WO 2011/ 033689PCT/ JP2009/ 067115 DESCRI PTI ON CATALYST AND PROCESS
FOR PREPARI NG ACROLEI N AND/ OR 5ACRYLI C ACI D BY DEHYDRATI ON REACTI ON OF
GLYCERI N wechniosadsoFi el d This invention rel ates t ®@Ca/JRLILD67115
dehydration catalyst, in particular to a dehydration catal yst for producing
acrolein or acrylic acid by catalytic 10 dehydration of glycerin in gas
phase or liquid phase, to a nethod for preparing the catalyst and to a
process for producing acrol ein and/ i id by using the catal yst.
Background Art 15d ycerin is obtaiﬁ@aﬂﬁéi+tfggfannunt as a byproduct when
bi o-fuel is produced frombio resources that do not depend on fossi
resources, and research of new uses of glycerin is under devel opnent.

W have proposed, in PCT/JP2009/ 057818 and PCT/ JP2009/ 057819, an i nproved
dehydrati on cat AABALESAPAND PYOFESH FOR RRERORING ACGROLEINANBHEOR20 in a
heter opolsyaci d_anCRyghenceth gty bEasy DRATION RE AETIORt OFaeRy cgligneat i on
selected fromelenents belonging to Goup Ito Goup 16 of the Periodic
Tabl e of El enents. W)2007/ 058221 di scl oses a process for producing

acrol ein by mg%gaatrri@m reaction of glycerin in gas-phase in the presence
of het eropol yaci 5 used . as a,solid acid,catalyst. The‘'heteropol yacid is
Chose. of Group 6 ol BAEATCHEN LSS thactael e eralicn cor gt GURBSURD T &
aci d and phaodghlydraiopbdiatalyet dfor Therinchet esqepleliy aot dscrgtie aujipdsy echtalytic
bi - nodal,por hze. di sk ion sili,ca carfjer and, pro r i { . a
yield oflo86°f§ee h?ﬁfagmgleﬁ{;/ !ygt'é?‘gn&r%a?c%a%ﬁ ngll‘i)‘ﬁglcp?}ﬁsﬁ’,{ g\/itlﬁe@lé?& flg%s%é%})fag%ged
wi t hout oxi ddeicalystsarsuto aprongsaifor pypeincioy esanleis add/oromrylieacigaby uswgt hat
deposi tion oheGAtdlpR, i ncrease seriously and hence there is a probl em of
deterioration in time of stability, activity and selectivity of the
cat al ysi s. Tsukuda et al, "Production of acrolein fromglycerol over
si l'i ca- suppoBhekbhabnd appl y aci d* CATALYSI S COVMUNI CATI ONS, vol. 8, no. 9,
21 July 2007, 35 1349-1353., ,Chaj et al.,  "Sustainabl oduct ion of
acr ol ei nl.25 gas phas(gg'&gff?d‘rsa? t8W°8fmg|a§%"era(5'T°‘B\$ears &é’-ﬁpﬁ%‘g‘ﬁoﬁ%ﬁ% ?)'rfi’{] Bei d
support ed onprédaRed frénSbitltesoGREEMaCdaME TdRYend @n. fbesil 2E08rcqspadd 8akealh3,
and Chai et gt oo u%éug{: gla/’a@l%?s H&QL&SE@@&fmacrol ei n: preparation and

0

characterization zI r€onl a- supporte -tun'gstfﬁhosphori c acid catalyst
for gas phase dehyWeaverPopogndydefsT/IPAGHY/DETS Kiaend W& BIRZOGERERNS, afol .
353, 2009, pﬁn&er@Zﬁh?ﬁﬁ@ibﬁS@ti]gﬁtcoﬁh{‘ﬂiﬁﬁgQﬁaiﬁl}’ 8 QY SUNAPRY Wa et hhglots ol y
or de
&9

Fovever 21 ot BRPRILERE a1 aicperadth ot neast iArsaly dBchy ast one grasion

per f or mance. selected fMBR @EMABS8BADNE Migpp dbroSipok tb@irgui 6 of dseBerdodic dabkesef or
dehydrating %QJLEJI%Q” c al cohols by using a catal yst containing an el enent
of group 6 (Cr, 10 V% in particular, conprising a heteropolyacid which
can be supported oW Q2QQH/P5EI21codiselioesga ADFogiss TPT oprodhuciim a agodain s iy

the acrol ei nayfiydratiol @AYot PMES QB %%Q%Ha@é_iﬁ’\eﬁzrp(easenéz %ff i¥terBb¥lyac R
but the nver sj on de?izig%}sl‘}gs from100%to 70%in,

pat ent > 2B¥E03U B ERtaysty; eog@groggi)éﬁwg@shglﬁ%&ﬁ Crow §5°lymesm
conpri sing. ph.o;;tpbotmhmgﬁwiﬁci@raqi@,oaﬂigmlhysb;ﬁli%;i@gbid ?m wapi?bmw(bkt acdd
U's. “patent TBeos I8 ohANRGls 28 sU8boteE on s%n“gc%ig% 8 MEbBuap pilisa ¢
and het er opot§misk arslaprcslude peselemdaon weldopd $$%suppbist ddfydsation geactioncohi a
glngyf ;: ?ginab FWSE%%PB%V& id Strtaes WitHouR LRiBhicn skl Al niH 0t ream as
30  carrier gas, so that deposition of carbon increase seriously and hence there is a
problem of deterioration in time of stability, activity and selectivity of the
catalysis. ' |
Tsukuda et al. “Production of acrolein from glycerol over silica-supported
heteropoly acid” CATALYSIS COMMUNICATIONS, vol. 8, no. 9, 21 July 2007,
35  pp 1349-1353, Chai et al, “Sustainable production of acrolein: gas phase
debydration of glycerol over 12-tungstophosphoric acid supported on ZrO: and

$i0;”, GREEN CHEMISTRY, vol.10, 2008, pp.1087-1093, and Chai et al.,
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20 with olefins but there is no nention of glycerol dehydration.

U. S. patent No. 4,983,565 discloses a process for preparing a catal yst
conposi t i\ 2B11/G3xPegnat i ng titania pellets with an agu@6laPHGP/0G71EtN
consi sting of tungstosilicic acid or nolybdosilicic acid or their salts
fol l owed by drying and calcination. The catalyst conposition is prepared
preferably by inpregnating a 25 preformed pellet by imrersing titania

pellets in aBuaQURBYS §RIdIIchea Qf taQ?oIEHsz)trﬁ%rM&ﬂcaﬁ@' d Qfac{HeIzmeﬁsicIfi cic
acid, for exanple. Howev tent teaches nothin out such

feature def IZI*FISGnIanS‘tPIPQ“ﬁﬁe]s?eH{“giS Bphat1q Acid W@Vﬁn@ﬁ&?stwsﬁ#bY@'ﬁb‘P?am d
are exchanged diyceabl”, mu@w CATADYISE® lAe Gt ERERAI) #41e38BL go(wlwglmzzo
Gouplto% g the Periodic Tabl e .of EIe nt I._tj nore, 30this
catal yst i s Qeddse Bappilis s FHCRBL SHOTCRAERBA SRiin ELBERVE Rbr saialiSio
mention in dehdehyalraton of ggIcyscdrol Di scl osure of I nvention Techni cal

Probl ens 35Ther nt i t oVi vel
dehydratl on cat alei{{/é){"'gv e![?s(:&mp &Sabﬁ %P’gt ﬁﬂ% 3\‘@&‘?‘ 58?‘%;)?‘3&1;%

acrol ei'n or pecfoyimageaci d by catal ytic dehydr ation of glycerin in gas phase
or liquid phase. i
Wozoﬂwos@Q? 5‘%;:19&1 §§ J@Igé@g@%’ﬁ%b?&(}é 31 [dRhPY Crol;ng

met hod for preparing t ucl ng
and/ or acr.y RodYhyedrie algohels by ushre @&@@Ixﬁstcontammg ansﬂ@rppnta@fomep reMo,of

thi 3 :c nvent :WDI ip ﬂaftﬁ@{lﬁhw %ﬁnﬂhgcs—'ﬁfetér@bo%@ﬁug@&] %ﬁﬁoﬂt)@'slﬂpﬁéh‘ie@?fn\”a' c
aci rom gl ycerin at i teri 0 rompetro

yi el d. Techrf%/{:ré‘?r St W?%il%l 1or Za I%I Pg’tp?“s"'u%]oé"cfheo"fcr KR g @ggﬁﬂg/o ﬁ)r

i nvention rdSWd&E();mG%Cﬁﬁ'aPWﬂr@QnSﬂ%Ifok(Bl\WGﬁXD{TWilt shegoatersias Ueaases
het er opol yaCfr(gI tl@({?j?g% %g ggSI ted on a porous titania carrier.

In a preferred-e |rren %alyst conposition of the present
i nvention conprisds SapalleaaNo A0 4r38p & ABEELLE hdishlosks patelyshsoinposition

het er opoglsya I I (o}

el o6t 1o P pROSPERtngiic 67 bhofidorhdlbbdic Beidlon Sifigh sAPFpR Hlhe

Tabl e of El AFENER Yigids ‘H%@'é‘eﬁ@é?\nﬂg%%f 1ka %ﬁhéhﬁo%tél}@ Sitania carrier.

tAﬂot he[ Isubjt ect ofu. ts?paabemnts ,9IEXY malow§zst. dmlysﬂc@mﬁﬁ‘m@@eftafoppryemrsl ng
e catal yst, copposition regnatin a carrier

sol ution gf iﬁl%t gpeboao)}%%cug HBF W@gﬁﬁ(gp% ?.%o'fﬂgu% Q?l AYcxofir %?[H‘Igmxat ar e,

optional |y 2dtagiaconkhiy catqbys@gmasadw@rtahmaes alkylatipn suwhexgredk Pdticmof pbenaii t h

8, Solut iRy AhichlolEANuAREr IR mefliGE b dCERT AheATRR, Dol 0naing 1o the

Goup 1 to Gou Peri o nts or onium drying, and
firing the resul t.lﬁé AT NP x hB83,5Gh discdasss s pracssp doT Prenpra@cd it Hyst o

the pr estent wm;gm:imm bYaitngiegratiny ﬁ&aﬁ@geﬂé@cwu ahh&m&ba@%ommrmsmmg

i npregnatin itania,car. i,jon

el ecteq 11 oM BPENBREIEETid o mibbdophERa g eis Sebro A ook by BheBaindogi ¢

Tabl e of El ecedcinstion. offhematalysti segnpositién is pgphied preserabiyngy smptegnating war e,
dl t | Uty

et o opid ach F i Behtl b EIIIIl%Is“g laph BRILHCE, b, SufkodR bl Uf

vari ation, nb‘rnéSttoﬁkiWNt weidd ot freplyh Oéllémam@, dem Cb@nl?l@pr ddPwewrs. éhu’éclé@glltvel y

in the firstieafkysabiRtnigOfbotlt 8RcHY f&l&bf@d@ﬁﬁ&ﬁﬁ%@wesenmmmbltﬁalt pFddons
cal cination op The catal y ﬁt co osition accordin {. resent

i on
i nvention caft @@%F%ﬁﬁ?]@ac’gl g Pyhe Hol§aE ARSrGLRGe F"éi rREelsmenty el e
of i npregnat belonging tbiGrong, 1 lonGWhl h6 eficte Perfudig Tablewt Elemehfsecttdl wadrh, a

solutlon f n_ el 35 b t he 1to
Peri odi ¢ y CIHF%I?Z E%cdg ‘ %eoﬁ'“ Hcﬁ'ge@& 1<RepglY a%ﬁ?a‘?ju?n tilflgererrgrgenot han
one el errent mhtacmaddéln)ohatihn o@rgd)mur@lorrprl sing P, Si, W M, Ti, Zr, V, Nb,
Ta, C, M, Fe, Co; Ni, Cu, Zn, Ga, In, TI1, : '

Disclosure of Invention

Technical Problems

35 Therefore, an object of this invention is to provide a novel dehydration
catalyst, in particular a dehydration catalyst for producing acrolein or acrylic acid
by catalytic dehydration of glycerin in gas phase or liquid phase.



