONE i ielyvas calculated
as for the a%qjglig Xigé%f?&ﬁ{fg%?%ds?& iekdv(,% = 2/3 number of moles of acetaldehyde
€ es o

produced/number of males ycero _|r%t?odu‘éed.°'phenol ield (%) = 2 number of moles of phenol
produc@d/number%F?ﬁﬂ%%%’l"ﬂ??’@@fﬁ“ﬁﬂrﬁ&ﬂ%ég?cmd undgr the FaBASAREHEWETESSaPls Imolar

percentages relative to the glycerol 10introduced. The catalyst used was cesium salt of
phosphotunggiigsieid Cs2.5H0.5PW12040 available on market (a product of Nippon Inorganic Colour

& Chemical Co., Ltt%x‘ %% ’le(%§§g§%’|%f ti]e catalyst was loaded, int reactor..The suzlés are
summarized in Tab e02 (ﬁow: 15Ta % S?nﬁgflﬁ/\{\é g{ffggpgl‘ |nqr§d%]2§(§do?53%ci%ﬁ%irl f’GcheroI
conversion gl\—)hydrate (CaCly 2H,0)(Wako Pure Chemical Tndustries, Ltd) was used instead of the
15 cesium nitrate (CsNO3) to prepare a catalyst of calcium salt of tungstophosphoric
acid (CaPW) having a composition: Ca; sPW2040. '

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

Example 4
20 Procedure of Example 1 was repeated except that 5.96 g of ferric nitrate (1)

nonahydrate (Fe (NG3); 9H;0) (Nihon Kagaku Sangyo Co., Ltd) was used instead of
cesium nitrate (CsNO3) to prepare iron salt of tungstophosphoric acid a catalyst
(FePW) of calcium salt of tungstophosphoric acid having a composition: FePW ;04
Reaction and evaluation were effected under the same condition as Example 1.
25 |
Example §

Procedure of Example 1 was repeated except that 3.57 g of zirconium
oxychloride octahiydrates (ZrOCl, 8H,0) {Wako Pure Chemical Industries, Ltd) was
used instead of the cesium nitrate (CsNOs3) to prepare zirconium salt of

30 tungstophosphoric acid (ZrPW) having a composition: Zrg7sPW 1204,
Reaction and evaluation were effected under the same condition as Example 1.

Example 6
Procedure of Example | was repeated except that 6.34 g of lanthanum nitrate
35 (La(NOj); 6H,0) (Wako Pure Chemical Industries, Ltd) was used instead of the cesium
nitrate (CsNOs) to prepare lanthanum salt of tungstophosphoric acid (LaPW) having a
composition: LaPW204q,

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

14



56 49 42 57 Acrolein yield 39.4 39.5 32.3 27.8 37.8 Acrolein selectivity 47 70 66 66 66
Hydroxypropanone yield 2.4 3.9 2.3 2.0 4.6 Acetaldehyde yield 0.3 0.1 0.1 0.1
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Example 7

Procedure of Example | was repeated except that 3.53 g of hafnium chloride (HfCL)
{Wako Pure Chemical Industries, Ltd) was used instead of the cesium nitrate {CsNQs) to
prepare hafnium salt of tungstophosphoric acid (HfPW) having a composition:
Hfo 7sPW 1,040,

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

Example 8

Bismuth salt of tungstophosphoric acid (BiIPW) was prepared according to JP-Al-
4-139149 and JP-A1-2006-110539. Namely, 50 g of tungstophosphoric acid (H3[PW:2040]
nH;0, n = about 30, 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, 28.3 ml of 60% aqueous solution of nitric acid and 117.6 ml of water
were added to 7.09 g of bismuth nitrate (Bi(NOs);, Kishida Chemical Co., Ltd). The
resulting aqueous solution of bismuth nitrate was added under stirring drop-wise by means
of a dropping funnel to the aqueous solution of tungstophosphoric acid. Yellow white slurry
was generated at every dropping.

The resulting shurry was dried by a rotary evaporator under vacuum at 60°é
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 of bismuth salt of tungstophosphoric
acid (BiPW) having a composition: BiPW 304,

Example 9 .

In pfeparation of the cesium salt of heteropolyacid i Example I,
tungstosilicic acid was used instead of tungstophosphoric acid to prepare cesium salt
of tungstosilicic acid {(CsSiW).

