y,e3e * 6R T o} TECHNI CAL FIELD The present invention relates to a novel
catalyst , and nore particularly to a catalyst suitable for use in the

production of acrylic acid by vapor-phase catal ytic oxidation--ef- acrol ein
Wi th nmol ecul ar oxygen. BACKGROUND ART As a catal yst for w@@m&roduction of

an unsaturated acid by vapor-phase catal ytic oxidation o uMMﬂ WW at ed
al dehyde, there are known, for exanples , the catalyst o "

tableting a catalytically active conponent conposition, the eabalyst
obtained by nolding a catalytically active conponent with auxiliary

conponents into a globule or a riPESCRERTIOR catal yst obtgi
supporting a catalytically. active conponent on inactive 4@”}'@@"]’%}“”
bi nders (hereinafter called coatedCadRrdl¥ypst). For the prepar t he
coated catal yst, Japanese Patent Laid-Qpen No. 11709/ 1976 di sti%%8%d t he

met hod of coating by rolling the active conponent and the carriers in a
rotating drumorjar; Japanese PatentLai d- Open No. 153889/ 1977 di scl osed the

met hod ofrr@aNIcHL, eiFtim®D by sprayi ng the aqueous suspension of a
prelimnarily cal cined active conponent over the carriers 1 or by

spreadi ng the actin 5P8BEALMNAUBI10M FaNA¥ELYL IBVASGe XAt ASE ,28Hd
Japanese Patent Lai d-Open No.85139/1989di scl osed the nethod of production
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of acrylic acid by vapor-phase catalytic oxidation of acrolein

with molecular oxygen.

BACKGROUND ART

As a catalyst for the production of an unsaturated acid
by vapor-phase catalytic oxidation of the unsaturated aldehyde,
there are known, for examples, the catalyst obtained by tableting
a catalytically active component composition, the catalyst
obtained by molding a catalytically active component with
auxlliary components into a globule or a ring, and the catalyst
obtained by supporting a catalytically active component on
inactive carrilers with binders (hereinafter called coated
catalyst).

For the preparation of the coated catalyst, Japanese
Patent Laid-Open No0.11709/1976 disclosed the method of coating
by rolling the active component and the carriers in a rotating
drum or jar; Japanese Patent Laid-Open No.153889/1977 disclosed
the method of coating either by spraying the agqueous suspension

of a preliminarily calcined active component over the carriers



vapor - phase catal yti c oxidation of acrolein w th nolecul ar oxygen, the
catalyst is packed into an as long as Smreaction tube fromthe upper side.
Therefore, if the coated catal yst having a weak mechani cal strength packed,
the catalytically active conmponents conposition is peeled out and

pul veri zed into powder and it cause a problemthat they raise abnormally
the pressure inside the tube during the reaction. So, the catalyst is
dermanded to have a | arge nechanical strength in property ( such as little
attrition resistance). In recent years, the production of acrylic acid by
vapor - ph@%¥e b¥asRr@edd ngx ithg: ast o sOMPosent: o3fals th@areIsHiy MawWay
reaction condition", that is, to increase the amount of acrolein supplied
per unit cegrdgrsefanthéapaneaseNategtneaid Hpex NadaBbadrydaseidis wfosast ol ei n
is exotherm c, such increased anount of acrolein brings about hot spots,
whi ch ar &hlei kelthodo odir pwe dwgtt lome usdingl wiard casnEprEantlsationd .udi ng

nol ybdenum a constitutional elenent of the catalyst . As the defect ,

di fference in prefsurhe iimshudertitad pianti Hor tndeidaiareasey 1iict Acifibel apse
of reaction tine, decreasing the reaction nerits (such as conversion of

acrol ei nvapdraphglsieC catiglytiiel Hxbddt bdwckEnaceollend eddhatndibcwlar Such a
situation demands to devel op the highly active catal yst that woul d enabl e

the oper alyQRBnat thaVeaLatyseNis s Wik o alN@sPiBagNAs MR ddeittidipde a
diligent study to solve these problens, disclosing in Japanese Patent

Lai d- Opepyble, 29849¢hd%98Bpkt! 84al! e¥harerbLel hffprm@@oaﬁéﬁ ic%aiié{hﬂ hat the

catal yst having a certarn X-ray diffraction pattern was highly active and

had a | 2hgG9eCRAREER! mibhaialds e At ligidianed dlidledda i dyplprabl e

to use antinony tri oxi jected to treat ment or an
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appl i cant has na I gen

powder and it cause a problem that they raise abnormally the
pressure inside the tube during the reaction. So, the catalyst
is demanded to have a large mechanical strength in préperty (such
as little attrition resistance).

In recent years, the production of acrylic acid by
vapor-phase catalyticoxidationof acrolein trends towards “high
load reaction condition”, that is, to increase the amount of
acrolein supplied per unit volume of the catalyst. Since the
oxidation reaction of acrolein is exothermic, such increased
amount of acrolein brings about hot spots, which are likely to
drive out the catalytic components including molybdenum, a
cqnstitutionalelementofthecatalyst.Asthedefect,difference
in pressure inside the reaction tube increases with the elapse
of reaction time, decreasing the reaction merits (such as
conversion of acrolein and acrylic acid yield) and blocking a

long operation.



to solve these problens, finding to conplete the present invention that the
cat al yst obtained by using a certain material is highly active for the

oxi dation reaction of acrolein and has a | arge nechani cal strength. Nanely,
the present inventors have studied to reveals that antinony acetate used
for the source material can provide the catal yst having | arger mechanica
strength, high activity and good reproducibility. The present invention
relates to an anti nony-contai ni ng nol ybdenum cat al yst produced by using
antinony acetate for an antinony source nmaterial, and nore particularly to
the fol |l owi ngs: ($ych a@&idiuahiqm demagd st he dsiellan ithel hygbgviwmrponent
constitution is represented by the formula (1): 3 Mol 2Va WbCucShdXe Yf
ZgGh (1) catiedystre fathruivaulNb,engbl\y Cthe SipeqatiOmn eptedomt magiidenmum
vanadi um tungsten, copper) antinony and oxygen respectively; X represents
at | east tempesladmere. Bed presdnitrapp tivangr wage achisl lsjemgs btidaltioadolveet al s
and thalium Y represents at | east one el enent selected fromthe group
consi sti npedfe NPgEBIEME), CAlSEUGBIRG! Ol | UapabakieunPatdnti Nuaid-GEdH esent s
at | east one el enent selected fromthe group consisting of niobium cerium
tin, chred.wyo79eydaneseiledopre¢08alito TN brddentCapBNi 88 ibh @M and
arsenic; a, b, c, d, f, g and h represent atomc ratios of their

: e,
respecti v@eflailyst Walvil el ddr @ rdir s Adiolddh FHeE0rw wd S S|

0SgG6, based on 12 of nol ybdenum el enent; h is the nunber  of oxygen atons

requi red iyl isxlendd @it VAl 2856eOhelhsindbhar AhRiERYS) 1otk

catal ytically active conponent conpoSition conprising belng produced by
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DISCLOSURE OF THE INVENTION

The present applicant has made another diligent study
to solve these problems, finding to complete the present
invention that the catalyst obtained by using a certainmaterial
is highly active for the oxidation reaction of acrolein and has
a large mechanical strength. Namely, the present inventors have
studied to reveals that antimony acetate used for the source
material can provide the catalyst having larger mechanical
strength, high activity and good reproducibility. The present
inventionrelates to an antimony-containingmolybdenumcatalyst
produced by using antimony acetate for an antimony source
materilal, and more particularly to the followings:
(1) A catalyst in which the catalytically active component

constitution is represented by the formula (1):



followi ng steps (a) to (c): (a) Drying either an aqueous sol ution

contai ning thecatal ytic conponent el enments or an aqueous di spersion of
conmpounds 4 containing said elenents, to prepare a catal ytic conponent
conposition. (b) Calcining the catal ytic conponent conposition obtained in
step (a), to prepare a calcined powder. ( ¢ ) Coating the cal ci ned powder
obtained in step ( b ) on an inactive carrier, together with a binder and a
strength-inprovers if necessary. ( 3 ) A coated catal yst according to the
above ( 2 ) , wherein the rate of a supported-cal cined powder based on the

total of saj cgrriek.ard the cified powder, .supported in the step (c) is
15 to 50% %[ghz axlﬁglfl&:%ﬁ)b%rycf%gtdéd cat al 3% according to any of the

above (1) to (3), wherein said catalytically active conponent conposition
is what is produced through a step of spray drying either an aqueous
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to any of the_abov t 6 whi ch conprjses being used jn the
P oaoys par BRamaPEabeiebten: Exom) Fhe GESP P RARt 1ng R haTH A .

