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DESCRIPTON CATALYST FOR PREPARING ACROLEIN OR ACRYLIC
ACID 5 BY 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 BFHERBBEG™producing the catalyst.
Background Art 15 Known industrial process for producing unsaturated
aldehyde and unsaturated carboxylic acid such as acrolein and acrylic
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global warming and petroleum :il‘ep;etlon itis requested recently to

gﬁvglop ﬂn%ther technique to produce fuels 20 and organic products from
hich do not depend on fossil resources. Examples of such

products' 4f& BREBHANSIASY 1id: diekd SBtaiadasy A dstvdrsRmttatsto
aisduiialione satpirsbf WRick PHEy R%castr BIPmtifori¢erycid Smcetkdytic
arehpeoelice difedms iy eratsie ik sthey lean behancalkerhativetfod|fof fosbicing
ftiel eatdlylscrease discharge of carbon dioxide, so that their increase in

25 demand is expected. Glycerin as a byproduct is produced in a process
fenpkepaiiing Ak bio-diesel and the quantity of glycerin is such large as
about 1/&@Hfthedetal-iQutpkiécEesulting prohat Adaige Ameaunt af Glyeesingmd
isdispesed 'E‘aﬁ)E&rrﬁco adpfugtiplwasiedue éﬁdnate%gcgch?twea@qgas phase
%%mﬂgchwpbf be%%%%@%&’&%% XF‘%EHT J%Q%é%e% i) 'ere%c%sof a
mgtt%,atls for medlcmesé coeﬁnetlc and i 1%0 §tu g itives ore, new

esis reactions’ aredresear aCtIV e O novel sSes 0 1
erlr(lJ HRd/Sr e 3n5€i‘f§n&é’manc? v 198 8883&%*8% Eade BFYlyEaHcts
AR PRSI P G WREIR N BrHrRE B IRES Hariurees-

&é@gﬁ?&f r&égﬁwlintea%%aa iortBengbniRtatiitr dssetiopbifiged by a
SRS Petictivnh A ¢ils-ite B thieviisply dratiorr yeedt B8 Wil dsetons/year.
expreiréeiwith refeherice fiomcroksii pProdictibevbesithe oxiddtionativachion of
isonot dxplainéddeerensSealierhipocdssebdor Groddeing abuoldiniweraease in
aleeadyl preppsedd For example, in U.S. Patent No.2,558,520, acrolein is

obtainedwitaranyi@ld.0b7aleday: 40 yebugacatalystebahosphopepsithy the
BIBRAERY Sakaiighsieh as diatamaceeus rasth«ThecatalMel i me total
dishrrseddmaRorgania SPIVeRL having g boling PIok o o WNCH m of
qg’cﬁ?s 'rqallsv%g@ QLQVQ(P 1W'§8atgcgfg%%ggﬁ”ge%ﬁﬁ 9@ m{gf)%'%ﬁd only a part of

glycerin produced is utilized as materials for medicines, cosmetic and foodstuff
additives. Therefore, new synthesis reactions 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
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 vield of 72% by
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 liquid-phase dehydration
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1 reaction. This process, however, may not be used in industrial scale,
because a large amount of carbides is produced and a separation stage

for a liquid mixture comprising the carbide, catalyst and products is
necessary. 5 JP-Al-2006-290815 discloses a process for producing

acrolein in which glycerin is dispersed in a solvent and is subjected to a
ligardiphase dehydration reaction in the presence of an acid solid catalyst
possessiigsH® ofs6.8dwer313 sarmas KHSOYU anth#yS04. makisbecause a
progessialso, ahosebidan it (o dicarbides sprodiveedzso fhat theuillOmixture
praaessiaanhbantly sayeaa s indlstdahsufficient pragess and

improvempent iS¢ pecessary JWhefeacr gRikis Bredisad-hypa igidnphas®ich
Q1 gasiRNasesponRtacinreastian ehelycetin; solid asid ﬁ%}tﬁb’%ﬁ%@@%@ﬁ?&i@gon

'?Qéﬁo'f%%ﬁ R‘ﬂ@%#e%e%'iﬁe SHERUNG  ARRXRINALG k Ueh sRldRCIH caglystss 5
|§J% agl (i% st 15 supported ona-Al1203 as is shown in
24 1n

JP-Al- 6 1 IS atent a%olel ohtai %ata |elg of35 51 il
gas- hases %‘gg S&% ?the it B S Qﬁ 't Stifmore. amounts
JFBy e ki My ok BRI fﬁe&s&g@ i g et i
SEIECNHEY also is not so high. W02007/0582_21_d|sclose processes for
producing sér el Bl a2 @ iy afatioh te et AR cRirBh §assphaact
iFefsEpreskntecof heteropolyatida iabedsapoa ssofidaciilcafalgss. e 2 are
hdferopolyasid ¢sthgpde of Srdupdielembrtsiriias tphggtbsificiec@cipitalyst
tongstophosphorid dricdaidsphvesphdihalybeiziaCith. These
heteropolyacidstane, supeirias aibrelemenialdere siica garrigiasscht 300°
rosica @giRlein alayeld oha®. 8681 This-dehvdialion reachriueiithtich as
alyagsin, hewavehcisflfeatad:withirae sofexdARHQR gasHukysing nitrogen
stream &g §86fo3ass $0 @?Jz&'&ooﬁi%@@s@s cay) 0’1}985%?@9 Serously %E}d

h bl t { ti tabilit t
L AR e O e

gﬁscerol over §61 |f’ca- yported heteropoly acids”, CATALYSIS
COMMURITCHTIESR Y 8 AB058 31010k 2 D0 g s4gh s mescosilicic

distloBRSTHEPSTRRsSfotribtarbptyRiams e affdcivbhsseahetampateios
e derRtation Bf glgEEIBR IPOW 0P 006/a8 78R BRI icHivlfdBatedigd of
prelrent g dddeortionthes cémmlyStthe thleqgasphasevsadtich oftedysetiniree
InIVBRBO6/087084 thengatalyste85possessivgrike gaid stréngthepbRI@DT
-Satbod Snistsedetivthésenpatients, thararietyobsolid atidkcatalysisisucinasof
phasphgrictianidAziscaniasiMalion/siticargytiyric acid/zirconia,
tungstenyziieenia are used Weroduction of acrolein from  glycerol over
silica-supported heteropoly acids”, CATALYSIS COMMUNICATIONS, vol. §, ne.
9, 21 July 2007, pp. 1349-1353 discloses that supported heteropoly acids were
effective as a catalyst for the dehvdration of giycerol.

In WO2006/087083, oxygen is introduced to prevent degradation of the
catalyst in the gas-phase reaction of glycerin. InWOQ2006/087084, the catalyst
possessing the acid strength of HO of -9 to -18 1s 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 acrelein of 74% was obtained when
tungsten/zirconia catalyst was used.

However, there is no catalyst usable in the industrial scale at higher
performance.
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Examples and the highest yield of acrolein of 74% was obtained when
tungsten/zirconia catalyst was used. 40 However, there is no catalyst
usable in the industrial scale at higher performance. 2 Disclosure of
Invention Technical Problems An object of this invention is to provide a
dehydration catalyst used in a 5 production of acrolein and acrylic acid
from glycerln which is a material not derived from petroleum, at a high
13103510, faidoiof this invention is to provide a catalyst used in
qwaubmrﬁﬂehm of glycerin to produce acrolein at high yield. A further
object ofsthistj¢entianiisito provios sonpathe o prepating tialde used in a
Gataivstioheshnigal Selutionrvantacsofitlis aprlicatiQnRAvVE Magdeidial not
varayaof-studiesiewseive fhe praklgms and found that acrolein and
acrylic agid,Gan e proicsy aﬁ W}ﬁlgn 15 by tg?omyqr%%}raaﬁta@aﬂ in

"
-

likeiellsh

.0

A GVERH Lrchaing srcamieond NI pIGINS tefOP yacid are
angzg(? ﬁje % Wlt]V§ ?%%Sltsonel’c Ire armo the
elements beﬁonglndﬁfo @rou Tto%lrou 1678 f’the erlo ISI%o‘?