Namely, 50 g of tungstosilicic acid (product of Nippon Inorganic Colour &
Chemical Co., Ltd) 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 (CsNOs,
Kishida Chemical Co., Ltd) was dissolved in 60 ml of water to obtain an agueous
solution of cesium nitrate. The aqueous solution of cesium nitrate was added under
stirring drop-wise by means of a dropping funnel to the aqueous solution of
tungstosilicic acid. White slurry was generated at every dropping.

~* The resulting shurry 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

15



0.3 Propanaldehyde yield 3.2 2.1 0.4 1.0 3.5 Acetone yield 0.0 0.0 0.0 0.0 0.0 Phenol yield 0.2 0.0 0.0
0.8 0.0 Material balance (mass collected/mass introduced) 98.8 99.4 98.8 99.3 99.0 Quantified product
balance

WO 2009/128555 PCT/IP2009/057818

by using a Muffle furnace to obtain cesium salt of tungstosilicic acid (CsSiW) having
a composition: Hy sCs; sSiW 204, '

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

5 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 heteropolyacid, tungstophosphoric acid
(H3{PW12040] nHO, n = about 30), tungstosilicic acid (Hs;[SiW204p] nH,0, n
10 =about 24) and phosphomolybdic acid (Hs[PMo;,040] nH20, n =about 30, products
of Nippon Inorganic Colour & Chemical Co., Ltd) were used and fired at 250°C in
air for 3 hours in muffle furnace.

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

Table 1
15

Reaction Glycerin Acrolein

Catalyst | temperature | conversion yield

(°C) (%) (%)

Example 1| CsPW 260 100 92,9

2| RbPW 280 100 91.2

3| CaPW 350 78.6 49.8

4} FePW 300 99.0 70.9

5 ZrPWwW 350 82.5 60.6

6| LaPW 300 95.0 65.6

7| HfPW 350 84.6 62.1

8| BiPW 320 85.7 60.9

91 CsSiw 280 100 93.1

Coé’;‘(gam";%ﬁ PW 320 74.0 54.8

2 Siw 350 73.4 50.2

3 PMo 260 91.3 16.3

Example 10

This example was made to show that acrolein can be produced without adding

oxygen by the process according to the present invention.
20 In the example, a tubular reactor consisting of a tube 85 cm long and with an
inside diameter of 6 mm was used to perform the glycerol dehydration reaction in the

16



(products assayed / glycerol introduced) 62.0 89.4 86.3 89.2 88.8 WO
2009/128555PCT/JP2009/057818 The process according to this invention in which glycerin is
catalytic dehydrated to prepare acrolein and acrylic acid is very advantageous for industrial uses,
because acr{&AMAKE2BEYYlic acid can be produced at higher yield and in RigFéP8ffdieTsay. In fact, the
resistance to water is remarkably improved and deactivation 5 of catalyst can be suppressed

effectively %@H&é%@ O&ﬁ?&sgggaty%%&%Pfdr'tggstorétség

_ | JPYRTRR.One fNIANY N e of the
conventional ca ajyst of hetero olyaC| s, deterio on or deactivation of catalysts IS serious In a

glycerin deMAIRSHBR G 6T SACKYRLIsSR WRiICKIS B MR dlin thee sixiabrt¥ar &xered abdount of
water, suchpaletaastibtoasbtasimgpaimicigsied ¥sSseiutid moh glyfenh of tawdystGirednadedrationlas material,

or in a liquigeabasadnfyriaich yweian ¥ lewesalaphnlds usae sadareaatinn MRS (Riilmeis, owing to
the ImPEOVEMENNIRSIRIAGS 10 AIR:2 piphiem el aoriopian olisagioryiialanas ohseigd when
a owaer o

