[Description] [Title of Invention] CATALYST FOR PREPARI NG ACROLEI N AND
ACRYLI C ACI D BY DEHYDRATI ON OF GLYCERI N, AND I TS PRODUCTI ON PROCESS

[ Technical Field] [0001] This invention relates to a novel dehydration
catalyst. In particular, this invention relates to a novel catalyst for
preparing acrolein and acrylic acid by catal ytic dehydration reaction of
glycerin in gas phase or |iquid phase, and a process for preparing the
catalyst[aésagk round] [0002] Acrolein is used in production of methionine
and is a ¢Wﬁﬁ90£ for producing am no acid used as an animal feed

suppl ement, which has energed as a substitute for fooder. Acroleinis a

synt heti c_.j nt diate of acrylic acid and | eads, via reaction wth nethyl
Vi nyl etﬁ@heﬂﬁgﬂ%ﬁyﬂ?%? sis, to glutaral dehyde or other pyridines, which

has manyCAJALYST FQRPRERARING [AC_RQLEI_M/IANDaAiGRYLIE AGHDiBY used in
a varietp Ypiﬂbﬂﬁﬂ !o?@ﬂ%ﬁeﬁzﬂqd AﬁD’J‘STS”FRﬁBEICfPGN’ for
i ndustrial polynmeriZation of a nonofer and conononer to produce a fi nal
product such as pol yacryl ates and pol yacryl am de prepared by pol ynerization

of acryl 'F“ec‘?‘n‘?fi@blol?ie?]dtvade” vatives. One of the inportant applications of
acrylic acl s_hi gl

d J ] ter-absorption resin r red b rtial
neut r al i B9 bh Brisainysitier Eﬁ'aﬁ‘% ViG @ z{lﬂ\f?ﬁaaﬁﬁgaa?ﬂﬁpgﬁgsqlé{?g oMot her
calti on. ?artmmagi €Ris aﬁgidh'tmna;rédaltbs po! agh@vmdlcaﬂmlysﬁﬁeforepuépaﬂgg
pol yacrylic,acid i,s par. .neutralized. e I.«C are
i1 oot An Braslibatid Byl RtaTER denERARR: 1R frdor e abat ng
mat er i al gay phiaisehor ddbhediphaseparat a praduess famd tepatriteg theaGIalyster ol ei n and
acrylic acid are currently produced in industrial scale by a process for

oxi di zing propylene by using a catalyst in the presence of oxygen.
Gener al | jBackgrourgtction is carried in gas phase. Acrylic acid is usually

produced dpo3 MACPORIMN i€ /SEIORS produétien [dffHetRidiine and is a derivative
for producing amino acid used as an animal feed supplement, which has
emerged as a substitute for fooder. Acrolein is a synthetic
intermediate of acrylic acid and leads, via reaction with methyl vinyl
ether then hydrolysis, to glutaraldehyde or other pyridines, which has
many uses in leather tanning.

[0003] Acrylic acid is a material used in a variety of industrial products
and is an important compound used for industrial polymerization of a
monomer and comonomer to produce a final product such as
polyacrylates and polyacrylamide prepared by polymerization of acrylic
acid or its derivatives. One of the important applications of acrylic acid
is high water-absorption resins prepared by partial neutralization of a
mixture of acrylic acid and sodium acrylate or other cation. In practice,
acrylic acid is polymerized and the resulting polyacrylic acid is partly
neutralized. These polymers or copolymer are utilized widely in
various fields such as sanitation, detergent, coating material, varnish,
adhesive, paper, fabric and leather.

[0004] Acrolein and acrylic acid are currently produced in industrial
scale by a process for oxidizing propylene by using a catalyst in the
presence of oxygen. Generally, this reaction is carried in gas phase.
Acrylic acid is usually produced by two step reactions. In the first step,
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acrolein-rich product is prepared frompropylene but little acrylic acid is
produced in this stage. Acrylic acid is obtained by a selective oxidation
of acrolein in the second step. [0005] The two step reaction is carried out
in multi-tubular reactors under two different reaction conditions and
catal ysts each suitable for each reactor. There is no necessity to effect
purification of acrolein obtained in the first step. The oxidation reaction
of propylene to acrole n and acryl acid is carr inafi ed bed
react or , 2¢AI¢IRarigH Qd%r'sﬁﬁgéf‘?qgr%ﬁ W&ﬁﬂﬁnﬁrm@é@&acrﬁm' ASstarting
mat er i al rt!ﬁﬁited%rptmﬂmégén @lcrahic acfd v ebthinedy a setective odédatied from
petroleu and naturﬁh as ch are no regenerable fossil resources.
egﬁ§onﬂo

However, 1-5‘ r%l@'rbgb D HFant to produce them from renewabl e sources
to reduce t he gl obal warm ng gas. Such change is the responsibility of

o |
| oads. afTas] TRRENS, &b FEACAR. s Calsfed Uit TR RyBLIAT Ped s DOTET
by- pr odmmd&héwobdtﬁfei‘leettmeam@n cenﬁ?tms:aad @atalvstsCeagh G litablesfosne of
feedst ocly cggrregee&w FHerd iserr\fbah?\éeféﬁeg t%F(eﬁ*é%‘t“pGﬁﬂcEﬂoW 8fl 428 I it

catal ytic I’atlﬁn reaction o rmn I’OC%?S route responds to

the conceipi ”6@ ghedhec fisat sttep- foT'g@h‘éXWMrbrﬂ?@ﬁ N G oPERRYISRE &ycerin

can be r@d*dﬁ@i@h bndsawlﬂi aRlPeesRpickHoitan hefiredt bedoreautdr,hydtikgenol ysi s
of sugar. §ﬁzleécﬁlr ocess route is simlar to the propyl ene oxidation

process, mg c@ VESOXIASIL BrOGeISRSfi rst step and the second step

i's carrled out in the sane reaction condition as the first step. Indeed the
first st

i Tact, 0P4S) AEIRING ehofiidl, uskatin BEoURFapRoReRE G nd e icPr ocess:
pr opy! eracidxiigadiesivads” frosa mtrcbieuaehmcbtnatrurraéa@asOnNhtcrga@rq)ha@e and
in this b#é“f'&?sﬁ"‘?*é%uf*é&et habweividh, RCHh &% Yeer VePy JatpdriantRpl i ed to

t he second step roduci n acigllc acid. Still osi.tion of

by- pr od@"t@l-lc@ daegn arqmer%ewab {SOWERDI E‘P‘yj/u‘él@ ?t?‘@r Glﬂaba(ir‘é’ EmMigg
nmechani sgas [Oggah o331 @asahxeswsﬂtﬁmmitye@tdmdlmnyrmaw pdwers andduci ng

acroleln b cerin, dehydratj,on reacti
con?rllguIYe ?o relaxat%n oF £he envnronmental loads and reduction of

global warming gas.

[0007] Glycerin is obtained as a by-product when bio-diesel fuel is
produced, and is considered as one of feedstock for propylene
alternative and acrolein can be produced by catalytic dehydration
reaction of glycerin. This process route responds to the concept of
green chemistry for the environmental protection. Glycerin can be
reduced by several processes such as fermentation and hydrogenolysis
of sugar.

[0008] This process route is similar to the propylene oxidation process,
since acrolein is prepared in the first step and the second step is carried
out in the same reaction condition as the first step. Indeed the first
step is however different from the usual propylene oxidation process.
In fact, a solid catalyst which is different from those used in the
propylene oxidation is used in the dehydration reaction in gas phase,
and in this process, much water together with acrolein-rich gas is
supplied to the second step for producing acrylic acid. Still more, a
composition of by-products is very different due to completely different
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[ 0010] Patent Docunent 1 (US 5, 387,720) discloses a process for producing
acrolein by glycerin dehydration on a variety of solid acids in gas phase
and liquid phase. Hammett index is defined as +2 or |less, nore preferably
-3 or less, so that corresponding catalyst is for exanple natural or
synthetic silicon conpounds such as nordenite, nontnorillonite, zeolite,
nonobasi ¢ aci ds, dibasic acid, tribasic acids supported on alum na and
titania; hi -alumna, ZnQO Al 203, or heteropolyacids. It is believed that a
pr obl em BRAFHPN MEFOBJYSM31 of by- products which are generated in case of
an iron phosphate catal yst system can be sol ved. [0011] Patent Docunent 2

(WD2006/ 4) teache hat straong splid acid havying tt l.pdex from
Lo to - 1HRSH Mahyo BRalyate BaVel Bleal e abendrted” SR cPhidnaiie

dehydr at aomoleimdby cheuglycesin debyddationreafctiomt.al yst. [0012] Patent Docunent
3 (W2009/ 044081) discloses a glycerin dehydration reaction effected in the
presence of a catal yst containing ox&gen, i ron, phosphorus, and al kal

netal , a0 bAE Ratembr BocLement sl d&l%dy,S8% 7eM)adlsglosesra reseassfqQral, Si,

B, Co, i ri A M, . . . d
ea%"h%dg'cﬂa?f EBieflpughveriy vt an Bhaliet ey g Ay
di scl oseda% agdsliguigy §$¢ﬂgH&mm@tdn€§P¥ﬂ§{E¢ H@e%(q‘fl JeePl eSS,
dehydr ayirw”rer %éﬁér@bliffscb?dlﬁs@,t!ﬁ@ Im@tsem " e@;ﬁo@diﬁ@t ad%talysitﬁ%iﬁiﬁ ?% of a
conpound_in which_protons in_heteropalyacid are exchanged w nmoy e than
ongpcati@ﬁa'a‘mg?%l '%?r&ﬁa %rels&‘f:'%ﬁhf:r%ﬁf:gxg?%m?%é? ﬁ“icngaéf M€ 0 G oup
é_6 o:‘ t hengremodiloniteplzeolit@p MdnBbasid aﬁnis;][wib'asﬁ: e otobagie2aaids f
i scl ose er ti r : i-n t nc a
cat al yst%‘?&#ﬁi n%H gaﬁgéﬁh% %ﬂgpﬁgﬁﬂs‘??a%@ g@hﬁgé‘gf o%ﬁog'{s@r%r%ﬁt GE)srgl ected
froma ghetaropofgacidsnglbfs batliededrthabar problema shiowm iR 85193 1 afe

{ Fnz _ . ) -
conven 'lg?g%ﬁom%ﬁl%hpé?g%ﬁ%rbfbdm s?éc?(ﬁe)éénmmh av@ealysthave

certain ens such as eposition o ade the catal yst,
and a des¥StepmEan BE s¥¥@Adary reactions such as an addition reaction of
acrolein to hydroxy acetone, propional dehyde, acetal dehyde, acetone, or

glycerin | ycon sation.o cer | roation of, by-products such
2’ oyel oG EEeAERRE Hiacmaihine: WEFED08195 20 8T teetBany il S8Ry
solid acid having Hammett index from -9 to -18 permits to produce
acrolein at high activity by glycerin dehydration and to suppress
degradation of catalyst.