EfdAi&iits, and completed th|s invention. This invention has following
features (1) to (8) taken separately or in 20 combination: (1) Dehydration
fo2BEBHBBING acrolein and acrylic acid by catalytic dehydratlon
react|on19ffgm@rwf doneiningtias davaimatniporesiy, af jeakeote solve the
qomipoundid \hich protens inia histeropblyacid ase exghadged &t hegstyield
partibd i skivk ratileasisoriercafiaiyselactaduiom elements:25nbeldolipg fens in
Groeppb toaGioup teohthePerindia Taklelnf Fiamants2)dheation selected
dehydeadineneatabishior predusing,agreleicangd awryle agidiyiadRABIVIC of
dabyrsation, reastion of glveern.caARgisting mainly of a compound in which
protons iR, said heleronolyagid gfﬁlrg’%hﬁﬂgﬁ 3t igas! %%@'béﬁ%% or in

Ieas ong cation selected from nts b ging to'30 Group'1 to roup

]% r| dIC Table of ET}JemenCtis Wherel the sI t of peterocp aci

Bre VPN GARBYAT PR ’ﬂiﬁ“%%&% ‘fi@l\?“ 48" Fiy Chialvtc

which H‘@Wﬁ‘ﬂ%@@ﬁ °38HRY SOt FOUt Bhe RRIBR L&t ‘ﬁ?fr‘h 8?@?88}%‘?@ at

be|0ngml§eﬁ} one compound in which protons in a heteropolyacid are exchanged
at least partially with at least one cation selected from elements
belonging to Group I to Group 16 of the Pertodic Table of Elements.

{2} The dehydration catalyst for producing acrolein and acrylic acid by a
catalytic dehydration reaction of glycerin consisting mainly 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 of Elements, wherein the slat
of heteropolyacid is represented by the general formula (1):
Ha Ab [X;YCZ@OEE . HHQO (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,

X is P or Si,

Y 1s 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.T1, Sn and Pb,
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Group 1 to Group 16 of the Periodic Table of Elements except H, X 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, Tl, Sn and Pb, 40 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, Snand Pb, 3and a, b, c

and d satishing folledshes afiges: foteadgOraness:0<c=12and 5 0=d<12 e

is a number detérmirel by the oxidation of the elements and n is any
positive numbel 3p FHe cation is at least one alkali metal cation. (4) The
alkali metal is cesiur: 10 4hd The heteropolyacid is heteropolyacid of at
least one element-selegcted from a group comprising W, Mo and V. (6)

The catalyst,comag %t@ﬁﬂ%ﬂﬁﬁét&%%ﬁf@%é%ﬁiﬂﬁrﬁﬁ@ts
selectednfrgry@ GIOMR £AMPSising elements belonging to Group 1 to

% up 16,0f gﬁ IOPerl {j%al_ {l;)l’ll% fklgﬂernr? nts, |tr}10%dd|t|on to said slats of 15
ht ?erop % cata st is used In a form of a catalyst supported
on‘a carfj ystis produ b Icination. Advantageou
Hbet z&%&ﬁm@%&f e B vdeyan‘ il Ig ke ls cleoted
catalytic "98h) HFRECHPEHER ?’e"i‘ﬁ Nd acrylic acid is very
d@Vantagd6usHaliderttianing el Bt atisécasr B HitdhssryRe fdetanents
be produetastat higheraialdundimmighier elfisrieybdipfasrattie resistanceo
to water {ggemaskabiyisiproved &ride dddckvation of caidilyst carsdd slats of
suppresseteiffetimaly by using the compound 25 according to this
ipventiortHoRdhe,coRtReY, il Lasentd the canvestipnatcat@alyst Siier.
hgteropolyacigisl pieteripsationiosdaeactivatian of catalysts is serious in the
glycerin dehydration reaction in a gas phase reaction which is effected in
tﬂ%vggﬁggp‘g@sq{ﬁg&ess amount of water, such a reaction using as a
materiar ] agUeQs salufion o ﬂiygem udouer CoeRnialon 0L Ruyiic

“(ﬂelflld E?z?taé?ﬁ %Vg%e{?e acroYv a,cr gg‘c? e]IS”? tvlzl‘::f{yug hE gtna e(%us?oxi mdustnal

df%%r&ﬁ"é’f‘&%ﬁ&‘éﬂl?ﬁ ?‘PS&'&H&W&E%&? BB SRARS WhEh el 3{89 ?nd n
washgsetficitnpe oy B5lydhe resistance to water is remarkably improved and

deactivation of catalyst can be suppressed effectively by using the compound
according to this invention. On the contrary, in case of the conventional catalyst
of heteropolyacids, deterioration or deactivation of catalysts is serious in the
glycerin dehydration 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
aqueous solution of glyeerin at lower concentration, or in a liguid 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

Best Mode for Carrying out the Invention

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 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. Generally, the dehydration catalyst of this
invention has a structure of heteropolyacid.

The heteropolyacid is known and have several structures such as Keggin
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Best Mode for Carrying 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
Fabe OFEIMERts A TehBISIR ﬁﬁpaégﬁdvaﬁ%ﬁ%%&?aﬁfg{%f%ﬁé HEhveIHBRT
e ghstasclife 6F Ret@fopoler!. aThedHatarspBmERidERAoN dhaKaghner
sevepklrstg dnpledsslichtbe IKetggininy eypen.Dawson type and Anderson

type and possessngeherallyistch GighpmolecUianpnigighitthe 700ddi8 Bde of
Hieseare dimasccondplex fpomssand, those dimer csmmplex aesineludedtinm,
theoprasenbinuentionniherclemants helongiag, takroug kitedoronp HGmim,
the-Rerigdic fablenefed ERMERLs may, beusadium., POtassim, dslidiuiickel,
ﬁﬁﬁiymuﬁl%@mﬁm{nc&ﬁlgwmwéﬁrgerwmleaawm]uﬁcmlﬁm, W hium, tin,
'%@%@M@ﬁ&l@aﬁugﬂn'ur@h'@%fmm,sathwmrgg@m@ﬂ@ﬁ@a be amine

{1|ur{111,n|1roonnhrut?l nium, o mluurpnE é:a %)Saalltﬁ If%h Eallacﬂum platlnum
copper ver, 9o %{Rh allium, fin J anlur%‘tln !S%agl b'%g‘“(}g )
and teIIurlun{’ e“n enXsé‘ff fcﬁeaté/rso ao BRI mine iV {8 !

