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AND UNSATURATED ACI D Field of Industrial Application TheA%r ent
i nvention relates to a process forproduci ng unsatur-ated al dehyde d
unsaturated acid and a catal yst used therefor. Prior Art Vari ous

hybtid oxide catal yst containing nol ybdepum bi smuth and iron and used for
the catal ytic oxidation of an olefin having 3 or 4 carbon atons in a gas
phase to formthe correspondlng unsgppoipt@erigydehyde and unsaturated acid
were al ready proposed, and sone of them are used on an prAdusttial—scata.
These catal ysts are typified by, for exanple, those HESE BHeRT HAS BEEN
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Field of In rial Appli
The present invention relates to a process forproducing unsaturated

aldehyde and unsaturated acid and a catalyst used therefor.

Prior Art

Various hybrid oxide catalyst containing molybdenum, bismuth and iron and
used for the cétalytic oxidation of an olefin having 3 or 4 carbon
atoms in a gas phase to form the corresponding unsaturated aldehyde and
unsafurated acid were already proposed, and some of them are used on an
industrial scale. These catalysts are typified by, for example, those
déscribed in Japanese Patent Publication Nos. 27490/1972, 42241/1972, 1645/1973
and 61011/1982. | |

However, various problems are posed in the production of unsaturated
aldehyde or both unsaturated aldehyde and unsaturated acid on an industrial
scale in the presence of such a catalyst.

One of the problems is that local, abnormally heated portions (hot spots)
are formed in the catalyst layer. The hot spots are formed because the gas—
phase catalytic reaction is an exothermic reaction. To improve the
productivity in the production of unsaturated aldehyde and unsaturated acid on
an industrial scale, it is a usual practice to increase the concentration of

the starting olefin or to increased the space velocity.
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However, various problens are posed in the production of unsaturated
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‘the reaction tube against the formation of hot spots or abnormal heat buildup
in the hot spots, it cannot but be said that they are economically
disadvantageous.

Various investigations have been made and reported for securing an
economical production on an industrial scale while avoiding the dangers caused
by the hot spots in the reaction operation. Methods proposed hitherto include,
for example, a méthod wherein a substance inert to hot spot-forming
catalysts is mixed in the catalyst to dilute it (Japanese Patent Laid-Open No.
10614/1972) and a method wherein the catalyst used is tubular (Japanese
Patent Publication No. 36739/1987). In addition, the following methods have
also been proposed: a method wherein two reaction zones are formed in a
reaction tube (Japanese Patent Laid-Open No. 127013/1976, a method wherein, in
the oxidation of propylene, two or more kinds of catalysts having activities
different from each other, which are produced by varying the composition
(particularly the kind and/or amount of the alkaline metal), are fed into a
reaction tube along its axis so that the activities of the catalysts are
gradually increased in the direction from the inlét for the starting gas
toward the outlet (Japanese Patent Publication No. 38331/1988), and a method
wherein catalysts having different space occupation are fed into a reaction

tube so that the occupied space is gradually reduced in the direction from the



In the hot spots, it cannot but be said that they are economcally

di sadvant ageous. Various investigations have been made and reported
for securing an econom cal production on an industrial scale while
avoi di ng the dangers caused by the hot spots in the reaction operation.

Met hods proposed hitherto include, for gxanple, a nethod wherein a
substance inert to hot spot-formng catalysts is mxed in the catalyst to

di lute itiflapaias towat@thel sitdle®rsiteNsf thk08d4tti8 2ubanth okt twed ovhgirel n
the catal yst used is tubular (Japanese Patent Publication No. 36739/1987).

|0 addi ti 28het§ 8P Jbld QIS0 LEEP BRASDEN AP rofl16n REBD QaPRARSRIPaRnETLd100pen
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for the dilution is to be homogeneously mixed with the catalyst before the

charging. In addition, since the homogeneous mixing is not always possible in
this method, heat buildup is rather increased in the hot spots in the portions
of a high catalyst concentration. Another disadvantage of this method is
that thg hot spots are different from each other in the position and
temperature in each reaction tube, which is inconvenient for the reaction
operation. Thus, this ﬁethod is unsatisfactory for controlling

the increase in the heat buildup in the hot spots.

The method wherein an tubular catalyst is used to control the catalytic
activity is also insufficient for controlling the hot spot formation under
high-load reaction conditions including a high concentration of the starting
material and a high space velocity.

The method wherein the catalytic activity is controlled by changing the

" kind and/or amount of the alkaline metal has a defect that since the amount of
the alkaline metal used is far smaller than that of other components, the
increase or decrease of the catalytic activity by the addition thereof is so
large as to make the operation in the preparation of the catalyst very
difficult. Iﬂ addition, the control of the catalytic activity becomes more

difficult by the effects of the alkali metal contained in the starting material



3 inlet side toward the outlet side of the reaction tube to formtwo or
nore reaction zones along the axis of the reaction tube (Japanese Patent
Lai d- Open No. 217932/ 1992). However, in the nethod wherein the
catalyst is diluted with an inert substance, the time taken for charging
the catalyst into a reactor is increasedg in the periodic maintenance of
pl ants, since the inert substance used for the dilutionis to be
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extremely complicated operation is necessary for charging the catalyst, and the
time taken for charging the catalyst is increased in the periodic maintenance
of the plant. This is very disadvantageous from the viewpoint of the

‘economization in the operation of the plant on an industrial scale.

Problem to be Solved by the Invention

An object of the present invention is to provide a process for
efficiently producing unsaturated aldehyde and unsaturated acid by solving the
above—described problems of the prior art, and also to provide a catalyst
suitable for the process.

More specifically, the object of the present invention is to provide a
process for producing unsaturated aldehyde and unsaturated acid by the gas-
phase catalytic oxidation of an olefin or tertiary alcohol under highly loaded
reaction conditions, wherein the heat buildup in the hot spots in the
catalyst layer is controlled without necessitating any complicated feeding
operation as necessitated in the prior art to obtain a high yield of the
intended product, and a stable production can be continued for a long period

of time by preventing the catalyst from undergoing deterioration caused by heat

load.
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catalytic oxidation reaction, heat generation occurs exactly on the catalyst.

Accordingly, when the shaped catalyst is used for the reaction, the heat
generated by the reaction concentrates thereon induce the formation of hot
spots. After intensive investigations made for the purpose of reducing the
apparent densify of the .catalytically active component to avoid the
concentration of the heat of reaction generated on the catalyst, the inventors
have found that the purpose can be attained by controlling the amount of the

cafalytically active component to be loaded on an inactive carrier, the
particle size of the catalyst and the calcining temperature. The present
invention has been completed on the basis of this finding.

Accordingly, the present invention relates to: -

(1) a catalyst obtained by loading a catalytically active component
on a carrier and calcining the loaded catalyst, characterized by a particle
diameter of the catalyst of 4 to 16 mm, an average particle diameter of the
carrier of 3 to 12 mm, a calcining temperéture of 500 to 600 °C and an amount
of the catalytically active component loaded on the carrier of 5 to 80 % by
weight [(weight of the catalytically active component)/(weight of the
catalytically active component + weight of the carrier + weight of a strength
improver) ],

(2) the catalyst described in the above item (1), ﬁherein the

e
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of the plant. This is very di sadvantageous fromthe viewpoint of the

econom zation in the operation of the plant on an industri al—seake-
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invention is to provide a process for efficiently produci ng unsaRtACED

al dehyde and unsaturated acid by solvinggghe above-described provrems—of
the prior art, and also to provide a catalyst suitable for the process.
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ungsten, chromium, manganese, magnesium, antimony and titanium; Z represents
at least one element selected from.among potassium, rubidium, thallium and.
cesium; |

and a, b, ¢, d, f, g h.and x represent the numbers of atoms of
molybdenum, bismuth, nickel, cobalt, irom, Y, Z and oxygen, respectively,
provided a = 12, b = 0.1 to 7, preferably b = 0.5 to 4, cH = 0.5 to 20,
preferably ctd =1 to 12, £ = 0.5 to 8, preferably f = 0.5 t0 5, g = 0 to 2,
preferably g =0 to 1, h = 0 to 1, preferably h = 0.01 to 0.5,

| and x is a value which varies depending on the degrées of the
oxidation of metal components,

(3) a process for producing unsaturated aldehyde and unsaturated
acid by the gas-phase catalytic oxidation of at least one compound selected
from among propylene, isobutylene and t-butanol with molecular oxygen or a
molecular oxygen—containing gas to form the corresponding unsaturated aldehyde
and unsaturated acid, characterized by using the catalyst described in the
above item (1) or (2), and

(4) the process described in the above item (3), characterized in
that the catalyst described in the above item (1).or (2) is fed into each
reaction tube in a multitubular reactor of fixed bed type to form one

layer.
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5 Means for Solving the Problem In exotherm c reactions |ike
t he above-descri bed gas-phase catalytic oxidation reaction,._catalytically

active conponents have been shaped in various ways in the prig sy a@@FﬁfN
the shaped articles mainly conprise catalytically active ccnponepEﬁJLFD

Supposing that the catalyst is the site fpr the gas-phase caa
oxi dati on reaction, heat generation occurs exactly on the catalyst
AccordingMmkLjﬂyi@gﬁ@mgﬂggg@gg@ggﬂgﬁg|s used for the reaction, the heat
generated by the reaction concentrates thereon induce the fornation of hot

spots. After intemgyVe dbfias '&@Efmﬁometﬁe%ré&%tpmveﬂﬁﬁnoalgepﬁ%aag.the

apparent density of the catalytically active conponent toO avol

ventor e have fouig @%ﬁqé’%ﬁ% pEbend TR AR, Goh bE°Of AL BY: 19lre 2
carrier. CRUHITPRIN. Eflye” cPphT BRI SRt ian e e LI, e onpbRantial
Accor di naltpe' PRERL,PLSME PRUSEVGE: Bhatcatabiicalid: avye comenaeh spd for
| oadi ng a calalytlcally active conponent on a carrier and then cal cining
the | oade®bbaindpg the catalyst of the present invention is not particularly limited so
far as the metal element is the same as that used as the catalytically active
component of a catalyst usually used for the gas phase catalytié oxidation
reaction of olefin or tertiary alcohol. Among such catalysts, the one
represented by the formuia (1) in the above item (2) is preferred.

