CATALYSTS AND PROCESS FOR THE PREPARATI ON THEREOF BACKGROUND OF THE
| NVENTION Field of the Invention: The present invention relates to a novel

catalyst and a process for preparing it. Mre particularly, it relates to a
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oxidation of acroleirnin gas p
for preparing the catalyst. Prior Art: Catalysts for producing acrylic acid

ase w nol ecul’ar ‘oxygen, “an
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Applicatign Layi ng Open No. 47-8360 (1972) describes a catal yst conprising
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trace anmount of copper. Further, Japanese Patent Application Laying Open
No. 48-96514 The3yesknk| osentd aatrallpsescoopai abnglnohyaliestinnd aanadi um
tungsten and tin as essential conponents and optionally antinony and/or

copper .
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Catalysts for producing acrylic acid by catalytié éxidation
of acrolein in gas phase are described in Japanese Patent
Publication Nos. 41-1775 (1966) and 44-12129 (1969).

Japanese Patent Application Laying Open No. 47-8360 (1972)
déscribes a catalyst compfising antimony, molybdenum, vanadium and
tungsten as essential components and a trace amount of copper.
Further, Japanese Patent Application Laying Open No. 48-96514
(1973) discloses a catalyst comprising molybdenum, vanadium,
tungsten and tin as essential components and optionally antimony
and/or copper.

Japanese Patent Application Laying Open Nos. 51-11709 (1976),
52-23589 (1977), 52-153889 (1977); 58-166939 (1983) and 3-218334
(1991) disclose a catalyst comprising copper, tin, antimony and
chromium as optionai components; a catalyst containing an
antimony-nickel compound; a coated catalyst containing copper and
antimony as optional components; a ring catalyst containing copper
and antimony as optional components; and a high-yield, high—

productivity catalyst, respectively. Although some of these

catalysts have been manufactured on a commercial scale and used in

a process

rd



the production of acrylic acid, the productivity thereof is not always
satisfactory. There has recently been an increasing need for a catal yst

wi thga higher productivity as the demand for acrylic acid is increased. In
recent r ' ease t ac, ' ljs r i 4O of a
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acrol ein. These hot spots tend to cause entrainment of, for exanple,

mol ybdergppiiccadisl destintiregyeat! y used as the el enent constituting a
catalytically active conponent. If a catalyst used in this reaction is
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strength of the catalyst is | ow, powders of broken or peeled catalytically
active auriptorveitumenpfckhogatalpatt ( Hhigkskedd uppmiddiond' M Hasedernt sedeto
catal yst, resulting in abnormal pressure rise of the reaction vessel.
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These hot spots tend to cause entrainment of, for example,
molybdenum which is most frequently used as the element

constituting a catalytically active component.

If a catalyst used in this reaction is prepared by
compression, extrusion or coating, and if the mechanical strength
of the catalyst is low, powders of broken or peeled catalytically
active component may clog a reaction vessel upon being filled with
the catalyst, resulting in abnormal pressure rise of the reaction
vessel. Therefore, it.is desirable for a compressed, extruded or
coated catalyst to have excellgnt mechanical strength such as

. attrition resistance.
SUMMARY OF THE INVENTION

The present inventors have made great efforts to provide a
catalyst which meets the above ment;oned requirements and found a
catalyst having a higher activity at lower temperatures, a higher
selectivity and higher mechanical strength (less attrition) as
compared with conventional ones. Thus, the present invention has
been attained. .

Accordingly, the present invention provides:



conpared Wi th conventional ones. Thus, the present invention has been
att-ained. Accordingly, the present invention provides: 2 (1) a catal yst
in wich a catalytically active conponent has a conposition represented by
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consi sting of alkali represents at | east one el enent

sel ected fromthe grawp sW{WicIiSKy frzﬁgxﬂ sium calcium ¢gfrontium barium
and zinc, Z represents at |east one el t selected fromthe group
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samari um germanium titaniumand arsenic, a, b, c, d, e, f, g and are
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O<e<0.5, 0<f<l and O<g<6, based on twelve (12) nol ybdenum atons, and h is

the nunbat béasiyome elawsnt emiliacted droal thky girbapt obahmaiﬂ@wf abieiei n
the strongest peak appears at 22.20.30 (20) in X-ray diffractonetry of the
cat al yt i BaFays sznd viehablghent nendesené sceppdrakt bneacelbmert [seldcted
represents an angl e of diffraction; (2) a catalyst according to (1) above,
whi ch coﬁﬁ?‘f‘s@% agfﬂ)‘\‘rﬁiecio%‘tséﬁ% dfy NGOPRREURN SRLESUS, sBtreRbiumr barium

di t th aII| el enent s constltutlng the catalytically
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group consisting of nlobium, cerium, tin, chromium, manganese,
iron, cobalt, samarium, germanium, titanium and arsenic, a, b, ¢,
d, e, £, g and h are atomic ratios of respective elements with
0<a<10, O0<b<10, 0<c<6, 0<d<10, 0<e<0.5, 0<f<1 and 0<g<6, based on
twelve (12) molybdenum atoms, and h is the number of oxygen atoms

required to satisfy the total valence, wherein the strongest peak

appears at 22.210.3° (20) in X-ray diffractometry of the
catalytically active component. with the copper KO line where ©
represents an angle of diffraction;

(2) a catalyst according to (1) above, which comprises a powder
obEained by drying an aqueous solution or dispersion containing
the metallic elements constituting the catalytically active
component (hereinafter referred to as "catalytically active
elements™) or their compounds, and calcining the resulting dried
powder,.wherein an electric conductivity of a mixture of § g of
said powder and 75 g of pure water ranges from 100 to 2,000 us/cm
as measured after stirring for 5 minutes;

(3) a catalyst according to (2) above, wherein the dried powder

is obtained by spray drying;



el ements”) or their conpounds, and calcining the resulting dried powder,
wherein an electric conductivity of a mxture of 5 g of said powder and 75
g of .pure water ranges from 100 to 2,000 [err]/cm as neasured after
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dried p er is o I ne y spray dryi'ng;, 3 a cataly according to

(3) aboygiuphshebl LNSpEANEON Scotatd iy WndlicHtNtAtad9y! acing the
catalytically active e?enents or their ‘conmpounds i's obtained by m xing
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by conpressing, extruding or coating a catalyst according to any one of (1)

to (4) aheifonyherfoRidseaychnnEst Diopprasudtay:i ng a dianeter in the range
of from0.01 to 0.1 [err], fromO.1to 1 [err], from1l to 10 [err], and
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nost 50% respectively, based on the total volune of said pores having a
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respectively, based on the total volume of said pores having a
diameter in the range of from 0.01 to 200 um in the catalyst;
{(6) a catalyst according to any one of (1) to (5) above for use
in the production of acrylic acid by catalytically oxidizing
acrolein in gas phase with molecular oxygen;
(7) a process for preparing a catalyst according to any one of
(1) to (6) above, comprising the steps of
{(a) drying an.aqueoué solution or dispersion containing
catalytically active elements or their compounds to provide a
dried powder,
(b) calcining the dried powder obtained in step (a) to
produce a powder of a caﬁalytically active. component, and
(c) coating a carrier with the powder of catalytically
active component obtained in step (b), by using a tumble
granulator;
(8) a process according to (7) above, wherein in step {c) a
reinforcing material is used together with the powder of

catalytically active component;



(b) calcining the dried powder obtained in step (a) to produce a powder of
a catalytically active conponent, and (c) coating a carrier with the powder
of catalytically active conponent obtained in step.(b), by using a tunble
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active t; (10) a process according to (9) above, wherein the binder
is adiol or triol; (11) a process according to (10) above, wherein the

triol is¢aycegrbced alcbdrddnhl €6€%9) 2866vE] Nghé e {r8)t B Bahaeshareian the
reinforcing material is a ceramc fiber. BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1 sdimws drharieayl ts of the X-ray diffractonetry of the pre-calcined

granul e obtained in Exanple 1. Fig. 2 shows the results of the X-ray

di ff ract (gt ray ppfodess aaicalrgdngobbai(hell aboteampherdin Itthd herifdlgurses, the
absci ssa and ordi nate represent 20 and cps, respectively. DESCRIPTI ON COF
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(12) a process according to (8) above, wherein the reinforcing
material is a ceramic fiber.
‘BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows the results of the X-ray diffractometry of the
pre-calcined granule obtained in Example 1.

. Fig. 2 shows the results of the X-ray diffractometry of the
catalyst obtained in Example 1.

In the figures, the abscissa and ordinate represent 20 and
cps, respectively.

DESCRIPTION OF THE INVENTION

In the catalyst of the present invention, the atomic ratios
of respective elements in the catalytically active component
represented by the formula (1) are as aforemenpioned and are

- preferably 2<a<5, 0.2<b<2, 0.25c<4, 0,35d<5, .05e<£0.2, 0<f<0.5 and
0<g<3.

The catalyst of the present invention may be prepared by
drying an aqueous solution or dispersion containing the metallic
elements constituting the catalytically active component or their
compounds, calcining the resulting dried powder, and optionally
shaping the calcined powder.

The compounds of the catalytically active elements used in

the present invention are not particularly limited provided that



In the catal yst of the present invention, the atomc ratios of respective
elements in the catalytically active conponent represented by the formul a
(1) are as aforenentioned and are preferably 2<a<5, 0.2<b<2, 0.2<c<4,

0. 3<d<5, ,,0<e<0.2, 0<f<0,5 d <3.. Jhe catal yst .of .th rese I nvention
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conmpounds, calcining the fesulting dri'ed powder, and optional [y sﬁaplng t he
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the present invention are not particularly limted provided that 5 t hey
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sul fates, nitrates, anmonium salts and oxi des of the catalytically active
el ement smolllybditr atideoexaapt estiodrdde a0 muilyhdiensn compeyndes ; usadadhiahude
nol ybdenum tri oxi de and nol ybdic acid or salts thereof as nol ybdenum
conpoundpentapaddem penadpki shel fatemaahd wridddtce aarid wanadilt sathdrepfsakt s
t her eof as vanadi um conpounds; tungstic acid or salts thereof as tungsten
conpoundyanaddumopprpouriise, teappeic Adidtay, sedpsetheirepdt esatungsppar
mol ybdat e as copper conpounds. I|lustrative exanples of antinony conpounds
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treatnen%htlgb%y compounds which may be used include antimony trioxide,

antimony pentaoxide, antimony acetate and antimony trichloride.
Among these antimony compounds, antimony trioxide is preferred and
this is preferably used as it is without chemical treatment. This
means -that there is not used any chemical treatment for
facilitating dissolution or dispersion of antimony. trioxide in
water, for example, by contacting it with an acid such as nitric
or sulfuric acid, an oxidizing agent such as hydrogen peroxide, or
an alkali. Antimony trioxide is preferably used in the form of
fine powder.

