DESCRIPTION CATALYST AND PROCESS FOR PREPARING ACROLEIN AND/OR 5ACRYLIC
ACID BY DEHYDRATION REACTION OF GLYCERIN Technical Field This invention relates to a
novel dehydration catalyst, in particular to a dehydration catalyst for producing acrolein or acrylic acid
by catalytic 10 dehydration of glycerin in gas phase or liquid phase, to a method for preparing the
catalyst and to a process for producing acrolein and/or acrylic acid by using the catalyst. Background
Art 15Glycerin is obtained in large amount as a byproduct when bio-fuel is produced from bio

resources that do not depend 'on fossil resourmii §h of new uses of glycerin is under
development. -~ We have proposed, in PCT/ and PCT/JP2009/057819, an improved

dehydration catalyst comprising mainly a compound in which protons 20 in a heteropolyacid are
exchanged at least partially with at least one cation selected from elements belonging to Group Ito

Group 16 of the Periqdigrhghje of Glamantscrss WORAIIHERAYSlIRelaesSIRIRsasRIRr producing
acrolein by dehydration reaction of glycerin.| -ph in.t r t lyacid 25 used as -
a solid acid éatalyst Tﬁ’&ﬁ%@ﬁgbé&%ég%}%mg%% @%@ﬁf@ﬁﬁ%@%ﬁ%ﬁm acid,

tungstophosphoric acid sad phosphomolybdic acid. These heteropolyacids are supported on bi-modal
pore size distribtiepsiiah Earder and produce aerolein at a yield of 86%. This dehydration reaction of

glycerin, however, is efiegiadilignOKRIOR0RS,BUL SIS AIHOUPIAURRM BSpA%CAtokgRs. <0

that deposition of ca Son Increase seriqusly a dd ence th eie IS a ro Ie of de (i oratlonlln time of
stability, activity SHRYSEHORitg BRI cHREIRIRIMERE L ASTRISR "ﬁ (?ﬁ&’lé% " |n°’i"‘|;("33r1"1"L Hlycerol
over silica-$@ppaitbodretiroplyshsict T AT SIS CCOMIRIUA IBATION S, m@mbesin‘@r@rznayw 2007,
35 pp 13494353 hakelial apgstainabieqiotygiioawiagrelel: gasndiasectely drfiaryafsidycerol
over 12-tungsto ggscglgﬁg aC|d supported on Zr02 and Si02", GREEN CHEMISTRY, vol.10, 2008; pp.
1087-1093, and Chai et "Sustainable production of acrolein: preparation and characterization of
zirconia-supported 12- tungstophosphorlc acid catalyst for gas phase dehydration of glycerol”,

APPLIED CATABgSkgmunEMERAL, vol. 353, 2009, pp.213-222 disclose that silica or

zirconia-supported hetergpp&)é;aﬁldgl%ﬁfﬁ@@éwqms@gza@{umﬁfwsdelm@wmnmfv@bﬁcefm -fuel However,
there is no usablg, sat?éxatﬁram%mgggm AR SENUOSLAEIIPERICE) reoo WARO0TARRZ L NiPpOr
Shokubai) disclo g i!Procgses for cer xs %’[I %%l¥ Odrégmlcohols by using a catalyst contalnlng an
element of group” Rigs of gly nace P
We have proposed, in PCT/JP2009/057818 and PCT/JP2009/057819, an
improved dehydration catalyst comprising mainly a compound in which protons
20 in a heteropolyacid are exchanged at least partially with at least one cation
| selected from elements belonging 10 Group 1 to Group 16 of the Periodic Table of
Elements. - _ - o S
_ | WO2007/058221 . discloses a process for producing acrolein by
dehydration reaction of glycerin in gas-phase in the presence of beteropolyacid
25  used as a solid acid catalyst. The hetcropolya'cid is those of Group 6 clement
. such as tungstosilicic acid, tungstophosphonc acid and phosphomolybdic acid.

o

These heteropolyacids are supported on bi-modal pore size distribution silica

carrier and produce acrolein at a yaeld of 86%. This dehydration reaction of

| glycerin, however, is effected without oxidation gas but using nitrogen stream as

30  carrier gas, so that deposition of carben increase seriously and hence there is a

pmblem of deterioration in time of stability, activity and selectivity of the
catalysis. '

Tsukuda et al. “Production of acrolein from glycerol over silica-s_upported

heteropoly acid” CATALYSIS COMMUNICATIONS, vol. 8, no. 9, 21 July 2007,

35 pp 1349-1353, Chai et al,, “Sustainable production of acrolein: gas phase

debydration of glycerol over 12-tungstophosphoric acid supported on ZrO:; and

Si0,”, GREEN CHEMISTRY, vol.10, 2008, pp.1087-1093, and Chai et al,



10 W), in particular, comprising a heteropolyacid which can be supported on a carrier containing Al, Si,
Ti or Zr. Examples show the acrolein yield of 70% for PW/AI203 70% for PW/Zr02, 87% for SiW/Si02
but the conversion decreases from 100% to 70% in 8 hours. U.S. patent No. 2009054538
(BATTELLE) discloses catalyst composition 15 comprising phosphotungstic or phosphomolybdic acid
on silica support and the acrolein yields obtained are not over 71% with the catalysts. U.S. patent
No. 5,919,725 discloses a catalyst comprising heteropoly salts and heteropolyacid salts deposited on
aI I|i>olro,us SUfIOpr?ﬁs.%lfsgglo@l}é’phéifTﬂ}J@\ﬁﬂGzﬂtQﬁiQ-a@%&%’e@}!ﬁéﬂfﬁﬂflﬁ%ﬂ fqéﬁ[]omni_sca@ﬂdaﬂ@ﬁ seigh as .
alkylation of pheno with olefins hut there is nQ mention. erol.dehydratian. atent No.
4,983,565 disclG&EE %1%-'%1@&8081:[ gf lt}rékﬁﬁﬁféﬁz?z%%‘lgﬁ}% (%rlrg %%%?gﬁpbk%rﬁxgepqﬁ%%ndgc it]i z‘a&}!]?gibgellets with

>
an aqueous sol@fo# xsreiSitf SLAHSATndid &% 7 HB %’rci‘@bcﬁ r e SRed Fokrted by
drying and calcidatitrseTthatcatidyirczinoposition o nrepheea quetfe midyiby ffegtieg matingata st

preformed pellet; dg&mﬁrﬁi;&@@ jac.pgllets in an aqueous solution of the tungstosilicic acid or
molybdosilicic ac%{ for.example. I—?ogvcever, this patent teaches na’ghinl%iabout suchia f%agu e defined in
e a LEOC

the present invention t ?%?Bf’cfnsﬂ?ﬁrﬁwéshgf’er’éspo fa&ﬁtﬁyes‘te%haﬁge B?/uz'al? ‘ezsélcs Bne cafion selected
from elements bessHgA&REGroup Ito Group 16 of the Periodic Table of Elements. Still more, 30this
catalyst is used to prepaxsDatEsy PpigethyicipepalRhmind dyitdheresis nopmentio foin didiyddagtion of

glycerol. Disclosue, ol RNeRiion, T aiiat BIORIATS STEIRIOIE nblest gfdbjsanvanien is to
provide a novel dehydration_catalyst,’in particular a deh qratlo?p c%ta st foré)rodumgg aacré)l!lelg] or
acrylic acid'By catatytft QBFH oﬁ%?@f%@ﬁnﬁnhﬁé?%%%gé% GG piFa8eY SUFRAGer Object of this
invention is to prearider senstidugdkipfapaiing fie cHeaymlanshoratbroresiedr ferblioting atslein
and/or acrylic ackdina using7iimg Gatalyst/zro, StianfthaSialRica obthistiaventiensis toduovidesa
process for prodﬂgi&gl%ggl%nﬁa/g ACEN% G, ggid from glycerin that is a material not derived from
petroleum, at a high yield. Technical Soi % n Aﬁirm t of the res?rit inventionsr{esides ina
catalyst composition 0co%§ri§ﬁ§§”étl‘f8a Lé %%31%%[5 I‘f/‘ [of g’hé_%%sgﬁ?feﬁ Siéd'e 0alpnt"ﬂrrlous
titania carriép.  compaiprfrhodrhenogivent peosahRtirbiiposiformPiieaptRRRARIADETlSn
comprises at leastaneheigepobinciddd ybisbtprotond in thietheierapalyatsid are exchanged at least
partially by at least one gation, selgcier 43 fiom Slemapis Lelonsing 1o Graumd tersrepnlbief the

Periodic Table of Eée ents that have beén deposited on a porous titanja carr Anatherssubject
of the present indBALBH YER afﬁ%ash%éfhg?f’ogrﬁﬁléeﬁgriﬁgp fﬁg%sa%ﬁ%?%oﬁ%g{%nzgo%g%gn

impregnating a titiAfi2cardaraigtadrsbistsabiticteraslyadia shgm §ushd fiat RS4RI blid
mixture, oponallyit deBandiytishpre gnatingetitéore sdilgihygenop deduydteticarrier with a solution of at
least one metal selectedtﬁr.@mﬁ?eﬂew@.bﬁmmtam%@gpwpm@e@r%p pepiring Regingigsd able of

Elements or oniurm, drying, aqd fiing the,[£5Uling ol fuyyivies Tae §RIBUS\RMBR IR aRgpring to
the present invertion can Be B P , , :
of tungstosilicic acid or molybdosilicic acid or their salts foilowccl' by drying and
calcination. The catalyst composition is prepared pi‘cferably by impregnating a
25 preformed pellet by immersing titania petlets in an aqueous solution of the
g tungstosilicic acid or molybdosilicic acid, for example. However, this patent
teaches nothing about such a feature defined in the present invention that protons
in the heteropolyacid are exchanged by at least one cation selected from elements -
belonging to Group 1 to Group 16 of the Periodic Table of Elements.  Stjll more,
30 this catalyst is used to prepare linear polyethylenepolyamine but there s no

mention in dehydration of glycerol.

Disclosure of Invention
Technical Problems .