[0012] Patent Document 3 (W02009/044081) discloses a glycerin
dehydration reaction effected in the presence of a catalyst containing
oxygen, iron, phosphorus, and alkali metal, and one or more elements
selected from alkali-earth metals (Al, Si, B, Co, Cr, Ni, V, Zn, Zr, Sn, Sb,
Ag, Cu, Nb, Mo, Y, Mn, Pt, and Rh) and rare earths (La, Ce, and Sm).

[0013] Patent Document 4 (W02009/128555) discloses a process for
preparing acrolein comprising a glycerin dehydration reaction effected
in the presence of a catalyst consisting of a compound in which protons
in heteropolyacid are exchanged with more than one cation of elements
selected from a group consisting of Group 1 to Group 16 of the periodic
table.

[0014] Patent Document 5 (W02010/046227) discloses a glycerin
dehydration reaction effected in the presence of a catalyst containing
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[ 0016] Therefore, to reduce generation of coke and degradation of catalysis
and to suppress formation of by-products, such nuch detail ed technol ogy

t hat physical properties of catalyst are limted as well as desirable

catal ytic active species are limted has been proposed. [0017] Patent
Docunment 6 (W2007/058221) and Patent Docunent 7 (JP-A-2008-088149)

di scl ose that an element of the Group 6 (tungsten, chromum or nol ybdenurr)
or heteropolyacid is |npregngt ed on an inorganic c rrlar cont ai ni n

| east or@XY¥J&heRNOSBNEEYSdaNAoat L8astcene elemmentselastedqiram aaﬂﬂo'igr coni um

The docusmigistidgssf vaeadiurhh®oronl antalurainddme i norganic carrier has a
bi nodal porous Structure. The ylefd i's inmproved when heteropolyacid is

supported on a bipore silicon oxide carrier and the yield of higher than
80% i s o} 5 Theoopavemgonal eata:lystsopeop%e«tm thesdepriar doesumeligver, t he

oropor 1 BnEVeh, hASE CaRf HIbbng' sabH B8 3 akBg8tlorich kol il
gl yceri nde@aradmahe@talm, arndeapdewelo@cman’émfss&ﬁ &WerﬁaCtthéﬁ sughef err ed
exanpl es%%gﬁtaqqalg@wﬁ%’d’ctﬁﬂ’PBPgETd@lm% Ey@f?@kz%e‘ﬂohéd pwsuoﬁ%aehyee?ur face

area of ore s macr o fr . o 200
m nanopRfetaldenyde, a6 tFPﬁ'e;a@r IYFe’éIE‘ # rﬂﬂi\écmﬁ'ﬂ%a%@ncp 39{\6934"%@/ g.
[0018] %trﬁmu&t?wwfpr&dﬁé& 4u2f B ArdiR7dly ceriscérres phiadiol aahtdpulg sil i con

oxi de carrier _supporti rl]ﬁj boron phosphat e ?I)/er eon can prevent a decrease of
the yi el U3 HErAOPRUNIS i me in conparison to a monopore silicon oxide
carrier. The active species to be supported are at | east one el enent

o ement W8] dnerEfordilb Hedtid Heritfibh, b ORE dnd actradiiin UF°
proper t | catadysis et ke suppress formationt eicbyrnodsicts oseh meUQD driadeds of
silica, {%ﬁ\rn%@%zrt‘hfatopﬂ%§|gg§%rngW|E§r@P€é?aI% Jarbollﬁﬁtéﬂnasa%ﬂ heg carrier

is anorp els n fatlon e'éore vol une of bipore
and a r clesirapleneatadeiic ackyeuprRecies g '@'Fﬁﬂi@a& BReD Rropasesat al yti c
behavi or of the bipore carrier. [0019] Patent Docunent 9 (JP-A- 2007 301506)

caral v i 93t BRrSRGbRC el QMBI oot B Rt L BR6PEE £t y

?f cr yst(leI—AHEOO‘Bt@BBQQQI)|cbs¢leshethab@naehemnent of tis: GFroUp & (rlingg&eri | QdJ
n,

di anet erfl’ﬁ‘forﬁﬁ.gn ﬂo'é@t z%%)srpy 'ﬁig‘ﬁglﬁ Iyég%) 2 G\n‘YJS’il et;elgcpﬁargrgtshng °

bei ng snablrgantmaa.rrmerscontamm atdeastrone e@menbéglq}?tieﬁlafmnarsdl%ondar y

pores ofy h‘?m”d?ﬁt % gl%?'i GG zu@&mbﬁw S| Tﬁ@%@fﬂl@ld@ﬂ%%‘é@ldﬁ@lrﬁ'ﬂﬁel{'o' ume

ratio of |pore lain

Ve, rior nents rely
di scl oseclabne thatd i"@rﬂéﬂ'@/é EBSE 33) Q FQUP E HE@ nggmet ers,
such as eﬁﬁﬁﬁimﬁrowﬂmr\éhﬂ%ﬁé‘r@ dGseélthedaona bipte silippar ti ng

het er op Ci cat st .s in rys i.ne and
phosphorQ?é% a?ﬁf @t@&&gﬁlﬁ'%fﬁgph’ﬂﬁpﬁ%} h@c}B Séﬁ‘i&oﬁ%%%égégsone
physi cala prresporepasiboen eoxidarictaraien he Hoveevé, ctlwr Cmeelatrealom afange of
bi pore i f Ifigwfa% t he
prior dgéc ﬁé §gr Qn fﬁ#\%%ﬁélaﬁéﬁn%gbgg %ﬁangh%f Ed pores and ‘an gor e
vol une raaetenebuthiel mays bgofarned bmccfemcdr@throqfagly@ﬁrln §.¢r]m[n%lt ent
Literat yiigh. The prior documents disclose in their preferred examples that a

carrier supporting heteropolyacid had the specific surface area of 30 to

1500 m?/g, bimodal pore structure, macro pore of 0.5 to 200 - m,

nanopore of 1 to 50 nm, as well as a pore volume of 0.3 to 4 cm3/g.

[0018] Patent Document 8 (JP-A-2010-253374) discloses that a bipore
silicon oxide carrier supporting boron phosphate thereon can prevent a
decrease of the yield of acrolein in time in comparison to a monopore
silicon oxide carrier. The active species to be supported are at least
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[ 0021] [Patent Document 1] US 5,387,720 [Patent Document 2] WZ2006/ 087084
[ Pat ent Docunent 3] W)2009/ 044081 [ Patent Docunment 4] W2009/ 128555 [ Pat ent
Docunent 5] W)2010/ 046227 [Patent Docunent 6] W2007/058221 [ Patent
Docunment 7] JP-A-2008-088149 [ Patent Docunment 8] JP-A-2010-253374 [ Patent
Docunment 9] JP-A-2007-301506 [ Summary of Invention] [Technical Problem

[ 0022] An object of the present invention is to provide a catalyst for

gl ycerin dehydration reaction for producjng unsaturated al dehyde,_and
Insat ur 2@ SIRFIRG Petecked dTam Milgiar ands Py AA/PrdeRiP UG Saleat Bton of

9: yceri neagtdridaternant e dafrdes raps eedrthtelamaitst ded gshosplsors.rati o of
gl yceri

and the yields of unsaturated. al dehyd f.. te
Oai boxy! TEE BhyiCal eies ks e HoFhabraer iz thiia BE cBrrh SANE RS0,
pr ov: de massat% g6silica; nghgrapone ofe@ydtat3tbn: nyatanoporeaf 1ctnSPrvance
acrol ei | C .ac] i.ghe el ey Lon of
gl yceri %ﬁﬂ;ﬂgé@ﬁ%@féy@ﬁ%@hg I_g-rq)gégg @;@’gé%ﬁ{l@@ﬁpﬁ%@ %gtrréobj ect
of the prelsene ofndporenand aogladondbetweenhad vobimetegabaRls tAedeat al yst s
above. diameter and catalytic behavior of the bipore carrier.

[0019] Patent Document 9 (JP-A-2007-301506) reports that the
conversion of glycerin and the yield of acrolein in catalytic glycerin
dehydration can be improved by using a molded catalyst of crystalline
metallosilicate having a ratio of Si/T (T = Al, B, Ti, Cu, In, Cr, Fe, Co, Ni,
Zn, or Ga) of less than 3000, a volumetric basis mode diameter of the
molded catalyst measured by the mercury press-in method being
smaller than 0.8 m. This document describes primary and secondary
pores of the metallosilicate, but is silent on a pore volume and volume
ratio of bipores.

[0020] As explained above, the prior documents merely disclose some
catalytic active species having limited physical parameters, such as a
catalyst supporting the Group 6 element; a catalyst supporting
heteropolyacid; a catalyst supporting crystalline salt of Al, Zr, B, and
phosphorus; and metallosilicate. The prior documents also disclose
some physical property parameters such as the specific surface area, a
range of bipore diameters, and a cumulative pore volume of bipores.
However the prior documents are silent on each pore volume of bipores
and any pore volume ratios between mesopore and macropore.