oxi dation Qf acrolein with nolecul ar oxygen. The present invention will be
descri be§LFI4RY aF FEBBELHM - PREYLum ﬁzE(Lgﬁd Z%eﬂéﬁ?n'ﬁ?aﬁt b§2fhsd®® and "%
by mass" respectively unless otherwi se defined. There is no limtation to
ant i mony e4Ce8eRtesSaLeated fxoR the FERURLWMT LI ting CfenbPRiUH: FERAEHRi on.
Antinony acetate available on the market is satisfactory to use . The
purity ettdl. GRremium, WAREZESSEat AF9Ri cCARRLIYi tSAMITLUMo gAKMo be
solved. Antinony acetate having a purity of 95% and nore is generally used.
One havi ifd-tandum apdAErmvband .nbr i 4.nor € .pgedng brepresent atomic

ratios of their respective elements, with 0<a=<10, 0=b=10,
0<c=6, 0<d=10, 0=<e=0.5, 0=Ff=<1, 0=g<6, based on 12 of
molybdenum element; h is the number of oxygen atoms required
to satisfy the total wvalence of the other elements), said
catalytically active component composition comprising being
produced by using antimony acetate for an antimony source
material.

(2) A coated catalyst, whereln said catalyst is a coated
catalyst obtainedbycoatingsaidcatalyticallyactive component
composition according to the above (1) on an inactive carrier,
the coated catalyst obtained through the process including the
following steps (a) to (c¢):

(a) Dryingeither an aqueous solution containing the catalytic

component elements or an aqueous dispersion of compounds



The atomc ratios of the respective elenents in a catalytically active
conponent of the present invention, if they are within the ranges as
described in the above forrmula (1), have no problemto be solved. The nore
preferable ranges in the fornmula (1) are 2Sas5, 0.2sbs2, 0.25cs4, 0.3sd54,
OSe 50.2, OSfSO.5, OSgs3. h, an atomc ratio of oxygen el enent, varies
dependi ng on atom c val ences and atomc ratios of the other elenents and is
a val ue determ ned exclusively by the calcinations . The range is generally
42Shs 133 , preferably 43 Shs75. The catal yst of the present invention can
be produced 6contad@itigeai® cllBhea@RY R pPRLreER] Badal 9k iB/MFdkh®

nol ybdenum cat al yst , except that antinony acetate is used for an antinony
source materi gompb@s t8%aMple , at f first , - an aqueous sol ution
cont ai ni ng the eFEnents (hereinafter called catalytic conponents) in a

catal yti g@,l)l Y c26 1l ¥8 nGOFRE Reta 15 IROSbinh BRe AT é&?@’&-iﬁ&%ﬂ%gnédkﬂ or an
P conpounég S)

aqueous di spersion o ( catalytic conmponent conpoun cont ai ni ng

said el enents S%%Pfre(%ggir%% ﬁ%@’a‘?‘??ﬁ%&%%d %ﬁeldi spersion is

herei nafter re urry solution" unless otherw se
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catal yti onpone npoun ol've or

di sperse. The slurry solution_ in.the pr.esent _invention, .if it is an agueous
Sol Ut i on, i o (BEtisFer EdBrBe e BIRRY aplid RS mRrS e
satisfactorily mxed in a fornmulation rate that the atomc ratios of the
catal ytic conpgdn&TCEFTATY within their respective ranges in the above
formula (1),. The slurry solution can Re pr oduced bé %Eg procedure, for
exanpl e, By naRifReted catalystacerpdhBaite &Rsoahavei(tlo hereipedReti ve
solutions or dispersions, followed by m xing them by dissolving or

di spersi ﬁ@tt?ngf0£ Sﬁ’tﬁ%’%%ﬁdaﬁﬁli%“}ﬁﬂ%’(?ﬂéﬁtr gﬁﬁﬁﬂuﬁ’f&l & teéalpphirsgid

solutions, foll owed b% m xi_ng them or .
carrier and the calcined powder supported in the step (c) is

15 to 50%.

(4) A catalyst or coated catalyst according to any of the above
(1) to (3), wherein said catalytically active component
composition is what is produced through a step of spray drying
either an aqueous solution containing the catalytic component
elements or an aqueous dispersion of compounds containing said
elements.

(5) A coated catalyst according to any of the above (2) to
(4), wherein sald catalytically active component composition
ls what 1is obtalned by using ceramic £fiber for saild
strength-improver in the step (c).

(6) A coated catalyst according to any of the above (2) to
(5), wherein said catalytically active component composition
iswhat isobtainedbyusingcrystallinecellulose for said binder

in the step (c).



by making up all the catal ytic conponent conpounds into a solution or

di spersion by one step. The slurry solution is generally produced by
preparing 7 the A solution containing a nol ybdenum conpound, a vanadi um
conpound, a tungsten conpound and antinony acetate and the B sol ution
cont ai ning a copper conmpound, followed by m xing them X conponent, Y
conponent and Z conponent, if contained, are satisfactorily dissolved or

di spersed in any adequate solution. Generally, X conmponent and Y conponent
are dissolved or dispersed in the H solution, and Z conponent is dissol ved

or dispersgd i A ddea¥ysSObutdsted chhalﬁswdadmrﬁgltb%biyyefm@ apepat of
wat er used is not particularly limted as long as It is enough to produce

the s lurmy gl %'Bhonwhiéﬁdcérh'bfﬁ@éé’ Wit e M ed 1 theePrabe 58t PO A

tenperature to select in a succeeding drying step. It is usually 200 to 2)

000 part Mm%xpagfegc%ligoa@f& Qfa E}Qph%é' cgﬁéi §.c n*%?&él% Too

little ter cannot conpletely dIS onngeneou l'y conpounds

Too much yater or]{aeé.rgrv}i% Lgec%r%?g%eqfnyof hi gh energy-cost for drying

step or |nconp rying ti c conponent comnpounds used for
produci ng the catal yst than antinony conpound, provided that they can be
converted into their respective oxides upon calcination, are not limted to

t he specific ones ot t he ent_jpnventi he 'nc ud hl,ar.i des,.

Sl aee hitrar edneanad A TElbet 4R Huydhe dOGKR fge Eﬂactaé%%???‘ft
conponent t han, ant g illustgatiye.exa es i nglyde bdenum
trioxi de "M% bdPr Gei axgndqt hd"¥3t t sP ?ﬁg é’é’f “%sd n?ﬂ‘ébdgn %ﬁﬁbund
vanadi um pent ao |de vanad |fate, v dic_acid and the salt 8 t her eof
as avanadh&iH S U tQﬁﬁéﬁﬁ¥F%Hé?€aﬁ?%aJt t hereof as a tungsten

conpound; and copper oxi de, er sulfate,
P p[% here is no lgglitation to’ antglgony acetate used for

the source material in the present invention. Antimony acetate
available on the market is satisfactory to use. The purity etc.
unless 1t damages catalyticactivity, hasnoproblemtobe solved.
Antimony acetate having a purity of 95% and more is generally
used. One having a purity of 99% and more is more preferable.
The atomic ratios of the respective elements in a
catalytically active component of the present invention, 1f they
are within the ranges as described in the above formula (1),
have no problem to be solved. The more preferable ranges in the
formula (1) are 2=a=5, 0.25b=2, 0.2=c=4, 0.3=4=4, 0=e
=0.2, 0=f=0.5, 0=g=3. h, an atomic ratio of oxygen element,
varies depending on atomic valences and atomic ratios of the
other elements and is a value determined exclusively by the
calcinations. The range is generally 42<h=133, preferably 43

=h=75.