. € reacior was ic
acid catalyst was used can be also solved xample cesium salt of

tungstopho¥pHofit 2RGqEs3iipPPiRA4BE 2 Pro vy sigtinpbalyserghalecrran izt figwical Co.,
Ltd) was fireatéro &ir2atr250CTior 8queans Biyusinbsalntidflexfasnape tazabiaithe bedtdysthabeeatalyst was
evaluated igi foxed paskeaasier ereraiatyundeananiienae RiussLqilafixedhad: Namegly, the
resulting cafaly %fu%’nv‘é%%ﬁ@%z&%[“&at%t&dw%@%%Qeg‘r‘rz%s“%dw%é’fh%%é’am%%stweé%ﬁaﬁeq through
sieves to obtain particles having gpartlcle Size o1 910 12 thesh. 10 ¢C oF the catalyst granules or

particl® w&d paBRewSi#Lyestrd salition pastsfonystetbs srtdwstin) aftengerdinns SRsBIP 8RgR cerin (a
concentratiereaio30¢¥sby weigmipwes fisda2& teidneusipetater ot axfioes raftehef &ilgthtsbyagpump so
that lgchgriemgte@sgﬁa@@t;a%@r%c-fm%eaeﬁwﬂﬁgfagaﬁﬁetﬁlﬁgq%e Was Ram&émwf g gbﬂfyestOC
catalyst be ther with air. The fixed catalyst bed.was heated at a temperatire to :
Foed gas ntaowias AirelSF, WA pEEan S aFEt A8 MEREs W SR "M Bunp g

74.8. GHSVSRES IS it 28 JBFBdTeI8 i dhartk2 8erafiaht doMARRIErPIsh it FRatkRTalEhe
convefi§ion wh¢iyedrinddere coflesrsioh ofagrteriallgtydesin)wiive setettivity ohtdrgetrsubistdaces (the

selectivity of aekplatbans tie seleriyiyaghaekylic acid) and the yield of target substances (the yield of
acrolein and the yi';elg ggaclzrgli ac[irgg \efg.C lcylated by the same method as Example I. Result is
shown in Table 3. ??5 Exampfég(iré 0] g ({)%cg%%mr%%%gg tﬁﬁaﬁlgp%ggf)ﬁé?ﬁz g%%d ?63‘%% was

(Cs2.5HoSBRAES D) BiYigh R it Wafpb Piss rpaiAfc e Mo Setanmmmiedy cdmiltabw e aadectith 80 ml
of pure W(O2009/128585RCE PPROHOBTIE G atell o dypeparbtadipsikovc:@@8fgrofedhloroplatinate

hexahyglrates (H2R{GQAS16¢126Y Wit e SHyeshi aati IRdusiTiasn Ld) xas slissalves ingdysml of water
to obtain a solutiop whigh yyag hEn A %pﬂﬂ%%%ﬁiéﬁ‘%ﬂﬁ%‘”{ié%t%e‘é@}? F9LURRQliRg gesium salt
of tungstophosphaoric acid by using a dropping el.
analysis was performed with an external standard (2-butanone);
- an analysis by chromatography on a capillary column (FFAP column 50
m=0.25 mm) on an HP6890 chromatograph equipped with an FID detector
25 with the same samples stored at -15°C.
The first method was particularly suitable for rapid analysis of the products,
and especially the yield of acrolein. The second method was used to have a more
precise analysis of all the reaction by-products. Moreover, analyses by GC-MS or by
chromatography after silylation were performed to confirm these results.
30 The products thus quantified were the unreacted glycerol, the acrolein formed
and the by-products such as hydroxypropanone, acetaldehyde, propanaldehyde,
acetone and phenol. :
In the example, the glycerol conversion, the acrolein selectivity and the yields
of the various products were defined as follows:
35 glycerol conversion (%) = 100 -« number of moles of glycerol
remaining/number of moles of glycerol introduced;
acrolein yield (%)} = number of moles of acrolein produced/number of moles
of glycerol introduced;
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5The resulting slurry was treated 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 was fired in air at 250C for 3 hours by using a muffle furnace to obtain a catalyst (Pt-CsPW) of
platinum-add®@ 241 (1R¥¥4lt of tungstophosphoric acid having a following dSFR{IBMBHS7818
10Pr0.001H0.5Cs2.5PW12040. Reaction and evaluation were effected under the same condition
as Example 11. Reséﬁl’d?eﬁbc’\@&é@tw j Iixamp 3 15Proce %“ng Exgmpleflz was repeated
except that 0.492 g of iron nitrate nond ra (Fe( 3)3 ofJB ‘?)) NKABAKY K CoO.,
LTD.) was used instead of the chloropla‘i’ﬁ? LeReEIRRFa It PRt EVRobT98HFEpare a catalyst of
iron-added salt of tigystophospitolizdackyFep@sii/ yivddingaa celnplesitions HecttssHRABGH2.5PW |
2040. 20Reg@iian and evaluation were effected under the same condition as Example Il. Result is
shown ig Table 3. Eém@ﬂg ePrg; ? fExa Ie 12 w Teps, ted ?xceg% that O g