Sn, Pb, and in which at | east one inpregnation is made with an acid
precursor. Still other subject of the present invention resides in a
process WP 2PHEREMBPng acrol ein by dehydrati on of gl ycer PRTIBHOPPEdIOUt in
the presence of the catalyst. 5This invention has followng features (1) to
(21) taken separately or in conbination: (1) The porous titania carrier is
covered at l|least partially by a conpound represented by the fornmula (1): Jj

Ab [ Xl YcZdCe] nH L:0~ W (G oS+ : ' %?Pin :
cation sel ected f%%{r#tg?%%ﬁ%tﬂg%oﬁﬂeﬁgg%{gg %vggﬂ"p“?c ¢ én@gggﬁﬁg; i %gﬁe
Peri odi ¢ TatseEalgit @mdctoehPEOCEsE &t PIORYEBEetcrojein anfVogracgylic ag¢ hysupigedhbehan
one el ement geligated fromthe group conprising W M, Ti, Zr, V, Nb, Ta,
Cr, M. Fe, Co, Ni,.Cu 2Zn, Ga, In, . Ti, Sn and Pb, . Z is nore
than one el enent ssé}l&%ﬁefr?‘aﬁ?&?ﬁhg%wsn%w fospreyids a Repeesy forprodygingy,
Ta, C][ , Bh, fa'Eleclalcﬁ‘D,anNi acrQic afid fram khycefih, E)kﬁi and ﬁ)@?bialglmtbdex@vef fed n
satisfying fo wing ra S:. <a<90c< < 9, preferably 0 < <90 <
c < 12 250 Qfgogiu%hﬁt %H%EI%Q%Z n? 0 and e is a nunber determ ned by the
oxidation of the elements. (2) The titania carrier conprises rutile or

anatase or aFRLRARAH | f:ani um oxi de. (3) The titania carrier conprises: at
| east 80% a . The titania carrier has a specific surface of 20
to 120 nR2/g. (5) Théirgaiuybinetiod the prespst inyantipnkessidegdn 4 catabysbpompeyitivhe

al kal i et ‘a|cd'n§p1‘i‘ﬁ§é dtMeast an heteropolyacid that has been deposited on a porous titania
carrier. | S

In a preferfed embodiment, the catalyst composition of the present
invention comprises at least an heteropolyacid in which protons in the
heteropolyacid are exchanged at least partially by at least one cation selected

15 from elements belonging to Group 1 to Group 16 of the Periodic Table of
Elements that have been deposited on a porous titania carrier.

Another subject of the present invention resides in a method for preparing
the catalyst composition comprising impregnating a titania carrier with a solution
of heteropolyacid, drying and firing the resulting solid mixture, optionally

20  secondly impregnating the resulting impregnated carrier with a solution of at least
one metal selected from elements belonging to the Group 1 to Group 16 of the
Periodic Table of Elements or onium, drying, and firing the resulting solid
mixture. | ‘

The -catalyst composition according to the present invention can be

25  prepared also by the steps comprising impregnating a titania carrier with a
solution of at least one metal selected from elements belonging to the Group 1 to
Group 16 of the Periodic Table of Elements or onium, drying and firing the
resulting solid mixture, secondly impregnating the resulting solid mixture with a
solution of heteropolyacid, drying, and firing the resulting solid mixture. In a

30  variation, more than two different elements can be impregnated successively in
the first impregnation step by using a respective impregnation and calcination
operation. The catalyst composit'ion according to the present invention can be
prepared also by the method comprising more than one cycle of impregnation and
firing, in which each impregnation is effected with a solutibn of an element

35 belonging to the Group 1 to Group 16 of the Periodic Table of Elements or onium
or with a solution containing more than one element selected from the group
comprising P, S1, W, Mo, Ti, Zr, V. Nb, Ta, Cr, Mn, Fe, Co. Ni, Cu, Zn, Ga, In, T],
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(7) The conmpound contains at |east one el enment selected fromthe group
conprising W M and V. 35(8) In the nethod for preparing the catal yst
conposi t iwo 2a01038@dng to the present invention, one i NPPEFARLIOYNCTIE made
wi th a phosphotungstic acid or a phosphotungstate solution. (9) In the

met hod for preparing the catal yst conposition according to the present

i nvention, one inpregnation is nade with a silicotungstic acid or a

si |1 cotungskat gy, SQd! BRich(atddash %n@hﬁpF@\ﬁn@ﬂgnfiQ'inaﬁ%e\?ﬁﬁ 'aHgicﬁqu're%ﬁfs%H‘.YSt
conmposi tion-actcording to the present rnvention, one inpregnation Is nade
with a cesi um sal Btilopther o¥rbigct 191 The Rragégaenuen i wsiesf wr AeBrasgsy for
techni que ohPALR VI bYRIEIIR: 0RO lyBXGR S Sarsiet WutaR theTpr&@nat b®Mhe (12)
The inpregnation i's perforimed in a fluidized bed or noving bed to obtain a
"conposi ti of2@Ebl e in a fluidized bed type reactor. 10(13) The firing
(calcinasion) is Taiy R@ntith HaedelloMind@ifemaniierd tof (2a) nakémesgargaly or im

m xt ure of OXé%en and inert gas, or under a reduced gas such as 112. (14)
The firing €8 E:[?ar’i'zﬁ’tni‘on) is effected at a tenperature of 150 to 900C for
0.5 to 10 holy s, The pbeswbkiyardd artienmpercaveregd of 1860 pati6BY & a comppdsd The
process for pre i r i (dration of glycerin is carried out
15in the presen(%gmberfl’g?%g bg}aﬁlgl%g%u%ggﬁrdi ng to the invention. (16) The
process for preparing acrol eith & [%cfyfaDe] anHdOi s effldcted in the presence
of nol egyl ar oxygep.,pkf h the conditions disclosed for exanple in WO

06/ 087083 or WO 06/ 114506, (17) The process for preparing acrolein or
acrylic acid is effect edl isnh)tdﬁ@g‘iﬂyesence 20 of a gas containing propyl ene,
as discl oseﬁ folr exarrFl g&Eﬁgﬂ@eQEAIQ%98Qﬁtigﬁcke\/@téw/ﬂlﬁ@%@ém?ﬁtbadelcblfﬁgiﬁg)tot0
carry out the glycerol de ration stage beneath t ropyl ene .gxi on
reactor of the coﬁx’e/'é’ i b IBPB&BSD{Q‘E‘?%I?PR&%E?P?lo?%d?mFﬁ% eﬁ‘?%‘?{q{yggérnature
of the gas com ng out ofXihRtoriage containing mainly acrol ein and sone

remaini g propyl ene. 25(1§) wihe (RAPEES S1dfnt NFRd BIAFEOLRND Cothplisiflg Ot

in a reactor of the Iate?%ea exchanger type or 11 react or or
in a fluidized bedVi M Fiedet Br Nor Tanga ManmGa@»i Ny Gy éniGedopdly Sy 2pd a
nmoving bed. (19) pie resulting acrolein is further oxidized to produce
acrylic acid. (20) The process for preparing acrolein dehydration. of
glycerin, carried out i ré):ﬁ)ﬂ?éeﬁf‘%@ﬁ%épeﬂenttkﬁé’?e@é?éafﬂ?& tg?{% EFB1R SRR BV Ea
second step of amwxiMeatTioZroV. dty TaeCn Ma, Ber @ooNi.tCul Z2n. Ga. et rSheadf or
exanpl e 4yn WO 08/ %927. (21) The process for preparing acrolein by
dehydration of glycerin, carried out in the presence of the catalyst has an
i ntermedi ate step of paraitalc, dawmdensaisiiung dollowing ranges:heavy by- products
issuing fromthe dehydration stgp« ,a8935 described for exanple in WO

08/ 087315, dehydration of glycerin. is carrjed out under a pressure of 0.1
MPa to 0.5 MPa for an internedi 4t & bt dpPEsfe FXBaﬁbéoﬁdensati on of water
and heavy by-products issuing fr@ac¢se2 dehydration step.

25 0<d<12and0<c+d<12
n> 0 ,
and e is a number determined by the oxidation of the elements.
(2) The titania carrier comprises rutile or anatase or amorphous titanium oxide.
(3) The titania carrier comprises at’ least 80% anatase.
30 (4) The titania carrier has a specific surface of 20 to 120 m*/g.
(5) The cation is at least one alkali metal cation.
(6) The alkali metal is cesium.
(7) The éompound contains at least one element selected from the group
comprising W, Mo and V.
35 (8) In the method for preparing the catalyst composition according to the
present invention, one impregnation is made with a phosphotungstic acid or
a phosphotungstate vsolution.