35 : Thereforé, an object of this invention is to provide a novel dehydration
catalyst, in particular a dehydration catalyst for producing acrolein or acrylic acid
by catalytic dehydration of glycerin in gas phase or liguid phase.
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25 prepared also by the steps comprising impregnating a titania carrier with a solution of at least one
metal selected from elements belonging to the Group 1 to Group 16 of the Periodic Table of Elements
or onium, drying and firing the resulting solid mixture, secondly impregnating the resulting solid mixture
with a solution of heteropolyacid, drying, and firing the resulting solid mixture. In a 30 variation, more
than two different elements can be impregnated. successively in the first impregnation step by using a
respective impregnation and calcination operation. The catalyst composition according to the present

invention can be prepar (¢ Ising,m n.o I I jon and
firing, in which each im ?&gng!ng%r?nﬁ g‘gf?e}e %&ngﬁnima%(ﬁ&%%ﬁ %%Saﬂlglém%%%% %el%%%%ﬁgt%}g%&oup
Ito Group 16 of tﬁ@@ﬁ%’dﬁ PahIRFBF B RE RSP URRIAF R IRnARUBRATN AR G itk ffan one
element selecteddtaiysthe group comprising P, Si, W, Mo, Ti, Zr. V. Nb, -Fa, Cr. Mn, Pe, Co; Ni, Cu,
Zr;; Ga, :Or_h I, fSE, Pb, agighinwbieh @iﬁzﬁmm ippEaanatigndproafie Withaeseait PoautseE. f still
other subject of the present inventian resi in a,proces preparing.acrolei on o
glycerin, caréied %clftd[liﬁ‘ﬁﬁgxf)dre%%. E:lg 0 %?e %g'fglx%lg%#ﬁ)lsstl%%geﬁ%o% gge cl)%iovl\}/?r?g%‘E'g%rzgz/(s:H 1) to (21)
taken separaterPﬁF?ﬁcE%B‘iﬁa‘E?éﬁﬁﬂf}drhe porous titania carrier is covered at least partially, by a
compound represented by the formula (1): Ha Ab [XiYoZdOe] nl420(1) 10in which H is hydrogen, A
is more than oneygatigi:seiesiegsom elements belonging to Group 1 to Group 16 of the Periodic

aroup comprising W, Me- TSI STAECprojee e iRy PG SRS SERRgIRm
is more thahloneC8 R RS @lelersy %hﬁﬁ@@‘?&@ﬁ@oﬁﬁriémﬂ\ﬁ@aﬁ‘%}f\ﬁ NTPYS EF2Rih, Fe, Co,
Ni, Cu, Zn, Ga, IeaiflgrSn and 20Pb, a, b, ¢, d and n satisfying following ranges: 0 <a<9 0 <b 59,
preferably 0 <b <9 0 < g5 k2R sthedl 2ABd ettt A Ieathl9st composition of the present
invention comprises at least an heteropolyacid in which protons in the
heteropolyacid are exchanged at least partially by at least one cation selected
15 from elements belonging to Group 1 to Group 16 of the Periodic Table of
Elements that have been deposited on a porous titania carrier. |
Another subject of the present invention resides in a method for preparing
the catalyst composition comprising impregnating a titania carrier with a solution
of heteropolyacid, drying and firing the resulting solid mixture, optioqal]y
20  secondly impregnating the resuiting impregnated carrier with a solution of at least
one metal selected from elements belonging to the Group 1 to Group 16 of the
Pcriodic"].‘able_ ‘of Elements or onjum, drying, and firing the resulting solid
mixture. | | _ '
The -catalyst composition according to the present invention can be
25 prepared also by the steps comprising impregnating a titania carrier with a
solution of at least one metal selected from elements belonging to the Group 1 to
Group 16 of the Periodic Table of Elements or oninm, drying and firing the
resulting solid mixture, secondly impregnating the resulting solid mixture with a
solution of heteropolyacid, drying, and firing the resulting solid mixture. In a
30  variation, more than two different clements can be impregnated successively in
the first impregnation step by using a respective impregnation and calcination
operation. The'catalyst composit'ion according to the present invention can be
prepared also by the method comprising more than one cycle of impregnation and
firing, in which each impregnation is effected with a soiu_tidn of an element
35  belonging to the Group 1 to Group 16 of the Periodic Table of Elements or onjum
or with a solution containing more than one element selected from the group
comprising P, Si, W, Mo, Ti Zt, V. Nb. Ta, Cr. Mn, Fe, Co: Ni, Cu, Zn, Ga. In. T,



and e is a number determined by the oxidation of the elements. The titania carrier comprises rutile or
anatase or amorphous titanium oxide. The titania carrier comprises at least 80% anatase. The titania
carrier has a specific surface of 20 to 120/g. The cation is at least one alkali metal cation. The alkali
metal is cesium. The compound contains at least one element selected from the group comprising W,
Mo and V. In the method for preparing the catalyst composition according to the present invention, one
impregnation is made with a phosphotungstic acid or a phosphotungstate solution. (9) In the method

for preparing th lyst com cc rdin othe resent inv n is made
%813% SEABRRAGN ASPHD R e gﬂ&%@f@g&r@grm%&%w

with a silicotunggtic'acid or a sr un s e SO e metho

talyst
composition according ﬁf‘ihé?ﬁréée?ﬂbﬂ?\‘férﬂr%ﬁ Brig ‘?ﬁ?ﬁ?e&h%ﬁ%r?% Fr?élﬂjﬁ/vr‘ﬁr & c@gﬁ"rﬁss%ﬁf solution.
(11) The impregnagiariig perédeincolybdehyéchitgud glhperinyaarmedmptagristior creescedsivolution
impregnation. (]de}a'{ impregnation is performed in a fluidized bed or movrng bed to obtain a

,compositio usable in IH uidized bed ctor Il f| |n atro |‘)" IS r| d gut under
an atmosphere of air, |r?le gﬁ%VSPté mrx ureo oxy en%ﬁgr rt)ga era u?cee\z %gaé%such as

L. (14) The frrrngqaﬂmﬁ%\%n) is effected at a temperature of 150 to 900C for 0.5 to 10 hours,
preferably at a tempefdieirgcrbabOiria0d@mier (k53T hedd cnesmtor peapdiindpcroteiminudéhydration
of glycerin is carried %bf‘e’éghm& Qﬁe%etg&t‘hgfatalyst according to the invention. (16) The process
for preparing acrolein or acrylic acid is gﬁ% é%g?g g@ ri/\/&?gc(ﬁ[ of mo Ie)cular oxygen, with the
conditions disclosed for example in W i 83%it* 6r114506.117) The process for preparing
acrolein or &krylic acid |@éﬁh‘b@t’éd in the presence 20 of a gas containing propylene, as disclosed for
example in WO 07/090990 and \V® BARSRAI1, that is say to carry out the glycerol dehydration stage
beneath the propylene oxidation,' ¢ qiplofHas e%ev%ameéwae&seorﬁlkm&%@efyewﬂgehw
propylene. 25(18) The BIGCRERSY CERSRiLG SLIGRoNt EAed BUF Lo AP o SoE PPkt
exchanger type or in a fixed bed<réaEt6F Siin a fluidized bed type reactor or in a circulating fluldized
bed or in ayoving bed. (19) Th& rasuiting thenobaie ésefustine sazidezi & tanprios geeuacrylitpaisidg (20) The
process for preparing acgelgify by dehydratian of YR KATE8tONdR, Zn, Ga. In, T1 Sa 2nd
" Pb, . _ .
' Z is more than one element selected from the group comprising -
W, Mo. Ti. Zr. V. Nb, Ta. Cr. Ma. Fe. Co, Ni, Cu, Zn. Ga, In, TL S and
20 Pb, . -
| g, b,c,dandn satisfying following ranges: .
0<ax<9
0<b <9, preferably 0 <b <9
dec<gl2 :
25 0£d<12and0<c+d<12
nz 0 |
and e is a number determined by the oxidation of the eiements
(2) The titania carrier comprises rutile or anatase or amorphous titanium oxide.
(3} The titania carrier comprises at least 80% anatase.
30 (4)' The titania carrier has a specific surface of 20 to 120 m?/g
(5) The cation is at least one alkali metal cation.
(6) The alkali metal is cesium.
- (7)y The c'ompound' contains at least one element selected from the group
comprising W, Mo and V. :
35 (8) In the method for preparing the catalyst composition accordmg to the
present invention, one impregnation is made with a phosphotungstic acid or
a phosphotungstate solution,



30the presence of the catalyst is followed by a second step of ammoxidation of acrolein to acrylonitrile,
as described for example in WO 08/113927. (2 1) The process for preparing acrolein by dehydration of
glycerin, carried out in the presence of the catalyst has an intermediate step of partial condensation of
water and heavy by-products issuing from the dehydration step, as 35 described for example in WO
08/08731.5, dehydration of glycerin is carried out under a pressure of 0.1 IvfPa to 0.5 IvfPa for an
intermediate step of partial condensation of water and heavy by-products issuing from the dehydration

step. Advantagagys Gflel, menoBeotaiaairagednadn iisampaianavedaliaingggts and

5advantages that are important in industrial.uses: (1), Acrolein and/or acrylic acid ¢ e, produced with
higher yield. (2)- DeadiVAfiBh B fRE L AHE Y f?%)‘sl'ﬁba‘f%lt\g%taa BRAPRE S 98 fion can
be regenerated at higtibirttvngsiaitife diviaring to the catalyst having no support (or carrier). 10 (4)
The catalyst acqauinghtaibisiensitigormsaiiainn atwniaghsotoapstinpartacaalysg. b fig, the
resistance tg water ';gg!@ﬂ‘ﬂ:f}’é(n%‘%{,oélﬁg i:ﬁ}ﬁéEEaﬁ%t@%ﬁHb i chﬁ.l}%:?;?'é’é(]ﬁ%ﬂﬂ%n.

