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SPECI FI CATION Title of the Invention PROCESS FOR
MANUFACTURI NG ACROLEI N OR ACRYLI C ACI D FROM GLYCERI N
wdBaokgrsssnd of the Invention Field of the i nverti/gmomharsis
present invention relates to a process for producing
acrol ein and/or acrylic acid fromglycerol and, nore
particularly, to a p ring acroleln by
dehydration of gl ycerﬁlsﬁéeI tg:e 1|?)'lrigfsﬁénce of a novel
cat al yst based on salt of heteropol yacid. Description
of related art Fossil resources, such as oil cuts, for
the chemni cal i ndustryTuleldf thelnagitmnst ed in a few
decades. Resources of natural and renewable origin as
aI ternative raw materials are consequent| y bei ng
ﬁgl ed rmr and nore. Acrolein, an i

06 ESS FORMANDEAC FORTNEA CROB LY OR ACRYLIG ACID

pr oduced industrial | yFROMXGEORYUOBRIN i n t he gas phase,
of propylene via the oxygen in the air in the presence
of catalyst systens based on m xed oxides. dycerol,
derived fromanimal or vegetable oils in the

production of bio @mm@m_dmmchem cals is one
of the routes envi sageg£5rfle fNESt Ute for propyl ene,

gI cerol being able t0 proadu ,_011] ei n when subj ect ed
o The prasantynyentige Hylaieattq) amrecsacior produsingraceplein gades acrylic acid

frorrf@lkr@éi'ol And) %i)t?é RhRichRrlyNtéSa pREBRNEr bR Hﬁ% f&@tﬁﬁgﬁy 8&hydration of
em str en n X
ool U DR b Bt dl o ot S5 st e ompeMeei 1 1

acid in one step by the oxydehydrati on reactl on of

gl ycerol in the presBeceptdn ofvielod at oxygen is

di 6 6 [ .

TP DA i R, gy
few dgeadas. i &‘FSCP@QQ& plonpturatapdrenemapleami @lteraaiiveCr® materials are

cons%dﬁ?e@tl inEshudtdd nfor¥lan@fore; CH2= CHCOOH The presence of
out an tion reac L on,

f oﬁgﬁfﬂflﬁg&tv ﬁﬁpt i C?ﬁ?l{sf{etﬁelﬁgﬁam iplg Habsahfs@wa eyt produced
induttpiallyn Gbyf@mlmtompm dfe gsrpHabeg cfgirdpflemnviahthe gk ygsr ml thb Miir in the
pres&m% J}géggael%te@ﬁ%m't?asgge én xﬁm%gl%xl%%tsh '@%{ﬁggm(%gtv‘é% frorm animal or
Vegeéﬁulmés aqd@om@dwlqm ofobig cbeseg Ifnyaie pobleodigngicatetihote b the routes
env1§)¢{g@§I UGl quﬁsqftﬂtb' for 3ftbsh1er %‘T}tfde}’olflge‘?:@ AhCRF Blodl acrolem when

(gl cul arl y.a dvant ageous ecause it all ows synt es| S
subjftied, tQ AneAtalytie debysirationogagtden. Fuch; & presgess Bkes ftopossible to thus

respoiid f0theCenadpt dffBediDbiRenibtey “ﬂﬁhl/rgﬁrincfré Q@héaEeahiyndr ot dn@Ronment
stag . This has many drawbacks, in particular the
tio

proteclio nin the first
A method for preparing acrylic acid in one step by the oxydehydration reaction of

glycerol in the presence of molecular oxygen is disclosed in WO 06/114506. The principle
of the method is based on the two consecutive dehydration and oxidation reactions:
CH,OH-CHOH-CH,0H - CH,=CH-CHO + 2H,0
CH,=CH-CHO + 2 O, = CH,=CH-COOH
The presence of oxygen serves to carry out an oxidation reaction, following the
glycerol dehydration reaction, leading to the formation of acrylic acid from the glycerol in a
single step. This method can be implemented in the gas phase or the liquid phase, with
concentrated or dilute aqueous solutions of glycerol. This method for producing acrylic acid
directly from glycerol is particularly advantageous because it allows synthesis in a single

reactor. However, it is necessary to introduce all the molecular oxygen from the
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dehydration step risks running out of control by
conbustion, and furthernore, when the source of
wombecissss oxygen is air, the reactor nust be rowIP2009/057818
| ar ger because of the presence of nitrogen in the air.
The use of an aqueous solution of glycerol in a
dehydmticsx efageret Foid Irssmang dimabisdsk inofpapicatiucihagreactiont e the first

deh}Qﬁ'{i it tgg rfsfaserlje ﬁ%toﬁt 588 tl%l g&&%%ﬁﬂbﬁﬁéﬁ ! f}eth, lore, when the

g acrol el n"produce y- products,
sourge 8 Mg laculag exyaea s mryth@fremrenust&m@md@tgqg besansd (glf the presence
of nitfo@Bh fnhfe girycerol solution, and partly fromthe water
uced t he dehydration re Ctlon Use of u

Do it s g ePBio NS RBFEO] & Pi-sieB asgho s o crawback of

prodicimgpathe oaties Oﬂﬁhe firki ssaget & e’ﬁtéﬁnh sorteiningt vt bhly the ﬁ@ﬁl‘e’m produced
| i | di zed t

and theeat():t Prod%l(fv]{'h Yt 8 Ssg r'ﬁlclgrcgze)?qugllltntgltogl“g ¢L oﬁlﬁlga 2 aéﬂ{ |fré)r‘i‘h he glycerol
soluvam,aanylslaglﬁ ﬁfomt the svateri piaduced bydhe tielprdration gasional Use of aqueous

soluﬁ&llé W&%lah&kfagr ak p%&é%%}lgq}}ﬁl %L@}%ﬁ% réa%%?s‘:tﬁg Etg%% is sent to

the quonq:qeactp:d th{p thmcro}y,ub@é}ﬂdlzqqi trachlicagidin ghe Rresenee of a catalyst.
The Qbﬁ%ﬁhh@nalQ%B@ﬁ%ﬁthlsséﬂxwﬁﬁﬁewtloﬂfh% Qé}@kﬁlyfs@hm containing at least

one FRERHCELRIR ROV BEr ML 1 GO CHeZr e Resb, i P P,

Ru, \Rit, gureserithins metsd rfsrrh hbatoxtldte I6teate nChrB(ﬁlﬂm su&thaieysﬁ phosphate form.
Certja{?xoeﬁééﬁedtg %u(fbhzfsl Iﬁ&gﬁl&éﬁu & lluﬁﬁrﬂ@rcrﬂgﬂhﬁlb%resi;o;aﬁ]egE)artll((:ularly in the

sence e Stream
prest‘:m@ cvfawmre n&his emea‘ns tthat the secsad itk catdlyst logses 8y @fﬁcwtnhe and its

mecﬁ&ﬁ&’z{l'sﬁel?g?ch ehp uﬂ§/ GfledeRcoihk YirEarA BY GRS, SkiHE ki maintenance
requir %epara 1 on an concentration s epS that are

of themethad |djffigelhpMarseven thedcmar i, erlupgd inngAilytg ggueous solution,
requir@$ sdpyfatiof yad mdiwatibn&kefp@alﬁhj a eltall? cﬁmledat-‘dd 2@l fairly costly.

S ol o, SE0VAL hanarsasthon ot des” O dhibis or the

dehwizdtiongragtior pé glyngrobtoraskaéin. fr om gl ycerol according to
Whi o0 Brd?:gés is 51340% ﬁl@?ﬁ' éH Pln%gf FRt @'59 §3 la‘ﬁgd%lfeﬂé}ﬁfg' 2&kin from

groups m xt ures of ese S

glyceral sacgarding tenavhisthe peid a?taité rhagingt Ne?éStcﬁlf%l peid sfugefipgiak ggoups or

mixtufes! d’mh@sﬂrbtﬁttéh Hﬁ,usﬁ@ s @%t@l’f@ﬂse THel gte Jré’tﬁbtp&dlot}ﬁ@iéaéa@alysts consists in
m.ce tha a n reduc ea-sized fra

imp TR TR AP I L o TG SRte: MU AL Bt e g fo pea-sized

fragoleht@i m{edoMnrightotIfhesteﬁm of theapaentsthei gielr elsthined twitthis type of

cataBer/{’slgH%t \ﬁmlgagtoe/nt usS 2, 558 520, the dehydration

lonis carrtied out in gas/liquid phase in the

pr dedi¥ Patsnt YSa2HAB.S30uthe dratipmpeasginatie ¢amiedhout in gas/liquid

phasl%hﬁ’islﬂ’l@thrés%n&%ﬂdﬁﬁhﬁa%eoﬁd"ea?ﬂﬁHﬁiﬁé@gteﬁr\wﬁ‘ﬁ‘ ﬁB%@h& @cid salts, in
sol vent. gr ee of COﬂVEfSthn of ycer Ol

SuSpeRsign &) 4n ’Eff’m? ¢ Solysd- dhlegrree %ﬂﬁ’éfé‘iswt“rfgsﬁ’é}"‘@&{d? gfgiedn of 72.3%
is oﬁﬂﬁnaﬂtuﬂﬁ:t tHdSe &ond@ibng 20 d| scl oses a pr ocess for

1 Qi B, 08 0 ol TR STt 38 earfa it peroleypy ighyaration
of gl;peltoda uﬁldtﬁlmj pbase ror it gaki phasoati ateopemitys rangitgpup tr 30°C, over acidic
soli«ﬁ Zc%{ezlﬁ‘}ggs Bat té?gid'efmt the@C B hnYert Zgiﬁit?.atl‘ﬁé yc,sa{ﬁysrtg"'%ust have a
Hammett acidity below +2 and preferably below -3. These catalysts correspond, for
example, to natural or synthetic siliceous materials, such as mordenite, montmorillonite and
acidic zeolites; supports, such as oxides or siliceous materials, for example alumina (Al,O;),
titanium oxide (TiO;), covered by monobasic, dibasic or tribasic inorganic acids; oxides or

mixed oxides such as gamma-alumina, ZnO/Al,O; mixed oxide, or heteropolyacids. The use
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Hanmmett acidity below +2 and preferably bel ow -3.
These catal ysts correspond, for exanple, to natural or
weyb/mBssT siliceous materials, such as nor dentdBJP2009/057818
nmontnorillonite and acidic zeolites; supports, such as
oxi des or siliceous materials, for exanple alum na
of tifesé 2axB)ystst wowldirakeok pdssilditdRylve ¢l probitnbyt furnmhias iof secondary
S [ .
procfét'(:g%hgra&rd Jvftl'l l?r?e fr(?n bﬂkﬁhﬁ]ﬁg é?pezgdgjl%ti %écgi]&?(de g{%: %@%mentloned
docwefﬁgﬁeﬁ%pﬂﬂlyam ds The useof these catalysts would
mlﬁ@:cbfdu&‘)ﬁﬁhﬁéﬁaﬁ(ﬁlaﬁ %lp}ﬁﬁcattﬁﬁ Wb@/@%%%f Qﬁé@ﬁ(‘)@‘y Qtfsldlc solid

econdary products. generat ed he I ron phospha
catalystsevhose %lfl%tt 40KV Hoa eiyehed afléré%mq »enE catalytic activity

for tﬁ@ detivdritionree8ion 9Bgly % O%G%Kétg fadtdrllkgn hRd iufétd%ﬁd’tﬁfhleﬂﬂ@k qulckly
{.he

PRl i STRORS e et g TRE HePhatiuci2sdolein from

glycerb8 grmemlly &hdotog tiea tfodmydtion af thiyvprogudtorsutineas hydroxypropanone,
prOpgﬁm{gﬁ E' 0 a%ﬁ%eon e{torgal, yg&ﬁﬁ!)n t f))roﬁﬁétgl ?f nac@?lg Al glycerol,

eacti'vat e
polycerdsnpasione @rqdmcitSh ef pglycz@rolarqycmrglmqs@llu cthets, aguto lalspnphenol and

polyfaf&ﬁﬁt{&' Mngfodhdg %ﬁiha(l)rl@{ndt@ Font hed REMERSHTBE Lok Qfl the catalyst and

roduct's such as r ox non panal
therelbed BPte Hy deactiygieyn eﬁ‘eaRfaglet“F% of heo Biraradisps RGP it especially
pro;iaﬁalgélyyder pbsespalerond rshiddrho rforp tiged wepiagatioh gf yicroledh ,and requires

h
sepaﬁf}é on *}ngﬁ%%%%a?}%%%%gﬁr iﬂc\}aﬁl%%% ?oofl géll cr?g{gotIOf ﬂgngef%very of the purified
acrofledn. nﬁuntlmnmofe wwhke agm leithis used fir psaduaimg achdcat ol thefpropanaldehyde

preslaﬁtsrgﬁf etdNBLLR P ﬁ)nﬁ% Qég gﬁﬁeﬁfddftﬂ:ﬁlt by- &Bﬁgfécﬁém' dtrylic acid,

acr ern, especia 0ses nuner ou
espegiadip| '@hﬂé‘lsﬂél?tl‘iqﬁe Té’éﬁsfarlawaws dhataelieolpréserm e&ﬁ%ﬁtb/eifdweeﬁhe field of

applaiéd af the AcdNsh mﬂuéddqgtdeﬁydrgﬁ&p&f egdl. | ead to high

Fur PR ATRe e G drd rsforecsolighesor BPreiEat Brefetion of acrolein
fronaglygérot, tycusihg mbee @iapae adtdybtg dbatpnaeeinpossible Ieobtain high yields

of agl)ﬁlle% %E&i tlﬁa‘? hg{/é) Qﬁ Qf}!nﬁtya&vleg l&rgaaurhﬁorﬁ} fl tﬁéJ Ifteldt 8t catalysts, French

I C acCl

Pateat BRI 6331 196 fiscRsescaialpthol epumsilihemula F e bfeserie which

- Or add feprdsBhty GElchdi@nt beind f&IoMﬂ@l:lbﬁ@ﬁt‘soﬁ Rb, K,th Cs, Mg, Ca, Sr
acr ol g n produced by dehydration of gl ycero The
AppPd Bant  Conpany has therefore sought to |rrprove t he

- praduehlvalme@ffoacm@l(gl n fromglycerol, by using nore

‘ sel ec ca lysts,.t hat make it possibleto obtain
g ERE P R 0

hi yi ev and that have an activity over

- | ongs thqraatquohef oxygen banded & thefthar zleaeptstand tEat enorhsponds to their
Pato‘iﬂ%angﬁst%te%? 792 discloses a catal yst of general
formula FePxie , In which: Me represents at | east

onéhipfcatalyst fhsmgowrn@m@ &¥itth ssuppert, N&racr@rlzaé bycthe fagt that said
suppfé';\t 155\:1r fuﬁSI dm?ﬁ;gnabléﬁ ﬂh@ﬁ)p@rdi@suﬁ)d?f hd¥inz & @p&lfﬂ) suffaB@sred less than

or efifldad e Ao Flhiog PEeRp 07 AET R T tR e BUATHES ey diameter

greatdrahan exéqhat ioohnsdrah,eand that the active material is dep051ted on the surface of
all the pores of said support, said catalyst being in the form of support grains impregnated
with active material, which have a size between 0.5 and 10 mm.