chromium 25 nitrate nonahydrate(C é}'§3 91 ) (Waﬂo tre Chemical Indusfrl a%ﬁ/as used
instead of the chloroplatinate hexahydr m?ﬂf@%@ W?@ﬁ%&%%@hf&!%@’é‘f‘?%n added salt of
tungstophosphoric adin@r:dgR\Whavirdy a vemtpositfomaio 0§ pl:26CsHERWA/RA4Mer of
Reaction and evaluation were effected wnges Hie:sa0e CRRAIHABAS Example 3011 Result is shown in
Table 3. Example edur of mple 12 w. gre eat d excep that O of ammonium
nitrate NH4NO % @@%&3 5%@%?%m%caf%§1§%gg 'Izlt % g?ﬁ%% ﬁ%tléea é?’g%f) atinate
hexahydratdB RIS 16 6H20) to prepare a catalyst of ammonium-added salt of tungstophosphoric
acid (NI-14-CsPWY hawigig lastorapdsitisreasitit G408 +OARGpR6RMELR046idREaCH D ARG, g¥aluation

were effectefraindge the sAMGCANGIINASTEXRIPHR WQ@Q@@W@P@E&&P@Q(’@@%%? 11.
Result is shqyynnlln §?|§ ﬁ;@mlecla(? éIE’E'r‘pc‘gdur%ocfii xaneglethleZ v %gtrepeafﬁﬁexce tthat 0.182 g

of rubidium 5 nltrate Rb 3) (Mltsuwa hemlcal d) was used ihstead e cﬁoroﬁfﬁtlnate

hexahydraté¥ éIB QB"are a catalyst of rubidium-added salt of tungstophosphoric acid

(Rb-CSPW) having a composmon Rb 0.08 Ho 4X3B2.8PWI2040 Reaction and evaluation were
effected under the same condition as Example 11. Result is shown in Table 3. 10

Cumulative glycerol introduced (g) 8 16 24 31 41
Glycerol conversion 83 56 45 42 57
Acrolein yield 354 395 323 27.8 37.8
Acrolein selectivity 47 70 66 66 66
Hydroxypropanone yield 24 39 2.3 2.0 4.6
Acetaldehyde yield 0.3 0.1 0.1 0.1 0.3
Propanaldehyde yield 32 2.1 0.4 1.0 3.5
Acetone yield 0.0 0.0 0.0 0.0 0.0
Phenol yield © 0.2 0.0 0.0 0.8 0.6
M&‘(E:g:lé gﬁﬁggtf:d/mass introduced) HE | 994 ) 988 993 990
Quantified product balance
(products assayed / 62.0 89.4 86.3 89.2 88.8
glycerol introduced)
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Example 17 Procedure of Example 12 was repeated except that 1.751g of telluric (VI) acid
(H6Te03) (Shinko Chemical Co., Ltd.) was used instead of the chloroplatinate hexahydrates (H2PtC16
6H20) to prepare a catalyst of tellurium-added salt of tungstophosphoric acid (Te- 15CsPW) having a
composition: Y8 #LEPTS2.5 PW12 040 Reaction and evaluation W&rEBREBEHifder the same
condition as Example 11. Result is shown in Table 3. Example 18 20Procedure of Example 12 was

repeated except that 0. g&&pfm Blt tg “ﬁNQn?f 'qm%ﬁﬂ gfggﬁ}ysgd Eg&e dof the
chloroplati 3&%‘8 aaxah rates gZPtC to prepare a catalyst of potassium-a sal

tungstopho JULTEREN T HAFR %nfiioﬁ‘fb‘élé?tlﬁ K5, 08T Aesaes g fopapdustrial Reactlon
and evaluatitigswBpeasfie arsd aivdend e sdime aid rdinibre aSOExandpﬁe ighdr Reklilid shovghén Table 3.