heteropolyacid catal eterioration or de&c’uvaﬁ@n of catalysts is_serious In'the glycerin dehydration
reaction in‘a ga§]ﬁﬁa$?e‘§@?ﬁ5’ﬁ%ﬁ% 18 RIFERG P T 455 RS PO YRS G A RAY0Bter, such
a reaction using as a aTaRtRHSRS MEWeOmPsBtUHbA LT glycerin at lower concentration, or in a liquid

phase in which weter Phéowpkedaatiohissysathasal rpastinidnedived Stitho ane, eaing setdie a

improvement in resis}gg%% égiwﬁqﬁ&%r%%e%%é%&%?@%; [eRGi0rs that was observed when acid

catalyst was used can e also so Best, , arrvin2 out the Inyention .  The

heteropolyafid ié%ﬁo@ﬁ%ﬂ&%&%ﬁi‘gﬁdﬁﬁ?&%ehtﬁ@gﬁﬁ%p%%égﬁp@%fﬁ@%nderson
type and possess gersralpistiets ifjhrptecudrieg vgsigHi astfeo 1081506 Thesdradiaer complex
forms and those(gimer Bomalex @BJREeay indhecResentiuspiitre of IBEtEIBMETtThaonging to
Group 1 to Group 16 ?&t{}?h%%ﬁigdig &glt%lgl fgae{yigggf amﬁ@g_ loj? '%ng,seet§sium, rubidium, cesium,

magnesium, calcium, strontium, barium, scandium, yttrium, lanthanoid, titanium, zirconium, hafnium,
30 chromium, m&htaridSePhRs it AT SFPAt AR B ARRYAEHARD AoBiRAr i dRATTAGIHE
palladium, pfatinum, capiberpstisensgoftiheinetg s aearitingripthianengiomnanium, tin, lead, bismuth
and tellurium. The niTae $345k IstarapabiagisrnberaminBcsalia, Rrefienddhsalisphasphonium

salts and sulfonium Sac!woﬁg%qﬁa?fsa%g&de@g?i&ﬁdc%f RSSO RSIL BT A e
d

oxoacids polymerize to forg] the polyo ac’f 0 molecular weight. The polymerization may not be
effected only with the S&R/8RY oF X845 6P diso .
. {17) The process for preparing acrolein or acrylic acid is effected in the presence

20 of a gas containing propylene, as disclosed for example in WO 07/090990

and WO 07/090991, that is say to carry out the giycerol dehydration stage
" beneath the propylene oxidation reactor of the conventional process, taking
benefit of the high temperature of the gas coming out of that stage

- containing mainly acrolein and some remaining propylene. .

25  (18) The process for preparing acrolein carried out in a reactor.of the plate heat
exchanger type or in a fixed bed reactor or in a fluidized bed type reactor or
in & circulating fluidized bed or in a moving bed.

(19) The resulting acrolein is further oxidized to produce acrylic acid. .
_ (20) The process for preparing acrolein by dehydration of glycerin, carried out in

30, the presence of the catalyst is followed by a second step of ammoxidation
of acrolein to acrylonitrile, a5 described for example in WO 08/113927,

(21) The process for preparing acrolein by dehydration of glycerin, carried out in
the presence of the catalyst has an intermediate step of partial condensation
of water and heavy by-products issuing from the dehydration. step, as

'35 _described for example in WO 08/087315, dehydration of glycerin is carried
out under a pressure of 0.1 MPa to 0.5 MPa for an intermediate step of
partial condensation of water and heavy by-products issuing from the



with other kinds of oxoacids.Heteropolyacid is a polyacid possessing polynuclear strucrure, obtained
by ‘condensation of more than two kinds of oxoacids, An atom which forms the center oxoacid is called
as "hetero-awm", while atoms forming oxoacids surrounding the center oxoacid and obtained by the 5
polymerization is called as "poly-atoms". The hetero-atom may be silicon, phosphorus, arsenic, sulfur,
iron, cobalt, boron, aluminum, germanium, titanium, zirconium, cerium and chromium. Among them,
phosphorus and silicon are preferable. The poly-atoms may be molybdenum, tungsten, vanadium,
niobium and tantalum, Aﬁﬁ ng; t}le molybdenum and tungsten are preferable. The 10
heteropolyacids used in this mventlo}ﬁl to prepare a glycerin dehydration catalyst may be tungstopho
sphoric acid, tungstOS|I|C|c acid, phosphomolybdic acid, and silico molybdic acid. The heteropolyacid
may be a mixed sgoaioagenonidfisibhg the hetero-atoms of phosphorus or silicon and the poly-atoms
are mixed coordinate of melybsderym mgMgsr@,n tRlsmMixeshepardinate Rliivpgsienin@nghyanadium
or mixed cogrdma&e ftvanat%u{m and m(lgéx der m@usmalm aspreferred embodiment, the glycerin
dehydration Catalyst Ac rdln {0 Thismvention comprises a compound in which at least part of
protons in the hef opolfé‘éﬂ%é%@fa?ﬁéh%ﬁﬁda‘ﬁéﬁtWE%%W&?&@FW@M The catalyst
composition accéfling t®@thetprasentinentinlused foni?@producing acrolein and acrylic acid from

glycerin containg pyeferably atlg %EJ@WE%S?A?@EMER%@ am%cmg&@u}g% Mg,58d V.
In a preferred embodim nt the alkali metal.is pre;rabliﬁ& m and at least a Eart Ogﬁ g)rons in the

heteropolyac:ld is exchan @gﬁg W urc?e%?urﬁaﬂn & st 5(% & av%&ﬁg%‘%‘ﬁé%\ % cf)‘ protons in
the heteroptlyaci@with deurpptmyshdagieadins rémathing iprseiienn wenteirs opduaseiess exEhanged
at least partially with at least snppaaticntagiectethfrénotelemerdsideiengiogwaierdsprddar&abiyp 16 of

the Periodic Table of ElemgriseAcraininandaeniic asid.senpemredhess ahhionaypid aising the

glycerin dehydration catala/sii C(%m ‘? |t|ona cggrdln%to the resenpt inve tlon Resistance to &/ater is
increased by 30 exchanglng art 0 %i%sicon?alne%f"fﬁl}’ﬁ M 60 JAcd W?thsgggf‘fﬁnmsé fat the
life of catalyst is |mprov@Yﬁ%&%ﬁ%Wﬁé?@F&ﬁbW@ﬂ%@qﬁﬁé‘iﬁﬂﬂy‘{bﬁ{bﬁ%éﬁﬁﬂ@d/m amount
of the aquebiis solution ehenpiresahsalndf exelangingaatieh water, detesmineshinisnchsimpasner that an
electric charge of cation &b&:@ﬂgﬁiﬁmkéﬁk%ﬁr @S@&G@H@Qﬁ'@&%%ﬁé&%&i&ﬁe or in a
heteropolyanion. For. exgmp 8 \gagen]g cation wi h c eesr ({)J 1'.is addegdt(a) a heteﬁod%oﬁxaguon with
charges of 3, the cation |sqaddg 3R IGPoTyanion. and when

equal’to or |‘é’§se than'3 equw ]tltoutﬁe hétercpo
a cation with charges of St %%&W%t%ﬁ&?%%ﬁ%ﬁ%%@%ﬁ@ W\'féféaﬁdﬁ% &BIcRA equal
to or less than 1 equivalewnttosihe hétewpn@ahmmé&/hbmavpmmhep of chtietsdyateningroskicesh an
amount of thg cation is dggermingdviisuch a manner that the total electric charge of the cations
becomes equal to or 5 less than an electric charge of the heteropolyanion. [fan amount of an aqueous
solution of i morganlc salt' or a proportlon of the catlon(s) to be exchanged with protons become
excessive, the a BesiMeds et e ey ¥ acrolein and acrylic acid are lowered or the
life of catalyst is shorten@"dlellh%wanab@nldhé Mnmdéﬁwﬁanww@ﬂysmgwmhglmﬁhﬁmo

invention containg/f#tienableasicandpadbek of elomenis bolareaing e@iouR dhiei g enfldief the

Periodic Tahkle of | [o) he d I t nging to
Group 1to %fouﬁgﬂp%%e%aﬁl?ﬁigiégg O?%%ﬁég{‘g%{%i&;ﬁ% | salt ng{rgomjﬁ]ﬁég%; &Il'%gyr)netal

salt may be salt C?Pf@ﬁu%?ﬁaﬁ?ﬁ BIGSTRT SRR hium, .copper, cerium, silver and
The elements bclongmg to Group 1 1o Group 16 of the Periodic Table of

Elements may be sodium, potassiuvm, rubidium, cesium, magnesium, calcivm,

strontium, barium, scandium, yttrium, lanthanoid, fitanium, zirconium, hafnium,

30 chromium, mang:mesék rhenium, iron, ruthenium, osmium, cobalt, rhodium,

iridium, nickel, palladiom, piat'inum, copper; silver, gold, zine, gallium, indium,

thallium, germanium tin, lead, bismuth and tellurium. The onium salts of

. beteropolyacid may be amine salts, ammonium salts, phosphomum salts and
sulfonium salts.