aﬁﬁ%éﬂmwéawggp%gmﬁnﬂﬁ%%ﬂ@ éﬁbdsu|%'?ﬁ&??1°§8ﬂ§e"rtﬁ%n§ﬂ/88ﬁﬁomds
danydishiohr ety sfaceuinnecth e presantitentoihistudepfopne cation
prsdteny aersigimaiedcayic ket aibsl EvHeptioABY eRIPEURESYinio
whitl. protons are exchanged at least partially with at least one cation
preferablynsonfaimodtidestonendlerh ent sglectédfromagroup eoneprisidgthe
\bk il dd palnechdtitons abmohphdesivoxandobtungstendemi axeatidin The
walemandaine sxeasidspelyroasiizenty form the palyaxaacid afdaighs but also
WECB!L%IW@J&B% The RehinrrizationdnayRatke affected ol dvitd g sing
WL&%P H%S.Qﬂﬁ@sé%‘ﬂ&%@? B@!'“@&H‘&{ Kifds of QxeAcidsn two kinds of
'El%%r%’ 'ya&hd ' %%{Y&C%H‘?é%ﬁé%'&%o 8!??&‘?4%&1%%%“@?&@0 -atom”,

|ne XE ensation fmore ant O INds O 0Xo0acl natg
tom chrmm Sxoacx s SUFroun enfer 0xoacig, and obtaine by 1he

ormst €C ?I’OXOG.I ISC&G as

ro-atom

fe?#ﬁﬁ PER08EIdS SOVE g L LOter oxddtic St e By B eon
ﬁ&%ﬂﬁ?&ﬁuaﬁ%@aﬁabﬁgs *raarycaP&Hrs Oifte ﬁ&fé%uﬁioh?lﬁ’i‘éi}lﬂglsfﬁ@é‘h“m
FRSSPHBRuS AFeBNRG TR THBR. cobaIEWorbR alahitRingefithsibison are
ey 25 AlcoRia ©arumiait chebYRARLANTGIE tHe M2 pHBEPh Y ivm
and silidehvare praferaiblerThapoldatomsandyiresitolybdepigigrable.  The
tbergsten wankdinad, miobium vamdotantapuepa naogigaramd shplybden gaalyst
anglytiegsiern arhpipherable:id heuletesdpolyacids pisegln thitybiientioa tad
RieRArEeRogERrindehydratien gatalysbiaay bestingsiophaspharicasidinate
tunastesilicienacidabosphrmelyidioacidapd 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
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 metal.

When this glycerin dehydration catalyst is used, it is possible to produce
acrolein and acrylic acid at high yield. In a preferred embodiment, the alkali
metal is preferably cesium and at least a part of protons in the heteropolyacid is
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
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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 %ﬁ erin dehydration catalyst

JCSTRAAY 161 BE RIS HIDERRich EsuSRIEHALINY SR 2 CHRP IR SAIRRieR eted
|Est gféemﬁobamlmngh@h@ﬁ@mpdlyacu@m@eiéhaﬁgba Rewhodigedable of
diencation offalkaltlvstah \Wdhedtioy|yeérrstehydratioricatatystis pxatice
inisopassiblé taproduced acraiein ardiacriliciacideat tighayéelds Imareased by
reefiermethe pbodimentothecalkalhadetatlis pretespblyscasiwitharidiatleastibat
RREIOERIOLANG i thahpterepaly asithis #0:excharead With casium . ilthisrently
als@.peskikle to exchange at least a part of protons in the heteropolyacid

with cesiym aad. PAf L 6B REAOPHIAING s NSESIRANARI IS on is
%.;s%@amga:s'&asg RAI é%éyiwamt h%@ac %a%%gﬁaaaﬂ%%f@a@e? is equal

nts helon up 1to e Periodic Tabl

‘f h
eecfﬁcd(é %ha}ﬁonc a stpa 0|s eTfecEPef(o e e @

&8 a&.w&h& bR cld dt . RECTORPRHS VAP a%§§ byhe
sihAh gty b4t ﬁPoan ToFtaihd L THE FE P OBy HETERAR RugRntnd

SEhfiat SheoRfe Bl o ipraisedrcamparaai e nebshers of 3-
that g iivherentdgcda@sdiulle s Hrmouneaftndaguedls duigtappdfanion.

Mihenad shitdftgxdhanygimgacatiomdducatezmimechint sticheastiannedttatmamed
eteciih ehargecofitatite tothiechodad ihagualf ik tmonieds:tharcanglgctrior
abarge: ofatherbaterapalganio s examigler ivihenia aationwith Charggs ous
Qb kiilmadded i aibeter eRralyanRisn Wth harg s ings) thercationiseed with
afded egualiq ordess thand eguivalenite thg hetgrapol@nian idandields of

‘ﬂ&%@eﬁ]%%%}?ﬂ@ chArgRs ol 3t ds.added Ao & atgioplvanin with
ch argeslo 3-, the catloq IS aqded eqldalltgiI auloe1§5t

e h
hetero o]Iyanlo igw ?%KJCI’% C(iitl(ff)n are (& gg&(\i{}?{?ﬁ% ﬁns
lFi’ﬁ"t cati ""“m‘é‘et Wi %f 7 5 "‘é f ?%1 AR ‘crr%’é{ e
S LGNS o RO o SR8 o R B ﬂ@ﬁ%&fﬁc b F fHAPOund
r?éf%raﬁa%ﬁ%ﬁfuﬁéﬁ%ﬁ%&ﬁmgé%améaa@ sloﬁﬂ.gﬁ%@.&érg%f Esgﬁfbordw
A prsporkdersmhasatensido pesstchErEetr At 5roteits Betmebe salt of
dxbessive, phtiaetivitpdi adivalystisnspailcardrithe §AeRes. of cPymeraibipr and
aherEonytic atitcareilowerkdontte lifmiof calaly stisishiorte s, iphasphonium
\satiation siliéoglyaesiitdehydraticmtaiilysttacoaiding4b tivis havenpord from
caplainsduthessatieast cospaling of Blementsthelgngiidgstafdroapitstaf the
GraunR 16 of sheResiadic. Tabe:efi&lementin additign toche adevaetal salt is
GPMPRUAS 2, THE ComRowRd f SIS mentebaIoNgING.Ie; HoMPdAP GraltPdal
Qf,the Pﬁ{éoﬂi&ﬁﬁslﬁl%ﬁ f&%&%%@é/b%@é@%lﬂﬁé@ﬁ? or onium salts.

The meEQI S%t maXsB? Sparcﬂt:fgrred dehydration catalyst of glycerin, following

composition represented by the general formula (1) is mentioned:
Ha Ap [X1YcZqOe} © nH0 (1)

in which

H is hydrogen,

A 1s at least one cation selected from elements belonging to Group 1 to
Group 16 of the Periodic Table of Elements except H

X 1s P or Si,

Y is at Ieast one element selected from the group comprising W, Mo, Ti,
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tellurium, platinum, 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

lifit¥e e fatd- A )dropsriion b the riatdbsalnisl 1o B agidth 26 by weight,
preferablyi® 0 ldoBoneochynweighideiedrrrof the gnetalcemipsionthe Bhivm. Ti.
satt Witkitrebpdot, td th€ caldbveéNcotapdunta Asthd rfosthd préfeareda, b, ¢ and
dehytiraoio takahstafoghycerin, following composition represented by the
general formua (1) is mentioned: 35 Ha Ab [XIYcZdOa] - nH20 (1) in
which Hgjs-hydregen, A is at least one cation selected from elements
belonging.tq Grpijgnhto Group 16 of the Periodic Table of Elements

except I—é 40 PorS| Y is at least one element selected from the group

compr|S| o,T| ? I\C/#
1 So ahdE e S EPHERY R Pl e Rt o oy

HEVERYRE Mo, Ti, Zr, V, Nb, Ta, Cr, Mn, Fe, Co, Ni, Cu Zn Ga, In
T1, So dAdISIELEFI'E, %hbfdéﬁﬂo%ﬁﬁ?f%‘gaf?&%@}m‘*gtPa%%%“’%“&‘<éhe above
(FeBupd can DS RPDRTIR O & RIHIALERIPAEIRHFFAIEY thd sxitRls ! bihe
therspsrmensslimad Has arpe s positive WariBersiicth elaiyeesiridehyapanonia.
catabyss Aceordingrintkis, inantonitre abdvde corh pobit: cad becatatyst can
Supparedanaa casitel{ 'supporied catapystprExamplesfofithescarmieraariers.
siliaay dintasacents earthe@lutiibay silicayalumppiatisfichanaghesidaterial in
ZigeaBia, tilgnignnagnesiaZeRliRssiliconcashidesandwarbige sThe, weight,
Gatabrabsas hobesupraiad ana-Sigle.cafriar ef.aicomplex or mixture of
t least tyq QQHA‘%‘{& {%PE}’%@H‘?ﬁﬁl&ﬂﬂé’%%%%?ﬁ&?&'&’&%ﬁ&?ﬂﬂﬂ%@% a
]gtgr active ma e“li% In gar FA% ount of the e 0999/?‘3&%%8‘ '%z%ﬁems
e]on{g 1? t0 %9 uap Pre %r 1}% of t ?r}g\évfelqj% e% S poss1ble