Example 19efﬁciel?crgacqeluf@gftﬁe@mmeﬂ&weweseﬁqarﬁ%ﬂmyhﬁw@% ga@ai ﬁm@mﬁ%t
h roplatinate
perrhenate Q\i"EMt émtég 8?@@'9@%&9} H%/dsg?y\?ﬁ#ggglt% §§ drsp(it % 1dC Q

hexahydrates (H2PtC16 6H20 epare a cata nium-a tungsto %D%OI’IC acid
(Re- CsPW)’?ﬁétq\/lriB"f%‘?ﬁpogﬂo Eﬁe(‘f‘b‘grfri’o gEssBBWADOHES  COnpsILiansh aftialysiu&ion were
effected undeterpstiredsoriditov et ixampleattivResu bl SHolystiniT dHohioBs 35 Welycerin

2009/128558H5d7aR000406081i8 halle HasdalysidReactisriemprral efedefalycatincanyversion (%)
Acro lein yie‘iﬂng%?t_of water, such a reaction as using an aqueous solution of glycerin at lower
10 concentration as material, or in a liquid phase in which water or lower alcohol is used
as a reaction medium. Still more, owing to the improvement in resistance to water, a
problem of corrosion of reactors that was observed when acid catalyst was used can
be also solved

15  Example 11
Powder of cesium salt of tungstophosphoric acid (Csz sHgsPW1,040) (a product of
Nippon Inorganic Colour & Chemical Co., Ltd) was fired in air at 250°C for 3 hours by
using a muffle furnace to obtain a catalyst. '
The catalyst was evaluated in a fixed bed reactor operated under ambient
20  pressure in a fixed bed. Namely, the resulting catalyst powder was‘cornpacted and
then crushed. Crushed particles were passed through sieves to obtain particles
having a particle 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 aqueous solution of glycerin (a concentration of 30 % by weight) was fed
25  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 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 h™".
30 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 Table 3.
35
Example 12
50 g of cesium salt of tungstophosphoric acid (Csa sHe sPW;2040) (a product
of Nippon Inorganic Colour & Chemical Co., Ltd) was added with 80 ml of pure
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Acryic acid yield (%) Example1l1l CsPW 280 99.4 84.2 1.0 12 Pt-CsPW 260 100 74.0 4.6 13 Fe-CsPW
300 100 65.8 11.7 14 Cr-CsPW 300 100 61.4

WO 2009/128555 PCT/IP2609/057818

water. In a separate beaker, 0.008 g of chloroplatinate hexahydrates (H,PtCls 6H,0)
{Wako 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 tungstophosphoric acid by using a dropping funnel.

5 The resultihg 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 platinum-added cesium
salt  of  tungstophosphoric  acid having a  following composition:

10 Prooo1Ho sCs2.sPW 2040,
Reaction and evaluation were effected under the same condition as Example
11. Result is shown in Table 3. '

Example {3

15 Procedure of Example 12 was repeated except that 0.492 g of iron nitrate
nonahydrate (Fe(NO,); SH»0) (NIHON KAGAKU SANGYO CO., LTD.) was used
instead of the chloroplatinate hexahydrates (H2PtCly 6H,0) to prepare a catalyst of
iron-added salt of tungstophosphoric acid (Fe-CsPW) having a composition: Feg s
Ho 26Cs2 sPW 12040

20 Reaction and evaluation were effected under the same condition as Example
11. Result is shown in Table 3. '

Example 14
Procedure of Example 12 was repeated except that 0.488 g of chromium

25  nitrate nonahydrate (Cr(NO;); 9H,O) (Wako Pure Chemical Industries, Ltd) was used
instead of the chloroplatinate hexahydrates (H,PtCls 6H,0) to prepare a catalyst of
iron-added salt of tungstophosphoric acid (Cr-CsPW) having a composition: Crg g
Ho.26Cs3 sPW ;2040

Reaction and evaluation were effected under the same condition as Example

30 1l. Result is shown in Table 3.