The catalytically active component is usually pfepared by the methods
known per se, such as the coprecipitation method, and the starting materials
used in the method, which are not particularly limited, are, for example,
nitrates, ammonium salts, hydroxides, etc., of the metal elemehts constituting
the catalytically active component. The catalytically active component is
usually calcined at 200 to 600 C for 2 to 7 hours before being loaded on the
carrier to form a pre-calcined powder. The pre-calcining is conducted
preferably in air or nitrogen stream.

In loading the pre-calcined powder on the carrier; a molding aid and/or
a strength improver is preferably used. Examples of the molding aids usable
herein include crystalline cellulose, starch and stearic acid. The molding aid
is used usually in an amount of 30 % by weight or less based on the pre-
calcined powder. Examples of the strength improvers usable herein include
ceramic fibers, carbon fibers and whiskers. The strength improver is used

usually in an amount of 30 % by weight or below based on the pre—ca1c1ned
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characterized by a particle diameter of the catalyst of 4 to 16 mm an
average particle dianeter of the carrier of 3 to 12 nm a galcining

tenperature of 500 to 600 [err]C and an anount of the cat WISCQJIH;?;{WWEN
conponent | oaded on the carrier of 5 to 80 % by weight [( 'ghtREPLAéED

catalytically active conponent)/(weight @ the catalyticalty—aet+ve
conponent + weight of the carrier + weight of a strength inprover)]. The
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In loading the pre-calcined powder on the'carrier, also a binder is
preferably used. Examples of the binders usable herein include water, high-
molecular binders such as polyvinyl alcohols, inorganic binders such as silica
sol and alumina sol, polyhydric alcohols such as ethylene glycol and
glycerol, ana mixtures of them.
The binder is used in an amount of usually 10 to 60 % based on the pre-
calcined powder.

The shape of the carrier is not particularly limited and the carrier
may be, for exémple, spherical, cylindrical or tubular. From_the viewpoints
of the production efficiency and the mechanical strength of the catalyst, the
spherical shape is preferred. The average particle diameter of the carrier
which is suitably determined depending on the inner diameter of the reaction
tube in which the catalyst is to be fed and the amount of the catalytically
active component—containing powder to be carried is usually 3 to 12 mm,
preferably 3.5 to 9 mm.

Any carrier which is catalytically inactive and porous or which can
be shaped into porous particles is available. Examples of the materials usable
as the carrier include «-alumina, silicon carbide, pumice, silica, zirconium
oxide and titanium oxide.

The catalytically active component can be loaded-pn the carrier by any

method capable of uniformly loading the component on the carrier such as the
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and a, b, ¢, d, f, g, h and x represent the nunbers of atons
bi smut h, nickel, cobalt, iron, Y, Z and oxygen, respectivel},
12, b =0.1 to 7, preferably b = 0.5to 4, c+d = 0.5 to 20, g
=1to 12, f = 0.5t0 8, preferably f = 0.5to05 g =01to 2, preferably
=0tol h=0to1l, preferably h = 0.@l to 0.5, and x is a val ue
whi ch vari es depending on the degrees of the oxidation of netal
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catal yst ,descri bed a ove is fed [ nto eagh reactlon tube_in_.a nultltubular

reactor of@¥inga spagt t§fp&ough sBriAcEat [thy hottom of a fixed cylindrical vessel

is used, and the disc is rotated at such a high speed that the carrier charged

in the vessel is violently stirred by the rotation of the carrier itself and
also by the revolution. The catalytically active component and, if necessary,
the binder, molding aid and strength improver are added thereto to load the
powder components on the carrier. The amount of the catalytically active
component which varies depending on the operation Conditions such as-the inner
diameter of the reaction tube is usually 5 to 80 % by weight, preferably 10 to
60 % by weight [weight of the catalytically active component / (weight of the
catalytically active component + weight of the carrier + weight of the strength
improver (optional component))] (hereinafter referred to as the catalyst-
loading rate). The term “weight of the catalytically active component” refers
to the weight of the pre-calcined powder. By the tumbling granulation method
which is a preferred mode for producing the catalyst of the present invention,
almost 100 % of the predetermined amount of the.pre-calcined powder (or the
powder further containing the molding aid and/or strength improver) can be
loaded.

Then the catalytically active component loaded on the carrier is calcined
to obtain the catalyst of the present invention. The calcining temperature
which varies depénding on the operation conditions such as the inner diametef

of the reaction tube is usually 500 to 600 °C, preferably 520 to 560 °C.
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7 Mode for Carrying Qut the Invention Now, a detail pii—te b.i“ticnr
on the present invention will be nmade. The catal yst of ?Hé S’ﬁ f“ﬁ_ﬁs RE
i nvention can be obtained by loading a catalytically active fonpol&RtAGED a

carrier and calcining them The kind of the netal elenent constituting the
catalytically active conponent used for g§taining the catalyst of the
present invention is not particularly limted so far as the netal el enent
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catalyti cally, active cgogponent. T, Satal YLy cplly active commonent mmy be
that before the calcining. |

Next, a detailed description will be made on the productién process of the
present invention.

In the production process of the present invention wherein a multitubular
reactor of fixed Bed type is usually used, the length of the filled catalyst,
the inner diameter of the reaction tube and the number of the tubes vary
depending on the operation conditions. Therefore, the catalyst-loading rate,
the calcining temperature and the particle size of thé catalyst are suitably
determined depending thereon so as to obtain an optimum yield. For example,
when the inner diameter of the reaction tube is 21 to 28 mm, then the catalyst-
loading rate is preferably 20 to 50 % by weight, the catalyst particle size is
preferably 4 to 8 mm and the calcining temperature is preferably 500 to 580 °C.

The catalyst of the present invention is used preferably for fhe gas—phase
catalytic oxidation of olefin or tertiary alcohol to produce the corresponding

- unsaturated aldehyde and unsaturated acid, and still preferably for producing
acrolein and acrylic acid or methacrolein and methacrylic acid from propylene,
isobutylene or t-butanol.

The gas-phase catalytic oxidation reaction in the present invention may

be carried out by an ordinary single pass method or the recycle method, the

reaction can be carried out under the conditions usually employed for a
-
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600 [err]C for 2 to 7 hours before being |oaded on the carrier to forma
pre-cal cined powder. The pre-calcining is conducted preferably in air or
nitrogen stream In | oading the pre-cal ci ned powder on the carrier,
a nolding aid and/or a strength inprover is preferably used preferably.
Exanpl es of the nolding aids wusable hergfn include crystalline cellulose,
starch and stearic acid. The nolding aid preferably is used usually in an
anmount of rédctivhyofvetihdbtkind erseptbeketd the ddtalpsteof tiRl PrrogshtpOMERtion is
Exanpl es of the strength inprovers usable herein include ceramc fibers,

carbon fibseds aldusttigs¥les satdlyst oF en@gybesmr fmehtich uﬁﬁ%eaSﬂﬁltha! recBibn
anmount of 30 % by wei ght or bel ow based on the pre-cal cined
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present invention is conducted by introducing a mixed gas comprising 1 to 10
%‘by volume, preferably 4 to 9 % by volume, of. the starting material, 3 to 20
% by volume, preferably 4 to 18 % by volume, of molecular oxygen, 0 to 60 % by
volume, preferably 4 to 50 % by volume, of water vapor, 20 to 80 % by volume,
preferably 30 to 60 % by volume, of an inert gas (such as nitrogen or carbon
dioxide etc.) into a reaction tube filled with the catalyst of the present
inveﬁtion at a space veiocity (= flow rate of the starting gas / apparent
volume of the charged catalyst) of 300 to 5,000 hour, preferably 800 to 2,000
hour™ at a température of 250 to 450 °C under a p?essure of atmospheric

pressure to 10 atm.