The compoundgpof catalytically active elements may be used
- alone or as a mixture of two or more compounds.

In the preparation of the catalyst of the present invention,
an aqueous solution or dispersion containing the catalytically
active elements or their compounds is first prepared. This
aqueous solution or dispersion is hereinafter referred simply as
*slurry solution" unless otherwise specified. According to the
present invention, the slurry solution is preferably an aqueous
solution. The content of each catalytically active element or

compound thereof in the slurry solution is not particularly



means that there is not used any chemcal treatnent for facilitating
di ssolution or dispersion of antinony trioxide in water, for exanple, by
contacting it with an acid such as nitric or sulfuric acid, an oxidizing

agent s hydr rpxid | A gﬂgifg%§é rgéyide S
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In the preparation of the catalyst of the present invention, an agueous
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their conpounds is first prepared. This aqueous solution or dispersion is
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specified. According to the present invention, the slurry solution is
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el ement or conpound thereof in the slurry solution is not particularly
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el ements fall within the above specified ranges. The anount of water used
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to problems of energy cost of the drying step or incomplete
drying.

The uniformly mixed slurry solution is then dried. Methods
for drying are not particularly limited so long as the slurry
solution can be dried and a powdery product can be obtained, and
may include for example drum, freeze and spray drying. Among
these methods spray drying is preferred in the present invention
since the slurry solution is dried to a powdery state in a short
period of time. The drying temperature may depend upon the
concentration and_feed rate of the slurry solution ahd the
temperature at the outlet of a dryer is generally 85 to 130°C.
Preferably, the drying is carried out such that the resulting
dried powder has an average particle size of 20 to 60 pm.

The catalyst of the present invention can be obtained by
calcining the dried powder at 200 to 600°C for 1 to 15 hours and
optionally grinding the calcined powder, which is preferably
shaped in a below mentioned manner. When the shaping step is
carried out, the célcination may be preferably carried out in two

steps, i.e., pre-calcination prior to the shaping step and post-



to problems of energy cost of the drying step or inconplete drying. The
uniformy mxed slurry solution is then dried. Methods for drying are not
particularly limted so long as the slurry solution can be dried and a
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size of 20 to 60 pm The catalyst of the present invention can ai ned
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optionally grinding the cal cined powder, which is preferably shaped in a
bel ow mesodthe brefienabl WD tthe 451080) ngost EptbS1Sansues, OptefdFdbly 3 to
calcination nay be preferably carried out in two steps, i.e., _
pre-cal conewos. prThe pe-tdel sinatiiog step prévpass- dégradatiennandon after
the shaping step. The method for calcination may be any of known nethods
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The thus preliminarily calcined granule, hereinafter referred
to as "pre-calcined granule" unless otherwise specified, is then
shaped directly or optionally after grinding. If those pre-
calcined granules or optionally ground powders which show an
electric conductivity of 100 to 2,000 uS/cm, preferably 500 to
1,500 ps/cm, as measured in a mixture of 5 g of the granule or
powder and 75 g of pure water after stirred at 0 to 15°C for S
minutes, are used, there is obtained a high performance catalyst
with a very high activity and less attrition.
The catalyst which has high catalysis activity is obtained by
- the pre-calcination as_mentioned before. Preferably, however, the
pre-calcined granule is used after shaping. Upon shaping, the
pre-calcined granule, optionally mixed with a binder, may be (A)
compressed, (B) mixed with a shaping aid, such as silica gel,
diatomaceous earth or alumina powder, and extruded into a
spherical or ring shape, or (C) coated on a spherical carrier,

" such as silicon carbide, alumina, mullite or alundum, having a

diameter of 2.5 to 10 mm by tumble granulation and so on.



6 hours. The pre-calcination step prevents degradation and peeling of the
catal ytically active conponent when the finished shaped catalyst is filled
in a reaction vessel; that is, a shaped catalyst with less attrition can be

bt ai ned. Th hus, i m il | ci ped I h ' t dto
e oy 8 B cCLBRTRAY B S nele L hARD b hLEer
direct| ti L neli | .f - | i . | or
opt | onal 1 gFS hEREEEYBER The RO LR, dyiodnddol s 2 Enc-BE RS Y HEBuES
2,000 [e5GknCHL RaRESHEPLY1EOD 401 LRI M) AABor3T sTIARYLAYnbNadoRbX  UT e
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catalyst with a very high activity and less attrition. The catal yst which
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before. Preferably, however, the pre-calcined granule is used after
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bi nder, may be (A) conpressed, (B) mxed with a shaping aid, such as silica
gel, di asoraoeentrabioh of WiMdnavgoderor dridhert ardedfifecbimespherical or
ring shape, or (C) coated on a spherical carrier, such as silicon carbide,
al umi na, pravideeaohighupebfermencacatalivateter of 2.5 to 10 nm by tunble
granul ati on and so on. 8 The binder used may .include water, ethanol, a
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Optionally, a shaping aid, such as silica gel, diatomaceous
earth or alumina powder, may also be used. The amount of shaping
aid used is generally 5 to 60 parts by weight based on 100 parts
by weight of the pre-calcined powder. Further, use of a
reinforcing material, such as ceramic fiber or whisker, is useful
to improve the mechanical strength of the catalyst. However,
fibers such as potassium titanate whisker and basic magnesium
carbonate whisker are not preferable since they are reactive with
the catalytic component (s). The amount of fibers used is
generally 1 to 30 parts by weight basgq on 100 parts by weight of
- the pre—-calcined granule.

When used, the shaping aid and reinforcing material are
generally mixed with the pre-calcined granule. The binder may be
mixed with the pre-calcined granule, or may be added to a shaping
machine prior to, simultaneously with or after the addition of the
pre—calcined granule,.

Among the shaping methods, the tumble granulation {(C) is
preferred as previously mentioned. .Illustratively, into an

apparatus having a stationary vessel and a planar or uneven disk



such as ethylene glycol, and triols, such as glycerin, are preferably used
w th glycerin being particularly preferred. The al cohols nmay be directly
used,.but .aqueous al cohol sol utions having a concentration of 10% by wei ght

or higher are effective to provide a high perfornmance catal yst, The anount
of bl nAdETEeY dRihsr ROt BH0OE0LEE PaFPeLhya TS hoch PIHF %00 T (o by
wei gt of o 1N, P1ye GAl LR g Ry e s AL OPR! LYo & SRARLNG Al anitiCh 35
silica gel; diatdhceous eart R -of “arum Ra po r, nay giso e used. The

o, SRR S B 1T el 59 e U

100 parts the pre-c use o

rei nfor i WEHEIY althes Yela 2a162hadl %r&h@fé Ofin ¥ 8K &dpt i SndiS WHlpild aid
i nprove the nmechani cal Strength of the catafyst. However, fibers such as

pot assi WA i deitefcsy ot iRt exie 1DAgI 6AHBANES | HHAE A O NG € Y Skijth &k not
preferable since they are reactive with the catal ytic conponent(s). The
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rei nf or onixtursd ,er{2dl asidedgaméoakthy statilonath véesel esivalldtiarebugrlanwiceh The
bi nder may be mixed with the pre-calcined granule, or may be added to a
shapi ng the Hdbitgidroof dhes mdetuzaeodsd) yadfed afted tihre tdaditdidin iafh tdfe t he
pre-cal ci ned granul e. Among the.shaging met hods, the tunbleba!anulation (O
i s pref ¥Ry @%vﬁ"du@l‘@eﬁ’eﬁﬂfﬁﬁﬁe o hPué@?h'@%Q’él%ﬂ the gn Wirarca us)
having a stationary vessel and a planar or uneven_gigk,g
both the binder and the mixture may be divided into two or more
portions and the portions are added in any combined manner of (2)
to (4) above. In the manner (5), it is preferred to use for
example an autofeeder to adjust the addition rate so that, for
example, any mixture does not adhere to the vessel wall or any
mass composed of only the mixture is not formed.
Illustrative examples of the carriers which may be used in
the method (C) include spherical carriers, such as silicon
carbide, alumina, mullite and alundum, having a diameter of 2.5 to
10 mm. Among these carriers, those having a porosity of 30 to 50%
and a water absorption of 10 to 30% are preferably used. The
- carrier is generally used in an amount such that the ratio of the
pre-calcined granule to the total weight of the pre-calcined
granule plus the carrier is 10 to 75% by weight, preferably 15 to
50% by weight.
The shaped product of the pre-calcined granule obtained by
the the aforementioned method (&) to (C) may preferably have a
diameter -of 2 to 10 mm and a height of 3 to 20 mm in the case of a

cylindrical shape or a diameter of 3 to 15 mm in the case of a

spherical shape.
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provided in the bottomof the vessel, a carrier is added. The carrier is
vigorously stirred due to repeated rotation and revol ution when the disk is
rotaled at a high speed. A m xture of the binder, the pre calcined granul e,

R e h“ﬁwa@ff?g%%zoa"ﬁ%“' AR, eS| h°
h ! 2 d h th
Lalgi 11 stk bea e tpklial 88a 84 s RS, VR o &E@&ﬂ%%%%% dsLh e
(4) addefdnRidadh yt eas:h}geadehyae of cbhfePAXiEE eofozsd o @éc{: rQ'fQQSB:@nd

the m xt'ure may be divided into two or nore portions and t rtlons are

added i 3oaNYCABOPOLAEHFRMEF o 050 (Hdurtd, (‘AcdiMehg Itd the ﬁ"‘%@%ht( 5), it is
preferred to use for exanpl e an aut of eeder to adjust the addition rate so

that, famvexaibh¢ thBYsHapedr fré@est Netaied &y pdste-csassaatwenl or any
mass conposed of only the mxture is not forned. Illustrative exanples of
the carr(hereinaifternmegfberedetioi as t hehapdd och{yst1ol shewspitérl sarongest
carriers, such as S|I|con carbide, alumna, nullite and alundum having a
di amet ePedk Ats 220 23§ 39&N&Ft¥ﬁ%§¥(Q%ﬁﬁRQQ§°mﬁ¥§§e“H§@iﬁ@'&“bdﬂ@@lp%
30 to 50% and a _water absor tion of 10 to 30% are preferably used. The
carri er the &éﬁéﬂ&Fﬂya&éEdaFglﬁﬂ apmperertc and dthe Hateasigyopft kais
pre-calcined granule tg the total weight of the pre-cal cined ranule ﬁlus

t he car St&PMIESEOPEFKT5%, BY G\E?ﬁﬁtld‘?ﬁ@%@amv%S nrefsyabdy R&i gRastT
shaped oduct of the | ci ne

| b db h
af or ene ed“‘ﬁé?hBEe?ﬁfanY(%‘} ﬂ%%%nﬁfﬁfgﬁslﬁléﬁk %efﬁegﬁgﬂé(r ats 1sagh 10
mm and g f&?.h%@t ‘E 1}1‘8e39% bLE éxti'g 5658 Pedk Y 015 PP RePL 18

dlaneter 0 mm i n case
means a double value of an angle of diffraction (0) in the X-ray

diffractometry. The other peaks appear at values of 28 other than
22.240.3° and may include peaks originating from molybdenum oxide
as described in for example ASTM (American Society for Testing
Material) cards 5-508, 21-569, 35-609 and 37-1445, as well as
peaks originating from compounds in which molybdenum oxide is
partially substituted with at least one of the catalytically
active elements of the present invention, such as vanadium,
. tungsten and antimony, and compounds of the..catalytically active
- .elements used as.starting materials. In the X-ray diffractometry
of a shaped catalyst, the strongest peak may sometimes originate
from alumina used as a carrier or an optional reinforcing
material. These peaks are not taken into consideration in the
present invention. In order to obtain a shaped catalyst having
such a specific X-ray diffraction pattern as above mentioned, it
is preferable to use a pre-calcined granule which shows same
characteristics with those obtalned after post-calcination in the