6Pof’5ﬁ’§ﬁr?‘é? ‘zﬁpﬁé‘t‘é P&p@%@?&%‘@o&%ﬂgnﬁeﬂwwaft”i%%ﬁét%ﬁ% T&fGHer and
SBRACtBe TR e RS> BoR it €6 BFoup 1 to Group 16 of the Periodic
Table Of@l@ﬁ@é‘ﬂﬁt @,@/M@p@f 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, peilets, 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 catalvst is for
example T 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 aqueous
solution of halide, carbonate, acetate, nitraie, oxalate, phosphate or sulfate of
metal or onmium 1s added to the agueous solation of heteropolvacid. 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



10

I35

20

25

30

35

40

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 25 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
Sdiri protEmg R dEBY dHE Catllybtdsr&isapdd ifeithBsE Sonfibfiratdnatter
tbyéthsmegith Icarier ansoveptionadadsdlien v ddentpraiisyanetinolded
catalyst Thiforaéxamiple tato B0 namifdr avfixibedand lesk:thamerl gun forla as
fhiigkhzed, bedud0ahhegompownd dsedamte presehbinvengionodanrbead inert
Rrapased by knovyha dechoiorem e example ,ram e Usus@ldiDheaffurnace.
heterapeivagid dsorgnaredy festlyy. ThendaaeausRalutionyef deteropelyacifl -
ARG PrAruGaEL AT WalerS:Inh DeiSIRPA@gId £oRtANELL G formOffiring
%9%%@%%%"‘!9&?&%[‘%?! ¥§t%éf“%‘251%ff%l RSy 8{ P50 f%?‘zl}{cf %‘i‘&?é’ ﬁgefeiably
‘Eg X %‘f‘%m th ealidying, om?% “?%@ i?#é '8 a' €

meta OI'

car On ée n(l) ragc?l)éaa cer$ gggor 111 fo t mve 101 can be
onlum is 8 R0l eIt hetero B A E IS RS

sl Q‘BrSHa%‘i Iﬁ‘%%ﬂuafc‘énl?ﬁ&% RbtScoBts et gﬂf’t?fbfé Wkl The
P RES e RSIRR SRA ATt ARG A A AL ARG STHIS I gfiflxed bed,
dwiperbrvers finame firsd Drididetharsd 4adobrairt e badaly<vromglyberin the
détydbatlon reaitieblc40 Scoordiing tofthe prdstist ipaetiorTerisl cattsidst the
aceording iththetpreseriy mventlom usediin thexbycanteny tehygrationmaghe
ke @ankydsidesmorinyshatesidnofagic theyneanibe ysed dfiecapreifelagmantiofse
fidngiandivasUEn-gly iRgeasWithauneseaiRments Thei caloiatior Gabg ed.
ORHIedh oMty AL O KINARH HICFL gASHR UG BeaS RIS T fielitm: Ad a4aen Qhd
uRdgE an aimeseiigre pt mixed 42 Of Aeaad Rel-R O3S HSYAMNIRE lower
f%‘eﬁﬂg&ea&l‘ﬂ&?s Sam%fﬂ?s{‘fr&ﬁ ec»ré‘i’éﬁﬂé&lﬁn&'éﬁ@ ed bed fumace The

furn not 1te LS eC|a 0 ca %lgaélon canO éane ae1 ac} négig\ b
’i? rea&ﬁlc(hnls USPECF?O ﬁwe j el’llrl];;Frj ? ln reiactlon Fa g

% f%ﬁ%’ﬁe‘?%ﬁﬁ?&%‘%%éf‘i% S ;71 B BEBTHG O 43
préte bI t?&"@é’ﬁ?‘@mrﬁé%‘ﬁ?élﬂﬁﬁo%og hindide ‘Efs‘i?é?l foratsbe
tahw%érguidorﬁéiawaﬁémﬂq TACHORPBIGNRR M #oTthgTo ﬂﬁsreactmﬂ
invehitioh kease barkiedioatinigasiptiaseroy in fitglid pRaséasantreyad the
phaserprefacsblts. THE Gathphabstiviptioh asanlde caried it wral will be
arety Of deactorsisuchnastfiied fyed! dluidiratbedaoircalating ifaidizedions.
beigk aiiekenavabie retkraonea thiem, ihepdsecrbed isyreferableso®C.  The
Genenation pbthecatalypteanpeaffaciedretitsidadhe lhigastatim\Vhémore
the rakalysidw iakamoytaha reacier sysienpie#eaeneratieg, e catalystoe
IS DUEDL AL RILRN 3 RXYIEN FONAIRING 955 J1HASROLY ?n@hﬁ&%sure so that

r&%qtilpe Gfu%%gyg{sgfefﬁa[g Jeactors | @r liquid reactlons for solid catalysts can

be use dA 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
lower than 500h™ due to successive reactions. On the contrary, if the GHSV
exceeds 10,0000, 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 reaction can be carried if necessary under a pressurized
conditions of 3 atm to 70 atm.
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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
temperattifedtg5el of gyo000d, (rEHE teriperstite Bl iarespoution
thé gfecoficatalSoRibEoBHYreaad ehaatc polpreriz alioreands from 5 % to
crgonizationzof glyderinrand gerakictioh 25 produdts ecaeisbitheTyoilimgher
peintcofglycer €ighn @m thesatninasyclif pheb temper atud exceedslycerin
4hés heusaleetivity afaaamlaisrasehagry iesatiah ywithaeipweredydiseatad and
ingremant indarallelaastionsanchsHecRariva eactiansy hekefera, meaeis
preferable reaction temperature is 250'C to 350'C. The pressure is not

limited %RS&)%% B}‘és'énpiﬁir%ﬁ%@){ loMyercthan ﬁ&@@ﬁ%&ﬂ%&a@vﬂ%@éﬁ%g

lower ]S‘”é% {shf RIF3 ”rf 3251069, d¥% Vé'i' (ﬁascnbed in
rﬁ)]@h uefie epo§‘Tn on, o Xame pgomgte ress es %
nﬁ’lexlafm%Fcat alys Wit rtened, 3feed Fate ama erla

|§‘B?8fe‘?’aﬂ5?y %00 to 10,000h-1 in term of the space velocny of GHSV. The
selectivity will be lowered if the GFISV becomes 35 lower than 500h-1

L cessive reactions. On the contrary, if the GHSV exceeds
1xaopte'! the conversion will be lowered. The reaction temperature of the
liquid phaseureaetionfisymgstephbiplfeam adiBO(CsRVB50'G. iepasalewtivityingilko
be-speidadurder omien e tipgratunasstaihaphbrithecod (M RWAGS] nH0, n =
iahREe e flheuRCHOPRICERMEENS toldildad4ispeciallybytihedeatiann
Wrﬁﬁ&%ﬁi@dﬂﬁﬂé@@@%& undghadRtessiizedr cRnAgRSPARiatieio 7R a