[Citation List]

[Patent Literature]

[0021]
[Patent Document 1] US 5,387,720
[Patent Document 2] W02006/087084
[Patent Document 3] W02009/044081
[Patent Document 4] W0O2009/128555
[Patent Document 5] W02010/046227
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[ Solution to Problem [0025] The present invention thus provides a catal yst
for produci ng unsaturated al dehyde and unsat urated carboxylic acid,
especially acrolein and acrylic acid, by using glycerin which is not
derived frompetroleum at higher yield and with preventing decrease of the
yield in tinme. The present invention also provides a nethod for preparing
the catal yst. [0026] The present inventors have devel oped, in order to the
sol ve the above problens, a cat.al at | east one netal oxide

| udin
sel ect ed from[ﬂ@ée@F&ﬂFl—UBﬁﬁté]l @W@%yéﬁgéi Al 203, Zr02, and Nb205,
wher ei ndt Be ;: JPatent IDv‘dulﬁeﬁtay bJPmdabaslowmructurte 'nbw?' ch, as
nmeasur ed by ume rati o between a pore
vol une of rresg%@ttﬁgg%hﬁa ;3() K '?@%5533?4 han 2 nmto less than 50
nmto a pore \®Patert woomnenpﬁ]ep-waﬁiow-amcﬁ% size of 50 nmor nore is
equal to or nore than 0.5, and wherein the carrier configures to support a
W cont ai ning (tungsten-contai ning) netal oxide thereon or a netal oxide

cont ai m[rS;ijnmaE‘,an IDMenélIOa}ent selected fromthe group consisting of P,
Si, M, ngé@ rg)q!ﬂé on to the Wcontaining netal oxide thereon, and to
al ﬁtl c

cause a natlon reacti on Wlthg cerinto
pba;e%tcpa gsesciiventithiote Wédﬁcﬁnr?@tgkaﬁg%ﬁe

acrol ei nl
cat al yst wbem @éﬁ?d?&ﬁoﬁ%@tﬁbﬁﬁtﬂ' Fl'é@uhc’ﬁ andatumeuratied\y@a bndy| ic

or at Pﬁnuram""'ﬁ%écerlap%vﬁcita&f’cﬂa&&%%%” 36 5% o realish of The

pr ﬁ;ent tg;lmzenhl @ndtisatt ten fredanaawgetmgﬂ mstmie) dfccthegc)orarmmmratm

Comor 1 2ol BlycsTPF Abd the vields™dr InSatdatel aderdaecahtiveaivatarared o o
sel ect edccanbemyligeaaidoup consi sting Ti 02, S| 02 Al 203, Zr02, and Nb205,

wherein the carrier includes a binodal porous structure in which the vol une
rati o between a pore volune of nnesopores having a pore 4?{33503}56 re than 2

nmto | ddD2hhAngshamobiest Bﬁme\m%@é‘tdﬂvﬁﬁgpap@r PRAV ¥Stsi ze of

50 nm Orfdi‘thcéﬁnedlé'ﬁ{Idﬁall@lﬁ réBegohharaticdn bdu‘@é%@dlieﬁﬁandaacrlyﬁt
configure

CO n tal oxide th on or oxi de
cont ai n@ﬁjda@t Hﬁ@?r ch\%'d\efvbé(nB'r‘u? ‘geé"\gq:rt%glpq rrSFhCERQ 8 \ﬁc%'aﬁs%é{agﬁiﬁeof P,
Si, M, catdlyst has addirngemlifeo the Wcontai ni ng netal oxide thereon, and to
cause a catalytic dehydrogenation reaction with glycerin to pr oduce
unsaturat ed al dehyde and of unsaturated carboxylic acid. [0028] (2)
The por e[Oin‘b}rétH? arathesr ebjacti ef dheopeesgnbrinventionnisadar BEOVEL Re

Mercury BieeRsd! or BreMfting the catalysts above.

[Solution to Problem]

[0025] The present invention thus provides a catalyst for producing
unsaturated aldehyde and unsaturated carboxylic acid, especially
acrolein and acrylic acid, by using glycerin which is not derived from
petroleum, at higher yield and with preventing decrease of the yield in
time. The present invention also provides a method for preparing the
catalyst.

[0026] The present inventors have developed, in order to the solve the
above problems, a catalyst including at least one metal oxide selected
from the group consisting TiO,, SiO,, Al,O3, ZrO3, and Nb>Os, wherein
the carrier includes a bimodal porous structure in which, as measured
by the mercury press-in method, the volume ratio between a pore
volume of mesopores having a pore size of more than 2 nm to less than
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(3) The average pore dianmeter of the carrier is 20 nmor nore, preferably

30 nmor nore, neasured by the mercury press-in nethod. (4) The
vol unetric basis node dianeter of the carrier is 19 nmor nore, preferably
50 nmor nore, neasured by the mercury press-in nethod. (5) The
carrier is TiO02. (6) The carrier is a mxture of TiO2 and at | east
one netal oxide selected fromthe group consisting of Si02, A 203, and

Zr 02, (7) The catal yst may further conprises an adgi ional salt of
at | east>@R¥NdeauIAres PNt Pff MAGrePalps having BsPare sHe p ﬁtooﬂm, O abl e.

[0029] moreis | th®ranmPe tAENAY Eradd@hdrem elee cherier sonéigeestbed by
Formila éul bor’%a?&?cczo% aining (tungsten-containing) metal oxide thereon or a
metal oxide containing at least one element selected from the group
consisting of P, Si, Mo, and V, in addition to the W-containing metal
oxide thereon, and to cause a catalytic dehydrogenation reaction with
glycerin to produce acrolein and acrylic acid. The present inventors
have found that the catalyst above produces unsaturated aldehyde and
unsaturated carboxylic acid by a catalytic dehydration reaction of
glycerin for a longer time duration at higher yield, and have completed
the present invention. The present invention has the following

features (1) to (9) alone or in combination.

[0027]

(1) A catalyst for glycerin dehydration comprising a carrier,
wherein the carrier includes at least one metal oxide selected from the
group consisting TiO;, SiO», Al,03, ZrO,, and Nb,Os, wherein the carrier
includes a bimodal porous structure in which the volume ratio between
a pore volume of mesopores having a pore size of more than 2 nm to
less than 50 nm to a pore volume of macropores having a pore size of
50 nm or more is equal to or more than 0.5, and wherein the carrier
configures to support a W-containing metal oxide thereon or a metal
oxide containing at least one element selected from the group
consisting of P, Si, Mo, and V, in addition to the W-containing metal
oxide thereon, and to cause a catalytic dehydrogenation reaction with
glycerin to produce unsaturated aldehyde and of unsaturated carboxylic
acid.

[0028]

(2) The pore volume of the carrier is 0.30 cc/g or more,
measured by the mercury press-in method.

(3) The average pore diameter of the carrier is 20 nm or more,
preferably 30 nm or more, measured by the mercury press-in method.

(4) The volumetric basis mode diameter of the carrier is 19 nm
or more, preferably 50 nm or more, measured by the mercury press-in
method.



in which

Ais one or nore cation(s) selected fromel enents of G oups

1 to 16 of the per odic table, Xis Por Si, 'Yis W Zis one or

nore el ement (s) selected fromthe group consisbrig of Ti,

Ni ,

Zn,

d 5. 20, and

(5) The carrier is TiOx.

(6) The carrier is a mixture of TiO, and at least one metal oxide
selected from the group consisting of SiO,, Al,O3, and ZrO..

(7) The catalyst may further comprises an additional salt of at
least one element selected from Groups 1 to 16 of the periodic table.

[0029]

(8) The compound other than the carrier is represented by
formula (1):

AaXbYchOe (1)
in which

A is one or more cation(s) selected from elements of Groups 1 to
16 of the periodic table,

Xis P or Si,

Yis W,

Z is one or more element(s) selected from the group consisting
of Ti, Cr, Mn, Fe, Co, Ni, Zn, Sn, Bi, Sb, Ce, Mg, Cs, and K,

0<a<y9,

0<b=<1l,

0<c=< 20,

0<d-=<20,and

e is a value determined by oxidation numbers of each element.

[0030]
(9) A method for preparing the catalyst, comprising a calcination

at a temperature of 400 °C to 900 °C.

[Advantageous Effects of Invention]

[0031] The present catalyst can be used for producing unsaturated
aldehyde and of unsaturated carboxylic acid by a catalytic dehydration
reaction of glycerin, and can reduce a decrease in time of the
conversion ratio of glycerin and the yields of unsaturated aldehyde and
of unsaturated carboxylic acid. Owing to the improvement on catalyst
lifetime, the efficiencies of catalytic reaction and of regeneration cycle
of catalyst can be improved, so that complicated operations can be
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e is a value determ ned by oxidation nunbers of each el enent. [0030]

(9) A nmethod for preparing the catalyst, conprising a calcination at a
tenperature of 400 Cto 900 C. [Advantageous Effects of Invention] [0031]
The present catal yst can be used for produci ng unsaturated al dehyde and of
unsat urated carboxylic acid by a catal ytic dehydration reaction of
glycerin, and can reduce a decrease in tine of the conversion ratio of
glycerin and the yields of unsaturated al dehyde and of unsaturated

car boxy| siBWRiffied, GRich is uemé)enqﬂcaabfm'nmcmtﬁlad AYRES.| i fetime, the

efficiencies of catalytic reaction and of regeneration cycle of catalyst

can be i oved o) |icated operations can be sinplified, which
is very rﬂ?ﬁ'%n qfoé]mitt%%ﬁg?qri% pI ants. [Description of Enbodi ments]

[0032] The present catalyst for glycerin dehydration comprising a
porous carrier, wherein the porous carrier includes at least one metal
oxide selected from the group consisting TiO,, SiO,, Al>03, ZrO,, and
Nb,Os, wherein the carrier includes a bimodal porous structure in which
the volume ratio between a pore volume of mesopores having a pore
size of more than 2 nm to less than 50 nm to a pore volume of
macropores having a pore size of 50 nm or more is equal to or more
than 0.5, and wherein the porous carrier configures to support a
W-containing metal oxide thereon, or @ metal oxide containing at least
one element selected from the group consisting of P, Si, Mo, and V, in
addition to the W-containing metal oxide thereon.

[0033] Physical properties of pores, such as a pore diameter and a pore
volume of the present porous carrier, are determined by the mercury
press-in method (mercury intrusion method) at a mercury surface
tension of 480 dyn/cm with a mercury contact angle of 140+ by a
mercury porosimetry ("Pore Master 60-GT" manufacuterd by Quanta
Chrome Co.). Values or positions (nm) of mesopores and macropores
shown in the present description are values of the maximum pore
diameter of each pore obtained in a correlation graph having axis of
ordinates of -dV/d(log d) [cc/g] which expresses how much mercury
penetrate in the mercury press-in method (expressed in cc for
logarithm - m for 1g of sample) and axis of abscissas of the pore
diameter.