35 lons of molybdenum and of tungsien form oxoacid In water and the

oxoacids polymerize to form the polyoxoacid of high molecular weight. The

polymerization may not be effected only with the same kind of oxoacids but also



15 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, hydroxides, oxides and halides of the metals or of onium but are not
limited thereto. A proportion of the metal salt is 0.0001 to 60 % by weight, preferably 0.001 to 30 % by
weight in 20 term of the metal salts or the onium salt with respect to the above compound. As the
mostly preferred dehydration catalyst of glycerin, foIIowing composition that has been deposited on a
porous titania re e by th gener f la’ (I s mentl ned Ab [X1 YezdOe] nH20(I) 25 in
which H is hydroegfgrg Q}&% %( ?feagzt ooﬁlggcgt%ln selec e&Qr emen S l?éjlqgr?ﬁfr% £ %ﬁrou& 1to
Group 16 of the P%er&HFéePéb?E Wtiieme RS Y 1$9D5SRsRHAs, SV &t 1BARt BHR &dfteAf selected
from the group condprsing VAN aki whse W s a;\comm GeyaCiny NicQlisZas Cagtbno BitoSi,and Pb,

Z 'Sé'ﬂ least one %'Emegibﬁélﬁ&t%%fg%mgcm%&m‘aﬂf H? Wt Hadh Aﬁg\%%tsme%%\(ga Fge Co,
Ni, Cu, Zn, Ga, In, T1. Sn.and Pb, and a, b, c.and satisfying fallowing ranges: 35 a < <
preferably 0%< b %‘*%“ cr;zati%n 0]ls @< eijz %qu a¥ J%l 01% ehgqa nugm Iae¥erbr%|r1$eop B(} the

oxidation of' the @@Wﬁ?ﬁnﬁﬁ%caﬁylﬁb‘sdﬁ%‘nm& @Wﬂqéb%%mr%ﬁ@iﬁhumemaﬂmma
above- mentlonedwnpnnndamdnpmitecdnmnammam«mgr thresy pphstplsamposiel] ahiadystik In this -

text, terms of cagiRirQagHPPOrLEY \éﬁfﬂa cPRMANERNAG: bdcmﬁﬂ ampyah ol e ARy Siyeationed
compound represféft%d QM the fo iS5t09 % Welght §referabl 5 to 9ob{e 0 by weight to

the weight of the™ carrier, ec a s'?may avdg%‘hys ape ARt %rr%ﬁ‘me pow &r or

monolith. Iﬂ%as@%?@&%oﬁ%@?réwléhéhﬁow&%'ﬁ%@m‘éq’éﬂé?)lé pbvafaia drbraraner prelisthape of
monolith, spherempgllgts tayfistdehokporiccyting emhps e iaeclikeidp phnaiosit pddingcadmatting aid

or the catalyst 'Sﬁh%Be%&il?omS%é configuralions geIber Wit cagtier,angdiopiiopal atxiiary
agents. A size of molded Cat%gsﬁ is for. exampl? 1.to 10 mm for alfjxed be aﬂld Iesls than 1 mm for a
fluidized bed, COmpTising ¢ etero-atoms of phosphorus or silicon an e poly-atoms are

mixed coordinate of molybdenum and tungsten, or mixed coordinate of tungsten
15  and vanadium or mixed coordinate of vanadium and molybdenum.

. In 2 preferred embodiment, the glycerin dehydration batalyst according to
this invention comprises a compound in which at least part of protons in the
heteropolyacid are exch,énged with at least one cation of alkali metal.

~ The' catalyst composition according to the present invention used for’
20 producing acrolein and acrylic acid from glycerin contains preferably at least one
element sclected from a group comprising W, Mo and V.

In a preferred embodiment, the alkali meta} 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

25 and a part of remaining protons in the heteropolyacid is exchanged at least
parﬁally with at least one cation selected from elements belonging to Group 1 to
Group 16 of the Periodic Table of Elements. Acrolein and acrylic acid can be
produced at bigher yield by using the glycerin dehydration catalyst composition
according to the present invention. Resistance to water is increased by

30  exchanging part of protons contained in the heteropolyacid with cesium, so that
the life of catalyst is improved in companson to heteropolyacld that is mherent}y
water-soluble. _

An amount of the aqueons solution of mineral salt of exchanging cation is
determined in such a manner that an electric charge of cation to be added is equal

35 10 or less than an electric charge of the heteropolyanion. For example, when a
cation with charges of 17 is added to & heteropolyanion with charges of 37, the
cation i1s added equal to or less than 3 equivalent to the heteropolyanion, and



In case of a fluidized bed reactor for the process for preparing acrolein, it is preferred to have a powder
with appropriate average particle size distribution 20 namely between 40 and 3001.m, preferably
between 60 and 150 gm The catalyst composition according to the present invention can be
prepared by successive impregnation of a carrier with a solution of at least one metal selected from
elements belonging to the Group 1 to Group 16 of the Periodic Table of Elements or Mum and with a
solution of heteropolyacid, and 25 vice versa. The catalyst can also be prepared by successive

mpregnation of g carTier (i) @&Q'%‘;Elﬁg S gelergnohiesit g salilanah aligasl ona metal

selected from elements belongi Group 1 to Grou erio ements or

onium. After eaéﬁ‘?rﬁﬁ?@%ésuﬁﬂ ﬂqe"é’é’lﬂi &%r%elﬁﬁeﬁ‘%fh(} frav O sibhe BeRrRPalpPdhation can
be performed byWheka@iurd0 tedhritioes arfepoteodbicededmpregnaidnio: exiesissidtaionned

impregnation. m fhe @aﬁﬂﬁéﬁ%ﬁpwm&%ﬂ'e@&ﬂ: %@W%%ﬁ@ﬁyﬁyﬁiﬂeﬁé‘éﬂ@ﬁtwh a
spray-dryer. n_thi %x}egg e\i"% dm%ﬁa(% dglpgﬁ Oﬂn e%lcm?tlon are psed in th efsagne meanin
oft

U
35Namely, e cafge;g/ CompOsition According 1o the p? Sentinvention can be preparea by
impregnating a e

iAfeBipenER i H SRS it AEPRAFHAPR rz%f%(am@(s&t%@cca%ﬁwg%med in an
aqueous solutiopwtenichstaone metakiselettedfionitglehentstgldsgipgitedhe Gheupidide &roup 16
of the Periodic Tahieah BleMmepisoaanidre.- 13%{&’55?'&&&lﬁk%mﬁﬂr@sﬁmﬁez@é@& and fired. In the
present invention, the relsultlng, Sroa“tq mlxtt re i sgé:rondl %[ natln aascgotg_t on of bi
heteropolyac:ld Then, the résulfl ing Solid mlxtgr IS buledc and fired 5%0 0 taln an o Jegtlve ca%alyst
The solutioH0of APNSRSIBNEPRIAtRY %ﬁgﬁéatfﬁeﬁﬁteqem%%efoﬂ@m@nfé hedosiote BresdloLe6 of the
Periodic Table ofitemébteDrienRaricctin Betaa af|iidemssolntickldicatidehsydoosdde pebodate,
acetate, nitrate, Q&'@@nﬁ@@&@'@%l@ﬁﬁ%@@c@éﬂ@ﬁi@' & BRBHp.- 11%@615%131)6 Brerratabriddic
composition acc (1 resent gwenttl opcan be repare% byrlgnpre 9,2 tlfﬁma ﬁarper flrstly
e,

e 3 OT mum 8 ?
with a solution 0 ero (0] aCI IEO}{ exam ? an ag UGOUS SO ution Oef %\e eropoly IS prepared

firstly. When the 'ﬁ&%‘é\bﬂs %%%f H%&%Bﬁ}yaﬁms BISORIBE itGS RS BN T &V eRdters
contained ih&he Memmpmlya&‘ﬂammﬁmmacﬁmgrbu\mmmaﬁs amohon/istal veitts mbasgdidy ortotally

under vacuum og{1eakcéngodiae: restitingrselid dnixiane s th@@:ﬂﬂﬁ%mqnfagege L;s}ébsxa@cmﬂ
impregnation, th?ughsu“%% Presgnﬁ\t% SC&E%II IS |ppr§§&§ted£/f\:/%{g onﬁg) & ?étfgrl}%@etal
& er| a

selected from elements elonging o Group oGroup ments- or

onium, followed BHISiR] thidwrial 86@%?%3%&?&%#%@3]&? catayRIePOTtgR ofthe raly st
composition accardingsidithe HEEntinGe itohycareizbipnopdeodly (HD lnEthﬂbl Yomprsiiglinmre than

one cycle oﬁ@mp&eﬁﬁaimélﬁﬂtfiui@gltérbthéﬁccaﬁﬁnﬁ%ah immee@&md&zeéf@sm WitRpbaadition of an
element of the group 1 t%Qe{ nggsﬁ)yt %1& J&q&&G ?1 ngo& c‘gﬂgleﬁﬁ%@ﬁlgments

or onium or with a solution co am an one € ement se ecte from'the grou pgsmg P,
Si, W, Mo, T, Zr SORRBSHES Lo hof o “éB PRSI S22 RETPY SHOPE, AFRTGERIAL: Bhe
impregnation is %’@F@élﬁmml&ﬁ ﬁ&lé‘ me&nmd In a variation, the catalyst composition according to
the present invention can be prepared by Agc{MQSPBé(og]szﬂ:tania payvder firstly and then,
-30without drying,aQ4l fising operations, Cs or PW is added continuously. Impregnation can be
carried out at ambient tegj E}atéjre about. 20C). Higher temperatures of about 100C to about 150C
may be used, if desired YaE t may be continued, preferably with agitation, for about 0.1 to
about 5 hours sufficient t& pefhicdse @!@F&Jé@ﬁ@%@ﬂl@i@ﬁ@ﬁéﬁ@ﬂﬁ@éﬁ%%@égi@ﬁt% Gootimahislcarrier.

Suitably, the amm\@f BE|uERkS Balidiin miﬂbleameﬂﬁmembe@@ted from elements belonging to the
Group 1 to Group 16 of t;telfg%gqgg Table of Elements or-onium and the heteropolyacid that is used

should be
30 Y is at least one element selected from the group comprising W, Mo, T,

-Zr, V, Nb, Ta. Cr, Mn. Fe, Co. Ni, Cu, Zn, Ga. In, TL, Sn and Pb, .
Z is at least one element selected from the group comprising W, Mo, Ti,
Zr. V. Nb, Ta, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, In, TL Sn and Pb, and a, b, ¢ and
: satisfving following ranges: |
35 : 0<a<9
' 0<b <9, preferably 0 < b <9
OD<cgl2



adequate to permit full immersion of the titania carriers. At the end of the immersion step, the
excess agueous solution can be evaporated from the treated titania carriers, or it can be removed from
the aqueous solution and permitted to dry in a drying oven. 5The exact nature of bonding of the
catalyst composition according to the present invention is not completely understood. The catalyst
according to the present invention used in the glycerin dehydration may be anhydrides or hydrates. In
fact, they can be used after r pretreatment of firing and vacuum-drying or without pretreatment. 10The
calcination can be carri%d@ térli“én%{ under inert gas such as nitrogen, helium and argon or under an
atmosphere of mixed gas™of air.and inert gas usually or under reduction gas such as hydrogen or an
atmosphere of mixed g&é‘c?f ﬁ)ﬂﬁ)bén and inert gas in a furnace such as muffle furnace, rotary kiln,
fluidized bed furnace. Thesfurmacsbis nlot fimitectispe ciadlyxTdeicalchalivelimass bedeffdstetyeven in a
reaction tube wmglgﬂ@y%%mﬂhe glycerin dehydration reaction. The firing temperature is usually 150
to 900C, preferably 200,t0,.800 C and more preferably 350 to 650C., This can be determined by routine
experimentaeéion for a pelllrltitcuﬁaﬂrga 3@%‘[@!“(5%%@%?& LV BR RS & aToRAY b \fiﬁﬁ%‘? a
calcination is coAtifABY GSTEAY frBErist10 Hererted The sk dratibthie detibriestuslydermiascording to
this invention caorixemsiridtheeithz gangphaasiogin liquid phase and the gas phase is preferable. The

gas phase reaction can kg cauigf Sptie AYILSHEL LSAGI0LHUGA A5 ?‘&%&%Mﬁg%&g@%
circulating fluidi rfl.b dta (% Qyip bed.hAmon tl'lé m thegl ed bed or %he fluidized he ?re
preferable. Regé& elr,sa%oﬁ § .t[ﬁe %a%wgf%éh%g%%a ettt oq: §i8§ thes %l&?oﬁ}.m\/\‘ﬁféﬁ%% Bfalyst is
taken out ot reBd# system for regeneration, the catalyst is burnt in air or in oxygen-containing gas.