Effect of the Invention
The folloﬁing'effects are obtained by conducting the oxidation reaction
‘of olefin or the like in the presence of the catalyst of the present invention
charged to form one layer:
(@) the temperature of the hot spots can be kept low to avoid the
danger of the runaway of the reaction caused by the abnormal temperatﬁre rise.
(b) the excessive oxidation reaction in the hot spots can be

prevented to obtain high yields of the intended unsaturated aldehyde and



sol and alum na sol, polyhydric al cohols such as ethylene glycol and
glycerol, and m xtures of them The binder is used in an anmount of
usually 10 to 60 % based on the pre- cal cined powder. The shape
of the carrier is not particularly limted and the carrier may be, for
exanpl e, spherical, cylindrical or tubul g¢. Fromthe viewpoints of the
production efficiency and the nmechanical strength of the catal yst, the

spheri cal uabapmated peéd emdeslso Thizhayslerdevitaes itohardlithegt er of the carrier
which is suitably determ ned depending on the inner dianeter of the

reaction tube in (ghi cihel BELA1F58! 45t bd §ré%rﬁ€dfﬁ%ma§\fffkiﬂﬁxgap?%l§&o?£tibﬂ v

catalytically active conponent-containing powder to be car I's usually
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| oading t %% %ﬁg“?%%%{?ngoﬁaéé¥?a Egﬂaigrhfé 0555%2 5gy%city, the productivity can be
remarkably improved.
(e fhe pressure loss in.the catalyst layer can be kept low, and
(f) since multi-layer charging is unnecessary, the time taken for charging the
catalyst in the periodic maintenance.Of the plant can be remarkébly reduced.

Thus, the catalyst and process of the present invention are very useful

for the production of unsaturated aldehyde and unséturated acid.

Examples
The following Examples will further illustrate the present invention.
In the Examples, the conversion, selectivity and one-pass yield are
defined as follows:
conversion (molar %) = (molar number of reacted starting material) /l
(molar number of fed starting material) X100
selectivity (molar %) = (molar mmber of formed unsaturated aldehyde or
unsaturated acid) / (molar number of reacted
starting material) X100
vield (molar %) = (molar number of formed unsaturated aldehyde or
unsaturated acid) / (molar number of fed starting

material) X100



9 tunbling granul ation nethod, the method wherein a centrifugal
fluidization coater is used or the wash coating nethod. From t he

vi ewpoi nt of the production efficiency of the catalyst, the tunbling
granulation nethod is preferred. In particular, in this preferred nethod,
an apparatus having a disc having a smopjh or rough surface at the bottom
of a fixed cylindrical vessel 1is used, and the disc is rotated at such a
hi gh spee@xsiliile 1he carrier charged in the vessel is violently stirred by
the rotation of the carrier itself and also by the revolution. The

cat al yti cpképaracidn’ efcaPpgnt and, if necessary, the binder, nolding aid
and strength inprover are added thereto to | oad the powder conponents on

the carrier. ﬁﬁ?Sa?ﬁUﬁtaﬂoniﬂFrﬁnﬁg%@c#y G 12/ 03Ck ! ¥ zﬁﬁgmeﬂh bClere
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distilled water to obtain an aqueous solution (B). 164.9 g of bismuth nitrate
was dissolved in 200 ml of distilled water acidified with 25 ml of concentrated
nitric acid to oﬁtain an aqueous solution (C). The aqueous solutions (B) and
(C) were mixed together, and the obtained solution was dropped into the aqueous
solution (A) under vigorous stirring.

The suspension thus obtained was dried with a spray dryer and then pre-
célcined at 440 °C for 3 h to obtain 570 g of the pre-calcined powder. 200 g
of this powder was mixed with 10 g of crystalline cellulose as the molding aid.

300 g of an alumina carrier having an average particle size of 4 mm was
fed into a tumbling granulator. Then the mixture obtained above and 90 g
of 33 % aqueous glycerol solution as the binder were added thereto at the same
time to load the mi;ture on the carrier and thereby to obtain the particles
(hereinafter referred to as the “active cqmponent—ldading particles”) having
a catalyst-loading rate of 40 % by weight.

The active component-loading parficles were dried at room témperature for
15 h and then calcined at 520 °C for 5 h in an air stream to obtain a catalyst
(1) of the present invention. The catalyst thus obtained had an average
particle size of 4.5 mm, and the atomic ratio of the catalytically active

components, excluding oxygen, was as follows: Mo=12 : Bi=1.7 : Ni=2.8 :



to the weight of the pre-calcined powder. By the tunbling granul ation
nmethod which is a preferred node for producing the catal yst of the present
i nvention, . al nost 100 % of the predeterm ned amount of the pre-calcined
powder (or the powder further containing the nolding aid and/or strength

| nprover) can be | oaded. Then theqgatal ytically active conmponent

| oaded on the carrier is calcined to obtain the catalyst of the present

i nventi on.Fe=Tee catsiont =gt gnperature which varies depending on the
operation conditions such as the inner diameter of the reaction tube is
usually 500 to 600 [err]C, preferably 520 to 560 [err]C. The

- 10 cal cining tine Is usually 3 to 30 hours, preferably 4 to 15 hours. The
particle %hﬁ p (ﬁg@ﬂlyst whi ch vari es dependi ng on the inner dianeter
of the reac |on " UBE e average particle size of the carrier and the

catalyst-loadln e usu 0 16 referaply.4 to 10

preferably 4 tog%f?:l Oftjhih%&? IE\FIE Q§ z@emrrga]r@%(‘fﬁtvﬁ‘ﬁ %ﬂttoe? Sttﬁe“rﬁ]éf" cﬁtﬁﬂ‘]g
i s substan @b%iq% e uaI hefore the cal cining , a detailed
descriptio ) 1Bg GBuRMerage 5nnﬁ¥e§%ams$en 13 A and provided

with a jacket for circulating a molten salt as the heat transfer medium and a
thermocouple for determining the catalyst layer temperature on the shaft
thereof. A mixed gas comprising 8 % by volume of propylene, 14 % by volume of
oxygen, 25 % by volume of water vapor and 53 % by volume of nitrogen was
introduced into the tube at a space velocity of 1,300 h while keeping the
molten salt temperature at 334 °C to conduct the reaction. In the course of
the reaction, the temperature of_the hot spots (spots of the highest reaction
temperature) was 416 C, the conversion of propylene was 97.2 %, the yield of
acrdlein was 80.3 % the yield of acrylic acid was 9.9 % and the total
selectivity toﬁard acrolein and acrylic acid was 92.8 %. Even after continuing

the reaction for 1,000 h or longer, no worsening of the reaction was'found.

Example 2

The reaction was conducted in the same manner as that of Example 1 except
that the calcining temperature of the active component—loading particles was
altered to 540 C [catalyst (2)], that this catalyst was used and that the
molten salt temperature was altered to 365 °C. The temperature of the hot
spots was 424 °C, the conversion of propylene was 98.4 %, the yield of acrolein
was 80.4 %, the yield of acrylic acid was 10.4 %, and the total selectivity

. toward acrolein and acrylic acid was 92.3 % Even after continuing the



present invention. In the production process of the present invention
wherein a multitubular reactor of fixed bed type is usually used, the

|l ength of the filled catalyst, the inner dianmeter of the reaction tube and
t he nunber of the tubes vary depending on the operation conditions.
Therefore, the catalyst-loading rate, tRhg calcining tenperature and the
particle size of the catalyst are suitably determ ned dependi ng thereon so

as to obt &efcionOfiri MODOYA @k Alonke¥, R FEPRing W?eﬂle]‘ %&a'!tfﬁhefeéﬂlﬁg%grfo‘ﬁfld.t he

reaction tube is 21 to 28 mm then the catalyst- ading rate Is
preferably 20 to 50 % by wei ght, the catalyst particle size is preferably
4 to 8 M and the calcining tenperature is preferably 500 to 580 [err]C.
The catalgﬁhmgé%éhe present invention is used preferably for the gas-phase
catal yti c "oxl on of olefin or tertiary alcohol to produce the

or cf or 861y 1 orTHhr Ay Vs, P aﬁ%ﬂaﬁfa&??n‘a’aﬁlﬁ%ﬁegz ?)ﬁliaﬁecleﬁﬁgwﬁhis! Lheéﬁapt
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carried out by an_ordinayy single ss nethod or the recycle nethod, the
reacti on (%’At%b sadt r'{aédaiiﬂe@lrf@eigﬁo%- cdhai temperatyze 01 $he hot osnedsiwas 457

°C, the conversion of propylene was 98.0 %, the yield of acrolein was 77.0 %,
the yield of acrylic acid was 12.9 %, and the total selectivity toward acrolein
and acrylic acid was 91.7 %. Even after continuing the reaction for 1,000 h

or longer, no worsening of the reaction results was found.

Example 4

The reaction was conducted in the same manner as that of Example 2 except
that the space velocity was altered to 1,600 h' and the temperature of the
molten salt was altered to 360 °C. The temperature of the hot spots was 415
°C, the conversion of propylene was 97.1 %, the yield of acrolein was 81.5 %,
the yield of acrylic acid was 8.9 %, and the total selectivity toward acrolein
and acrylic acid was 93.1 %. Even after continuing the reaction for 1,000 h

or longer, no worsening of the reaction results was found.