[0034] Namely, the phrases of "a pore size of more than 2 nm to less
than 50 nm" and " a pore size of 50 nm or more" regarding the
mesopore and macropore of the present porous carrier should mean
that the value of the pore diameter of each pore is located at the peak
maximal value. The mesopore may preferably be in a range of more
than 2 nm to less than 50nm, and more preferably in a range of 10 to 30
nm. The macropore may preferably be 50 nm or more, more
preferably in a range of 50 to 300 nm.
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[ 0032] The present catalyst for glycerin dehydration conprising a porous
carrier, wherein the porous carrier includes at |east one netal oxide
selected fromthe group consisting Ti02, Si02, Al 203, Zr02, and Nb205,
wherein the carrier includes a binobdal porous structure in which the volune
rati o between a pore vol une of nesopores having a pore size of nore than 2
nmto |less than 50 nmto a pore volune of nacropores having a pore size of
50 nmor nore is equal to or nore than 0.5, and wherein the porous carrier
configures to support a Wcontaining netal oxide thereon, or a netal oxide
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[ 0036] A feature of the pore volune of 0.30 cc/g or nore determ ned by the
mercury press-in nethod is also inportant for one enbodi nent of the present
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more, it ' ot i Iy ShréferaBRNBY Ahh G of
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present process, since increasing the efficiency of the materi al
transportation and preventing decrease of catalytic |life caused by coking
in the nesopores which is main reaction site. However, to avoid a risk of
decrease i n nechanical strength caused by increase of average pore
dianeter, in particular of pore dianmeter of the nmacropores, the average
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[0038] In an enbodinment, it is also inportant that the volunetric basis
node di anmeter of the bipore carrier neasured by the nercury press-in nethod
is 19 nmor nore, preferably 50 nmor nore. The term"volunetric basis node
di aneter” neans the maxi num pore di aneter anong the pores into which the
nost vol une quantity of nercury penetrate. In other words, a pore dianeter
which is the maxi mal value of the largest pore in a porous carrier is equal
to or larger than 19 nm preferably 50 nm or nore. For exaf_rrpl e,,in case of
a bi por 1@¢heaser iRakhfg eﬁﬁ@'ﬁnﬁﬁs&fomét%ﬁh@' Feenepertasion Ok HY QIS yol une
of macr opeviesated iRl themddtmbreBain®@bnn@canerfson dfeokeng nuMheeeakore,
macropores is |ocated atf\}%legore di aneter of . nnn_or tn%g:ﬁo ﬁg&t gﬁgbl y 50
nm or - PPFEMRUPY & REIBPIRESAIFPRE TsMPGR&GNt: £
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hi gher di'$bersion of supported catalyst to inprove activation. However, in
case of the dehydration reaction of glycerin, since the reactivity of
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the form of, but limted t
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b oduce L&A aedttbro ks e e Maod TNt e HEbRDELE ey AECR A Eont ai ne
a W contgfi thiengoretstcamiedeneaslrea bpBET ynethod of nitrogen adsorption is
10 to 1000 m?/g, preferably 20 to 500 m?/g, and more preferably 30 to
200 m?/g. Increase of the specific surface may enhance higher
dispersion of supported catalyst to improve activation. However, in
case of the dehydration reaction of glycerin, since the reactivity of
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one or nore other netal oxide(s) of at |east one elenent selected fromP,
Si, M and V, supported on a porous carrier. [0043] The present dehydrate
catal yst is used for producing unsaturated al dehyde and unsat urat ed
carboxylic acid by the dehydration of glycerin, and the netal oxide other
than the carrier in the catalyst may be a conpound of forrmula (1):
AaXbYcZdCe(1l) in which Ais one or nore cation(s) selected fromel enents of
Goups 1 to 16 of the periodic table, Xis P or Si, ne or

.0 0] ¢ 11 is W Zi

more el eGRAE(IS) iSsepie high mnshrabrianisell oftsn possapses activisysSothag < ¢ s,
20, 0 whelBarmér itaRef Brocecdy slibeesiter rdateibrizy anyi patdik readiers.of each
el enment ._[ 0044 Eo rce of tungsten in tﬁl@ W cagnt al ni. gi rreta% yj% as a
c_orrponen-lt- tREENEN SUEGesR VENENHoPBIR CaFr O3 n'gt Spdft %ﬁr r 9
l'i m ted,inarebs@myarbearselett efl datatystout Thetefore) tthe poefenapleespediic such as
anmoni u ngp ngstate, tungstic acid, tungsten
oxi de, E&ﬁg@%ﬁggﬁmkﬁm dt(g?g;aa;hﬁggst en conpounds e.g. tungsten
et hoxi de and hexacarbonyl tungsten. [0045] The present dehydrate catal yst
is used o] i n Urcat e e r bo ic acid
by the o[fquﬂdq)je;t ﬁ-'g'%l ogagﬁ]?/g{er ifﬁr:_ g)n@dgﬁgé@ortgﬁ%tg@?%&er e gépoéight her eon
one or rNEAtbIrAERd neREPOXKIIE e pSid obYatthﬁeﬁhW@tQ%n@ﬁF%%I i‘(%‘?{“ﬁr om P,
?o hr(';/g, rfﬁ&rrmg “E@fl‘l"lé'ﬂt%as}e@ltt b@%@i@ﬁéﬁt?li@ggperﬁéteﬁtdete-inl :nhahiis case, a
i ncl udi fPn @%gg\;%ag\]egﬂnér{?lggéjf(6X|%engéﬁeEEe6d Frém the Srogéec:B%?stYﬁﬁ '#(s)

TiO,, SiO3, Al,Os, ZrO,, and Nb,Os. And hence, the catalyst may be

supported on one carrier selected from the group above, or on a carrier

consisting of a mixture of two or more of the metal oxides. Among

them, TiO, may preferably be as an indispensable member of carrier.

In case of a mixture, it may preferable be to mix TiO, with at least one

metal oxide selected from the group consisting of SiO;, Al,O3, ZrO,, and

Nb,Os. The amount of the catalyst may preferably be 1 to 90 % by

weight, and more preferably 3 to 60 % by weight, to the total weight of

W-containing metal oxide and carrier.

[0041] The present catalyst and carrier may have any shape, and may
be in the form of, but not limited to, granule, powder, pellets, rings,
trilobes, or quadrilobes. In case of for gas phase reaction, the catalyst
or carrier may be molded into a shape of sphere, cylinder, trilobe,
hollow trilobe, quadrilobe, hollow quadrilobe, or bar, by using a molding
aid if necessary. It may also be possible to shape the catalyst together
with a carrier and optionally a molding aid into any of the shapes above.
If the catalyst is in a shape of trilobe or quadrilobe, the molded catalyst
may have a larger available dimension to reduce a pressure fall during
a reaction. The size of molded catalyst may be, in the case of sphere,
1 to 10 mm for a fixed bed catalyst, or less than 1mm for a fluidized bed
catalyst.

[0042] The present catalyst for glycerin dehydration is used to
dehydrate glycerin to produce unsaturated aldehyde and unsaturated
carboxylic acid, and contains a W-containing metal oxide and optionally
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[ 0046] Here, the heteropolyacid is explained briefly. lons of tungsten and
nol ybdenum becone oxoacids in water and the resulting oxoacid is

pol ynmeri zed to form high nol ecul ar pol yoxoacid. In this case, not only the
sanme kind of oxoacids are polynerized but al so surroundi ng ot her oxoacid or
oxoaci ds al so are polynerized, resulting in formation of a polyacid
consisting of nore than two oxoacids, which is called "heteropol yacid"
havi ng a pol ynucl ear structure. An atomthat for a _center_oxpacid is
call od SNE RETEAES AORT MGFIIGIHEbRLOF BF J6at} GReAeErE AT BLHH Torbhe
center oXosiciMb &l Vosihpdreed®2el 8 perotdl tatiars "pol y-atonms”. The

het ero-atom nay be silicon, phosphorus, arsenic, sulfur, iron, cobalt,
boron, alum num germanium titanium zirconium cerium and chrom um
Anmong t H®04PhoFpkeor pesant sdéhygdrateaychialpstef & absed Tes parodugiogs nay be

tungste u [ ni Qb It h r nt

enbgdi m%@%%ui?@f@agld¥ﬁﬂggt 3%‘1“?5 %Féméégygagéo}%t ?ﬁ%gkv%erdg%r Z?P.p?g erred
het er opadghydraticre ofiglycasnglangthe metiaboxide®ther thagsthpkespR6riNc aci d
or tungsiRSEAEAYSt Afay beld d}ﬁgghﬂgob fsirdumRy1pe a mxed coordinate type
conprising p os%ﬁtor us’ or sﬁ I con_ as t%e het er o-atom and tungsten and

nol ybdenum or AMSZ&e and vanalitdm as the poly-atons. It is known that the

he; GLOSQhY\ﬁﬁic:h AHY cfll_'ﬁé/@rq'hbf’@rcéﬂﬂorﬂs) gelattes ﬁ’an%@i‘IEn}tSm,Gmm_ mht ype
an nder s e. e heterppolyaci d may..posses,gener. S
nol ecul %i%ﬁ’eﬁgef&ﬁggaéﬁgog THer@ i ?dﬁm‘fgr %ngéﬁ?, Bﬁhhwg#{gi s
i ncl udecelemémis spsesected froremtMoand U088 & aTked plesdnt tiebBydrace2@abal yst is
used for_pgo in n t S o i.chaci d by
t he dehyﬁritgﬁd’ogngléﬁﬁ %%?%&Wﬁﬁ%ﬁ[@e%@%ﬁéﬂsﬁgar r |r§r6fggﬁte2i ni ng at
| east orelemeent. oxi de sel ected fromthe group consisting Ti02, S102, Al 203,
Zr02, and Nb205; a Wcontaining netal oxide and optionally one or nore
ot her nmetal oxide(s) of at |east one el enent sel ected Er€n1P Si, M, and V
suppor t ddQf} Heowrge iQfr tuRAgtRIMeiNothen W-caitaining raetakiRdder 8% 81 enent s
gf I G O!JR‘.foriapbge?ﬁ Rfl t%é“%&lb@rdr@%tﬂ Cor]'j QP'eeth@uggqarr{I@giI%BhofmallttinUI_aﬂyl o it