In case of liquid phase rEhetiamlusuabganetaiigatis iaalicuidseasions jonalideaiahmimean be

used. Since the giffaansen halagspainb betweeeay Gein &30 B0 AURIAR apdiscpilieard s bio.
the reaction is eff&ﬁgd @referatﬂg at 3 relatlvi%lower temperatures so as to Etl out acrqglein

continuously. ° The teaction I?‘hs fttire §6 Iﬁsod%’_é]i HerBRIEntY R Rafd ¥y Bénifation of
glycerin in gas pPridenaigretidd pdmealslyme drenpidaniees 20088 4506hafadeitdmpbeature is
lower than PDOCsdhBdifentiboatabyztineitl betbhorigisedifdietaipalymeniaiignaardicarbanizasion of

glycerin and of reaatien SaNaCLCia:NEGAL5 118,bAIIAGPRIN, SHAERHNA g OB e copirary. i the

temperature excgcgﬁlls 45%% tge selectivity of acre kin and acrylic acid will be lowered due to increment
. ) 1d1czje ed, ‘ : :
in parallel reactions and_successive reactions. Therefore, more preferable reaction temperature is 250

C to 350 C. The pressurd i€io i ifBHdiped Biy Hacte HRRTSRIONIBE fOR RFCH ATIRE HSE0HBelt
preferably lower ithere®ans. (o idee higherderesstireppyapified ghymepin puittioé reidiodefistaih
deposition pf carnnewithbevBeamotesdbyobighe pRiRsavIe sa-iahtee lifa afseaiqlyst will be shortened.
A feed rate of a materiahgas | r 0 10,000h4 in term of the space velocity of GHSV. The
selectivity will be Iowereﬁ%t%ﬁ%ﬁ%\?ﬁg %(rgng{e}g ogvbécrot%de{zr}l (58hE cdﬁreefgéguélé\é%%ﬁ]\?él ré:glcl:t-iGB?is. On

the contrary, if Y BRI B CHECRS I O BB RRVEB B A RATIET Bitlotveplt it phat deasti e .‘1
temperature of tHeetRjuidiphtise frastiotetz=prefordhgingnid50E t635PCl TheGrmiegtiVityafilitize spoiled
under lower temperatic T fiaosD R Hia0 ¥ ISHMNS IAMWYEG: INBHSRCHM:IRTINEIT Nehdmited
specially buisthe ygactign.can-ae, carried Jf nec [y under a pressurized conditions of 3 atm.to 70
. 15The et ?"3%% e o e R 2

Concentration of 1B HqUBG s SR BrifiEeRRtdmns oy ih scopteRighiert prsrBffdierably
10 % to 50 % byspksripd. FeshidermoniedralengingfglyberGroul rédeltGragch prabkéns edgsioduction
of glycerin ethergaislundeEBlabia reaetinihhstwesfidhe se5Uting-aaLlen) SassWir atichangtd@material
glycerin.Tempergjy eﬁl“é‘&Cg‘si%@&ﬁ?{%%ﬁ%ﬁgvg.asqﬁg%%ﬁg%ﬁ can be performed by the known
30 techniques of pore volume impregnation or excess solution impregnation.
The catalyst composition can also be prepared by spay-drying method
with a spray-dryer. : _ | - '
In this text, wordings of “firing” or “calcination” are used in the same
meaning. ‘ _ , '
35 Namely, the catalyst composition according to the present invention can
be prepared by impregnating a preformed pellet or porous titania carrier. For
example, titania carrier is immersed in an aqué_ous solution of at least one metal



increased. Now, the present invention will be explained in much detail with referring several
examples, but this invention should not be limited to those described in following examples. In the
following Examples and Comparative Examples, % 25 means mole %. Examples Example 1:
CsPWI/TiO2 15 g of CsCO3 were dissolved in deionised water to obtain an aqueous 30 solution
containing 7.6 % of cesium carbonate. 10.2 g of this agueous solution of cesium carbonate was
sprayed onto 25 g of TiO2 powder obtained by grinding anatase type TiO2 pellets (ST31119 from

Norpro Saint Gobajn) t mesh., The resulting,powder was dried at Cfor 2.hours.and then
was fired in ni,trofgz%ckﬁgéﬁe%ma%%%O%P(?rgéa ﬁo%?rsq }t% o%k")'i%}lr? sﬁ i&Oggg%ogog?_}ﬂﬁngg%}gh%sphoric

acid was dissolvERPlf 24 Blgasaiersmaiimyad pfo ebilim s s odifl Bdasoistberditiad gad Sisedphoric
acid. 159 of the Irethsltimgs8st Sr%eatersabs sohitiony sblithgsidphosphodedyidnpasgimimgpraged onto

the above Cs/TiQ2o g testiine-ppyygatiavasthen dred-ah 80 Copertightanddhen wasiitgd in
nitrogen atngosp{le5$ at 400C forisI hours.to obtain a titania carrier supporting 20 % of the cesium
ate.

tungstophosph ﬁ?&i?gn?gjggrr‘(grcv%}g? g?éved to obtain a particle size of 35 to 48 mesh. = The

catalyst was evaluated iht§ iR&BB @ Fehlpt spernenLsriestaf Brnrasaiidmeasied b Namely,
7 cc of the resulfirgupathlyst Povuget fvas packedinia qlisbiz reb@lemdniie (diantetercah I6enam). An

aqueous solutiopfeglveeiiadPneenaton %&&%&y WeIghBNeas L.48d 1Q,apcvagQLiQy at a flow
rate of 26.9 g/hr t%getgg{ with nﬂ_.r(t) eng.Q NL/hr) and with oxygen (1.2 NL/hr) at 280C so that glycerin
538 elﬂnr sulia .go Ftal

was gasified an@ therrasy ng gasified g yce%%’ 1énf)‘as's_ed through the fixed catalyst bed. The fixed
catalyst betfwas heated*dteanaitige thturétalysy Sempasition »peaT HIT6I WG REHSTI6SRIGITIPMO %:
glycerin : oxygemanit@gemmatér bp.ihp3c@ndtihg ¥ Giitadia Gkkf&v;mmﬁyS&GtWIa solubitadudts were
condensed in a gongSABRA8N P URSHBPIRCFIANAS WHNUPLY GALAERAAY Sobrepared
chromatogr‘aphsfé{l-slg S%Q,(?%I%g,aFEAlascg imn, %5 (;Jetect r, C§4900 arl%n,ts_lllca?%% nd
Molecular Sieve 5 A,'TCD detectors). TOPOItoNns o products / 3fé CORETIRY *aﬁ’tgfg the
results of the gal® 2 BRIEmYEsERapAiaiavlciihe hjsonnelwpablimsoiopreaid orplikcumittethe
conversion!§0) ehrhatpsial (heccqnvdstipo ofbalyenndsthe seltestivite of targes Sulittancm (ting
S?Iecti\lfities 31; agkaleimandQf i@qgiéipc?‘{éﬁ)ﬁi@:ﬁ%yie'lﬂ)QB@EQ%&%%&%@%%E%,V@S@&Q&?B lein fallgd
of acrylic acid). T, nversion (%) of.material, the selectivity of objective substance.and 25the yie
of objective subé%%@%?gcgegtg%ﬁ%gd‘%l i o%?r?g“é’c%a iso#sx:tlf'ﬁeoé%%\ll/%arsé%loonn?(%}%?}rﬁ%ﬁ:aecﬁ% =(a

mole number of FREALTRER b IOP BRI AR ETBRMAtdAaPERm I P ton Retiedigctality(Bo) of
objective substaféemeies maleomiimhefodicobidctive sobstnroelolfidinedpaatioles numbleiof. an
- 20 objective catalyst. S - '

Or, the catalyst composition according to the present invention can be
prepared by the method cbmprising more than one cycle of impregnation and
firing. In this case, each impregnation is effected with a solution of an element
of the group 1 to belonging to the Group 1 to Group 16 of the Periodic Table of

25  Elements or onium or with a solution containing more than one element selected

. from the group comprising P, Si, W, Mo, Ti, Zr, V, Nb, Ta, Cr, Mn. Fe. Co, Ni Cu,

Zn, Ga, In, T1 Sn, Pb, and at least one imprégnation is effected with an acid

precursor. In a variation, the catalyst composition according to the present

_ invention can be prepared by adding PW or Cs to titania'powder firstly and then,
-30  without drying and firing 'opcrations, Cs or PW is added continuously.

‘ {nﬁpregnation can be carried out at ambient 'temperature (about- 20°C).

Higher temperatures of about 100°C to about 150°C may be used, if desired.

This treatment may be continued, preferably with agitation, for about 0.1 to about

| 5 hours sufficient to permit the aqueous solution to penetrate the pores of the

35 titanja carrier. Suitably, the amount of agueous solution of at least one metal

' selected from elements belonging to the Group 1 to Group 16 of the Periodic

Table of Elements or onium and the heteropolyacid that is used should be.

