;e3e< F6|Tp 2 0 J U N 2002 DESCRI PTION  The present invention relkates to
a novel catalyst , and nore particularly to a catalyst suitable for uSe in
t-he production of acrylic acid by vapor-phase catal ytic oxidatjon &
acrolein with nol ecul ar oxygen. BACKGROUND ART As a catal yst f%d]ﬁﬁ 2002
production of an unsaturated acid by vapor-phase catal ytic oxidation of the
unsat ur ated al dehyde, there are known, for exanples , the catal yst obtained
by tableting a catalytically active conponent conposition, t
obtai ned by nol ding a catal yti cal bgsartpyreosonponent with H“@BM@@Wmmmm
conponents into a globule or a ring, and the catal yst obta

supporting a catalytically active qgompanest on inactive carri ef%!5i t h

bi nders (hereinafter called coated catalyst). For the preparation of the
coated catal yst, Japanese Patent Lai d-Qpen No. 1l 709/1976 di

met hod of coating by rolling the active conponent and the ngmmgm |mMﬂﬁ
rotating j arg anese Patent Lai d-Open No. 153889/ 1 I SCl 0sed the
nethod(ﬁé%§§§#¢%%eﬁﬁﬁéﬁpby sprayi ng the aqueous suspension of “&X%2*
prelimnarily calgjned actiye, conmponent r e carr

Vi t rs 1 0 ~.0 ~
2002 or by spreadi rlllge Phe~at ilvrév%o%%rhgﬁt(la%\?esrpc\)/iagg?gﬁgl':f%%’ ngiri ers;
and Japanese Patgnt aig- en hg.iSl%Q/l%f i sclosed th nethgd f
product i SWRRPAG-VEP-B0 Yg%"a?‘nﬁ? for§t 4 9 U LR Tt BRP FSr‘ngPoduci ng
acrylic acid by_vapor-phase catal ytic oxidation of acrolein with_nplecuid

oxygen, tHe3€ &Iifs‘?ci-ig 08 VRBEE PGS 3t a8 hgCax iR R QfoAcToleln

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
auxiliary components into a globule or a ring, and the catalyst
obtained by supporting a catalytically active component on
inactive carriers with binders (hereinafter called coated
catalyst).

For the preparation of the coated catalyst, Japanese
Patent Laid-Open No.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 eithexr by spraying the aqueous suspension

of a preliminarily calcined active component over the carriers



tube fromthe upper side. Therefore, if the coated catal yst having a weak
mechani cal strength packed, the catalytically active conponents coippgsidi @802
i's peel ed out and pul verized into powder and it cause a problemthat they

rai se abnormally the pressure inside the tube during the reaction. So, the
catalyst is demanded to have a | arge nechanical strength in property ( such
as little attrition resistance). In recent years, the production of acrylic
acid by vapor-phase catal ytic oxidation of acrolein trends towards "high

| oad r eacin oy cxpxbiddiony ,thHdact Bye tcomponieas cove afgondbusiyanoolirgn
supplied per unit volume of the catalyst. Since the oxidation reaction of

acr ol ei n deredertdies Ni Capanels o Pt @asedianopein NY . 88139 gl Daisgsoakaut hot
spots , which are likely to drive out the catalytic conponents including

mol ybdenuiRe dnetdiisd idfutgrdicel SHRIEi0f Jdieisas agyshulabershe defect
difference in pressure inside the reaction tube Increases with the el apse

of reaction tine, deckgasidigst el GAGHIORIBLbGué SHEMAS LANKRLH B9 Of

acrolein and acrylic acid yield) and bl ocking a | ong operation.

20-ur d20Qz, 4c s & LU AP FENBRGSE QofleRe OR1d1e. 1l A ¥ A8 ¥R A Yt

t hat wou e operation at Oow reaction tenperature. e present

[ i t d il dy t h bl i I i i
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The present applicant has nade anot her diligent stuq¥ to sol ve these
pr obl ens AFIVE FYTPRREBRPIAWAHE IRedgReeled out and pulverized into

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 property (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 catalyt%g‘components including molybdenum, a
constitutionalelement of thecatalyst. 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.

[



invention that the catal yst obtained by using a certain material is ?Qppbn 200
active for the oxidation reaction of acrolein and has a | arge nechani ca
strength. Nanely, the present inventors have studied to reveal s that
antinony acetate used for the source material can provide the catalyst
havi ng | arger nechanical strength, high activity and good reproducibility.
The present invention relatesto an antinony-contai ni ng nol ybdenum cat al yst
produced by using antinony acetate for an antinony source material, and
more particul arly gurH hesiohhbnbngsemdrds Accatabysp tie MigHL  Aetive
catalytically active conponent constitution is represented by the fornula
(1): 3  aQdydd NeBRO2 Wil idVaeWibueShate dheddtohllatl idw! Raakerewl a, M,
V, W Cu, Sb and O represent nol ybdenum vanadi um tungsten, copper,

anti mony aheh Oxyaere I 9ARGAd MG YaprS § ERAERGALS 8115 §a8t A LLETBAVe
selected fromthe group consisting of alkali netals and thalium Y

represents,al | sask, e ol ATERASShEct e TSAdde, 05RO LIK. B

magnesi um cal cium strontium baridm and zi'nc represents at ast one
el enent I r i Sti f__ni_ohi rjym ti

chrom um%?orr':‘?\%é;fnige’; e,&mlér cr%ﬁi,l%g.é)gg:le& ?nglasrr%? P’%ﬁn(? pgxreérsrféét{r#j t%pﬁt%ictagrﬁ% mtgﬁg

arseni c; b) c,.d f and h represent atopic ratios t heir
respect i \fgieél‘%:%ﬂ%s? %ngﬁsc‘iﬁt?”g %b%i% &lgg}cﬁggilﬁgdgﬁ%%efﬂegﬁs&

Osf SI, 0-g<6,. based on 12_of nol yhdenum el enent; h is the nunber of oxygen
atoms rodUiFHLY (RS sRYAL Hadh &t ARRHE IRDATGHe SERRRIER emtht 815%0al d
catal ytically active conmponent conposition conprising being produced by
usi ng” antdifshrsfde Beats dt ApsineTeberaRbor Ee WECergabimgny Arigxidg

catal yst, wherein said catalyst is a coated catal ystobtained by coating
sai d cat #yRrieHied tacrpveheBhpdhdHicBIgRs ifoToAN@R bIBPRY - FONLAENAREVe ( 1
) on an inactive carrier, the coated catal yst obtai ned through the process
i ncl udi ngpanmound.

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 certain material
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, higﬁ activity and good reproducibility. The present
invention relates to an antimony-containingmolybdenumcatalyst
produced by using antimony acetate for an antimony source
material, and more particularly to the followings:
(1) A catalyst in which the catalytically active component

constitution is represented by the formula (1):



follow ng steps (a) to (c): (a) Drying either an aqueous sol ution 2 0 JUN 2002
containing the catal ytic conponent elenents or an aqueous di spersion of
conmpounds 4 2 Q u~~~ 200. containing said elenents,to prepare a catalytic
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 acgordjng,tq t oV, 2 , Wherein the rate of a
supported-cglﬁéﬂkégqbg\‘ﬂmgﬁ’dzg%gf grﬁ? ??ﬂe t ot al (ellolf said carrier and the

cal ci ned powder supported in the step (c) is 15 to 50~. ( 4 ) A catalyst or
coated catal yst according to any of the above (1) to (3), wherein said

catal ytigally. tiv ent, conpQsi td i i o, hrough a

step of gpégyﬂg%ytllonlgm@?ﬁceﬂr})'aﬁll'aéﬂiue(gﬁs %‘g%ﬁﬁsg\r’,\@%ﬁ%gf’ﬁ%n‘gﬁﬁgd%g g‘l'yti c
conponent _el enqent s, or an aqueous di sé;)ersi on_of conpounds cont %i.ni Eg_sai d
el ement s VPSRN o EHBESEGP Al §RPPRE ¢ AU HP D AR OBY SPRSBBYE P YS (4)
wherein gsai d cat all_?/ti cal Ix active conponent coggo%i hi on is what is obtained
by Usi ngXcERRRRSaN Hor aF ol e8It WG cnbTRER hpFBVBFEP ERSM (e (8FSuPE) A

coated catal yst .according to any of the above \(MZ%\ to (5)) wherein said

cat al yt i EQPPy-s&dpoyet e &% FRAliumanh repressnsisef hgadsi ng

crystalline cellulose for said binder in the steg_) (c¢). 5 2 0 ~~~1 200z
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, ¢, d, 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; 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, wherein said catalyst is a cocated
catalyst obtained-by coating saiicatalytically active 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 agqueous solution containing the catalytic