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

characterized by the fact that said support is a fully
WO 10py/egassbl e macr opor ous support having a spe@dT/Ip2009/057818

surface area less than or equal to 1 n2/g, a pore

vol une between 0.2 and 1 cnVg and an average pore
isobuiyarmedad agd@aclygcnthan or equal to 1 micron, and that

th ri:al r

W@g?%‘é@g??ife déﬁ:éol'l%? ?)p&sesggg %? (flﬂ:%%gs LACIf'oelg% 8{/ t(%hgldratlon

reacmrlmfoglyggrplp;dntgajrmaﬁs in rfbc @gesened qﬁnlteherapoly\aeld used as a solid

idn@ ALl Thé\"hlef‘e'i‘ Scidl iSRSt 8 eRerfidtl shh T I
-~ Fren?:]h Pat e (E!Slgyl4918 l4§%§steeac%}§§ibt 0. Use. a sc]:jgt al ytungStOSI icic

aci s[ﬁ‘}b‘ﬁﬁ)“mp}{oép icRcH behesphemedrbdie apida g dbesepleteropolyacids are
supplh}e@l &R bi-gleomdigalvpdre ﬁlla&a eatiel &iﬁ& phsmicec&mmmgt @yleld of 86%.

o RGERBANG n  s JRRESHRY B A e

uSlnghBtrogelalsgrsaml as tdrmeplgamascﬁthamdepésltmn fodcrayborc imeeabe seriously

and ! e91 SGRI Xg'ac ?Sﬁlg %‘}{ (?3% 6tioh OO O%§2 giblhty, activity and
1 SC 6%

0ses a u0|n acro
Sele@l‘é‘i‘iﬁ/}dﬂﬁtheo%tﬂé'a@u on of gI ycerl nin gas- phase in the

pr e?ﬁiﬂ&@a%ft NetPrORR¥ACI daoRGn AP0 SQLED] aed silica-supported

het<ghiie e AT A8 OMUICAHENE Yalngsbophodbibi 2007, pp

1349rc1|3d3anch1ﬂhc@kphoavl@Ibdt‘SummdbleTbﬁaﬁl_chi_eheb@p@drys&ﬁn dsgas phase
deh)%{rgtdgrli' p(Pto r roclnoget*r zkf}xqggltbs lpogr%@gt?érlﬁ:cg Ca” %{ ogn%rOz and

uce a r

. SiOreaEIRIEN of CHEYISTRY, Molnkd,er2008s mﬂ@&i-éﬁ%\a tdmiutChal et al,

“Su§%indBle B%&ﬁﬁgg%f ldéfoqginn:‘ptr fors ta ﬂamﬁﬁctEﬂEﬁtll(ﬁ{ of zirconia-
as, car

eposi tion on I ncrease seriou

Suprgmtpdhle?ns@&uﬁapéwﬁ@h%w% catalyst f%s@rplmsatdqebmdraﬁop.qulycerol”

APPchIEasJ ebrAYS T EACt(EENERm o eixseytzowt pp.2f 3112@' disclose that silica
ol ei

t f
or Ry BIR iPPBER B FropRlx Bl EHCHEY “Hat Ao goryaGst dor dehydiition of
glyc€OIALYSI S COVMUNI CATIONS, vol. 8, no. 9, 2 1 July

200? \9@)2%%6%’817%§§ %Q g&p% 1?1 roa{lce 10 %Qérﬂaﬁé radation of the
offict ol dElr il I68

i'on of acr

cata s\yclérthe g9ephase- rw@agt@bm@gh@u dna%m%quéd the catalyst

poss%‘s%g&'ﬁ@ a%u@ystren EN IO STRY . 19 Q¢ usd®. go@ﬁlet?f:bf SOlld acid

87-1093, Sust a ction, of
cataig@ltsmsgpﬁ ai)r]gkgép qlg)na a)&lrgﬂg %{l?yg{ licgn %gfu uric acid/zirconia,
tungatencaind casal ppsaumblmlExztmpl@sl Sihd phe $1£§1ﬁtsl gietL bl aclléih YTt 74% was

f. hase .d dration ,of cerol", APPLI ED
obtaifl, H38 RRE R rCofjia ctafgsy V%%wd op. 2 13-222 |
di sHowswet,htherei isi na oatakyst cuvabe supfer tiedhsteslersoplel wt higher
perf8fthéndes effective as a catalyst for dehydration of

glycerol I n WOR006/ 087083, oxygen is introduced to
pr eVidienters piathis iapRlisptiomdayatmpdes @ Varietyeokysuidigsate solve the

proHl@ﬁ&@talnanoﬁlfldghé(tcé?(frb[bm |aﬁdW§lQ6é&a7&%4be bhﬁiu@ea %'t yﬁgh yield by
ROSsessl aci, d. st % %]

usm&sgit t’SA ?/%F yacd(fl W bc Bllroaons In a eteropolyac1 are exchanged at
least partially with at least one cation selected from elements belonging to Group 1 to
Group 16 of the Periodic Table of Elements, and completed this invention.

An object of this invention is to provide a process for producing acrolein and
acrylic acid from glycerin that is a material not derived from petroleum, at a high
yield.
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catal ysts such as phosphoric acid/zirconi a,
Nafion/silica, sulfuric acid/zirconia,

Wd wogsisssy zi rconia are used in Exanpl es and t hhirgh®sis7sis

yield of acrolein of 74% was obtai ned when tungst at ed
zirconia catalyst was used. However, there is no
catal yst usable in the industrial scale at higher

per f or mance. | nvent dummdry phihe Inygationat i on have nade a
Va"l‘h?st Mn@{ntﬁ)tnu% e(ﬁla}&t?ﬁ ot btyh%ﬂ&gﬁ'lge%atgﬂ% fép)urlgh(l@ taken

acroleln and acry acrd can pro uce

Sep%ﬂ"@ll)dobgﬂ ¢pmbigademt of heteropol yacid, in which

)

()

(3)
4
(5)

(6)

(7)
(8)

Pr etaRss foPpr Fﬁl%g%&@l@h)y@ﬁdéﬂlyéfaﬁoﬁé§ E@G&ﬂ{j cﬁlrtneh ®ab1n the presence
part.i al | h at.| east ‘one cation sé| ?cte from

el 8 n?%gilf)%l"(?ﬁlﬁ’lrﬁﬁlgtﬁ &BUP cPmpgneRtoah lepy Qe eopapound in which
Pe praehsCin baldteropdlyidie aenéschamgded at denst ﬁireﬁill)t kith at least one cation
i nyant.i nvent i

or Sek® Fronf Qe BENE B Bhink Jb S bl EByb e P PHigfy Tabte of
gl Ydements. t hat is a material not derlved from

petrhekauss he?éroﬁol{)dcgﬂld gﬁ'l:&i:nt%ﬁ Bhy géhfeﬁtl ﬁﬁn}uﬁv ption

This invention 1s ¢ terize oW _ng eatures

(1) to (16) t&kew RepardaPel ynH¢0| n conbi fd?dion: (1)

Pr ac@ssch or prepari ng acrol ein by dehydration of

gl ycerin < r| ed out in the presence of a catalyst

conpri si ﬁ & n conponent, at |east one conpound

i n whi chApmottdemtldmeacdnie,maemméd/ﬁcind elemeentx bhlngag &t Group 1

| e"f‘éhr%ﬁ tica t}{e ‘f*eh%d?ct Tébelé‘%i E?%ﬁaft@tekg%é%?{iﬁf% gd from

ements bel on
Perl odi cXTiaf! er §f, EI errent s. (2) The sal t of

het er 0pokyad dedst ohERIGREN| &k 1 SRNERRD doRiifRlidE W. Mo.
A

cZdCe H2 I n _whic
.lo%‘b A’L\kf\i&l oG8 Vake. G & Gt b BaSh ohP
eI enent sZbieladngisn@nt @léshentpselected fﬂbﬁuﬂlelgroﬂf) dohiﬁprlsmg W. Mo,

Ce o 9. 3005, . GREPEE 8 SRl o ahd g . b,

conpd idshemg W followiing rargesV Nb, Ta, Cr, M, Fe, Co, N,
Cu, Zn, gas,ky T, Sn and Pb, Zis at |east one
el ement sél ected fromthe group conprising W M, Ti,
zZr, V, B<u&%Ca, M, Fe, Co, Ni, Cu, Zn, Ga, In, TI,
Sn and Pp,< agdlpan(b c and d being in fol I oW ng

ranges. 0<d<12

e is a number determined by the oxidation numbers of the elements and

n is any positive number (including 0) corresponding to a number of water
molecules in the catalyst.

The cation is at least one alkali metal cation.

The alkali metal is cesium.

The heteropolyacid is a heteropolyacid cohtaining at least one element
selected from the group comprising W, Mo and V.

The process in which another compound of at least one element selected from
elements belonging to Group 1 to Group 16 of the Periodic Table of Elements
is used in addition to said salts of heteropolyacid.

The catalyst is supported on a carrier.

The catalyst is prepared by a method comprising by the steps of adding a

solution of at least one metal selected from elements belonging to the Group 1
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0<a<90<b<90<c<12and 0<d<12eis a
nunber determ ned by the oxidation nunbers of the
wetoasrenss and n i s any positive nunber (i ncl udigmgrd)os/os7s1s
corresponding to a nunber of water nolecules in the
catalyst. (3) The cation is at |east one alkali netal
cato diroup4)6 Biethal ]kﬁ'liddméta?lblle iof Elksiemms of SYnidMeto a solution of
he jy d 0 yael de ng at | east
oniEtsPBRNRL o EIED O RRMKBR BIREBIBbI g W Vo
(9) ana" hy. cgleinatipe ipressesd qui Wdeahalammhephar@rqfoamd indrt ggas or a

I eﬁﬁ;(tu(p@%f% E@f‘&ncﬁﬁ' ?Cé?ﬁd from el ements bel ongi ng to

e Periodic Table of Elemen
(10)| sTQ§éaﬂ‘?1Ha%U|1% Pﬁfﬁct@é a4 EerapgragIrgfo hbi%ﬁ‘bﬁ@pyefélf@lf 0.5 to 10
(7h0{[fge catalyst is supported on a carrier. (8) The

t d th ' th
ey AT RERE S Lol e i e
(12)selTéetpedcdss asreHtee@ it shebpesergienef 4 gad bent@Eningppripylene.
G
(13)a gl(t)ﬁ?tpt]rgon o% rtpgtgxéc?o § r-ergéjgpo?gheﬂ)ﬁ?gﬂgft Q{cﬁgﬁ]éelﬂ%g or in a
r edired ibed readtprionina ﬂiu lizqbhedrpecghetonar iima cirulating fluidized

cagga%gl@gtmmgglbe@n at mosphere of air, inert gas or a
ture of oxygen and inert gas. (10) The cal ci nati on

(14) s Tye resyltine éﬁr%emeﬂfﬁlé?r&fi bethrprocgsstascoping to his inyegtion can
t 0bd Guither 6xid{zed kp pfoéuddr e9satid. ef fected in the

(15)2; ex?)égsso{?rﬁ%peagﬁlggéﬁ% Xé/ g(flla afrcé]rgsglx%-%sg (Irxlr?lﬁglg’es a %rst step of the
pr dplyydmation (é@tiohhef glyoeres so iasrqieinf dm wddch ananteemediate step of
ggngarl péoorqltd%nghqﬂ)h Sf(3H§gi%ﬁ%egx¥ﬁehé§vly'62¥3)rf)ﬁﬁ@9|1?§1%g from the

CI dehydrating stapuis dmpleanaséefl.or in a noving bed (14) The

(16)r embtprages@%@mhﬁg wﬁﬂﬂrﬁ&lnﬂuntclaﬁ u%r&%a% aaﬁ)mm%cond step
hi's mvgntlon can be furth di ze tgl&‘{)rod

acP |gmmatidation of agrolein. L acry, 9%&1 paPi ygsulting acrolein
acpeefaredrbyglpyesenoinveotipn isseslizeds ¢ffstivetyep of t he
dehydration reaction of glycerol to acrolein, in which

an internediate step of partial condensation of the

wat er and heav;l/) by- products issuing fromthe
escription of the Preferred Embodiments

The dehydration catalyst according to this invention is used in dehydration of
glycerin to produce acrolein and acrylic acid and comprises a compound in which
protons of a heteropolyacid are exchanged at least partially with at least one cation
selected from elements belonging to Group 1 to Group 16 of the Periodic Table of
Elements. |

The heteropolyacid is known and have a variety structures such as Keggin
type, Dawson type and Anderson type and possess generally such high molecular
weight as 700 to 8,500. Dimer complex of heteropolyacid are also included in the
present invention.