The catalyst of the present invention can be produced



nitrate and copper nolybdate as a copper conmpound. These conpounds may be
used alone or as a .mxture of two or nore ones . Then, the slurry solution
is dried to give the dried powder (catalytic conponent conposition) (step
(a)). The drying nmethod, if it can dry conpletely the slurry solution, is
not particularly limted, and includes drumdrying, freeze-drying and spray
drying. The spray drying is the nost preferable in the present invention
because it can dry to change the slurry state into the powder state in a
short tinme. The drying tenperature varies depending on a slurry solution

concent r gkicorqang o $hkUtdVen €L6hAY MetR EE 6 ,pri\mildi%(f’:lb%&,ﬁ:'ﬁérﬁmﬁoc at
the outlet of a dryer. The drying is preferably carried out in such a way

that it BRYAGL%e, tE8c8pt ahPOWRIMIRY BoeRAtEVES }BRABLY &£h G &forf 20 to
100 ~ m. The dried powder (catalyticC conponent conposition) as descri bed

above isgpakekngd ke ighive a catalytically active conponent (step (b)). The
calcination may be carried out before or after a shaping step. The dried

powder may be cal gbac gk behose-Lbc SNaBLRG,S! e Py bR GASELIRYG be

but is preferably calci two steps, el[1mnary

bef or e tEggzQg@}n%%jc%ﬁ@e%%‘ir{&%z“%éil%% SR aéoﬁ%x{/é}ﬁ]sg)haﬂl g step

as descril el ow.” . cinations can be carried o . e Known 9
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attritional catal st ich prevents_the catalytically_active conponent
' om pul EMPPCRA OB LB PGB A OMER P eh® LB S50 | SIS AGHETIF o
Cal ci nat PG S0 B AP RAsy 18 IRAAIT Soha ARl TR (90 r oduct
1S her%&gggygolution"unlessotherwisespecified.Theslurrysolution

can be generally obtained by mixing the catalytic component

compounds homogeneously in water to dissolve or disperse. The

slurry solution in the present invention, if it is an aqueous

solution, is most preferable. The catalytic component compounds

are satisfactorily mixed 1n a formulation rate that the atomic

ratios of the catalytic components fall within their respective

ranges in the above formula (1).

The slurry solution can be produced by any procedure,

for example, by making up catalytic component compounds into

their respective solutlions or dlspersions, followed by mixing

them; by dissolvingordispersingone ormore catalytic component

compounds to get plural solutions, followed by mixing them; or

bymakingupall the catalytic component compounds into asolution

or dispersion by one step.

The slurry solution is generally produced by preparing



called a prelimnary cal cination powder in the present invention . \Wen the
dried powder is cal.cined by two steps, the primary calcination is generally
carried out at a tenperature of 250 to 500C , preferably 300 to 450C , for
1 to 50 hrs . The primary calcinations, if the dried powder is shaped by
tableting or by the other way than coating, is preferably carried out at a
tenperature of 250 to 500C for 1 to 50 hrs. The catal ysts of the present

i nvention can be obtained either by shaping the above dried powder (

catal yti c conponent conposition) , followed by cal cining; or by calcining

the abovendrinedolowden condlinihgy @Infd1RAd<un W¥Pound!s¥lvahddiw 9ranul e
) , which is then optionally pulverized, foll owed by shaping by a known

adequat e gt O of u ' j ; i n i . A
hapi ng Saboglid;a YihlSERR PoRPOLNA BhaTBRYIAGNE BEOERtE RFREN. Coing
into a tahl I i X ' ' i | aki - Skl el,
diatonac%%&gkggﬁ:o%ﬁ%ﬁ%?%%ﬁ%%&%%%ﬁ@#a&%olidmggi%§§8§?§ﬂ@?%6ﬁpﬁ#%gagsphere
or ring, ,and (111) .coati u t.) rrier referably on a
spheri ca Sar ioélre?ntrhgt vc\:/a%%‘p?’l%l%ln)sc i%gl%{orde erm%n}q i the dporx{elcsaein eci“’jl’nvf"yern ion,
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catal yst [ step( . The_coat ed al yst referabl e de,of catalyst in
Che bt os GRRSEAVY P AOSRPARNS engCt BphBonen] e afFoBLTeto ineitrd

granul ation _nentioned hereinafter is preferable for a coating step . This
vy 15 . ot Be B SPeutigh t SR ohecomnRRSEE ofs L eRabisd (s A TRRARIRE 1o t he
bottom of a fixed vessel rolls at _a high speed, causing the carrier inside
the vessdl tther & &odmtdanyor Jihe B $ ign swiall¥evol ution repeatedly
so that it may be stirred vigorously. The m xture of a binder, the
prelininary cal ci RBei dRopBhaef WaeT UsededssBat\Papt spalaRly akditedy and a
strength-inprover is added to the stirred carrier to coat the m xture on

t he carriagrlomghas ptdGanangh be Pxedugei s HRETY 894 fiopl pngssuHahyevi ousl y
bl ended m xture nentioned above, 2 ) when a mxture of the other

i ngr edi efteferniagdedn view off mat aadtipmperatyre to select in a

succeeding drying step. It 1s usually 200 to 2,000 parts by mass
based on 100 parts of the total mass of compounds. Too little
water cannot completely dissolve (or homogeneously mix)
compounds. Too much water may bring about the problem of high
energy-cost for drying step or incomplete drying.

The other catalytic component compounds used for
producing the catalyst than antimony compound, provided that
they can be converted into their respective oxides upon
calcination, are not limited to the specific ones in the present
invention. They include chlorides, sulfates, nitrates, ammonium
salts and oxides of the other catalytic components than antimony.
The illustrative examples 1nclude: molybdenum trioxide,
molybdic acid and the salts thereof as a molybdenum compound;

vanadium pentaoxide, vanadyl sulfate, vanadic acid and the salt



other, ingredients is added, ( 4 ) before the m xture of the other
ingredients is'added, or (5) by dividing the m xture and the binder into
their respective portions, followed by adding themm in an adequately
conbi ned manner of ( 2 ) to ( 4 ) to nmake up the total mass . The nmanner (
5) is preferably carried out by using an automatic feeder to control the
addition rate so that a prescribed anount of m xture is supported on the
carrier without the m xture adhered to the vessel wall and aggl onerated by
itself . An illustration of the carrier includes spherical carriers nade of

, for examphRordd 4 vaRAddamidihodtdiNM BRgs Tukbicli@ Aia sheRAUP dedBS a
dianeter of 2.5 to 10 mm preferably 3 to 6 nm Anong these carriers, those

having agpog Qﬁhgﬁtéﬁt&rﬂéo&%? Ana®6BEr 8x1REE sSOF Bhh eRtEAl S0 O
30% are preferably used. The ratio of the prelimnary calcination powder
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freeze-drylng and spray drying. The spray drying is the most
preferable in the present invention because it can dry to change
the slurry state into the powder state in a short time. The drying
temperature varies depending on a slurry solution concentration
and a solution-feeding rate etc., and is about 85 to 130T at
the outlet of a dryer. The drying is preferably carrlied out
in such a way that it may give the dried powder having an average
particle size of 20 to lo0oum.

The dried powder (catalytic component composition) as
described above 1is calcined to.give a catalytically active
component (step (b)).

The calcination may be carried out before or after a
shaping step. The dried powder may be calcined only before the
shaping step as the case may be, but is preferably calcined by

two steps, i.e. "preliminary calcination” before the shaping

w

step and primary calcination” after the shaping step as

described below. The calcinations can be carried out by the known



et hanol , pol yhydric al cohol , a polyner binder such as polyvinyl alcohol,
a cellul ose such as crystalline cellulose, nethyl cellul ose and et hyl

cellul ose, and an inorganic binder such as aqueous silica sol solution. The
preferable exanples are the cellul ose, a diol such as ethylene glycol, and
a triol such as glycerin. The cellul ose or an aqueous glycerin solution is
preferable. The aqueous glycerin solution is generally used at a glycerin
concentration of 5% or nore, preferably 10 to 50% Crystalline cellulose in
the celluloses is particularly preferable. The cellul o makes to give a good

shapi ng, meedbll B9 thN noMARMitaE ildye mechani cal strength and the catal ytic
activity. The anmount of the binder used is generally 1 to 60 parts based on

160 marts of e g phasesssal sopeors Ry WLl e

cellul ose used for a binder is preferably 1 to 1
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ULl A% BHCR 15 e Bl AL GRS 2 Uy 20 al U PRI o e
d i ally 1 5 t.q 60 ts b 100 t f th | i

Cal ci nat PERVRGRIR. YOV | A Gan o1 et SRAIYobs cBPLRPC PRBEPRERG Wif ckor

Tothani CEP BTG S A HV & BDEPC PR AT RIL VAR 47479 SCHAR AL NGRS um

titanate whi sker and basi c. magnesi um carbonate whi sker i s not preferable

si nce it §OnRILIedeatplRst S RAFRJ LN & ReAFIRIhEUbe cdhgfal ginnhion

particularly preferable. The anount _ of the fiber used is generalhy(% to 30
e

parts baPE@dyctiobtained by the Breliminary caleination pbukke dr

powder, including the further pulverizedproduct, is hereinafter
calledapreliminarycalcinationpowder in the present invention.