Example 5

The reaction was conducted in the same manner as that of Example 1 except
that the calcining temperature of the active component-loading particles was
altered to 530 °C [catalyst (3)], that the space velocity was altered to 1551

h' and that the molten salt temperature was altered to 350 °C. The temperature



reaction of this kind except that the catal yst of the present invention is
used. In using the catalyst of the present invention charged in the
reaction tube, it is preferred to formone |ayer (one-layer charging). The
one-layer <charging is preferred particularly when acrolein is produced
from propyl ene. VWen, for exanple, gt | east one conpound sel ected
fromanong propyl ene, isobutylene and t-butanol is used as the starting

materi al, dfhehePhot &p6tsivad 424 Q) eiRNborive¥Sidhi mpf@;ymmdwsé ®F. 9,1 Bhé 94BTd N9
a mxed gas conprising 1 to 10 % by volune, preferably 4 to 9. ibby vol une,

of the stajft bBsblRANd2B2. P % oua’& y1%1t1Pyof"9H‘mc e %g’ﬂl@ 1% taghd eg%ﬁéalb

vol unme, of nol ecul ar oxygen, to'60 % by volune, pre erably
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vol une, of an I nert gas en or carbon di oxi

t t filledwt t al f t t
Vel oci ty (BSrTeetidl éfosff‘@hﬁfﬁ? RokgengBe of Shbaran wnvwiﬁs 395 Fundnar ged
catal yst) of 300 to 5,000 hour', preferably 800 to 2,000 hour[err] at a

tenperature of 250 to 450 [err] C under a pressure of atnospheric pressure

to 10 atm
Example 6

The reaction was conducted in the same manner as that of Example 1 except
that the average particle size of the alumina carrier was altered to 4.5 mm
(the average particle size of the active component-loading particles was 5.0
mm) and that the calcining_temperature, the space velocity and the temperature
of the molten salt were altered to 530 °C [catalyst (4)], 1600 b and 357 C,
respectively. The temperature of the hot spots was 414 °C, the conversion of
propylene was 97.7 %, the yield of acrolein was 82.5 %, the yield of acrylic
acid was 8.7 %, and the total selectivity toward acrolein and acrylic acid was
93.3 %.. Even after continuing the reaction for 1,000 h or longer, no worsening

of the reaction results was found.

Example 7
The reaction was conducted in the same manner as that of Example 6 except
" that the calcining temperature of the active component—loading particles was
altered to 540 °C [catalyst (5)] and that the molten salt temperature was
altered to 362 C. The temperature of the hot spots was 443 °C, the conversion
of propylene was 97.7 %, the yield of acrolein was 82.6 %, the yield of acrylic
acid was 8.8 %, and the total selectivity toward acrolein and acrylic acid was

93.6 % Even after continuing the reaction for 1,000 h or longer, no worsening



Ef fect of the Invention The follow ng effects are obtained by
conducting the oxidation reaction of olefin or the like in the presence of
the catal yst of the present invention charged to formone |ayer:

(a) the tenperature of the hot spots can be kept low to avoid the danger
of the runaway of the reaction caused byiyhe abnormal tenperature rise.

(b) the excessive oxidation reaction in the hot spots can be prevented to

obtai n hi @f sheelrdsctibnthaul td g fbyngsat ur at ed al dehyde and
12 unsaturated acid and al so high selectivities toward them (c)

the catal yst can be prevented fromsuffering deterioration by the heat

| oad, and the catal yst can be used stably for a | ong period of tine,

(d) sinceE&%ﬁﬂanended unsat urated al dehyde and unsaturated acid can be
produced under high-load reaction conditions such as a high concentration

o e o271 180Tt th SatuSol B RBEGALEL B W Pl B e

can be ke%&eéfn%SU§n§b4) reaction'tube having an average inner diameter of 21 mm and
provided with é jacket for circulating a molten salt as the heat transfer
medium and a thermocouple for aetermining the catalyst layef temperature on the
shaft thereof. A mixed gas comprising 7 % by volume of propylene, 13 % by
volume of oxygen, 42 % by volume of water vapor and 38 % by volume of nitrogen
was introduced into the tube at a space velocity of 1,800 h while keeping the
molten salt temperature at 351 °C to conduct the reaction. In the course of
‘the reaction, the temperature of the hot spots was 405 13, the conversion of
propflene was 97.4 %, the yield of acrolein was 81.7 %, the yield of acrylic
acid was 8.1 %, and the total selectivity toward acrolein and acrylic acid was
92.2 % Even after continuing the reaction for 1,000 h or longer, no worsening

of the reaction results was found.

Example 9

The reaction was conducted in the same manner as that of Example 8 except
that the catalyst (4) obtained in Example 6 was used and that the temperature
of the molten salt was altered to 352 °C. The temperature of the hot spots was
399 °C, the conversion of propylene was 97.0 %, the yield of acrolein was 83.3
% the yield of acrylic acid was 7.2 %, and the total selectivity toward
acrolein and acrylic acid was 93.3 %. Even after continuing the reaction for

1,000 h or longer, no worsening of the reaction results was.found.



(f) since multi-layer charging is unnecessary, the tine taken for charging
the <catalyst in the periodic maintenance of the plant can be remarkably

reduced. Thus, the catal yst and process of the present invention are
very useful for the production of unsaturated al dehyde and unsat urated

aci d. Exampl es The followi ng Exggples will further illustrate the
present invention. In the Exanpl es, the conversion, selectivity and
one-pass yield are defined as follows: conversion (nolar % = (nolar
nunber of reacted starting material) / (ol ar
nunber of E&%l%tmting material) X 100 selectivity (molar %9 = (nolar
nunber of tornmed unsaturated al dehyde or

atarting mat onbdseashilB s B8RELedin 18R C3HRE pammer, a5 that, of Bramler§ ereept
_ﬁﬂf}g;?rg} %ﬂgﬁltgg n g}y%rt (5) obtained in Example 7 waﬁ:“gg ,tagn;i? ’tc})e@qclaa;hc;; c1]|:)em1/)er(ag;rltl)xl'ear

of the molten salt was altered to 362 °C. The temperature of the hot spots was
428 °C, the conversion of propylene was 97.1 %, the yield of acrolein was 82.1
% the yield of acrylic acid was 8.5 %, and thé total selectivity toward
acrolein and acrylié acid was 93.3 %. Even after continuing the reaction for

1,000 h or longer, no worsening of the reaction results was found.

Example 11
Preparation of catalyst
423.8 g of ammonium molfbdate and 2.02 g of potassium nitrate were

dissolved in 3,000 ml of distilied water under stirring and heating to obtain
an aqueous solution (A). Separately, 302.7 g of cobalt nitrate, 162.9 g of
nickel nitrate and 145.4 g of ferric nitrate were dissolved in 1,000 ml of
distilled water to obtain an aqueous solution (B). 164.9.g of bismuth nitrate
was dissolved in 200 ml of distilled water acidified with 25 ml of concentrate&
nitric acid to obtain an aqueous solution (C). The aqueous solutions (B) and
(C) were mixed together, and the obtained solution was dropped into the aqueous
solution (A) under vigorous stirring. |

The suspension thus obtained was dried with a spray dryer and then pre—
calcined at 440 °C for 3 h to obtain 570 g of the pre-calcined powder. 200 g
of this powder was mixed with 10 g of crystalline cellulose as the molding aid.

300 g of an alumina carrier having an average particle size of 5 mm was



13 Exanple 1 Preparation of catalyst 423.8 g of ammoni um nol ybdat e
and 2.02 g of potassiumnitrate were dissolved in 3,000 mM of distilled
wat er under stirring and heating to obtain an aqueous solution (A).
Separately, 302.7 g of cobalt nitrate, 162.9 g of nickel nitrate and 145.4
g of ferric nitrate were dissolved in 1,9§0 mM of distilled water to
obtain an aqueous solution (B). 164.9 g of bismuth nitrate was dissolved

in 200 nm fell witeta |dumbliMet grartathrl | erheW 141029 o 1M m‘i?ﬂﬁ%nwﬁ?ggd aaﬁiﬁé I

he
acid to obtain an aqueous solution (C). The aqueous sol utions d (O
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solution (A) under vigorous stirring. e suspension talné ]
dri ed  w . - ' .at 4 f 3
1o’ obt i n e Safeitike to Siu@if SRHLMEe ol She BREA ald pebih B Btadh o
ith 10 talli [ ] h | di i d. . 300
ol uni na o i HTE SpmdiEnt Jonding e e hABng LA Setafistloading gt 4G X
tunbl i ng %§anul or. Then the m xture obtained above and 90 g of 33 %

aqueous gl’Yc®&§Msol ution as the binder were added thereto at the same

time to | oad Hﬂe m xture on the carrier and therepy to obtain the particles
e active component-loading particles were dried at room temperature for

15 h and then calcined at 540 °C for 5 h in an air stream to obtain a catalyst
(6) of the present invention. The catalyst thus obtained had an average
particle size of 5.5 mm, and the atomic ratio of the catalytically active

components, excluding oxygen, was as follows: Mo=12 : Bi=1.7 : Ni=2.8 : Fe=l.8

: Co=5.2 : K=0.1.