Their acidic metal salt of elements belonging to Group 1 to Group 16 of the
Periodic Table of Elements is used in the present invention. The salt may be salts of
sodium, potassium, rubidium, cesium, magnesium, calcium, strontium, barium,
scandium, yttrium, lanthanide, titanium, zirconium, hafnium, chromium, manganese,
rhenium, iron, ruthenium, osmium, cobalt, nickel, palladium, platinum, copper, silver,

gold, zinc, gallium, thallium, germanium, tin, lead, bismuth and tellurium. The
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dehydration step is inplenented. (16) The process

according to this invention can be used in a foll owed
wosmoom3ssst ep of ammoaxi dation of acrolein to PCT/JP2009/057818

acrylonitrile, so that the resulting acrolein prepared

by present invention is utilized effectively.
Onimssalittpt o nhaéropoéyaRickef acid edndsnblodli amites SHbe, ammonium salts,

ﬂﬁg%ghg%éﬁﬂ ggg@ﬁyﬁh qﬁﬁ%rdlng to this invention is

se o ﬁycerln to produce acrolein

and hacieiwd@t@@u catalygt foo n?mdus;e@g acrelpyp end @ciylioviid firom glycerin

acccﬁﬂﬁfg‘)ﬁ% Qfle Ffé%&l@tr GROEMAH ooy % C pREBED IR |%§ﬁt or salts of -
part al east one cation Sel ected f

eteé‘l’%%f‘t‘% %&%rﬁgm@ least @ng glementoselgcserh from 3127ONB comprising W,
Mo Rad vodi ¢ Tabl e of El enents. The heteropolyaC|d IS
known Ve a var structures suc
type Lol Ry B Sk e S 453G d e resulting
oxog@mde rpilymesne htohifgim ntthleepoﬂyaxomd gbff hagh 7@i6lecolad, d@Eht. The
pol)ml;]é.f?zratﬁﬁ o@%(end\}fer}](??%ﬁgl%ﬁ}gdﬁéﬁg grn% 8‘% ?9?5&8% ngglsb%ith other
kinds| @frem@,cl%l deferapolyncat dup molty@c@r pegsesBngfpodyruclear structure

obtdidd 8 'c%na@ﬁ)sla@loﬁfofEhx%F@@ﬁaﬁl two llk%ﬁﬁ b st oRE£IENT An atom that
i nven |on The, sal e salts of SOdl pot assi um

forms, 8 ¢RntEH O¥RAGH, 1 %Hgaéss. hRterezatemimWidte gy fprming oxoacids

‘surrbandiigthes camnei oxvacyd bid Blaincnb e sidymetiz@ion 8 called as “poly-

71,/ coai hafnlu hro nganese, rhenj
storfy . e, ke Rl e ST PO ors g il cobats,
borq, aﬂilmumm,cgg‘pmmum; annumgahmpnmmcqergm landnghromium. Among

therﬁhﬁ‘llld Hmusgzﬁs OFH eatre Pefe+a%@éj gﬁ%b?{ﬂﬁlgt@rﬁg Iﬁa?m é”nlnd“l%denum

Theonf um sa aci

tungstan, yanagiin iniehiye and aﬂfﬂi%‘h ohMgRE $hems WMW%M% fHngsten
are %&&ﬁeﬁablg heg sl hfpelinat d)prt\hé? Hetdriypdlyh&itis FHr@dlh&Unﬂl Qﬁfsolrﬁ/bﬁtlon as

lic acid. fro cerin accordin

sy AR B Lonbi SEE BT EIa ISy Be <Snestphasghogic acid
tungstosilétier gral,y ap:hqﬁphomptytsias atldl east sﬂemioéydnht acid. The
hete‘?ml%(ﬂgéchg urrr\rz]{}g be ?xﬁ){%lﬂﬁccgo?gﬁlr So1 ﬁs&ﬁggh%saqﬂo%sc‘ op silicon as
the hﬁér%@m and @@xmu@sa@blwmnw the ppby-atomise 2 mixed coordmate
typao@f MﬁXﬁﬂﬁhgnpin@tﬂ%sf@ﬁ| aGHIxaH c%k(ﬁﬁﬁte tipe comprlsmg tungsten and

nerlzat|8 E)(i)ceeds not on] anong sane nd “of

Van%ﬁ% PH& Bed Leer e yBe ﬁ%F‘PR‘F’r‘P@sV%‘P By ard HéngSten
He e agpefey s embsditmeno)| ty;acglybemsd;cﬂg@mgnpedtmuc h&rding to this
1nve§1‘ilo Clot rlesésg %ha%lllgzggci? é’:é)%)p'ré%% tslgf,gvﬁﬁch‘tatfls?s&sa part e(htt protons in the
hetemlmalwqidus exehangdd aath htekestcmmtcmmbn offailkadi sietats The alkali metal
is pfr@f'éfﬂbnﬁ §ﬁ’1ﬁ9' dﬁh@"{ Eddeh UBRYEEADE" caPA9ChErfitd to produce

5

bt al ne atIOHIS ca
acro E,lg|a)y1§ta§m§hc a01d at hlgh y1e

In a preferred embodiment, at least a part of protons in the heteropolyacid is
exchanged with cesium and a part of remaining protons in the heteropolyacid is
exchanged at least partially with at least one cation selected from elements belonging
to Group | to Group 16 of the Periodic Table of Elements other than cesium. This
type glycerin dehydration catalyst also is effective to produce acrolein and acrylic
acid at high yield. Resistance to water is improved by exchanging part of protons
contained in the heteropolyacid with cesium, so that the life of catalyst is improved
in comparison to corresponding heteropolyacids that are inherently water-soluble.

The compound used in the present invention can be prepared by known
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The hetero-atom may be silicon, phosphorus, arsenic,

sul fur, iron, cobalt, boron, alum num germanium
wd 2009sss®  zi rconium  cerium and chrom um Anggr/iphenos7sis

phosphorus and silicon are preferable. The poly-atons

may be nol ybdenum tungsten, vanadi um ni obi um and
techhajueal RomexAmpiyy anheyuecon®bylnden lmmmmﬂopolygsﬂem paepared firstly. If
necéggaer e&@%!r%bnt%%etd {n%%e?érobgﬁappdt Y lny@‘tciadsﬁ a;ﬁ el} %%Feq and/or

I nvention as deh dration ¢a

crysnaibnmewpbp@w@cr@nm berttallryggt mhf@sﬁhornd@r a@ucdum or by heat
drylhg'@(gﬁéi)a?é tﬂecé(ﬁleeﬁb g@luﬁ%ﬁmgg Sldaordjtlﬁ:néhueous S0 léltlon of

ICO dic acid he hetero ac
hetegoRgHACH téntwé()%ﬁ?)lw@pn@f bhb%hwbgn%?, Q‘th?‘@oﬁlté%te oxalate,

pho§ﬂ]ﬁt&6ﬁ 8l Pat8toMnaiad oy s wadaad Hrtiﬁlg§tr€§illﬁ§g nhiRture, a solid

comBhis Bardfe T hy SuGRY HenBhey RS e Bk AL Fitering

and amcuwmanrbgingm Tbe rasuhmgc%ohdarodmpmteat isyfiraltpfired orrmlcinated to

obaff g UIEAE H0E5KETn b0 flish LS ERIIIEL o HRE prosen
invepHoent i on consists mainly of a corrpound in which at

| eagt arﬁblﬁﬁrc;f c‘ﬁfmﬂ&@‘b@ R&chihdedanhge ﬁﬁ@&ﬁ)sk@ﬁitﬁ)d (§f mineral salt is
exchanged ‘ﬁ" | east one cation I kKal i

al
deteqigned) Pafichrbmannes that eameflagirie el&gg(amf Hipa to ﬁ?eadded becomes
equzg|ty(blerlb53 t(ﬁﬁig)&drfﬂé(ft_ﬁﬁ dhatggi dﬁthﬁpﬁtéfopﬁllygﬁlotﬁ[ OEdiC&xample, when a
acro n_an I | | at | | € . a .
catif WOURERRRIO thddaed o S Rieprlladio St shafhssofi3s the cation
is addwal fretaer apountacquhlite exddsantped Ivcyhivabsit um thechaeppolyanion.
WhéH a CQH@ﬁ 1&901?2&%598? 3iNjst quB %Lﬂagio\b@?a%dnswuh char%es of 3-,
exc ange artia t one
the gafigpt l=§d afldedh ig| éﬁeﬁmguawaﬁgl g 0b lerodpan k eamivalent to the

hetetépdWardib€. P&heRd ﬁluTﬁlbﬂyeopEatEéﬂTﬁnIrﬁroqhB&{ dh@dhts of respective

cesi u Thi.s cerin d rati qn cat.al
catigi pristoyaed 3 SpeboBatiabel oot e i chapsesobfhe cations
becdmepequiabtalor kas tlstreac elettrioeliazge b thentpteropdlyayion. If an amount
of %%%g?%%fgrgolﬂﬁéﬁwﬁ hrpd'rgéﬁ?gfnsaqgggta%gﬁgP%&o h?f th? cation(s) to be
exchaaged wﬁhum0tqnprbﬁﬁemq axesaiyar ithoactivity ofr eaiplysdiingpoiled, the

ylelage&ea&a@ny afd Q@ry‘h@ %@5& loResE ! the &L 6T cﬁgiygbtseshom%ed
oun resent |nvent|on can prep ared

ﬁomaﬁs@hn?wé ingo o eXBfprTESe n IDNFHESD S u§%4 Ut dhe oglycerin

dehftﬁhﬁé@ pedcyidal tal Sepinep &5t of iefthtt ynh)kfrxd%e@IGBﬁ&bM: In fact, they
N a

can VRS04 SA0E BLORL By NG SLORRLYAE Wbl o iR Prtrcatment.
r eifbe edlqinatiarakhly bercapeed eut lity arnateundeacuenngas sogh eatitrogen,
hehﬂﬂnyérﬂg at no[)f" dér taﬁeatﬂ%léﬁﬂéi% éphﬁiéd)rgag ff oxygen and inert gas,

ero aCI eous so
usuz kst @mﬁwnya% sech aﬁrrwéﬂ@éu@agm iptaryrkiby fhdizgd bed furnace. Type

of tﬁ@ffbﬂﬁ@é 9s neaimited spbdihBy.e, TRX hRifitioRh@mPbatedfelfed even in a
fate of netal 8r oni m|s ddeéil Froma resultin

reaclop, Bt Thatoay e offioBft EeSiR jdshydialiony regRtopy| o The firing
tempereatragntswlidisoas %Oécppﬁdfemblﬂwd) g 300 1C taad infgre Prelferably 200

to SRS MO LSRN 18 ke FOTBIBRurt

nal | or cal Ci na .
In a varlatlon the glycerin dehydration catalyst according to this invention

contains further at least one compound of element belonging to Group 1 to Group 16
of the Periodic Table of Element in addition to the salt of heteropolyacid. The
compound of elements belonging to Group 1 to Group 16 of the Periodic Table of

Element may be metal salts or onium salts. The metal salt-may be salt of tellurium,
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obtain the catalyst for glycerin dehydration reaction

according to the present invention. An anount of
wWERh9/0135850 be exchanged in the aqueous sol uti GTTAP2009/057818

mneral salt is determned in such a manner that an

el ectric charge of cation to be added becones equal to
platowumn, epalladmam, arongl Bxbniwn,c bappre, ebrinhg silver and aluminum. The

onlﬁﬁtsgf@ﬂﬁla/ ﬁ@h&nne E@gsé?ﬁ?lﬂgﬁlﬁﬁle%? ﬁ%loggﬁdn%]m\’\ﬂailtﬁ and sulfonium

Salts:ha?fgegleéal ®Jt Or Hée cdt#Bnsals meadd be prﬁpmdaﬁ@mnsu@qmterlals as

nltrit@s QarbSibsie,! ﬁﬁfbt@s %Hﬂa‘(&l %Qidésoaﬂdqﬁalﬁféseépﬂfél Hl@ﬂi‘l@ﬁr of onium
on with chargés of 3+ is

When at
but pre; pgt Hamiﬁbeéﬁtqm LRreppitigadighe metal Wit ’éapc Obio £Q % by weight,
prefacheyd 0101 anN3@9 byt weighalin t@n0bf tBS tndtilagalts @Oihe \oHlie@tsalt with

I ion. When a plurality of cations is
reSpeﬁﬁ o@ﬁgbéemgﬁ&%{ad;sag respective cations are ‘
defléemosity prefeued dehydmanien datalystt b€ ghyoeeh ielaecémpeund having

fou&m os&gﬁ Fe%'iéf»s%ﬂﬁ db‘ﬁg?%f%epgﬁﬂ%rﬁlﬁlaoqlgj ess than an

ele yani on an anount
of an aqueou&laﬁl[@%ﬁ(@ﬁd@é ‘ifdrQani ¢ salt ofla
in wiki@portion of the cation(s) to be exchanged wth
pro ong1 Becorre excessive, the activity of catalyst is
spo Yo Yyi el ds of acrolein and acrylic acid are
| ovalr &dat deast hbglel d:eftfe>n0fseleaba| froin eRnfdhos ﬂ)&ftﬁ@lnggh@ Group 1 to
t r.di resent . ntion used In
Grofifd e PR Fehe B P B RGP FRREE Y 2™ For m of
e|tP(els Paﬂh§drl de or hydrate. In fact, they can be used

aft%spartqsgs%%@r%néme& Jewatéw %jtﬁ’é‘gfb'ﬁ? nsgb g“ Mo, Ti. Zr,

hout retreat nent CI nat |

V. I%)tthar fraiMin. 5g. Gadp Cr‘h&’“t Qjaén‘sﬂe N4 r?tt »rogen, hel i um
andZaik G Neddt oub Gemeéxit s’t‘ldli@érph%hﬁt&f muﬁea)rﬁﬁﬁslﬁé W, Mo, Ti, Zr,

V. AR ERSEL 5T, 50 o ) Qo A o S an b

in foligrengfranges: f ur nace i s not limted specially. The
cal gihatigon can be effected even in a reaction tube
that 7s used for the glycerin dehydration reaction.
TheOf$ PinY tenperature is usual 150 to 900 OC,
prepesrald y» gP to 800 OC and nore preferably 200 to
600 _0C. Tri calcination is continued usually for 0.5
to 96 fisu In a variation, the glycerin dehydration

e is aaiwhbeetdeee:rﬁﬁmﬂ hgthwo;tlhhﬁom numbelsoof therdl@héstsf and her

nis %Emy o3it ve%ﬁﬁnl?e%{(ﬁr?clfl}y%ngfoal ;Fa%(]‘gncggl %I qxgnl%er o(t}wa%)r molecules

. &°5Up Ereheh
In tlzml@htaiysh to the salt of heteropolyacid. The corrpound

of 18l §EEH § rli}?ldgﬁgélﬁﬁohoc rrgk'@ agc&rel g %JQPi%QnQEntti&E the above

Peri odi C l'e of " El enent ts or_onium
compgupd camhlée ﬁgmmrtgdapp ITRYTISE (Salpgpq;fed catalyst”). Examples of the

carrié?! ht¥ istap! dihiomiTeo S| dad@hi Wimiika) Nsiligh I £1QR1iAGT) s111ca magnesia,

sneR0 Shanify Rt et ER B, The Zafefst con be
supportieds uhfeosingle salries .or theompieal osaliktuoe offfee least tmosedrtiers. By
supﬁ'@(ingeth@ faeBoL ?rqatggiﬁ)ln?ns&crpieﬁa}c‘?{vieaéo%nﬂaoshents can be used effectively.
An amount of the heteropolyacid salt is 5 to 200 % by weight, preferably 5 to 150 %
by weight to the weight of the carrier.