Example 15
Procedure of Example 12 was repeated except that 0.095 g of ammonium

nitrate (NHsNO;) (Wako Pure Chemical Industries, Ltd) was used instead of the

35  chloroplatinate hexahydrates (H,PtCls 6H,0) to prepare a catalyst of ammonium-
added salt of tungstophosphoric acid (NH4-CsPW) having a composition: NHy g.s
Ho 42Cs2 sPW 1,040,

Reaction and evaluation were effected under the same condition as Example

20



15.2 15 NH4-CsPW 280 99.8 82.9 1.1 16 Rb-CsPW 280 99.9 83.2 1.0 17 Te-CsPW 280 100 47.7 23.4
18 K-CsPW 280 99.9 87.1 1.1 19 Re-CsPW

WO 2009/128555 PCT/IP2009/057818

11. Resnlt is shown in Table 3.

Example 16 _
Procedure of Example 12 was repeated except that 0.182 g of rubidium
5 nifrate (RbNO;) (Mitsuwa Chemical Co, Ltd) was used instead of the chloroplatinate
hexahydrates (H,PtCls 6H,0) to prepare a catalyst of rubidium-added salt-of
tungstophosphoric acid (Rb-CsPW) having a composition: Rb .98 He 42Cs2 sPW;2040.
Reaction and evaluation were effected under the same condition as Example
11. Result is shown in Table 3. '
10 '
Exampie 17
Procedure of Example 12 was repeated except that 1.751g of telluric (VI) acid
(HgTeO3) (Shinko Chemical Co., Ltd.) was used instead of the chloroplatinate hexahydrates
(HPtCls 6H,0) to prepare a catalyst of tellurium-added salt of tungstophosphoric acid (Te-
15  CsPW) having a composition: Te o5 Hps Csos PW1 Q4o
Reaction and evaluation were effected under the same condition as Example
11. Result is shown in Table 3.

Example 18
20 Procedure of Example 12 was repeated except that 0.125 g of potassium
nitrate {KNO3) (Sigma Aldrich) was used instead of the chloroplatinate hexahydrates
(H:PtCls 6H,0) to prepare a catalyst of potassium-added salt of tungstophosphoric
acid {K-CsPW} having a composition: K¢ oz Hy 42Csz sPW 13040
Reaction and evaluation were effected under the same condition as Example
25 11. Result is shown in Table 3.

Example 19
Procedure of Example 12 was repeated except that 0.327 g of ammonium

perrhenate (NH4sReQ4) (Mitsuwa Chemical Co, Ltd) was used instead of the
30  chloroplatinate hexahydrates (H;PtCls 6H,0) to prepare a catalyst of rhenium-added
salt of tungstophosphoric acid (Re-CsPW) having a composition: Regog
He.sCsy sPW 12040,
Reaction and evaluation were effected under the same condition as Example
11. Result is shown in Table 3.
35
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280 100 86.2 1.1

Then, experiments were carried out by supporting the cesium 5

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 (wt%) = 100 * (weight of cesium
tungstophosphatdp? ieight of cesium tungstophosphate + weight of supFSrlyHFGEXEFTHIR 20

15

g of cesium salt of tungstophosphoric acid (Cs2.51-10.5PW:2040) (a product of Nippon Inorganic
Colour & Chemical Co., Ltd) was added with 25
solution of the cesium tungstophosphate, 35 g of support of niobia (Mitsui Mining & Smelting Co , Ltd )

fpure water and stirred. Into the resulting white

and stirredrfor2-hoursimambient temperature—15-Fhe ICbuitillg turry-was-griectrrarotary evaporator
under vacyum at 60C to |obtain white p iS po as h r at 1I5QC for 6 hours in an
oven at ambient pressure. E}g& c%tg &g%gt;é%c%?g S 41 glg n%qs f oc fgrcg Yours by using a
muffle furnace. _ Redction an aluati E;tévere i { under t ejconglitian as Example 11.
Result is shown in Tablej4. ZQ WO 2 )Q9/ 55PCT/312009/057818 able 4 %%rfler Reaction
temperatu eéfi%%g{én FPIVeTSIon, AC Oleln?éISI(] A ryllc&&rg 242 10

12| Pt-CsPW 260 100 74.0 4.6

13} Fe-CsPW 360 100 65.8 I1.7

14| Cr-CsPW 300 100 61.4 15.2

15 | NH4-CsPW 280 99.8 82.9 1.1

16 | Rb-CsPW 280 99.9 83.2 1.0

17| Te-CsPW 280 100 47.7 23.4

18| K-CsPW 280 99.9 87.1 1.1

19| Re-CsPW 280 100 86.2 1.1

Then, experiments were carried out by supporting the cesium

10

15

20

tungstophosphate on niobia (niobium oxide).