component elements or an agueous dispersion of compounds



( 7 ) Acatalyst or coated catalyst according to any of the above ( 12 Ot QUN 200
( 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. The present invention will be described in detail below where
"part" and "~" nmean "part by mass" and "~ by nmass" respectively unless
ot herwi se defined. There is no limtation to antinony acetate used for the
source material in the present invention . Antinony acetate avail able on
the market is satisfactory to use. The purity etc. unless it danages
catal ytic actl?/i"??al‘i‘lh%gﬁéllﬁlr%%?‘éﬁ?‘fﬁ B‘é’EB?B%He YFR FABRTLACOMRORSR i ng a
purity of 95~ and nore is generally used. One having a purity of 99s and
more i s nore pFUrRPEbFECNThe atomic ratios of the respective elements in a
catalytically active conponent of the present invention, if they are within
the rangetbhs CrRLeinbed the eabalpbie JUMNANGRY CPMPREIEiAD Ppbblredtia be
sol ved. The nore preferable ranges in the formula (1) are 2SaSh, 0.2Sb52,
0. 25cs4, 0.3~dsZep @) QUte prspapesa crysdnef pawdereni c rati o of oxygen
el enent, varies depending on atom c val ences and atom c ratios of the other
el enent s andCostanygdheecaletined pewdexchisiivedibytebd bdadcamanactive The
range is generally 42 ~h~ 133 , preferably 43 Ch~75. The catal yst of the
present i nventcarncian, getddur ed th>a b2nderwhd@ @z taengti-Agpirovelrs
conventional nethod for producing a nol ybdenum catal yst, except that
antinony acet aif® necaesegaryor an anti nony source material. For exanple ( at
first , ~ an aqueous solution containing the elenents (hereinafter called
catal yti c(xpnmpaneshaskdi datalpstladoraling aot the abovRoN2N! WIHmDS! then as
shown in fornmula ( 1 ) or an aqueous dispersion of compounds ( catalytic
conponentrLREUAGSIpEent &d iéatc satd sdwienithded phepRé etbtahoagueaus
solution or dispersion is hereinafter referred sinply as a

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 agueous 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 said catalytically active component composition
is what 4is obtained b& using ceramic fiber for said
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 is obtainedbyusingcrystallinecellulose for said binder

in the step (c}).



slurry solution” unless otherw se specified. The slurry solution can be
general |y obtained by mixing the catal ytic conponent conpounds 2 0 JUN 2007
honogeneously in water to dissolve or disperse. The slurry solution in the
present invention, if it is an aqueous solution, is nost preferable. The
catal yti c conponent conpounds are satisfactorily mxed in a fornul ation
rate that the atomc ratios of the catalytic conponents fall within their
respective ranges in the above forrmula (1). The slurry solution can be

pr oduced any, procedure, for, exanple, nmaki up catalytjc ¢ onent
Ponpoundst Tht o > BafREPRtan 8o BT ns U ACEEFAGR YT 8hE ¥ Hhe GHBRG by
m xing th b i.ssolving or di,spersing one qQr, nore catalytic conponent
Compoandst T Ghu St B EIPGISES PEIRGWBEe By i R HIRAAS Horby DAkI g
up all the catal ytic conponent conpounds intqQ a solution or dispersion by
one st ep.PEAGHIRR Pisgrawilds REigeersRSF R SR IR Yricharidgtion 2 0 J
U N 2002 the A solution containing a nolybdenum conpound, a vanadi um
conmpound,®fa a¢FReEh Ehp teleandaBanP¥WBAY - acet ate and the B sol ution

cont ai-ni ng a copper conpound, followed by mxing them X conponent, Y
conponent and Z conponent, if contained, are satisfactorily dissolved or

di spersed in any adequate solution . Generally, X conponent and Y conponent
are di ssolved or dhgresent Anveatiosaslikl bpdegagipeddmdeail beldivssol ved
or dispersed in the A solution or the B solution suitably. The anmount of
wat er usethére nopaphft iaod dri’y neant égaxs |ngnassit and eroulgh maspi"oduce
the slurry solution , and suitably determned in view of nethod and

t enper at wespartsietely umless ucthkedvhge digfigedtep. It is usually 200 to 2 (
000 parts by nmass based on 100 parts of the total mass of conpounds. Too
littl e water canndhexenylsehel Yidiisadliva tor aneimgageaveltnte xxedofpeunds
Too nmuch water may bring about the problem of high energy-cost for drying
step or itmoBpuece Wayénfal THre thichpresahal yiven iosmpo nettimeeipavadatysed for

available on the market is satisfactory to use. The purity etc.
unless it damages catalyticactivity, hasnoproblemto be 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, if they
are within the ranges as described in the above formula (i) .
have no problem to be solved. The more preferable ranges in the
formula (1) are 2=a<5, 0.25b=2, 0.25c=4, 0.3=%d=4, 0=e
<0.2, 0=£=<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

6



produci ng the catal yst than antinony conpound, provided that they can be
converted into their respective oxides upon _. calcination, are notH%iniggd
to the specific-cific ones in the present invention. They include c ng 52002
, sulfates , nitrates , ammonium salts and oxides of the other catalytic
conmponents than antinony. The illustrative exanples include. nolybdenum
trioxide, nolybdic acid and the salts thereof as a nol ybdenum conpound,;
vanadi um pent aoxi de, vanadyl sulfate, vanadic acid and the salt g zZ 0o~ ~
~~ 2002 thereof as a vanadi um conpound; tungstic acid and the salt thereof
as a t ungREeNr ¢ERPdntie SRS ngEhod e PTedrFAng, @ Eodyddemu at e
and copper nolybdate as a copper conpound. These conpounds nmay be used

al one or @@&talynskt et thetornkbrengreetaeds uselef oF (A RNdGMOMYon i s
dried to give the dried powder (catalytic conponent conposition) (step
(a)). Theserxeagnakerbal.if it can dry conpletely the slurry solution, is
not particularly limted, and includes drumdrying, freeze-drying and spray
dryi ng. The spray Riyengmpgd et, hat fdgts hr ehezaibé eus rsdlhe: jore scontt aiimiagt | on
because it can dry to change the slurry state into the powder state in a
short ti nehe Tieneyisg(henpenafter valied depehging ocomposkutsy dal ati on
concentration and a solution-feeding rate etc. , and is about 85 to 130C at
t he outl etatdlyt TirgEly atitd vér gomgohenpradmpad yiamlas sdowntin fosmulaa way
that it may give the dried powder having an average particle size of 20 to
100u m Tie) o &0 Jpvsals Gdapalngtion 66paERinds MReSdliyic asmgesenitbed
above is calcined to give a catalytically active conponent (step (b)). _ _
The cal ciguipsuhday dvhicardim seiild kefedent¥ iaf beeparsl@mpirng shaRouthe

dri ed powder nmay be cal cined only before the shaping step as the case may
be, but igoiRiefd afdt Ya Ll esh bis INOr&igRstet - BefePreli Bifply &8l ehnation”
before the shaping step and " primary cal cination" after the shaping step

as slurry solution” unless otherwise specified. The slurrysolution
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 in 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 solutn:.ons or dispersions, followed by mixing
them; by dissolvingor dispersingone ormore catalytic component
compounds to get plural solutions, followed by mixing them; or
bymakingupall the catalytic component compounds intoasolution
or dispersion by one step.