Hid BEaRRAterid) of glveerin, isigasilyvallableing OrehRQUeolR) was

Scﬁ ‘é&'f?/@d ok %bf C&I‘%f%@eqe{&”&&l% bt Sué%e%{ﬁt%?l“&o@e%gﬁyﬁ%{% IS The
us soﬁluon 0? 0%1 ur %1 nwgg%r éﬁ{m%’e é{ 10 0/81-“’ 50 % t})yn\{\é%r% of a
d %0%1 %onc&n ra gn O lgl cerlg will result |Sn é) e\;ph a shu wWas
FSHB B i BBt SO B e 1eREGER Betvedhtises o™
r%%rlﬁ’ﬁ’ﬁ ALPSRETBPYERlic acid and material glycerin. Still more, the
energy WHICFCRHBte$8aTY t‘éif‘@a%?ﬁ}"gﬂyé‘e?lﬁ%afPhEF’é‘agéatRFoW%evﬁFé%‘étht
iAdehtiorrimibe bitpamvetrin mitdh RStaRnRS rdReydag dstvieYal exanfpleyrs
botahisinventiorbshoultcporbe |iblitad tee thosdtidaspeiider invat OfisoWwing at
exe@plés: hlherfollpwisigdExavipigs &ndaConpabativeabxanpiesC9BWO) of
medns nole 85. oxamplassiExaimpieid having a composition (proportions in
material, compositions hereinafter have the same meaning): He sCsy sPW 1204,

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 sieeved 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
I},

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
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 nt,
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15 Cesium salt of tungstophosphoric acid (CsPW) was prepared

according to JP-AIl-4-139149. Namely, 50 g of tungstophosphoric acid
(H3LPW12040] nH20, n = about 30, a product of Nippon Inorganic Colour
& Chemical Co., Ltd.) was dissolved in 20 ml of pure water to obtain an
aqueous solutlon of tungstophosphoric acid. In a separate beaker, 7.19 g
of cesiuRFofiHe TERNOBIRIsHIdR e remiERIcE 80 AR DS aRedErsa i 2
60 M watesrbbiain-4AMgue aus BsTULENTF cedigitcnitPdteVRe column).
dyopotizsdlafigncibctsivmaitrateairds indeth emdemstitringedvdip-wisdihyzas
rokeans: afgaa dropping dunaldo dbse mow eovsusodu tid npob twegstephespharkc the
aeciffvdiéhite (Slyrey wiasrgenesateshat everodrippisgn he kestiting slolsiyctive
wassthaatedin seresanyeVaparalRiNEal viacuinialf 25806y toabtaiice (the
whitg poydaLihiR ROMIGH YRS &@%M&@Q @10 onE BeUrscdnARANEd
A AMRGRHPIRSEY o BRER ﬁp%rﬁéw tin %%Q\‘%{@‘EE was fired in air at 250C
for 3 hour ﬁ’é’ %%0&51 g@gf&”&ﬂ%& falR GRS SN acted /

cesium satoftungstop horic, acid havin magerlapg@tl n r(;pﬁﬁlons
in materia mpositions %@relr%a Ii%lave 8 :

Ho.5Cs25 P 15558, 46 + éFw’a§ SRS in 2l e dVEREor"
operated under ambient preS¥SFAEY HHSEHG TRRERFHOW DGR REeT of
fixed bed. The resulting catal&tdhvier k&s compacted and then

crushed. Crashisiipaticibdtisie sidsiagtoobmimplatiaiahst 9ofp apective
mech. 10 cc of the catalyst gvariales oriairtisies wasqackentipracs g terial
reaction tube (diameter of 1Gedp mmM)HAN aqueous solution of glycerin
(concentatiag af20:Myrweightyssas 1fed to an evaporator at a flow rate
of 21 g/hr by a pump so that glycerin was gasified at 300'C. The resulting
gasifieg.glycerin was passed through the fixed catalyst bed together with

a'r The fixed gatalysthed washeated. Eﬁe%oé%’é PE@M% 9k 260 [hidium
ga e ﬁ%ﬁ@ d fOII I@ ng%%si us d i é:ai[ B¢ QX nggurate

ere o cfe%regare d C%E)arI] ser an quani éﬁlves aalln(é y?élésbyp aosgpohor}‘c acid
AERalogrRR R 4000 % Brotate b GL Science, DB-WAX column),
Proport|8ﬁ§° araﬁ%&%awér@%d?ﬁé&ém eFiatS TRt B BidHEn o
"¢Plfomatograph to determine absolute amounts of products to
calculate the 5 conversion (%) of material (the conversion of glycerin),
detentivity? of objective substance (the selectivity of acrolein) and the yield
of objectivecstistasicE {Heplyieldvoiacepleir)ifromean arodritlokghftenivinm
feslonid rmoyata glyeern remanedo andameunts ofihe preducts)byas used
fﬁlL@&M@dﬂgmldﬁﬂﬁ)fﬁrﬂae{@m@%}&@&é%)r@ﬁm@;tﬁgiﬁd (E(}@Wplﬁf BrIRer Ofit of
matglishieasiedd Liamale nuBbesimatesiakaupphiedly, 100
Reaction and evaluation were also effected under the same condition as
Example 1.

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

(I} nonahydrate (Fe {(NO;); 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 204,

Reaction and evaluation were also effected under the same condition as

10
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The selectivity (%) of objective substance = (a mole number of objective
substance obtained / a mole number of material reacted) X 100 The yield
(%)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
th&#BMA b of rubidium nitrate (RbNO3)(Mitsuwa Chemicals Co., Ltd.) was
used instead of cesium nitrate (CsNO3) to prepare a catalyst (RbPW) of
rEkidinta Salt of tungstophosphoric acid having a composition: HO 5Rb2
5PW i2 4@ eReactiOn sndpdvaluatioreperecdlsoceffeced tnadeg thie Sarmaum
conditiondas 2hxarmpl@AD Exagiiple)3(Riocetture ohExampleduwass, Lid.)
repeageciexsapidhar 3:2¢ @rofalciemeekiotideo diygiate {Caaldm salt of
Wk Frse Ghermioal)indusiies datdoswas used, 3@ jnsigad of
cesium Ritrate (CaNQ3I) 10 PG & Sl alYRIACARY Of calGM SaliRhn a5
tHogstarhosphoric acid having a composition: Car,5Rb2.5PWi2040.
Reaction and evaluation were also effected under the same condition as

. 35 Example 4 Procedure of Example 1 was repeated except

. qf Eerrlc nitrate (5”1) nontagydrate (E ;('\4(3%)3 9 N hon ;
Of%gr ay ,I,Kd wa e Y esi gn\f; ae
Qﬂ a mzml ua Me(% SN 5%

r&%ﬁe %1%3 5”9%%9 g B?éo'ikﬁ-ﬁ% GRIplYEt: ?i'&'%d
@Ig oSkl ggl&gﬁ;lct AWNg R, composition: 40 e W1

eac“o’kéz[k%ﬁ’%'&? é@&&‘é@f&%&eegﬁ(&t%?férﬁ?g(%ﬁh%lsﬁ{@%a‘iﬁé‘%'&9&]/{% as
?%%Tf}] e 1. Example 5 Procedure of Example 1 was repeated except
tha

g of zirconium 5 oxychloride, 8 hydrates (ZrOC12 8H20) (Wako
Pure Chemical Industries, L,td.) was used mstead of cesium nitrate

( are |r onium salt of tungsto r|c a rPW
g\ EE ?%ng ;gﬁ Ig: londe
éfﬁé? a &én, ummai es L was us 11 t ag o cesmm nitrate
OI\%S § prepare A &2 mngs%opl‘:l’xos%rlc ac:1 (HfPW) having a
composition: Hiy 75PW 2040,

Reaction and evaluation were also effected under the same condition as
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
acid (H3[PW,,040] nH;0, n = about 30, a product of Nippon Inorganic Colour &
Chemical Co., Ltd.) was dissolved in 20 ml of pure water to obtain an agueous
solution of tungstophosphoric acid. In a separate beaker, to 7.09 g of bismuth
nitrate (Bi(NOs)s, Kishida Chemical Co., Ltd.), 28.3 m! of 60% aqueous solution
of nitric acid and 117.6 mi of water were added. The resulting aqueous solation
of bismuth nitrate was added under stirring drop-wise by means of a dropping
funel to the agueous solution of tungstophosphoric acid. Yeliow white slurry
was generated at every dripping.