In a variation, in place of supporting the compound in which protons in a
heteropolyacid are exchanged with at least one cation selected from elements
belonging to Group 1 to Group 16 of the Periodic Table of Elements, it is possible to
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nitrates, carbonate, sulfates, acetates, oxi des and
halides of the metals or of oniumbut are not limted

wd fvey/etssss A proportion of the netal salt is O.fr/r0®Ds7818
% by weight, preferably 0.01 to 30 % by weight in term
of the metal salts or the oniumsalt with respect to
effeqttrichepsrasipnl that heteseiodyacidas amdteldyﬁlmlerﬂgrtp @dcarrier and then the

exclﬁﬁ?gd\nﬂibammﬁt@m@d o@f glycerin is a conpound having

foll ow 0 tion re resente ene
or e R TR ey e SRR AEREAT b BT 47 RRefir 1 gase of gas
phaseyrdactipars, hdwieser it isepisfera:hie tecaboldrthe (ehta(tysaedntfora)ﬂhape of sphere,
pellegL. e%g{c&r,}fﬁgﬁ({w c&ggfigrhggli SW? etg((% teh%e Rgﬂgnzﬁg’ QJD‘)? Q(?dlBg a molding
aidegj Theycatalyst canehe tshaprs é!t@ﬁhfh@bfs‘@l evtf@ilrammﬁ tdg@tlmrowﬁl carrier

and gﬁﬂ@ﬁélsétﬁcgh &éentér ' ’Th%rmoMedNtétal & mQSI ha'V@’a b&rtictsize of for
IS at | east ane

exargpli et 1 €aire So ot ﬂP{P%M 484 gﬁé«aﬁa teérms rPgy ieg afuigized ped.
éf Thb’gelgkgirafﬁaré r@etlglﬁh)f g:fﬁcerﬁ@acdﬁlrdm@lo tER, in{@ntidmcanbe carried
, a, .
out ey o ifiagpndiy Mg 1sgthasd i° RrefPeibley Theygas phase
reacgon san beucdyeied dett én @i vegktpfirhactonsi dahi asnﬁmmbed,sﬂmfdlzed bed,
c1rc1%l?ﬁn | R e b@dq%na fn%vﬁ%bggs' WY gnmg?]l?ecu es | n &ﬁ and the

rrespondi ng t of wat
ﬂuuh%ﬁdalbyétarelmefqﬁ@blgl y Regeneratadny @f atdpstc eam|bgseftected outside or

insiRCERI Gh&Br.t Theltasall§tvie T}Egé}ﬁ:vrattaatqn %‘ﬁ%ﬁfltﬁ@%ﬂ%tﬁ@lﬁuﬁe gas, or
orted catalyst

S orted an. a carrier
in by Nt N ey | hegasa, oF Bpidoahasd) HakiRLYge! general type
reaceas tfbr lighidrirewtions [ for do B wataigsts Sjahlbhauﬁmgn&mc&, a dlfference in
bmh%l' gé: H{ getv&ee%@ygertmnmc) dégcrghelr‘i3 65?4%)' %IQ(P g rllﬁ a}Céd is big,
the @aetrui)@ns offected @m;ﬁeeably;rat m:lgtlmlgr lgﬁveattempggturemo as to distil out

acrof@h cbffituolYy. supporting the active material in
carrier, actlve conponents can be used effectlvely An

anbhft 'SICtioRe (HBPRRABHE| ol RIOdHsing| ecrpleiy 2od @ckylic acid by
dehytiehtidi of gr}eéahahl g4s phhse LSO &Y pisFe@bly 4t0a tdifpoRiugdbf 450°C

to 286 U]e 113he' & temperature is lower than 200°C, the life of catalyst will be
shortened due to polymerization and to carbonization of glycerin and of reaction
products because the boiling point of glycerin is high. On the contrary, if the
temperature exceeds 450 ° C, the selectivity of acrolein and acrylic acid will be
lowered due to increment in parallel reactions and successive reactions. Therefore,
more preferable reaction temperature is 250°C to 350°C. The pressure is not limited
specially but is preferably lower than 5 atm and more preferably lower than 3 atm.
Under higher pressures, gasified glycerin will be re-liquefied and deposition of
carbon will be promoted by higher pressure so that the life of catalyst will be
shortened.

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

The reaction temperature of the liquid phase reaction is preferably from 150°
C to 350°C. The selectivity will be spoiled under lower temperatures although the

conversion is improved. The reaction pressure is not limited specially but the

10
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In a variation, in place of supporting the conpound in

whi ch protons in a heteropol yacid are exchanged with
w@200b/ezssss one cation sel ected from el enents bab@rigH206/057818

to Goup 1 to Goup 16 of the Periodic Table of

El ements, it is possible toeffect such operation that
reaction ¢pD foclcyflemdzj if seegepdriyeundedr rasireysunized candiioni efr3 amalto 70 atm.

theg %eﬁépgﬁgg%e%t 1'3 f%@flg%@agﬁblngé ?(q’n? ldtf agll;ggus solution of

catal yst ma
glycgtid onqentretage offth @agumsveluteat@f §W§eflhdv\ém 5 Yot toi 80 % by
weidht %fnﬁrlﬁbi‘eegﬁéfe%'l}d 1bhg t%aS@I%/%P \!V@ltgﬁt aT%Balﬂ h&f concentratlon of

lets | i nder ow Cy r
glycBiiR ViTlssp i o5 \Hr?weg)aoﬁSr@OQuﬁmraPﬁgpygFa@ etﬁwé or undesirable

reactiah aieywtaexc ahe beswlting &drd18inOot h&yﬂi@omﬁd Candl n@véradli @IRSerin. Still
car il agents.

|
mork {88 clF el S agl eBBde Riereafsd oF For
exihplm‘oqess a_lcmrdmg ftorthe dresemtl ilvechtmmdisoéfféced préfenatlly in the
presE]l';@ef S mBlehilr é&ﬁgm begy, &BECGEQ%Q&%&A ﬂﬁﬁ/rtgeeﬁtd ﬁ)qnpéf airorina

cerin accor to Lhi's i nvent carr
fombe aj IRIXjPEe %a@@e@womﬁmmaun@leﬁ;wﬁgexm t Ffé\egassqmascaf oxygen
redulc8s Bieefdtlblod. o fTAR ndRR AiAScudRasich R Iﬂﬁaﬂobﬁn& ¥yl hRMucts such
out ty of ?ct OLS such as fixed bed,
o5 pRaRgaRsBul Ot 2 hs, PR A GHPEBITBRE and movi ng
beth tinprogesshefrhet ineefticgadhbecacantt gazemiy alsdi dataibgths such as
nltro%e eg{gg)g;ergltﬁogudlg)?%gng{lﬁ} I(‘Pl gf catal yst can be

or 1nside the reactor. The catal yst
i sTheg’etvmsatae@brdmgaﬁwth@mrcwno”mnonmana\qemffﬂ}tghm thgrpresence

of aigds RYAaRARE ?@6‘5‘1@1‘1@' Hgfag:@sthe bRo&RS %cégrfllrirgqﬁlé' Q)S@s%‘ﬁt invention

reacti on, usua ener.al ype reactors
is adyantageslyt GRITiss oyt dat theyBresercgn obe a%ztcdlonsg%éssawd from an

oxiddtibh @fgirepyleie b@labtdl&npdl“ hik rbﬁéti@ﬁﬁg‘asgisy%&ktdll)( 2Wix@fzk of non-
% .and. acr

d | el
reacfdopRITOTs PPALS da ST RISBT Ao PR 2ERFRE ey sas. water
vapdqurnprygeny K€Y, SO asy prdalictst sdchcastacaydrcoaicad nacid or the like.
ORI o RSP RTERUE iy DRSS e
a redctorgdsheplagehéas erdHaagdregpd r’Hﬁzereahioy caiisists dbEplas a‘bumﬁg between
50. 0

0 er atu I 0 t
them3els e oneifateh FhmFs s P O * BRAbfr (ol CHRUOE, bas many
advalﬁfalgysrfﬁf fezras bghea’i&dclia@géi afshtmri]uté’cgwlxtlﬁﬂngﬁ het )éﬁﬁ’fa?@e aaphcRY. Thus,

react.i on product t he boiling poin _
this 35 G EFRRIOF & Y By e SorTemavipe Hep: G s spnfieaothermic
reacﬁ@&ﬁewsfoﬁﬁﬂpplﬁngt heatsial @t étxrtfup SHas@cC 6ﬂ|r@dcﬁoﬂ§1@r in the case of
crylic acid will be | owered due to increnent

459 Epctanac (IQH AR Ve Hus agler mkey It gRssible either to heat o to

coolgﬁc?gzﬁfﬂghe T hén%ﬁ @&:Eﬁr%@ ap b@l’[fcﬁﬁﬂ&'e@ﬂ‘h&rﬁr@iﬁ{ ﬁfeucfu%ula%wg % a heat-
0

ressure is not |imted speci al
exchgpge fluid gn 8feeﬁyatl§rry f)lméatefe way bs assgmilednd mﬁﬁufes whlch gives greater
flexiBil of as @ ot f
ex‘ga@l’ e\{’m a)k/cge\grdst ﬁll@Ing%be @e{eyﬁgddtgf e rgég)epos ?agﬁmem ©
the Qafalxsar Sm’ielw; tat ray (he shitatdel farythprgplaess qf rtlmmuwlos\mrc Hat example,

the Itelé]&oﬂsl({egcrﬁfed%tdgtlyaéntWEII’l 9538491 or EP 1 147 807, the content of which is

incorporated by reference.

These reactors are particularly suitable for the catalytic conversion of reaction media,
specifically gaseous reaction media, such as those used in the present invention. The plate
heat exchanger used for the preparation of (meth)acrolein or (meth)acrylic acid via catalytic

oxidation of C3 or C4 precursors, described in document US 2005/0020851, may also be
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shortened. A feed rate of a reactant gas is preferably
500 to 10,000 1 in termof the space velocity of GHSV
wo pagiiseis | y space velocity). If the GHSV bec@amEsirhoams7s1s
than 50Ch 1 , the selectivity will be |owered due to
successive reactions. On the contrary, if the GHSV
sultablecfbﬁdﬁ piétesiDidooiding fohhisGpemassi on will be | ower ed

< Th SPUPUEF g RIB P seared hy Cheproets arebiiieis iy ¢gyention can
be fu\nthdar wedepditd produutescrylivvecidt enper at ures al t hough the
Com?eﬁe?&rééewa@ﬁt%zg?dlﬁ Sttlhg I‘ {)C%?%lw;e%t § I’Ao[%I‘OCCSS for

[im ereac 1 on C carrie
prememeseqwc zlmdlefroal Bhesselr pzm@n@mgdnat figrt &€p Pfathe tdghydration

‘ reac?lgn@ff';ﬁ‘lyc@@l 15Bd 251, 19fwlﬁkﬂ%ﬁrlh&rfn§dﬁ?§ bie¥ oFYAHiARRdensation

or m, of ag ueous sol uti on_of % ycerin.
of thsWatshepddreayy By praducis issying Gemthegiehydragiopcsien if implemented.