The slurry solution is generally produced by preparing



descri bed bel ow. The cal cinations can be carried out by the known 20 .~
J N 2002 nmethods with no limtation. Wien the dried powder is cal ¢ipedjNygp
two steps, the prelimnary calcination is generally carried out at a
tenperature of 250 to 5000 preferably 300 to 450C, for 1 to 15 hrs,
preferably 3 to 6 hrs . The prelimnary calcination step has an effect to
provide a |low attritional catalyst, which prevents the catalytically active
conponent from pul veri zi ng and peeling when a conpleted catal yst is packed
in a reaction tube . The cal cination product obtained by the prelimnary
cal ci nat itbve &f sodatdoneeqrdidiaring v el Yedemen f genpeungul gevaradipmoduct
is hereinafter called a prelimnary calcinat ion powder in the present

i nvent i oeompwitand .t re tuniged epowdapondc and pad impnywecstepe, andethei Bary
calcination is generally carried out at a tenperature of 250 to 500i |,

pr ef er ablsp 13@0.onocddBaining alcoppdP domgpouridie fiplilowed oy dixiatg them, if the
dried powder is shaped by tableting or by the other way than coating, is

pr ef er aby coapbnettQuly atorpdremeratdire asm@dabenv, S00%ohtaidedip a&behrs.
The catal ysts of the present invention can be obtained either by shaping

t he aboveadiisEdcpowdary disedblvydior dDspensatl in angF@esfulaitesdlutiohl owed by
cal cining; or ~calcining the above dried powder to get the cal cination

powder ( cesezhhyyi, X sogponehe anamcohponehteiir&al 586kl diUdVEpéEE6a
foll owed by shaping by a known adequate way, with further succeeding

primary gal ¢hBi BIsbiubE6RSSANY - Z AcSMBOhEALRY A8s861veardt Cad fpdysdgm ted,
and includes 10 2 0 ~JN 2002 ( I )conpressing into a tablet,{( Il )mxing
w'th shaphngnauxi kbahit8enS¥eh e ¥ |dFHt3€n éﬂfgéggyxxnw earth and al um na
The amount of water used is not particularly limited
as longas it isenoughtoproduce the slurrysolution, andsuitably
determined in view of method and temperature to select in a
succeeding drying step. It is 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 lim-ited 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 include: molybdenum trioxide,

molybdic acid and the salts thereof as a molybdenum compound;

vanadium pentaoxide, vanadyl sulfate, vanadic acid and the salt

3



powder, followed by extruding into a sphere or ring, and ( IIl ) coating
and supporting on a carrier, preferably on a spherical carrier. ThezwngN 002
€111) is preferable in the present invention, where it is desirable™t coag
t he above cal ci nati on powder on the carrier together with binders and
strength-inprovers if necessary to get a coated catal yst [step(c)]. The
coated catal yst, a preferable node of catalyst in the present invention,
will be described in detail below Tunbling granulation nmentioned
hereinafter is preferable for a coating step . This wa for exanple ,
as fol | obBeTerfds f XANGA LRGP AHIK: %ﬂﬂﬁéé&@&%@@%%?&ﬂl&ft@ew%d
vessel rolls at a high speed, causing the carrier inside the vessel to take
an axi al 3fct &PPSﬁt&ﬁdﬂ%ﬂ‘PQﬁflﬁlt ARG RENGK P& ICe pe2RRRIF Fudéateat CORPYRY be
stirred vigorously. The m xture of a binder, the prelimnary cal cination
powder aRdtratenegubsapppes §m%ﬁhQ?Q&mas|éwyc@mﬂea soppeynd-i ifreser s
added to the stirred carrier to coat the mxture on the carrier. The binder
may be addmgountls mdng beevseld: aldine @y abkea prictivmes by Uierdedonexénee.
mentioned above , ( 2 ) when a mxture of the other ingredients is added, (
3 ) after the m xTher, ofthé¢ helwtiwersalngriesh at siriedaddedivé the defade t he
m xture of the other ingredients is added, or (5) by dividing the m xture
and the powder i(natalitic cespeninte cpoplosdision )f dldtaped djy) .addi ng them 11
2 ;; .~l~~J 2002 in an adequately conbi ned manner of (2) to (4) to nake up
the total mass . The dmningy metho}l,i 5f Artetanaty compliee@1guthdys Mty an
automatic feeder to control the addition rate so that a prescribed anount

of m Xt uselisi6HpPAG hetd partiiltRlealy BEimitédpand hecThiad siaeundisriaty o the
vessel wall and agglonerated by itself . An illustration of the carrier

i ncl udessepbeel@ayifgr ahar Sppageasying @ﬁeegﬁﬁ@iredryméli:@%&aﬁdgtde :
alumna , nullite or alundumthat has a dianeter of 2.5 to
P ef er abh¥eBetabPeMh tAEKLLIPS €ntBALHBNSbecd RS 8 theXh 'Qﬁ:yatBer&deé’ rate
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 carried out
in such a way that it may give the dried powder having an average
particle size of 20 to 1004 m.

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

The calcin:ation 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
step and " primary calcination” after the shaping step as

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



30 to 50% and a water-absorption rate of 10 to 30% are preferably gﬁ@g. &26
ratio of the prelimnary cal cination powder used for coating on t% ﬁp r
{supported-cal cination powder) is generally 10 to 75% preferably 15 to 50%
relative to the total anpbunt of the prelimnary calcination powder and the
carrier( supported-cal cination powder + carrier). The coated catal yst of
the present invention) if it contains the powder for coating in a |arge
ratio, has a higher reaction activity, but is likely to have a |ess
mechani cal strength ( a large attrition rate ) . On the contrary, if it
cont ai NS¢ HOGHWHEEDR 1 BP %bﬂgFﬁﬁlPﬂ'a small ratio, it has a nore mechani cal
strength ( a less attrition rate ) but is Iikely to have a | ower reaction
activity. A bi nddfens thefdriad Prder 18 (Gl Fad My i FRRmbieRs wHE® t he
prelimnary calcination powder (the granule obtained 12 2 0 ~~ U N 2002
by the ppeflinheayy ealeinationst veeneEaply ferried Priovgtatampanagure s
coated on the carrier. The binder includes water, ethanol, polyhydric
al cohol ,0%2p8ItmE0 06i. miwfenailnadopdloAd Wl Eanbiel 15 hreenngfissabdach as
crystalline cellulose, nethyl cellulose and ethyl cellul ose, and an
i nor gani tm wdbrssufheapreyiimbnsryi catainatisnl sitepnhadhan mitfeartaliloe
exanpl es are the cellulose, a diol such as ethylene glycol, and a triol
such as mtorcide n.a Thewcehttirdsdonnlancatjabyss, glwitbeh n mdwdnton ithe
preferable. The aqueous glycerin solution is generally used at a glycerin
concent red tahyof caAtl paciire, campefresratbf york putl ver@z indGinydpakll ing whelnl ul ose
inthe celluloses is particularly preferable. The cellulo nakes to give a
good shaptogpleeadldaitag yist ispaekeadn deeaethanitntle sSThergilleiaad ibhe
catalytic activity. The anount of the binder used is generally 1 to 60
parts baseshwdt ik iatdd W the pifedlimiindary cealddinadici qowley drika anount
of the cellulose used for a binder is preferably I to

powder, including the further pulverizedproduct, ishereinafter

calledapreliminarycalcinationpowder inthe 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
either by shaping the above dried powder (catalytic component
__composition), followed by c;';\lcining; or by calcining the above
dried powder to get the calcination powder (usuallyinagranule),
which is 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



10 parts, nore preferably 2 to 6 parts based on 100 parts of the
prelimnary calcination powder. The anobunt of aqueous gl ycerin sqlgywﬂpgo
used for a binder, if the concentration of the glycerin is for exanple 5‘9%
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,

di at omaceous earth and al um na powder may be used if necessary in the
present invention. The ampbunt of shaping auxiliary used is generally 13 z
0O ~ayv OEZ 5 to 60 parts_bgsed on 10£ Eartﬁ gf,the prelininarg )

cal ci nat ton pERORTESEINGorgERi c2r FRBLP DixERgni €LERT | pharing

whi sker may be used for a strength-inprover if necessary, effecting to

i ncr ease2PKE LABEALS TRPL &F Eddifrafethel it APR_OUHEREE ang 21 WBIDR ych as
pot assium titanate_whi sker and basi c magnesi um carbonat e whi sker is not

pr ef er abPBYERReeTPLLlPYefch¥t fYErUALRgt Hate A IBheLe Unpdimeht endcddhki ¢
fiber is particularly preferable. The anount of the fiber used is generally

1to 30 ﬁaﬁténﬁa@é@ %%PP_EG(FJHEE o GfCQJFPéi?JTF eIHrlﬁfr%ra)dehPEi ﬂaﬁpwm\her . The
above shaping auxiliary and strength-inprover are generally mxed with the
prel i m naayréerci Bhei vay polideist praferabhe thathe preskirt gbrenniken by
coating the prelimnary cal cination powler on a carrier has generally a
di anet erwbheére ib iSmiasiltablepdtcedopitotibet abhve obleaimaticarpdedenlai ned
primarily to get the coated catal yst being an object . The prinmary
cal ci nat thascasrgemetageyhear wiidkth bindstrsa andmsdrangtih -dimp&eraéns S500C
preferably 300 to 450C, for 1 to 50 hrs . The primary cal cination, when
t abl eti ngeocessheyotbegetag tbamnedoatitadyamplliseepti(e)d .shapi ng net hod, is
generally carried out at a tenperature of 250 to 500 C for |I to 50 hrs . A
size of the coat eTheaicHtest catadykfter angrdfetdifle mode of catalyst in

the present invention, will be described in detail below.