Advant ageous Effect The catal yst according to this invention
have followi ng nerits and 5advantages that are inportant in industrial
uses: (1)WOePDIBBG@9and/ or acrylic acid can be produced RCTAPHIOYPE1Y/ el d.
(2) Deactivation of the catalyst is limted. (3) The catal yst according to
this invention can be regenerated at higher tenperature conparing to the
cat al yst having no support (or carrier). 10 (4) The catal yst according to
this inventj i ft.ai t . - o] daly fact, .the
resi stance tt%nwaqtﬁe{rﬁei ?ﬂ: ?%drar(g\rfggblff jg/ﬁ éi'%rtgﬁ'o/ghéw%ﬂ % %rgpggl&#? &J a?%ﬁorﬁﬁlgcglgethgf

t he conventi onalPTRang inysaitipac PHC dBPESENation 15 dnasiei Withta Hcorungste acider an of
catal ysts is sersilsungstateeoBltyier i n dehydration reaction in a gas phase
reaction whi f@ iIs eﬂr‘?f ect ed-ié 15 the presence of excess, amount of wat gr,
such a reac{l®h Insthsgmethod foF ATFRFTING, the, fAtRlxsts 6PRPPHRIOYs agoydme o dhe

| ower coficent r atpresent Giventioa, bhe impraphaten inmalie sHtacesivar sdlovsatigh.cohol

is used as eagtion nmedium. Still re ing to the inprovenent i
resi stance !){)\Aaaflaeer{mpefcﬁ??)tbqt}a‘r%po Oc,rB)rrgBobﬁ %ﬁe\@gf‘%"‘&?ﬁp&g P e\}@grc&%ﬁmed
when aci d cat al ygtexsass stdedon amp@oatiahso sol ved Best Mode for Carrying
out the Inv i . Tk v:acl d,. :
structures ggic)lhoghse We%rgeg?]atlg@"pgfﬁegg@g%g @gdpguﬁ%éﬁzg e?gggvp@z%&gﬁgg%&%ss
general |y such tfogpasfier usable pa flidjaed hed @ neac®r500. There are di ner

conpl ex 1§ or B3 Anphd hﬂ%? @b atAYRS S¥rrfaCodtNEderad difokPker AN inert gas
i nvention. The elenments belongjng to Groug?l to 16 0 he

up f
Peri odi c Tabl e d¥f EPEHERE 8f ARyeHanblictigasy of 48 mme#mﬁcﬁaamu%ééi m
magnesi um ¢adxiThe fisingqBilciimtiodyid effectsd anditempenatirei M50l @BGEI L, 0.5

titanium zirconi haf ni_ umg - chrom u man se, Jhenium iron,

rut heni um osni Bt %c%‘érlst pr 'E:?ggh%a?eﬁ)%firpﬁ?ﬂm ?ggﬁlt? Q;a?l I ?di um - pl ati num

copper, sil\&f) Thd proceenfor pgaparingracroedn by dehlydtdtionno f glyremmiisioarricidmut

| ead, bijgnmuth a ' ' | - yacid may be ami ne

salts,  amoni umrigathg?F%ﬁgﬁﬁgﬁ?ﬁﬁgﬁﬁé&éﬁggg&tgggﬁjﬁ@lgl ts. 35lons of

mol ybdenum &) ofbe pregssetormseparineottsplein AT apiylie agidiist¢ffecéed ieihgspresence

pol ymerize to fosfmddiecd ¥R¥eaci Withf thei EhdiRbRCculRlosvai it exallifle in WO

pol ymeri zati on rr% g%ﬁpe %?/‘gg%%l y with the sane kind of -ﬁg}goaci ds but

al so WD 2011/ 035888 A 5P ‘wi th other kinds of

oxoaci ds. f | €l @y opld pawiess far paeparinmadrdlgin o8 essilicacpbisyeffiitedin gter preseance,

obt ai negpby ' con i y n i ci dsx

whi oh T80m ¢ ho Seaea: cBRuing OBy P Cs? WReIR0E Tof beiRRON eq 200

form ng oxoaci dsansli¥ @RI K hateiatsey teearryi ehtahel gbyseap hdehysyation stage

Dhoaphor Lo, | ar sen e B R re D L o

titani um zi rconﬁ’?ﬂ?{ﬁtcﬁkitg?ﬁ ]é’ﬁé ’ Wmﬁ?%&s gzaﬁeﬁ?mb?ﬂ)éﬁﬁo?fjggéh&tage

silicon are prefesmbingng Mamlpatioleinaie somye pendiiiny jaepylenct ungst en,

vanadi u ni Qi u lum A t num :

ororer e b Th RRedeRTI HRon OB AR e R R P SRR LA T AE bt BERAR B

gl ycerin dehydr agxahanger tapy or imayfixed bdduiegstonohds pHbridiged died type reactor or

tungstosilicic ag d.i:Phas YoiLed 3¢hid aHshisk bego nol ybdic acid. The

het er opol yacj d mak; Bg a%ﬂgg@?%%ggglsnate éo_rrprlﬁ%i ng the hetero-atons of

phosphor us dr 93i The sesudtiee aerel¢in iy furthgroxddizedity produssrasriig acidf nol ybdenum

and tungst enp209r THE peskesd Gsrdhrepadn®hcrdoléifi Hyalthydration of glycerin, carried out in
30 the presence of the catalyst is followed by a second step of ammoxidation

of acrolein to acrylonitrile, as described for example in WO 08/113927.

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

35 .described for example in WO 08/087315, dehydration of glycerin is carried
out under a pressure of 0.1 MPa to 0.5 MPa for an intermediate step of

partial condensation of water and heavy by-products issuing from the



15 and vanadi um or m xed coordi nate of vanadi um and nol ybdenum In a
preferred enbodi nent, the glycerin dehydration catal yst according to this

i nventi orwoanmwa3seds a conmpound in which at | east part ofPCprIB20M867115 t he

het er opol yacid are exchanged with at | east one cation of alkali netal. The
catal yst conposition according to the present invention used for 20
producing acrolein and acrylic acid fromglycerin contains preferably at

| east one el emn&elﬁ%‘r&'&% £eef,roma group conprising W M and V. In a
preferred enbodi e afkali nmetal is preferably cesiumand at |east a
part of protons in the heteropolyacid is exchanged with cesium It is also

possible to &ac@g%@; EffiRgt a part of protons in the heteropolyacid with
cesium 25 an renai ni n&m protons in the heterogol yacid is
exchanged at Ieas Iifar"?‘aé}’ﬂtya‘?/ﬁoﬂ' &t 19 dhig ipyantiog: hewe siollestiegl et and

el ement s Sbelmghﬁ@e§ @ha@a@élﬂ'nﬁohﬁnt%%@uéltﬁapﬁséshe Periodic Table of
El enent s. | ei n, an a I C a uced at _higher yiel d by

usi ng the gI eri i*g8 ‘)(‘Sr‘?c caqc)@f:ag ﬁﬂ’é@g?qeéinwﬁhcbéghﬁfﬁge Igo t he
present inveljion. Dd%ﬁeawatlamoé thocaralyst is bmitedr eased by 30 exchanging part

f ‘ d h the |jf f
D1 9L QL onEkh oBatlAe ASLERRPALVAR dpdirhibor B2 W bRt bl Skt ©
wat er - sol ubl e. tempemuemmmparmig tdﬁﬁlmleky&tshmhyno(mppértr(bneag’:rhe@aI t of
exchanging C@g' on Tl d@attﬁgqu;ﬁ%q%gdln%u ﬁ%ﬁ%b o} hl%&fnqg[ngl Gabdde Chac?ge

of cation to be added is ss than an e ric C
het er opol yani on. PSR- SIRREE|- Satahysén éﬂc@m,othwwhswm deswater lis Iesmaaahld to

a het er opol yani on 1\z‘;mp‘trbv<€d1arQﬂsth@fco:ﬁtrar)1E he &@E Io?hé %oﬁd@lﬁﬂ)n‘%ﬂ‘ﬂ@{eréﬁol%cﬂdess

t han 3 equi val ent ero ani WO
2011/ 033689PCT/JP2¢@8@7%8’7%f f?’FBﬁlW{OH ShargRlystsr is3seriquy dacther o o
het er opol yani-on wglyceﬁmdglmjakaﬁoﬂfcachbﬂ inat gmha&caélaR@ne\quﬁh ib @ffectddeins

than 1 ui val ent t anion. f cat.ions are

i nt rodu?gd an’ armt?}ﬁtsljogg r{l}%eg(f;;%?(%%’s f‘%“"&&ivﬁ 5’ SHCI%L?CHX%?WEnHWgt%ata t he

total electric chdbgéral antagqueaes svivtibacfnslycenmal l@wcmcmimsratlhanoam a

electric charge ofligig phgienPRRIKARe o ofwé}r!alé’dﬂ?);l ufdd & Hﬁeﬂgﬁﬂﬁfﬁ“ on
on('s e exc

of inorganic saltcér a proportion, of the cati ane
protons become excu&lmpe, W@gatt‘:"t‘thw-l’l?“b‘fc”é’é’cté?y%%lStPBC%EbWP% Q)Pfqbd@nﬁfel ds

of acrolein and acortdstomof desttcs|tbaewes oblervbd wheheacd ce@l@k Weds wsed can
shorteneg. In a vald Atd QDtve he gl ycerin dehydration catal yst according to

this 10 1 nvention con%al ns Turther at |east compound of el enments bel ongi ng
to Goup 1 to Goup 16 of the Periodic Table of Element in addition to the

above conpoumgkt Mlaaqui:rm“ mptl lgﬁ,l onging to Goup 1 to Goup 16
i salts or oniumsalts, The

of the Periodic

metal salt nmay be g Pet6¥°13t°é}’3r%4 iig PO WRatnchhag sewraketrstiresrsh asi Keggioum
copper, cer :uyms Bawyei twbdarﬂcBAﬁBWEbﬂgppe lﬂi}@wp@weldﬁwdrhﬂ%_@ﬁah B%lﬁiﬁb[&;@ﬁé' ts,
ammoni urgsa SpheNI U and sul f,oni um sa sal,t or

t he oni l?n% sa *?lghp&%bza{grt@pg}@ SB‘?ﬁ e R AR © 8TD§|1‘3‘S f?ﬁ“c‘sr a0 tahoéﬁr@)’ﬁ'?redt e,

sul f at es, acetmaplex arﬁmﬂltdqddashepxcsnéetsmdnhal i des of the netals OF of

oni um EA)UL e Sﬁt T%egbé %er ag{ﬁélgh@gﬁ%%%ﬁr} 'tc?@r% 1B ETRE PerBd Thile 0001

metal sal ts DIEMERES GauRe s%ﬂ iU mﬁtﬁsé@mctuhl@lmheCWe MRAPMG ST . calcmm As
the nmostly pd‘tﬁfrﬁfuﬁﬁdbﬂﬁﬁﬁ%@hkiﬁﬁn,c?&ﬁhﬁstladl[xar%ﬁdcﬁ’idd?umf olrk oty he éml\)n:n e

conposi t:#Oon that .has been deposjted on a por%g titania’ represe
gener al ATV, | BangAnesengheninm, Aron. yptheriyay] osmiumoGopalis rhad W‘i@,ch H
i's hydrogen, iridium, nlokel,q)&ihdh\ﬁﬁsplam&nﬁ&fopg& salvegted,f ziaa élﬁﬂﬁﬂtlﬁdmm

bel ongi ng t Qup,.16, of. the P r ic Ta errents xcept H
Xis P or S?th%w ée}rﬁaxﬂ%tt%né cag, e%‘fﬂ’%s&n cté élb'“luflbm &HE Yy s2 alts "
conpri si ng vhetm,pomamdzmawbermlma salgy,, almnonﬁm Sdts, I\phosﬁhomﬂm s&s and,
T1, Sn and P&ifonium salts.