When the dried powder is calcined by two steps, the
primary calcination is generally carried out at a temperature
of 250 to 500C, preferably 300 to 450C, for 1 to 50 hrs. The
primary calcinations, if the dried powder is shaped by tableting
or by the other way than coating, is preferably carried out at
a temperature of 250 to 500C for 1 to 50 hrs.

The catalysts of the present invention can be obtained
elther by shaping the above dried powder (catalytic component
composition), followed by calcining; or by calcining the above
dried powder to get the calcination powder (usually inagranule),
which 1s then optionally pulverized, followed by shaping by a
known adequate way, with further succeeding primary calcining
if necessary.

A shaping way is not particularly limited, and includes

10



The above shaping auxiliary and strength-inprover are generally m xed with
the prelimnary cal.cination powler to use . The coated product obtained by
coating the prelimnary calcination powder on a carrier has generally a

di ameter of 3 to I 5mm The coated product thus obtained can be cal ci ned
primarily to get the coated catal yst being an object . The primary
calcinations is generally carried out at a tenperature of 250 to 500C ,
preferably 300 to 450C, for 1 to 50 hrs . The primary cal ci nati on, when
tableting or the other way than coating applies to a shaping nethod, is

general |y gancbpgradkialy aihesreaattawiof, 250 jRi=00§ fwrtd tdh s. A
si ze of ¥he coatgd cataPyst is different by the carrier which fggﬁggd and a

coating aRYAY a®heshPulRlA ¥30i8hCgel!l diatIARIAIY e8PRH! arda A ukmLdEN and
preferably nearly sane as 14 a size of the carrier which 1s used or a

itie | ppasbzL N2y iBaka. nf\ExPERREREDLES 14 Sufflefditao0abd abaluf 15 1.3

time of fthat of the carrie ess, efera . . ess, further
Gescr | bosorkther a8 Slpn e d PR e [ i e B bl o1 e
CxaD! o5 calUBST mubGod BRTh PEEEREEPLETE R RE S A heoe
fet i ned BYOTRe ol f ST AR 507 Abore) SPbeliatiof e Rerorein
Suppl | odthR FEFELFR SpoRthor: riTH B Edban AT R rRE S 5 A acryl i o
Vi el (VPBFRSRFY H50 SRt oA SR IFIIGEORE ol e ) | ( acrolein |
supplied in mole) o o ated datalyst & Doororable mods of cafalget tn

the present invention, will be described in detail below.

Tumbling granulation mentioned herelnafter 1is

preferable foracoatingstep. Thiswayils, forexample, as follows.

The flat or uneven disk mounted to the bottom of a fixed vessel

rolls at a high speed, causing the carrier inside the vessel

to take an axial rotation and an orbital revolution repeatedly

so that it may be stirred vigorously. The mixture of a binder,

the preliminary calcination powder and, if necessary, a shaping

auxlliaryandastrength-improver is added to the stirred carrier

to coat the mixture on the carrier.

The binder may be added into the vessel: (1) as ‘the

previously blended mixture mentioned above, (2) when a mixture

of the other ingredients ié added, (3) after the mixture of the

other ingredients is added, (4) before the mixture of the other

ingredients is added, or (5) by dividing the mixture and the

binder into their respective portions, followed by adding them

11



attrition resistance tester made by KAYAGAKI | Rl KA KOGYO KK. A Catal yst
sanple put a.n'the .tester was rotated at 25rpmfor 1 Onn and screened
through a 2 . 36mm standard sieve . The mass of catal yst sanple remaining
on the sieve was determned to 15 calculate the attrition resistance by
the equation (5): (5) Attrition resistance (% by massy= 100 X (nmass of
sanple put - nmass of sanple remaining on 2 . 36mm sieve)/( mass of sanple
put) Antinony acetate having a purity of 99.6% was used in the exanpl es.
Exanple 1 I naformul ati ngtank (A) equipped with a stirring notor, 600 parts

of 95C dgj0mh Zedk Yol €51 R ¥bribt éd mﬂdﬁﬂfo@mnkuq%gngétﬁa&w gHaut and

stirred. 18.22 parts of ammoni um net avanadat e and parts of ‘ammoni um

mol ybdat n agqge i 8591 v&. I t tf e
(purity gg%%%éggadded g&%ﬁﬁgrf ?n%é’%é%?ﬁﬁ d%g?%%??eg%m%%%ﬁe% in a

formul at LRg aL,2BatBl Febde?S RATdh o LOPRE adaLERER diggsphygd /and the
ged Into t e# E@?_%\)

resul tant solution was a ornmulating tan to get a slurry

Luti . S . . q :
T L G T R e S R
bout 100C. Th le t bt ai | i | i m
cal oi nat PBR M Gl fro 018 S B det AT R R BE oty e A Y e per at ur e
had b [ t f _about 60 h f h t t :
Then . the granal n RASUBBFATReH (lerinartarieh THELIGRAPRDSa A

i m 6 i i I I Lzed.i bal I. i ll t t
B ouder CeRERSFREFRESS nEoREX AR IR L LN AR B B RAPP1Bar ke O

wder) . | t unbl | at 12 t f_th | i m | ci nat i
Pondor aE rUBOUmGEnaE PAF S GHaBFLRALNE Ay it Haihg B GRROG T at o of
40%, a water-absorption rate of 19 . 8% and a di aneter of 4mm whil e
sprinkl i &8 ©.MW MONg §ResgoFaRELeTS . FiReS NAEALE BATOSFRE Lt &F product
t hus obtai ned was cal cined at 390C for 5hrs in a furnace, of which the

t enper at 3Pt hAQ ¥} R YRR AL OFRE TR Fadisoef 1AoLo f? abePIRESEAHE room

t enper at ur e,d to get a coated catal yst of the present invention.
used.

The ratio of the preliminary calcination powder used
for coating on the carrier (supported-calcination powder) is
generally 10 to 75%, preferably 15 to 50% relative to the total
amount of the preliminary calcination powder and the carrier(
supported-calcination powder + carrier).

The coated catalyst of the present invention, if it
contains the powder for coating in a large ratio, has a higher
reactlion activity, but is likely to have a less mechanical
strength (a large attrition rate). On the contrary, if it
contains the powder for coating in a small ratio, it has a more
mechanical strength (a less attrition rate), but is likely to
have a lower reaction activity.

A binder is preferably used in the present invention

when the preliminary calcination powder (the granule obtained

12



The coated catal yst had an al nost sanme particle size as the carrier . The
atomc ratio of a catalytically active conponent excl udi ng oxygen in the
coated catal yst thus obtained is as follows: MoI2Vv 3w . 2 Cul. 2 Sb0. 5
The attrition resistance of this coated catalyst was 0.1% or |ess. 30mL of
the coated catal yst thus obtai ned was packed into a reaction tube having an
I nner dianeter of 21.4mm Propyl ene was applied to the vapor-phase

catal ytic oxidation using a nol ybdenum bi smuth catalyst in a reaction bath
containing heat nediumto get a gas , to which oxygen and nitrogen were

suppl enepiediid pPEBLNLAaLYRAIIJINAADIAS SheSehbber1RRIraWed Gl @idt 5. 5% by
vol unme 17 Unreact ed propyl ene and the other organi c conpounds Oxygen

St eam | Nqhe GR%F )i ﬂ%' &85 08aNbh AUE R s r3%rhy THE! BTRAdr4PhEYud el Uit & . 0% by
vol une 58. 8% by vol unme The conposite gas was nade to pass through the above

reacti on i Al Go Byhy@PRE N 1 4! opo\i%&eb%arak%&gagaﬁo

ti me/ Vol unme of packed catal yst) of 1800/ hr to react. The resul s 0

s o ool S0 LRSI oAt S gl Pl 1,

Conpar at 'ceﬁl'@i%@%' Sn& o thyPUSA LAA Y 3ha'aR SRAAEE: Binldds S30R 4By as
aqueous silica sol solution. The preferable examples are the
cellulose, a diol such as ethylene glycol, and a triol such as
glycerin. The cellulose or an aqueous glycerin solution is
preferable. The aqueous glycerin solution is generally used at
a glycerin concentration of 5% or more, preferably 10 to 50%.
Crystalline dellulose in the celluloses 1s particularly
preferable. The cellulo makes to give a good shaping, resulting
in improving the mechanical strength and the catalytic activity.