X-ray diffractometry in the same manner,
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spheric
shaped

al shape. 10 The catal yst may be obtai ned by post-cal cining the
product of the pre-calcined granule. The post-calcination is

general ly carried out at a tenperature of 250 to 500[err]C, preferably 300

to 450
shaped
"shaped

diffracto

and the

o1 coudt SBELeHRRSH), CRbEIvaty SPRATERS (he e i an, AtV B d
SPUA LU LHE ShERTGS Ee Holle b ALY SR o

onetry wt _ err] I'rne o e _ ti've component,
0. v1ersy R00ohmt RisS 05DN0BEEST 0 PRBKg ) SpRéfdLasty iglant itealo W Why/g,

preferably at least 1.6 tinmes, nore preferably at |east 2 tines,

nost . ..
synbol

the X-r
than 22

RIrR] @bPlspedli fitashrfabbMBSeal N8 H NS RS 1oy xﬁﬁ/&ﬂ%/px%tﬂlez!’abqﬁﬂ‘i-.oﬂﬁ%
20 herein nmeans a doubl e value of an angle of diffraction™([err])
ay. dinfZ/act amet ppre dheteibefipraks pPPEsrarlly \@ldlexmeft 2 eot her
.20.3 and may include peaks originating from nol ybdenum oxi de as

in

descr i begliumeisoio fepairelse hAST g ( Andiamete Soth etlye fangkesifi Mrdht0enilaltp car ds

5-508,

21-569, 35-609 and 37-1445, as well as peaks originating from

conpounds i htwhifgemm®l-b§endniexi eonsl p@e t 1AMy anskstfinar dP Wi R04 Heast
one of the catalytically active elenents of the present invention, such as
Are @tgsosh 2098 .aati roay, 38khd abnporsldsi®¥, tand &dt agat SA¥y acti ve

vanadi u
el enent
shaped
used as
t aken i

s used as starting materials. In the X-ray diffractonetry of a

Fasperfivedye brsgdgest theakokdl wokwte iginpses MAFHQ @ni na

1o e1 000 QREEORB! ¢LEhNEOBET £F S6 i A HIPRRAYsk 2re ot

Nnto consideration |

The catalyst of the present invention has a higher activity
at lower temperatures and a higher selectivity of acrylic acid as
compared with conventional ones and, therefore, can be used in the
reaction under -high load conditions. Further, the catalyst has
excellent attrition resistance and a very great commercial wvalue.

EXAMPLES

The present invention will be described in more detail by way
of the following examples and comparative examples., However, the
present invention is not limited to the following examples unless
depafting from the scope thereof as defined in the attached
claims,

In the following examples and comparative examples, all parts
are by weight and the acrolein conversion (% by mole), acrylic
acid selectivity (% by mole) and acrylic acid yield (%) are
defined by the following equations (2) to (4), respectively:

{2) Acrolein conversion (mole %) =
100 x (acrolein reacted in mole)/{acrolein supplied in mole)

(3) Acrylic acid selectivity (mole %) =

100 x (acrylic acid produced in mole)/ (acrolein converted in
mole)

12 -



present invention. In order to obtain a shaped catal yst having such a
specific X-ray diffraction pattern as above nentioned, it is preferable to
use @ pre-calcined granule which shows sane characteristics with those

obt ai ned af tﬂrlm' l£inyigonghyn=the X-ray diffractonetry in the same
manner . &1 140" A éﬁghégg%aﬁﬁhabESHuéﬁﬁoiﬂ'ﬂSléP/EQ@i&ié%ﬁ”Buﬂéﬁ@%&'fHL It
is preferred 4dmd) the total voluie of pores having a dianmeter of 0.01 to
200 [err] is 0.01 to 1.0 mM /g, preferably 0.01 to 0.4 m /g, and the

speci fic surfmEge yonesy id fEractdohOwaB/ geapacéd@rvpl ysing JoXK-510 feink JIEDL, The
pore distribution is preferably such that the vol unmes of pores having a

di amet erLTm. bheRINIGA 0OV fireom RIGAKUO 0.1 [err], fromO0.1 to 1 [err], from
1to 10 [err], and from 10 to 200 [err] are at nost 20% at nost 30% at

| east 40% arthetpamsstdisdXibutdpac waseingashasddbynus g totmerawtyine of said
pores having a dianeter in the range of fromO0.01 to 200 [err] in the

cat al ystporpminetten \Bareastizeye 9328s Emomi MEROMBRIBESS a hi gher activity at

| oner tenperatures and a higher selectivity of acrylic acid as conpared

wi th convent i Bialatdied iond resistepseevaganepsunsddPy e it fekekqton under
hi gh | oad conditions. Further, the catalést has excellent attrition

resi st ark@SLHPRFS 8P tGTedt-CoMePERE] TRIER. KEIRPLES e preds st le
and oIS AT 45 HBdrer 10 REoBreachrd Hofred SIS Hb 1418 i t o
it Eet Lg' ;ﬁ%‘%ﬁ%‘? ARSS, UHHRS %edSR" bENGat L2PLE NERE AP NS SHe A1 ARS WARA
measured and the attrition resistance (% by weight) was determined
by the following equation (5):
(5) Attrition resistance (wt %) =
100 x (sample weight - weight of residual catalyst on 2.36 mm
sieve) / (sample weight)
The electric conductivity was determined by dispersing 5 g of
a sample in 75 g of pure water, stirring for 5 minutes, and
measuring the conductivity by CM-20S from TOA Electronics Ltd.
Example 1:
To a formulating tank (A) equipped with a stirring motor, 600
parts of deionized water at 95f§ and 16.26 parts of ammonium
. tungstate were added and stirred. Then, 18.22 parts of ammonium
metavanadate and 110 parts of ammonium molybdate were dissolved.
Further, 3.78 parts of antimony trioxide powder were added. Into
a formulating tank (B) containing 96 parts of deionized water,
15.56 parts of copper sulfate were dissolved and the resulting
solution was added to the formulating tank (A) to form a slurry
solution. The slurry solution was dried in a spray drier while

adijusting the feed rate such that the temperature at the outlet of

the drier was about 100°C. The resulting granule was placed in a
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clainms. In the foll ow ng exanpl es and conparative exanples, all parts are
by weight and the acrol ein conversion (% by nole), acrylic acid selectivity
(% by, mole) and acrylic acid yield (96 are defined by the foll ow ng
equation 2 4 respectivel Acr e'ncner o]

xq(acrol g}“% %Eﬁc?‘(e %? S ‘537’1(%%9% & eg‘lg SF H%Fe?f g}’%m‘?% a‘il,?%l
selectivit 0 d d I

convert e xﬁggg?g éafat& %ﬁ) é\r§¥¢%Q3§%' hBL? ucagehplgggeg%é§§§ |§é§c d

producedpiB- eaheiﬂéacaelgwmﬂw Ia@buith 5mb%ksTheTxer 29 ¢hlheacihopnyeg-
rreasured by using JDX-7F from JEOL LTD. or RINT-11 OOV from Rl GAKU. The pore

di stributhong Mfr&@ééxﬂé@:.d;{ by Ui B re BRI NE P GranlTRt %:8%@55&9@:1933@ a
fromM RITICS. Th trition'resi stance was neasured by an attrition

resi stanggihepbak htoppKeYAKla |fRAIAKA@esh Gilad it 25MO! Rev@s rot at ed
at 25 rpmfor 10 m nutes and passed through a 2.36 mm standard sieve. The

wei ght obbeatabiskwheesntine NDntadnd itey datvie was NModse2sed The rbeudtsrofi on
resistance (% by weight) was determ ned by the follow ng equation (5): (5)
Attriti omepsurement eof viEhe) 28 ot hugss dimptdend-ahy dl\ﬁéirgﬁtw@ﬁtmsﬁaeaﬁhown
catal yst on 2.36 mm

in Fig. 1.

The pre—-calcined granule'wasuground in a ball mill to yield a
powder (hereinafter referred to as "pre-calcined powder"). The
pre-calcined powder had an electric conductivity of 1050 US/cm.