35 Ions of molybdenum and of tungsten form oxoacid in water and the

oxoacids polymerize to form the polyoxoacid of high molecular weight. The
polymerization may not be effected only with the same kind of oxoacids but also




Z is at |east one elenent selected fromthe group conprising W M, Ti, Zr,
V, Nbo, Ta, C, My, Fe, Co, N, Cu, Zn, Ga, In, TI, Sn and Pb, and a, b, c
and sati sWoizog/i3adsbowi ng ranges: 350 < a < 9 0 <b 5 9, pceierapbe16 < b 5 9
0<c<12 0<d<12and O<c +d < 12 e is a nunber determ ned by
the oxidation of the elenments and n is any positive nunber. 5In the present
i nvention, the above-nentioned conpound is deposited on a titania carrier

ng;gPPOL;vewﬁﬁpgﬁ{&eﬂm?l@t Y §kodciad " tltfi\t%r& %)f%actla SI’fBah eSolgg‘({}rg' %éﬁ%)crsﬁlﬁgd
conpound r efodxaplear B‘}“théef@btﬁmeé by) C¢I§i°BSQRDOI993f9H%bthB|gm kinds of

preferably DxoaclQ. YA adkh WHich Folode el ibr 9{04&%@99@5& h?r‘hfter% atom’The '

catal yst may a}ive an ha e and an be D'gsl;anu er or nono ‘case

of gas phasée”Pehely ¥Raci %f“rf@" ’&Eb"a‘kﬂnéeft@(%ldda'%%@bt@meél%‘thel nt o

a shape . 6f rmnydnenlaan@mher@,ueaehd ep51y stomsnderthed et Sty BAGT be balicf the
i ke option or the cat alyst is Shaped jnto

these 15 339‘3%5‘\39%’361 %’ﬁgmfo@@f’ffer“% ﬂg%lg Rqrgp. aAWPIBRES GEEPaniYR), titapipm,
agents. A siziroofumpkerumc ahdlohsd mien f orArﬂomnghem;L ptho spkbriven dndr sidicbhx&d bed

d | th f of fl. ui di
?gact gfsf or aé}hger%cggg%fé)drlyggéé%gr | S’S (ﬂoc;ytéqeﬁmm’tt%PgﬂﬁP’eY%Hdé%‘Int IBZ(ﬁ’é% a
powder with adptantdlpe e Amenggtheparmplybdenimeantl stngden iave ofemairie] y The
bet ween 140 Mel%ggmacw%qjs%a%'t&sbﬁwm& 60 P?%[%r&% lgé%rm deh¥drgir§8 GRhigly st

conposi tion acc to t present 1 nven can

rdi'ng
successi ve iTpY g&n’a\‘t“lgétr?l’éﬁs%{mé%fr peidy typastosalicip| Qﬁlﬁionh@@hamqlé%@@ Q?rlida andt al

sel ected framied eﬁ&bmy‘:tﬁhbeh@nﬂgl NATHed }iéwmﬁe@ueldl in@y GbeuR Jrﬁu@a tcbsrcﬁﬁ&ﬂeodl c
Tabl e of El enents .or .oni,um a w th,a, solution of, K , and 25

et er qpol yaci d
vice versa. CHAPTEURGt §theé%fﬁ %EPE’S bk Phe Feruy °By3’§ﬁ%é§8 8‘@ MUY 6n of
a carrier wimixed ®wirdinatnobHnoliidenopohyd tingseang onihixed @okdinkenoHfungsteneast

one netals s i t he G oup 16 of

t he Per?gdl ?n'?ciq%qd ‘#‘RE} g&gﬁg&gﬁ%g&g ‘}agﬁl{ehrn 2te}ladc‘fﬁ’c’&)ﬁ’%ﬁeé ]%'at ion, the solid
can be dried and fhrweéﬁr%g@bomwh@mqu@@maw c@tnlbbeawrﬁmgnbed by
the known 3Qh:seﬁiu%hﬁuﬁscdiﬁpmsea QlpiRink R RBRA hpfieé%'i ﬁ%@%?%rémngtlh%e

A T L N I O
"firing" or "cal ciTist catalysar@mseition acherdiggrao mbanpregent3iiNeatby, udddefor
ot canat: ng aopr Bpacnaaioal] B o5 BREEN i (SRR Rl SEREBE
titania carrd émemssqlwwnnmranp sompoigingsVl Mo end 3t at | east one netal
In a preferred embodiment, the alkali metal is preferably cesium and at
least a part of protons in the heteropolyacid is exchanged with cesium. It is also
possible to exchange at least a part of protons in the heteropolyacid with cesium
25 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 1 to
Group 16 of the Periodic Table of Elements. Acrolein and acrylic acid can be
produced at higher yield by using the glycerin dehydration catalyst composition
according to the present invention.  Resistance to water is increased by
30 exchanging part of protons contained in the heteropolyacid with cesium, so that
the life of catalyst is improved in comparlson to heteropolyamd that is inherently
water-soluble.
An amount of the aqueous solution of mineral salt of exchanging cation is
determined in such a manner that an electric charge of cation to be added is equal
35  to or less than an electric charge of the heteropolyanion. For example, when a
cation with charges of 17 is added to a heteropolyanion with charges of 3", the
cation is added equal to or less than 3 equivalent to the heteropolyanion, and



WO 2011/ 033689PCT/ JP2009/ 067115 sel ected from el enents bel onging to the
Goup 1 to Goup 16 of the Periodic Table of Elenments or onium The

resul ti noweebighssasst ure is then dried and fired. In thepprgpsndoémyention,
the resulting solid mxture is secondly inpregnating with a solution of
het er opol yaci d. Then, the resulting solid mxture is dried and fired to
obtain an objective catalyst. The solution of at |east one netal

| ected f | ] | i t 1.t 16, of .t he Peri odi
Table of bl s £RES o MR £ KIRIER T B SbreBroabParmicR shiaes af der de.
carbonate, dbetatien iiaddedesquntabate jespitbsphatquivaleulibathe bdftermpodfanteon.
oni um 10A tWB@ﬁ'faeﬂeralftfﬂgf%ﬂﬁéﬁy are EIRACAE 'aﬁrﬁrﬁ&throq"tﬂg.ﬁﬁo .ri]s(ad?tr SR
egnating a ti Fmpha

i nvention can be prepare b%/ I npreg . ania carrrer f1irs

sol ution of AR dyBryRedithat thertotal migsteic charasquietesations beormes equal to or

het er opolsyaqesh thanPmeslaéed dHared b theHQBropBByaaWHEOUEr siPAMb Lo Phn aqueous
in

het er opol yaciij LS 8fe ared, it is preferable to renove waters contal ne
the het er opdPYHIAHOT ARAepRE nsalt oL adPBeTtie® fhather catpnipyta by sxghangedewith
partially orprowinal beconredekcesapieytherackiont- 6f ¥hndyst Toesposied! &7 aige SMIAY of

mxture is t r] fired. .In the sec iipregnation, the 'resulting
i npr egnat ed aggcplg ﬁleérﬁf%&&ﬁ%Pgﬁin%fféawﬂetcﬁoraﬁlfgl&gtqf%taggstdf Sﬁ%‘égﬁe ne met al
sel ected from el edBnas vhsbioni the tglytdrén Glehydrdtidn d@alyp bocafditdetoPehisodi ¢
Tabl e ofygEl S i I Vi and fi.ring.operaiions to
obtain. S Soon i Sailh hmt e IR Coblpqlng ARG HACERP T BrpBRT &
accor di ng t &N 1t e5éhe Penipdiot Tolle cafnElseept dpadditiday ta e At teocompawnd.si ng
mor e t han orieheCy&iBo@id ioTRE1EEBAYs W¥loARiE s flof GRSLp h Mot bkéu&?q\%eof 8RCBerigdic
|rrpregnat|onr|i e cted thfa so| utllon of an el enent of the group % to
bel ongi ng t o e gﬂ?be“f Sffahwlgroraniupenitadl ke mettlesadimay bejsahteadt s
?L oni um or teilatium, splativum) gvammm_rrigo;gorzﬁ{;/bm?,Q_?@pleégr&mﬁmgekﬁc%gqngrom
e group c g i o Ti I, . Ta, C, , _Fe v Ni,
cuc I 1R, YRR Phe doiuogealRmey b Fhnesall amifonivhs1{Es ohs SO 1 n
an aci d predalsend spHoniwmepales i ohhe mietalsattairgbe oninmpssi tiagrbegerepartidrigomo

the present g8 d C epar, y LOg Lt and er
kgl a0 e i) LAY, btk gy

firstly andtgﬁn 3h , , [

added cont i Mibdes ¢f the metals prof eRjnat befare At HEitedrthereio oud proparHsinedt the

t errpgr at ur 3 rhetabuilt _290)000;_& 60 % NP Yeditid! ﬁ&g@:fabﬂbg_!ﬁollgpgbt"/@ftﬁ;bwglighlﬁ_ﬁch‘

may be uged, ired, is treatnent may. .be continue refera Wi t

agitati olbr?i), ftglftﬂgggﬁ? nﬁgzll %aglsa%cfb? OBIu{R §p1L “éth Fqspee #‘8 aﬁ@?ﬁi"?mpﬁ@“ queous

sol ution to penet rist édhe hmopdy eprefdrrec alehydtatioanicatatyst r o £rglydauin, afdljowinge

amount of aqieHbsi 4140 f n el.ect. lie

bel ongi ng tgdét he lgcf)ﬁughéit %cheggph%ﬁgfatﬁ%%gﬂ% I lt:l #%%?rgbgéfg%gngﬁﬁtsh%or

oni um and t REPREALSPBRBIRyALIsomentianeds used shoul d be adequate to permit

full imrersion of the titani HgA[[KEYSZ40,] + nH,OM th?)end of the i mrersion
f

st ep, t% exgess paueous. sol ution can be evaporated omthe treated
titania Carrrers, or it can be renoved fromthe aqueous solution and

pernmtted to dry ithishyirpigen oven. The exact nature of bonding of
t he catal yst conpogifi ' [ di t resent invention is Aot
conpl etel y under st%é%l?pika@%gér%lgﬂg%tsg]cu}t% ggf:norlgm?apst g‘%ﬁ%lﬁgrt@s@ﬁ?up L to