el ongi 0 Grou u 0 e, Per.i odi ude its
aci d almises aihmiay B SelPPied ihma i ronI PN iy Be Sy TG ™ s
pot azjsi Lers anmuiothiium paesiungstatgasimoniwal rltieha’_cuBgﬂa’E?i tungsiie agid,
scandi u la . AN um
nanganesmé',ryér#éhmdgf ? @Hagtﬂfﬁgm'ﬁ@]& g% %Hrﬂaqgiggg{aﬁ@ﬁid?@ﬁ?ugg%g\gf um
pl at i nurhungsiparetheiXigergngbiexacarbenyhtungstqn.t hal | i um germani um tin,
| ead, bisnmuth, and tellurium The acid oniumsalts may be am ne salt,
ammoni um sal t hosphoni um salt and sulfoqiun1$alt. ougces of . the acid
salt and QG5 heilBeonpPiRsany t dehydiatee, catAlYabt 197 MSESd Y, RIedysieg
_(I:_ﬁr bonat@?sét]lcurégéa@a a’:l@éh?tié, Qﬁddwmsatlnl.?'ab@di dﬁrg‘bxlylite mﬁaidL sbyr thel lﬁ{m

e anount, o ed netals. or_oniymsalt ma : 0 i.ght,

pref er atﬂi?hﬁq'@%'qrb ofogt%ﬂ'%?aﬂttfh%qqqopés "3 °h S'%V a?g'lPGpg(?fé tg’]\;'er\r%g) e
opt i onal ore¢ eranbreatberedetaloxiBe(s) of bh least Ynereladuent selecbed\frgrmo49] The
cat al yst ) nt.aj L ey lh_QX| a
conpri si%gﬁ;il\ggf %CBY?HW%@@E'O% E‘}r{ﬁgﬁ‘é’ EEE@”i_"ﬁ%g’@%??'nfg’&&adon%?ﬁﬁng nmet al
oxi de ancBasyt idonsodurge | meserigheofiethe oRetdl exideempay HSEERERRIYIbEm P, Si,
Mo and } iy A i iR} i _The catal yst above may be
pr epar eg‘%ﬁ%lﬂgﬁ@ én(g%é)?leﬁcqﬁlag{ eltggzz%cggé ?L%@ggﬁg?)l on nethod, and its raw
mat erial nay be nitrate, ammonium salt, hydroxide, oxide, or acid of each

rret a: elt ]Néréhtﬁé\f}vféﬂefrtdb_éﬁ,{édm igéé%méil‘mgTbﬁimMFIohstmtmgﬁey\sL . A
catal yst_sS orti a contal nl ng .net.al  oxl de an
cown’ AR BdEh Grdesearn® Sxoaesnvatnan dRteSestiio SOREE ot *"
whi ch copdlginmemzeddodprimhigh el@eeniarspdyoeadd oniPthis case, nethanly i s

P oot y ie: Sabisl g ot UleairGdR B! BBREfzEG ik AP BUFrGRIdCBAGET 2O 1 ©
after wa@xoadidnorioxeddids teheo Haree popoMeazed, i iesalltigninofornabiopt Pi@ wat er

and orySidlyabi CEohSISHAPVGE ARSI Aah ofwboldatiandanhiac N @lled
heat - dry] ng. e resul BI ng aqueous ségelééllgl on gf WcRnt %I ni na gEt al oxide is
added wi thetereaphasidcBavindaRPINNUCeR) SIEHETWE a1 ABA'98N LBRELREASHE om

Ti 02, Si02, Al 203, Zr02, and Nb205. Optionally, an aqueous sol ution

contai ning a conpound(s) containing hgdide, carbonate, acetate, nitrate,
oxal at e, phosphate, sulfate, hydroxide of nmetal or onium of el enent
belonging to Goup 1 to Goup 16 of the Periodic Table of Elenents nay be
added. The resulting m xture is subjected to filtration or drying under
reduced pressure to obtain a solid which is then calcinated finally.
Alternatively, an addition of the salts of netal or onium of el enent




added. [00501 In one enbodinent, a carrier may be contacted with a sol ution
of a catalytic active agent, and the resulting solid content nay be

subj ected under one or nore drying-and-cal cinating cycle(s). The contacting
process may be carried out by the pore volunme inpregnation or excess
solution inpregnation process. The calcination, as a pre-treatnent for
glycerin dehydration, may be carried out in air or under inert gas such as
nitrogen, helium and argon or under an atnosphere of a mx as of air
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above 450C, parallel and successive reactions will increase such that the
selectivity of unsaturated al dehyde agng unsaturated carboxylic acid becone
| ower. The reaction tenperature may preferably be 250C to 350C. [0054] The
pressure is not limted especially, but may preferably be 10 atmor |ess,
nore preferably 5 atmor |ess, as the absol ute pressure. Under a higher
pressure, glycerin may be liquefied again. In addition, a deposition of
carbon is pronoted under a higher pressure, such that the Iife of catal yst



[ 0055] A feed rate of source gas to the catalyst may preferably be 500 1-11
to 10,000 hl in termof space velocity GHSV. If the rate is |ower than 500
ffi, the selectivity will be | owered by successive reactions. If the rate
exceeds 10,000 h-1, the conversion efficiency will be | owered. [0056] In
case of liquid phase reaction, the tenperature nmay preferably be from 150C
to 350C At a lower tenperature, the selectivity is inproved but the
conversion i s | owered. Th%mgressure is not limted especially but it nmay be
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present ¢IRRAHY 6%*@51’{%11 eméﬁia?‘?@anidw&BP@Q&@P&F‘]XOZ‘V{EWU@ ik‘éng Phetd]
oxide. The catalyst above may be prepared by any known technique
such as impregnation method, and its raw material may be nitrate,
ammonium salt, hydroxide, oxide, or acid of each metal element which
constitutes the active components of the catalyst. A catalyst
supporting a W-containing metal oxide may also be prepared by any
known technique. In practice, an aqueous solution containing
compounds which contain W and optional element selected from P, Si,
Mo, and V is prepared firstly. If you use heteropolyacid, an aqueous
solution thereof is firstly prepared. Alternatively, their aqueous
solutions may be prepared after water contained in the heteropolyacid
in a form of adsorptive water and crystal water is removed partially or
totally under vacuum or heat-drying. The resulting aqueous solution
of W-containing metal oxide is added with a carrier containing at least
one metal oxide selected from TiO,, SiO2, Al;O3, ZrO,, and NbyOs.
Optionally, an aqueous solution containing a compound(s) containing
halide, carbonate, acetate, nitrate, oxalate, phosphate, suifate,
hydroxide of metal or onium of element belonging to Group 1 to Group
16 of the Periodic Table of Elements may be added. The resulting
mixture is subjected to filtration or drying under reduced pressure to
obtain a solid which is then calcinated finally. Alternatively, an addition
of the salts of metal or onium of element belonging to Group 1 to Group
16 of the Periodic Table may be carried out after, before, or during the
addition of the aqueous solution containing W and optionally element(s)
selected from P, Si, Mo, and V to the porous carrier. The calcination
and drying may be carried out successively for each addition of catalytic
component to carrier, or may be done after all catalytic components are
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several Exanples. The present invention is however not |limted to the
foll ow ng Exanpl es but covers those that are within the spirit of the
present invention. In the Exanples and Conparative Exanples, the unit of
"Die neans nole % [0061] <Exanple 1> Cat al yst of PWTi 02 for
dehydration reaction of glycerin was prepared as follow ng. 13.2 g of
phosphot ungstic acid (N ppon Inorganic Color & Chemcal Co., Ltd.) was

di ssolved in 100 mM of pure water. Separately, 100g of anatase Ti Q2 pellets
(" ST 311addedmnuf act ured by Saint-Gobain; diameter of 3.2 mmength of 5 mMm
48.2 n2/g; 0.36 cc/g; pore volune ratio = 1.4) was placed on a porcelain
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manaf actGPOGAERS RRSTEHE <me AR Dars Ay e, CalstaHBH, Y, b 7€ et

clor r ect dimited te;, ganutfie foanace apstary kibi,adnflaidiaedtked furrace. ofhehe fed
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sel ect i V@lyggrinaga@hydeatjorirgastiodbj ecti ve substance (acrolein yield) were
cal cul ated by foll ow ng equati ons:

[0051] In an embodiment, the firing temperature of 400 to 900°C may
also be important. Indeed in the glycerin dehydration reaction for
producing unsaturated aldehyde and unsaturated carboxylic acid, a
formation or precipitation of cokes per unit time is extremely large,
comparing to an oxidation of propylene and of propane, so that the life
of catalyst is short, resulting in that much frequent regeneration of
catalyst is required. The regeneration may be carried out by a
circulation of an oxygen-containing gas which generates a large
quantity of heat to remove cokes by burning. Sufficient burn and
removal of cokes may not be expected at a lower temperature. In any
way, the catalyst would be exposed after all to a high temperature
during reaction and regeneration stage even if the calcination of the
catalyst is effected at a low temperature. Therefore, in case of a
catalyst which had been fired at a low temperature, there may be a
difference in performance between at an initiation of reaction and after
regeneration. In order to obtain the same or constant performance
after several reaction and regeneration cycles as at the initial reaction,
and hence to facilitate operations in reaction and regeneration, it may
be advantageous to effect a calcination at a higher temperature. In
case of heteropolyacid such as phosphotungstic acid and tungstosilicic
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[ 0063] The conversion of raw material (% = {(a nole nunber of
material reacted) / (a nole nunber of material fed)}100 The
selectivity of objective substance (%9 = {(a nole nunber of objective
substance obtained) / (a nole nunber of material reacted)} 100 The
yiel d of objective substance (%9 = {(a nole nunber of objective substance
obtained) / (a nole nunber of material fed)} 100 The quantitative

anal ysis was carried out in every several hours. The gl j.n_conversion
and t he a@doPedecameogitien @fctbﬁb'a$‘é‘éicﬁléﬁese§@ft%éﬁﬁ%ﬁ iggétr@igglﬂ%n tine

of 19 hojtgcrie A8 Hterspol\RRE4] wibre st dthen it Thensateri avose trat al

procedure and estimation _as ampl e, 1 were, carriged, out,, except t anat ase
Ti @ peleEPPErairgs 1 1g- Cﬁﬁﬁu@%@%@&‘%&'”@épﬁt d a'itn‘,’"'laji%%&d) veg?gé 2 mm -
|T_eggt thﬁt6 oxitled DfpmedshousSndctunggteneor intiome camiptex okidg otherused as
i 02. re i . < > me
experi ?‘%\f%@e@ﬁge%d Qgéwaﬁ?#{@%qgé%aaﬁm%Pgoggrhroltgﬁagﬁgl except
tpat anacdeasTagavpehdkarigl' STW map bensuitable, upedithyostd motdudeg thedi anet er
of 3.2 h .pf <0 =h O i6qn= 1.1
oas. usequishof hetefdboliad Betdlise)ttiel g tefRberattlrdngr wdo eo= L. 4
00°C, which is one of features of the present embodiment. The firing
temperature may preferably be 450 to 800°C and the firing time

duration may preferably be 0.5 to 10 hours.