Oxidétidn reaction

1900 ml of the catalyst (6) prepared above was fed into a stainless steel
(SUS 304) reaction tube having an average inner diameter of 27 mm and provided
with a jacket for circulating a molten salt as the heat transfer medium and a
thermocouple for determining the catalyst layer temperature on the shaft
thereof. A mixed gas comprising 7 % by volume of propylene, 13 % by volume of
oxygen, 30 % by volume of water vapor and 50 % by volume of nitrogen was
introduced into the tube at a space velocity of 1500 h™ while keeping the
molten salt temperature at 347.13 to conduct the reaction. In the course of
the reaction, the temperature of the hot spots was 443 °C, the conversion of
propylene was 97.2 %, the yield of acrolein was 84.9 %, the yield of acrylic
acid was 6.9 %, and the total selectivity toward acrolein and acrylic acid was

94.4 %. Even after continuing the reaction for 2,200 h, no worsening of the



(hereinafter referred to as the "active conponent-1|oading particles")
having a catalyst-loading rate of 40 % by wei ght. The active
conponent -l oadi ng particles were dried at roomtenperature for 15 h and
then calcined at 520 [err]C for 5 h in an air streamto obtain a catalyst
(1) of the present invention. The cat alggst thus obtained had an average
particle size of 4.5 mm and the atomc ratio of the catalytically active

conponent Speactidil vesildsOwasdEMndras as fol | ows: Mb=12 : Bi=1.7 : N =2.8
14 Fe=1.8: Co=5.2 : K=0.1. Oxi dation reaction 1,300 m of the

catal yst (1) prepared above was fed into a stainless steel (SUS 304)
reacti on tube having an average inner dianeter of 21 mmand provided wth

a j acket fggmq%%!yglating a nolten salt as the heat transfer nmedium and a
t her nocoupl e eterm ning the catal yst |ayer tenperature on the shaft

of * oxygen, 28 RPCLEUIAS Bpiated 4ok roacregnerd o hot o xapp 16, L et
Vas that the space velocity was converted to 1,300 h'! and the temperature of the
molten salt was altered to 346 C. The temperature of the hbt spots was 453
C, the conversioﬁ.of propylene was 98.1 %, the yield of acrolein was 84.8 %,
the yield of acrylic acid was 7.4 %, and the total selectivity toward aérolein

and acrylic acid was 94.0 %. Even after continuing the reaction for 1,000 h

or longer, no worsening of the reaction results was found.

Example 13

The reaction was conducted in the same manner as that of Example 11 except
that the space velocity was converted to 1,800 h' and the temperature of the
molten salt was altered to 349 °C. The temperature of the hot spots was 444
°C, the conversion of propylene ﬁas 96.7 %, the yield of acrolein was 84.3 %,
the yield of acrylic acid was 6.9 %, and the total selectivity toward acrolein
and acrylic acid was 94.3 %. Even after continuing the reaction for 1,000 h

or longer, no worsening of the reaction results was found.

Example 14

The reaction was conductéd in the same manner as that of Example 11 except
that a catalyst of the present invention [catalyst (7)], obtained in the same
manner as that of Example 11 except that 150 g of the pre-calcined powder, 300

g of alumina carrier having an average particle diameter of 6.0 mm and active



I ntroduced into the tube at a space velocity of 1,300 h[err] while keeping
the nolten salt tenperature at 334 [err]C to conduct the reaction. In the
course of the reaction, the tenperature of the hot spots (spots of the
hi ghest reaction tenperature) was 416 [err]C, the conversion of propyl ene
was 97.2 % the yield of acrolein was 83.3 % the yield of acrylic acid
was 9.9 % and the total selectivity toward acrolein and acrylic acid was

92.8 % Eympowdnteloading ipariitles hBeingea PattiRlé AiadetR@ b 6B mhoRge usedd was
wor seni ng of the reaction was found. Exanpl e 2 The reaction was

conduct edyded 4P tAFERHEBRYILEN An1t Mmpefati¥e WakealkcPdE 4B! 360 B! tTHE

calcining tenperature of the active conponent-|oading particles was
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results was found.

Example 1
Preparation of catalyst
450 g of ammonium molybdate and 15.3 g of cesium nitrate were dissolved

in 3,000 ml of &istilled water under stirring and heating to obtain aﬁ agueous
solufion (A). Separately, 456 g of cobalt nitrate and 238 g of ferric nitrate
were dissolved.in 1,500 ml of distilled water to obtaih an adueous solution
(B). 190 g of bismuth nitrate was dissolved in 200 ml of distilled water
acidified with 30 ml of concentrated nitric acid to obtain an aqueous solution
(C). The aqueous solutions (B) and (C) were mixed together, and the obtained
solution was dropped into the aqueous solution (A) under vigorous stirring to
obtain a suspension. The suspension was dried with a spray dryer and then pre-
"calcined at 460-13 for 5 h to obtain 580 g of the pre—calcined powder. Then
300 g of the pre—palcined powder was loaded on 300 g of an alumina carrier
having an average particle size of 4 mm in the same manner as that of Example
1 to obtain the active component-loading particles having a catalyst-
loading rate of 50 % by weight.

The active component-loading particles were dried at room temperature for



Exampl e 3 The reaction was conducted in the sane manner as that of
Exanpl e 1 except that the space velocity was altered to 1,600 h[err] and
the tenperature of the nolten salt was altered to 349 [err]C. The
tenperature of the hot spots was 457 [err]C, the conversion of propyl ene
was 98.0 % the yield of acrolein was 7% 0% the yield of acrylic acid
was 12.9 % and the total selectivity t Aard acrolein and acrylic acid was

91.7 % V; f |l t4] o h e
wor sent ndoof 2pflctiEh GIPLI 4L B2 (€ B 3R arPbirsEiinlro Sbafidcbatalfst
reaction s conducted in the sane ner .as_th f C hat
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nolten salt s altered to 360 [err]C. The tenperature af the.hot .spots was
415 8[1er gﬂag‘%,\‘/ial{?ﬁs%ﬁ’l 2145 #?W’oﬁn;%_r%‘ﬁy?fé’géc 18 P Oﬁh%"jﬁagtytf tléil %‘?tlgﬁr ol ei n
was : e yield of acrylic acid was 8. a e. s om
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continuing the reaction for 1,000 h or |onger, no worsening of the
reaction ¥ €sel.tds was found.

Oxidation reaction

692 ml of the catalyst (8) prepared above was fed into a sfainless steel
(SUS 304) reaction tube having an average inner diameter of 21.4 mm and
provided with a jacket for circulating a molten salt as the heat transfer
medium and a thefmocouple for determining the catalyst layer temperature on the
shaft thereof. A mixed gas comprising 6 % by volume of t-butanol, 13 % by
volume of oxygen, 3 % by volume of water vapor and 78 % by volume of nitrogen
was introduced into the tube at a space velocity of 1200 h' while keeping the
molten salt temperature at 355 °C to conduct the reaction. In the course of
the reaction, the température of the hot spots was 404 °C, the conversion
of t-butanol was 100 %, the yield of methacrolein was 81.5 %, the yield of
methacrylic acid was 1.9 %, and the total selectivity toward methacrolein and
methacrylic acid was 83.4 %. Even after continuing thé reaction for 1,000 h

or longer, no worsening of the reaction results was found.

Example 1
692 ml of the catalyst (8) prepared above was fed into a stainless steel
(SUS 304) reaction tube having an average inner diameter of 21.4 mm and

provided with a jacket for circulating a molten salt as the heat transfer



Exampl e 5 The reaction was conducted in the sane manner as that of
Exanple 1 except that the calcining tenperature of the active

conponent -l oadi ng particles was altered to 530 [err]C [catalyst (3)], that
t he space velocity was altered to 1551 h[err] and that the nolten salt
tenperature was altered to 350 [err]C. Thg tenperature

16 of the hot spots was 424 [err]C, the conversion of propylene was 97. 9
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and the total selectivity toward acrolein and acrylic aC|
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reaction results was foun Feact 1'on Was ¢
in the sa o hgt C particle
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size of the_ agctiyv nponent - ] oadi n articl.es, was_5. d that the
cal ci ni ng "BEMIFY f‘ﬁ?g n? é‘@’ go%?atcﬁ walge {Weofelr?g@r}ét lﬂlé keeping the
nolten salt_were i\ltered to 530 g %C [ cat al ¥st (4)], 1600 _h[err] and 357
[err]C, molten salt temperature at to conduct the reactlon In the course of
the reaction, the temperature of the hot spots was 389 °C, the conversion
of isobutylene was 99.2 %, the yield of methacrolein was 80.9 %, the yield of
methacrylic acid was 1.7 %, and the total selectivity toward methacrolein and

methacrylic acid was 83.3 % Even after continuing the reaction for 1,000 h

or longer, no worsening of the reaction results was found.



respectivery. The tenperature of the hot spots was 414 [err]C, the

conver e was 97.7 % the yield of acroleinp - —the——
yi el d "mmi““mmm“mwas 8.7 % and the total selectivit rEER S| fRIEN
and acrylle¢ acl *93.3 % Even after continuing the reacti orREACED00O

h or Ionger no worsening of the reactigp results was found. Exanple 7
The reaction was conducted in the same manner as that of Exanple 6 except
that the €ahémgri ng tenperature of the active conmponent-1|oadi ng particles

was altered to 540 [err]C [catalyst (5)] and that the nolten salt
tenperature was altered to 362 [err]C. The tenperature of the hot spots

was 443 [err]C the conversion of propylene was 97.7 % the yield of

acrol ei n was 82.61% e gt fbiolecaChl IrodRolitn 68 il bardal Ay Bk

sel ectivity tomar acrol ei'n an acrylrc aC| ESen

conti nui ngbnts}a]ﬁ{lr 8§14q0 ogbt\?é%eoé)gﬁh]&admOnggﬁﬁl@%ﬁc\'\qiy €19 component on a

17 of the Teaction result

carrier and calcining the loaded catalyst, characterized by an average particle
diameter of the catalyst of 4 to 16 mm, an average particle size of the carrier
of 3 to 12 mm, a calcining temperatu;e of 500 to 600 °C and an amount of the
catalytically active component loaded on the carrier of 5 to.80 % by weight
[(weight of the catalytically active component)/(weight of the catalytically
active component + weight of the carrier + weight of a strength improver)].
2. The catalyst according to claim 1, wherein the catalytically

active component has a composition represented by the following formula (1):