The amount of the binder used is generally 1 to 60 parts
based on 100 parts of the preliminary calcination powder. The
amount of the cellulose used for a binder is preferably 1l to
10 parts, more preferably 2 to 6 parts based on 100 parts of
the preliminary calcination powder. The amount of aqueous
glycerin solution used for a binder, if the concentration of
the glycerin is for example 5 to 50%, is 10 to 30 parts, that
is,.0.5 to 12 parts, preferably 1 to 8 parts in the amount of
glycerin.
A shaping auxiliary such as silica gel, diatomaceous

earth and alumina powder may be used if necessary in the present

invention. The amount of shaping auxiliary used is generally

13



described in Exanple 1, except that 3.78 parts of antinony trioxi de was
used in place of 7.75 parts of antinony acetate in Exanple 1. The atomc
ratio of a catalytically active conponent excluding oxygen in the coated
catal yst thus obtained is as follows: M12V3 wl . 2 Cu 1. 2 SbO . 5 The
attrition resistance of this coated catal yst was 0.3% The coated catal yst
t hus obtained was sub jected to the reaction 1s test in the sane way as
described in Exanple 1. The results of reaction at a reaction bath
tenperature of 250C were as follows Acrol ein conversion=99.1% Acrylic acid

sel ecti Vbl 5% pae-fsryadda ¥ ﬂoMi;f‘AﬁE@Bfﬁ%’hEXﬁf@iﬁm?n@éy k@i tdHod he

prelimnary cal ci nati on powder obtained in EXanple 1 was placed on 25 parts
of al und g@wﬁggrj er having a porosity rate of 34% a water-absorption rate
of 17% and a dianeter of 3 . 5Smmwhile sprinkling 3 .1 parts of 20% aqueous

glycerin sol utiony, %ﬁﬁ%ﬁ@:‘?@dﬂ%&dﬁc ggscgggﬂggegig\gg SRd Giesk .390C

for 5hrs in a furnac tenperature of whic een progranmed to rise
cau ol yeou My pRAEA E3E BRI g AR ARl AXheEIBER S, Sl B e
Component 65 ERaR FHSOROGRRALFELnECERUPEN Bh: TS T iR ol reT L 4o °
cat al yot SARETOSHEY E8nRaFarFianEkCHAPets YELREST AHA Aat AR honder
576" par CETOORATE HBRFEF, LA AT REE AP 1 SInGe0 161 19 FRRGLHTS HFtant | mony
acetate in Exanple 1. 23. 1%&?”3 of the prelinmnary cal cination powder thus

obt ai ned th&s PREBEUTLR ZPRRAANYT - o GFTRIN TafPer nh%i RPTE S B of

3.5mm whi | e sprinkli ng 3.1 parts_of 20%
preferable. The amount of the fiber used is generally 1 to 30

parts based on 100 parts of the preliminary calcination powder.

The above shaping auxiliary and strength-improver are
generally mixed with the preliminary calcination powder to use.

The coated product obtained by coating the preliminary
calcination powder on a carrier has generally a diameter of 3
to 15mm.

The_ coated product thus obtained can be calcined
primarily to get the coated catalyst being an object. The primary
calcinations is generally carried out at a temperature of 250
to 500C, preferably 300 to 450°C, for 1 to 50 hrs. The primary
calcination, when tableting or the other way than coatingapplies
to a shaping method, is generally carried out at a temperature

of 250 to 500C for 1 to 50 hrs.

A size of the coated catalyst is different by the
carrier which is used and a coating amount of the catalyst etc.

It is generally about 3 to 15 mm and preferably nearly same as

14



aqueous glycerin solution. The shaped product thus obtai ned was cal ci ned at
390C for 5hrs i'n a furnace the tenperature of which had been progranmmed to
rise at a rate of about 70C per hour fromthe roomtenperature to get a
coated catalyst. A dianeter of the coated catalyst was 3.7nm The atom c
ratio of a catalytically active conponent excludi ng oxygen in the coated
catal yst thus obtained is as follows: M, 2V3 WL. 2C Ul.2 Sbp.5 The attrition
resi stance of this coated catal yst was 2.5% Exanple 3 15.4 parts of the
prelimnary cal cinati on powder obtained in Exanple 1 was honogeneously

m xed wi 8hsbzgpihihescanriesy vhich e used or gsdltTheslangaex thenddranas

pl aced on 36 parts of the sane alundum carrier having a dianeter of 3.5mm
as used TheEpaspfbraRlehsire 9pf itipel cprgtedocpbalysbfiWoRndgdaeust gthyaterin

sol ution. The shaped product thus obtained was cal cined at 390C for 5hrs in
a furnaceft thet eapeietrupe désshi phefiadabégnlpRoyimened less | sBaatherrate of
about 70C per hour fromthe roomtenperature to get a coated catal yst of

t he presertef2abliynvent itdme Arlilasi.er of the coated catal yst was 3. 6nm

. The attrition resistance of this coated catal yst was 0.2% The coated

catalystEggﬁa,ggéiined was subjected to the reaction test in the sane way
as descri Fh anple 1. The results of reaction at a reaction bath
tenperature of 235C were as_follows: Ac i n.conversi.on=98. 6% Acry]ic acid
el bot v ty=08. oV RErgTeRSnE RveRtenot S afgPE Thanrhmese Aekath ank
(A) equipped with a stirring notor, 60Q parts, of 95C dej oni zed water and
16. 26 pam¥s WY af?ﬁm?ﬁ‘%nf?&ﬁgg’?aﬂeemgﬁﬁt angy QMRaTALivies SBAPRLeR: of
anmoni um_met avanadate and 110 garts of ammoni um nol ybdate were t hen added
to di ssofp¥ever;s the pregent,dinygnyiofeshedlnAstaRtetinitefcto thes® parts
of deionized water held in a fornulating tank (B), 23.33 parts of copper
‘sul fat e SFEPIES Whless ShegATeReTARAERPAIS thgipresepddlayrnien .

resul tant solution was added into the fornmulating tank (A) to get a slurry
sol uti on. Acrolein conversion, acrylic acid selectivity, and

acrylic acid yield are defined by the following equations (2)
to (4) respectively.
(2) Acrolein conversion (% by mol)=
100 X (acrolein reacted in mole)/(acrolein supplied in mole)
(3) Acrylic acid selectivity (% by mol)=
100X (acrylic acid produced in mole)/(acrolein converted in
mole)
(4) Acrylilc acid yield (% by mol)=
100X (acrylic acid produced in mole)/(acrolein supplied in
mole)
Attrition resistance was measured with the tablet
attrition resistance tester made by KAYAGAKI IRIKA KOGYO KK.
A Catalyst sample put in the tester was rotated at 25rpm for
10min and screened through a 2.36mm standard sieve. The mass

of catalyst sample remaining on the sieve was determined to
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The slurry solution was spray-dried under adjusting the feed rate so that
the tenperature at the outlet of a spray drier m ght be kept at about 100C
to get a dried granule. The granul e thus obtai ned was cal ci ned at 390C for
about 5hrs in a furnace, of which the tenperature had been risen at a rate
21 of about 60C per hour fromthe roomtenperature. The prelimnary

cal cination granul e thus obtained was pulverized in a ball mlIl to get a
prelimnary cal cincation powder. 12 parts of the prelimnary calcination
powder thus obtai ned was honbgeneously m xed with 0.77 parts of crystalline

cel lul ose. Jdecabove fh&est PEYEEsn WBEs PLBEREe OBy 3Pheakaliohhesgame
al undum carrier having a dianeter of 4mmas used in Exanple 1 while

sprinkl i Q.@)Za@t%rtri% ofreﬁg_(%t?ﬂ%ggskf g;ryygrﬁdgﬂ__sol ution. The shaped product

t hus obt ai ned was cal cin 5hrs 'in a furnace, of which the

tenperat ure had heen, Bk5§£ne%‘i% g)ur Lgl%é:gos* 8RO m P&z%‘?t(ai*?ﬁ‘f{rﬁ bhOM ilgﬂlgn room

tenmperature, to get a coat taly the esent 1 nvention. atom c

ratio of a } C t] nt excludi ng oxygen in the coated
cat al yst th%gég%Yé{Hg%égsggsg¥§ ?gugggib,ZVBMI.ZCu,.eSb.5Ko.z~ The di anmeter

of the coated catalyst was al nost the same as that of the carrier's. The
attrition resistance of this coated catalyst was 0.1 % or |ess. The coated

cat al yst bjected to. the reaction test i e _sane_way_ as, described in
Bl o 1 RRELPRET) Seebte BebfRS 4 Put iR 4 fof Veriiediid o8 aoc
were as follows:_ Acrolein conversion=98.6% Acrylic acid selectivity=98.4%
Acrylic aci ®9MRI¢E97. 0% 22 Exanple 5 A coated catal yst of the present

i nventi on was obtained by the same way as described in Exanple 3 , except
that no cellul ose was used.