In a tumble granulator, 12 parts of the pre-calcined powder were
applied on 36 parts of alundum carrier with a porosity of 40%, a
water absorption of 19.8% and a diameter of 4 mm while sprinkling
2.4 parts of an aqueous 20% by weight solution of glycerin on the
carrier. The thus shaped product was placed in a furnace at room
temperature and the temperature of the furnace was raised at a .
rate of about 70°C per hour. Then, the product was calcined
‘(post-calcination) at 390°C for 5 hours to yield a catalyst of the
present invention. The catalytically active component except
- oxygen in the catalyst of the .present. invention. had. the following

composition in elementary ratio:

Moj2V3W1,2Cu1 28bg. 5
The X-ray diffractometry was carried out on the catalyst. A
peak originating from the alundum carrier was observed but the
other peaks were substantially identical with those observed on

the pre-calcined granule. The results of measurement of the 20

values in the X-ray diffractometry are shown in Fig. 2.
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sieve)/ (sanple weight) The electric conductivity was determ ned by
di spersing 5 g of a sanple in 75 g of pure water, stirring for 5 m nutes,
and peasuring the conductivity by CM 20S from TOA El ectronics Ltd. Exanple

1: To a for ti t ank Lpped, Wi th Ll ring notaor 00 rts of
dei.oni zed wa%é‘% gt%%&?glg F’F @)gggg%.gg&%%r?asg%f‘t(satmr%am umrﬁa}sglnrgesfﬁat él% \%er e
added a | , ‘ a | 11Q parts
of anno%u%mrf{)% ;q/%‘dé)}%% %eg1 é%élaésgl é%gmgéﬁffﬁp&@%ﬁﬁ’% 0 O%Q?Pi(br%orll:%
trioxi dep powssr s cadded. 1l pp &rbar Mt St 10Guh Andnd Browonteivd reOfmpart s
of deionized water, 15.56 parts of copper sulfate were dissolved and the
resul ti Rgessol g, o Wasas3ddad bost heebpestiaéipg Baddd (0N trHe tQiR1a vol1kimey
solution. The slurry solution was dried in a spray drier while adjusting
the feedf alfid prdshaiaviing hedpenatereint thderaigd aif Hrdn® M1 @o 209

about 100[err]C. The resulting granule was placed in a 13 furnace at
room t erferigt (e sadaliystvembérht wae Bf0Phmlfgr nace was raised at a rate of
about 60[err] C per hour. Then, the granule was pre-calcined at 3900C for
about 5 hour SheTipat2dveil bed ap ahtrktienyresistancemf 0. 33 vhareight
pre-cal cined granul e were neasured and a rra%n peak at 22.20 and a second

| ar gest ehiad APFAfie wurdagpsareadofihdr@ Bh&Sintensity ratio was 100; 23.
The results of neasurenent of the_20 values in the X-ray diffractonmetry are
shown in Fi g.Inko fh&egction YeRealghakhl an AR RIS E R Haldl f et §O
yield anﬂ of the catalyst were filled and a gaseous reaction mixture was
supplied at SV [space velocity = (the volume of gas per unit
time) / (the volume of the filled catalyst)] of 1800 per hour. The
reaction mixture was obtained from catalytic oxidation of
propylene in gas phase using a molybdenum-bismuth catalyst and
supplemented with oxygen and nitrogen. The mixture had the

following composition:

Acrolein 5.5% by volume
Unreacted propylene and other organic compounds 1.3% by volume
Oxygen 7.4% by volume
Steam 27.0% by volume
. Inert gas including nitrogen 58.8% by volume

The results of the reaction are given in Table 1.
Example 2:

In a tumble granulator, 24 parts of the pre-calcined powder
obtained in Example 1 were applied on 36 parts of alundum carrier
with a porosity of 34%, a water absorption of 15% and a diameter
of 3.5 mm while sprinkling 3 parts of an aqueous 20% by weight
solution of glycerin on the carrier. The thus shaped product was

placed in a furnace at room temperature and the temperature of the
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powder (hereinafter referred to as "pre-cal cined powder"). The pre-cal cined
powder had an electric conductivity of 1050 [err]/cm In a tunble
granw atoy, 12 parts of the pre-cal cined powder were applied on 36 parts of

G amet ort g R A B 4Bs pE aBoll PO T B MO Comigh L ST
sol uti ory Ao gy SEId bk A ree FHE 8 s, sbapedy ALnduetciam phacsd i n

a furnace at roomtenperature an enperature of” t furnace s raised

at a ratg of Al ARferR8lon0UThe TRERA1FPECRE PPUSEL YRS SHSIMER except
(post-calcination) at 390[err]C for 5 hours to yield a catal yst of the

present dpyedy | QN th@akd18is¢! igFakhy pebb¥ft CONPORENSn HEE PEhO Xy SEIbY ihd he
catal yst of.the..present.invention had the foll ow ng conmposition in

el enent a¢ympesitior & JelTEMenkaryy rdikfibract onetry was carried out on the
catal yst. A peak originating fromthe alundumcarrier was observed but the
ot her peaks were SMteaVeathi. 20w .i28bot.scal with those observed on the

pre-cal cined granule. The results of measurenment of the 2[err] values in
the X-ray di fThaaoreetdistaidusionnofnthegcapalyat waghregeneedi stTheuti on
of the catal yst was neasured. The vol unes of pores having a dianeter in the
range ofVeYWig® ¢fl RFe® havdng) a digpeber ip thpnrangemi ferm @ (& 4o and

total vl Uhdtir S5 o &' Haing S5O AnbPerOi vt RN AR 10 o O 1o
200 pm iv?eéeh elé:%a,t ag%y,St63%V:hia%I?i %i,o'rggpgc{:gvely, based on the total
volume of said pores having a diameter in the range of from (.01
to 200 Mm in the catalyst. The catalyst had an attrition
resistance of 0.5% by weight and a specific surface area of 3.5
m2/g.
The catalyst was subjected to the_reaction as in Example 1.
The results thereof are given in Table 1.
Examples 3 to 6:
The procedures of Example 1 were repeated except that in
Examples 3 to 6, 5.19 parts, 10.37 parts, 23.33 parts and 32.40
parts, respectively, of copper sulfate were used."The

- catalytically active components except oxygen in the catalysts of

the present invention had the following compositions in elementary

ratio:

Example 3 Moj2V3W3 K 2Cup, 4Sbg. 5
Example 4 Moj2V3W; ,2Cug, 8Sbg .5
Example 5 Moj2V3W1,2Cug gSbg, 5
Example 6 Moj32V3W1 2Cu2 5Sbg 5

The X-ray diffractometry was carried out on the catalytically

active components of the catalysts and the values of 20 were
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The catal yst had an attrition resistance of 0.3% by weight and a specific
surface area of 2.2 n2/g. Into a reaction vessel with an inner dianmeter of
21. 4. 30 m of the catalyst were filled and a gaseous reaction m xture

was suppli SV Isp Y j = val f upit »ti gg)/ (t he
vol.une o é%%égéch I e%écg%g}f y%‘%]q%%é'lgo glélr ec%t%sygfhgg?’ggg%ﬁogtmzéfgfe was
obt akned t i j Jadt | el has i

e T R A e G e

m xture badriReiabd OV NGF GRIMASRIdiAN 0xA8kOW8rE very broad and overl%gyed
5.5% by vol une Unr'eacted propyl ene and ot her organiC conpounds 1. 3% by

vol ume GgygENeach other; thus, no sharp peak was observed. THe48%&y vol une
St eam 27.0% by vol unme Inert
gas incl gdiogned tpeogders used in these ExamplesbBa8%hyeVYettsrtcThe results
of the reaction are given in Table 1. Exanple 2: In a tunble granulator, 24
parts of cehdugtivity clmaddhpomdere ot 20fedo A4PRakplem1 wEhe ¢pptlestorhad
parts of alundumcarrier with a porosity of 34% a water absorption of 17%
and a di anedbtriticn sremistance ffr ihiB% og 3operts of an aqueous 20% by

wei ght solution of glycerin on the carrier. The thus shaped product was
placed in a fTkrpactatystodmespardestedane the reapeiarure ¢ Frampbe 1.

furnace was raised at. a rate of about ,70[err] C_per hour. Then, the product
was cal ctR8JretUsed[ e 0t AT TGS it“o[ry#’éledla catal yst of

Iable 1
*  Example 1 2 3 4 5 6
: Reaction temperature 250 230 255 250 255 260
(°C)
Acrolein conversion 93.1 98.7 99.0 98.9 99.1 99.0
{mole %)
Acrylic acid selectivity 98.5 98.2 98.2 98.4 98.0 98.3
{mole %)
Acrylic acid yield 97.6 96.9 97.2 97.3 97.1 97.3
(mole %)
Examples 7 to 10:

-

- The procedures of Example 1 were repeated except that in
Examples 7 to 10, 2.27 parts, 7.56 parts, 15.13 parts and 22.70
parts, respectively, of antimony trioxide were used. The
catalytically active components except oxygen in the catalfsts of

the present invention had the following compositions in elementary

ratio:

Example 7 Mo12V3W3 2Cuj 28bg 3
Example 8 Moj2V3Wy 2Cug 2Sby ¢
Example 9 Mo12V3W1 2Cuq 2Sbs .
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the present invention. The catalytically active conponent except oxygen in
t he. catal yst of the present invention had the foll ow ng conposition in

el engntary ratio: [err] The pore distribution of the catal yst was neasured.
The vol u poges hayl di teledn the range of from0.01 to 0.1
[ers], f?g%$€ii ?% 1 [2%?{%b§W¥né§Fi;%§B§'Pérr], and from 10 to 200 [err]
were 0% 9% % 189 t . o] he_t I ' id
por es havi ng %ﬁgi%ma r |n£1ﬁ§et%?‘ge%g§/§}f%f rc%%?%,gglgk% §809{'§r?¥9+%9%‘|§;lf?
cat al yst acthee Cabmpysént@tofrtrad tddtid 193 tsLeindt #heevalu@sS¥ebygveépdt and a
specific surface area of 3.5 [err]/g. The catalyst was subjected to the
reacti onpagshPe&XanphCedeh ThR 4 BPdN | S B Pe ol Qo VDR RebaRke23. 20
Exanples 3 to 6: The procedures ‘of Exanple 1 were repeated except that in
Exanpl esyBitR 6s EhdPaddddBstild .o R presédt33nkaht$oaNd BewdPePArtie
respectively, of copper sulfate were used. The catalytically active
conponenifitexfept P&yeof mdhbdsivd Wadigeowelrbe vBirgSBBbal Nieat be8r hasbéde
foll owi ng conpositions in elenentary ratio: Exanple 3 [err] Exanple 4
[err] Exaipheedch othé¢er rfhiscanpl esharp peakemial dhseXvedy dThérpcéonetry

was carried out on the cat algltical |y active conponents of the catal ysts and
t he val uesleined pevdens used in these Examples had an electric

conductivity in the range of 150 to 1200 yS/cm. The catalysts had
an attrition resistance of 0.6% or lower.

The catalysts were subjected to the reaction as in Example 1.

The results thereof are given in Table 2.

Example 11:

To a formulating tank (A) equipped with a stirring motor, 600
parts of deionized water at 95°C and 16.26 parts of ammonium
tungstate were added and stirred. Then, 18.22 parts of ammonium
metavanadate and 110 parts of ammonium molybdate were dissolved.
Further, 3.78 parts of antimony trioxide powder were added. Into
a formulating tank (B) containing 96 parts of deionized water,
15.56 parts of copper sulfate and 1.05 parts of potassium nitrate

. were dissolved and the resulting solution was added to the.
formulating tank {(A) to form a slurry solution.