Mo. Biv Ni. Cos Fer Y Zh 0. 6}

wherein Y rep?eéents at least one element selected from among tin, zinc,
tungsten, chromium, manganese, magnesium, antimony and titanium; Z represents
at least on element selected from among potassium; rubidium, thallium and
cesium; and a, b, ¢, d, f, g h and x represent the numbers of atoms of
‘molybdenum, bismuth, nickel, cobalt, iron, Y, Z and oxygen, respectively,
providled a=12, b=0.1t07 ctd=0.5t020, fT=0.51t8 g=0to2 h
=0 to 1, and x is a value which varies depending on the degrees of the

oxidation of metal component.
3. A process for producing unsaturated aldehyde and unsaturated

acid by the gas—phase catalytic oxidation of at least one compound selected

This Sheet Has Been Relilace
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1300 tal st (3) prepared in Exanple 5 was fed into a stainless
stee ﬁi l? i on tube having an average inner dianeter of 21 mm and
provi- t for circulating a nolten salt as thg ﬁ‘ﬁgtSHE”E%rW/ISeBE%N

medi um and a ther m)coupl e for determning the catalyst | aye E’%
nrn

the shaft thereof. A mxed gas conprisigg 7 % by vol une
% by volune of oxygen, 42 % by vol unme of water vapor and 38 %by “vol une of

ni trogen fiaem iadongdpiopstleént, Oisdlutyldie ahd -Hucdl Vel 1C mblecdllad 398eh (& fl
whil e keeping the nolten salt tenperature at 351 [err]C to conduct the

reaction. pldcatar oxyER-&ntaitiagRACtd Qam the cbﬁfaég&ﬁﬁiﬁ %n@%tﬂﬂéﬁfé‘oatlfiém%s

was 405 [err]C, the conversion of propylene was 9 yi e

acrol ei n Wasid §hsdtatbdac e HaPictREiHd by 1R%he tHBS o t
selectivity toward acrol ein ang%ccry %’ég am'% }\}\gm@&ﬁglgﬁ E?/gn%g Gin gia%lm
conti nui ngg t&ie oreaction for 1,000 h or Ionger, no worsening of the
reaction results was found. Exanple 9 The reaction was conducted in
t he sane manner as,t hatof Exa Ie 8 except

hat ,th t | st (4 bt d
in Exanple 6 was ufed ah¥ tpﬁg h@c?‘g %ﬁa&wla g, ¢ Cr%rﬁfl e@é‘l‘% t&a e’

altered to rr Th rat re of the_hot spots_ was 99 [err]C,

t he converg?ganzly% 5}3 Wréﬁe n éhbs yhed dnde %ﬁﬁho[re@qffilﬂﬂsL@ 3n @

the yield of acrgllc acid was 7. 2 % and the total selectivity toward
multitubular reactor of fixed %ed type to form one layer.

This Sheet Has Been RT
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acrolein and acrylic acid was 93.3 % Even after continuing the reaction
for 1,000 h or longer, no worsening of thé reaction results was found.

18 Exanpl e 10 The reaction was conducted in the same nanner as that
of Exanple 8 except that the catalyst (5) obtained in Exanple 7 was used
and that the tenperature of the nolten g88lt was altered to 362 [err]C. The
tenperature of the hot spots was 428 [err]C, the conversion of propylene
was 97. 1 % the yield of acrolein was 82. 1 % the yield of acrylic acid
was 8.5 % and the total selectivity toward acrolein and acrylic acid was

93.3 %  EABALYSTt ANDPROOESSBOR PRODUCING UNSATURATED ALBEHYDE ANDOUNSATURATED ACID

wor seni ng of the reaction results was found. Exanpl e 11 Preparation of

cat al yst 423.8 g of anmmoni um nol ybdate and 2.02 g of potassium

nitrate were '
Abstract:

A catalyst for the production of unsaturated aldehyde and unsaturated
acid, obtained by loading a catalytically active component on a carrier and
calcining the loaded catalyst, characterized by an average particle diameter
of thg catélyst of 4 to 16 mm, an average particle diameter of the carrier of
3 to 12 mm, a caicining temperature of 500 to 600 °C and an amount of the
catalytically active component loaded on the carrier of 5 to 80 % by weight
[(weight of the catalytically active component)/(weight of the catalytically
active component + weight of the carrier + weight of a strength improver)], and

a process for producing unsaturated aldehyde and unsaturated acid with the

catalyst.



di ssolved in 3,000 m of distilled water under .stirring and heatlp?7 14837,63
obtain an aqueous solution (A). Separately, 302.7 g of cobalt nitrate

162.9 g of nickel nitrate and 145.4 g of ferric nitrate were dissol Ve

1,000 m* of distilled water to obtain an aqueous solution (B). 164.9 g of

bi smith nitrate was dissolved in 200 M of distilled wat

25 m of concentrated nitric acid to obtaln an aqueous gﬁriﬁCEN&%ﬁdS
aqueous solutions (B) and (C) were mi xed t oget her, and tih obt ai ned

sol ution was dropped into the aqueo%gﬁgﬁﬁﬁgtﬁ@h (A) under, Vi JoBoMAY 1287
S %

DT

(SR ]

stirring. The suspension thus dried wijth a spray dryef
and then pre- calcined at 440 [err]C for 3 h to obtain %70 g of the
pre-cal cined powder. 200 g of this powder was m xed mﬁt 10 q of

crystallin I the mol di ng aid. | um na carrier
having an é\jéfﬁ}’; AN, PROCHSS EQR BRORUCENG UNSATURATED Abentoe S TneATURATED GeID
19 fed into a tunbling granulator. Then, 210 g of the m xture obtained
above and 90 g of a 33 % aqueous glycerol solution as the binder were
added thereto at the same tine to support the mixture on the carrier and
t her eby t ofisdd-ef Indusdrigk Apelicatdonnent -1 oadi ng particles having a
catalyst-loadln% rate of 40 %

he present invention relates to a process forproducing unsaturated

aldehyde and unsaturated acid and a catalyst used therefor.

Prior Art

Various hybrid oxide catalyst containing molybdenum, bismuth and iron and
used for the cétalytic oxidation of an olefin having 3 or 4 carbon
atoms in a gas phase to form the corresponding unsaturated aldehyde and
unséturaped acid were already proposed, and some of them are used on an
industrial scale. These catalysts are typified By, for example, those
described in Japanese Patent Publication Nos. 27490/1972, 42241/1972, 1645/1973
_+  61011/1982 and so on.

However, various problems are posed in the production of unsaturated
aldehyde or both unsaturated aldehyde and unsaturated acid on an industrial
scale in the presence of such a catalyst.

One of the problems is that local, abnormally heated portions (hot spots)

are formed in the catalyst layer. The hot spots are formed because the gas—

~ phase catalytic reaction is an exothermic reaction. To improve the
productivity in the production of unsaturated aldehyde and unsaturated acid on
an industrial scale, it is a usual practice to increase the concentration of

the starting olefin or to increased the space velocity.



by wei ght .

The active corrponehf-l oad:i 'ng particles were dried at room
tenperature for 15 h and then calcined at 540 [err]C for 5 hin an air

streamto obtain a catalyst (6) of the present invention. The cat al yst

t hus obt-ai ned had an average particle size of 5.5 nmm and the atomc ratio
of tHe catalytically active conponents, excluding oxygen, was as foll ows:
M=12 : Bi=1.7 : N=2.8: Fe=1. 8 : Co=%2 : K=0.1. ' eR-reactian
1900 mM of the catalyst (6) prepared above was fed into REPbA@HﬂEHTSSHEET
(SUS 304) reaction tube having an average inner dianeter |of 27 Tmrand

provi ded

medi um andMeans fierr Soleingithe Problehet er m ni ng the catal yst

on the shaft thereof. A m xed gas conprising 7 % by vol

a e

with a jacket for circulating a nolten salt as}]the h!? ‘LQ““ fler
/ell r&tur
~af

nronvlien
| =7 1

13 % by vol une of oxygen, 30 % by vol une of water vapor{and 50 % by volu
of nitrogen was introduced into the tube at a space vel oCiTy of—1566

h[err] whi
the reacti
spots was

acrolein was 84.9 %

e

i . | 34 B Ct
| e kegpi dibthétnic "pea&idn3a! liket QHBG%%%‘%%e@EnE”é’J Pﬁé@hgﬁéocﬁfﬂ@‘t@

on. In the course of the reaction, e tenperalur t he

Sidaticn rrb&téiﬂ?ecﬁgwgﬁéw QL coM et ha SB@%}; %g:%eéi N Yafbgs Of

e yre acrylic "acrd was he tota

sel ecti Vi tyajOVRtfle Hrict! &t ar the?Shipéd aPfidids WRSinly comprise catalytically active

components. Supposing that the catalyst is the site for the gas-phase cata_lytic
oxidation reaction, heat generation occurs exactly on the catalyst. Accordingly,
wheﬁ the shaped catalyst is used for the reaction, the heat generated by thé
reaction concentrates thereon induce the formation of hot spots. After intensive
investigations made for the purpose of reducing the apparent density of the
catalytically active component to avoid the concentration of the heat of reaction
generated on the catalyst, the inventors have found that the purpose can be
attained by controlling the amount of the catalytically active component to be loaded
on an inactive carrier, the particle size of the catalyst and the calcining temperature.
The present invention has been completed on the basis of this finding.