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)

Example 20

A degree of support was 30 % by

15 g of cesium salt of tungstophosphoric acid (Cs; sHosPW,040) (2 product of

Nippon Inorganic Colour & Chemical Co., Ltd} was added with 250 ml of pure water and
stirred. Into the resulting white solution of the cesium tungstophosphate, 35 g of support of
niobia (Mitsui Mining & Smelting Co., Ltd.) 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 muffle furnace.
Reaction and evaluation were effected under the same condition as Example

11. Result is shown in Table 4.
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(©) (%) (%) yield (%) Example 20 Nb205 300 99.7 84.4 0.6 From the comparison between
Examples and Comparative Examples, 5followings are observed: (I)In the production of acrolein by
dehydration reaction of glycerin, the yield of acrolein can be increased remarkably such as higher than
90%, by usintj P& according to the present invention, in particula®CEEERSPESHFounds in
which proton in heteropoly acid such as PW and SiW is replaced at least 10partially by alkali metal,
such as Cs or Rb. (2) When heteropolyacid aloné.ggmgigh is outside the present invention) was used,
the yield of acrolein is such poor as lower than 55% even in the highest yield of acrolein for PW

(tungstophpsptoricacid): (3) The conversionof glycerimand-theryretd-of-acrpleir-are-further increased
by 15adding at least onefelement bel()nq'irégctgocﬂ‘ro up élg%gnrgup 1gccr)gfehuel Perizggti‘gﬁc
carrier temperature | conversion yield acid
(°C) (%) (%) yield
(%)
Example 20 Nb:Os 300 99.7 84.4 0.6

From the comparison between Examples and Comparative Examples,
5 followings are observed:

(1)  In the production of acrolein by dehydration reaction of glycerin, the yield of
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 heteropoly acid such as PW and SiW is replaced at least

10 partially by alkali metal, such as Cs or Rb.

(2)  When heteropolyacid alone (which is outside the present invention) was 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

15 adding 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 exchanged
compound.

(4)  The conversion of glycerin and the yield of acrylic acid are further increased
by adding at least one element belonging to Group 1 to Group 16 of the

20 Periodic Table of Elements, in particular, salts of Pt, Fe, Cr and Te.

(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 if the cation exchanged compound is subjected to several times
severer conditions.

25
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Table of Elements, in particular, salts of K, Re to the cation exchanged compound. (4) The conversion
of glycerin and the yield of acrylic acid are further increased by adding at least one element belonging
to Group 1 to Group 16 of the 20Periodic Table of Elements, in particular, salts of Pt, Fe, Cr and Te.

(5) Supported*EatafdefiFhich the cation exchanged compound is suppoﬁ@&’t’ﬁ%‘&‘?ﬂé’ﬁ%ch as niobia
show similar conversion of glycerin and similar yield of acrolein even if the cation exchanged
compound is subjected to several times severer conditions. 25 WO 2009/128555PCT/JP2009/057818
CLAIMS 1. Process for preparing acrolein by depydtatien of glycerin, characterized in that said
dehydration is carried out in the presence of a catalyst comprising mainly at least one 5 compound in
which protons in a heteropolyacid are exchanged at least partially with at least one cation selected
from elemeqts belgn Grou ,1 to Gr 16 o{fﬁ%e Periodic Tahle of Elements. 2. The process of

- claim 1, whetein sal &?ﬁfp éﬁfég YA PRI R iﬁteﬁﬁeﬁﬁl[%ﬁt\?@
ZdrtH20(1) in whuc@ﬁhwgqﬁmeﬁg@ﬁned out in the m@mq@ﬁgtc@tﬁésﬁam@hegtembmté%mms

belongisg to Groupdnpbim@iouhidh mbite Resiadiedmitagd Blemenis@ecanthy dneaan, ¥ig P or Si, Y