10



30material reacted) X 100 The yield (%) of objective substance = (a mole number of objective
substance obtained / a mole number of material .fed) X 100 Result is 'shown in Table I. 35 Table 1
Time on stream (h) 3 22 Glycerin conversion (%) 93 61 Acrolein yield (%) 76 53 Acrolein selectivity
(%) 81 87 Hydroxypropanone yield (%) 1.1 2.0 Acetaldehyde yield (%) 0.9

adequate to permit full immersion of the titania carriers.

At the end of the immersion step, the excess aqueous solution can be
evaporated from the treated titania carriers, or it can be removed from the
aqueous solution and permitted to dry in a drying oven.

5 ' The exact nature of bonding of the catalyst composition alccord'inﬂg to the
‘present invention is not completely understood. |

‘The catalyst according to the present invention used in the glycerin
dehydration may be anhydrides or hydrates. In fact, they can be used afier -
pretreatment of firing and vacuum-drying or without pretreatment.

10 The calcination can be carried out in air or under inert gas such as
' pitrogen, helivm and argon or under an atmosphere of mixed gas of air and inert
gas usually or under reduction gas such as hydrogen or an atmosphefc of mixed
gas of hydrogen and inert gas in a furnace such as muffle furnace, rotary kiln,
fluidized bed furnace The furnace is not limited speciallty.. The calcination
15 can be effected even in a reaction tube which is used for the glycerin dehydration
reaction. The ﬁrmg temperature is usually 150 to 900°C, preferably 200 to 800
°C and more preferably 350 to 650°C. This can be determined by routine
j experimentation for a partlcular catalyst Tcmperamrcs above 900° C should be
avoided. The calcination is continued usually for 0.5 to 10 hours.
20 The dehydration reaction of glycerin according to this invention can be
carried out in gas phase or in liquid phase and the gas phase is preferable.  The
- gas phase reaction can be carried out in a variety of reactors such as fixed bed,
fluidized bed, circulating fluidized bed and moving bed. Améng them, the fixed -
‘bed or the fluidized bed are preferable. Regeneration of the catalyst can be
25 effected outside the reactor. When. the catalyst is taken out of a reactor system
for regeneration, the catalyst is burnt i air or in oxygen-containing gas. In case
of liquid phaée’ reaction, usual gemeral reactors for liquid reactions for solid
catalysts can be used. Since the difference in boiling point between glycerin
~ (290°C) and acrolein and acrylic acid is big, the reaction is effected preferably at
30 relatively lower temperatures 30 as 10 distil out acrolein continnously.
| The reaction temperature for producing acrolein and acrylic acid by
dehydration of glycerin inwgas phase is effected preferably at a temperature of
200°C 0 450°C. If the temperature is lower than 200°C, the life of catalyst will
be shortened due to po]ymer’ization' and carbonization of glycerin and of reaction
35 products because the boiling point of glycerin is high. On the contrary, if the
temperature exceeds 450°C, the selectivity of acrolein and acrylic acid will be
lowered due to imcrement in parallel reactions and successive reactions.

11



0.8 Propanaldehyde yield (%) 0.9 0.5 Acrylic acid yield (%) 0.8 0.9 CO yield (%) 1.3 1.2 CO2 yield (%)
0.9 1.0 Eisl112: CsPW/T102 10 g of tungstophosphoric acid was dissolved in 150m1 of deionized 5
water to obtain an aqueous solution of tungstophosphoric acid. 19.7 g of TiO2 powder obtained by
grinding anatase type TiO2 pellets (3T31119 from Norpro Saint Gobain - BET surface 39 m2/g) to 300
to 500um and drying at 110C overnight was added in obtained aqueous solution of tungstophosphoric
acid, and then was mixed at room temperature for 2hours. 2.26 g of 48,5%CsOH aqueous 10 solution

was diluted with 1pm1.of deionized water, The resulting CsOH aque solution, w ropped in
above white slur#;/gg‘%c]tfl?ﬁ%st%lgﬁeq 5ﬁo%§’a{%i_ S '%Oé%ﬁﬂ%ﬁ?&ufﬁisl%%@ s%n’f?. %ﬁgfé;ulti lé‘c:sl_urry
was evaporated BiESEREEHY d56 Simitshysrtaipdiator Theshearhéy [sovrdchams drisd ard 200 ¢or 10
hours and then wasfoaldinéawaraihat 3006 for Brdetisi ghabiaimidaniasihedesisuppartiag 86 30 % of

Cs salt of tungstpphggphedisAritbybagieRiaiNedRANGS! x@ﬁrefﬁéé%dbﬁ;ﬂgueﬁspmmgo%ﬁ sieved to
obtain a pargcle tsgz%%f 9fté) 1 n‘tlesﬁur ?I’Inﬁiln abé)ve pellets of CSPW/Ti02Z. - The, catalyst was
evaluated in"a fixed Ded TeAct obvera Sd GRaer ambient pressure in a fixed bed. Namely, 10 cc of the

resulting catalyst granulé 44 P8 patkeadicaia]eatiyeaeioatibOQIar B UF Lnttarm ithequeous
solution of glycetipata ceheentefiGR O30 %hbsueight)wasifad t RereyapesatGHS A Hewtrie of 21

oflu- togetner with piaash Gk MIdRE AN BYORAGANL/ 3he R dlucaifuyas
gasified and the rgguﬁl}ﬂn%§@§@ed lycerin was gas,?&eg through the fixed catalyst bed. The fixed
catalyst-25bed was heat tempe e BP0 C &R &4 had a following

10 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.

15 The material of glycerin is easily available in a form of aqueous éoluﬁon
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 high
concentration of glycerin will result in such problems as production of glycerin
ethers or undesirable reaction between the resulting acrolein or acrylic acid and
20 material glycerin, Témperamrc which is necessary to gasify glycerin is

increased. 5 -
Now, the present invention will be explained in much detail with referring
several examples, but this invéntion should not be limited to those described in

following examples. In the following Examples and Comparative Exarples, %
25 - means mole %. '

Examples
Example 1. CsPW/TIO;

15 g of CsCQO; were dissolved in deionised water to obtain an agueous

30  solution containing 7.6 % of cesium carbonate. 10.2 g of this aqueous solution

of cesium carbonate was sprayed onto 25 g of TiO; powder obtained by grinding

anatase type TiO; pellets (8T31119 from Norpro Saint Gobain} to 35 to 48 mesh.

The resulting powder was dried at 110°C for 2 hours and then was fired in
nitrogen atmosphere at 300°C for 3 hours to obtain Cs/Ti0;.

35 l?.'(} g of tungstophosphoric acid was dissolved in i1.1 g of deionized |
water to obtain an agqueous solution of tungstophosphoric acid. 15g of the

12



composition in mot %: glycerin oxygen: nitrogen: water = 6.3 : 4.0 : 14.9 : 74.8. GHSV was 2445 Wi.
The collection, analytical method and calculation of products were the same way as Example 1. Table
2 Time on stream (h) 2 21 Glycerin conversion (%) 100 98 Acrolein yield (%) 78 78 Acrolein selectivity

(?/0) 78 80 Hydroxypropanone yield (%) 0.0 0.4 Acetaldehyde yield (%) 2.1 3.5 Propanaldehyde yield
(%) 0.1 ‘

resulting 38.8 % aqueous solution of tungstophosphoric acid was then spraycd

onto the sbove Cs/Ti0;. The resulting powder was then dried at 100°C

overnight and then was fired in nitrog:cn atmosphere at 400°C for 3 bours to

obtain a titapia carier supporting 20 % of the cesium tungstophosphate. This
5 titania carrier was sieved to obtain a particle size of 35 to 48 mesh,

The catalyst was evaluated in a fixed bed reactor operated under amblent
pressure in & fixed bed. Namely, 7 cc of the resulting catalyst powder was
packed in a quartz reaction tube (diameter of 16 mm).

An aqueous solution of glycerin (a concentration of 28 % by weight) was

10 fed to an evaporator at a flow rate of 26.9 g/hr together with nitrogen (4.9 NL/hr).

and with oxygen (1.2 NL/hr) at 280°C so that glycerin was gasified and the

resulting gasified glycerin was passed through the fixed catalyst bed. The fixed
'catalj’st bed was heated at a temperature of 275°C.  Feed gas had a fonowing'
composition in mol %: glycerin : oxygen: nitrogen: water = 5.7 : 3.9 1 14.1 :'76.1. '

15 . GHSV was 4,530 h™". ' |

Products were condensed i a condenser and the callected product was
quantitative-analyzed by gas chromatographs (HP 6890 Agilent, FFAP colump,

FID detector, CP4900 Varian, Silicaplot and Molecular Sieve 5A, TCD detectors).

Proportions of products were corrected in factors from the results of the gas

20 chromatograph to determine absolute amounts of products to calculate the

~ conversion (%) of material (the conversion of glycerin), the selectivity of target

substance (the selectivities of acrolein and of acrylic acid) and the yield of ta;get
substancc {the yields of acrolein and of acrylic acld)

The conversion (%) of material, the select:v:ty of objective substance and
25  the yield of ob;ectwe substance are determined by following equations:
The conversion (%) of material = (a mole number of material reacted /
a mole number of material supplied) X100
The selectivity (%) of objective substance = (2 mole pumber of
| objective substance obtained / a mole number of
30 - material reacted) X 100
The vield (%) of objective substance = (a mole sumber of objective
substance obtained / a mole number of material
fed) X 100
Result is'shown in Table 1.
35 | |
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0.4 Acrylic acid yield (%) 0.9 0.4 CO yield (%) ' 5.3 3.5 CO2 yield (%) 3.1 2.1 Example 3: HP'W[Ti02
2.7 g of tungstophosphoric acid (Aldrich) was dissolved in 8.5 g of deionized water to obtain an
agueous solution of tungstophosphoric acid. 7.6 g 10 of the resulting agueous solution was then
sprayed onto 15.4 g of TiO2 powder obtained by grinding anatase type TiO2 pellets (ST31119 from
Norpro Saint Gobain - BET surface 39 m2/g) to 35 to 48 mesh. The resulting powder was dried at
110C for 2 hours and then was fired in nitrogen atmosphere at 300C for 3 hours. The resulting powder
was then dried at 100 CLovernight and then was 1Er£|5féjlln nltrogen atmosphere at 500C for 3 hours

to obtain a titania carrier sugporting_10% Of (%Btéﬁnospn rcacidT s L&%llld carrier was sieved to
obtain a particle size of 35 t¢-48-mesh; SIS get surface-of-35-m2lg Rrocedure of catalyst
test was reproduced as in e &h@l@rmﬁmﬁwar@@hown in[tabl833. 20_Tdidle 3 lime on stream (h) 3
24 Glycerin conversion (%) | Aerolein yield (%) 6 .83