In fﬁcfto'ﬂh&pf’éséﬁbe?’@f %1ng iﬁﬁtl@"&elﬁ}ﬂﬁatm eedetif radd Yo pbritbreOthe gas
(o]} | r .concen lon. o
phag; glephl SEbSHetion el Py AR AE MeateAtrisntiof 6 aEpydration

catadgsheFhiopracesie forr swlltbesnzaagtalcoﬁxd)ectnwefemmt glgcareb vai bmercome the

drav@l?arc‘ﬁls %'f r?Jr 1@18{%' tsc“ﬁl(fﬂedalmn grﬁs%l o@hﬁ&t?récg.‘eo% suutlons of
e, ene hat 1's neceSsary to

glyqesoluth@tr @a@é@e twwwmreﬁea@n avinlg lmng IQ@OIpTIBIS‘;éht The solution

proxhﬂé/d3 BS]'tH@ 1ﬁv%n@iﬁ)ﬁe&)tn§qtlﬁl%§5§ O?Pilrﬁrizét'ibﬂ B@tvﬁeﬁstﬁg CRaffity of water
[ ecul ar oxy, e nol ecu

ar ox be .in
fed fopii et sipge § ?hsrdsataov seae and the, AHRRTLP! § S gatroduced into the
secdlﬂnitagmbﬂgiaﬁbh%uétah wnegaﬂuuaﬂetomle&eimcet Riastopym@BNcondensing
the Wﬁgeﬁgﬁeszsehg ubi 6%a|ung nssscl)lflllugg1 ?‘ oy IB: %%gﬁggtgogﬂie&gﬂéﬂ 8?'§he aqueous
glycauelt soletion, forpmvhydrdme xywmlpsmme:atalynstt flrempboiogsd;eaotivated too
rapiEi{})e dn WBh@'ﬁan&hgnﬁ %%é%mgﬁfe lle mtﬁirppgcﬁﬁlced from
as nitrogen, argon, carbon ,
beln(glt@QId(ﬂ]élte 'FH’eﬂﬁ Ghess accor di ng to the present
| NYKRSE 9&13‘5 I%Eén%%\%‘i{%lbﬁ] rdIfEs B SR Rt ?egggﬁ acrylic acid
contal ni ng opy ene the process alCar |%1g
front an tuh@ops sdatnin ofhglgerrolp nomprxsmlg arﬁrst@mjsﬂ dehydwatioe df thetglycerol
pee of a reactjon

f
o acslelis ErrEIRE B P grRIESE o1 L PETABRFF Ofhadaly 00 iier gaessure of

betwetn B 5k Yand kbt fePbf HABARACI A He RErORM ®NRrylic acid, in which
propane initially presented in the propylene, inert

an igtgsmedipte estery aﬂ@@@ﬂﬁtmgmy@érleascoartty@ondgpsm bk geatersanghheavy by-
pro&%ts%%% t! i B! t‘;%'fm?%s?mg fr%rﬂ ?heI ﬁg? d I@%?a?fo pe% i YmBlifhented. The

part ar e |nven ”on, rocgss I'S

exptﬁﬁﬂidrﬂdtﬂﬁﬁt pditlg coizasing nehnd that pd%ate 95\%apre®tﬂh§mg%rto 90%, of the
pe. This reactaqr consists of plates fornng betwe
watgriigeca) Pedbe SHFETSIENTemARAFS 4Pt TEMAVEh Y g rinigrmediate step

befo‘P@B gt to tﬁb%eéoﬁ&'@ a9t pG¥dpas many advantages in terns

eat exchange oc:| ated with high heat exchange
Caﬁé’él PIRCETHASSOKHAE (D ghis ofnveBHER ofar depased avaipgeously in

foll(S\Uintgabé&)nﬁo ktepeHP o Xidatio8ast la¥rd18int fE a6AASnRfile, so that the
% xot her m.c
resulting acrolein prepared by present invention is utilized effectively.

Now, the present invention will be explained in detail with referring
illustrative examples but this invention should not be limited to those described in
following examples. In the following Examples and Comparative Examples, %
means mole %.
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reactions, or for supplying heat in the start-up
phases of reactions or in the case of endothermc
WO mawi1isesss. More particularly, this reactor nakEsIP2009/057818
possi ble either to heat or to cool the catalyst. The
heat exchange is particularly efficient with the

Examptecll ati on of a heat exchange fl UI d in the system The
pl ageg @M Pard )
gr eat elrl lé%? v, Wx\ﬂé ch JiX(.ec%rdm$ to JP-Al1-4

e Néa)@ly@rSO g 9§ tmsmb‘mh@réc @Pldtﬂg[l?\é/pd(bc]eh&@ of= abput 30, a
prod‘«?létto'ﬂfi Nipbon BYTEA1® Cobat &e¥eRfab @bt EIQBWB&PH:SMT%M%&F of pure

e. |nvent|0n re, for exa actors
watea é% BF R 3qHeefsSoionof @@gﬁﬁgp@%oﬂ? a@é n f49pajpte begkss, 7.19 g
of ce&siurh @itrate (CaMD; Kiblsida mhemtvat aog Aty waetiBseElnerin dhad®f water to
obtalrneaax{:%oure%uarsoel £8 L Guh Al Hé sl Il“gbl SudoQ tﬁ%ocaial %trlncnitrate was
Cotlv ' SPBR B Pedc O AEH'G, *SpadyTa e AP YO RL &6UY
addedeader otirrimg dirap-wisechy awanhofe dosppung finphketopthe ssgneous solution of

tung%trggﬁ&:phgpc sl WBhEL Sl £HEHANGPLL AT Bibob . L1

ation of crol™in or c acid
vi a batr%ﬁu;l/ttmgcslaxryams Hgatgd ic3 r@ﬁarmvep@@mrswr vacuum at 60°C

to ogﬁﬁi? Whﬂ%%d\iﬂdﬂo%@mw&& wEOHRARARPAL 1 5B AIrSPhours in an oven

suitable f rocess according.to thi.s
at a5 Bh PFOTUTeT nphee S TSR TR OT STV Bk BePibgt 28 C for 3 hours
by psimgess meffler durnmgce otd hd)lﬁa1mvaenctatﬂ|ystce(nstW)‘ wft eesium salt of

tun%%%ééﬁ@orﬁc a&dolga&‘l"%gfcgo\f?égcsn‘ril&ﬂ g%rolp%rt‘rflorps ﬁlf {eei"gals hereinafter,

accor nven
comppsitieshas dhe pampamanglgmHyls(Csz sBW dOke.om gl ycer oI

CONMPhL Uabflyd hé %R/al%ta?e‘a af tﬁ?ecﬂ%@bﬂ’e@&tbprbpre?-ﬁ% Iu%epfamblent
glycerol to acrolern, In Whl ch an internediate step o

prespuiet i TESHdeds alNrBielwrthe Hesuling catalystRowder was compacted and
thenbyfrtwhediUC(Suslféﬁupﬂglcfdsomet@Q)aﬁsﬁw@lﬁlﬁhgﬂnméwﬁd%ptd S‘Obtaln particles

nav R BRI oo 8E&i1BA 2emiEs Y B B S e PRk Efpphfosafdpartictes was

paclgidyiner SUSdehgltdoratub@r(dlaewer oﬁlbynm) mting the
deagtnl bQ@s&BUEH%f%ﬂ% cgﬁ)ttr?t}uy bt Zgh X%&gﬁﬁ%as fed

esl zi n acr ron1 cero
to ab\ﬁé?ﬂ@rﬁ@ftq’?eﬁ ﬂmvv@sﬁzkg%fg/lpfr bpa mmé@iéhatvaiyc@m was gasified at

3008¢! OMBQeimﬁngEg%sﬁfeddgllyUéﬁn Wﬁh@e§qmﬂdg‘hnﬁleoﬁxed catalyst bed

cer th t|o reaction
toeeB g G BcthortE s XeATRE BT BET W PG FEH Ao TAREatire of 260°C to
350?®VGH’Hedcg’as had st fol lotvasg anmpptumnaatmoh%bgﬂymm bliggen: nitrogen:

watguanti ty ffgvyatﬁr 5f e(%dﬂsg ‘LFseszrssﬁl stage dehydration
an

Feacf'or "and t he Wat ér i'ntroduced into the
secBmﬁwsa@@rm@mm iy eammdpnserra@lds@amtaiwecmwéymdsby a gas

chrdnfat8hradpBaplodRRt Bf GLCONERARS AT 4008, HBRLWA R rc@ﬁﬁﬁ‘ﬁ) ' lmrobbﬁlons of

treamlssum romthe deh dratlon reacti on of

Procistie Syfge gq%vas?%i i dRGiOTo ﬁron@ dhprrsseliy of Hbe s@éoﬁlar%aé@&raph to
dete@ﬁ‘irfdhysié)llﬁtrecﬁﬁl&ﬁitﬁl of geadidty 8 ediculie rtﬂ@lcdhverlsm tPeof material
one nhan to.pr ent .t acr C acCl SOl U
(thepCGmisEaor (ol TEaCIETTIE, OhHrEreSUPHIRe RhF etectivity of
acrqbclat iapelthe yidié of rtmgemubsnammt (ithen yiedd af @esrdleind froeh lancamount of

glyceFﬁl Péfp?ﬁ'ﬁx%ﬁ?rgf &?yc%?fn r%x{lﬁ’lﬁﬁ‘eﬁ‘” @&g&%@ﬁ%ﬂﬂe"ﬁrﬁucts by

conprisin Irs ep o atiron o
follqmwggqcyd@épm

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

substance obtained / a mole number of material reacted)
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to acrolein, carried out in the gas phase in the

presence of a catalyst and under a pressure of between
wdl2mpvazsssar, and a second step of oxidation ofCt/ir009/057818

acrolein to acrylic acid, in which an internediate

step, consisting in at |east partly condensing the

wat €he aredd H¥aobjeptipe sehstarsepr 8@ rit(aimolemnshier editarget substance

Ssping fromthe bhiedlPhyEhhABerbERaltial fod)

i npl enent ed. The expression at [east part densi ng
Resyp snshoptinin baistlo 95% pr ef er abl y 40%to 90% of the

wat er present in the streamissuing fromthe first
E st p2is renmoved in the internedi ate step before being
—@gfﬁ—xa to the second stage reactor. The process

ac CBfod:ied@ret of ERamplenV evdsi repedtad eheeplsﬁ@lt &duagﬁbagﬂﬁdﬁiny nitrate
(RbILIBJa( onln?:rtllsel%g ld o&%ﬁg{f‘{)hg’%ﬁﬁ%{at‘g}? e reo cgsmm nitrate
(CShﬂ)@e)qu edemlye @r eatelyst iofivebidiwom dadt af |tllmgsmi)lmfsphmu¢ weldy (RbPW)
havi ‘ﬁ’co G e} REeW Lep, W |1 be explained in detail

ferring i1l ustrative exanpl es but this
| n%MtP%a% 6mlaalm wsee pifested gnder thesemeoaditiaeas Example 1.
foll owi ng exanples. In the foll ow ng Exanpl es and
E Co ?rative Exanpl es, % neans nol e % Exanple 1 Cesium
%Ec!&xa of tungstophosphoric acid (CsPW was prepared
accProdiedgret af Baniple- Uwal 3&iehed Savept vhat 32 2g @ff calcium chloride,

dlh)@gzﬂgZEgeggﬁqmw %C[}uqe %W%ﬁ%\g%gfgzﬂd&w& u%gg rﬁstead of the
cesiqy. nltl]_ag@XCﬂHQ3h|tggnpwg 4 matalystriofofalgume saw\batoefrtungstophosphorlc

idqeh el BAViAS YRR oxRlidH: icon p{;v stophosphorl c acid.
el an aw@eparlase bgzpker 35 O ( CsNCB,

cesiumnitrate
Ki BRpcho ¥alpategn Wem ghfe ‘%ﬁg ueﬂgrsme\ﬁéale.wr@emﬁ apExample 1.
wat er to obtain an aqueous solution of cesiumnitrate.
Exal‘Il ?queous solution of cesiumnitrate was added under
ing drop-w se by nmeans of a dropping funnel to
t hePagadatesofsbkamplenl vhs repmsadogtrepphimt iScO@agiod.fedb nigrate (1)

nona% ydrdt¥ (Y"@%N@Zeﬁﬂt @fﬁﬁ‘hoﬁvﬁﬁ l&lr§’cﬂ’%gg%0 Tlﬂ@ \%ﬁyhgédqglstead of

urry ota rat of der vacu
cesuam e@ra@@ (Cs NG afionPismaEe lr@@v\ﬂéf ofmmgstpemhomﬁsa@ﬁem catalyst

(FerdW) od c@kntﬁﬁ@a@@fftﬁﬁgs@om&bﬁoh@ aé‘i&l MaRE &lcofipBsRIBN: FePW 5,040,
ssur e. the re {f gg er was fired.in

pr
at E%‘E)“WIP‘SFV%‘“%%H §VCB‘§/ undiy, the) same gapgition gs Example 1.
obtain a catal yst (CsPW of cesiumsalt of
ExalHo8$t ophosphoric acid having a conposition
4‘(5grvport| ons in materials; hereinafter, conposition
hasPraseduremef nBamplg) 1 Waosepeatsd\yxceps ohatTHeS T at alf yzitconium
oxyc‘,’l'ﬂ§r1§é’ kAl aehitd (Zr(fCPé% *@g Wzﬁ@)cpgfe OREMPLE InddREs, Ltd) was

i ent préssure in a fixe Nanel'y, the resulti’ng

“Se‘ilalpé?eﬂgt ober ceeme dH{Falet é@shll%)t enPEEPgEhegirconium salt of

tung@fdjﬂi@@lplh(ﬂﬁkf beial (QSPVE)rlﬁivﬁkﬁgS§edmbb§1®1@9hZSd ﬁpwsuo@o obt ai n
paktl cles

seEiEend Fuaflof ik B3 SRapt i splheghediion ad Brample 1

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

(La(NOs); 6H,0) (Wako Pure Chemical Industries, Ltd) was used instead of the cesium
nitrate (CsNOs) to prepare lanthanum salt of tungstophosphoric acid (LaPW) having a
composition: LaPW,04¢.