The slurry solution was dried in a spray drier while
adjusting the feed rate such that the temperature at the outlet of
the drier was about 100°C. The resulting granule was placed in a
furnace at room temperature and the temperature of the furnace was
raised at a rate of about 60°C per hour. Then, the granule was
pre—-calcined at 390°C.for about 5 hours to yield a pre-calcined

granule.
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nmeasured. I n each catalyst, a main peak was observed at 22.20 which is
characteristic of the present invention. However, the intrinsic peaks of
nol yhdenum oxi de were very broad and overl apped with each other; thus, no

. - l.Ci d din,th Ex
back b’ ol oot Ta SR onist vqTﬁhainﬁr?eﬁ%ga%?k?gr&gis 0%t Bgéﬁsﬁiﬁ?ﬁ?{sﬁwdﬁgm:e
cti : "0, Eo .
cat al ys"éb&@i’nﬁd‘e Y 4 {d¥h Sﬁes qlaeg-%lag.cige h(gggn{ﬁ%f%n t%hgaff %iff SRS in

subjected to t react 1 on I'n np resu 2 ereo re .
Tabl e 1. agpbiéd lofX¥MPrts of alundum carrier with a &iame of
5 6 %géction tenperature 250 230 255 5%% %ggn 260

(0C) Acrwhfle SOMMEKEIMN 2.4 parts99flan 88uéous99208 by Wefght %o ut Lok
(ol e 9 Ayl fe acid oolset Pary *tagms Qugous 9208 by e Zant Solue soi ¢,

(mol e Ng¥eegtin acitthe/iclmtier. The 2Au€ shlPel prOdudt wd Placdd -ih a
97.3 (mole % Exanples 7 to 10: The procedures of Exanple 1 were repeated
except tfratnace Bdamas terperbtur? Andpahestedpbbaparé Sof 15hd Irpaddse anth
22.70 parts, respectively, of antinony trioxide were used. The

cat al yt i tal$8a aat i et prh i te Y80t pexyhenri n Thencatim ystcdwdt twas
present invention had the follow ng conpositions in elenentary ratio:

Exanpl e qalcineqegq]390°c for 5 hours to yield a catalyst of the present
invention. The catalytically active component except oxygen in

the catalyst had the following composition in elementary ratio:

Mo12V3W3 2Cuj 2Sbg, s5Kg.2

The 20 values in the X-ray diffractometry of the pre-calcined

granule used were measured and a main peak at 22.2° and a second
largest peak at 26.7° were observed where the intensity ratio was
100:28. Similar results were observed for the catalytically
active component of the catalyst.

The pore distribution of the catalyst was measured. The
volumes of pores having a diameter in the range of from 0.01 to
0.1 pm, from 0.1 to 1 pm, from 1 to 10 Mm, and from 10 to 200 Hm
were 9%, 6%, 73%, and 12%, respectively, based on the total volume
- of said pores having a diameter in the range of from 0.01 to 200
Um in the catalyst. The catalyst had an attrition reeistance of
0.3% by weight and a specific surface area of 1.8 m2/g.

The catalyst was subjected to the reaction as in Example 1.
The results thereof are given in Table 2.

Example 12:

The procedures of Example 11 were repeated except that 2.45

parts of calcium nitrate were substituted for potassium nitrate.

The catalytically active component except oxygen in the catalyst
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Exanpl e 8 [err] Exanple 9 [err] 17 Exanpl e 10 [err] The
X-ray diffractonetry was carried out on the catalytically active conponents
of tbe catalysts and the values of 20 were neasured. In each catalyst, a

i peale v, ARG AeiRaBheral WLCBol SRt AL BLISH forlyd e P esen:

I nvent i on. eintrinsic pe enum oxi were very broad

and qver f&ﬁﬁﬁ iJ 83N other; thus, no sharp peak was observed. The pre-
cal ci nedé po erég%se in these Exanples had an electric conductivity in the

range of 150 to 13} Jveywq LCwq ,8bg _gehgl ysts had an attrition resistance
of 0.6%or |lower. The catalysts were subjected to the reaction as in

Exanpl e 1. THehe eflivad uelseri@othar ¥-gayedifirdabbmet2ry dartiie pie—cEd dined
formul ating tank (A) equipped with a stirring notor, 600 parts of deionized
wat er atgjuele | Sahdiekfe Megsaries ahdaanmainmpeakgatal?. arandacd et comdi
stirred. Then, 18.22 parts of ammoni um netavanadate and 110 parts of

anmoni unamgedid pealvate 2% SSoweed. obsetrved  wBe 78 thee t sntednsiity nEbid masxi de
powder were added. Into a fornulating tank (B) containing 96 parts of

dei oni zet0Wad ey , SimuiS@MFesnlss vepgeprbsarvadefandtiie Ok YEie#llaot assi um
nitrate were dissolved and the resulting solution was. added to the.

f or nul at3etgl ¥arfomponant ofr ke srbrlyssoPlit FBA. PTRReRE (ARYRRGIAR i on was
dried in a sprgg drier while ) ) )

The catalyst was subjected to the reaction as in Example 1.
The results thereof are given in Table 2.

Example 13:

To a formulating tank (A) equipped with a stirring motor, 600
parts of deionized water at 95°C and 16.26 parts of ammonium
tungstate were added and stirred. Then, 18.22 parts of ammonium
metavanadate and 110 parts of ammonium molybdate were dissolved.
Further, 3.78 parts of antimony trioxide powder were added. After
20 minutes, 4.47 parts of cerium oxide were added. Into a
formulating tank (B) containing 96 parts of deionized water, 15.05
parts of copper nitrate were dissolved and the resulting solution
was added to the formulating tank (A) to form a slurry solution.

- The slurry solution was dried in a spray drier while
adjusting the feed rate such that the temperature at the outlet of
the drier was about 100°C. The resulting granule was plaéed in a
furnace at room temperature and the temperature of the furnace was
raised at a rate of about 60°C per hour. Then, the granule was
pre-calcined at 370°C for about 5 hours to yield a pre-calcined
granule.

In a tumble granulator, 12 parts of a pre-calcined powder

obtained by grinding the pre-calcined granule in a ball mill were
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adjusting the feed rate such that the tenperature at the outlet of the
drier was about 100[err]C. The resulting granule was placed in a furnace at
roomstenperature and the tenperature of the furnace was raised at a rate of

b 60 .Jh | - cal ci ned 390 C
For » aboulPPBAGHr &h, 36, PAFES o LA MR SR RER Sadionghed PRk Bn
i 2112 -cal ci ned powd btai.ned b | ndi h
o o oal of niegrBRtHEL o 02 DA ol SE Sl UliElond "B padbkCro L leR et

SarLS" ShieRisl GRS ol fiam e e URLLA8 2.AcRRE 5a8! B0RAUER0E

20% by weight solution of glycerin on carrier.

was pl acefdrhfca Atir P36 BEmp OB HRITREN e ragur e
furnace vvag rgi sed at a ral?ﬁe of about d?%?%r F]%%ELSEEEHEEPB?TE%%,g?ﬂ%a%go%%t

was cal cratdeat aB98| eat¢ Gof cibouthorre beryhehe.a ¢8bAl Yehe Obrbhig-Prfsent
I nvention. The catalytically active conponent except oxygen in the catal yst

had the faltbmedgatodpol tfican 5 hoslrement giyldaki eatheyst dhetR yRés&st i N
the X-ray diffractonetry of the pre-cal cined granul e used were neasured and
a nai n péakeation. 2(The doat suduih lllyr gesti veealompbndhit 78xvepe okgesy eth wher e
the intensity ratio was 100:28. Simlar results were observed for the

cat al yt i he| gatelyse hahpdefioldiowing camplopdt iofhénpelemedntary brat bm: of

t he catal yst was as . The val.unes, of pores having a dianeter in the
range of from 0.01%?3&%3%%{ 4. 2590556015t 0 1 [err], from1 to 10 [err],

and from 10 tfhgogbruglues in the X-ray diffractometry of the pre-calcined

granule used were measured and a main peak at 22.2° and a second
largest peak at 28.5° were observed where the intensity ratio was
100:34. Similar results were observed for the catalytically
active component of the catalyst.

The pore distribution of the catalyst was measured. The
volumes of pores having a diameter in the range of from 0.01 to
0.1 pm, from 0.1 to 1 pum, from 1 to 10 {m, and from 10 to 200 Hm
were 13%, 6%, 69%, and 12%, respectively, based on the total
volume of said pores having a diameter in the range of from 0.01
to 200 um in th? catalyst. The catalyst had an attrition.
resistance of 0.3% by weight and a specific surface area of 2.0
m?/g.

The catalyst was subjected to the reaction as in Example 1.

The results thereof are given in Table 2.
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were 9% 6% 73% and 12% respectively, based on the total volune of said
pores having a dianmeter in the range of fromO0.01 to 200 [err] in the
catalyst. . The catal yst had an attrition resistance of 0.3% by weight and a
specific surface area of 1.8 n2/g. Thi ﬁgt algyst was subjected to the
reaction as in Exanple 1. The results are given in Table 2. Exanple

12: The g&gﬁgggres of Exanple 11 werg repggped %xceptlbhat %145 p@éts o$§

calciumnitrate were substituted for potassiumnitraté&.” The Catal yTica

active CREREAESA E&EPEa RGN I n the catalyst k3 58& thsssfess?éThezsé%

invention had the fqbgpw ng conposition in elementary ratio: [err
values in the X-ray diffractonetry of the pre-calcined granule used were

neasur edaapdleinbeonpeskicd 22. 2[ ergd. @nd A oseo@neg | avgest opegk 8.3 9g.8
27.3[err] were obsenyed where the intensity ratio was 100: 36. Sim |l ar
results were observed for the catalytically active conponent of the

cat al yst Aotylhe ackdesgleatvianitiyon. JBhe cdBallystoswas sabpecpedrt ooche 97.2
reaction as in Exafmpbke1%) The results thereof are given in Table 2. Exanple
13: To a fornulating tank (A) equipped with a stirring notor, 600 parts of
dei oni zelcuil ée @?i@ﬁiﬁh}c and 16.9% Sparis lof 9&nitonParilt uA§st at 24 wer €96.0
added and stirred. { ,%18.22 parts of ammoni um netavanadate and 110 parts
of amoni um nol ybdate were di ssol ved.

Example 14:

The procedures of Example 13 were repeated except that 3.45
parts of niobium oxide were substituted for cerium oxide. The
catalytically active component except oxygen in the catalyst of
the present invention had the following composition in elementary
ratio:

Mo12V3W1 2Cuj 2Sbg,5Nbg, 5

The 26 values in the X-ray diffractometry of the pre-calcined
granule used were measured and a main peak at 22.2° and a second
largest peak at 22.6° were observed where the intensity ratio was
100:33. A small peak of niobium oxide was also observed. Similar
results were observed for the catalytically active component of
the catalyst of the present invention.

The catalyst was subjected to the reaction as in Example 1.
The results thereof are given in Table 3.