Tumbling granulation mentioned hereinafter is

preferable foracoatingstep. Thiswayis, 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

auxiliary andastrength-improver is added to the stirred carrier

to coat the mixture on the carrier.

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

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

of the other ingredients is 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



carrier which is used and a coating anmount of the catal yst etc.
generally about 3 to 15 mm and preferably nearly sane as 1 ~~

a size of the carrier which is used or a little larger than that
preferable size of the coated catal yst

or

| ess,

preferably 1.2 tinme or less, further preferably 1.1 tinme or

It is
) Ynn2 03,
2R

is 1.3 tinme of that of the carrier

| ess.

EXAMPLES The present invention will be described in nore detail by way of
the foll owi ng exanpl es and conparative exanpl es. However, the present

i nvention shall_not be limted to these exanple
gist of {ReARraARHaTRLEFITRNCR

selectivit and acrylic acid yield are defined by the foll ow ng equations

s unl
SFeh Yordver §i°or‘,‘1’%a3§f’y'l“'?’l eagp gthe

ss they are beyond the

( 2) tot?ﬁ?lr%%%%ct i\ Panner fe) o} 2 BFEGRAR LY ST ol PE 4K (
acrolein reacted in mole ) / ( acrolein supplied in nole ) (3) Acryl
sel ecti vRRyaptopatig Fee Xq ayret Heedagdddierd refemsioe Bhat (a
acrolein converted in nole) (4) Acrylic acid yield (~ by nol)= 100 X (
acryl i c pEpgcpibgdampunt adidytyry 1g@Eunraniedppltiheicarniapiwl)thoutiti on
resi stance was neasured with the tablet attrition resistance tester
KAYAGAKI th&miAtMOe¥dikit et Cathal wetsshwpll e and aggloherated by MaseIfot at ed at
25rpm for | Omn and screened through a 2 . 36mm standard sieve . The nass
of catal yst sanplZnrihhustngtbont o€ dsiheyecamsidet éncvilndést splericall~li, 2
" "J 2002 calculate the attrition resistance by the equation (5):

carriersmadeof, forexample, silicone carbide, alumina, mullite
or alundum that has a diameter of 2.5 to 10 mm, preferably 3
to 6 mm. Among thesg carriers, those having a porosity rate of
30 to 50% and a water-absorption rate of 10 to 30% are preferably
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
reaction activity, but is likely to have a less mechanical
strength (a large attrition fate). 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
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(5) Attrition resistance (~ by massy= 100X (mass of sanple put - mass of
sanpl e remai ning on 2.36mm sieve)/( mass of sanple put) Anti m)né ﬁCﬁ},\?tﬁ
having a purity of 99.6 was used in the exanples. Exanple 1 In v 2002
formulating tank ( A ) equipped with a stirring notor, 600 parts of 95 C
dei oni zed water and 16.26 parts of ammonium tungstate were put and stirred.
18. 22 parts of ammoni um netavanadate and 110 parts of amoni um nol ybdat e
were then added to dissolve. 7.75 parts of antinony acetate (purity

99. 6~)was added further. In 96 parts of deionizedwaterhel din afornulating
tank (B) PY 15%6PpaliBiBarEorpd cinqtions 8 HhesAeeTdned Rrodaet t ant
solution was added into the fornulating tank (A) to get a slurry solution.
The sl ur reggioft)i 8 cR3tePrery -tdre s@riigar ABpuBinAgTrt Hecledes Wakrso t hat
the tenperature at the outlet of a spray drier m ght be kept at about 100.
The grangit@apieds ROEEh &S Aad codidi nedolypred Pindarysudh ebrielwninyht 390C
for about 5hrs in a furnace , of which the tenperature had been risen at a
rate of abdeghod@Caparelhdukode osmcheasoonyséapdiaeucellullese, mdwhyt anul e
t hus obtained (hereinafter in the exanples called prelimnary 16 ? ~
JJ~J ?_0e2ldalloseatndre tgryhwed 1ulwess ,pahdean Zedngard dblinder] sutbh aget a
powder (hereinafter in the exanples called prelimnary cal cination powder).
I n a tumblgeegusnsliaioa, sé2 palrtusioh.tTice ppeéfataibly  samplas i are paveler was
pl aced on 36 parts of alundum carrier having a porosity rate of 40~, a

wat er - abgenpuileBer, a4 &iidl khch agdethglanetgryedl Aranava teispréudthiay 2. 4
parts of 20~ aqueous glycerin solution . The shaped product thus obtained

was cal cgngeeatin39@hef Weldilose ér f ai Nagaeoad Whiyehrihe soardioat ure had
been risen at a rate of about 70 C per hour fromthe roomtenperature, to
get a copikedegababySthdfadutdpy gigekrinveésluion is generally used at
a glycerin concentration of 5% or more, preferably 10 to 50%.
Crystalline cellulose 1in the celluloses 1is particularly
preferable. The cellulo makes to give a good shaping, resulting
in improving the mechanical strength and the catalyticactivity.

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 1 to
10 parts, more preferably 2 to 6 parts based on 100 parts of
the preliminary calcination powder. The amount of agqueous
glycerin solution used for a binder, if the concentration of
the glycerin i.s 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



The coated catal yst had an al nost sanme particle size as the carrier . The
atomc ratio of a catalytically active conponent excluding oxygen ?g]ébg 2002
b

coated catal yst thus obtained is as follows: MIl2V 3 W . ~u 1
5 The attrition resistance of this coated catal yst was 0.1~ or less. 30ml
of the coated catal yst thus obtained was packed into a reaction tube having
an i nner dianeter of 21.4mm Propylene was applied to the vapor-phase
catal ytic oxidation using a nolybdenun}bisnuth catalyst in a reaction bath
cont ai ni ng heat nmediumto_get gas to whi ch oxygen and nitrogen were
suppl emeht Rl %pastﬁﬂha%e@&?pégpt Raghs ofs thesbrebiiiparswakeinations. 50 by
vol unme 17 Z!; J'~id 200Z Unreacted propyl ene and the other organic
conpoundBo@R¢gen Steam I nert gas including nitrogen 1.3% by vol une 7.4~ by
vol une 27.0% by vol une 58.8 by volune The conposite gas was nmade to pass
t hrough t he aboveAncueraanigbelker SN @Spacsavdlcotiibgr sofduneisker| ow ng
gas per unit tinme/Volune of packed catal yst) of 1800/ hr to react. The
resul t s_mayrizactseshforr a stostigtin- beptovenpds aecessary246fieceéing tol | ows
Acrol ein conversion=99.2 Acrylic acid selectivity=98.7 Acrylic acid
yi el d=97ifcfeapar héviee&ranptallstrength of the catalyst. However, a
fiber such as potassium titanate whisker and basic magnesium
carbonate whisker is not preferable since it is reactive with
the catalytic components. Ceramic fiber is particularly
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 450C, for 1 to 50 hrs. The primary
calcination, when tabletingor the otherway thanccocatingapplies

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



A coated catal yst was obtained by the sanme way as J described in Exanple 1,
except that 3.78 parts of antinony trioxide was used in place of é.?S erts
of antinony acetate in Exanple 1. The atomic ratio of a catalytic I@yﬂ“ 2002
active conmponent excludi ng oxygen in the coated catal yst thus obtained is
as follows: M12V3 W.2Cul.2Sb0.5 The attrition resistance of this coated
catal yst was 0.3% The coated catal yst thus obtai ned was subjected to the
reaction 18 2 ~J UN 2002 test in the sane way as described in Exanple

1. The resyiie off theasd+PleAlvhd chefstisa Batd 1t erper Biyer Yhagrlhavere as
foll ows Acrolein conversion=99.1 Acrylic acid selectivity=98.5 Acrylic acid

yi el d=97 1§ FxaaRbeaB 183512838 f SHY b el elaitah?@ﬁ;yigai C3 RALOB ePPULET

obtained in anple 1 was placed on 25 parts of alundum carrier having a

porOSityo%akﬁeOEF§%1e§ao%a%egégbg?éggkgglgaﬁg20£?$Z~09ngegfdiEHF%ﬁé?Of 3.