S
i nventi on us@wupnl @ péthy Perdodia mlwoifﬁk/dnmmtm&celpefhnhydri des or hydrates.
In fact, they can pg psedkjafter pretreatnent of firing and vacuumdrying or

wi thout pretreatnent. 10The calcination can be carried out in air or under
inert ga® such as hit pblyast onfeelemens seleaied Sromrthe aeup apmprindgpie Mo oL

rr:1'>(§e‘d gas ofZmiv, Ny dla, IGBIMI?EE%, GSgFﬂiJ(Yu\O%nJG%%\ TE@%C%id%,gaS such as
ydrogen or an atnps re . of mxed gas o rogen and inert ga a..
furnace such.as mf ﬁozlé}elFElsrtnOeﬁ?e‘fle 8?'3?936’%?‘? E‘?é’“?lt ﬁﬁ"i‘@d’%&f‘ﬁ“’&gna eR’lGFHFé'
furnace is nét V.ivh tked Csphimi. &kl Go, WheCw &re iGuainoPl. $6 @ Pbe aal fgch,ed anden
in a reacti / 1Sl for the glycerin dehydration reaction. The
firing tenpgiag%ﬁ?gg ﬁ;lé&g&gﬁﬁéﬁo to 900C, preferably 200 to 800 C and nore
pref er aﬁ% 350 to B8@CS 9Thi s can be deternined by routine experinentation
for a particular aqatelygtprefaapgrpkly €9 above 900 C shoul d be avoi ded. The
calcination is corqti(nug usually for 0.5 to 10 hours. 20The dehydrati on
reaction of glycer n %ae 3‘rdi ng to this invention can be carried out in gas
phase or in liquid phase and the gas phase is preferable. The gas phase
reaction can be carried out in a variety of reactors such as fixed bed,
fluidized bed, circulating fluidized bed &nd noving bed. Anong them the
fixed bed or the fluidized bed are preferable. Regeneration of the catalyst
can be 25 effected outside the reactor. Wien the catalyst is taken out of a
reactor systemfor regeneration, the catalyst is burnt in air or in

. o o I T R 1 o o o



The reaction tenperature for producing acrolein and acrylic acid by
dehydration of glycerin in gas phase is effected preferably at a

t enper at Weo 20f1/B83C to 450C. If the tenperature is | owePCThIRZNOZ0OTIS t he
|ife of catalyst will be shortened due to pol ynerization and carboni zati on
of glycerin and of reaction 35 products because the boiling point of
glycerin is high. On the contrary, if the tenperature exceeds 450C, the

sel ectivity of acpalgingndqacrylic acid will be |owered due to increment
in parallel reactions and successive reactions. Therefore, nore preferable
reaction temperat@Fe t9133@ Cto 350 C. The pressure is not linited
specially but is prigfse SMBhiddaal X t han
3 atm Under hi her§ riég{gh?relsj, gas'%e:‘ai gﬁ%ﬁ?g}e@ ?ﬁnmﬁ%egﬂ%ﬁtﬁ?&qué?%%d
deposi ti on dPOSHEE 1| be pronoted by higher pressure so that the life

of catal yst will Ipeisdipfdsefiethvention, thefatoRetmémiched! congBiindl isdepd@ted Sn
preferably 500 to 10 i I GHgv The

000h-1 in termof the space velocity of (
sel ect i vity ' 3HETFSHOF é&PP?“t(hE“@de@éﬁlﬁé%sl oi%rth’fs HEXt serons. of grrater o
successi ve ragaupporithavérnhd bame ardaniigy, i f the GHSV exceeds 10,0001cl, the
conversion wll begl d eaction,.temerature of .t |.i qui d phase
reaction is Eref e?‘éb%g'?’?‘o"nﬁ‘%‘gg‘ggﬁ’%“3%’68“°ﬁ‘r?8@é’|“88{f’?ﬁ¢§§}“9§ EP’ th%%l%lﬁ‘b‘ﬁfled
under | ower (Delipetal®Pds byl whinhghprefierabbng ¢o S0d% bys wieight dv eble WBlightreefattiei on
pressurqQi s dagtied i Mted specially but the reaction can be carried if
necessary under a_pressurized conditions of 3 atmto 70 atm 15The nateri al
of glycerin is easi )Fa&\li}éﬁtl%@f Bayhany shape a3d cagiheogranels) pewder of mghgbidr.i n.
Concentrat i da cabe bNgasshiRe ¥eaciind! hoWeddr, fliy peéferibistd fBM8 MeXlakAyAintd RY
wei ght and r%ge pr.ef er alblhﬁ 13 %to gqo % bléyy\el glgh Tooi&i %h concéentration
of glycerin RS fBapelith, phere. wdlptentytindes, dallew Gxlinderqbae i theelike s
or undesi r abiptionelytwith bédingen hioddingsuid iongtircicaladjse Rr shayedl iimtoachddeand
20 mat enisal i i i.s.snecessary to gasify glycerings
i ncr easelc?. ‘Q’l‘lﬁ%ﬁf"k@\/‘ﬁk‘?ﬁg‘mﬁ Le{"[’slgl?lt | \g}'eﬁﬁ?oor}) W af %él]}&’glaﬁcﬂéd [ %ect?f
detai | with Relded cptadyss és Ergxagpdend| tesl 0 imm farrd Sxedbedandiessitban d mwtfope
limted to thpsdidayenl bed in follow ng exanples. In the foll ow ng Exanpl es

and Conparative anpl es, % 25 ns nole % FExanples. Exanple 1: CsPW Ti 02
15 g of CsCOB m%“%&%ﬁ%éﬁ“ﬁﬁg@g%ﬁ?%@ OttB? Pfo%bf%H%ﬁ%&@@lF@B’@

so: ution c]?ris pirefierrgd Ro tha¥e of pcwslélumimaaﬂéﬁaptietezzgsﬁhé’g?pghcl&bi&;dmuﬁﬁgﬁop g
sol uti opno spr.a n 0 owder obtai ne
by grin iong %ﬁ‘?t%@%ﬁ%@%%%ﬁ%?@ﬁ%@?3%?1*R?(Slr‘p o"4i nt Gobai n) to
35 to 48 mesh. Thdbeesatatishgropapmitiomeaccdrding ot thd @Cefent Bvhatios cndbehen
was fired i bire® s eh ‘ f - S ot i [

357.0 g of '[burgbfrt olgﬁ,gss%t:or‘i C %ﬁ%@@@ﬁ&aﬁ%@ﬁ%ﬂhé%h%‘i’%[fbggﬁéa};gﬁe |
water to obt‘ﬁ?tﬁ shlestrde om Llementsnbelpnginggta hhddioner | toabireup 118y offthene
resul t ij ng 3@ BiddiaTableust Bte_lmﬂmtoz' @% @ﬁnithﬂiai%ﬂ_s\bﬁﬁhpﬁhﬂéﬁ %f&ﬁ%&oﬁ%@p&ﬂ&?@ndloo
sprayed s@nt q,. ov i,02. e, resultin er was then dried a

L over it bETeRRD LHEalbgsy o9 RIsbrioe, BiEraTstb O RaF e R ADBECHRAIR il o
to obtain a aartiemyiheasolikon ofippteropaigaddd @dokith hesodwsoniof hulegst ophmspiat e.
This tita.ni i i , i riicl i Q 4

resh. m‘%ﬁﬁggj‘?’% oRmahE R dng 48 Grdll L 15 Sxlst Pl 3 Bl
under anbi en?aLb‘?@ FECRLS Qf PREY badicr NgsB| ipprognations thhsolid pant bengried

catal yst povaier fiye apatek&shdd balowar dpre@astion tah URE pbAbARE] &y ffe kRowWH) -
An aquegﬁs sal ut.i on Of;Hogrl yc?rl n.(a concentration of: 58 % by wei,.ght) was 10
fed to aN evAPUFAYGOLROTS YOTURE ALPECEDATIon o CXLATs SAbRfdRTh ERPERBRAIN-t r ogen
(4.9 NL/hr) and wiThe catylyen compdsionhedn also280 Grepartddy. gpascariflg Wasthod
gasified anqv;ttllg s%fas)ﬂhb;e?g gasified glycerin was passed through the fixed
catal yst bed. e'T1°xed Cat al yst bed was heated at a tenperature of 275C.
Feed gas had a follpdhisnigxt,owpodings of ‘ifirinm] o0 cajtipetion’h are uzgdyém thaisamegen:
water - 5.7 meashivg: 14.1 :76.1.

35 Namely, the catalyst composition according to the present invention can
be prepared by impregnating a preformed pellet or porous titania carrier. For
example, titania carrier is immersed in an aqueous solution of at least one metal



15 GHSV was 4, 530 114. Products were condensed in a condenser and
the coll ected product was quantitative-anal yzed by gas chronmat ographs (HP
6890 Agi lwot2p11iEBA®Icol um, FI D detector, CP4900 Vari an, PErlJpmapheti:and

Mol ecul ar Sieve 5A, TCD detectors). Pr oportlons of. pr oducts were corrected
in factors fromthe results of the gas 20 chronatograph to determ ne

absol ute anobunts of products to calculate the conversion (% of naterial
(the conver %/ tiyi f target s C

Sel ect i vi t1 SSrapet i ERizhébhe, telnghy R ch i) 1B RESus dpop ofhes B
substance (thwlepEElpmetts gepnivgi.n The resulang yolid nrzhuty is iftkma drmd/mdsﬁmi (%
of material InttH@p&%l:ﬁpinthn Fhe Péyuﬁ%% et éHﬁf&?@‘fsese%BQd%%uEP*?sgyat do i

obj ective subs ance 4 et erm ned ovm ng equation conversion
(% of mat eﬁ%’l“m?a F?quéoﬂﬂi}ﬁfé‘i’ ofh ﬁ'&t‘é‘ﬁlréfu’ﬂé&ét)bé mpixgungds drigd and fired
mat eri al S5supplabeath af dijectirecaaglyact i vity (O/c) of Obj ective substance = (a
nol e nunber of objgCti Y& subst.an obt ai n e nunber of 30nmateri al
reacted) X 100 TheFIeh ylsgl‘glctrbﬁts?)tfa]e%sgjoé‘gﬂl?}éf §ﬂﬁ%‘?§:‘;|%é“3e(%°%%l°ﬁﬂ%e‘t° the
obj ective sébouantaoobraimed df therBerodicnDableodf Pmental orf eamXcaRbeRaaul t

is shown in ;%El@é)gs %sfl\ig T&blhghc}cl &Q}?%C%ngt rggﬁ)rgn(ape} ace?tateGI Xl(t"rate oxalate,

conver si on Tl €] e
phosphate or sulfate of metal or onium,

/ 10 Alternately, the catalyst composition accordmg to the present invention
can be prepared by impregnating a titania carrier firstly with a solution of
heteropolyacid.\ For example, an aqueous solution of heteropolyacid is prepared
firstly. 'When the aqueous solution of heteropolyacid is prepared, it is preferable
to remove waters contained in the heteropolyacid in a form of adsorptive water

15 and crystal water partially or totally under vacuum or heat-drying. | The resulting
solid mixture is then dried and fired. In the second impregnation, the resulting
impregnated carrier is impregnated with a solution of at least one metal selected
from elements belonging to the Group 1 to Group 16 of the Periodic Table of
Elements- or onium, followed by drying and firing operations to obtain. an

- 20 objective catalyst.