Example 15:

To a formulating tank (a) equipped with a stirring motor, 600
parts of deionized water at 95°C and 16.26 parts of ammonium
tungstate were added and stirred. Then, 18.22 parts of ammonium

metavanadate and 110 parts of ammonium molybdate were dissolved.
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Further, 3.78 parts of antinony trioxide powder were added. After 20
m nutes, 4.47 parts of ceriumoxide were added. Into a fornmulating tank (B)
contakning 96 parts of deionized water, 15.05 parts of copper nitrate were

di ssol ve heyresul ting sol uti.on was added to the fornul ating tank (A)
to form g"gf‘]%?%y %b?%té éolﬁtf‘sgﬁé qsr}tulr"}ofysort?tolx&%ewggwgffegef 3dgﬁaayaﬁ9'fér
whi | e, adj ugf i a S fe rature.at s t of
the dii b ToEREIAEEG BhmE Tl it diiind % bRIRE! B bE1BhibLE ORtef
furnace Jagel=ys e g e Of £t pace i

at a rat gséfsga oﬁtg 60[2‘?%%%? ]Ehéc?g"ré' 'Irgrjlgr%a tptlé ﬁeSgﬁ)gng?gg\g\gga%rrggg?%?néggat
370[err]§.ggr3§9@yto§ HEHSs {ifin W 18htR RiBeC@iGisBeYedl 8AH! Bhe! Peguitibye
granul ator, 12 parts of a pre-cal cined powler obtained by grinding the
pre-cal ckoedt $6RNWA S Added bd ItHE forRIRtdRg tadRPl(REdtENESBmPar §Supty
alundumcarrier with a dianmeter of 4 mrmwhile sprinkling 2.4 parts of an
aqueous g206%abyomei ght solution of glycerin on the carrier. The thus shaped
product was placed in a furnace at roomtenperature and the tenperature of
t he furnace wlsbsedqeently, thatprafedabmst of0EsrmpCepéi Weue. r&beated hico
product was_cal cined at 370[err]C for 5 hours to yield a catalyst of the
present YhoidAt#oratahest 2fIthe quasendctinventdpponefheegabplybkggbhyin t he
catal yst had the foll ow ng conposition in elementary ratio: [err]_ The 20
val ues | ACHHEE XCPBRORERY SXFRFIIY I tife thee cairevitdngfablit efotteviRg e

neasured and a,pnmin peak at 22.20 and a second
COHIpOSlgf.OH in eklemen ary ratdio:

Mo12V3Wy , 2Cu1 2Sbg, 5K0,1M90.2

The 20 values in the X-ray diffractometry of the pre-calcined
granule used were measured and a main peak at 22.2° and a second
largest peak at 27.3° were observed where the intensity ratio was
100:41. Similar results were observed for the catalytically
active component of the catalyst.

The. pore distribution of the catalyst was measured. The
volumes of pores having a diameter in the range of from 0.01 to
0.1 um, from 0.1'to 1 um, from 1 to 10 um, and from 10 to 200 um
were 7%, 5%, 80%, and 8%, respectively, based on the total volumeJ
of said pores héving a diameter in the range of from 0.01 to 200
Mm in the catalyst. The catalyst had an attrition resistance of
0.6% by weight and a specific surface area of 1.5 mz/g.

The catalyst was subjected to the reaction as in Example 1.
The results thereof are given in Table 3.

Example 16:

To a formulating tank (A) equipped with a stirring motor, 600

parts of deionized water at 95°C and 16.26 parts of ammonium

tungstate were added and stirred. Then, 18.22 parts of ammonium
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| ar gest peak at 28.50 were observed where the intensity ratio was 100: 34.
Sigmlar results were observed for the catalytically active conponent of the
catalyst. The pore distribution of the catal yst was neasured. The vol unes

f ' di [ h f, f 0,01 0.1 f 0.1
o 5O Bbavhaded SR8 B0 LLINE dAMgal Ll g0 L0, 0L BeLiLdgom O
d 12% t 4 ts ls I ' [
o0 2% LERREetd ) Va5 St G U OB B UL SR RV L0 &

catal ysgohathated! (1138 Phrt LY taNc 0kl wdlabyatghont 1ang 2 speci fic

surface area of 2.0 nk/g. The catal yst was subjected to the reaction as in

Exampl efdrmi Dt {6¢ Wdrsk t (B entdii%igV &% pRriabbe deiddized B¥aW®EE 15.56
7 8 9 10 11 12 13 Reaction tenperature 255

250  2p8rts?26B copbér swbfate, 20 22 pakks) ofickoleiin AOPVYEESI AN 1.10  98.6
99.0 98.7 99.1 98.5 98.3 98.8 (nole %9 Acrylic acid selectivity 98.9

98.1 9Babts9FfOst Eontiuthidkrdle elpenkid s¥pliedyhhd Bhedreselting
97.5 97.1 96.7 96.1 96.2 94.8 96.0 (nole % Exanple 14: The
pr ocedusedubiofxemp| addsd viey e lree feedmad a¢dogptankatfAB. 46 Parm sa of lumxbi um
oxi de were substituted for cerium oxide. The '
solution. :

Subsequently, the procedures of Example 11 were repeated to
vield a catalyst of the present invention.  The catalytically
active component except oxygen in the catalyst had the followihg
composition in elementary ratio:

Mo12V3Wy 2Cui, 2Sbg sNag, 55rg.15n¢0,.2

The 26 values in the X-ray diffractometry of the pre-calcined
granule used were measured and a peak was observed at 22.2° which
is characteristic of the present invention. However, the
_intrinsic.peaks of molybdenum oxide at 23 to 29° were scarcely
observed. Similar results were observed for the catalytically
active component of the catalyst.

The catalyst was subjected to tp? reaction .as in Example 1.
- The results théreof are given in Table 3.

Examples 17 and 18:

The procedures of Example 1 were repeated except that in
Examples 17 and 18, 12.15 parts and 24.30 parts, respectively, of
ammonium metavanadate were used. The catalytically active

components except oxygen in the catalysts of the present invention

had the following compositions in elementary ratio:
Example 17 Moq2VaoWi 2Cug 2Sbg.5

Example 18 Mo12V4Wq1 2Cug 28bg.5
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catalytically active conponent except oxygen in the catal yst of the present
I nvgntion had the foll ow ng conposition in elenmentary ratio: [err] The 20
val ues in.the X—ray diffractometry of the pre-calcined granule used were

measured and g, %satlrz%h%fi xR, dieeeggsbggwgt #e%régc &E{dda

wer g observed re e Intensity rat ni obl um

oxi de, wa @ﬁéfeebégéa%rélrraa{sqrrfefsU'ﬁﬁ S4REC cRBAELYES Leéeéfc‘

cat al yt| y active conponen he “Cat &' pf B8Ht Thventi on.

The cat abyséryes éebw%cedmtleht he Eﬁa%beereetw 5 é €ples éﬂbf results
t hereof are given in Table 3. Exanple 15: To a fornu trng ta (A

equi ppedi Wréht Pors! | rHdwré®! Ahe GAR Al pbalsi BRI A8UyNAERAMAbx DR &4t 13
and 16. 26 parts of annonrunrtungstate wer e added and stirred. Then, 18.22

parts of tanpshivgieTRicaraRdgaiobsardedl0 Bamnisaef rasurns Uﬁéﬂ@'é[i)g@t&oé!@f&éd
di ssol ved. 22 Further, 3.78 parts of antinony trioxide powder were
added. | fibp hé ocatd Byt iallanladtBvec aoiponieng s96fpahé scataligsodi zed wat er,
15.56 parts of copper sulfate, 0.52 parts of potassiumnitrate and 2. 66
parts of nmagnBs¢ watdlystis wearee sdibgeaitedd tantiheheeaesibn i ag swl Exanplevds.
added to the formulating tank (A) to forma slurry solution. Subsequently,
t he procEheresseitExthepieot] angegdvieapdat dablle Jiel d a catal yst of the

pr esent |nveni|on The catelytrcally

The procedures of Example 1 were repeated except that in
Examples 19 and 20, 6.78 parts and 27.11 parts, respectively, of
ammonium tungstate were used. The catalytically active components
~except oxygen in the catalysts of the present invention had the

following compositions in elementary ratio:

Example 19 Moq12V3Wg  5Cuq, 28bg . 5
Example 20 Moq2V3W2 oCuy 2Sbg.s
The 20 values in the X-ray diffractometry of the pre-calcined
granules used were measured. In the catalyst of Example 19, a
' peak was observed at 22.1° which is characteristic of the present
.invention;while no intrinsicrpeaks of molybdenum.oxide were
s observed. Similarly, a peak was observed at 22.2° which is
characteristic of the present invention while no intrinsic peaks
of molybdenum oxide were observed in the catalyst of Example 20.
Similar results were also observed for the catalytically active
components of the catalysts.
The catalysts were subjected to the reaction as in Example 1.

The results thereof are given in Table 3.
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active conponent except oxygen in the catalyst had the foll ow ng
conposition in elenentary ratio: [err] The 20 values in the X-ray
di ffractometry of the pre-cal cined granule used were neasured and a main
peak at 22.20 and a second | argest pe%B wer e observed where the
intensity ratio was 100:41. Simlar r re observed for the

catal ytigall, ctive conponent of t cat gleyst . ;EFhe pore di stributjion o
t he cataF%st%&gs measured. The voluggé ofquresl§aving5a dig%eteri?n th%p

range of pE5e On OdedePatludsr rl, fr 0. o1 rr] ro to [ er
and from10 to r500 %yvere 7% 5% 23;65:% _jaén 8%2k?espgg%i vg?é? ba%%%l onéé%e

total volunme of said pores having a dianeter in the range of fromO0.01 to

200 [errhcroléhr estvdysion The cat alg st h@deangat Bri bbon regi st agges of 9. %
by wei ght and a speméie cksurface area of 1.5 nR/g. The catal yst was
subjected to the reaction as in Exanple 1. The results thereof are given in
Tabl e 3. AExphpteadbd Jelectfiorimy at ia6g 8t aMig.(7A) 96QG8i pped3wi d8. & SH8I1Zi nge . 7
nmot or, 600 parts ofmelke okl zed water at 95[err]C and 16.26 parts of ammoni um
tungstate were added and stirred. Then, 18.22 parts of ammoni um 23

met avanaiarel baderaid peid of anmmoMibuth md7yBdadé . her 86diissHbvRd. 9&UT t heh .4
3,78 parts of anti t¥% oxi de powder were added. After 20 minutes, 1.56
parts of tin oxide were added. Into a formulating tank (B) containing 96
parts of deionized water, 15.56

Example 21:

The procedures of Example 1 were repéated except that the
shaped product obtained in Example 1 was calcined at 440°C for
about 2.5 hours. The catalytically active component except oxygen
in the catalyst of the present invention had the following
composition in elementary ratio:

Mo32V3W1,28bg 5Cuy ., 2

The 20 values in the X-ray diffractometry of the
catalytically active component in the catalyst were measured and a
main peak at 22.2° and a second largest peak at 23.3° were
observed where the intensity ratio was 100:41. The catalyst had
. an attrition resistance of 0.4% by weight.