5mm whi | e sprinkling arts agueous gl'ycerin solGtTon . The

shaped p oht gined calcined at 390 for 5hrs a.n a furnace the
podyal- s 1of gisned s cal

tenperattfe o een programred to rise at a rate of about 70C per
hour fromthe roomtenperature to get a coated catal yst of the present
i nvent i oBXAMPBEScoat ed 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 coaThd medsdystinviens iobt wihkdd deasrfibkdais moldel d&/Bail
W . 2Cul~b0.5 The attrition resistance of this coated catal yst was 0. 40.
Conpar at bye wiayaryft etlZe Afpl kbwimgaexamplleisnainidorconpedert wes exbdmp hesl. by t he
19
However, the present invention shall not be limited to these
examplesunless theyarebeyond the gist of the present invention.
Acrolein conversion, acrylic acid selectivity, and
acrylic acid yield are defined by the following equations (2)
to (4) respectively.
(2) Acrolein conversion (% by mol)=
100X (acrolein reacted in mole)/(acrolein supplied in mole)
(3) Acrylic acid selectivity (% by mol)=
100 X (acrylic acid produced in mole)/(acrolein converted in
mole)
(4) Acrylic 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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2 0 ~ur~ zooz sane way as described in Exanple 1, except that 3.78 parts of
antinony trioxide was used in place of 7.75 parts of antinony acét@nﬁﬁlqmm
Exanple 1. 23.1 parts of the prelimnary cal cination powder thus obtained
was placed on 25 parts of alundumcarrier having a dianmeter of 3.5mmwhile
sprinkling 3.1 parts of 20% aqueous glycerin solution. The shaped product

t hus obtai ned was cal cined at 390C for 5hrs in a furnace the tenperature of
whi ch had been programmed to rise at a rate of about 70C per hour fromthe
roomtenperature to get a coated catalyst. A dianeter of the coated

catal yst waSaBCUhate THaeagbhidtighi sestsiapgealtyt its BvEuaddiore (onponent
excluding ox§%en_in the coated catal yst thus obtained is as follows: M, ZV3
W.2Cu, %8B &ttgdtiony nesdftangetEhdey drasshls coated catal yst was 2.5%
Exanple 3 15.4 parts of the prelimnary cal cination powder obtained in
Exanple 1 Wﬁdmeémpgﬁm Winas § of7spaple namaininglon Ae36®M| ul ose.
This m xed powder was placed on 36 parts of the sane alundum carrier having
a di anet er ske@® bhtnmassisedl sampkanphé&)2 while sprinkling 2.6 parts of 20%
aqueous glycerin solution. The shaped product thus obtai ned was cal ci ned at
390C for 5hrs in a furnace the tenperature of which had been programred to
rise at a rate of about 70C per hour fromthe roomtenperature to get a
coat ed cat dAnsimaiy tdee patsenavg azporitiy~o£092. 6 hveasi osedAini thet er of
the coated catal yst was 3.6mm The attrition resistance of this coated
cat al yst wasxdmpPés.The coated catal yst thus obtained was subjected to the
reaction test in the sanme way as described in Exanple 1. The results of
reaction at a reaction bath tenperature of 235C were as follows: Acrolein
conversi on=98. 6% Acrylic acid selectivity=98.9% Acrylic acid yield=97.5%

Example 1

Inaformulatingtank (A) equippedwithastirringmotor,
600 parts of 95T 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 partsof 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 temperaturé 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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Exanple 4 In a formul ating tank (A) equipped with a stirring notor, 600
parts of 95C dei oni zed water and 16. 26 parts of anmoni um tungstate were put
and stirred. 18.22 parts of ammoni um et avanadate and 110 parts 720f) gopggam
nol ybdate were then added to dissolve. 7.75 parts of antinony acetate was
added further. In 96 parts of deionized water held in a fornulating tank
(B), 23.33 parts of copper sulfate and 1.05 parts of potassiumnitrate were
di ssol ved and the resul tant solution was added into the formulating tank
(A) to get a slurry solutjo The sl ury Ql utjon.was .spray-dri ed_under

ad] ust né’atlﬁel b GrRAULS] RS PRLYEELHR] 4P REAL T bR OP&A BPYESE py ay
drier g(ht be kept at about fiDUC to get_ a_dried granule. The granul e thus
obt ai ned \WR&F LSRR té%@’f%ﬁlpla%lﬁa]:ﬂ’ﬁ‘% PReLiRiRAER eCALFIRRELARL he
tenperature had been risen at a rate 21 2. 0J UiV ? CC- of about 60C
per hour Powsi@he room tenperature. The prelimnary cal ci nation granule

t hus obtained was pulverized in a ball mll to get a prelimnary

cal ci ncati on powdép. aluphlesgspnuhatpre| Ldi paryscaf cthat Poalppwderyt hus
obt ai ned was honogeneously m xed with 0.77 parts of crystalline cellul ose.
The aboveaticiadtiondpowies plascpdased3enpidpt pastst h€ shwedunupdunienrri er
having a dianeter of 4mmas used in Exanple 1 while sprinkling 2.6 parts of
20% aque dway iglgy e ararp ssigiyu triadie. o 0 Bhapeat gr oalisorphien ot e n&dl Na83

cal cined at 390C for 5hrs in a furnace, of which the tenperature had been
ri sen at aadr atdiadetaoott OO yietldeprinkdmnde . dopar t e 2atuaguedws get a
coated catal yst of the present invention. The atomc ratio of a

cat al yt i gallcerdat sokutchopo Faetstepedigroguoxydnrs obthbredorisocateimédst t hus
obtained is as follows: M, 2V3W 2Cu, 8Sb5KZ. The dianmeter of the coated
cat al yst awa39@lraedr tsterssaie @ sfitwdc®f dhesiehdt i ié Stenperatireé thad

resi stance of this coated catalyst was 0.1 % or |ess. The coated catal yst
was subj pelead Higdmeat eacrhee oIStabdut hpo ¥anpeayoas eoal ihed féomexanpl e
1. The results of reaction at a reaction bath tenperature of 240C were as
foll ows: tempetaitah@l, Nt 6 YMELSESHESB R¥alyst of the present invention.

The coatedcatalyst hadanalmost same particlesize as thecarrier.
The atomic ratio of a catalytically active component excluding

oxygen in the coated catalyst thus obtained is as follows:

Moj,V3 Wy ,Cuy 5Sbg 5

The attrition resistance of this coated catalyst was 0.1% ox

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 to obtain a composite gas as described below.

Acrolein 5.5% by volume

17



Acrylic acid selectivity=98.4% Acrylic acid yield=97.0% 22 20JU-~J
2D02 Exanple 5 A coated catal yst of the present invention was obtained b
the sane way as described in Exanple 3 , except that no cel | ul 03el) WAkl g8y,
The atomic ratio of a catalytically active conponent excluding oxygen in
the coated catal yst thus obtained is as follows Mol t V3wl . 2 ~ul 8
SbhO . 5 KO . 2 The attrition resistance of this coated catal yst was 0.1~
or |l ess. The coated catal yst was subjected to the reaction test in the sane
way as de506ibed gn ExanBIg 1. The results of reaction at a reaction bath

t enper at ur e BF ©3952d\BF 8P¥LePG| PBRs Acrol ein conversion=98.5 Acrylic acid
selectivity=98.1 Acrylic a¢id gield:§6.5 Exanple 6 A coated catal yst of the
present i nvEREi BRGARSCBBERLRedOBYO RESsame why3asPHe¥CBEd in Exanple 4 ,
except that 3 . 99 parts of magnesiumnitrate was used_in place of 1. 05
parts of pdP%¥8fBmnitrate. 2:3 z c a a ~~0-%502YTHELYMEnic ratio of a
catalytically active conponent excl udi ng oxg en in the coated catal yst thus
obt ai ned issésamollows Ml 2 V3wl . 2cCu %:O% Bpovolymgyo . 3 The
attrition resistance of this coated catalyst was 0.1~ or |less. The coated
cat al yst waknenbj aasctin¢budhegr BAETrPeaANt est 3B n8FhBYsHARUNGy as described in

Exanpl e 1.
The composite gas was made to pass through the above reaction

tube at a SV (Space Velocity: Volume of flowing gas per unit
time/Volume of packed catalyst) of 1800/hr to react.