Example 1

Inaformulatingtank (A) equippedwithastirringmotor,
600 parts of 95C deionized water and 16.26 parts of ammonium
tungstate were put and stirred. 18.22 parts of ammonium
metavanadate and 110 parts of ammonium molybdate were then added
to dissolve. 7.75 parts of antimony acetate (purity 99.6%)was
added further. In96 parts of deionizedwaterheldinaformulating
tank (B), 15.56 parts of copper sulfate was dissolved and the
resultant solution was added into the formulating tank (A) to
get a slurry solution.

The slurry solution was spray-dried under adjusting
the feed rate so that the temperature at the outlet of a spray
drier might be kept at about 100C. The granule thus obtained
was calcined (preliminary calcination) at 390C for about 5hrs
in a furnace, of which the temperature had been risen at a rate
of about 60C perhour fromthe roomtemperature. Then, the granule

thus obtained (hereinafter in the examples called preliminary
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The atomc ratio of a catalytically active conponent excluding oxygen in
the coated catal yst thus obtained is as follows MIltV3 S*11.2Cul.8 Sb0.5 K
0.2 The attrition resistance of this coated catalyst was 0.1% or |ess. The
coated catal yst was sub jected to the reaction test in the same way as
described in Exanple 1. The results of reaction at a reaction bath
tenperature of 245C were as follows Acrol ein conversion=98.5% Acrylic acid
selectivity=98.1% Acrylic acid yiel d=96. 5% Exanple 6 A coated catal yst of
the present invention was obtained by the same way as described in Exanple

4, excephlidialation Hanald pwak JTRIGRASI 44 Dh BIFH EL A3 1UsLdet A gdwites of 1.
05 parts of potassiumnitrate. 23 The atomc ratio of a catalytically

active c m%%taf%ﬁl li‘i'ﬂ "t@xe‘”@d&%{ble% 8 10 Ab o Blas) ddmsLpiadged is
asfollo&s Mol 2V 8 ShO . 5I\/gol':ﬁid‘j ﬁe%ﬁrition resi stance

of this ¢oglaed) catalyst mas 0 1% or less. The coated catalyst was sub
jected to the reactlon test in the sane way as described in Exarrple 1. The

hor ol ei n_conver si oa-Be- PS8 oAbl e, IR ALLE BBty edChiiig 01 01
1o 0296 LKA Dobed LETUARHLAOORPE §AbesbPRE bk edbtdd 1 10

having a porosity rate of 40%, a water-absorption rate of 19.8%

and a diameter of 4mm while sprinkling 2.4 parts of 20% agqueous
glycerin solution. The shaped product thus obtained was calcined
at 390°C for 5hrs in a furnace, of which the temperature had
been risen at a rate of about 70T per hour from the room
temperature, to get a coated catalyst of the present invention.
The coatedcatalyst hadanalmost same particle size as thecarrier.
The atomic ratio of a catalytically active component excluding
oxygen in the coated catalyst thus obtained is as follows:
Moy,V3 Wy aCuy 28bg, 5

The attrition resistance of this coated catalyst was 0.1% or
less.

30ml of the coated catalyst thus obtained was packed into
a reaction tube having an inner diameter of 21.4mm.

Propylene was applied to the vapor-phase catalytic
oxidationusing amolybdenum-bismuth catalyst in a reaction bath
containing heat medium to get a gas, to which oxygen and nitrogen
were supplemented t.o obtain a composite gas as described below.

Acrolein 5.5% by volume
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not or, 600 parts of 95C deionized water and 16.26 parts of anmmoni um
tungstate were put -and stirred. 18 . 22 parts of anmoni um netavanadate and
110 parts of ammoni um nol ybdate were then added to dissolve. 7.75 parts of
antinony acetate was added further. After 20mn, 2.07 parts of niobium

oxi de was added. In 96 parts of deionized water held in a fornulating tank
(B) , 15.05 parts of copper nitrate was di ssolved and the resultant
solution was added into the formulating tank (A) to get a slurry solution.
24  The slurry solution was spray-dried under adjusting the feed rate so

that the tefprEAttE® @foﬁ#@bggtaga of a spray drier mght be kept at about
100C to get a dried granule. The granul e thus obtained was cal ci ned at 370C

for about Stk bohérfsESatee ggmﬁgﬁﬁgsthe t e'PRE alirko been risen at a
rate of about 60C per hour fromthe roomtenperature. The prelimnary

calcinatio | e thus obtai ned was pul verq z i mll to get a
b 1R o fo e,

prelimnary ci nation powder . 12 parts of t y cal cination
powder t hus i ned was honobgeneously m x 1 7 arts of
crystallinesgg%ﬁhlose . The above m xed po&g%¥6%é¥ p(ggéﬁgon 36 parts of

h I ' ' ' in Ex le 1
w1 sprinkiehy 955 HEFHeBLaEnRLEbalR ° ) S8 ST BE MR e chaped
duct th bt ai ned _cal ci t 390C 5 ' f f which
Phet erper AT S TR onF dut Bads To2ass, taEangh e BBPVHARAGS M tno
t t . t d t t of {h toi ti . Th

wtom o riies ot 2 54 KpefeclRhontERycveTimereh FRelas 9aF BEHeH T ¢ ne
coated catal yst .thus obtained is as faollows: M12V3 w .2Cul. 2Sb0. 5Nb0. 3 The
attritiofrimedValames off pagked satad vaflaigfsil ¥ o #eass. The coat ed

catal yst was subjected to the reaction test in the sanme way as described in
Exanpl e 1. PBe ragrliasef t5eaftincat od activndizvh wreraiie ffure of

243C were a§cfol | ows:
245C were as follows:

Acrolein conversion=99.2%
Acrylic acid selectivity=98.7%

Acrylic acid yield=97.9%

Comparative Example 1 .

A coated catalyst was obtained by the same way as
described in Example 1, except that 3.78 parts of antimony
trioxide was used in place of 7.75 parts of antimony acetate
in Example 1. The atomic ratio of a catalytically active
component excluding oxygen in the coated catalyst thus obtained
is as follows:

Mo V3 Wy aCuy 28bg. 5
The attrition resistance of this coated catalyst was 0.3%.

The coated catalyst thus obtained was subjected to the reaction
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Acrol.ei n conversi on=99.0% Acrylic acid selectivity=98.4% Acrylic acid

yi el d=97. 4% Exanple 8 In a formulating tank (A) equipped with a stirring
notor, 600 parts of 95C deionized water and 16.26 parts of amoni um
tungstate were put and stirred. 18.22 parts of amoni um net avanadate and
110 parts of amoni um nol ybdate were then added to dissolve. 7.75 parts of
anti nony acetate was added further. In 96 parts of deionized water held in
a formulating tank (B) , 15.56 parts of copper sulfate, 0.52 parts of
potassiumnitrate and 4 . 19 parts of ferric nitrate were dissolved and the

resul tantege! Whi eReVaameddRs okt Adske ibeaulmtagndiank .(A) to get a slurry
solution. The slurry solution was spray-dried under adjusting the feed rate

so that therf&nResaitd atrdder 0l | St PireasPisy wé@rtbémggéyath&é@é at
about 100C to get a dried granule . The granul e thus obtained was cal ci ned

at 370C hHgphahput QHD%&’]G&VJW nace, of which the tenperature had been
risen at a rate of about 60~ per hour fromthe roomtenperature. The

prelim nary. | nati Eqbh obt ai ned was pul verized in a ball nlll
to get a pf% |ﬁ§%§$yé€£Y%#%g |o%§bg§der. 26 12 parts of the prelimnary

CaICinatiOQA&%§¥E§|%§%§e§g£$%€§g% gggpgggeneously mxed with 0 . 77 parts

of crystallTh e m Xed powder was placed on 36 parts of

t he sane aliﬁ'#]ldi%q%?%é%ghgg%ég%%’gi aneter of 4 nmas used in Exanple 1

whi l e spri nkli gueous gl ycerin solution. The shaped
product thus obtained was cal cined at 3909C for 5hrs in a furnace, of which
the tenperature had been risen at a rate of about 70C per hour fromthe
roomtenperatyre, to get a coated catal yst of the present invention. The
atomc r Pg@ g catal ytically active conmponent excluding oxygen in the

coated catal yst thus obtained is as follows: MoltV 3 wi. 2 ~u 1. 2 SbhO . 5
KO. 1 Fe 0. 2 23.1 parts of the preliminary calcination powder

obtained in Example 1 was placed on 25 parts of alundum carrier
having a porosity rate of 34%, a water-absorption rate of 17%
and a dlameter of 3.5mm while sprinkling 3.1 parts of 20% aqueous
glycerin solution. The shaped product thus obtained was calcined
at 390C for 5hrs in a furnace the temperature of which had been
programmed to rise at a rate of about 70C per hour from the
room temperature toget acoatedcatalyst of the present invention.
The coatedcatalyst hadan almost same particle size asthecarrier.
The atomic ratio of a catalytically active component excluding

oxydgen in the coated catalyst thus obtained is as follows:

Mo12V3 Wy Cuy 28bg. 5
The attrition resistance of this coated catalyst was 0.4%.