The catalyst was subjected to the reaction as in Example 1.
The results thereof are given in Table 4.

Example 22:

The procedures of Example 1 were repeated except that the
shaped product obtéined in Example 1 was calcined at 480°C for
about 1 hour. The catalytically active component except oxygen in
the catalyst of the present invention had the following

composition in elementary ratio:
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parts of copper sulfate, 0.22 parts of sodiumnitrate and 1.10 parts of
strogntiumnitrate were di ssolved and the resulting solution was added to
the fgrmukating tank (A) to forma slurry solution. Subsequently, the

procedures of Exang) G to yield a catal yst of the present
BHAHES LAY

I nvention. The. cata onponent except oxygen in the

catalyst had the 2@IvLMd) GPAMSIX-ray 91 reradRBmatyyr 8ki he[err] The 20
values in the X-ray diffractometry of the pre-calcined granul e used were

measur edcapgy gt PEAKI YesctObRe  Mithdiernd? 12| @hlel c\efehgpskfswsblérﬁeagﬁ'féa | n@fa

the present invention. However, the intrinsic peakS of nolybdenum oxi de at
23 t0o 2985 h] p¥Ek €afCRP 2% YarRP LRSI Il g@Ist! pelalkt atwene gobgeryed for the
catal ytically active conponent of the catalyst. The catal yst was subjected
to the rebsétrosdashére BXoepie:ens iHie varddl Wwast Nenead . ar ehgi ¥&bal st ad® 3.
Exanpl es 17 and 18: The procedures of Exanple 1 were repeated except that

i n Exanpaesatifribiod Sredstidnqrardfs (ardd 4. 3@igatt.s, Thespatalyst ywanf
anmoni um et avanadat e were used. The catal ytically active conponents except
oxygen i Aubfected atgsthe ofeadtalqn @senim Exaapilieod -ha@hehsesovlt dvkhgreot

conpositions in elementary ratio: Exanple 17 [err] Exanple 18 [err]
24 are given in Tableé 4.
Example 23:

The procedures of Example. 1 were repeated except that the

pre-calcined powder obtained in Example 1 was shaped using an

aqueous 30% by weight solution of ethylene glycol as a binder.
The catalyst was subjected to X-ray diffractometry. Although some
peaks of alumina based on the alundum carrier were detecfed, other
peaks were similar to those observed for the pre-calcined granule.
The pore distribution of the catalyst was measured. The
volumes of pores-having a diameter in the range of from 0.01 to
0.1 pm, from 0.1 to 1 pm, from 1 to 10 Um, and from 10 to 200 Hn
were 11%, 10%, 67%, and 12%, respectively, based on the total
volume of said pores having a diameter in the range of f{pm 0.01
. to 200 Um in. the catalyst. . The catalyst had an attrition
resistance of 0.6% by weight and a specific surface area of 2.2
m2/g. The catalyst was subjected to the reaction as in Example 1.
The results thereof are given in Table 4.
Example 24:
Twenty-four (24) parts of the pre-calcined powder obtained in

Example 1 were mixed with 1.2 parts of silica-alumina fiber with

an average fiber length of 100 Um and an average fiber diameter of

2.6 pm to form a mixture. In a tumble granulator, 34.8 parts of
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The 20 values in the X-ray diffractonetry of the pre-calcined granules used
were measured. In each catalyst, a peak was observed at 22.2[err] which is
charasterkstic of the present invention. However, the intrinsic peaks of

mol ybdenyThadhieoaky 2dr | g2l €10l JEIE SEATLALY Lhagred, Bt Lan Lesyhis

were al so observed for t cat al yti caldy acti Ve “conponen

catalyst ndThoatahatys! oe91s MG Whdiad NALAGE MadSsE WExIEP! © 1

The results thereof are given in Table 3.

procedur eprahkEXAGPB epdrver 6f r P e R X O Yyh e iight EXaARLESn19£aNd 20,

6.78 parts and 27.11 parts, respectively, of ammoni'um tungstate were used.

The cat abiycealihyofcthy ec&BADONENth 06 a1 sPROR el RePBraghakysestpl the
present invention had the follow ng conpositions in elenentary rati o:

Exanpl e f8rnace| éroh Emamptem@ératurd et |a a2 @ albrRt i70°thgeX- R8Yr,
diffractonetry of the pre-calcined granul es used were nmeasured. In the

cat al yst calciRahpbe 485 capedéd vast aiise3%P¢ £br22. 5[ houkswhbchibsd a
characteristic of the present invention while no intrinsic peaks of

mol ybdenGAF8%¥ 8k - weFle opree kst siutiian pf dhsesktadystbvesvedaanre@. 2[ err]
whi ch isagharagteristic of the present_invention while no intrinsic peaks

of ol ybEBRUEPORTER SErRPTHSHVERT R tdr;'rfm:?’_&leﬁ y8t tébfi \r/zzagm ez ﬁ@.rorgi %n% 1 tau;]c;
cat al yot 5 Mot BmoFVER B T LS, HBN 0P B rReCR TR ke
The resuag§,tpgg§§¢t§%ga§y\ﬁggg&1gﬁﬂgﬁz %bt%i volume of said pores having
a diameter in the range of from 0.01 toc 200 Mm in the catalyst.
The catalyst had an attrition resistance of 0.1% by weight.

The catalyst was subjected to the reaction as in Example 1.
The results thereof are given in Table 4.

Example 25:

The procedures of Example 24 were repeated except that 23
parts of a mixture of 22 parts of the pre-calcined powder obtained
in Example 1 with 1 part of silicon carbide whisker, 5 parts of an
aqueous 20% by weight glycerin solution and 66 parts of alundum
cafrier with a porosity of 34%2 a water absorption of 17% and a
- diameter of 3.5 mm were used to yield a catalyst of the present

invention.

The pore distribution of the catalyst was measured. The
volumes of pores having a diameter in the range of from 0.1 to 1
Hpm, from 1 to 10 pm, and from 10 to 200 Um were 15%, 73%, and 12%,
respectively, based on the total volume of said pores having a

diameter in the range of from 0.01 to 200 Um in the catalyst. The

catalyst had an attrition resistance of 0.2% by weight.
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Tabl e 3 Exanpl e 14 15 16 17 18 19 20
Reaction tenperature 255 260 260 255 250 250 260
([errgC) Acrol ein conversion 98.6 98.6 97.8 99.1 98.5 98.5

98.7 (nole % r %L Ld I b Vi 98. 8.3 ,97.3_.98.4_ 98.2
96.7 (nole % Tﬁ%r% itglg%{l:dwage%?gj%éé/d toggg‘.% re%.f%o%ggsl ingg_xzmpgg_ 8-

96. 7 2 95The( FRba1¥s Exarpbe 2de JhedrOredygs ©f Exanple 1 were repeated
except that the shaped product obtained in Exanple 1 was cal ci ned at

440[err] C for about 2.5 hours. The catalytically active conmponent except
oxygen in the catalyst of the present invention had the follow ng
conposition in elenentary ratio: [errlaBhe 20 values in the X-ray
diffractonetry of the catalytically active conponent in the catalyst were
nmeasur edExpadpdenai n peak at 22.2[err]2land a 22cond | aggest peak at 23530
wer e observed where the intensity ratio was 100:41. The catal yst had an
attriti oRepetionahemperatunes by wei iS5 The 294t al ysR66as subpbcted 2ost he
reaction as in Exand(® 1. The results thereof are given in Table 4.

Exanpl e22: The,procedures of Exanple 1 were repeated except that the shaped

product B6Falfidd Fﬁgﬁgﬁi}?% 1 was caltihed #8.480[ ePB}T for99.3 98.9

Acrylic acid selectivity 98.1 98.6 97.6 98.0 98.1
{mole %)

Acrylic acid yield 97.4 96.9 96.3 97.3 97.0
(mole %)

Comparative Example 1:

The procedures of Example 1 were repeated except that no
antimony trioxide was used to yield a catalyst. The catalytically
active component except oxygen in the catalyst of the present
invention had the following composition in elementary ratio:

Mo12V3Wy 2Cu; 2

The catalyst was subjected to the reaction as in Example 1.

The results thereof are given in Table 5.
. Comparative Example 2:

The procedures of Example 1 were repeated except that no
copper oxide was used to yield a catalyst. The catalytically
active cpmponent except oxygen in the catalyst of the present
invention had the following composition in elementary ratio:

Mo12V3W1 28bg .5
The catalyst was subjected to the reaction as in Example 1.

The results thereof are given in Table 5.
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about 1 hour. The catalytically active conponent except oxygen in the

catal yst of the present invention had the follow ng conposition in

el engntacy ratio: 26 [err] The 20 values in the X-ray diffractonetry of
the catalytically active conmponent ig?hﬂgagatalyst were neasured and a main
peak at 22.2[err] and a second |arge 9 at 23.0[err] were observed

wherg the intengj a1 | 00s 60. The catal yst hadjan attrigion
R

resi stance of O. catal yst was subjected to the reaction as
in Example 1. Thgakessht gekpersirér @cgi ven in Tabl e 4ggExanpl 8pg3: The
procedures of Exanple. 1 were repeated except that the pre-cal ci ned powder
obt ai ned i n ExagpkeildimasontiépeionS{mslairkjaqueous 30%ggy owei ghbesel ution of
et hyl ene glycol as a binder. The catal yst was subjected to X-ray

di ffractonetry. aAryhaoglcsanse peakivitfy ajimoliena)based @B .0he al 88da@m carri er
were detected, other peaks were simlar to those observed for the '
pre-cal ci ned graouydicTaeigoykeld s{molrit¥)on of the catddl.pst wa86mdasur ed.
The vol unes of pores-having a dianmeter in the range of from0.01 to 0.1 pm
fromO0.1 to 1 [err], from1l to 10 [err], and from 10 to 200 [err] were 11%
10% 67% and 12% respectively, based on the total volune of said pores
havi ng a di afst 8eepniraR Fhagebove (¥ ko1 the xe¢ylamst] ofnthgeregasaryst .