The results of reaction at a reaction batp temperature of
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
componentexcludingoxygenintﬂmacoatedcatalystthqggbtained

is as follows:

Moy V3 Wy ,Cuy 5Sbg 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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The results of reaction at a reaction bath tenperature of 245C were as
follows: Acrolein conversion=98.70 Acrylic acid selectivity=98. 00 A?nylh%
dgcid yield=96.7 Exanple 7 In a fornulating tank (A) equipped with a JUN' 2002
stirring notor, 600 parts of 95C dei oni zed water and 16.26 parts of
ammoni um tungstate were put and stirred. 18. 22 parts of anmoni um

net avanadate and 110 parts of amoni um nol ybdate were then added to

di ssolve. 7.75 parts of antinony acetate was added further. After 20m n,
2.07 parts of niohiumoxide was added. In_96 parts of deionized water hel d
in a formfAshidly tHIEINE Jay 3s de%%rb%?@sleE§%$B%? hitrate was dissol ved
and the resultant solution was added into the formulating tank (A) to get a
slurry sol uthgnresudts ofyregcidepr afeasrapryienl hetbntampespitiyedried
under adjusting the feed rate so that the tenperature at the outlet of a
spray dri250%ige¥ebeskEpllavsabout 100C to get a dried granule. The granul e
t hus obtai ned was cal cined at 370 for about 5hrs in a furnace, of which the
t enper at ur eApadlpaencenyersiongdPatlé of about 60C per hour fromthe room
tenperature. The prelimnary calcination granule thus obtai ned was

pul veri zed Aorulbal hchil beflecavidypP8l.-5%i nary cal ci nati on powder. 12 parts
of the prelimnary calcination powder thus obtained was honogeneously m xed
with 0 . 77Apmylicofcidyytielid~9d.68| | ul ose . The above m xed powder was

pl aced on 36 parts of the same alundum carrier having a dianmeter of 4mm as
used in Exanple 1 while sprinkling 2.7 parts of 6~ aqueous glycerin

sol ution. The shaped product thus obtained was cal cined at 390C for 5hrs in
a furnaceExapiphizh the tenperature had been risen at a rate of about 70~
per hour fromthe roomtenperature, to get a coated catal yst of the present
invention. The at@i.q rii©s Obfa 14l apyél £alhiricidaie isRaIeNpovaét-udi ng
oxygen in the coated catal yst thus obtained is as follows: M12 V 3 tel

2 ~ul. ohthded SnWramp18 1Thasapiicdd Uh 28SHEEEHGE QliuhBum 692t €6r
catalyst was 0.1s or less. The coated catal yst was subjected to the

reacti onpa3thd B HBLoSARY ¥BYedSt URSE! iDGE ik -BratRiptibn 2ate 3£~179 ~~
zooz The results of reaction at a reaction bath tenperature of 243C were as
fol l ows: A 2la8lahet¥IVEE S . BmI¥h Ple 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 thepresent invention.
The coatedcatalyst had an almost same particle sizeas the carrier.

The atomic ratio of a catalytically active component excluding

oxygen in the coated catalyst thus obtained is as follows:

12V3 Wy 2Cuj5Sby 5

The attrition resistance of this coated catalyst was 0.4%.

Comparative Example 2

A preliminary calcination powder was obtained by the
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Acrylic acid selectivity=98.4% Acrylic acid yield=97.4 Exanple 8
| naf or mul ati ngtank (A) equippedw thastirringmotor, 600 parts of 95%Q) JUN 2002
d

dei oni zed water and 16.26 parts of anmmonium tungstate were put and stirred.
18. 22 parts of amroni um net avanadate and 110 parts of anmoni um nol ybdat e

were then adufonig 48 desrivRd if B! s %legﬂgﬂnﬁ?zgﬁﬁ%%ﬁamrﬂﬂﬁgbggde

further. In 96 parts o ei onl zed wat er mul ati ng tank

15.56 parts of copper, sulf 0.52 parts of potassiumnitrate d4 .1
par s bf f 844 LSS Y BIAGS, i 8RB oA e ABSTRER It EXpels 78 Rels ided
into the fornul ating tank _(AI_ to get a slurry solution. The slurry solution
was spr ay- dne cereliminary acgloisalion powderethus gbtainedtwas plaeed amheatarts af
the outlet of a spray driez m ght be kept at about 100 Cto get a dried

granul e . THendUmsdreeit REGingbs alinpeterost 8 BnmnwHilGspARkihg 311 Partst obR0% i N
a furnace, of which the tenperature had been risen at a rate of about 60C

per hour fr t t relim I I r I

Phus. obt ai 1iabierus TR SORAof, “Tfie sHeeH, okt Biue BRIMAT A ofofed &

cal cination powder. 26 " ~ , ~' ~' ~J 7 002 2 0 ~ UN 2007 12 parts of the
prel i ni nar ﬁ%%a@cfphéhr%m pokirace thestesppeiatiae whishnbrd besnsPrpgrameedia h o
. 77 parts of crystalline cellulose . The above m xed powder was placed on
36 parts ofrisehat zaate of aboltridC&r perchodravomgthe mboanttreperaturg tongetsa weated n
Exanple 1 while sprinkling 2 . 6 parts of 20~ aqueous glycerin solution .

The shaped gatagstct Al iidmedy 8f RS c¥atdCeataly3e Wvatl 339, f TheSRtbmic fafo of a
furnace, of which the tenperature had been risen at a rate of about 70 i

vent i on. SRV BoUE (EonarorEnt eyl Pt i 6 Sstin tedls BhfES™
oxygen in to%?aiﬁggtisegscf:&ltoe\lls;{st thus obtained is as follows:

Mo,,V; W, ,Cu, ,Sby;
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% aquéous glycerin
solution. The shaped product thus obtained was calcined at 390°C for 5hrs in 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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Ml 2Vv3w . 2Cu1l 2Sh0. 5K0. 1Fe 0. 2 The attrition resistance
of this coated catalyst was 0.1~ or |l ess. The coated catal yst was su%j[deé‘dZUGZ
to the reaction test in the ' sane way as described in Exanple 1. The
results of reaction at a reaction bath tenperature of 243C were as foll ows
Acrol ei n CQH\\/@rﬁtﬁdrP”ﬁEQﬁarﬁet‘&ro‘flthécé&ﬂe@ G‘a@él?&%é‘é BY6HM. 70 Acrylic acid

yi el d=97. 4% Exarrple 18 parts of th e prelimnary cal cination powder

obt ai ned 27 n s _ho nequsl|

09" part's ofheAfftin Teisfaricer pb il AR, Cal v aS B 25 et e Haftedcratiist -
mas well as an average fiber dianmeter of 2 . 0 ,u mand 0O . 54 parts of
net hyl cel Ithugsbtaipad avaaﬁ:ﬂmecfgriatﬁdhatreacthrh@sém)tm ﬁamedfv@maé#esmbe@maced
on 35 .1 parts of the same alundum carrier having a dianmeter of 3.5nm as
used in Exdiydraplé while sprinkling 2.8 parts of 20~ aqueous glyceri n
solution. The shaped product thus obtained was cal cined at 390C for .
5hrs in a furnac i e r (o)
about 70C per ho-ﬁhre ? r%%tﬁeréﬁ%htéewn%e@é udr?]e%ﬂ‘o @h?:%g?lag:i Cif{%?irgté%f

t he present inventl on. The attrition resistance of th| s coated catal yst was
0.1~ or | edelloW$ie coated catal yst was subjected to the reaction test in the
sane vvay as described in Exanple 1. The results of reaction at a reaction
bat h t enper at ur Aarbleddoanversionaz98{Gfhl ows: Acrol ei n conversi on=99.4 Acrylic
acid selectivity=98.4 Acrylic acid yield=97.8 | NDUSTRI AL APPLI CABI LI TY

Acrylic acid selectivity=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

S

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 a_djusting 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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A catal yst of the present invention, especially the coated catal yst can be
used in the process for producing an unsaturated acid fromthe unsa@qygyﬁd?mm
al dehyde as a source material, preferably in the process for produclng -
acrylic acid 28 2 0.! ~N2002 fromacrolein as the source material. The

cat al yst Ofof_téb%u%@‘f(?ﬁb{' ha‘\fﬁ%gﬂ'ﬂ%@@;@%&’gﬁj’éy val uabl e because it has a

| ar ge nechani cal streng enou p reaction tube with the

catalytically active gonmponent little peel ed an ul ver.i zed and because it
has ”hi gh acryl i o aciith BegupaDt ¢9oBaBaRIen B dnls abHindd anoyBEREed fn
reaction condition. 29 2 0J CI N?002 CLAIMS 1. A catalyst in which the
cat al yti cald palauillvie geind@reliminary caRincaliobQuovaserd A@ parts of ghe-tpreliminayy (
inthe formula, Mo, V, Lt, Cu, Sb and O represent nol ybdenum vanadi um

tungsten, Cdéil&iﬁétiorﬁﬂbbv@!@ﬁ)th@é“éb@w@@Wé@ﬁ@ﬁﬁdeh@bM'slP/)?nFMr RRRI0.37 PartsLopt
one el ement selected fromthe group consisting of alkali netals and

thalium Y renqr nt | east one el enent selected fromthe group
consi sting C&Qﬁﬁéﬁ @H%tset:al cium strontium bariumand zinc; Z represents