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

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

- from the group comprising P, Si, W. Mo, T4, Zr, V, Nb, Ta, Cr, Mn, Fe, Co, Ni, Cu,
Zn, Ga, In, T1, Sn, Pb, and at least one impregnation is effected with an acid
precursor. In a variation, the catalyst composition according to the present
invention can be prepared by adding PW or Cs to titani‘a’powder firstly and then,

.30 without drying and ﬁring'operations, Cs or PW is added continuously.

Impregnation can be carried out at ambient temperature (about 20°C).
Higher temperatures of about 100°C to about 150°C may be used, if desired.
This treatment may be contiﬁued, preferably with agitation, for about 0.1 to about
5 hours sufficient to permit the aqueous solution to penetrate the pores of the

35 titania carrier. Suitably, the amount of aqueous solution of at least one metal

‘ selected from elements belonging to the Group 1 to Group 16 of the Periodic
Table of Elements or onium and the heteropolyacid that is used should be.

10



Acrolein selectivity (% 81 87 Hydroxypropanone yield (% 1.1 2.0 _
Acet al dehyde yield (%9 0.9 0.8 Propanal dehyde yield (%9 0.9 0.5 Acrylic

acid yi elwo(¥1/@33890.9 COyield (% 1.3 1.2 CR yield (HTUrodoeriExaw e
2: CsPWTi02 10 g of tungstophosphoric acid was dissolved in 150nl of
dei oni zed

adequate to permit full immersion of the titania carriers.

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

5 The exact nature of bonding of the catalyst composition according to the
present invention is not completely understood.

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

10 The calcination can be carried out in air or under inert gas such as
| nitrogen, helium and argon or under an atmosphere of mixed gas of air and inert
gas usually or under reduction gas such as hydrogen or an atmosphere of mixed

gas of hydrogen and inert gas in a furnace such as muffle furnace, rotary kiln,
fluidized bed furnace, The furnace is not limited specia‘lly., The calcination

15 can be effected even in a reaction tube which is used for the glycerin dehydration
reaction. The firing temperature is usually 150 to 900°C, preferably 200 to 800

°C and more prefefably 350 to 650°C. This can be determined by routine

“ experimentation for a particular catalyst. Temperatures above 900° C should be

| avoided. The calcination is continued usually for 0.5 to 10 hours. ‘
20 The dehydration reaction of glycerin according to this invention can be
carried out in gas phase or in liquid phase and the gas phase is preferable. The

- gas phase reaction can be carried out in a variety of reactors such as fixed bed,
fluidized bed, circulating fluidized bed and moving bed. Ambng them, the fixed

bed or the fluidized bed are preferable. Regeneration of the catalyst can be

25  effected outside the reactor. When. the catalyst is taken out of a reactor system
for regeneration, the catalyst is burnt in air or in oxygen-containing gas. In case

of liquid phaSe‘ reaction, usual general reactors for liquid reactions for solid
catalysts can be used. Since the difference in boiling point between glycerin

~ (290°C) and acrolein and acrylic acid is big, the reaction is effected preferably at

30 relatively lower temperatures so as to distil out acrolein continuously.

The reaction temperature for producing acrolein and acrylic acid by
dehydration of glycerin inkgas phase is effected preferably at a temperature of
200°C to 450°C.  If the temperature is lower than 200°C, the life of catalyst will
be shortened due to polymerization and carbonization of glycerin and of reaction

35 products because the boiling point of glycerin is high. On the contrary, if the
temperature exceeds 450°C, the selectivity of acrolein and acrylic acid will be

lowered due to increment in parallel reactions and successive reactions.
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5 water to obtain an aqueous sol ution of tungstophosphoric acid. 19.7 g of
Ti 2 powder obtained by grinding anatase type TiQ2 pellets (ST31119 from
Nor pro Sawot20Gaizadsm - BET surface 39 n2/g) to 300 to 50@CTiymmwde7dryi ng at
110C overni ght was added in obtai ned aqueous sol ution of tungstophosphoric
acid, and then was m xed at roomtenperature for 2hours. 2.26 g of

48. 5%CsCH aqueous 10 solution was diluted with 10nml of dei oni zed water. The

| t i o
ingst ophos oo e ke Dbk P BesclibP Rt d BuBPON oYY Ol ) T
slurry was dVaporaieaondinsod speqiaky @atrn@tm&reblapbwotrhanmetmbarad mexte
powder was CHrb&GalﬂSI 18%@E R 3 %@mh0%§d&rﬂéﬁé}eﬁrc‘é@tﬂe§%fskf®dg ﬂ&ﬁhrwﬁl bgOOC

for 3 hours ob alngdtﬁltanla carrjer s orti
t ungst ophosp‘ﬁ iquefigdiand dppasitionAtirey ‘b‘b\%’érbevﬁg %?é@&@fﬁ’éﬁsﬁf%s%ﬂéﬂtt hen
was sievéd tihe tifé af batalypantill beahsitagedf 9 to 12 mesh, grinding above

Il et f CSPWT h t I t f d
Peactor operated dhist Arbamaledaeas FRek iy SY0ued o el B s hes
t he resul ti ngacavealogdy ofrGHEVe Wis smeqmm%edll] bedowepadt if the FHS Urbdcubes
(ot amter oftoBR s ANORYYRQUS SEIALEOD BloiXCeidn ke SRSSTLE Bld iyl 30

% by wei g n evapor ator ' at
with nit rogé’#CE?ﬁS?lQ\IQth thﬁ@owmw@x\ygbhe ldweredL/ hr) at 300C so 't hat

gl yceringwas gasi fl'tﬂdre@&%ﬁ '&ﬁndﬁénfﬁHﬁE'oqghge}ﬁjéna%ﬂaQJ g&%gbg %‘E%fgiaﬁﬁ gxax{l .

t hrough' the fJj xed c l, . The fixed cat S heat
tenperature lo*’ ?(j) ai?% E,%sselﬁ&&vaw vl et ﬁgm leh 39T tipwAr itampsratyges
glycerin : oithgegh thet b@@s&lﬂswwaise[mpfcﬁrea Pad reaclﬂ>n9pres3\4re&s HoeMimmed 2445
The col | ectlonC ﬁ L% met hod an?) cai cul.atjon of E nﬁCts were the sane
way as ExanpPe fhY ‘i FFARRO 8aﬁ?r(rW)d PECREGX e{:o‘h\igP%%“Gﬁefl%
100 98 Acr oleindityins|af Y 86m VB 70 Gtcr ol ei n sel ectivity CYO 78
15 | The material of glycerin is easily available in a form of aqueous solutlon
of glycerin. Concentration of the aqueous solution of glycerin is from 5 % to
90 % by weight and more preferably 10 % to 50 % by weight. Too high
concentration of glycerin will result in such problems as production of glycerin
ethers or undesirable re'action between the resulting acrolein or acrylic acid and
20  material glycerin. Temperature which is necessary to gasify glycerin is
increased. '

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

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

Examples
Example 1: CsPW/TiO,

15 g of CsCO;3 were dissolved in deionised water to obtain an aqueous

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

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

anatase type TiO; pellets (ST31119 from Norpro Saint Gobain) to 35 to 48 mesh.

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

35 7.0 g of tungstophosphoric acid was dissolved in 11.1 g of deionized |
water to obtain an aqueous solution of tungstophosphoric acid. 15g of the

12



80 Hydroxypropanone yield (/0) 0.0 0.4 Acetal dehyde yield (%9 2.1 3.5
Propanal dehyde yield (%9 0.1 0.4 Acrylic acid yield (A) 0.9 0.4 COyield
(%9 5.3 WwWb2003948el d (%9 3.1 2.1 Exanple 3: HPWTi 02 PCT/JP2002047185 of

t ungst ophosphoric acid (A drich) was dissolved in 8.5 g of deionized water
to obtain an aqueous solution of tungstophosphoric acid. 7.6 g 10 of the
resul ti ng agueous solution was then sprayed onto 15.4 g of Ti Q2 powder

obt ai ned byr&utﬁg 39.82 @g@%g;@gfsyaﬂu%p%mﬁhhgaﬁbé@B%Hla%lpr\%e DRPY a§@d nt

Gobain - BET surfa resul ting powder” was
dried at 110wtof dhe 2ahﬁ>cyer§s 1t hekbenagswiing PaWder tasghenadisdprert®0aC 300C

for 3 hoursgvdiaegHtesmd fthaﬂ\mvﬂ% WeRitkdRA ﬂkﬁﬂcfsgh&te 40Q0oorefoni PHourneb t hen
was 15 fired. in nltr en atnosphere at OCf hours to obtajin tanla

carrier suppBi® dgti SPTHTN SERPOSRS &IQO/Q é’fég? s §“P8§t8P11P%§Pbéﬁerl

si eved t® ohtaiid carrparwaciievel meol@tiaméphmcél@smsﬁ35ha>v481gaahBET surface of
35 nR/g.

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

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

10 fed to an evaporator at a flow rate of 26.9 g/hr together with nitrogen (4.9 NL/hr)
and with oxygen (1.2 NL/hr) at 280°C so that glycerin was gasified and the
resulting gasified glycerin was passed through the fixed catalyst bed. The fixed
'catalyst bed was heated at a temperature of 275°C. Feed gas had a following

: composmon in mol %: glycerin : oxygen: pitrogen: water =5.7: 3.9 : 14,1 .'76.1.
15 = GHSV was 4,530 h™",

Products were condensed in a condenser and the collected product was
quantitative-analyzed by gas chromatographs (HP 6890 Agilent, FFAP column, -
FID detector, CP4900 Varian, Silicaplot and Molecular Sieve 5 A, TCD detectors).
Proportions of products were corrected in factors from the results of the gas
20 chromatograph to determine absolute amounts of products to calculate the
conversion (%) of material (the conversion of glycerin), the selectivity of target
substance (the selectivities of acrolein and of acrylic acid) and the yield of target
substancc (the yields of acrolein and of acrylic acid). .