The resulting sharry 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
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 bismnth
salt of tungstophosphoric acid having a composition: BiPW Oy

Example 9

il
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Example 6 Procedure of Example 1 was repeated except that 6.34 g of
lanthanum nitrate (La(N03)3 6H20) (Wake Pure Chemical Industries,
Ltd.) was used instead of cesium nitrate (CsNO3) to prepare lanthanum
salt of tungstophosphoric acid 15 (LaPW) having a composition:
LaPW1204o0. Reaction and evaluation were also effected under the same
conditiohtadrEraiplke ¢f ERaripiemoerProéebeifabrixatigien Fxanple 1.
rapeated oieastdiar Susedg it prdrit g ionde sy 4¥ idVakaepare cesium
Ghkmwicahpythystiiesaditt(wiESVased instead of cesium nitrate (CsNO3) to
prepare Nafiniym Salteobtungsiaphibsphoricdadid frfP\M) havingen Inorganic
cosMpasHi@ietioal SRWIL 040 pReacifon R heNapRIAD walevalSdissolved in
effected upger m«e@am@b@aadmoaqa@o@@ fxample duEyample # Bismuthy a
safbatiungaiophespheris acld (BIRM) Was senaied agerdingi a1 co., Lid.)
J\Eaéghéééiég&"ﬁ? &?gl Pf%t%@?@ (%Itg%s &b! s%%g(ﬂi of cesium muate
H;ﬁ‘ﬁsm Q&%ph‘i“ﬁo %'eds H3[PY¥%2°‘§’ aic? und'er about EO r%v Let,
|g§op Ir}i anic une hemical was |ss £ am? '{?\Tmte

ueous So utl s1 1
p ure Water O ain an a ueo S solution O tung Osp oric acid. In

3%"’@8&%&%%’88@? t?)tﬂféy 5PBid%uth nitrate (Bi(N03)3, Kishida
ChemicalfedesEie S85 YnFaf éw&%dqabadgféau%woa?tﬁﬁﬁ%ad%ﬂm at
107 6 IdrsiaEhiveresdided Theresdrintadbendeebritibl 36 &fr 6 hours
BisFudYpitrzite st ddest wnderidtiming dropiiise bywdeamsofiaed in air at
drdppiig ffungl tothe dguesing solitdofof timgstephospiaenc acidny efidw of
wiinites iplins piascogend fatatiat ieveny drippipg sitica rasylting Brrpwas

dried by Retiasy evaporiarisndarvadtbiRTREAQ rderobtaiawhitendition as
AowEsIte Tihis powder was then dried at 150C for 6 hours in 40 an oven at
ambient pressure. Then, the resulting powder was fired in air at 250 C for

%M%MVQ%QH%MW?Ofgrnace to obtain a catalyst (BiPW) of bismuth

salt of tupgsto hOSph cid aV| compositi BiPW1
UP tﬁ eie & %heteregr)

Exam g ? reparatlon Of the cesium'salt eterop yac:|
é‘xg\?n% T El?‘l tOSI|ICIC acid was used instead of tungstophosphorlc

acid to YRSt FEATBt St ossllﬂf‘lélg‘iﬁ@ ely ﬂ?h‘é’ép oric
pur ittt Yok %ﬁl@pswgmaﬁaea TRESH St
@oabey iA‘plaed d?h‘?ﬁh’éﬁﬁ@[@h@ﬁﬁ%oﬂé%&%(ﬁ%odx%@]véﬁaﬂ 2D fibept 30
purehveataritd ohrainzeragie bvdoseldtibhohicrgstosilicle aeis. wacd 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 1.

Results of these Examples are summarized in Table 1.

?&C_l aione was
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separate beaker, 7.43 g of cesium nitrate (CsNO3, Kishida Chemical Co.,
Ltd.) was dissolved in 60 ml of water to obtain an aqueous solution of
cesium nitrate. The aqueous solution of cesium nitrate was added under
stirring drop-wise by 10 means of a dropping funel to the aqueous solution
of tungstosilicic acid. White slurry was generated at every dripping. The
resulting slurry was treated in a rotd#p*6vaporator under vacuum at 60'C
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onyield C (24

) (9B) Exam

ple | €EPW 2¢

50 100.92.9

2 RBPW 28

100 91.2 3 CaPW 350 7826149.8] 4 FeB& 300 99.097039 5 ZrP\ 350
82.560.6 6 LaPW 300 95.0 65.6 7 HfPW 350 84,6 62.1 8 BiPW 320
§58.7,609 9 CsSIW 280 100 93.1 Comparative PW 320 74.0

Powder of cesium salt of tungstophosphoric acid (Css sHo sPW204) (2 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
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 packed in a SUS reaction tube (diameter of 20 mm).

An aqueous solution of glycerin (a concentration of 30 % by weight) was
fed to an evaporator at a flow rate of 21 g/hr by & pump so that glycerin was
gasified at 300°C. The resulting gasified glycerin was passed through the fixed
catalyst bed together with air
temperature of 260°C to 350°C.
mol %: glycerin: oxygen: nitrogen: water = 6.3 : 4.0 ;: 14,9 : 74.8.
2,445 17"

Products were analyzed and the conversion (%) of material (the

The fixed catalyst bed was heated at a
Feed gas had a following composition in
GHSV was

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
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Example 1 54.8 ---- -=-m-mmmim cmmmm - e 2 SiW 350 1 73.4 50.2 3 PMo 260
91.3 16.3 Example 10 5 Powder of cesium salt of tungstophosphoric acid
(Cs2.5H0.5PW12040) (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
opétated under ambient pressure in a fixed bed. Namely, the resulting
catalyst powder was compacted 10 and then crushed. Crushed particles
VE%%IBQS??d through sieves to obtain particles having a particle size of 9

10 cc of the catal ranul S or artlc e
SUS restic T T e, 2 S Eriap iR Lt S8 Y5 e P\) @

ot y@er‘i’
(@%ﬁééﬁt}\é%ﬁrbf%g%lﬁy%&gﬁﬁz ’§nfé¢d1’t6~8n %@ip‘fﬁ‘é&ﬁdﬁ?
ratepofe2 & gthr byra pumpso:thatiglycérit &vgso&@lgamb@dlaa@mi\@.&ffmates
resiing m%&@@yswm&ma@amw the) fived Gatalyst Bed.5 ml of

together withair, L g;ﬂ Chﬁ% [aive P?Qe%"%%ﬁ' cAladhal Mﬁﬂg’%@b‘é&%@ﬂo a

260'C to, 350'C. Fee owing composition in cerin;
SR/ er gy ah: Hoaier o ! *@gt PRI SOAY RS BB
Peadticts were analyzed and the conversion (%) of material (the
conversitire atglyeesin)nthe wonversiahiafmateriak{glyoart) pihier vacuum at

splectivity ol dargat suRaiances{ihe seieetivity @t acrolainand thery, 6 hcurs

selectivity of acrylic acid) and the.yield,of target substances (th
acrolein af %na tﬁléég)/leﬁlcti% acryiic a%(?}.}lé \C}Vere caglﬁ1 15t83 by the s s Frgdem air at

ielthGdiek ERaripIRy1 v ives e EloWinac oL o ToRts e @&%ﬂﬁhﬁlé"iﬁ%"&) of
ofl cesrdatidofaergstoptio sphario @eig {Co255k &RV iRO40} (a Sollowing
REagbei abNipROY, InorganievZatoyr & Chemical Co., Ltd) was added with