Accordingly, the present invention relates to a catalyst obtained by loading a

catalytically active component on a carrier and then calcining the loaded catalyst,
characterized by a particle diameter of the catalyst of 4 to 16 mm, an average

particle diameter of the carrier of 3 to 12 mm, a calcining temperature of 500 to 600

- °C and an amount of the catalytically active component loaded on the carrier of 5 to

80 % by weight [(weight of the catalytically active component)/(weight of the
catalytically active component + weight of the carrier + weight of a strength

improver)]. The catalyst of the present invention is preferably an oxidation catalyst.

The catalyst of the present invention,  wherein the




94.4 % Even after continuing the reaction for 2,200 h, no worsening of

t he 20 react Lan results was
found. @ Exanple 12 The reaction was conducted in tRERGEGEMBNNESHES
t hat of ‘Exanple 11 except that the space velocity was conyerted—to—1-366

h[err] and the tenperature of the nolten salt was altered th 346 Loy ndds
~ The tenperature of the hot spots was 4536 [err]C the converbi iﬁé&g‘ﬁ 1%99
propyl ene was 98. 1 % the yield of acrolein was 84.8 % he_yield of
acrylic acid was 7.4 % and the total selectivity toward agrolein and

l FaVa Ve W™

acrylic acid was 94.0 % Even after continuing the reacti 6a—for-—-1-666-h
or | onger , catelyticaly rsictiye oéorapenend aprefenablye has t & cumspdsitiord .representetb by fhie
The reaction was conducted in the sane manner as that of Exanple 11 except
" that the sfiollowingsloomuta/(\as converted to 1,800 h[err] and the tenperature
of the nolten salt was altered to 349 [err]C. The tenperature of the hot
spots was 444 Mo, Bi, Ni; Coqy Fe; Y, Z, O, (1)
wherein Y represents at least one element selected from among tin, zinc,
tungsten, chromium, manganese, magnesium, antimony and titanium; Z represents
at least one element selected from among potassium, rubidium, thallium and

cesium;

and a, b,.c, d, f, g, h and x represent the numbers of atoms of molybdenum,
bismuth, nickel, cobalt, iron, Y, Z and oxygen, respectively, provided a = 12, b = 0.1
to 7, preferably b = 0.5 to 4, c+d = 0.5 to 20, preferably c+d = 1 to 12, f = 0.5 to 8,
preferably f = 0.5 to 5, g = 0 to 2, preferably g =0 to 1, h = 0 to 1, preferably h =
0.01 to 0.5,

and x is a value which varies depending on the degrees of the oxidation of
metal components.

And also, the present invention relates to a process for producing

unsaturated aldehyde and/or unsaturated acid by the gas-phase catalytic oxidation
of at least one compound selected from among propylene, isobutylene and t-butanol
with molecular oxygen or a molecular oxygen-containing gas to form the
corresponding unsaturated aldehyde and unsaturated acid, characterized by using
the catalyst described above.

More particularly the present invention relates to a process for producing

unsaturated aldehyde and/or unsaturated acid, characterized in that the 'catalyst

described above is fed into each reaction tube in a multitubular reactor of fixed bed

type to form one layer.



[err]C, the conversion of propylene was 96.7 % the yield of acrolein was
84.3 % the yield of acrylic acid was 6.9 % and the total selectivity

toward acrolein and acrylic acid was 94.3 % Even after continuing the
reaction for 1,000 h or |longer, no worsening of the reggtior eST LS
f ound. Exanpl e 14 The reaction was conducted i bAGENE =

that of Exanple 11 except that a catalyé& of the present
[catal yst (7)], obtained in the same nmanner as that of |BE
that 150 g of the pre-cal cined powder, 300 g of alum ng
average particle dianeter of 6.0 nmand active

21 conponeMode feriCayingrOutihednpentiony a particle di anetgr of 6.3 nmwere

anph At 193 ept

¢arrier having}a

AS

used, was used and that the nolten salt tenperature was altered to 360

[err]C. The t eNpwy atdetailest desosiption andhepresentdnderjtion will, beé madeonver si on of

propyl ene was 94. 3 % the yield of acrolein was 84. 1 % the yield of
acrylic acid waFhé. cdtalyfst aofl theherdsent| invehtion i pan ybé ovbtatheat risy cloadimgd a
acrylic acid was 95.6 % Even after continuing the reaction for 1,000 h
or | onger, catalytioalbeaictige @oniguhent @t aodarrier and calcining them. The kind of the
metal element constituting the catalytically active component used for obtaining the
catalyst of the present invention is not particularly limited so far as the metal

element is the same as that used as the catalytically active component of a catalyst

usually used for the gas phase catalytic oxidation reaction of olefin or tertiary'

-alcohol. Among such catalysts, the one represented by.the above formula (1) is

preferred.

The catalytically active component is usually prepared by the methods known
per se, such as the coprecipitation method, and the starting materials used in the
method, which are not particularly limited, are, for example, nitrates, ammonium
salts, hydroxides, etc., of the metal elements constituting the catalytically active
component. The catalytically.active component may be usually calcined at 200 to
600 °C for 2 to 7 hours before being loaded on the carrier to form a pre-calcined
powder. The pre-calcining is conducted preferably in air or nitrogen stream.

In loading the pre-calcined powder on the carrier, a molding aid and/or a
strength improver is preferably used preferably. Examples of the molding aids
usable herein include crystalline cellulose, starch and stearic acid. The molding aid
preferably is used usually in an amount of 30 % by weight or less based on the pre-
calcined powder. Examples of the strength irriprovers usable herein include ceramic
fibers, carbon fibers and whiskers. The strength improver is used usually in an

amount of 30 % by weight or below based on the pre-calcined



results was found. Exanple 15 Preparation of catal yst REPLABBIMENTT SHEET
anmoni um nol ybdate and 15.3 g of cesiumnitrate were di ssol Jeq—+#—3-666nt

of distilled water under stirring and heating to obtain an gqyeou
solution (A). Separately, 456 g of cobalt nitrate and 238 g |of f'leir M@Y 1997
nitrate were dissolved in 1,500 m of distilled water to oltdin _an.agueousi
solution (B). - 190 g of bismuth nitrateawas dissolved in 200 m of

distilled r I dig i iih Q oncent rated pitr.icsaeta-fo--obtarn
an aqueougx@) ut i’%’% ﬂ%j(ilgg'l%{e& 35%5&*’1?&?@1 i@g%ov(e%)magn e(“E)"eMJéHn‘f*s?eBre
toget her, and the ohtai ned solutj.on s dr ed ipto the aqueous sql ution
(A) under ceffg‘BFgJ?W T ARG ooaoﬂidf’ﬁi%acgﬁ?gggh@oﬂ?e fﬂ@r?ﬁs%r’f’ﬁpﬂn Qre
dried with a ray, dryer and then pre- cahcined at 460 [err]C for 5 h.to
obt ai n 588 At khe gire-ealicdp @%‘%ﬁdé?d otheh matewiadsoare ded pintoca nalding
powder was | oaded on_300 8 of an_alum na carrier having an average

particl e Bpchingraswik] jhe described beforeer as that of Exanple 1 to obtain
the active conponent-|oading particles having a catalyst- |oading rate of
50 % by wei ght .In loadinghghecprerealeimpd reovder condithg eaurier.) edsoea ebimderdist

roomtenperature for
preferably used. Examples of the binders usable herein include water, high—

molecular binders such as polyvinyl alcohols, inorganic binders such as silica
sol and alumina sol, polyhydric alcohols such as ethylene glycol and
glycerol, and mixtures of them.

The binder is used in an amount of usually 10 to 60 % based on the pre—
calcined powder.

The shape of the carrier is not particularly limited and the carrier -
may Be, for example, spherical, cylindrical or tubular. From the viewpoints
of the production efficiency and the mechanical strength of the catalyst, the
spherical shape is preferred. The average particle diameter of the carrier
which is suitably determined depending on the inner diameter of the reaction
tube in whjch the catalyst is to be fed and the amount of the catalytically
active component—containing powder to be carried is usually 3 to 12 mm,

preferably 3.5 to 9 mm , more preferably 3.7 to 7 mm. °

Any carrier which is catalytically inactive and porous or which can

be shaped into porous particles is available. Examples of the materials usable

_as the carrier include «-alumina, éilicon carbide, pumice, silica, zirconium
oxide and titanium oxide.