Comparative Example 2

A preliminary calcination powder was obtained by the

19



The attrition resistance of this coated catal yst was 0.1% or |ess. The
coated catal yst was subjected to the reaction test in the sane way as
described in Exanple 1. The results of reaction at a reaction bath
tenmperature of 243C were as follows Acrol ein conversion=98.7% Acrylic acid
selectivity=98.7% Acrylic acid yiel d=97. 4% Exan‘%l e 9 18 parts of the,

prel i m naggmeaway astdeseribedudr EXapie e @xoept thah SE&RAIS of aptimanyHHgEideousl y
mxed with 0.9 parts of silica alumna fiber having an average fiber |ength

of 100, umyas veeld ingslaéd of TeT R parts idh antidionyeacatatel in2Exdmpleand 2B. bpapiarafs of
met hyl cellulose . In a tunble granulator, the above m xed powder was

pl aced on ; ‘ s e | i

5. S as. Heo e iERn, sploihafr R, HALTOERI AP WAt fated) g 25T bfs b1

| ycerin solution. The shaped product .thus obtajned.was cal.cined at 0 for
9 Y ehr o AU, G haMGE CRTReT abares vl st B bt St e o
about 70C per hour fromthe roomtenperature, to get a coated catal yst of

t he preseatueowsglyoenn Sdlatien.t rThe shapediproductethus obtainesowasdcaleinetyatt was
0.1% or |less. The coated catalyst was sub jected to the reaction test in

the sane Wy @JordSRIE inPE JuinhcEXhBPletnperatlite dfefkichshaf beeAPrb§raniined to

reaction bath tenperature of 2309C were as follows Acrol ein conversion=99.4
Acrylic acid selectivity= d~ACr vl i ' [ =
APPLI CABI [PF¥ AR Eag?aq\ffts‘%é“g]% Ot(ﬁéeﬁﬂ%"irﬁ‘%ﬂoéﬁﬁb%n%@%égﬁgﬁgﬁé%h%ec%tg ed
catal yst can be used in the Process for produci ng an ) ,
catalyst. A diameter of the coated catalyst was 3.7mm. The atomic ratio of a
catalytically active component excluding oxygen in the coated catalyst thus

obtained is as follows:

Mo,,V, W, ,Cu, ,8by 5
The attrition resistance of this coated catalyst was 2.5%.
Example 3

15.4 parts of the preliminary calcination powder obtained in Example
1 was homogeneously mixed with 0.77 parts of crystalline cellulose. This mixed
powder was placed on 36 parts of the same alundum carrier having a diameter of
3.5mm as used in Example 2 while sprinkling 2.6 parts of 20% aqueous glycerin
solution. The shaped product thus obtained was calcined at 390°C for 5hrs ih a
furnace the temperature of which had been programmed to rise at a rate of about
70°C per hour from the room temperature to get a coated catalyst of the present
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unsaturated acid fromthe unsaturated al dehyde as a source materi al,
preferably in the process for producing acrylic acid 28 fromacrolein as
the source material. The catal yst of the present invention is industrially
val uabl e because it has a | arge nmechani cal strength enough to pack in a
reaction tube with the catalytically active conponent little peel ed and

pul ver i zetventiome Adigmeter oftbe £oateshcalalyst N@Séggmf%-el ectivity enough to
cope with a high load reaction condition. 29 CLAIMS 1. A catalyst in

whi ch t heThat4ttritionCaisistancd iof ehisoopatedntatalyss iwdsuDi29. | Thé ajvatse thedysty the
formula (1): Ml 2Va WhCucShdXe Yf ZgOh (1) ( in the formula, M, V, W Cu,

Sb and O r di : i nd
oxygen r B gcEjest Ws¥ SEBlectBd KFiFRFteACkoh YBEh e SER Ry AL UESTHIBEATH
group consisting of alkali netals and thalium Y represents at |east one
el ement sEXBEWPRI1from the group consisting of magnesium cal ci um
strontium bariumand zinc; Z represents at |east one elenent selected from
t he group consiTheinegult$ ofirehction ater reactioni bgthcdlemperature i r2365€swere rasn,
cobalt, samarium germanium titaniumand arsenic; a, b, ¢, d, e, f, g and
h represepopsom c ratios of their respective elenents , with O<as 10 ,
Gsbs 10 , 0<c~6, O<dSI O (0seS0.5, O-fsl, Osg<6) based on 12 of nol ybdenum
el enent ; and i S a nunber. of ygen atons required to satisfy the total
val ence of theRB[qj%'P cé]"é{ﬁésﬂ?%'gé)',é@ai d catalytically active conponent
conposi tion conprising bei n? .Pr oduced by using antinony acetate for an
anti nony sour cAcRic@cicselectivity=98.9%

Acrylic acid yield=97.5%

Example 4

In a formulating tank (A) equipped with a stirring motor, 600 parts of
95°C deionized water and 16.26 parts of ammonium tungstate were put and
stired. 18.22 parts of ammonium metavanadate and 110 parts of ammonium
molybdate were then added to dissolve. 7.75 parts of antimony acetate was
added further. In 96 parts of deionized water held in a formulating tank (B), 23.33
parts of copper sulfate and 1.05 parts of potassium nitrate were dissolved and the
resultant solution was added into the formulating tank (A) to get a slurry solution.

The slurry solution was spray-dried under adjusting the feed rate so
that the temperature at the outlet of a spray drier might be kept at about 100°C to
get a dried granule. The granule thus obtained was calcined at 390°C for about

5hrs in a furnace, of which the temperature had been risen at a rate
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2. A .coated catal yst, wherein said catalyst is a coated catal yst obtained
by coating the catalytically active conponent conposition according to
claim1l on an inactive carrier, said coated catal yst obtained through the
process including the 30 following steps (a) to (c): (a) Drying either
an aqueous sol ution containing the catal ytic conponent el enents or an
aqueous dpEpeewl & Caperdmusdinra she sepnaitempgraitrel el enents, to prepare a
catal yti c conponent conposition. (b) Calcining the catal ytic conponent

conposi tion obt ai neGherpretigindrit)caldivatioregertile tma obtadrbdaaggiulvéridedipat i ng
t he cal ci ned powder obtained in step (b) on the carrier, together with a

bi nder ang @mpf@?%yg,ti%é@\éﬁﬁéyhéa@ﬁggﬁ&ﬁrp\bw r: bg;%ﬂrseﬁlf it ?Hﬂﬁﬁir&argo wder

according to c e nm rate of a supported-calcine

based on the total of ;sajd carrier, and said cal ci ned powdey, i he step (c)
's°15 to salcinalionpQudel s Ghlainie BEsAOTPGSReTHT Y RAS WEN St/ BRrSIof s 1
to 3, wherein said catalytically active conponent conposition is what is
produced chystallire ecllilege.of spray drying either an aqueous sol ution
containing the catal yti c conponent el enments or an aqueous di spersion of

conpounds cont ai ni nghgahdofs QﬁR@HS?owéef was pRRA Bl 86 VSt GFOthdl 88mie0 any
of clains 2 to 4, wherein said catalytically active conponent conposition

is what i bt ai ned. b ' icfiber f ' thei i
the step clPEh eI Y AFBRr T dsr o Bbed N B 4 Wt SBpgEng "
wherein said catalytically active conponent conposition is what is obtained
by using &8 pads|afr0%eaquaasiscolyerrin spltionndthe ishapgd preduct thus obtained

was calcined at 390°C for 5hrs in a furnace, of which the temperature had been
risen at a rate of about 70°C per hour from the room temperature, to get a coated
catalyst of the present invention. The atomic ratio of a catalytically active
component excluding oxygen in the coated catalyst thus obtained is as follows:
Mo,,V,W, ,Cu, ,Sb,:K,,. The diameter of the coated catalyst was almost

the same as that of the carrier’s.