80 ml of purg wale '@v%lﬁﬁ{?éﬁa‘iﬁe‘i’gaé&%&%%%?f&Q‘%ﬁ’ﬁl@%@tﬁnon as
hexahy ialtes H2PtCI6 6H20) %%%?%%Pure Chemical Industries. Ltd) was

d:1§§8‘1%:d th 0. BSSFS WReEM o solution which was then added

under stirring dropwise to a white solution of the cesium salt of
tBrgatdphasphoric acid by using a dropping 10 funnel. The resulting
S'Eftry W?%U@&}rﬁéidﬁ }?x%%@y ?}’ %@r NS Y l%HzW @ R0 10,0t @ Race
\év}tOI |evr\1l Sgeséhiéogr e resu in Epg(%gk er was é#?nﬁiﬁr ;:L% V%]as
used instead of the ohioroplatmate hexahydrates (H:PtClg 6H,0) to prepare a
catalyst of iron-added salt of tungstophosphoric acid (Fe-CsPW) having a
composition: Feg o Hp26Csy sPW 204,

Reaction and evaluation were effected under the same condition as

Example 10. Result is shown in Table 2.

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

nitrate nonahydrate (Cr(NO3); 9H,0) (Wako Fure Chemical Industries, L.td) was
used instead of the chloroplatinate hexahydrates (H;PtCly 6H»O) to prepare a
catalyst of irom-added salt of tungstophosphoric acid {(Cr-CsPW) having a
composition: Croos Ho26C82.sPW 2040,

Reaction and evaluation were effected under the same condition as
Example 10,  Result is shown in Table 2.
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250C 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: Pto.0oo1H0.5Cs2.5PW12040. Reaction and
evaluation were effected under the same condition as Example 10. Result
is shown in Table 2. 20 Example 12 Procedure of Example 11 was
rEpeae cept that 0.492 g of iron nitrate nonahydrate (Fe(N03)3 9H20)
(NIHONRKAGAKI B ANGYER ClOuak TEhdanaise used ihst@atbofdhé ammonium

%@&%ﬁ%@ﬁ@ﬂ@ﬁ%ﬂw iRies (HRIGH 6?1%!1%91)&0 V@O@r& AsCRRANELOTor the

iron-added salt aof tu Ci -Cs havmga 25

oles iR b SO S A R
eaff%‘@@ﬂ%ééii?ﬂe %%eoéoﬁﬂ’i’tﬁﬁi’f’%‘)@%ﬁﬁfbleaiﬁl R&UH Gsowhaing 2
TableRitExample13 B0:Frecdtire(af Example 11 was repeated except
that 0.48&g:0b£hsamivminitraie nenakydala (GIMNOAS AWRO:MMEkKen as

PE%%(Bﬂem'Cak{lgﬁli'tsg'gﬁmlvﬁd)n"’ﬁﬁl Used instead of the chloroplatinate
hexahydrates (H2PtC16 6H20) to prepare a catalyst of iron-added salt of

tungstophosphoric acid (Cr-CsPW) having a composition: Cro.0s
PW12040. 35 Reaction and evaluation were effected under
the sameroostlition AExbxaraple 18s Rgsulits shawn dmT allg?2g 4 rubidiom

Eef@mplqﬂ&\%gcqw@@i EX@M%I; W@% rep@gte@&m@@dthﬁ{s@e@@&gf%he
mmonjum nitrat H4N03 {1 %; |caI Industries, Lt
ate" e“xa tes

use%lmﬁs? ?itof Ictlnr?otpTatl (Hfﬁ’t@i 6?—!28()%%8/ st of
“é?ﬁ?ﬁ?ﬂha?ﬁ &aﬁ&f@aﬁmﬁiﬁﬁéiéﬁh%ﬁﬁﬁg%ﬁﬁm
(RIEP-quesCBPML)ShMga@ocomposmon NH4 0.0s H0.42Cs2.5PW1204o0.

Reactiom aqidi gy aduatienavare effected dndesdhersamensopgifion asdition as
%@Mg 10- Resyltis, shawn iR fakle,2. 10 Example 15 Procedure of

Example 11 was repeated except that 0.182 g of rubidium nitrate
(RbNOS) (Mltsuwa Chemical Co, Ltd) was used instead of the

ate hexahydrates (H2PtCI6 6H20) to prepare a catalyst of
rubidiufisgdets salfse s%pﬂ%s’ﬁiﬁéﬂ@‘éé?&?%%t@é#\ﬂé1h&\ﬁﬁb‘3]éum (VD)
%ﬁ%dﬁﬁgﬁmk BigIEs domisel spv12640. REActibiThndevatliafibn the

te e ﬁfﬁgn@%ﬁaﬁg?ﬁﬁe e (ﬁlfn a@ﬁ%ﬁa@@%@?%sﬁlt iSAHn of
gstophosp OI'IC acid aving a composition:
%EFO 5Cs2 sPW 1204,
Reaction and evaluation were effected under the same condifion as
Example 10. Result is shown in Table 2.

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

nitrate (KNO;) (Sigma Aldrich) was used instead of the chloroplatinate
hexahydrates (H,PtClg 6H,0) to prepare a catalyst of potassium-added salt of
tungstophosphoric acid (K-CsPW) having a composition: Ky gg Hea2Cs7.5PW 2040,

Reaction and evaiuation were effected under the same condition as

Example 10,  Result is shown in Table 2.

Example 18
Procedure of Example 11 was repeated except that .327 g of ammonium

perrhenate (NH4ReOs) (Mitsuwa Chemical Co, Ltd) was used instead of the

15
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Example 16 20 Procedure of Example 11 was repeated except that 1.751

g of telluric (VI) acid (H6TeO3) (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-CsPW)
having a composition: Te 0.5 H0.5Cs2.5PW12040. 25 Reaction and
S8 iEre itedadriintie th8 $dmettbitlitidh a8 ®Réimpte totaRESUIPT
ishshownandedbldt2 fBExamplelibéProcedeire (BfeEXsliip) erd dinvgas cepeatédon:
axgeRtHhat Q. 1A% gof potassium 30 nitrate (KNO3) (Sigma Aldrich) was
used instea of the (ihlorcl) all?.tlnate hex%hxger teséHZPtClG 6H20}“§§1-0]El as

ac lOiD an cva 10N WEere ¢© anader ihe same .Co
prepare a catalyst of potassium-added salt of tungstophosphoric aci

RxeEPA havitg d S mEBh 1489665 Ho.42Cs2.5PW12040. Reaction
and evaluation were effected under the same condition as Example 10.
Result is shown in Table 2. 35 Example 28 Procedure of Example 11 was

repeated except that 0.3277 g of ammorTium perrhenate (NH4ReO4)
(Mitsuwa Chemical Co, Ltd) was:tised instaadepfithe Adrehdaroplatinaie:
hexahydrates (H2Riz16 6H2Q)dopiepaterareaialyst ofyiéidnium-added
salt of tungstophosphoric acid (R8-CsPBW) h&ving a .composition: Redds
Ho.5Cs2.5PWi2040. Reaction and evdluation were|effected under the

sameganglition assvExample 18y Result isshown in Tahle 2. Tableid
Reaction Glycerin Acrolein Aeryie Catalyst tempergture conversion yield

acid—(C) (%) \"}/;}z yield (96 Exampte CsPW-280 994 84,2 101011
Pt-CsPW 260 1007404 6 20012 F'EsPpw 308400 65.8 1%

©)