Reaction and evaluation were effected under the same condition as Example 1.
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packed in a SUS reaction tube (dianmeter of 10 nm. An

aqueous solution of glycerin (a concentration of 20 %
wanooweisgdst ) was fed to an evaporator at a fl owgmrireom®ios7s1s

2 1 g/hr by a punp so that glycerin was gasified at

300 OC. The resulting gasified glycerin was passed

t hrough the fixed catalyst bed together with air. The

' catal yst bed was heated at a tenperature of 260
&1%%&?% 350 0C. Feed gas had a foll ow ng conposition in

moPropeduge p€ Exdample dxyapanepeated exsgetrthatvial eg oEhafninm ciflogide (HfCly)
(Wab P@tre Cﬁéméal ﬁh@{n@@ita) %As élgedlmstegd BAUE! @esl‘ﬁﬁrlrl ?utrate 6CSNO3) to

condensed in a condenser uantitative-an
prepareg J8iiposalf ogf aBWgE‘ﬁP%ﬁBB‘P“‘bf acid  gdiFMLe a‘@g 4@oeomp081tlon
Hf, ,2BVYW4, col um) . Proportions of products were corrected

fact t.h I t h t a
t ORAB P ATHLE GULHIR BB S S B gere CoaLaTLel Brample 1
the conversion (%9 of material (the conversion of

Exa%}{ cgrin), the selectivity of target substance (the

tivity of acrolein) and the yield of target
subBtsmu&esa(lft dlctupgsophogpharisr asice (Bif W)r wes preparad @ecording to JP-Al-

4-1390 ¥E §d JP- J‘L\@%o@n 1@91@91 nNanfaly? by %Q{f't@ngsﬁiﬁﬁbé'ﬁgn@@gld {(Hs[PW12040]
nount t he pr oduct S W n equat | ONS.;:
nHZ(?aoHveragP%tn 3Q.oprogpct gk Mn.qn Lnomw C(% U eC

hﬁlﬂ‘ﬁ%‘r Cef, Ltd) was
d1ssd_|[ﬁé<fﬁ1l 2 mi @ﬁ@hfbdwéteﬁt(}fﬁbtgmrw{mﬁfeoﬁs‘ soitiod ofdungdtepospibric acid.
e ect i t.ance.
Ina rsr(maéa \ngliy {n(sﬁ% gﬁ 0 g?%ﬁ?llﬁ%ogs%tga af:ld aq]%ﬁg 6 g'n:jl of water
weren aldd@drtoof Oﬁvg ef |baﬂmuthautre®) (FeNQH) gl Kishidp dbhepaitalv€o., Ltd). The
resuﬁig? %hﬁ'ébglg /.schuginQ og b%Su r}rjgﬁ)lnﬁr %tg é?(lfégl %?ﬁﬁﬁg la?(;pa&fsg by means
of a droppingifenmrhls e pquaos spivtopoHupgserhosphsricrRighpY elloy white slurry
was b&ReAbES e%@&ﬁb pihat 5. 44 g of rubidiumnitrate
%?}ﬁgvit Chem %a,éa Lt d) was used .i nst ead

of T F‘Eyr Wes dried By To13TY, F‘é?i%?r‘%‘oé upden pyuny pt 60°C

to obtabi dhittpeatder.oT hisupawdephas feardriedaati b0 RbiBW6 hautis fig an oven

at ar"ﬁbﬁa?l[rg? %Eﬁﬂeonfhetp%l? gﬁ%ﬁ&% VBaesaﬁlleldolﬂ 9&250 C for 3 hours

on were & he sane cond
by wingrplreuffle fornags o gbtarl@@e@malesw)f bisavth ealt QﬁatgngstOPhOSphorlc

acidd(m %vﬁ?(@‘::?%mbaﬁhoﬁ B2 W, 0h,.cal ci um chlori de,
i hydrate (‘Cad 2" 2H20) (Wako Ure Chenical |ndustri es,

Ltd) was used instead of the cesiumnitrate (CsNO 3)
Exainplep9 epare a catalyst of calciumsalt of

tunﬁlsg‘aphosé%gorl of ?ﬁe céscl:l?new apa\(/)ifnﬁeteropo acuﬁt n Example 1,
tungstosilicic acid was used instead of tungstophosphoric acid to prepare cesium salt
of tungstosilicic acid (CsSiW).

Namely, 50 g of tungstosilicic acid (product of Nippon Inorganic Colour &
Chemical Co., Ltd) was dissolved in 20 ml of pure water to obtain an aqueous
solution of tungstosilicic acid. In a separate beaker, 7.43 g of cesium nitrate (CsNOs,
Kishida Chemical Co., Ltd) was dissolved in 60 ml of water to obtain an aqueous
solution of cesium nitrate. The aqueous solution of cesium nitrate was added under
stirring drop-wise by means of a dropping funnel to the aqueous solution of
tungstosilicic acid. White slurry was generated at every dropping.

* The resulting slurry was treated in a rotary evaporator under vacuum at 60°C
to obtain white powder. This powder was then dried at 150°C for 6 hours in an oven

at ambient pressure. Then, the resulting powder was fired in air at 250°C for 3 hours
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Reaction and eval uati on were effected under the sane
condition as Exanple 1. Exanple 4 Procedure of Exanple
woloemsssspeat ed except that 5.96 g of ferric mammee9/ns781s
(1'E) nonahydrate (Fe (NO3)3 9H20) (N hon Kagaku Sangyo
Co., Ltd) was used instead of cesiumnitrate (CsNO 3)
by usmgps dhefle furmane sabbtadf ce¢imgstadpifomppstositicacadd CsSiW) having
Lo al cium salt of tungstophosphoric
acoag)togltﬁ)% %PV%SIW 66 t%ion: FePW 2040. Reaction and
ev Blea@tmlbnndaevaéu@twremee@efﬁﬂued unfer dgrremecrediditiconasaExample 1.
Exanpl e 1. Exanple 5 Procedure of Exanple 1 was
repeat ed except that 3.57 g of zirconium oxychl oride
0 le 2 8H20) (Wako Pure Chemi cal
b ndysdomize vh“tlﬂkhé’\@ﬂtd»lﬁﬁfﬂletdi\&ﬁ(ﬂ@ﬁiclﬂf th&oIS‘(ﬂ?édimalone was used
dnltratg (CsNGB) to prepare zirconiumsalt o
and evaludiednhosphoric acid (Zr PW having a conposition:
Zr owsawmmoze Reanplesrl end, evaktead palpacidy eungbfophd gghoric acid

co a

8 B0 B30T, capatt e ARG acE BIARY 0w, 0. n

=abeyft 1@n@ﬂﬁaﬁh@ﬁphpm0é!@l‘( @a(dNG@ Mmz@)o (rxlézl(b Perabout 30, products

of I\@ﬁ(m @ﬁ’érg!aﬁ@@élbh?%& dh%ﬂ)xcd’l’aé'o Uged) WRsd Gal Md FREd at 250°C in

ium nit rah@r to prepare 1anthanum salt of

air fPEI JOUgHHHEY "tfn%f'cﬁ d (LaPW having a conpositi on:
LaRa2ti¥i0anReadltitivh aetk effedtodiunder wersankfdonditach alBgdmple 1.
the sane condition as Exagpbf: [1 Exanpl e 7 Procedure of
Exanple 1 was repeated ex 8 hat 3.53 g of hafnium
chlpride (HfCO4) (WAko Pure Chemical Industries |td)
was| used instepd of theg cesiumnitrate (CsNdB) to
prepare ham um salt of |tuRgstopmosphGiyceriaci |d AdH#blewW
hav] ng a conpogiGadtalyst Hf OcibpMAAD40, cReertioan andeld
eval uation were effected unge) the| san@,ronditi pn)as
Exarrpl e 1. Exapple 8 Bijsnuth salt pf tungstophosphori

ond| BAATDIO0e, TERBE0 | Nanghl 5o g ckd0 | T 92810

t ungst ophosphofi ®Rb&&W d |( H3[ em2040] nHA® , n = abhaut
30, [ product Ni [fnor C our Chem C Co. |,
Ltd p‘v'\,'as e sgjﬂ vgggi%g 9§Eb pur welt 8&6 obt4Pn_an

aqueous sol ut4 pn FePW ungst oﬁﬂf)sphorl C 9@c®d In 20.9
te b [ f % [ ult
sepprate .eakse zﬁév@ n4 0 3§Q i?quem@ §o u |0@078

ni t P ant A A g aor-a —Addad
LIAYZ acvi U arrya L LT .U LI LI UI vVicAAU C©1 agauacuau

of pisnmuth niGt atL@PNBi (INOB3) 300Ki sh da 9@h@em cial &bo,
Ltd). The resyl WV@queous3§9I utipn c§‘4 bl srrut h621

(9]

ni t fFate—was—adtgted _uudcl strhg—drop=—wse by neans

BiPW 320 85.7 60.9

9] CsSiW 280 100 93.1

Comparative '

Example 1 PW 320 74.0 54.8

2 SiW 350 73.4 50.2

3 PMo 260 91.3 16.3

Example 10

This example was made to show that acrolein can be produced without adding
oxygen by the process according to the present invention.
In the example, a tubular reactor consisting of a tube 85 cm long and with an

inside diameter of 6 mm was used to perform the glycerol dehydration reaction in the
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of a dropping funnel to the aqueous sol ution of
t ungst ophosphoric acid. Yellow white slurry was

w@moenmsssd at every dropping. The resulting slporypr20@057818
dried by a rotary evaporator under vacuumat 60 OC to
obtain white powder. This powder was then dried at 150

gas PBaseont aitmosplerion pagssoneen Titis anditentis (plessiuie.a Theated chamber

malrﬁgﬁleﬁeablfhé 'r%tﬁﬁ‘%’ﬁ%ﬁ%\?r}pf Wh?cql lsn303"I Efﬁle ?cggalgi? V(lz% %r%und and

usi n nace to o
pell@fzesutgrﬂhtwnsxaartlcm of $hg e d ghowphdPi wl a’é pdtaéssn RYY loaded into the

reacﬂﬁvtbrlgrﬁ aP@ﬂBB@ict l')ém35 BiPM0hi2 s tedali maththihed at the reaction
&Ee ar Eh SI um salt aof heteropolyacid fed
tem %&\115? 1519 d’%‘PBEﬁS Ihegote iaupduciag the Bereentt ol Ector was fe
withtatngqﬁ@mla_css)mhwn onﬁﬁinﬁing 0%y Eﬁ&fe@glﬂe@ﬂ glll%érail tat @fmean feed flow
ot stp, si-licic ac
rate b 1A B i A6 BR PR R it i b RO 50 el deated chamber,
and @dropassés @wmthalcaﬁduys,t LTlb calaslatkd sohtaetd tinre 2@s rdboof 2.9 sec.
The Qi%ﬁld’f@&? lectapalyﬁttgéc}nw@a&ﬂﬂepﬂéuﬁolvﬁd 0901%3})02;015 to aPout 80 ml

ung St oSl separ ate bea
of a@@@q;rxglﬁwrloétseh{t@slmssed RiVeh itlerac@h@m ca@ft@oreacum,) thgagroducts

are (%Iﬁi%ﬁbé@ﬂl h Bra@Oreflig@htedal Bh cheshedtisd. N SAMpIIUSOUR effluents were
tian, of ces mnltrat The aq ueqﬁs sol utign of

colléeded pi iR U e bceaRacARIA RSB0 glleFopahiigrypted and a
gentie flosy of nitrefcappasn gasscdrbtough ﬂubereaquaecwq)lﬁg)é ult | tﬁne @fap at the

reac orn(gﬁ g?\{éftlbsl ﬁue% ﬁjﬁge(} \ﬁglhltlﬁtrﬁ%grgﬁ P’Vr wawggnqepre aa%n d er{egctor was
returr@damyd@vaipd}cm oef unagent.vaclihemtest ﬁ@s Ocntinusdt anfil appreciable

deaéWahSnQ)?VﬁH@'éataTﬁ't vaRRW&]. was then dried at 150 OC for

hours in an oven at anbi ent pressure. Then, the
reEm PRk YPREEIenhather [atelgmags gifr pradugtspenseripgrang leaving was

meah?afistwll?ﬁ hmfjlwad Mulfnfabsebziluﬁébaﬁﬁbﬁ Qlefdtirahéy. cssmuatlgatﬂe products

0 ungst oSl 1,1, Cl acl Vin 0S

fornf LERITREN 3 SRRInATRN: ahio QYRTNRY IO Ere Detformed:

- ef ﬁmanwsudqechxtohmtsmphycondu filled cabinkix GFPAR ctlumn 2 m+1/8") on

t e I g

SPURHRS s CHRI it ypld FARRPEEDARE D 18 i
evanalugia cvasmf:rfgcsmsérvaltth oe eEs@amil standprd §2 dutappne); :

- hehl@rﬁﬁ%ﬁﬁ%}d ach}é’rﬁﬂt%%%ﬂlwsgﬂ of | GpAtdrd é(kﬁ[rPW(la@*@] column 50

= I
(H@[ e mﬁpgﬁ@%@%% Ein%s' | Cﬁ&q&w&h&m §BID detector
a_cmth(tﬂ-la[sEMa 2A0p¢s stbiddl at -115‘*€bout 30, products of
g‘nglﬁgr}irsp %egﬁ%gvag%a%l cul§‘r19§u1 aélae for rapldLgrggly%A? 'of tHe products

i'Ted at air hour's
and fegperacldy theaeeld orf mrdleelwaTh@tsr:mnd/\me@hmf fwast ustd uodave a more

precifCamdy®s 608ithé PohcBiSn B¥8BUECL: Moreover, analyses by GC-MS or by

chromatography after silylation were performed to confirm these results.