The attrition resistance of this coated catalyst was 0.1% or less.
The coated catalyst was subjected to the reaction test in the same way as
described in Example 1.

The results of reaction at a reaction bath temperature of 240°C were as
follows:

Acrolein conversion=98.6%

Acrylic acid selectivity=98.4%

Acrylic acid yield=97.0%
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step .(c). 7. A catalyst or coated catalyst according to any of clains 1 tv
6., which conprises being used in the process for the production of acrylic
acid by vapor-phase catal ytic oxidation of acrolein with nol ecul ar oxygen.
32
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-'_S ! .
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109& ()-"| Acuybige (3cid sebegriyity=9800K ()- 10 10

10<s109%&' ()-J....,/i//dEbC 9109%M 109%& ()-sM 10%& ()-s& 109%& ()-S10%& ()- @
109& () - S10BtY}i¢ /agkdOpleld=96.7%

1dEbC 9109% 109%&' () - 9M 109%& ()-#:!109%& ()-!:!10%& ()-M 10%& ()-s ! 109%& () -
1@{ 1112E2dEbC 910%8M 10%&' ()-1:! 10%& ()-y/ mLOY%& () -- 10%& ()-+M 10%& ()-y) G
109& () - E222233333xmbC 910%." : 10%& ()- 10 10

10<s 109K ERpmpMel 09%&' () - 8: ! 10%& ()-5M 10%& () - 3S3334R44aBnbC 910% " ! 10%& () -
I sM 109%& ()-sM 10%& ()-"s! 109%& ()-"|

“110% () - @ 10%& (h- 4450BHG6dENME X% | (V Y1 G241 (D p R bt (9 =ikt () - 11
0%&' ()-"s!109%&' ()-SM 10%& ()- 6N666647s7dEMDC 910% M 109%& () - f +mLO%& () -) F10
% ()-s' MotOUR' (6005 PalrtRV@f )9=EMIANGRA & pds WA T éBuREdHeh Q60 Hatstd HI&' () - 83
109%&' ()-6M 109%&' ()-s3 ! 10%& ()-1& 10%& ()-/ M 10%&' () - 88888899x99bC 910% sL!
109&' () - a¥monium tungstate were put and stirred. 18.22 parts of ammonium

metavanadate and 110 parts of ammonium molybdate were then added
to dissolve. 7.75 parts of antimony acetate was added further.
After 20min, 2.07 parts of niobium oxide was added. In 96 parts
of deionized water held in a formulating tank (B), 15.05 parts
of copper nitrate was dissolved and the resultant solution was

added into the formulating tank (A) to get a slurry solution.
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The above mixed powder was placed on 36 parts of the
same alundum carrier having a diameter of 4mm as used in Example
1 while sprinkling 2.7 parts of 6% aqueous glycerin solution.
The shaped product thus obtalned was calcined at 390C for 5hrs
in a furnace, of which the temperature had been risen at a rate
of about 70C per hour from the room temperature, to get a coated
catalyst of the present invention. The atomic ratio of a
catalytically active component excluding oxygen in the coated

catalyst thus obtalned is as follows:

Mo;,V3 Wy 2Cu; ,Sbg s5Nbg 3

The attrition resistance of this coated catalyst was 0.1% or
less.
The coated catalyst was subjected to the reaction test in the

same way as described in Example 1.
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Acrylic acld yield=97.4%

Example 8

Inaformulatingtank (A) equippedwithastirringmotor,
600 parts of 95C deionlized water and 16.26 parts of ammonium
tungstate were put and stirred. 18.22 parts of ammonium
metavanadate and 110 parts of ammonium molybdate were then added
to dissolve. 7.75 parts of antimony acetate was added further.
In 96 parts of delonized water held in a formulating tank (B},
15.56 parts of copper sulfate, 0.52 parts of potassium nitrate
and 4.19 parts of ferricnitrate were dissolved and the resultant
solutlon was added into the formulating tank (A) to get a slurry
solution.

The slurry solution was spray-dried under adjusting
the feed rate so that the temperature at the outlet of a spray
drier might be kept at about 100C to get a dried granule. The
granule thus obtained was calcined at 370C for about 5hrs in
a furnace, of which the temperature had been risen at a rate
of about 60C per hour from the room temperature.

The preliminary calcination granule thus obtained was

pulverizedlinaballmill togetapreliminarycalcinationpowder.
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1 while sprinkling 2.6 parts of 20% aqueous glycerin solution.
The shaped product thus obtained was calcined at 390C for 5hrs
in a furnace, of which the temperature had been risen at a rate
of about 70C per hour from the room temperature, to get a coated
catalyst of the present invention. The atomlc ratio of a
catalytically active component excluding oxygen in the coated

catalyst thus obtained is as follows:

Mo, ,V3 Wy ,Cuy 2Sbg 5K, 1Feq. o

The attrition resistance of this coated catalyst was 0.1% or
less.
The coated catalyst was subjected to the reaction test in the
same way as described in Example 1.

The results of reaction at a reaction bath temperature of
243C were as follows:

Acrolein conversion=98.7%

Acrylic acid selectivity=98.7%

Acrylic acid yield=97.4%

Example 9

18 parts of the preliminary calcination powdexr obtained
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placedon 35.1 parts of the same alundum carrier having a diameter
of 3.5mm as used in Example 2 while sprinkling 2.8 parts of 20%
agueous glycerin solution. The shaped product thus obtained was
calcinedat 390C for2.5hrsinafurnace, of whichthe temperature
had been risen at a rate of about 70C per hour from the room
temperature, to get a coated catalyst of the present invention.
The attrition resistance of this coated catalyst was 0.1% or
less.
The coated catalyst was subjected to the reaction test in the
same way as described in Example 1.

The results of reaction at a reaction bath temperature of
230C were as follows:

Acrolein conversion=99.4%

Acrylic acid selectivity=98.4%

Acrylic acid yield=97.8%

INDUSTRIAL APPLICABILITY

A catalyst of the present invention, especially the
coated catalyst can be used in the process for producing an
unsaturated acid from the unsaturated aldehyde as a source

material, preferably in the process for producing acrylic acid
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. A catalyst in which the catalytically active component

constitution is represented by the formula (1):

Mo, ,Vay WpCu Sby Xe Yg % gOp (1)

( in the formula, Mo, V, W, Cu, Sb and O represent molybdenum,
vanadium, tungsten, copper, antimony and oxygen respectively;
X represents at least one element selected from the group
consisting of alkali metals and thalium; Y represents at least
one element selected from the group consisting of magnesium,
calcium, strontium, barium and zinc; Z represents at least one
element selected from the group consisting of niobium, cerium,
tin, chromium, manganese, iron, cobalt, samarium, germanium,
titanium and arsenic; a, b, ¢, 4, e, £, g and h represent atomic
ratios of their respective elements, with 0<a=<10, 0=b=10,
0<c=6, 0<d=10, 0=e=0.5, 0=f=1, 0=g<6, based on 12 of
molybdenum element; and h is a number of oxygen atoms required
to satisfy the total valence of the other elements), said
catalytically active component composition comprising being
produced by using antimony acetate for an antimony source
material.

2. A coated catalyst, wherein said catalyst is a coated catalyst
obtained by coating the catalytically active component
composition according to claim 1 on an inactive carrier, said

coated catalyst obtained through the process including the
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(a) Drying either an aqueous solution containing the catalytic
component elements or an aqueous dispersion of compounds
containing said elements, to prepare a catalytic component
composition.

(b) Calcining the catalytic component composition obtained in
step (a), to prepare a calcined powder.

(c) Coating the calcined powder obtained in step (b) on the
carrier, together with a binder and a strength-improvers
if necessary.

3. A coated catalyst according to claim 2, wherein the mass rate

of a supported-calcined powder based on the total of said carrier

and said calcined powder in the step (c¢) is 15 to 50%.

4. A catalyst or coated catalyst according to any of claims 1

to 3, wherein said catalytically active component composition

is what is produced through a step of spray drying elther an
aqueous solution containing the catalytic component elements
or an aqueous dispersion of compounds containing said elements.

5. A coated catalyst according to any of claims 2 to 4, wherein

said catalytically active component composition is what 1s

obtailned by using ceramic fiber for said strength-improver in

the step (c).

6. A coated catalyst according to any of claims 2 to 5, wherein

said catalytically active component composition is what is

obtained by using crystalline cellulose for said binder in the
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to 6, which comprises beingused in the process for the production
of acrylic acid by vapor-phase catalytic oxidation of acrolein

with molecular oxygen.
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