[0052] The dehydration reaction of glycerin may be effected in gas
phase or in liquid phase, and gas phase may be preferable. The gas
phase reaction may be carried out in a variety of reactors such as a
fixed bed, fluidized bed, circulating fluidized bed, and movable bed.
Among them, the fixed bed may be preferred. The catalyst may be
separated from the reactor when the catalyst is to be regenerated. If
the catalyst is regenerated outside the system, the catalyst is taken out
of the system and may be burnt in air or oxygen-containing gas. In
case of a liquid phase reaction, the reaction may be effected in a usual
vessel for a solid catalyst liquid phase reaction. Because a difference
in boiling point between glycerin (290°C) and unsaturated aldehyde
and unsaturated carboxylic acid is big, it is desirable to operate at a
relatively lower temperature, so that acrolein produced may be distilled
out continuously.

[0053] In the present glycerin dehydration reaction at gas phase for
producing unsaturated aldehyde and unsaturated carboxylic acid, a
reaction temperature may preferably be from 200°C to 450°C. Due to
the high boiling point of glycerin, if the reaction temperature is less than
200 °C, glycerin and reaction products will be polymerized and
carbonized such that the life of catalyst will shorten. On the contrary,
if the reaction is effected above 450°C, parallel and successive
reactions will increase such that the selectivity of unsaturated aldehyde
and unsaturated carboxylic acid become lower. The reaction
temperature may preferably be 250°C to 350°C.
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[ 0066] The cunul ative pore volune, the ratio in pore volune, and the
average pore dianeter of Exanples 2 and 3 are within a range of this
invention. The results reveal that these catal ysts show high glycerin
conversion and high acrolein yield and reduced decrease of the glycerin
conversion and of the acrolein yield, in spite of relatively | ower specific
surface area, conparing to Conparative Exanples. [0067] <Exanple 4>

The sane experinental procedure and estimation as Exanple 1 were carried
out, except that anatase Ti Q2 pellet ("ST 31119" manufactured by

ggir gt ;/O sn W‘héﬁﬁ*e%%u?é |§n%t%|tbﬁrt§r§|%e2@éllﬁ bt ni?é)y %ré?eslﬁgm b%ﬁl?';i)?é 5
[ 0068] &S§> more-ﬂ{@ @'&?L@y&ﬁim r%nlpéﬁ rtf’éoi%‘i? BEEFH S on as

Exanpl e unMere IvighiairgstesisUre pybemerin hady amluqtseﬂé’d @&@ygiel | &h gddETios 119"

T2l'g; 0. SECPORHIOR S CarBE B Pﬂéf%@‘?éﬁrufi#eﬁazh@eea SN, el thatii ¢
shown i rthEabfecofl caf@lgedwidBstemten. 6> Cat al yst of WTi 02 for dehydration
reaction of glycerin was prepared as fol low ng. 12. 2 g of amoni um

met atun%ustate (Nlewgon | norgani ¢ Col or & Chem cal Ltd.l %g'ts 8| ssol ved
in 100 njOQI5hhrfeedarate. ofsepurca 8a§ toltdilﬁgc@tfahﬂﬁtaﬂ%%\épf?@'aﬁ\( 300" T
iéléﬂml mtbaiobmee WY ifaidtn @rtsp afbet dem&&t¢cw$v3 2f|tmdrbwgs howfer5| mm

e .volune ratio = aced on el ain
di sh ont%‘%Séa ﬂ'&%%@Le &%"%'&W%%P%ﬂ%ﬁga%enﬁ%ﬁtm{bﬁ te was
added arhd rdtle éﬁteéd@qlﬂ 600T|h1é Inhetwrﬁ/emstordef@dennyamlllbédﬁvsiemdlo hour s,
and then calcinated in an air at nosphere at 500 C for 3 hours. [0070]
<Exanple 7>

[0056] In case of liquid phase reaction, the temperature may preferably

be from 150°C to 350°C. At a lower temperature, the selectivity is
improved but the conversion is lowered. The pressure is not limited
especially but it may be pressurized from 3 atm to 70 atm if necessary.

[0057] Glycerin as a raw material may be commercially available in a
form of an aqueous solution. A concentration of the glycerin aqueous
solution may preferably be from 5 % to 90 % by weight, preferably
from 10 to 60 % by weight. If the glycerin concentration is too high,
undesirable glycerin ether will be formed, or glycerin will undesirably
react with the resulting unsaturated aldehyde and unsaturated
carboxylic acid. In addition, too much glycerin will require enormous
energy to gasify.

[0058] The concentration of glycerin in @ mixed gas which is fed to the
present catalyst may be 1 to 30 mol %, preferably 1 to 12 mol %, and
more preferably 3 to 10 mol %.

[0059] The present glycerin dehydration reaction is carried out in the
presence of an oxygen-containing gas such as oxygen or air. The
concentration of oxygen may be 1 to 10 mol %, preferably 2 to 7 mol %.

[Examples]
[0060] The present invention will be explained in more details by using
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The sane operation as Exanple 1 was carried out, except that

anat ase Ti G

ring ("ST 31119" manufactured by Saint-Gobain; dianmeter of 4.5 mm |ength

of 5 mMm 54 n2/g; 0.32 cc/g; pore volune ratio = 0.5) was used as Ti 02,

[0071] <Exanple 8> The sane operation as Exanple 1 was carried out,

except that anatase TiO2 trilobe ("ST 31119" manufactured by Sai nt- Gobai n;

dianeter of 4.5 mm length of 5 nm 53 n2/g; 0.40 cc/g; pore volune ratio =

0.9) was used as T102. [0072] <Exanple 9> The sane operation ﬁs Exanpl e
ok §a ghe

1 was caevesal bxampheseptThaBresenl Kyentiap ighamavesgeot gt
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[ 0073] <o 26" vacBxsnplote P5. In the Conparative Exanpl

es, a sanple of

Ti 02whi ch is outside the scope of present invention was prepared and
eval uated as foll ow ng.

[0061] <Example 1>

Catalyst of PW/TiO, for dehydration reaction of glycerin was
prepared as following. 13.2 g of phosphotungstic acid (Nippon
Inorganic Color & Chemical Co., Ltd.) was dissolved in 100 ml of pure
water. Separately, 100g of anatase TiO, pellets ("ST 31119"
manufactured by Saint-Gobain; diameter of 3.2 mm - length of 5 mm;
48.2 m?/g; 0.36 cc/g; pore volume ratio = 1.4) was placed on a
porcelain dish onto which the above aqueous solution of
phosphotungstic acid was added and left for 2 hours. The mixture was
dried up at 120°C for 10 hours, and then calcinated in an air
atmosphere at 500 °C for 3 hours.

[0062] The resulted catalyst was subjected to an evaluation test in a
pass-through type fix bed reactor operated at ambient pressure. 30 cc
of the catalyst was packed in a SUS reaction tube (20 mm diameter).
An aqueous solution of 50 wt % of glycerin was pre-heated in a
vaporizer heated at 330 °C and the resulted gasified glycerin was
pumped and fed directly to the catalyst together with air flow (flow rate:
23.4 g/hr). The reactor containing the catalyst was heated to 290 °C.
The feed stream had following composition: (glycerin : oxygen :
nitrogen : water) = (4.7 mol % : 2.8 mol % : 68.5 mol % : 24.0 mol %).
The GHSV was 2,020 h'l. The resulted products were collected in a
condenser as condensates, and the quantitative determination of all
components was carried out by a gas chromatograph ("7890A"
manufactured by Agilent; DB-WAX column). Factor of each product
was corrected by the gas chromatograph to obtain absolute contents of
the fed glycerin, remained glycerin, and products. The conversion of
raw material (glycerin conversion), the selectivity of objective
substance (acrolein selectivity), and the yield of objective substance
(acrolein yield) were calculated by following equations:
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[0074] The sane experinental procedure and estimation as Exanple 1 were
carried out, except that anatase Ti Q2 sphere ("CS-300S" nmanufactured by
Sakai Kagaku; diameter: 3.0 mm 75 n2/9; 0.40 cc/9; pore volunme ratio =
0.4) was used as 'n02. The result is shown in Table 1. [0075] <Conparative
Exanpl e 2> The sane experinental procedure and estimation as Exanple 1
were carried out, except that anatase Ti Q2 sphere ("CS-300S" manufactured
by Sakai Kagaku; dianeter: 3.0 mm 52 n2/9; 0.32 cc/9; pore volune ratio aa
0.3) wad as T102. The result is shown in Table 1. [0076] Catalysts of

Comparative Byapl@nveraish Hfadwt ilaBHE 0% )idhe(a pooke velinioeraed
specific surface area.a anmpl es , can . e c ytic activity
of Conpdpég?véf:%fﬁ%é /i(%léﬁg&dgé‘ﬂn%'éﬁfmﬁtql'?ﬂ %&)&pdriﬁ@) in the glycerin
conversion and the acrolein yield at 19 hours and 43 hours). Conparative
Example 1 has_the rati.o.in e u t he cr r opor es
s 0 4 uhi on nrechyty oEahfcR Fibf e R Ao TRIs pumBePFECE

i nvent i wbjettiversathdtanceobtainedkys (2 ineole nenmdiercefi miagerial keaci@dlénced by

t he ratilooé)f pore volunes. [0077] <Conparative Exanple 3> The sane

operation as Exanple 1 was carried out, except that anatase Ti Q2 pell et
("ST 31119" manufactured by Saint-Gobain; dianmeter of 32 mmlength of 5 mm

412. 4 n2/g; OAheLG/ifid BP ShjEkiE slidlstdnde YB) wag(ysetblasnlinder Bfe sane
reaction estimtion as Exapple 1 carried out. pe r suIIt i $\\shown in
Tabl e 1.0QI66Y¥E SpRsianca potaige raqleen | gF natrial frd) specific
surface gg@a, average pore dianeter, and pore volune as Exanples 1 and 5,
but the pore volunme of 0.26 cc/g is outside the clainmed range (0.30 cc/g or
nore). The result reveals that deteriorations in tinme of the glycerin
conversi on ®hd ghantitatice Armalysis wlas aaeried saut it lavaryesewsral RO ul at i ve
pore vol i it LEd I ter, and
Phe rati et criers®rt dBJPRERC et V1 SuoRd Eh4GaRA foflkath

catalyst at a reaction time of 19 hours and 43 hours.