is at least one ele ted; [ ] eFe Co,
Ni, Cu, 7n, Ga. m@f{&ﬁ%‘?’g T b SO A NG o e

W, Mo, Ti, Zr, V. NESHPs™ Oq'—Eée‘&%‘ Ni, Cu, Zn, Ga, In, Ti. Sn and Pb, a, b, ¢ and d being in
following ranges: 0<a<9,0<b<9,0Cc<12,0<d<12,eisanumber determined by the oxidation

number of the elerMaetp@pese isf aiymasitverumbed ivslugding8 iJ hepprasrss of akainchan?, wherein
cation ig at least og&g}{g@i(%gtal cation. The process of claim 3 wherein said alkali metal is cesium.
Ho Ay [X1 Ye Z4 Ge] » nHR0 ' (N
in which
H is hydrogen,
A 1s at least one cation selected from elements belonging to Group 1
15 to Group 16 of the Periodic Table of Elements except hydrogen,
X is P or §j, '
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, T Sn and Pb,
Z is at least one element selected from the group comprising W, Mo,
20 Ti. Zr, V, Nb, Ta, Cr. Mn, Fe, Co, Ni, Cu, Zn. Ga, In, Tl Sn and Pb,
a, b, ¢ and d being in following ranges:
0<a<9, '
0<b<9,
6<cx12,
25 0<d<12,
e is a number determined by the oxidation number of the elements and n is
any positive number including 0.

3. The process of claim 1 or 2, wherein cation is at least one alkali metal cation.
30 i
4. The process of claim 3, wherein said alkali metal is cesium.
5. The process of any one of claims 1 to 4, wherein said compound contains at
least one element selected from the group comprising W, Mo and V.
35
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The process of any one of claims 1 to 4, wherein said compound contains at least one element
selected from the group comprising W, Mo and V. WO 2009/128555PCT/JP2009/057818 The
process of any one of claims 1 to 5, wherein said compound contains further another element selected
from elementd ®argtgreeffo Group 1 to Group 16 of the Periodic Table of B{SrIEmMEY/ ¥ i@iprocess of
any one of claims 1 to 6, wherein said compound is supported on a carrier. The process of claim 7,

wherein saig carrigs comprises ffanip. slicaliconia, nichiamadnesia, ceray aluming o
silico-alumina. The protess osf any ohe of claims Tto 8, whérein said ca alys?ilg prepareéaby the steps
of adding a solutiofBhsk 18REb e TSR sdrsted fmant krEnReineingng reve Sisufras Group 16
of the Periodic Tallle of theRwemidioriablem G Rmetusion of heteropolyacid, and of firing the resulting

solid mixture. The process of claim 9, wherein the calcination is carried out under an atmosphere of

air, iner]sgas]or a B(tur%gfs%xgpgn aglgieinfrt gas. (‘J[I'@ gocggis éof clag'ng 9mor 1Oav¥She1§ein H‘e
calcination i§ effected &t a Fempergﬁjre 0 §6 59008 torH 5 B0 oGP Brotess ?o?%?eparing

acrylic acid from gRfE8réAE8mprising a first step of the dehydration reaction of glycerol to acrolein
according to any one of claims 1 to 8 and a step of oxidizing acrolein to acrylic acid. Use of the catalyst

defined in agy onerqi.Jains:4 §¢ SdMPERAMRHGR Qfiacaisir e5 ARG aaihhy deydmationiaf glycerin.
niobia, magnesia, ceria, alumina or silico-alumina.
16 '
9. The process of any one of claims | to 8, wherein said catalyst is prepared by
the steps of adding a solution of at least one metal selected from elements
belonging to the Group ! to Group 16 of the Periodic Table of Elements or
‘ onjum to a solation of heteropolyacid, and of firing the resulting solid mixture.
15
10.  The process of claim 9, wherein the calcination is carried out under an
atmosphere of air, inert gas or a mixture of oxygen and inert gas.

11.  The process of claim 9 or 10, wherein the calcination is effected at a
20 temperature of 150 to 900°C for 0.5 to 10 hours.

12.  Process for preparing acrylic acid from glycerol comprising a first step of the
dehydration reaction of glycerol to acrolein according to any one of claims 1 -
to 8 and a step of oxidizing acrolein to acrylic acid.

25

13.  Use of the catalyst defined in any one of claims 1 to 8 in preparation of

acrolein or acrylic acid by dehydration of glycerin.

25