Acrolen selectivity (%) 81 87

Hydroxypropaoone yield (%) 11 2.0

Acetaldehyde yield (%) 0.9 0.8

Propanaldehyde yield (%) 0.9 0.5

Acrylic acid yield (%) 0.8 0.9

CO yield (%) 1.3 1.2

CQ, yield (%) 0.9 1.0

Example 2: CsPW/TiO;

10 g of tungstophosphoric acid was dissolved in 150ml of deionized
5 water to obtain an aqueous solution of tungstophosphoric acid. 19.7 g of TiOy
powder obtained by grinding anatase type Ti0, pelleis (ST31119 from Nompro
Saint Gobain — BET surface 39 m’/g) 1o 300 to 500pm and drying at 110°C
overnight was added in obtained aqueous solution of tungstophosphoric acid, and
then was mixed at room temperature for 2hours. 2.26 g of 48.5%CsOH. aqueous
10 solution was diluted with 10ml of deionized water. The resulting CsOH agueous
solution was dropped in above white shury of tungstophosphoric acid and TiOs,
mixing this white shurry. The resulting slurry was evaporated at 60°C by use of
rotary-evaporator. The obtained pb wder was dried at 120°C for 10 bours and then
was calcined in air'at 500°C for 3 hours to obtain & titania carrier supporting

15 30 % of Cs salt of tungstophosphoric acid. The obtained powder was pressed to _
pellets and then was sieved to obtain a particle size of 9 to 12 mesh, grinding

above pellets of CsPW/TIO;. o

The catalyst was evaluated in a fixed bed reactor opérated nnder ambient
pressure in a fixed bed. Namely, 10 cc¢ of the resulting catalyst granule was
20 packed in a quartz reaction tube (diameter of 20 mm).

An aqueous solution of g]ycerm (a concentration of 30 % by wexght) was fed to
an evaporator at a flow ra_te of 21 p/hr together with nitrogen (3.7 NL/hr) and with
oxygen (1.0 NL/hr) at 300°C so that glycerin was gasified and the resulting
‘ gasified glycerin was passed through the fixed cata.lyst bed. The fixed catalyst
25 bed was heated at a temperature of 300°C. Feed gas had a following
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100 81 Acrolein yield (%) 79 60 Acrolein selectivity (%) 79 74 Hydroxypropanone yield (%) 0.1 1.8

Acetaldehyde yield (%) 1.4 0.9 Propanaldehyde yield (%) 0.6 0.3 Acrylic acid yield (%) 0.3 0.9 CO
yield (%) 1.3 1.1

composition in mol %: 'glyceriﬁ‘: oxygen: nitrogen: water = 6.3 : 4.0 £14.9 : 74.8.
GHSV was 2445 b,

Thc collection, amalytical method and calcuiauon of products were the
same way as Example 1.

5 Table 2

Time on stream (h) ' 2 21
Glycerin conversion {%) 100 98
Acrolein vield (%) 78 78
Acrolein selectivity (%) 78 80
Hydroxypropanone yield (%) 0.0 0.4
Acetaldehyde yield (%) 2.1 3.5
Propanaidehyde vield (%) 0.1 0.4
Acrylic acid yield (%) 0.9 0.4
CO yield (%) 1 53 3.5
CO; yield (%) 3.1 2.1

Example 3: HPW/TiOz

2.7 g of tungstophosphoric acid (;A.ldﬁch) was dissolved in 8.5 g of

deionized water to obtain an agueous solution of tuugstOphOSPhoric acid. 7.6 ¢g

10 of the resulting aqueous solution was then sprayed onto 15.4 g of TiO; powder

obtained by grinding anatase type TiO: pellets (ST31119 from Norpro Samt

Gobain — BET surface 39 m?/g) to 35 to 48 mesh. The resulting powder was

dried at 110°C for 2 hours and then was fired in mtrogen atmospherc at 300°C for

3 hours. The resuktmg powder was then dried at 100°C overnight and then was

15  fired in nitrogen atmosphere at 500°C for 3 hours to obtain a titamia carrier

supporting 10 % of tungstophosphoric acid. This titania carrier was sieved to
obtain a particle size of 35 1o 48 mesh having a BET surface of 35 m*/g.

Procedure of catalyst test was rcproduced as m example L. Results are
. shown in table 3.
20 ‘
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CO2 yield (e/o0) 0.8 0.8 Example 4: HSiIW/Ti02 3.0 g of tungstosilicic acid (Aldrich) was dissolved in
11.1 g of deionized 5 water to obtain an aqueous solution of tungstosilicic acid, 11.8 g of the resulting
agueous solution was then sprayed onto 25 g of TiO2 powder obtained by grinding anatase type TiO2
pellets (ST31119 from Norpro Saint Gobain) to 35 to 48 mesh. The resulting powder was dried .at
110C for 2 hours and then was fired in nitrogen atmosphere at 300C for 3 hours. The resulting powder
was then dried 10 at 100C overnight. and then was fired in nitrogen atmosphere at 625C for 3 hours to
obtain a titania carrier supportlng 10 % of S|I|cotung§gglqu This titania carrier was Sieved to obtain a

particle size of 35 to 48 mestr: Procedure of catatysttestwas repraducedasin example | Results
are shown in table 4. 15Tablmm&mmmm 100 67 Acrolein yield
(%) 79 55 Acrolein selectivity @B)@%Qdﬂy@h&mvdf’ébanone yield (%) 81 :
' : Acrolein yield (%) ' 79 &0

Acrolein selectivity (%) 79 74

Hydroxypropanone yield (%) 0.1 1.8 |

Acetaldehyde yield (%) 1.4 0.9 .

Propanaldehyde vield (%4) 0.6 0.3

Acrylic acid yield (%) 0.3 0.9

CO vield (%) | 1.3 11

CO; yield (%) 0.8 | 08

10

15

Example 4: HSIW/TiO, .

3.0 g of tungstosilicic acid (Aldrich) was dissolved in 11.1 g of deionized
water 1o obtain an aqueous solution of tungstosilicic acid. 11.8 g of the resulting
aqueous solution was then sprayed onto 25 g of TiO; powder obtained by grinding
anatase type Ti0; pellets (8731119 from Norpro Saint Gobain) to 35 to 48 mesh,
The resulting powder was dried at 110°C for 2 hours and then was fired in
nitrogen atmosphere at 300°C for 3 hours. The resulting powder was‘then dried
at 100°C overnight and then was fired in nitrogen atmosphere at 625°C for 3

- hours to obtain a titania carrier supporting 10 % of silicotungstic acid. This ntama

carrier was siéved to obtain a particle size of 35 to 48 mesh.

Procedure of catalyst test was rcproduccd as in example 1. Results are
shown in table 4,

- Table 4

Time on stream (h) 3 24
Glycerin conversion (%) 100 - 67
Acrolein yield (%) 79 55
Acrolein selectivity (%) 79 §2
Hydroxypropanone vield (%) 1.5 2.4
Acetaldehyde vield (%) .t 0.9 0.8
Propanaldehyde vield (%) 1l 0.8
Acrylic acid yield (%) 0.3 0.9
CO yield (%) 1.0 1.1
CO, vield (%) B 0.7 0.8
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1.5 2.4 Acetaldehyde yield (%) 0.9 0.8 Propanaldehyde yield (%) 1.1 0.8 Acrylic acid yield (%) 0.3 0.9
COyield (%) 1.0 1.1 CO2 yield (%) 0.7 0.8 These Examples reveal moreover that the supported
catalyst according to the present invention shows such advantages that deactivation of the catalyst is
limited and regeneration can be done at higher temperature comparing to the catalyst having no
support, without spoiling great merits described in our 5 previous applications of PCT/JP20091057 SI
8 and PCT/JP2009/057819. Example 5 and ‘Comparative Examples 6 to 8 Tungstophosphoric
acid on silicon oxide or.glumina was,prepared.in the. same mann IyesRaNe 23 Meihiapigen oxide
SS61138 (251 m2/g) ar.%x ?gﬁﬂ yl%%l% mdzi}g) fr‘é)%m Norpro S%ﬁctﬁéab.ala apdhwith akuminium oxide
SAB578 from NHFB&F@&FHt B¥ERien shows such advantages that deactivation of the caia -yst 18

limited and regeneration can be done at higher temperature comparing to the

catalyst having no support, without spoiling great merits described in our

5 previous applications of PCT/JP2009/057818 and PCT/JP2009/057819.

Example 5 and Comparative Examples 6 to 8 _
Tungstophosphoric acid on silicon oxide or alumina was prepared in the
same manner as in exémple 3 with silicon oxide SS61138 (251 m?/g) and $S61137
10 (161 m¥g) from Norpro Saint Gobain and with aluminium oxide SA&578 from
-Norpro Saint Gobain. _ '
Those catalysts were tested along with catalyst of example 3 in'thcf
conditions described in the table 5 below.