The conversion (%) of matenal, the selectmty of objective substance and
25  the yield of o[bjective substance are determined by following equations:
The conversion (%) of material = (a mole number of material reacted /
a mole number of material supplied) X100
The selectivity (%) of objective substance = (a mole number of
| objective substance obtained / a mole number of
30 - material reacted) X 100 '
The yield (%) of objective substance = (a mole number of objective
substance obtained / a mole number of material
fed) X 100
Result is shown in Table 1.
35
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Procedure of catalyst test was reproduced as in exanple 1. Results are
shown in table 3. 20 WD 2011/ 033689PCT/ JP2009/ 067115 Table 3 Tinme on

st ream (hywo3o0idb3sdsyceri n conversion (A) 100 81 _ Acrol eipaTyeslododAds 79 60
Acrol ein selectivity (%9 79 74 Hydroxypropanone yield (%9 0.1 1.8

Acet al dehyde yield (%9 L4 0.9

Table 1

Time on stream (h) 3 22
Glycerin conversion (%) 93 61
Acrolein yield (%) 76 - 53
Acrolein selectivity (%) 81 87
Hydroxypropanone yield (%) 1.1 2.0
Acetaldehyde yield (%) 0.9 0.8
Propanaldehyde yield (%) 0.9 0.5
Acrylic acid yield (%) 0.8 0.9
CO yield (%) 1.3 1.2
CO; yield (%) 0.9 1.0

Example 2: CsPW/Ti0,

10 g of tungstophosphoric acid was dissolved in 150ml of deionized

5  water to obtain an aqueous solution of tungstophosphoric acid.  19.7 g of ThO;

powder obtained by grinding anatase type TiO> pellets (ST31119 from Norpro

Saint Gobain — BET surface 39 m%/g) to 300 to 500um and drying at 110°C

overﬁight was added in obtained aqueous solution of tungstophosphoric acid, and

then was mixed at room temperature for 2hours. 2.26 g of 48.5%CsOH aqueous

10 solution was diluted with 10ml of deionized water. The resulting CsOH aqueous

solution was dropped in above white slurry of tungstophosphoric acid and TiO;,

mixing this white slurry. The resulting slurry was evaporated at 60°C by use of

rotary-evaporator. The obtained pbwder was dried at 120°C for 10 hours and then

was calcined in air at 500°C for 3 hours to obtain a titania carrier supporting

15 30 % of Cs salt of tungstophosphoric acid. The obtained powder was pressed to

pellets and then was sieved to obtain a particle size of 9 to 12 mesh, grmdmg
above pellets of CsPW/TiO,.

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

An aqueous solution of glycerin (a concentration of 30 % by wexght) was fed to
an evaporator at a flow rate of 21 g/hr together with nitrogen (3.7 NL/hr) and with
oxygen (1.0 NL/hr) at 300°C so that glycerin was gasified and the resulting
gasified glycerin was passed through the fixed catai]yst bed. The fixed catalyst
25 bed was heated at a temperature of 300°C. Feed gas had a following

14



Propanal dehyde yield (% 0.6 0.3 Acrylic acid yield (% 0.3 0.9 COyield
(%9 1.3 1.1 C2 yield (%9 0.8 0.8 Exanple 4. HSM/Ti Q2 3.0 g of

t ungst osiwbdeoti/dsésd (Al drich) was dissolved in 11.1 g ofpcagemnieedisvat er to
obt ai n an aqueous solution of tungstosilicic acid. 11.8 g of the resulting
aqueous sol ution was then sprayed onto 25 g of Ti Q2 powder obtained by
grinding anatase type TiQ2 pellets (ST31119 from Not-pro Saint Gobain) to
35 to 48 ne i ' g [ A far, 2,Roursya hen
wos fired | N omRARIERLnbL o8 SRR . SRR pitde: R B0 P4 a0 Meticer
was then dri@dSYowas 246d& overnight and then was fired in nitrogen »
atmospher e at 625qHcogolfcliot! Sniigtieht ficthtl bhd AN IEALL b prSURROL B0 %
of silicotungstie acid. This titania carrier was sieved tc?o taln a
particle si ngmgfw%a% Xa@pleabp Procedure of catalyst test was
reproducéd as in exanple 1. Results areTgnopn in table 4. 15Table 4 Tinme on

stream (h) 3 24 Gycefin c lversron | %)(h)iuu 6 5 21
Glycerin conversion (%) 100 98
Acrolein yield (%) 78 78
Acrolein selectivity (%) 78 80
Hydroxypropanone yield (%) 0.0 0.4
Acetaldehyde yield (%) 2.1 35
Propanaldehyde yield (%) - 0.1 0.4
Acrylic acid yield (%) 0.9 0.4
CO yield (%) |1 53 3.5
CO; yield (%) 3.1 2.1

Example 3: HPW/TiO,

2.7 g of tungstophosphoric acid (Aldﬁch) was dissolved in 8.5 g of
dejonizcd water to obtain an aqueous solution of tungstophosphoric acid. 7.6 ¢g
10 of the resulting aqueous solution was then sprayed onto 15.4 g of TiO, powder
obtained by grinding anatase type TiO, pellets (ST31119 from Norpro Saint
Gobain — BET surface 39 m’/g) to 35 to 48 mesh. The resulting powder was
dried at 110°C for 2 hours and then was fired in nitrogen atmosphere at 300° C for
3 hours. The resulting powder was then dried at 100°C overnight and then was
15 fired in nitrogen atmosphere at 500°C for 3 hours to obtain a titania carrier
~supporting 10 % of tungstophosphoric acid. This titania carrier was sieved to

obtain a particlg size of 35 to 48 mesh, having a BET surface of 35 m?/g.
Procedure of catalyst test was reproduced as in example 1." Results are

shown in table 3. ‘

20 ‘
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AcCro

.1
7

lein yield (%9 79 55 Acrolein selectivity (% 79 82 Hydroxypropanone
yield (%9 1.5 2.4 Acetal dehyde yield (%9 0.9 0.8 Propanal dehyde yield (%

0.8
0.8

Asoybimsashd yield (%9 0.3 0.9 COyield (%9 1.0ptrhriodRoyied d (%
Table 3
Time on stream (h) 3 24
Glycerin conversion (%) 100 81
Acrolein yield (%) 79 60
Acrolein selectivity (%) 79 74 |
Hydroxypropanone yield (%) 0.1 1.8
Acetaldehyde yield (%) 1.4 0.9 |
Propanaldehyde yield (%) 0.6 0.3
| Acrylic acid yield (%) 0.3 0.9
CO yield (%) 1.3 1.1
CO; yield (%) 0.8 0.8
Example 4: HSiW/TiO, .
3.0 g of tungstosilicic acid (Aldrich) was dissolved in 11.1 g of deionized
5 water to obtain an aqueous solution of tungstosilicic acid. 11.8 g of the resulting
aqueous solution was then sprayed onto 25 g of TiO, powder obtained by grinding
anatase type TiO; pellets (ST31119 from Norpro Saint Gobain) to 35 to 48 mesh.
The resulting powder was dried at 110°C for 2 hours and then was fired in
nitrogen atmosphere at 300°C for 3 hours. The resulting powder was then dried
10 at 100°C overnight and then was fired in nitrogen atmosphere at 625°C for 3
hours to obtain a titania carrier supporting 10 % of silicotungstic acid. This tltama
carrier was siéved to obtain a particle size of 35 to 48 mesh.
Procedure of catalyst test was reproduced as in example 1. Results are
shown in table 4, | |
15 Table 4
Time on stream (h) 3 24
Glycerin conversion (%) 100 67
Acrolein yield (%) 79 55,
Acrolein selectivity (%) 79 82
Hydroxypropanone yield (%) 1.5 2.4
Acetaldehyde yield (%) 0.9 0.8
Propanaldehyde yield (%) 1.1 0.8
Acrylic acid yield (%) 0.3 0.9
CO yield (%) 1.0 1.1
CO, yield (%) 0.7 0.8
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WO 2011/ 033689PCT/ JP2009/ 067115 These Exanpl es reveal noreover that

t he supported catal yst according to the present invention shows such
advant age¥OpHI03#Sact | vati on of the catalyst is |imtedP&hdP20gesidtati on
can be done at higher tenperature conparing to the catal yst having no
support, w thout spoiling great nerits described in our previous
applications of PCT/J1)2009/057 818 and PCT111) 20091057819. Exanple 5 and

Conpar at i ve Exanp{gs cfhﬂm?le reveal J&@S@érodﬂbpﬁﬁ%bﬁné& 'cQta%t%'cl:bﬂiﬁg axi de

or alum na was prep are N the sane. nanner as | I cQn
oxi de SS61188 p@@qntnwgymmd hews sugh adyantages Hyat g%eawm%i)}gﬂ&? é%ﬁa St @bai n

and wi th al GeifduBA Pk EéhePARST &ah N mddiae Rit Chighé M tedkipdaiuie comparingT fwske
catal ysts were tested along with catg? st of exann

le 3 he di t
described i RahE! ¢ Bayiine Sn%e‘?W“iS“f& BAR G B %G%Fhlssgr%ﬁrg go I I(f)’

7 8 Aci dso‘chtmgmsst spIRapbas bcP(}auwz/(mweﬁmc&andwcmmmm?&lez 8861138
Si 02

Example 5 and Comparative Examples 6 to &
Tungstophosphoric acid on silicon oxide or alumina was prepared in the

same manner as in example 3 with silicon oxide SS61138 (251 m?/g) and SS61137
10 (161 m*g) from Norpro Saint Gobain and with aluminium oxide SA6578 from
vNorpro Saint Gobain.
Those catalysts were tested along with catalyst of example 3 in‘thc
conditions described in the table 5 below.

15 Table 5
o . Comparative Example
Example 5
6 7 8
Acid 10% tungstophosphoric
o ' [ TiO, $i0, Si0; ALO;
atalyst support ST31119 | SS61138 | SS61137 | SA6578
- Reactantratios 2.8/1.7/14.3/81.2
glycerol / 02 /N2 / H20
GHSV (h-1) 5100 h
Oven temperature 280°C
Time on stream (h) 11 11 11 13
Acrolein yield (%) 75% 10% 18% 18%
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SS61137 Al 203 SA6578 Reactant ratios glycerol / 02/ N2/ H20 2.8/ 1.7/
14.3 / 81.2 GHSV (h-1) 5100h4 Oven tenperature 280C Tine on stream (h) 11
11 11 13 worolienssagoel d (/0) 75% 10% 18% 18% CLAI M5 ( PLTAPZ®MY/A6NY S
conposition conprising at |east an heteropolyacid in which protons in the
het er opol yacid may be partially exchanged by at |east one 5 cation

sel ected fromelenments belonging to Goup 1 to G oup 16 of the Periodic
Tabl e of Elenents that have been depoaﬂgﬁvﬁn a porous titania carrier.