The products thus quantified were the unreacted glycerol, the acrolein formed
and the by-products such as hydroxypropanohe, acetaldehyde, propanaldehyde,
acetone and phenol. :

In the example, the glycerol conversion, the acrolein selectivity and the yields
of the various products were defined as follows:

glycerol conversion (%) = 100 + number of moles of glycerol
remaining/number of moles of glycerol introduced;
acrolein yield (%) = number of moles of acrolein produced/number of moles

of glycerol introduced;
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Table 1 Exanple 10 This exanple was nade to show t hat
acrol ein can be produced w t hout addi ng oxygen by the
wproogemsssaccording to the present invention. |IFCTSRR009/057818
exanpl e, a tubular reactor consisting of a tube 85 cm
long and with an inside dianmeter of 6 mMmwas used to
per fagrateinhesaléstoaryol (Wehydr 400on rmasbéronof nnidieggasf acrolein
phase at atnospherig T d
in a heated chanber’ ﬂgﬁﬁﬁ%z%@%er@@%feg%?ggcekﬁ Raged _
t erper aaetane, opthiydroXyproperone skl s afajerlaigdsayfoutle acrolein
ywl@nd peIIetlzed to obtain particles of 0.5 to 1.0 mm
alyst are loaded into the reactor to form
a cé‘FﬁI q%é’dﬁeéfleé@ W1 g2/ 3Thi QUGS WA ﬁﬁI‘Fﬁa‘i’fne‘%feé%ldehyde
t he reactl on ten’perpabdﬁ@dﬁmf]m&rt&f Iﬁ@lemolﬂlgﬂ)fﬁferdﬂaﬁﬁbduced
intr ucn reagents. .The t s fe
aqué’ go Sg%l.ll‘% r@ﬁ) co talnr‘fm’& 3):3 ﬁ‘?n lfpbcfvéi}“fgijﬁumber of
at a nean feed fl ouwnolas efgfyctﬂ)lnht/rhduélélde aqueous
9l ¥gp t Q
PR SRl aS, e RS £ Shrl o QIR O wiycerol
mtr‘é,‘bmedct time was about 2.9 sec. The duration of a

Ca%’fycgagalgfﬁsﬁsfe‘ﬂa&a@égﬁhm7sd’l@Wfﬁ)’ho I ({iﬂngfs@fcrﬁﬁﬂ’é@hq%%g’PWqu
u of agyeous cerol sol.u sed aver

avaifftie om Reghet 1o ATOERC b BT OISR dRIorE o demical Co., Lid).
10 edn(En34g) of thet cag@lysef whgeoadel iifot hhe rmeatted | Qhe results are

sum Ie&=§ abler%ebeelffl uents were collected periodically.
or gach sarpl e 28l ection, the flow was i nterrupted
and a gentle flow of mtr@ﬂas passed through the
reactor to purge it. The trap at the react or outlet

wdsS lIICII IS Y I cu..cu lIIC III - Uyt I I ow was—st UIJIJCU TIU
Ch@ulﬁé&tglwerwastr@@w@dﬁ&b under fa flbow of24r eageht . |Thél
test was continued until lapprecjable fdeactivation |of

GheereBéviiglonWas noted. Hor ggach eyperimgnt | the tiotah
mass of products entering and |leavi ng vvas m=asured,

h all.owed a nmass Dbal dnc A{jo be ,
&? gLyeld ¢ he products f rf?e wet na };1% d By-8 | 378
hromat-ography Tao—tvpes of analvsislwere norfnr od-
\Il'l UTTUAT Uyl LAPI y LA\ yP A | CATT T ]\JI T T Or ooy

Acraleireseddcyisitys by chr omat ggr 4phy| oroa |I66ed cobanm 66
(FFAP colum 2 nt¥l/8") on a Carl o Erba chronmat ogrdph

ﬁ%k&gﬁgpa\%ﬁg zélldTCD det eqt 054 uant i2t ti Ve, 4.6

. . .0

rforrred Wit h™"an ex?ernal St apdard

(2=but auuuc@l an—anatysi§—by chromatopraphyton—=a
u

A@qﬁaldq:lydg/y@ m ( FFAP cdl ubd 50 #10. 250nm) |orf.in | 0.3

HP6890 chr omat ograph equilpped wth an/ FID detector

wo IhaId%ﬁ y&ABdsanpl es stdregat| -33 OC. olpe fiygt | 35
hod was particularly guitable for rapid anal ysils of

cts, and especigiTy the yiel g of_agrolein.
‘%‘Y\“é"‘g‘eﬁ% d nethod was us€dd 5-8 havé-oa o0 0.0 0.0

Phenol yield 0.2 0.0 0.0 0.8 0.0

Material balance 98.8 | 994 | 988 | 993 | 99.0
(mass collected/mass introduced)

Quantified product balance
(products assayed / 62.0 89.4 86.3 89.2 88.8

glycerol introduced)
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preci se analysis of all the reaction by-products.

Mor eover, anal yses by GC-Ms or by chromat ography after
waostobyimssson were performed to confirmthese rexul/ipP009/057818

The products thus quantified were the unreacted

gl ycerol, the acrolein formed and the by-products such

as Thydpmegps ceanchneg @cahsl devgndion [pn ophivhl @eme@lm, is catalytic

dehﬂﬁg{e(an&) @%9 {*E&Biemla@l &?gﬁé%{@d ?si Vé{;' d&laﬁx? gfg 3 5or 1r%dustr1al

conver si acro
uses; rbécwr«laéuslevramimryhv\@r:ei chaf bfnedoda\sed @t lhtghsr yiflg @ed oh higher
effi GOMMLT B Bt (t%e resﬂ:&@we t@%?{r iOfentRk !)V&Pél?& deactivation
r emai / nunb mol es_ o ycerol i nt duce

nin
of cafalyst é%%ﬁu%mareé%d effertinsby b bfusmgl wdt of heteropplyagid according to

this pﬁ@mﬂﬁﬁﬂ/ nCDlifoetheOfcoﬂﬁhi%S Qh @layél‘ebﬂ' thentd’d?ﬂ'b!ﬁﬁ&lal catalyst of
el.p S ect

nete Gy i pRuRLaP R b FeGivatpeel SPOBISds oFris Gt dgelyeerin
dehjidretiax eteammnonn hy gnoxphaso palnoheisyeffdaddedvas thal prekatoedof excess
amoﬁrcit ]:)? rwatt&'e fsﬁgﬁ %l r%la&fuyﬂagg Slsin Cﬁﬁ ggﬁg&%’sg%g%é %;] gn%ﬁcegénsat lower
conmlt@slogfas gwe@alo or jiha rlxg@utehaq@henahlcbu\w@r grdpwer alcohol is used
as ar}%@iﬁfn Rbd . eStxﬂfm&Qe BWm%'ﬁ@%ﬁ%r@'&Hﬁ@ﬁt f?lfregma%%e Qf) water a

cerol introduced sul'ts were xpresse
Profigin gt RIFQSINR ag seacfrs 4 ?tv\azafe gerae Wte@racﬂl Pﬁ&a#aamwsed can
be aldoesode@ddal yst used was cesium salt of phosphotungstic
acid Cs2.5H0 5PW 20 40 avail able on nmarket (a product
of Ni ppon Inorganic Col our & Chemcal Co., Ltd). 10 m
Exafmpke BUg) of the catal yst was | oaded into the reactor.
;gﬁpas@aal dikedilifn a%gaﬁnh%s%% Ethé%e'a%@ é& ﬁﬂpxﬁ?@ﬁ? (a product of

process accor ai
Nippanyknergapici Golent & (}hfr'rewakeﬁg)drlad)ewa% Sﬂqslr @p%r at 324°6] &rrd hours by

usmgza@lmﬁm mdéeagb@tdnisauﬁmystadvant ageous for industrial
use

d
ol aRt YR aS e Gt agfkd g Hehdiof fRefed pnde, ambient
preskaict in 4 Ife(eddmdst dNaaely, cheateulting daeatpstkgd deri wips oonapacted and
ther! Pﬂls(ﬂ?&wt bY@%Heﬁnga)rftlc?e%t Q)e¥é tpa%?e{hel?ﬁroﬁgﬂpglgg‘ %ego obt daln particles

vel %ﬂal t of aC| accor
having & mrsldenszéfhpf 8rio 1@rmeste tO”E OArthe catﬁ xsag@n@fesmm)artlcles was

packeiMmes USN@hc§ét aiaé%lﬁﬁetelebw@nﬁhyam ds
det rioration or ?leatl of catalysts is._ seri

A dPERYS FP aeﬂw YoA @eRAeR{T RGO A8 ‘Vphxsvéelght) was fed
to amh:lvabonasoreftfaeﬂbﬁdratd’lof bé gohebgacsurp sexb/sgycerin was gasified at

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

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

of glycerin), the conversion of material (glycerin), the selectivity of target substances

(the selectivity of acrolein and the selectivity of acrylic acid) and the yield of target
substances (the yield of acrolein and the yield of acrylic acid) were calculated by the
same method as Example 1. Result is shown in Table 3.

Example 12
50 g of cesium salt of tungstophosphoric acid (Cs; sHosPW;,040) (a product
of Nippon Inorganic Colour & Chemical Co., Ltd) was added with 80 ml of pure
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anount of water, such a reaction as using an aqueous
sol ution of glycerin at |ower concentration as
wombeiiseds, or in a liquid phase in which wat erpCrIP2@as57818
al cohol is used as a reaction nedium Still nore,
owi ng to the inprovenent in resistance to water, a
watqr dhlaesapafate deakei 0:1008fg o £ ahloessatihate hmahx&hﬁ&fs\(ﬂiPtCIG 6H,0)
3} S e I 0
(Wa%qqglr\%gfl%nﬁ lC en)sf’iﬁl%trrn}’gga rcﬁ \?' stc %rksgﬁregh%igopﬁoxjp}@? %@%Q 0 gbtaln a
solutios 2whicb 5wy 2imrOopdded pndeustirriofg Niquydise taor gemiecsolution of the
ces1&9lngrof&uﬁ:EﬁHbH@§ h6Pic acH umgufdlro?gldgqfﬁhél at 250 0C

3 hours by using rnace to obtain a \
cat Ehelg%S.ultm’esleartYaW%treeﬁé iR g LAY SYaperatoriyngdes vaepm at 60°C

to obRarivbite RV RIred hWﬁﬁdeh@ﬂIeanrﬁaﬁSMr B0°CT forfd ¥&gks in an oven

bed.  Nanely, th | t t t
ot e PP gkl e e O LR oy it DR PATEE: 4 for 3 hours
by usames & on filecfughacei tevalstainoa Obtaaysn (PeGsPW esf pavinngr-added cesium
salt Sa tfI Clt%ngétég s{phgrl 1&85(%Vé% cc Of L,@Iiﬁ)“ggé al yc%fmposmon

€s was pa reaction
Pro@dbesqsmsﬁ%t ¥o.of 20 nm). An aqueous soI ution of

gl YResdtn( #nd CPABRIS R WePd efitc 38 kY tP(tekﬂﬂé LoH@i®iohe] Example
0 a evaporator at. a flowrate of 2 1 g/hr by a punp

1. Kespifds sty & Tablgads gasified at 300 oC The resul ting
gasified glycerin was passed through the fixed

Exacal alyst bed together with air. The fixed catal yst bed
ated at a tenperature of 260 0C to 350 0C. Feed

gasPradduref of Exainple d3nwasir¢peared nxcapit that §l49Ceg iof:iron nitrate
nonfIHERAY (Pﬁgﬁgfgﬁl—lﬁdﬁ IngONGK%GAﬁ{P SAI\JdY?) cd 4. Lgrrp ) was used

ducts were anal yzed

instgaghok the @I'HO{%latgfatw(g@h)aﬂrat@ﬁ r{élzggﬁvé%iq;ntooprepare a catalyst of

1ron9ichd@8rdalt) of b sEPRESPIRIraN adild (FRL€5PW) KBliNEQr b&hpo&ﬁ@n Feo.0s
H @ P&Y y of tar get substances (the selectivity of
02% é

thhd the selectivity of acrylic acid) and the
yi eReaafort audjetalsatiet arcesfiotted uidet theotarae coheitionaasdExample

11. t@eﬁodg \%1(11?‘??9/1 acid) were cal culated by the sane

Result is shown in Table 3.
Exanpl e 12 50 g of cesiumsalt of tungstophosphoric

Exaﬁ%iedp(CsZ Ho 5SPW2040) (a product of N ppon I|norganic
cal Ltd) was added wth 80 m

f
purgm wre ph Exaamler % ¥agggredted (eX5eBt ghass 0-488 g ‘of chromium
nitraté |n6hﬁtp}diﬁﬂel’(ﬂr€N 08) alﬁlzd)’)é(mo(met(meﬁmﬁhﬂlﬁ)duém OLRYveas used

al -.l,nd SIPANCRS (\n. 0.5 m of
inst R BRI e Pl R P e P ettt fgpratvst of
ironstddedi saft of tyngstephosplzorvhiatid Gal-GsPBH dfvinge casposition: Cro s

t ngst ophosphoric acid by using a dropping
Ho 23881 bﬁ
e resulting slur¥% was treated in a rotary

ev aBS?Qéth’r andh gerluation, were effgetedwnder the same condition as Example
11. Result is shown in Table 3.

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

nitrate (NH4sNO;) (Wako Pure Chemical Industries, Ltd) was used instead of the
chloroplatinate hexahydrates (H,PtCls 6H,0) to prepare a catalyst of ammonium-
added salt of tungstophosphoric acid (NH4-CsPW) having a composition: NHy s
Ho.42Cs2 sPW12040.

Reaction and evaluation were effected under the same condition as Example
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to obtain white powder. This powder was then dried at

150 OC for 6 hours in an oven at anbient pressure.
wohewisshe resulting powder was fired in air aacaQo®®s7s18

for 3 hours by using a nuffle furnace to obtain a

catal yst (Pt-CsPW of plati numadded cesium salt of
11. RenglttiophosmimTaltledci d having a foll owi ng conposition:

Pr0. 001HO. 5Cs2. 5PWL20 40. Reaction and eval uation were

ef fected under the same condition as Exanple 11.
Examaleyl€ is shown in Table 3. Exanple 13 Procedure of

ExapRlceddre WREXaaRAat D vxC afedatx@pft 9Rad 0082 réoﬁf rubidium

mtraglﬁké% n?%?%g)é@%%lgggg? L@?%ngdol)l%ﬁ 1%1@d }é%(t%\g chloroplatinate
hexa(hlytiﬁmes)l (&IZPt@lﬁe6H$®§ihty)d pRéfise (dt‘mtﬂyﬁt Wﬁ)blﬂﬁuﬂfadﬂed Esalt - of

o U S R e bR SRR o

HO. Ré4s onSantl 2 GaticRe act¢ offectnd vadart thet sapme mellahtlon as Example

f - Wﬁ ame condition as Exanple 11.
1. gggﬁﬁ?:&?fg g{m%‘ﬁllhﬁ 3iabl e 3. Exanple 14 Procedure of

Exanpl e 12 was repeated except that 0.488 g of

Exa@pleOfm um ni trate nonahydrate (Cr(l\l(13)3 9H20) (V\&ko
Pure Chem cal Industries, Ltd) used i nstead

chPBrcediratqfniramme xl2hyas a{FRé‘éte(il-E‘PFIEﬁ tagpio)l gt of E?llléﬁ%l r(é!I) acid
(Hﬂ'&(ﬁ&(%ﬂn}ﬂ&d Cﬁémicﬁmo aflaiowsadskd afstdad @ ﬂie%ﬂkﬁﬁpbﬁﬁaté hexahydrates

(PRl S0 iy s Mtalthe S TR SR80 5 Eh 1o Estqehasphoric acid (Te-
Cstﬂhewangalcmmpmltlamaes)ad‘bscsmﬂ\vudho as Exanple 11.