The cataglyst had ap attrition resistance of 0.6% by weight and a sgeciBic
surfacelgﬂggtéPn2§§°ws a high reaction activity at temperatures abolut 1

to 70°C lower than conventional catalysts.
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[err]/g. The catal yst was subjected to the reaction as in Exanpt-e—1-- The

resylts thereof are given in Table 4. Exanple 24: 24) parts of
the pLescal ci ned powder obtained in Exanple 1 V\/erenm!gg[,m.wmgj‘ﬂarts of
silica-a Naaf ¢ ht fsan average fiber |ength of s an
average t1ber dianmeter of 2.0 [err] to forma mxture. In a tunble

granukator, 34.8 partat@iyst in iU GAld1R1 M1l 3cRe%aSchpBhedf Yhad
wat er absorption of 17% and a dianeter of 3.5 nm were coated mn?h t he

m xture wbbaﬁaantmkhi PepBe it §d By Ahe RS 22000y wei ght sol ution of
glycerin on the carrier. Wile raising the tenperature of the furnace from

roomtenperature at aMpap¥aW@fCuadedXef%ydr] C per hour, call@dnation was
carried out at 3900C for 2.5 hours to yield a catalyst. The pore
di stri buwhemedh Mhe ¥at®) ySe, wils amchsdrexprefemty gloliybsenfimpovesataunpng a
dianeter in the range of fromO0.1 to 1 [err], from1l to 10 pm and from 10
to 200 [ &uppskere ¢ODPer0gnbiEONYRnd axpeaarn v alogpesidaelyn Khroepoeaents
vol ume of said pores having a diameter in the range of from0.01 to 200,
[err] i nthéeéﬁgaPS}gt elgpent 3@l §atedaramn tdhe [Guauen coasiistangeost abkadd by
wei ght. The cat al éSt was, subjected to the reaction as in Exanple_ 1. The

e

- np
resul ts PREAEST 2BHethRILIU N FaEfRIoSeES AN de25t PRE FleRentr esleftedanyl e

24 d t_that_23 fa .mxt f 22 parts,of the |
el CIEREH ORaar BBt SPRESS B IFSTE A o et SEEPRE SR PO 4D

pre-cal ci
MMiSker’aﬁdpgﬁhé,OE @Qpresents at least one element selected from the
group consisting of niobium, cerium, tin, chromium, manganese,
iron, cobalt, samarium, germanium, titanium and arsenic, a, b, c,
d, e, £, g and h are atomic ratios of respective elements with
0<a<10, 0<b<10, 0<c<6, 0<d<10, 0<e<0.5, O0<f<1 and 0<g<6, based on

twelve (12) molybdenum atoms, and h is the number of oxygen atoms

required to satisfy the total valence, wherein the strongest peak

appears .at 22.240.3° (20) in X-ray diffractometry of the

catalytically active component with the copper Ko line where O

represents an angle of diffraction.

2. A catalyst of claim 1, which comprisef.a powder obtained

5 by drying an aqueous solution or dispersion containing the

metallic elements constitutiné the -catalytically active component

("catalytically active elements") or their compounds, and

calcining the fesulting dried powder, wherein an electric

conductivity of a mixture of 5 g of said powder and 75 g of pure

water ranges from 100 to 2,000 US/cm as measured after stirring
for 5 minutes.

3. A catalyst of claim 2, wherein the dried powder is

obtained by spray drying.
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aqueous 20% by wei ght glycerin solution and 66 parts ci"ﬂ' hi
with a porosity of 34% a water absorption of 17% and 'H lﬂﬂﬂ” nmm
were Ysed-to yield a catal yst of the present invention.*The pore s .

di stribution gf th S asured.. The vql.umes of poreg _having a

di ageter in t%é ra%gégég&ﬁ%mgg (i{%mgg,[ Singrei %r%el Ry glpﬁ‘]",tlgﬂdgﬁom
10 t 05200y s er 9 % d %%% ivels e I
vol umi o] l[ssg)leg]sﬁ'%egoégé?"ﬂgﬁé %ﬁgn% er&#‘a% Ee%}r aaﬁ:gJelxrgf r%g%nggog?gt 8&%3%

[err] in é:té)%oﬁﬁhﬁl yst O?Iggnsategﬁ[gixma ﬁk@} tdrd ia%%%iyst&aﬁﬁégfg rr%Figii_by

wei ght . The catal yst was | ecte o the reaction~as i

The resulang imbakeabuate.given in Table 4. Table 4 Exanple

21 22 23 24 25 Reaction tenperature 255

270 265 5. 2&5catalyadSobtein¢d)bAcenpids Aoy elesitetding or coaB9ng

98.3 98.7 99.3 98.9 (nole %9 Acrylic acid selectivity 98.1

98. 6 @7 cetalys8. 0Of an98ofe (obl @18§mack Wa & ,acihekrgiiel dhe volumes o$7. 4
96. 9 96. 3 97. 3 97.0 (nole % Conparative Example 1: The procedures
of ExanpPeTrEs\Bp¥ipgpRatiaamekeEptn tHit RN AIfrr™ G-l §& Rad UBedfrem

yield a %ﬂaak%sa.ul?efggﬁa5y£é0f$ldh’ and from 10 to 200 um are at most
20%, at most 30%, at least 40%, and at most 50%, respectively,
based on fhe total volume of said pores having a diameter in the
range of from 0.01 to 200 Um in the catalyst.
% 6. A catalyst of any one of claims 1 to 5 for use in the
v production of acrylic acid by catalytically oxidizing acrolein in
gas phase with molecular oxygen.
7. A process for preparing a catalyst of any one of claims
1l to 6, comprising the steps of:
(a) drying an aqueous solution or dispersion containing
catalytically active elements or their compounds to provide a
dried powder;

(b) calcining the dried powder obtained in. step (a) to

<}

produce a powder of a catalytically active . component;. and

(c) coating a carrier with the powder of catalytically
active component obtained in step (b), by using a tumble
granulator.

8. A process of claim 7, wherein in step (¢} a reinforcing
material is used together with the powder of catalytically active

component.
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active conponent except oxygen in the catalyst of the pr
the follow ng conposition in elenmentary ratio: M12V3W. ,mmmnmmmﬂuw
was suhjected to the reaction as in Exanple 1. .The result’s ttheteof ate *
glven in Tablee 5. [ h dur es .of 1 were
regeat ed excegpt tﬁcg’gﬁggg%p%grgﬁgﬂge‘?vérs %_,nggp{ i?/}eﬁ Steé)aﬁ:ﬁ%;%t %J“?ﬁlgr
cat algyt ijcal n I t he present
T i S A i Ml
cat al ysteoigponeili.ect ed to the reaction as in Exanple 1. The results thereof
are given in Table 5. 29 Tabl e 5 Conparative Exanple
1 2 Raacti anpkeepesaber 814{®r9) Gherein the binde8Qs a dioi08r
Acrol ein conversion (nole % 98.0 96.8 Acrylic acid
sel ecti wirtip1(.nol e % 95.0 89.3 Acrylic acid yield (nole %
93.5 86.4 As seen fromthe above results, the catal yst of the present
i nvention shdds aBhpghceeacbfonlaihi 10 wisrdienpareatturied disogtlytertia.
70[err] C | ower than conventional catalysts. 30

12 A process of claim 8, wherein the reinforcing material

is a ceramic fiber.
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1. A catalyst in which a catalytically active conponent has a conposition

represented by the formula (1): [err] (1) wherein M, V, W
Cu, Sbsand O represent nol ybdenum vanadiun1 tungsten copper, antinony and
oxygen, respectively, X repg é?*#g nt selected fromthe
group consisting of alkali ‘retal’s aﬁg' I|un10$ rggresents at | east one

elengnt sel ected fromthe group conS|st|ng of magnesi um cal ci um
strontium bariumand zinc, Z represents at |east one el enent selected from

the group Coﬂsbéﬁéﬂgs@fhé‘&% WM n £ 1681 ity afldf Q\@bﬁ%lﬁﬁ@géﬂféﬁgthré?ﬂd

cobalt, samarium germanium™titanl umand arsenic, a, e, f, g and

h are ahOBk6cEasi B8y Opré PEC | M £F e PHHWE dlid D @ﬁ@<é9ta l.aﬁleom £56s
O<d<10, nggo 5, 0<f2% éﬁ% 0<g<6, basggﬂin twel ve (12) g?ybdenu%?atoms
and h i molPBdBHIRET vaha@XYEL A difl]Wintdthdny 23t keskinthalt ababonahesce,
wherein the strongest peak appears at 22.20.3[err] (20) in X-ray
diffracmhaepeakointneraﬁtaiﬂftanﬂdmeunyioﬁaUhanmmmaathbahlyhactmpper Ka

| i ne where [err% Eresents an angle_of diffraction, 2. A catal yst of

cl ai m 1COMRPRANEoHPFRsBY-EXpbdner 18plaraedt byt dt i ?@Oa}n d380us sol ution or
di spersion containing the netallic elenents constituting the catalytically
active conponent ("catalytically active elenents”) or their conpounds, and
calcining the resulting dried powler, wherein an electric conductivity of a
m xture of 5 g of said powder and 75 g of pure water ranges from 100 to
2,000 [err]/cmas neasured after stirring for 5 mnutes. 3. A catal yst of
claim2, wherein the dried powder is obtained by spray drying.
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31 4, A catal yst of claim3, wherein the aqueous solution or

di spersi on contai ning the cataFygi.cally active elenents or their conpounds
i s ob#afned by mixing water and antinony trioxide as an antinony source. 5.
A cat:al yst obtai ned by conpressing, extruding or coating a catalyst of any
ones.0f clains 1 to 4, wherein the volunes of pores having a dianmeter in the
rangezof fromO0.01 to 0.1 [err], fromO.1 to 1 ]err], from1l to 10 [err],
and from 10 to 200 [err] are at nobst 20% at nost “30% at |east 40% and at
nmost 50% respectively, based on the total volunme of said. pores havinga
dianeter in the range of from0.01 to 200 [err] in the catal yst. 6. A
catal yst of any one of clains 1 to ®for usd®in thee¢productigen of asnylic
acid by catalytically oxidizing acrégein in%?as phagg with égleculacg o .
oxygen. 7. A process fo [fPepari nP a catalYst of &y one & clainsbl}zo

6, conprising the steps cfg (a)” & yi'ng an aquéous Sol 0t Ion of dirspersi on
containing catal ytically @ctfi ve ments or their conpounds to provigle a
dried powder; (b) calcining the i ed powder obtained in step (a) t¢
produce a powder of a catal yti y active conponent; and (c) coating a
carrier with the powder of ¢atafytically active conponent obtained iph step
(b), by using a tunble granyl atgr. 8. A process of claim7, whereip in
step (c) a reinforcing -
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material is used together with the powder of catalytically active
component . 32 9. A process of claim7 or 8, ‘wherein in step (c) a

bi nde#s iS~usedl together with the powder of catalytically active conponent.
10. sAsprocess of claim9, mihpgrean the binder is a diol or triol. 11. A
progeSs of claim10, wherein the triol is glycerin. 12. A process of claim
8, wh#rein the reinforcing material is a ceranic fiber. 33
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