[0064] <Example 2>

The same experimental procedure and estimation as Example 1
were carried out, except that anatase TiO, pellet ("ST 31119"
manufactured by Saint-Gobain; diameter of 3.2 mm - length of 5 mm;
29.2 m?/g; 0.30 cc/g; pore volume ratio = 1.5) was used as TiO2. The
result is shown in Table 1.

[0065] <Example 3>

The same experimental procedure and estimation as Example 1
were carried out, except that anatase TiO, pellet ("ST 31119"
manufactured by Saint-Gobain; diameter of 3.2 mm - length of 5 mm;
35.6 m?/g; 0.33 cc/g; pore volume ratio = 1.1) was used as TiO,. The
result is shown in Table 1.

[0066] The cumulative pore volume, the ratio in pore volume, and the
average pore diameter of Examples 2 and 3 are within a range of this
invention. The results reveal that these catalysts show high glycerin
conversion and high acrolein yield and reduced decrease of the glycerin
conversion and of the acrolein yield, in spite of relatively lower specific
surface area, comparing to Comparative Examples.
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In Exanple 6, the sane experinental procedure and estimation as Exanple 1.
was carried out, except that anatase Ti Q2 pellet ("ST 31119" manufactured
by Sai nt-Gobain; dianeter of 3.2 mmlength of 5 mm 42A n2/g; 0.26 cc/9;
pore volune ratio = 1.6) was used as Ti 02. The sane reaction estinmation was
carried out. The result is shown in Table 1. [0080] By conparing
Conparative Exanple 4 and Exanple 6, difference in physical properties of
Ti 2 when the carrier supports a nmetal oxide consisting of tungsten oxide
al one can be evaluated. A conparative carrier of Conparative Exanple 4 has

sanme sp JAABlAYysa, average pore dianeter, and the ratio in pore
vol unes @agﬁr 96‘&“ t he gore vol une of, 0, uts
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npar ative COECl usi,on are
obt ai ned: (Ih ¢h§améb§émertra€a|t9kpr96e BF@ dr‘?ﬁ% gd'toé‘c 2gnE& I|‘esis
porggssg\fagg$etarméér jut, t bRcept ous?@aanamse mrlcwepeaet | geST Bﬂ&l@é‘t aI
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vol une r<a5163 g\;\ma%acqjgrq:om voteinoé ratisosot 49 wasiusgdapdi@2si Z8€of nore
than 2 q%wsegﬁﬂ%}?‘e 11 mto a pore volune of nmacropores having a pore

si ze of quar to or nore than 0.5, and wherein the porous
carrier configures to support a Wcontaining netal oxide thereon, or a

nmet al IB{?Th gl> | east one el enent selected fromthe group
conS|st|X[|n O?P B&) and V |n§€l tion to the Wan F“ ni ng netal oxide

t her eon. Th@ﬁ&a‘Y§tn@fsWﬂ'Qﬁl ar 4 rafien reaction of glycerim was
prepared as following. 12.2 g of ammonium metatungustate (Nippon

Inorganic Color & Chemical Co., Ltd.) was dissolved in 100 ml of pure
water. Separately, 100g of anatase TiO, pellets ("ST 31119"
manufactured by Saint-Gobain; diameter of 3.2 mm - length of 5 mm;
48.2 m?%/g; 0.36 cc/g; pore volume ratio = 1.4) was placed on a
porcelain dish onto which the above aqueous solution of ammonium
metatungustate was added and left for 2 hours. The mixture was dried
up at 120°C for 10 hours, and then calcinated in an air atmosphere at
500 ©C for 3 hours.

[0070] <Example 7>

The same operation as Example 1 was carried out, except that
anatase TiO> ring ("ST 31119" manufactured by Saint-Gobain;
diameter of 4.5 mm - length of 5 mm; 54 m?2/g; 0.32 cc/g; pore
volume ratio = 0.5) was used as TiO,.

[0071] <Example 8>
The same operation as Example 1 was carried out, except that
anatase TiO, trilobe ("ST 31119" manufactured by Saint-Gobain;
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in glycerin conversion and in acrolein yield after the reaction tinme of 19
hours and of 43 hours, so that the life of present catal yst should be

i nproved. [0084] (2) A conventional catalyst in which a carrier is a
porous support like bipore and has a pore volume of 0.3 cc/g or nore,
cannot prevent a decrease in time of glycerin conversion and of acrolein
yi el d, and cannot have an inproved |lifetine. In addition, its nechani cal

strength is lost if the pore volume increases. Adyantage quégge hi 8her por e
vol une ahamelieceof shemmat al pagthi o8 T nbe SehiBi185d VefPyChitten PAr

requi r enfitined rgagigaé_i ngﬁ%t weltige, of rnacropores to the mesopores,

t he average pore aneter, e volunetric basis node dianeter according
to the present invention are satisfied, resulting in that the life of

cat al yst[dwj]nawﬁme[ 0@85] (3) In other words, the present catal yst may

( : i pn . . Cihe |
Wi Thout epol EngATE: Oy abibi, Ssohy Bl bn Lairs: Farteflofutn efrebtdPed 1o0 i g
to a coreatiaisen®@OTiqQadriwbag( {81y Silddl9"p nugreufiactured thy S@aintésqhaivent

i nventig t ta) 0 i 2por C j.e erein
t he por Ocﬂgn{%ﬂ'?éfséﬁ%:pﬁ@es )alt g@ﬁs&p%mt ?o@i@ ?é?gcte%{?’f gr%é{]he |
group coralime mgtivi 620.%) 0As wse0As 702, Bhe SwWReseadirerAtMRLIeR  ri er

| nel Udes AERB IR LRRASEIALHSILT ThE reBLRNistSOWAl iMTRablati 0 between a

pore volune of nmesopores having a pore size of nore than 2 nmto |less than
50 nmto a pore volume of macropores having a pore size of 50 nmor nore is

equal tc{b(IU73TPkQ26rh®'ér9ti5e Exa@@léilcul ar the average pore dianeter of the
carrier

el 0 nm or re,_nore preferabl ; . e :
vol unetric ﬁ'gé%@ %Paﬂgﬁﬁﬁt@fampl 1 égP’}I?'érgngﬁ?dmﬂﬁ{% %'T'tasnrlr@?ghg
pr ef er aldappedof presentimeentiod whspeepatrée grut evaluzted as fodawiggres to
support a Wcontai ning netal oxide thereon, or a netal oxide containing P
in addition to the Wcontai ning netal oxide thereon. [Cairns] 1. A
cat al yst[0#4 hThesamedxpearinmensal poagedyiegnd estimasion as Example 1

were carried out, except that anatase TiO, sphere ("CS-300S"
manufactured by Sakai Kagaku; diameter: 3.0 mm; 75 m?2/g; 0.40
cc/g; pore volume ratio = 0.4) was used as TiO,. The result is shown
in Table 1.

[0075] <Comparative Example 2>

The same experimental procedure and estimation as Example 1
were carried out, except that anatase TiO, sphere ("CS-300S"
manufactured by Sakai Kagaku; diameter: 3.0 mm; 52 m?2/g; 0.32
cc/g; pore volume ratio = 0.3) was used as TiO2. The result is shown
in Table 1.

[0076] Catalysts of Comparative Examples 1 and 2 had the same or
higher pore volume and specific surface area as Examples 1, 4, and 5,
but the catalytic activity of Comparative Example 1 decreased much
rapidly (comparison in the glycerin conversion and the acrolein yield at
19 hours and 43 hours). Comparative Example 1 has the ratio in pore
volume of the macropores to the mesopores is 0.4 which is outside a
requirement of higher than 0.5 of the present invention. The results
reveal that the life of catalyst is influenced by the ratio of pore volumes.
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wherein the carrier includes at |east one netal oxide selected fromthe
group consisting T102, Si02, Al 203, Zr02, and Nb205, wherein the
carrier includes a binodal porous structure in which the volunme ratio

bet ween a pore vol une of nesopores having a pore size of nore than 2 nrn to
| ess than 50 nmto a pore volune of nacropores having a pore size of 50 nrn
or nore is equal to or nore than 03, and wherein the carrier
configures to support a Wcontaining netal oxide thereon and to cause a

cat al ytl[@mhdmparabner@mpdﬁnhth gl ycerin to produce acrol ein and

acrylic acig §a0X| habhShsOExSh e 1, w\éf@etsrﬁeah@ut:aékteﬁt fpgt her
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The cat NGUMGroHR,~ohdlonas dreg o 1155, iR R rhatoes asAnBRETGi anet er

of the g Ekample R2vasncarriedreut. ne'ﬁseln‘eduttylstsﬁmwnrlnu'l’qblﬁrbss i n nethod.
5. The catalyst of any one of clains 1 to 3, wherein the average pore
di ameter of the carrier is 30 nmor nore, nmeasured by the mercury press-in

met hod. [0A78hdhsatcatglystoof LLgmpasativec Exanpliet 8 hiaswabnéan $PREIGISI umet ri ¢
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ner cur I ess- cat t
wher ei % aprm; Slobu.hﬁlﬁe.gomagpgjme of 0. 516 csc/gols ou¥5|8 the clalmenaS rant g >

(0.30 cc/g or more). The result reveals that deteriorations in time of
the glycerin conversion and of the acrolein yield are also influenced by
the cumulative pore volume in addition to the specific surface, average
pore diameter, and the ratio of pore volumes.

[0079] <Comparative Example 4>

In Example 6, the same experimental procedure and estimation as
Example 1 was carried out, except that anatase TiO; pellet ("ST 31119"
manufactured by Saint-Gobain; diameter of 3.2 mm - length of 5 mm;
42.4 m?/g; 0.26 cc/g; pore volume ratio = 1.6) was used as TiO,. The
same reaction estimation was carried out. The result is shown in Table
1.