15 i Table 5
- _ Comparative Example
Example 3
6 7. 8
“Acid & 10% tungstophosphoric
' TiO, 810, Si0, ALOs
Catalyst support ST31119 | SS61138 | 8561137 | SA6578

Reactant ratios

' ~ 28/1.7/143/81.2
glycerol / O2 / N2 / H20

GHSV (h-1) | 5100 b
Oven temperature 280°C
Time on stream (b) 11 o |1 13
Acrolein vield (%) 75% | 10% | 18% 18%

17



Those catalysts were tested along with catalyst of example 3 in the conditions described in the table 5
below. CLAIMS [1) A catalyst composition comprising at least an heteropolyacid in which protons in
the heteropolyacid may be partially exchanged by at least one $ cation selected from elements
belonging to Group 1 to Group 16 of the Periodic Table of Elements that have been deposited on a
porous titania carrier. . 2] The catalyst composition of claim 1, in which said porous titania carrier is
10covered at least partially by a compound represented by the formula (1): Ab [XtYcZdOel n1120 in

which El is hydrogen, A is more than oeﬁﬁglg selected from elements bélonging to
15Group Ito Group 16 of the Periodic Table of El cept hydrogen, X is P or Si, Y is more

than one element selected from the group comprising W. Mo, Ti, Zr, V. Nb, Ta, Cr, Mn, Fe, Co, Ni, Cu,
Zn, Ga, In, T1, $hand Rt 29 isempresition 0nmptfﬁh@11a$eiememﬂrdmteh@gﬂgaqj¢dmpvikic@ W. Mo,
Ti, Zr, V. Nb, Ta, Cr, Ma:&R. ﬁ%%%“h&&%mﬁml%éry st &&éﬁg@@@? ratS&t&%B/mfollowmg
ranges: 0 <a <925 <b59g?§3 &% nﬁ% ?md<l é(—:‘ ghnumber
determined by the oxw?a’tlon h&%l al%/st c thp SI ion 0 cla‘I3 in which
said titania carrier coﬁ&ﬂl%§ r&#@o‘?%ﬁéﬁ&?@@r *&ﬁo*ﬁﬁéu@cﬁwlﬂ%ﬁﬁ%ﬁ @n a porous titasia

carrier,

[2]‘ The catalyst composition of claim 1, in which said porous titania carrier is
10 : covered at least partially by a compound represented by the formula (I):
H, Ag [X1YcZ4Oe] * nH;0 @
in which |
His hydrogen _
A is more thab one cation selected from elements belonging to
15 Group 1 to Group 16 of the Periodic Table of Elements except hydrogen,
| X is Por 8i,
Y is more than one element selected from the group comprising
'~ W. Mo, Ti, Zr. V, Nb, Ta, Cr. Mn, Fe, Co, Ni, Cu. Zn, Ga, In, TL Sa and
Pb,
20 7 is more than 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
Ph, . )
© 2,b; ¢, d and n satisfying following ranges:
- 0<ga<9 | |
25 0<b<9 preferably 0 <b <9
0<c<12and
0<d<12
nz 0 y |
and e is a pumber determined by the oxidation of the clements.
30 | | | A .
{3] The catalyst 'composition of claim ) or 2, in wh.ic;b said titanja carrier
comprises rutile or anatase or amorphous titanium oxide.

4] The catalyst composition of claim 3, in which said titania carrier 'cOmprises
35 - at least 80% anatase. ‘
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4] The catalyst composition of claim 3, in which said titania carrier comprises 35at least 80% anatase.
[5] [6] [7] 10[8] 15 [9) 20 [10) 25 30

[5] The catalyst composition of any one of claims 1 to 4, in which said cation is
at least one alkali metal cation, '

[6] The catalyst composition of claim 3, in. which said alkali metal is cesivm.

{71 The catalyst composition of any one of claims 2 to S, in which said

compound contains at least one element selected from the group comprising
W, Mo and V,

10 [8] A method for preparing a catalyst composition, comprising impregnating a
- titania carricr with a solution of at least one metal selected from elements
belonging to the Group 1 to Group 16 of the Periodic Table of Elements or
" onium, drying and firing the resulting solid mix_ture, secondly impregnating
the resulting solid mixture with a solution of heteropolyacid, drying, and

15 firing the resulting solid mixture. "

[9] A method for preparing a catalyst composition, comprising impregnating a
 titanja carrier with a solution of heteropolyacid, drying and firing the
resulting solid mixture, optionally secondly impregnating the resulting
20 . impregnated carrier with a solution of at least onc metal selected from
elements belonging to the Group 1 to Group 16 of the Periodic Table of

Elements or onium, drying, and firing the resulting solid mixture,

[10} A method for preparing a catalyst composition prepared by more than one
25 cycle of impregnation and firing, in which each impregué_tion. is effected
with a solution of an element of the group 1 to belonging to the Group 1 to
Group 16 of the Periodic Table of Elements or onium or with a solution
containing more than one element selected from the group comprising P, Si,
W, Mo, Ti, Zr. V, Nb, Ta, Cr, Mn, Fe, Co, Ni. Cu, Zn. Ga, In, T1, Sn, Pb, and
30 in which at least one impregnation is made with an acid precursor.

. [11] The method for preparing a catalyst composition of any one of clajms 8 1o
| 10, in which one impregnation is made with a phosphotungstic acid or
: phosphotungstate solution,

35

19



[11] 35 The catalyst composition of any one of claims 1 to 4, in which said cation is at least one alkali
metal cation. The catalyst composition of claim 5, in which said alkali metal is cesium. The catalyst
composition of any one of claims 2 to 5, in which said compound contains at least one element
selected from the group comprising W, Mo and V. A method for preparing a catalyst composition,
comprising impregnating a titania carrier with a solution of at least one metal selected from elements
belonging to the Group 1 to Group 16 of the Periodic Table of Elements or onium, drying and firing the
resulting solid rrt'jx le’e econdly ig&pregnatin the r%ﬁﬂlting solid mixture with a solution of
heteropolyacid, lféngT BHARG R0 PERATRS SR ARIARERIHEMDO G FOCYRPAtNG & Bt AySt
composition, comprisitgy indprebieatinge taneesatay wittmado|itith of bdicropetyticiceddyiong and
firing the resulting soligréxtieoetianallysecondly impregnating the resulting impregnated carrier
with a solution of at least one metal selected from elements belonging to the Group | to Group 16 of
the Periodic_Table qf Elements qr onium, drying, and firing the resulting solid mixture. A method for
preparing aSCataﬁ)I/é(i OB SR8 RErEATRENRoT AT BARRSIA0B: HhpRdRRISh SAHH AR in which
each impregnation is éffettethivitpacsohpiogrotiam éaméntwitthe groum kb beilomging to the Group 1
to Group 16 of the Periodic Table of Elements or onium or with a solution containing more than one
element selected,f e ising, P, Si , T Zr Mo Nb, Ta, Cr, Mn.Fe,.Co..Ni, Cu, Zn,
Ga, In, T1, Sn, éﬁ%ﬁ%.%%ﬁgfg%%%%zﬁn%%&Pﬁ%ﬁ%ﬁ%&%ﬁﬁ? ac(}:f1 p())rfe%%éé?r.gﬁﬁe method
for preparing a catalydtedhidiifioh b ARRI SRS iR D184 BF WABHBITE MR RGBS made
with a phodfhotungstisngcigmat plmosphotasmsidscisolimipregatdhihe method for preparing a catalyst
composition of any one of claims 8 to 10, in which one impregnation is made with a silicotungstic acid

or silicotungstat lugon. T, ethod.for prepayi catalyst composition of a f claims 8
to 10, in which o?nle m@gg‘.f{?]%%lé’r‘ﬂg’%‘?é%t ag cfé%%gs%?&ﬁ%gﬁ ??A%n%[hoen?n%%hc% §pr?((e;paring a
catalyst composition ofar SHECSr BEifHENE (el AOMEI (R FRBraBhREGH i&h aHBPARbE By
techniques of pore vokimdQigasreyaativiiuoe exoesaysolutidinienpgegnationd§t 5] fide aedted for.
preparing g gatalyst composition of any one of claims 8 to 13, in which the firing (calcination) is carried

out under an at h ir, ner .2 Mmixt X [ r educed
s, 15 (16] The rthogir e %S"%Zg g
fixing (calcination) is e? eclPel? %‘f’%f] f%ﬁ Vi U6 e D ETE TEHEUS .]Ziﬁ'f?]g,éoprocess
for preparing acrolein Qf@'e%ysdﬁ‘aﬂ@rﬁ@flgqycerin, carried out in the presence of a catalyst according to
any one of claims 1 to 7 or of a catalyst prepared according to any one of claims 8 to 16.  [18] The

process of siaimpl A wvpiebdeidialpm Al oL eSS IRalGH nithe ASRYEREACE Ak BelggHir Oxygen.
[19) The process of claim 17 or clan’? 8in \thICh deha/.dratlon of %XOGI’I |§ effected i the(Pfresence of
a gas containing propy ¢ presence of 2 catalyst according to any ofe of claums 1 to 7 or a

catalyst prepared according 10-any one of claims 8 10 16.

[18] The process of claim 17 in which dehydration of glycerin is effected in the
25 presence of molecular oxygen.

[19] The process of claim 17 or claim 18 in which dehydratibn of g_iycérin is
effected In the presence of a gas containing propylene. ‘

30 - [20} The process of any one of claims 17 to 19 carried out 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.

[21] The process of any one of ciainis 1710 20, in which the resulting acrolein is
35 further oxidized to produce acrylic acid. o

20



30[20) The process of any one of claims 17 to 19 carried out 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.  [21] The process of any one of claims 17 to 20, in which the resulting acrolein is
35further oxidized to produce acrylic acid. [22] The process of any one of claims 17 to 20, followed by
second step of ammoxidation of acrolein to acrylonitrile, [23] The process any one of claims 17 to 22,
having an intermediate step of partial condensation of water and heavy by-products issuing from the
dehydration ste 4] A catalyst composition ¢ r t least eter onaC|d epasitegd on a
porous titania c&r?'l[le 16 [BECPRL Yh st ot agagﬁl %ﬁrep%ﬁh?é@role?n%gr acry?% eﬁzlg k()%j
dehydration of gchermoﬁzﬁtQS@éﬁ%h@]@ﬁtﬁw%%‘ﬁ@mﬁm?S in a preparatlon of acrolein or acrylic
acid 15hy. dehydratlon of glycerin.

{231 The process any one of claimsl7 to 22, baving an intermediate step of
5 partial condensation of water and hcavy by—products 1ssumg from the
" dehydration step.

[24] A catalyst composition comprising at least an heteropolyacid deposited on a
porous titania carrier.

10 : ‘
{25] The catalyst of claim 24 for prcparmg acrolein or acrylic acid by
dchydratton of glycerin.
[26] ‘Use of the catalyst of claim 25 in a preparation of acrolein or‘acrylic acid

15 by dehydration of glycerin,
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