at | east one el enent sel ected fr_omthedgroup consi sting of niobium cerium
tin, chronium nangand: abovenmixashRow ega\f-mimﬁwecbém%ﬁi aafts 1 of the samehd
arsenic; a, b, ¢, d, e, f, g and h represent atomc ratios of their
respecti ve giisdontcarriov hdvidg a<diameler?etddm ad[used, in Exdhiple Cabile Sprifkiing |
O-gvG based on 12 of nol ybdenum el enent; and h is a nunber of o~;ygen

atoms reduiZ 6 §6209 b8 Bhabri AR, OTnblhoRChroB BIHIS bbtehfd

catal ytically "active conponent nmposi tion conpri si i ng produce

usi'ng anti non cet at e o titnony sourc terial. 2. coat
catalyer.  Wes el & ot fhrtBis 8 ¥ Kb deR. oo WRigE theemitisdlufs Fedchean ng
the catalyt ically nclLi _ve conponent cotnposi_tiom<tc:con<W.ng to claim1l
omatt i _adigen ata wienofiabeut 784 get bauefroouthel pom tarmpenadure: to gaba coated
process i.ticludii~g the :SUi _ ~W~l~~v~~~~ "Nt~~T h ~n,,~y~ ~
?7_002 fol | eataligsts bPRe ( plesent (iB¥entlond ) ThE Vatdmi€i fakier ofra aatdgticallyobbtiveon
containing the catal ytic conponent el enments or an aqueous di spersion of

conmpounds i, 4 i t.s, j : .
compost t1 ooy R PSR ORERR B inG BoBideb BiE fRETAHEdIE IR |
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 temperatur_e of 240°C were as
follows: T
Acrolein conversion=98.6%

Acrylic acid selectivity=98.4%
Acrylic acid yield=97.0%
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step (a), to prepare a calcined powder. (c) Coating the cal ci ned powder
obtained in step (b) on the carrier, together with a binder and a? { JUN 2002
strength-inprovers if necessary. 3 . A coated catal yst according to claim 2
, Wherein the mass rate of a supported-cal ci ned powder based on the total
of said carrier and said calcined powder in the step (c) is 15 to 50~. 4. A
catal yst or coated catal yst according to any of clains 1 to 3, wherein said
catal ytically active conponent conposition is what is produced through a
step of spray drying either an aqueous solution containing the catalytic
conponent el enents or an aqueous di spersion of conpounds containing said
elements . 5 . A coated catalyst according to any of clains 2 to 4 (
wherei n $EfARLE & yt . ical ly active conponent conposition is what is
obt ai ned by using ceramic fiber for said strength-inprover in the step (c).
6 . A coated cat awa%%&a&ﬁ%g%too%ﬁ?ed?r%%%nzefl ign waghebkainedi d
catal ytically active conponent conposition is what is obtained by using
cryst al | imetkespursdy #9desaird tsidib EXpRpL A 3axcept fhatngpogblylepe(c). 7.
A catal yst or coated catal yst according to any of clains 1 to 6 , which
conpri sewaseiuggdused in the process for the production of acrylic acid by
vapor - phase catal ytic oxidation of acrolein with nolecul ar oxygen. 32
. ASY, . AR AsY?. AQe.TA(S aAlomA.cAlD@ADSo ASa .caSaAS tA calAly. Aci2vAlcdthponent

JAsu?. AT LA LA Ay @AU, . AFL Ay{, . ALU. An. AL. A&{, . AF59. A, . AW opw o$c| wr mhc”Y
] ca] ca] capualrhingalcoaiasy cial @@@wﬂ@@]m&hﬂw]ﬁﬂﬁﬂnﬁﬁa&@dsa@al caj ca
] ca] ca] cRaU] c<a] c<a] ca]ca] ca!! et#Y CD i
I'Yxsni d_4ldiaaiwea] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]c
aJca]ca]ca]calcalcalcalcalcalca]cal ! Wt S

Mo, ,V3 Wy ,Cu; gSbg 5Kgp. 2

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
245C were as follows:

Acrolein conversion=98.5%

Acrylic acid selectivity=98.1%

Acrylic acid yield=96.5%

Example 6

A coated catalyst of the present invention was obtained
by the same way as described in Example 4, except that 3.99 parts
of magnesium nitrate was used in place of 1.05 parts of potassium

nitrate.
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¥xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca}cﬂ JUN 200
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal Ul
K[\ 2bgvKE7t $. gr} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal rs' CSop{
MB: }xsni d_Z] ] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calcalca
] ca] ca]ca] ca] ca] ca] ca] ca]calcalca]ca!: N

j kK9: [ 1 Cw: x} xsni d ca] cal cal ca] cal.ca] ca] cal.cal] ca] ca] cal ca] ca] ca] ca] ca] ca
?a] ca][ caj ca% ca] ca] %’cag% ¢ &}Oca%fc%}ceﬁa@a)! all]Y aLE3Le éomg)om]ant] Jeal
PvEEr g et #24#3#h###H#SASSSN YRR &} XSni d_Zé] cal ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] Cgre&}lgé ga]oggf_;@g] C}él] e:%eczﬂq’ated catalyst thus obtained is as
a] ca] ca] c%}lca}vca] caj] ca] ca] ca] ca] ca] ca! 2&0&p&r &&&3' v' ' " (U(O)T)))):*v***[+n
+++ F, , F F Ffic~Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]calc
aJ calcalcalcalcalcalcalcalcalcalcalcraljcajcalM----#.d.}.~ ../J///] @001>11
111112282 _2¥op1%sMiqd A4 £ 8Y caMeg] ga] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal] ca] ca] ca] ca] ca]ca] ca c?} cal ca] c(a] ca] ca] cal 2333343T333333<444465z555=
6066617p7778WB889%9] 9} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]calcal]9¢c9p999): h:::!; O
. 6<v<<BhegattepMioRNPGesRam @ afnthliZ] ¢cated] catahysh]was ca] ta]ea] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal = GAGAZAAA
ABTBBBB/ Bag€€C DhDDDDEEKEEEFDFFFF: GyG xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! yGER
HkHHH# | ] Thé Jodatied LKl $Kids IsubMdd¥dd Mo the reaction test in the
N} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c&a] ca] ca] ca] ca]
ca] ca] casamé cepgahsafieateabed) aa] Eghinple 1.
N~NNIV G2 QACOOOPSP[ PgPPP&QCQL QQQQ?Rr RRRR. SWESSS
T<T| wr mhe” Yihea freajudalsC RifC ale@itaaint AltC d ¢RlaetiGH Bl $Palka]gz] cal ca]
ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca! <TyTTT2U8U: U@JL UUUUV>VHVRVVVWEWNNKGXVK
XXYHYYY 245C were as follows:
ZZ#Z| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] aakeadlisalealedlsaaintaleaical #29ZZZZ[\[[[W\\]V]V] ] ]]" "Z* N " _6_<_
L d }xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca]ca] ca]ca]ca]calc

a]ca]ca]ca calG 2]+ cal %b " a4aJa| a~aaaob~bbbcc$
] ca] ca] h%%gg}%];s %?Jzﬁ%g?}gg]@clﬁéﬁ.ﬁ S |

cTccccccc. dnd ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca

ca] cal] ca .ca cal: ca] ca] ca] ca] ca! d3eseee: fyfff TgbgghWhh
]hZi } ] ]3j I j]jﬁﬁcg'%]&%kl ’%raLlh} %%?%?]610?];{] CL] CL] CL] CL] cal ca] ca] ca{ca] ggi\lga]gcg]gca] C
aJca] calca]cal calc(a] ca]lca]ca]ca]calca]lca]ca]lca]lcalca]lcallllllnmmmm/nHnRnn
n) osoopoppgXqqqqq, r~rrrsj ss}xsnid_Z]]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ga} fea].;:a] ca] ca] ca]ca] ca]ca]ca] ca]ca]ca]ca]calc(a]ca!stXttt<u_ uuuv
M/[ vuvvvVvVvv XIxwWxxxxy"y:yDy|yz} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

sles ot b SO A PR SRl
auvujCc ajcC

aJcajc a]mcogﬁ crg’] gda ¢ Z?L%Ig‘f LaPEaf 2y SN ARt 424G 109 L6 a € aPREFS +8E7u70YCDR
o At el alephents s slonloal slsatsal e v