Respbiction SP¥WM1haidR g? gffe&éé'mldgrgi@ Jn?é:@gf#(ﬁl?ioﬁfas Example
Exanpl e 12 was_repeated except that 0.095 g

11. l%ﬁl?QW@FthébEIQMNQB) (Wako Pure Cheni cal
I ndustries, Ltd) was used instead of the

E ch] oropl ati nat e hexahydrates (H2PtC 6 6H20) to prepare
——%‘Q%Xa | yst of armmoni umadded salt of tungstophosphoric

aci BrochiureCo P\xahgle Ng avas arpeated i xceptNthad. @825 g of potassium

nitre)_? 1(1%?*1@? 2 (§%§4¥ Ql(ﬁlqchs)gﬁgsc g%eﬁlgm?@gd %\fzﬂléégflfo%b lﬁﬁftﬁ hexrx?ydrates

(H2Bt€les Ao iter premire a3catglyshplf @ot@simmpedded éaléfofaaeaaﬁpehosphorlc
acid YR -0aBW)ERRA LS c81p8Bltiohh &Y, (O H] s, IPW ,04pi di um

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

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

perrhenate (NH4ReO4) (Mitsuwa Chemical Co, Ltd) was used instead of the
chloroplatinate hexahydrates (H,PtCls 6H,0) to prepare a catalyst of rhenium-added
salt of tungstophosphoric acid (Re-CsPW) having a composition: Reggg
Ho.5Cs2.5sPW1,040.

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

nitrate (RoNO 3) (Mtsuwa Chem cal Co, Ltd) was used

i nstead of the chloropl ati nate hexahydrates (H2PtC
wb1dBe) 28655 prepare a catal yst of rubi di um addedcalreom®ios7818

t ungst ophosphoric acid (Rb-CsPW having a conposition:

Rb 0.08 HO 2CS2 PWM2O40. Reaction and eval uati on were

effected under the sane cdnbdid¢3on as Exanple 11.

Result is shown in Table 3. Exanple 17 Procedure of

“Exanpl e[ 12 was repeat ed except That lL/b g of

[1uri Vi .
f_fd ;Jr:/vc L) o Eﬁeggg he ck{;or :‘{Q}%%i‘g

as d
hexahydr a péiq ?-tIZF’ C8DE%§ b 2Vl o st 351
tellurium added spl t Q) t ungst opftdsphori i d ( T¥ield
CsPW having a copposition: |Te 0.5 HQ[5Cs2 5P

U

Exanga€etilon agspwval uati 980 wer ¢ ef@geqt ed un(gerz t he

samg

SRR TS T A TR ML VA A T A

that 1& IPSCgPW  pot a36d um nitraoe (K\l(}a)ss(ssl gma 11.7

e R 2 S T BT R 5 i T

pot asl§ uhithddsitiWspl t @80t ungst o?fh@sph bri @2&ci d 1.1

(o oTel] PPy 2 compeg! Ll pn: 89q08 T 85552 PPWip
s 4fAdkwn i{n 23bt e

sanme UondTQ-C@HV\és Exad®le 11.
NN DA \

| t
3. Exlq;nplﬁé&@r ceduggoof Exa 15 vva§7r1epeat ed, 4

except at —327 otr—afmott—um g Herate \I\II HNe)

(Mtshﬁma@r@ﬁf&‘él Co 28@d) was d8e@d : nst 8&d of |t hel.l

chl oropl ati nate hexahydrates (H2PtCd 6 6H2O to
prepare a catal yst of rheni umadded salt of
t uNGSRopRERYMBENE adiede ( RArtedVWoHavPRg HIRPORIRE tthen: cesium

tungaaﬁ)hespﬁ;@e %alma@%m%aata) ONA aftgr&y of WabpO WeS 80 % by
te(?I undef the ﬁ_arre c]_gnd it op,as Exanpl.e 11.
weigh, e fegt i Shatato s B dRR OB SERERT et o
veilbe glegrdcedf sugpary (stfpper 10y (wmgltesi cesium tungstophosphate) /
elclale [ ghde) . A degree
(We%?pgﬁ%)portStgﬂgﬁgg&é}pglap@#%%?hp%% ee of support
is calculated by follow ng equation: The degree of
npmt (vvt% = 100 * (wei ght of cesium

t u\r;\gf lgﬁtﬁg&ro(f)t ggstgpqltoslgilfon%easclid'I ?&zlﬁﬂ%’fl;\?/ﬁ (‘)ms)p{] alt)r%duct of
Nippon Inorgamc Colour & Chemical Co., Ltd) was added with 250 ml of pure water and
stirred. Into the resulting white solution of the cesium tungstophosphate, 35 g of support of
niobia (Mitsui Mining & Smelting Co., Ltd.) and stirred for 2 hours in ambient temperature.
The resulting slurry was dried in a rotary evaporator under vacuum at 60°C to obtain white
powder. This powder was then dried at 150°C for 6 hours in an oven at ambient pressure.
Then, the resulting powder was fired in air at 250°C for 3 hours by using a muffle furnace.

Reaction and evaluation were effected under the same condition as Example
11. Result is shown in Table 4.
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rabl e 4. Tabt e 4 From the conpari Son bet Ween EXamnptes
and Conparative Exanples, follow ngs are observed: (1)
| nFedva phoduehmparisaf bamekri Exaynpdehysiidait Compagasiei Hxamples,
the yield of acrolein can be increased
fOHOO‘I'ng 359%15&%&]%&; as hi gher than 90% by using the
(1) cathaltlytsproaiccmm pfigcradeinhey delmgiration meashionarf, gliyeerin, the yield of
Pantiofth ¥an BAlRIASEd SRRRAIS sih WS BhA oY i
heteroopol yanam such as PWand SS‘?hw\gllgs ghégltgtg g;ol/n by using the
| e§3i@ ﬁéﬂ?%ﬂll% toythe) REgsentyigyemtion jappagticwar, sratadyst gampounds

V\h% wigéle ﬁﬂ@h)ﬁﬁ%e@er@b@@eaélﬂkﬁlﬁh dsSPWULSA B8W Rereplaced at least

l d of I
CLBR OV RA bt Rl 5558 8t/ e i ghest yi el d

of Vélesroha eropbyaciiMipha (gaticp osytkidei the peestht 1r(v3)1ti6'h)ewas used,
¢ Omeﬁgl%icp ﬁg ?éergge!e% 9§ Eﬁcﬁx gggr HTOV?' ergil?n %f5°/a8 ﬁ)'n{ﬁeq{ighest yield

oné e
bepﬁﬁgﬁoﬁ‘{:}ntf@f @%(}pngstpghQ} piC1BIdY t he Perl odi ¢ Tabl e

(2)

3) ggt"ffﬁlej??ig)ﬁ(}&%lod Hf PRIcLHAUMR the Hdsopg%ﬂé{l/ee@ealr% ;fulttﬂcer increased by
gl %&Hgﬁt '8k %@%WO%PW 9Bl & R [hef the Periodic

i n@ablkes of Hiymaddg ng particeRs! solbe ofl KpeR¢ tbethengatigh te@changed
Grgg gs 19 Group 16 of the Periodic Table of Elenents,
in pa|p Ircular, salts of Pt, Fe, O and Te. (5)

(4) Sugpe rqoadeltswtnab@/gtycmnmldcﬂhet)heldda& aopliexchhargefirther increased
Coﬂp%{ﬂﬁng St Slgﬁ)sqoéﬁeeqw‘?ﬂﬁhﬁaﬁt{lbﬁ%ingufbh G'ﬁ‘ﬁ 1?”10% Ede%'ﬁ?Wm of the
simlar conversion of cerin Sim Vi el
acPsrigdic Eapdsof El etrll*rélt%aw.n@ﬁtl@%ehéﬁgéef EbnksofricandsT

(5) suBuppéeéed taabRY &f alhidh NS REVAreXcheRd édxﬂ;s@rfal-{s\l svﬁported on
1. Process, for.npr rin crolein b (ilerf;//dratlodw i1 id of
o s it pS i E SREu IS RartelsiPd of BNV il siBlitar yield o

acrolein even if the cation exchanged compound is subjected to several times
severer conditions.
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dehydration is carried out in the presence of a
catal yst conprising mainly at | east one conpound in

wonniog/m2gssot ons i n a heteropol yaci d are exchangsdr/a#2009/057818

| east partially with at | east one cation selected from

el ements belonging to Goup 1 to G oup 16 of the

Periodic Table of Elenents. 2. The process of claim1,
wherei n said conpound is €epikSent ed by the genera

formula (1): Ha Ab [ X, Yc Zd Ce] nH20 (1) in which H

Is hydrogen, Ais at |east one cation selected from

el ements belonging to Goup 1 to Goup 16 of the

PePrasgscior grenanag agiolaie hy delaydsatinn ofyglyesyian chatagterigedgn that said

Sld driticilis baasd th:ﬁtﬁ‘é te €4 BRhEKS d least
S 4 0 R e BP SR AR nB4f s on

Ga PPy Wiigh pf&torﬁ ina hﬁter?pé%gae & exfhanged atsleq% pagiglly with

f r anlehdteongroatipn selequed fome:lsthdds BeloAginy tdNGrdap Crto Mroke 16 of the
Co pNi. n T Sn and Pb, a, b, ¢ and d being in
f FF&%@&Z@;‘E@SE@G‘“ <9, <b<9 0<c <12 O<d
< 12, e is a nunber deternined by the oxidation nunber

Of Tth@ eprSl:@s'm JaiaDq QI ?eﬁré%ldp&ﬁ%ﬁélx\lﬁie{%gﬁ?%seh{égl Wﬂ{éggeneral

ﬁr ocess of catlon
at ?rélasle (bke al kal i rret al cation. 4. The process of

claim 3, whergimspidyalZa.) -mi,@ is cesqym 5. The

proceiﬁapf any one of clalns 1to 4, wherein said
contains at |east one el enent selected from

the gr oupl rsdmird»gdnng W Mo and V. 6. The process of any

one of Cly i n
further aﬁig{%elr%asgl ﬁ%l%t@%'ﬁg"?%@ﬁ?&ﬂg bg%% "iiﬂg fo Group 1
bef®RgPHp lﬁ@fﬁhélfmmme@l@aﬁ Elgnertsteneemdridsogan, Tabl e

of El emetg.p dr siThe process of any one of clains 1 to

6, mhereén sald conpoynd i s 3? Qgrted on a carrier. 8.
The proc&si &l e%ﬁtzﬂnﬁm =mgHatessoied fogn £ groap Wﬁﬁﬁl%é’v Mo.
ti fI‘&ﬂZIa,V.SI‘ﬂH\I’lQaCrZMnCFBI @o. Ni, Cu, Zn, Ga, In, TI, Sn and Pb,

Z is at least one element selected from the group comprising W, Mo,
Ti, Zr, V. Nb. Ta, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, In, T, Sn and Pb,

a, b, ¢ and d being in following ranges:

0<a<9,

0<b<9,

0<c<12,

0<d<12,
e is a number determined by the oxidation number of the elements and n is

any positive number including 0.
The process of claim 1 or 2, wherein cation is at least one alkali metal cation.
The process of claim 3, wherein said alkali metal is cesium.

The process of any one of claims 1 to 4, wherein said compound contains at

least one element selected from the group comprising W, Mo and V.
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ni obi a, magnesia, ceria, alumna or silico-alumna. 9.
The process of any one of clains 1 to 8, wherein said

wEaloshssss i s prepared by the steps of addi ng apcEirRbIWI7TS1S

10.

11.

12.

13.

of at |east one netal selected fromelenents bel ongi ng
to the Goup 1 to Goup 16 of the Periodic Table of
El dilrengrocess ohianyndne af stlimsi oo &, wistreino paildyeamplourahdontains

of ot iyl t [ ' . Th roces

ot ipdr ot UG, U delbi 6 frofh, Bt dizing 4 BF 18 Group
undérofghe RerodishEatde of Ed¢mentsnert gas or a mixture of
oxygen and inert gas. 11. The process of claim9 or

10, wherein the calcination is effected at a )

t elfpEPIPERSE affanysene of doomp e todh Vheseingsaid camppynd jp supported
Pr eaessarfier. preparing acrylic acid fromglycero

conprising a first step of the dehydration reaction of

gl ycerol to acrolein according to any one of clains 1

t 0 The pnocess oif efaiof 7 owheliein sajd @armdreiompriseadityhiag sidich dzirconia,
Lonidths leddlfs 624! Mihislel] DR LAY one of claims 1

to BOH pr%parat|on of ‘acroleirn or acrylic acid by
dehydration of glycerin.

The process of any one of claims 1 to 8, wherein said catalyst is prepared by
the steps of adding a solution of at least one metal selected from elements
belonging to the Group 1 to Group 16 of the Periodic Table of Elements or
onium to a solution of heteropolyacid, and of firing the resulting solid mixture.

The process of claim 9, wherein the calcination is carried out under an
atmosphere of air, inert gas or a mixture of oxygen and inert gas.

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

Process for preparing acrylic acid from glycerol comprising a first step of the
dehydration reaction of glycerol to acrolein according to any one of claims 1

to 8 and a step of oxidizing acrolein to acrylic acid.

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

acrolein or acrylic acid by dehydration of glycerin.

25