(1] A catalyst composition comprising at least an heteropolyacid in which

- protons in the heteropolyacid may be partially exchanged by at least one

5 cation selected from elements belonging to Group 1 to Group 16 of the
Periodic Table of Elements that have been deposited on a porous titania

carrier, |

[2]' ‘The catalyst composition of claim 1, in which said porous titania carrier is
10 - covered at least partially by a compound represented by the formula (1):
H. Ap [X1YZ4O,] * nH,0 I
in which |
H is hydrogen,
A is more than one cation selected from elements belonging to
15 Group 1 to Group 16 of the Periodic Table of Elements except hydrogen,
XisPor Sy, ‘
Y is more than one element selected from the group comprising
~ W. Mo, Ti, Zr, V, Nb, Ta, Cr. Mn, Fe, Co, Ni, Cu, Zn, Ga, In, T], Sn and
Pb,
20 Z is more than one element selected from the group comprising-
W. Mo, Ti, Zr, V. Nb, Ta, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga. In, T], Sn and
Pb, { . .
a,b; ¢, d and n satisfying following ranges:
. 0<a<9
25 0<b<9, preferably 0 <b <9
0<c<12and
0<d<12
n> 0 B '
and e is a number determined by the oxidation of the elements.
30 | | | .
[3) The catalyst composition of claim 1 or 2, in which said titania carrier
comprises rutile or anatase or amorphous titanium oxide.

[4) The catalyst composition of claim 3, in which said titania carrier ‘c0mprises
35 - at least 80% anatase. '

18



[2] The catal yst conposition of claim1, in which said porous titania
carrier is 10covered at least partially by a conpound represented by the
formul a (WP:20H2038439[ XI YcZdCe] nH20(1) in which His hy@#cogemne/neriis

A is nore than one cation selected fromelenents belonging to 15Goup 1 to
G oup 16 of the Periodic Table of Elenents except hydrogen, Xis P or Si,
Y is nore than one el enent selected fromthe group conprising W Ms Ti,

Zr, V. Nb, : e NI A0y s . R, 207 .i s
rore i han' obd elsirelySreomsibin oF . 6B ofBtaitnd et AW RN a0 calBE 4 °
No, Ta, Cr, M, aFdéeasCope mikaligneta¥pati@a, In, Ti, Sn and Pb, a, -b, ¢, d and
n satisfying following ranges: 0 < a < 9 250 < b 9, preferably 0 <b 9 0 <
c <12 and 0. < d <12 n> 0 and e is a nunber deterni.ned by the oxidation of
the el ement §6] 30 he3qatalyat compesition o6 13 % i W hich spidialkall getad is cosinm; ch
said titgnia carrier conprises rutile or anatase or anorphous titanium

oxi de. 4] The catalyst conpositjon of claim3, in which sai.d titania
carrier com[ah séghesgﬁatl:fséa%qm%‘b%%ﬁaqtjag‘éy OﬁBSP?Tﬂ]é‘n&%t%lt?/s%’ SoPpER 15288 of
any one of clai renipaund4ontainmhi lehstsaiecelemenselecedifrde fisd growg @inkmidingret al
cation. [6] The-ﬁﬁa I ggﬁﬁ Vcorrposi tion of claimb5, in which said alkali netal
Is cesium [7] e catal yst conposition of any one of clainms 2 to 5, in
whi ch sai d conpound contains at | east one el enment selected fromthe group

conpri si Mo ; i ri ] i
coggosi tl?gnt{\é](:onl?g?]:igll)ér{% f%ﬁg%%ﬁag rﬁﬁ%ﬂg@ts 'if ? gﬁpgﬁggh P‘g?ﬁvmgt éﬂ psrg%attlm na of
at | east one nettdRDdcAEERWith afolitionet at lsaptorrg mytaloselerdedivam elementsy oup

16 of the Peri odjetodgihp @0 @he BréfEN® GFoupnl 16T (K PériediaThbld 61 Blrhdifts or
resulting solid m.xtu

re,. sec l.y i,mpregnating .the resulti solid m.xture
W th & sol uti on GH Rl BRI AEIEE N FERGREMN Txrure, secondly Sprcgnating
the resulting solid mixture with a solution of heteropolyacid, drying, and
15 firing the resulting solid mixture.

[9] A method for preparing a catalyst composition, comprising impregnating a
titania carrier with a solution of heteropolyacid, drying and firing the
resulting solid mixture, optionally secondly impregnating the resulting |

20 impregnated carrier with a solution of at least onc metal selected from
elements belonging to the Group 1 to Group 16 of the Periodic Table of
Elements or onium, drying, and firing the resulting solid mixture.

[10] A method for preparing a catalyst composition prepared by more than one
25 cycle of impregnation and firing, in which each impregnétion is effected
with a solution of an element of the group 1 to belonging to the Group 1 to
Group 16 of the Periodic Table of Elements or onium or with a solution
conta'ming more than one element selected from the group comprising P, Si,
W, Mo, Ti, Zr, V, Nb, Ta, Cr, Mn, Fe, Co, Nj, Cu, Zn, Ga, In, T, Sn, Pb, and

30 in which at least one impregnation is made with an acid precursor.

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

35
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15firing the resulting solid mxture. [9] A nethod for preparing a catal yst
conposition, conprising inpregnating a titania carrier with a solution of
het er opolwachd/o3s4syi ng and firing the resulting solid mpkrurmovepuional |y
secondly inpregnating the resulting 20 inpregnated carrier with a solution
of at least one netal selected fromelenents belonging to the Goup | to

G oup 16 of the Periodic Table of Elements or onium drying, and firing the
resulting sehi ] . A r ring.a catal yst .

Conposi 1P on bt B o il 196l cob AL At 800 308 2 pipS 5 4 g,
in which each i nifhetgnathioh one dmpeegnationi ish madsomithi an sdicoamngstieneoid of t he
group 1 to bel onginguh@thiesoiigep 1 to Goup 16 of the Periodic Table of

El ements or 01liUMor with a solution containing nore than one el enent .
sel ected fromthe group conprising P. Si, W M, Ti, Zr, V, No, Tab G, M,
Fe, Co, Bi, [{8] The method for pképardly aRRtalfhodNd¥itkH 6P aRY oh8FLIZMR 8 to

i npregnation is nade wi.th an acid precursor. [1.1] The Tethod for
preparing a cat aﬁgé’t‘ “%%BE‘F UPBLEERPLIGR IS BREe JYithp sPHEmEaligoRation.n whi ch one

i npregnation-is nade with a phosphotungstic acid or phosphotungstate

solution. 3 h haod _for prepari a catal yst conposition of ,any
one of clai 14%]}2%)? %’Gﬁ“ﬁ%ﬁ%‘mf&%“&%éaicﬁgﬁlgﬁ%mpo%“i‘%‘yﬂﬁaay\??ﬁfr?fadam § to
silicotungstic ald,daovhishithe ompnegtasie is glenformed Yyl Schitymeswifiyade fvolume

preparing a cat g égﬁ?{g%o& é,jcggs QJluﬁP%{ @gﬁ&‘agﬁhgi ms 8 to 10, in which one

i npregnation is a cesium sa [14] The nethod for
preparing a catal yst conposition of any one of clains 8 to 13, in which the

i npregnati oif15p PR RENERD{INprEFSIAY GUABIPI RAFO 1P BE an P ORI FLIRAOR o7
excess solution 1s evgﬂiggl‘gn. , .'15gcalhe net hod for preparing a cat %ySt ,
conposi tion of aH/Tp‘Bn tae dir Gnauon) iy casried oupeofey pngtpeshara ot on)
is carried out uwiranemgagabraspbene of oxygen andehértGAs, O uwiddt xiddueedaoxygen
and inenk gas, or under a reduced gas. 15 [16] The method for preparing a

catal yst conposition of any one of clainms 8 to 15, in which firing
(cal ci nati o) 6] sTks methaxtifoxt prapenimgp ercatalyss efmidition 0§80y Ovkarf daBdng § 100

hours. 20[17) Aps,qﬁmcﬁqm.g@wihm?@%@f&mdbm @@{&gﬁ&&hk@ﬂﬂ&o%p@.@"in,

carried out int en a catal yst according any one of clains 1
to 7 or of a catg%gbig?"eﬁ(ghgﬁrsaccor ding to any one of clains 8 to 16.

[ 18] The process of claim 17 in which dehydration of glycerin is effected
in the pr ce of l.ecul ar _oxygen, .[ 19],.Th rocess, of .claim 17 qr.
claim 18" nq\s/i\/zrcﬁ pdg.ﬁ{/ggrtg’fi%?a&fngg%%gé %’yi%e-gé’gfafg@tne glﬁw?rﬁg’ %ﬁ'génocug Bt a
gas contai ni ng pthepyressnse B0 20}alTHteaquondiegstoodnyanpe mfeclaims laiong dr7ofe 19
carried out in acneRst fepdfed AEPAiRk G0 MBS o XAANGRTs fyRE. OF 10, a fixed

bed reactor or in I zed bed type reactor or In a circulating
fluidized bed or in a noving bed. - [21] The process of any one of

claims 17 t 18], The prdvesof bRimeSUld WhehR@éIldehtion §f gfceﬁhh@rem&e&i aedet O

pr oduce AT ylic S‘r%'sgrice é?%%{%%% ag%%gggnRCT/ JP2009/ 0671

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

30 [20] The process of any one of claims 17 to 19 carried out in a reactor of the
plate heat exchanger type or in a fixed bed reactor or in a fluidized bed type

reactor or in a circulating fluidized bed or in a moving bed.

[21] The process of any one of claims 17 to 20, in which the resulting acrolein is
35 furthet oxidized to produce acrylic acid. '
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[22] The process of any one of clains 17 to 20, followed by second step of
ammoxi dati on of acrolein to acrylonitrile. [23] The process any one of

cl ai ms17 WO 282/03B@9i ng an internmedi ate step of partial eocmdensgnérors of

wat er and heavy by-products issuing fromthe dehydration step. [24] A
catal yst conposition conprising at |east an heteropol yacid deposited on a
porous titania carrier. 10 [25] The cat alyst of claim?24 for preparing
acrolein or i.C i d r & -k [ fof he
cat al yst of [Z?cha?ﬂ}?‘n %r%% 53 Oﬁ%grﬁ/’%u of oF galc?o % fg;loggrdy {'(%@%'fc&gtf bylt
dehydr ation of gmmeriidation of acrolein to acrylomtnlc

[23] The process any one of claimsl7 to 22, having an intermediate step of
5 partial condensation of water and heavy by-products issuing from the
" dehydration step. '

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

10 ‘
{25) The catalyst of claim 24 for preparing acrolein or acrylic acid by
dehydration of glycerin. '
[26] ‘Use of the catalyst of claim 25 in a préparation of acrolein or acrylic acid
15 by dehydration of glycerin. ‘ ’
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