[0080] By comparing Comparative Example 4 and Example 6,
difference in physical properties of TiO, when the carrier supports a
metal oxide consisting of tungsten oxide alone can be evaluated. A
comparative carrier of Comparative Example 4 has same specific
surface area, average pore diameter, and the ratio in pore volumes as
Example 6, but the pore volume of 0.26 cc/g is outside the claimed
range (0.30 cc/g or more), as similar to PW/TiO2 of Comparative
Example 3. The result reveals that deteriorations in time of the
glycerin conversion and of the acrolein yield are also influenced by the
ranges of physical properties in the case that a porous carrier supports
a metal oxide consisting of tungsten oxide alone.

[0081]
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node di anmeter of the carrier is 50 nmor nore, nmeasured by the nercury
press-in nethod. 8. The catalyst of any one of claims 1 to 7, conprising a
carrier of TiG2 mxed with at |east one netal oxide selected fromthe group
consisting of Si02, Al203, Zr02, and Nb205. 9. The catalyst of any one of
clainms 1 to 8, further conprising an additional salt of at |east one

el ement selected fromGoups 1 to 16 of the periodic table. 10. The

catal yst of any one of clains 1 to 9, wherein the netal oxide other than

t he cardTébkEd]the catalyst is a conpound of formula (1): AaXbYcZciOe(1) in

whi ch A+Ss—onre—or—rore—carnSet ﬁém@m‘%‘&vb fron FHTEHI of oupg 1 to 16

of the peri odiroe tlabl p@gasgI:Xesl S poﬁﬁ mrzgr (- fiagetey\f t;/;sll::]:]gé‘; Zﬂ?g cec reaction | conversion | yield of
Catalyst # \Ezl(?g? of macropore/mesopore | diameter | of mesopores macrg:)ores diameter area t(lg; )e of gl(y:;_enn acr(:l)eln

= (nm) (nm) (om) (rm) | (m2/q)

Example 1 |—2:39 14 375 185 130 130 482 g 222 ;;2
Example 2 |—2:32 15 479 22.2 149 149 29.2 13 3;3 gg;
Example 3 0.33 1.1 36.6 207 136 136 35.6 g ggi zgg
Exmple 4 [ 039 e NS G B S N S 1
Example 5 0.36 14 376 184 159 159 456 g 23; ;gi
Bxanple 6 [ 03¢ L L e N s ] A
Example 7 (—2 05 225 22 = 2 - 1:?; ggg ;‘1‘2
Example 8 |—2:40 09 441 205 134 20 53 ig 32‘; 2‘;3
Example 9 |—0:38 0.9 34.1 19.9 127 20 54 g 3{1;:2 ggg
comp. ex. 1 240 = —- = - e 1113 ggg Zig
comp. ex. 2 |—232 03 239 18.9 140 189 52.0 ‘113 333 égj
comp. ex. 3 0.26 16 339 148 155 155 424 1: ggi ;3:(;
— 0.26 16 33.9 14,8 155 155 424 ll‘g 323 ;ig

[0082] The catalyst of Example 7 was also evaluated by the following
condition. The feed stream had following composition: (glycerin
oxygen : nitrogen : water) = (6.0 mol % : 2.0 mol % : 61.3 mol % :
30.7 mol %). The GHSV was 2,020 h'l. The yield of acrolein at 19
hours was 73.5 %.

[0083] From the results of Examples and Comparative Examples,
following conclusions are obtained:

(1) The present catalyst for glycerin dehydration comprises a porous
carrier, wherein the porous carrier includes at least one metal oxide
selected from the group consisting TiO3, SiO2, Al,O3, ZrOz, and Nb2Os,
wherein the carrier includes a bimodal porous structure in which the
volume ratio between a pore volume of mesopores having a pore size of
more than 2 nm to less than 50 nm to a pore volume of macropores
having a pore size of 50 nm or more is equal to or more than 0.5, and
wherein the porous carrier configures to support a W-containing metal
oxide thereon, or a metal oxide containing at least one element selected
from the group consisting of P, Si, Mo, and V, in addition to the
W-containing metal oxide thereon. There is no substantial difference
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Zis one or nore elenment(s) selected fromM and V, 0 <a <9, o<bl 0c<
c 20, 0d5 20, and e is a value determ ned by oxidati on nunbers of each
el enent. 11. The catal yst of any one of clains 1 to 10, wherein the anpunt
of the metal oxide of fornmula (1) supported on the carrier is 1 to 90 Wt %
12. A nmethod for preparing a catalyst used in a glycerin dehydration for
producing acrolein and acrylic acid by a catalytic dehydration reaction of
glycerin, the nethod conprising the steps of dding a carrier into
a sol ultunrglyoenalcron@r:suomaa\ld muacr@le@pv@@mf&rtﬂem@ca%&tmﬁo@frrwa (1) or
its salt r § epked from
olReafdl bf 43 FPS, Solehdx tﬁfggg eﬁprgEéﬁt cﬁ’éaglgg;ss)h&ﬂtl be

t he group conS|st|ng 0 and Nb
improved.

[0084]

(2) A conventional catalyst in which a carrier is a porous support like
bipore and has a pore volume of 0.3 cc/g or more, cannot prevent a
decrease in time of glycerin conversion and of acrolein yield, and cannot
have an improved lifetime. In addition, its mechanical strength is lost
if the pore volume increases. Advantage of the higher pore volume
and hence longer catalyst life may be obtained only when all
requirement of the ratio in pore volume of macropores to the
mesopores, the average pore diameter, and the volumetric basis mode
diameter according to the present invention are satisfied, resulting in
that the life of catalyst is improved.

[0085]

(3) In other words, the present catalyst may improve a decease of
catalytic activity in time or the life of catalyst without spoiling the
glycerin conversion and the acrolein vyields, comparing to a
conventional TiO, having physical properties outside the present
invention. The present catalyst above comprises a porous carrier,
wherein the porous carrier includes at least one metal oxide selected
from the group consisting TiO,, SiO;, Al,O3, ZrO2, and Nb,Os, wherein
the carrier includes a bimodal porous structure in which the volume
ratio between a pore volume of mesopores having a pore size of more
than 2 nm to less than 50 nm to a pore volume of macropores having a
pore size of 50 nm or more is equal to or more than 0.5, in particular
the average pore diameter of the carrier being 20 nm or more, more
preferably 30 nm or more, and the volumetric basis mode diameter of
the carrier being 19 nm or more, preferably 50 nm or more, and
wherein the porous carrier configures to support a W-containing metal
oxide thereon, or a metal oxide containing P in addition to the
W-containing metal oxide thereon.
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drying the mxture to obtain a solid substance; and calcinating the
resulted solid substance. 13. The nethod of claim 12, wherein the

calcinating step is carried out under an atnosphere of air,
m xed gas of oxygen and inert gas,
14. The method of claim 12 or

gas.

carried out at a tenperature of 400 t to 900 OC for 0.5 to 10 hours.

Use of the supported catal yst of any one of clains 1 to 11,

of acrolein and acrylic acid by a catalytic dehydration reaction of
gl ycerinclaims]

1. A catalyst for glycerin dehydration comprising a carrier,

wherein the carrier includes at least one metal oxide selected
from the group consisting TiO,, SiO3, Al203, ZrOz, and Nb;Os,

wherein the carrier includes a bimodal porous structure in which
the volume ratio between a pore volume of mesopores having a pore
size of more than 2 nm to less than 50 nm to a pore volume of
macropores having a pore size of 50 nm or more is equal to or more
than 0.5, and

wherein the carrier configures to support a W-containing metal
oxide thereon and to cause a catalytic dehydrogenation reaction with
glycerin to produce acrolein and acrylic acid.

2. The catalyst of claim 1, wherein the carrier further supports a metal
oxide containing at least one element selected from the group
consisting of P, Si, Mo, and V, in addition to the W-containing metal
oxide.

3. The catalyst of claim 1 or 2, wherein the pore volume of the carrier is
0.30 cc/g or more, measured by the mercury press-in method.

4. The catalyst of any one of claims 1 to 3, wherein the average pore
diameter of the carrier is 20 nm or more, measured by the mercury
press-in method.

5. The catalyst of any one of claims 1 to 3, wherein the average pore
diameter of the carrier is 30 nm or more, measured by the mercury
press-in method.

6. The catalyst of any one of claims 1 to 5, wherein the volumetric basis
mode diameter of the carrier is 19 nm or more, measured by the
mercury press-in method.

7. The catalyst of any one of claims 1 to 5, wherein the volumetric basis

26

: an inert gas,
or a reducing gas of hydrogen and inert
13, wherein the calcinating step is

15.

a

in a production



mode diameter of the carrier is 50 nm or more, measured by the
mercury press-in method.

8. The catalyst of any one of claims 1 to 7, comprising a carrier of TiO2
mixed with at least one metal oxide selected from the group consisting
of SiOz, Al>O3, ZrO,, and Nb»Os.

9. The catalyst of any one of claims 1 to 8, further comprising an
additional salt of at least one element selected from Groups 1 to 16 of
the periodic table.

10. The catalyst of any one of claims 1 to 9, wherein the metal oxide
other than the carrier in the catalyst is a compound of formula (1):
AaXbYchOe ( 1)
in which
A is one or more cation(s) selected from elements of Groups 1 to
16 of the periodic table,
X is P or Si,
Yis W,
Z is one or more element(s) selected from Mo and V,
0<a<)y,
0<b=<1,
0 <c< 20,
0 <d<20,and
e is a value determined by oxidation numbers of each element.

11. The catalyst of any one of claims 1 to 10, wherein the amount of the
metal oxide of formula (1) supported on the carrier is 1 to 90 wt%.

12. A method for preparing a catalyst used in a glycerin dehydration for
producing acrolein and acrylic acid by a catalytic dehydration reaction
of glycerin, the method comprising the steps of:

adding a carrier into a solution containing a metal oxide
represented by the above formula (1) or its salt, the carrier comprising
at least one metal oxide(s) selected from the group consisting of TiO,
SiOz, A|203, ZI’Oz, and Nb205;
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drying the mixture to obtain a solid substance; and
calcinating the resulted solid substance.

13. The method of claim 12, wherein the calcinating step is carried out
under an atmosphere of air, an inert gas, a mixed gas of oxygen and
inert gas, or a reducing gas of hydrogen and inert gas.

14. The method of claim 12 or 13, wherein the calcinating step is

carried out at a temperature of 400 °C to 900 °C for 0.5 to 10 hours.

15. Use of the supported catalyst of any one of claims 1 to 11, in a
production of acrolein and acrylic acid by a catalytic dehydration
reaction of glycerin.
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