13 Cr-CsPM/ 36@-@]@’%@.’..4 15.2094 NH4-CsPW 280 99882.9 1.1 157

Rb-CsPW 1280 89.8882 1.0 300 100 61.4 15.2
14 | NHs;-CsPW 280 99.8 82.9 1.1
15| Rb-CsPW 280 99.9 83.2 1.0
16| Te-CsPW 280 100 | 477 23.4
17| K-CsPW 280 99.9 87.1 1.1
18 | Re-CsPW 280 100 | 862 1.1

Then, experiments were carried out by supporting the cesium
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
tungstophosphate) / (weight of cesium tungstophosphate + weight of support)

Example 19
15 g of cesium salt of tungstophosphoric acid {Cs: sHysPW;204) (a

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.,
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 muffle
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16 [ Te-CsPW 280 100 47.7 23.4 17 K-CsPW 28099.987.11.1 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 support was 30 % by weight. The degree of support is

calculated by following equation: The degree of support (wt%) = 100 *
(lveight of cesium tungstophosphate) / (weight of cesium
tungstophaspisate tdweight.ebauppeet) e fxample:1 31 graf-cesiinisaltas
%,{g&gﬁq@hosﬁgqﬁiggg&%sﬁ.EFIE{QBSfWiZO%) (a 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 &#Hiobia (Mitsui Mining & Smelting Co

20 Ltd.) and stirred for 2 houEein ambient ?rggglgattlr% Th .resultin(c:jr o
' UEaéeYQBHU 0

slurry was dried ggrggptarytglsﬁig%% r m ﬁ@ o

white powder,. This powder wagdhen dried af;150C|for Ghpurs|in anayen
at ambient pressure. Then, the resulting powder was fired in air at 280'C

faksnhyaureby using@smuffle 16ofurnace. Reaction and gyaluation wege

effected under the same condition as Example 10. Result is shown in
Table 3. 5 Table 3 Reaction Glycerin Acrolein Acryic carrier temperature
conversion JielFatiarRE} (98) {56y §r8Id G2 BRI HIE L & RiBBEE 360 oGP es:
gallpy & eF repretieremparison between Examples and Comparative
Examplesihéaltodingsmed aliskrirely (Ehiktieoprodidatanotacrataininy vield
dehydraiqR [eaction ot MesstatRgialthil A o A YlRIRC M. RS (RET8 3SR

remarkgbly sych g hiaher than 9026, by ysing, the catalyst accordind o

usi
the present invention, mpé}ﬁicular,ecgtralsfélt% corﬁgolﬁﬁds}; IN"Whic %rr’otgﬁafHSt

heterogOIJRERPEaCH S8 BIRICSIY i8cieprdaacid 184t parfidliyahy alkdiis

metal sughieasdGs BrRIpafd)NyHenHetempelyacit aidrredwhich is outside

the presendinvestign) warl ibhsednibe Weldofa@cmpliendsauehvbegbdSwas

lower tl?ﬂ@d? %l% ?Y&H 'thgsm@é%%tsw&ldp%%f& lfeol&cfp '%1%\{1\/ 55% even in the

(ungsigphiosphalc sech [ e SRYSHE RN S ycstinang the vield o

acrolei TuMiet Mcreaddy (tungstophoSp

(3) The conversion of glycerin and the vield of acrolein 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 K, Re to the cation
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.

(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.
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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 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 Ew(%) Supported catalyst in which

the cation exchanged compound is supported on carrier such as niobia.
show Slnhijarsonyersidysofglyeedncng simlain yiedd astglérolsid dvepatalytic
much éeévetertiopetational dogiditions twwhichithencation exchamgddn which
compeutidis Bubjesatedpdif4cidrdM Sx{hhRelydrrtionpeatialygtfith at least one
produgitghacalein arehacibgmasid byl satalyticodehysiatian easton Okt the
glycer, £anprisind,mainly-a:compound in which 5 protons in a
heteropolyacid are exchanged at least partially with at least one cation

Jsecte frfféﬂ ARSI RRINOING. %, Grog g» RGIuR Aa1 e ﬁ%dh%m

) ratio %ac%tlo er1 OMmprisin Or o ucmsqait or
acrolelﬁ/ anc? & Icc c?’/ ?Ltf) y & catant drafion’y on ? X rin
compréify ﬂ{aallﬁffyebogg YErdsald o‘?l?fé%ergﬁ ﬂ}yﬁcﬁl n%al O TRTORSHE i afre
said heterapefyatidcare PeRiHbh el &f oA patramly itk S{1als @n%lemeﬂfs
cation$a8Eiad o elrhdnSTPEoyHge oo keblsraliplemettthgaid
Periodiemabiadof Fipnsesits Shiothe eemspddnaislredresented by the
general formula (1): 15H&AK{XPYeRdOe}tinH20 (1)1in which H is
hydrogem;i¥cls at least one cation selected from elements belonging to
Group 1 to Gioumiérefdhe Periodic Table of Elements, except H 20 X is
P or Si, Y is apleast pas: elemani-seleriaddreonihe-group seomptising \Wroup
Me, T, €raYodds T thd IR0 &8 150N Bl RisCohdip i Sn and Pb, Z
is at least onexejggwgptsg,elected from the group comprlsmg W, Me, Ti, Zr,
Vv, Nb, Ta, CrﬁMn a&%n'é'%lgﬁezm’e% eH‘lf lﬁ%& gu (flis%?g%bMo\
¢ and gl salisfyi R%Bf Wing,[aRaes: ORAS OEE %pfr} i gi Pb,
Z is at Zeasi 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 satisfying following ranges:
0=a<9
0<b=9
0<c=12 and
O0=d<12
¢ 1s 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.

[4] The catalyst of claim 3, in which said alkali metal is cesium.

[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.

18



10

15

20

25

0 =d < 12 30 e 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. [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. 40 18 [6] The catalyst of
dAy oflee shtkish flany Bsoritalning fuithér cndtiensdirofcatatedstiond of at
eleméntsselectéchfeons dlarednioetdngimg tbcBGratipglico(@ropp 16 @fotie 16
PeriogichEahia fiElrrients Firaddition t@&aichconmgpdune@ialiThe
supported catalyst of any one of claims | to 6, wherein said compound is
supProred R AeatieiHS] Jhe supRtet catalyst Of wlridd syviereip sald is
carrighis, Hianiansilicarid0 zirconia, niobia, magnesia ceria or alumina. [9]
A process for preparing a catalyst for producing acrolein and acrylic acid
b delivdration repction,of gycerin, characlerized By the sieps,al adding,
olution .c})fpatﬁ ast one metal selec id rom elements belonging to the
Grouf)”f@lfat’on@%ﬁ’pﬂ%%?sfﬁecgéari%la “abife of Elements or onium to a
solution of heteropolyacid, and firing the resulting solid mixture. [10] The
ﬁ?dce%é’@F&Féiﬁ?@‘iﬁ’ﬁﬂ‘f?&?tﬁ%@éﬂ%iﬁ%i%@@éﬁiéﬁ@ﬁ%%?%{ﬁ lic acid by
atmoSphete BrnifcaEayad ¢l erinupbai BRyigeh Andhsertagpasoboine a
The prdetdss of etdims0we 10¢ i wHisticdalsimatismimstiedtogiagdo the Group
températuiecop 15040 900 fiod . Seb1e b dilesi dd12] W serpfthie catalyston of
defineerénoaniyarid, ofnddims: e & anofiheistppetieed 25 catalyst of claim
7 or 8 in production of acrolein or acrylic acid by catalytic dehydration

re@qtiomefaNealinflaim 9, in which 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 ¢ 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

catalyst of claim 7 or 8 in production of acrolein or acrylic acid by catalytic
dehydration reaction of glycerin.
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