Lo S h e Shedl i el eglethamba b Rorlsdl cslesb alarhaghg ool o
H g~VB9DJZb} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] calca] ca] cal ca] ca] cgl‘ca] cal cal ca
] ca] ca] &&) 82FEa}¥E} ch] CARI I PLafR h RATE A et Bf s WRAZS FuE

ca] ca] ca] ca] ca] ca] ca ca_}AE:Ra] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca
] ca] ca] &4]t€a) dapdar 4%/ 9 WwRaxrs an%%@‘%’ﬂf&a]@aifema@a?@@?@a] Bu]9%aPesfea] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ] ca] ca] ca] ca] ca] ca] ca] caW H*! 10% & (
) - 10% &°F) dezeriaer/ water fhobg & R-Keumed &L {pg tank (B), 15.05 parts

LMLO% & () - M& Y10% & ()-Z7wi K-#s! 10% & ()-'s!10% & ()- " '10% & ()-10% & ()-S
10% & (PEf copper(nitugus &S dissofiMedyarnd 110% & eSulytSintl 8wl&tipnowas$0% &' () -
3+s!10% & ()- ,)&P10% /& ()-& s!'10% & () -

%! 10% &d@edcinbodehe Uksigld 094 & {ank OVA0/t0/geVl 8% &ty ys89s1i0Wa. () -s7s! 1
0% & ()-sy5s! 10% & ()-ss3s!10% & ()-et#Yi K-K 110 & ()-1"110% & ()-f10% & (

€%5Y] ] ca] ca]

)-L10% & ()-F t110%& ()-, ' 10% & ()& 10% & ()- | Hi fH:

10% & ()- 110% & ()- 110% & ()- ! 1094°& ()- 1 10% & () -
040%\ & ()- 110% & ()-i  WH's. 110% & ()-Ys& 1 10% & ()-s +s! 10% & () -
) #10%\ & ()-'M 10% & ()-s$s! 10% & ()-y" mO% & ()-S | KA7s. 110\ 10\ ;

S10% & ()-59-10% & ()-sl 7°110% & ()-sS5M 10% & ()-sL3 110% & ()-sF1 ! 10% &
0O- )



. P} A7s. 110\!10%& ()-ft!109& ()- "'10%& ()-Y

109 () - @O%&' ()-' YI09%&' ()- 310\ P?lei K-7 2 0 JUN 2002
109 ()-mO%& ()-109& ()- !'10%& ()-!109% ()-!109& ()-t!10%& ()-U

KiK-7@ ' 109 ()-s& ! 10%&' () -

+s! 109%&' ()-)s!109& ()-"'s!'10%k ()-%!10%& ()-""!109%& ()-K2bdefi KA71010;
S10%&' ()-ss910%& ()-17M 10%&' ()-sf5310%& ()-s 3s!10%& ()-F1 !'10%& ()-fgvK}_
A710s! 109&' ()- "'109%& ()- '10%& ()-s !'10%& ()-10%& ()- OY(1l09& ()-10E7i K-7°
1109 ()-L!'10%R ()-"110% ()-"s!10%R" ()-"110%R ()-"110%R ()-"110%R () -
ii?;gkfioga}?ﬁ? (%hé % é%r soih%gé% &As é%géﬁ-gkiedlgﬁgég)adj%g{§hg) 3.9
T-1109%& ()-9*10%K ()-L)!10%& ( -L&!lo%&'g)-L$!10%&T()-L"!10%&f()-'0 KA79101
0;‘10%&'6¥K&§fﬁ¢RFFf§LSO that the temperature at the outlet of a spray
7!10%&'()-Q,5'1Q%&'(%-93!10%&'()-918!10%&f()-Sﬁ}_AJQlONIlO%W&'()-10%h&f()-‘
1 1098 ( Arirgosndabt. Peokert)at vhkd g0t 49 g@tkaydried granule. The

L' 10%& ()-S10%r& ()- !'10%& ()-t!10%m& ()-M 10%n& ()-310%m& ()-10%r& ()-N
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& ()-:xg
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| / g&LO%& ()- """""#"c"""bCs! 10%40% & ()- !'10% & ()-!10% & ()-'10% & ()- 10

10 10< 1Q%Rpakts’ p#Eh#Hé#pdEDGaind%y calcination powder thus obtained
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10% & ()-sL' | 10%p8, Viked ' 096 i ek
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ST 100 g 1 ar Sandun, (A EBShar Ro & dismeter of 4un as used in Exanple
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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.

25



Y+10%&' () -9%9] 9 9a9b9c9p99bC 10TOs! 10%&' () - &S10%6&' ()-3 10 10
LOY&<10%&' ()-9t!10% ()-7 109%& ()-99):h:::!;dEbC 2 0 JUN 2002
10TOL! 1096& ()-L!'109%& ()- "'10%& ()- '10%& ()- s!10%& ()-  !'10%& ()-!;
QO ;;; 6<v<dEbC 10T09&!! 109%0& ()-9 !'10%& ()- @0%& ()-L-
10%&' () - @0%& ()-LZ10%&' () -v<<<l=g===dEbC
10TO&L- 109%& () -&3+! 10%& ()-& ) ! 109%& ()-99' M 10%& ()-93% 109%&' ()-9, #! 10
"%B& ()-=>M->>?N?dEbC
10T0s9! 109%& ()-Y7! 10%& ()-S5! 10%&' ()-L3!10%& () - Y1! 109%B& () - @ 10%& () -
N?Q?R?S? The? 7@t t 509D LJTelE!}%j&”( )a-tLa!ll@*%'@i‘{") ‘hatipeareraksrgop & 143 C105 105
105<109%& () - @ @aaAZAAaBbC 10T9! 10% & () -!
% 0% () WRrEOBWK' FoLLov®h & ()-L ! 10% & ()-39!10% & () - AAMABTBBBAEDC
10T&3% ' 10% & ()-& #110% & ()-& ' 10% & () -
10% & () - &1D%& el ¢Inoto0ye&sipnBBACAGCC DIELC
10TYL'10% & ()-@s!10% & ()-L-110% & ()-FH 10% & ()-@10% & ()-&9' 10% & () -
' DhDDDDDDEENONEZ1L 16 Tad@dhsélebtiOihy=98%#R/& () -s9! 10% & () -
1710% & ()-f5f10% & () - 3!10% & () - EEKEEEFDFdBYNC 10T! P, " 109%8$$&' () -
ss! 10%&' () -A¢ctPURe (heid! $ALRAEDT . UE09R () -1 %A0% () - DFFFF: GyGGIEYNC
10T! "s!1109& ()- 9'109& ()- " '109& ()-s '109& ()-s !'109& ()-s !109& ()- G&RHk
HHH#I dEYNC
10T'L@ '109& ()-L9" "'10% ()-L3%!10% ()- @#l 109%& ()- & 9'10%& ()- 3 !10%
& () -#1] Ehdamhplld) GEYNC
10T! f510%&' ()-9 310%& ()-9Y1 ! 10%&' ()-LS/ M 10%&' ()-LL-"!10%& ()-LF+M 10%& (
) - U31JJJIIII(KbC 19% =5t J0@Ea{in f:&ﬂf@&)(é_%i%bé@withastirringmotor,
10<10%&' ()-&s9! 10%& ()-91 7" ' 10%& () - (KOKi KKK"L" LdEbC
10T! L! 10%8 phrkk10¥850 gkl baiB&a Wadbila¥EE] 6) 2618%8€5 (b £Lammonium
109%6&' () - LLCM.MVWIEDLC

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 deionized 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
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 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

pulverizedinaballmilltogetapreliminarycalcination powder.
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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, , V3 Wy ,Cuy ,Sbg 5K 1Feq 5

The attrition resistance of this coated catalyst was 0.1% or
less.
The coated catalyst was subjected to the reaction test in the
j 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 powder obtained
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aBYNC placedon 35.1 parts of the same alundum carrierhaving a diameter

of 3.5mm as used in Example 2 while sprinkling 2.8 parts of 20%
aqueous glycerin solution. The shaped product thus obtained was
calcinedat 390C for2.5hrs inafurnace, 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 attrition resistance of this coaéed 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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pack in a reaction tube with the catalytically active component
little peeled and pulverized and because it has a high acrylic

acid selectivity enough to cope with a high load reaction

condition.
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( 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 represent‘é::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, 1ron, cobalt, samarium, germanium,
titanium and arsenic; a, b, c, d. e, £, g and h represent atomic
ratios of their respective elements, with 0<a=10, 0.2<p=2 .,
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 atows 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 1s a coated catalyst
obtained by coaling the catalytically active component

composition according to claim 1 on an jinaclive carrier, said

coated catalyst obtained through the process including the
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({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 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 claims 2 to 4, wherein

said catalytically active component composition is what is

obtained 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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