The catalytically active component can be loaded'on the carrier by any

method capable of uniformly loading the component on the carrier such as the




22 15 h and then calcined at 520 [err]C for 5 hin an air streamto obtain

a catalyst (8) of the present invention. The catal yst t BEF&BGE%E&? MT

an average particle size of 4.4 mm and the atomic ratio
catal yti'cally active conponents, excluding oxygen, was as|follogws: M=12
Bi=1.8 : Fe=2.8 : Co=7.4 Cs=0. 4. Oxi dation reaction 1602pY 1897
the catal yst (8) prepared above was fed into a stainless sfe¢l (SUS 304)
reaction tube having an average inner di Sneter of 21.4 nm &nd provi ded

and 2t horHBLLUIH EFPULLETL ALt i, et WpEreiag cron e R L LBOU R
Vol e of GRYEENIS STy IPENESY AL PRU and P8 800, isBPLHL 6F the
Whi 1 o keepaguetton REAmaRe femsaiabite B JSmbYioe: Pl dsRABEHOlnES
reaction. Ilrgférr}%d.co%rrl Sp(filri(:)ifcular, in this preferred method, an apparatus having a disc
having a smooth or rough surface at the bottom of a fi_xed cylindrical vessel
is used, and the disc is rot.ated at such a high speed that the carrier charged
in the vessel is violently stirred by the rotation of the carrier itself and
also by the revolution. The catalytically active component and, if necessary,
the binder, molding aid and strength improver are added thereto to load the
powder components on the carrier. The amount of the catalytically active -
| component which varies depending on the operation conditjons such as the inner
diameter of the reaction tube is usually 5 to 80 % by weight, preferably 10 to
60 % by wei@ﬁnﬁﬁﬁww;mwem / (weight of the
catalytically active component + weight of the carrier + weight of the strength
improver (optional component))] (hereinafter referred to as the catalyst—
loading rate). The term “weight of the catalytically active component” refers
P to the weight of the pre—calcined powder. By the tumbling granulation method
vhich is a preferred mode for producing the catalyst of the present invention,
almost 100 % of the predetermined amount of the pre-calcined powder (or the
powder further containing the molding aid and/or strength improver) can be
loaded.
Then the catalytically active component loaded oﬁ the carrier is calcined
to obtain the caéalyst of the present invention. The calcining temperature

which varies depending on the operation conditions such as the inner diameter

~ of the reaction tube is usually 500 to 600 °C, preferably 520 to 560 °C. The



+
T

the reaction, the tenperature of the hot spots was 404 [err fe

1

.
conversion of t-butanol was 100 % the yield of nethacrole REREAGEmEﬁT9§HEaf
the yield of nethacrylic acid was 1. 9 % and the total seleftTVity Towar
met hacrol ein and nethacrylic acid was 83.4 % Even after cpn izqgﬂ%?l%§7
reaction for 1,000 h or longer, no worsening of the reactipn|resul'ts wag
f ound. Exanpl e 16 692 m of the catalyst (8) prepaled-aboeve-was |
fed into a stainless steel (SUS 304) rdfQction tube having| an average

i nner di r.qQf 21,4 n [ OVi W th ] ack for Crrcuratng—=
ol te endsglrrg%ﬁ"singﬂg ime Tg]r gﬁgqléy p3 Oto d3?)dhou1:[s, grcjafaegabefy 4O to 15 hours. UThe
23 medi um and .a_thernocouple for determning the catal yst |ayer tenperature
on the shipfticke sdze of sthei cat@lysis vhinhovaries flepending arpthednper diamatey | afne,
12 % by volune of oxygen, 9 % by volunme _of water vapor and 73 % by vol une
of nitrogeihe ggaction ethe average dartisdeasizg efibe casrieri end dhe 1200
h[err] while keeping the nolten salt tenperature at 350 [err]C to conduct
t he reacti 6atalystrlnading mase ois ushallyedcto ol mmheprefapablat 4rto o0 mhe fdioe
spots was 389 [err]C, the conversion

preferably 4 to 7mm. The particle size of the catalyst after.the .calcining

is substantially equal to that before the calcining. . _

Next, a detailed description will be made on the productidn process of the
present invention.

In the production process of the present invention wherein a multitubular
reactor of fixed Bed type is usually used, the length of the filled catalyst,
the inner diameter of the reaction tube and the number of the tubes vary
depending on the operation conditions. Thefefore, the catalyst-loading rate,
the calcining temperature and the particle size of thé catalyst are‘suitably
determined depending thereon so as to obtain an optimum yield. For example, .
when the inner diameter of the reaction tube is 21 to 28 mm, then the catalyst-
loading rate is preferably 20 to 50 % by weight{ the catalyst particle size is |
preferably 4 to 8 me and the calcining temperature is preferably 500 to 580 °C.

The catalyst of the present invention is used preferably for ihe gas—phase
catalytic oxidation of olefin or tertiary alcohol to produce the corresponding

" unsaturated aldehyde and unsaturated acid, and still preferably for producing
acrolein and acrylic acid or methacrolein and methacrylic acid from propylene,
isobutylene or t-butanol.

The gas—phase catalytic oxidation reaction in the present invention may
be carried ouf by an ordinary single pass method or the recycle method, the

reaction can be carried out under the condifions usually employed for a



of

of acrylic aC|d was 1. 7 % apd the total selecti)
met hacrol ein an ic acid was 83.3 % Even a '
reactio | onger, no worsening of the r¢{ [
found r”mn”fmnm ”H!’ 2 Ehais

A cat &l yst ®ors production of unsaturated ald
unsat urated acid, obtained by:loading a catalytically g MAEE@F,NI§ﬁ? oh a
carrier and calcining t he | oaded catalpst, characterizdd Vel e
particle di aneter of the catalyst of 4 to 16 mm an jae 1ageﬁgé Pv | @
size of Cheimsarrier of 3to 12 nm a calcining tenpdrgture_of 520 16 600
[err] C and an anpunt of the catal ytically active conponent |oaded on the
carrier of 5 to 80 % by wei ght [ (wei ght of the catallti-

conponent)/ (wei ght of the catalytically

i sobutylene was 99.2 % the yield of nethacrolein was 80.9 % the yield

active conmponent + weight of the

carrier + weightl.of aAs¢atahgith forpthevergductich. of Uimatumted yslacRsseoasi/pg t O

claim1l1, wherein the catalytically

r epr esenupshtayateddeadid, | sbvaiged by riekdingla catalytically active component on a

carrier and calcining the loaded catalyst, characterized by an average particle
diameter of the cataly'st of 4 to 16 mm, an average particle size of the carrier
of 3 to 12 mm, a calcining temperature of 500 to 600 °C and an amount of the
catalytically active component loaded on the carrier of 5 to 80 % by weight
[ (weight of the catalytical_ly active component)/(weight of the catalytically
active component + weight of the narrier + weight of a strength improver)].
2. The catalyst according to claim 1, wherein the catalytically

active component has a composition represented by the following formula (1):
Mo. Biy Ni. Co« Fer Y; Zh O« 1

wherein Y represents at least one element selected from among tin, zinc,

- tungsten, chromium, manganese, magnesium, antimony and titanium; Z represents

at least on element selected from among potassium, rubidium, thallium and
cesium; and a, b, ¢, d, f, g h and x represent the numbers of atoms of
molybdenum, bismuth, nickel, cobalt, iron, Y, Z and oxygen, respectively,
provided a=12, b=0.1t07 ¢ctd=0.5t020, f=0.5t08 g=0to2, h
=0 to 1, and x is a value which varies depending on the degrees of the
oxidation of metal component.

3. A process for producing unsaturated aldehyde and unsaturated

acid by the gas—phase catalytic oxidation of at least one compound selected

Th'i s'lslliie"tlilla i l ﬂeen Reﬂllaced

active conponent has a conpositiron



Mo[err] Bt r] Fe[err] Y[err] Zh Of[err] (1)
wherein Y 1 st one el enent selected fron T ] Z -
t ungsten, iﬂmﬁmma magnesi um anti nony and 1ﬁE§LﬁGﬁME&T SQEE
repr eseht-s Ierrent sel ect ed from anong pot assi um rubi di
thal I'i um and cesium and a, b, c, f, g, hand x re¢p equtMA’heggm

of atons of nol ybdenum bi snut h, nick3$, cobalt, iron, {Y, Z and oxyg n
respectively, provi ded a=12, b=0.1to0 7, c+td = Q. TP=T0. 5
to 8, ¢ 0to 2, h = 0to l, and x is a value whichjlvaries depending_éen
t he degrees of the oxi dation of metal conponent. 3. A
process f dFforpr gmsp@lngrqnvéme;r isobutylente lande t-dutanol swithr enodetular axygemyor fae
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and/or unsaturated acid, characterized by using the catalyst set forth in claim 1 or

2.

4, The process according to claim 3, characterized in that the catalyst set
forth in claim 1 or 2 is fed into each reaction tube in a multitubular reactor of fixed

bed type to form one layer.
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al dehyde ted acid, characterized by using the cataly set
forth m“lﬁmjmumnmﬂmﬂ 4. The process according to cl ail :
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each reaction tube in a multitubular r eagjsor of fixed bsg h
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1. A catalyst for the production of unsaturated aldehyde and

unsaturated acid, obtained by loading a catalytically active component on a

carrier and calcining the loaded catalyst, characterized by an average particle

diameter of the catalyst of 4 to 16 mm, an average particle size of the carrier

of 3 to 12 mm, a calcining temperature of %%% to 600 °C and an amount of the

catalytically active component loaded on the carrier of 5 to 80 % by weight

[(weight of the catalytically active component)/(weight of the catalytically
active component + weight of the carrier + weight of a strength improver)].

2 2. The catalyst according to claim 1, wherein the catalytically

active component has a composition represented by the following formula (1):
MO: Bj.h N.ic COd Fef Yg Z.h Ox (1)

wherein Y represents at least one element selected from among tin, zinc,
tungsten, chromium, manganese, magnesium, antimony and titanium; Z represents
at least on element selected from among potassium, rubidium, thallium and
cesium; and a, b, ¢, d, f, g h and x represent the numbers of atoms of
molybdenum, bismuth, nickel, cobalt, iron, Y, Z and oxygen, respectively,
provided a =12, b=0.1t07 ctd=0.51020, f=05t08 g=0t02 h
= 0 to 1, and x is a value which varies depending on the degrees of the

oxidation of metal component.
3. A process for produciqg unsaturated aldehyde and unsaturated

’

acid by the gas—phase catalytic oxidation of at least one compound selected
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