Method for the Production of Acrolein and Acrylic Acid [Field of tHep%Wh
“*'nvention] This invention relates to a nethod in which acrolein and aﬁrylic
acid are produced by carrying out vapor phase catal ytic oxidation of P01
propyl ene with nol ecul ar oxygen or a gas contai ning nol ecul ar oxygen using
a fixed bed nultitubular reactor. [Prior Art] A nunber of conplex oxide
catal ysts contai ni ng nol ybdenum bisnmuth and iron have al ready been
proposed for use in the production of acrolein and acrylic acid by a nethod
in which propylene is subjected to vapor phase catal ytic oxidation, and
sone of themare now industrially used.1Their typical exanples include
those which are disclosed in Japanese Patent Publication (KOKOKU) No.
47- 27490 (1972), M xd 1O e Proguatinon of Acrolkejmand MSLY 4 FC AR (1972)
and Japanese Patent Publication (KOKOKU) No. 48-1645 (1973). However,
I ndustrial production of acrolein or acrylic acid using these catal ysts

causes VariQEﬁeQBOQEQﬁE;IEUSnQIIhhese problens is generation of a |oca
abnornmal Iy high tenperature paf%'(hot spot) in the catal yst |ayer.

Generation of theThgt SMAINtiSNCRANBHD ! Q%@E@M‘ih”@vﬁiﬂ?a&%gt@i&farﬁfi d
vapor phase catalytic reaction. In order to inprove productivity in the

i ndustrial pragddtianidfaracppb@idedbyd a8FHing 8Gt vaporBRlse| Gatgageial |y
enpl oyed in which the concentration of the starting material propylene is
i ncreased oroxidetipace pebpyleye ofithhmoleactarobxygen or a gas containing

-

molecular oxygen using a fixed bed multitubular reactor.
{Prior Art] |

A number of complex oxide catalysts containing molybdenum,
bismuth and iron have already been proposed for use in the production
of acrolein and acxylié acid by a method in which propylene is
subjected to vapdr phase catalytic oxidation, and some of them are
now industrially used. Their typical exémples include those which
are disclosed in Japanese Patent Publication (KOKOKU) No. 47-27490
(1972), Japanese Patent Publication (KOKOKU) No. 47-42241 (1972) and
Japanese Patent Publication (KOKOKU) No. 48-1645 (1973).

However, industrial production of acrolein or acrylic acid
using these cétalysts causes various problems.

One of these problems is generation of a local abnormally high
temperature part (hot spot) in the catalyst layer. Generation of
the hot spot is caused by the exothermic reaction of said vapor phase
catalytic reaction. In order to improve productivity in the
industrial production of acrolein and acrylic acid, a means is
generally employed in which the concentration of tﬁe starting

material propylene is increased or the space velocity of the reaction



2 gas is increased, but heat accunmul ation at the hot spot is increased

--under such high |oad reaction conditions. Increase in heat accumnul ation at
t he hot spot causes shortened catalyst life, increased formation of

by- products due to over oxidation reaction and, in the worst case, runaway

reaction. If the activity of a part of the catalyst wherein the hot spot is

generated is decreased, the activity of the whole catalyst is probably

| ownered due to migration of hot spots to other layers (parts) of the

catalyst. In order to avoid generati oA of such hot spot or excessive heat

accumul ati on af e ehoby SBAt hedtCadBlitlulH8YbA itnEhe/ naE &Rl 1OWnorauBeet i Vity
or nust take a counterneasure for exanple by reducing the reaction tube

di aneter, i subRVIBM 1oaBEreacyion eahdit idnsadvmkiragseumn heatconsequence,
various studi es have been reported, in order to avoid the aforenentioned
danger in seastilaniopeatatthenbot aszad chyséheshrotespdtcatmlystutefeconony in
the aforenentioned industrial production. For exanple, a nethod in which a
cat al yst wimrmsasedhtohwtiopoef derriprodact® ieatedover @xidRBPMWEEACEIPT ner t
substance (Japanese Patent Publication (KOKOKU) No. 53-30688 (1978)) and a
met hod in apdcHn FReCHPERY SasPo PRSI TPRCHERIE into a tubl ar shape

(Japanese Patent PUpL! S0y (GIORBEE P end%at8 58 (HRBLLA HRYGPESM
is generated is decreased, the activity of the whole catalyst is
probably lowered due to migration of hot spots to other layers (parts)
of the catalyst. |

In order to avoid generation of such hot spot or excessive
heat accumulation at the hot spot, one must unwillingly accept low
productivity or must take a countermeasure for example by reducing
the reaction tube diameter, which, however, are economically
disadvantagedus .

In consequence, various studies have been reported, in order .
to avoid the aforementioned danger in reaction operations caused by
the hot spot to ensure economy in the aforementioned industrial
production. For example, a method in which a catalyst wherein the
hot spot could be generated is diluted with an inert substance
(Japanese Patent Publication (KOKOKU) No. 53-30688 (1978)) and a
method in which the catalyst to be used is made into a tublar shape
(Japanese Patent Publication (KOKOKU) No. 62-36739 (1987)) have been
proposed.

Also, reaction methods have been proposed in which two or more
reaction zones are arranged in a reaction tube, and in which the

reaction is carried out by packing a plurality of catalysts having



proposed. Al so, reaction nethods have been proposed in which two or nore
-reaction zones are arranged in a reaction tube, and in which the reaction
is carried out by packing a plurality of catal ysts having 3 different
activities. Exanples of such a type of nethods so far reported include a
metthod in which a plurality of catal ysts whose activities are controlled by
changi ng conposition of catalytically active conponents (kind and/or
gquantity of an alkali metal in particular) are packed in a reaction tube
along its axis in such a manner that catal ysts having higher activities are
arranged toabffibrehe activditiesde Ekaaplédiefi sheh &itgpeobf thethvdseso afagas
(Japanese Patent Publication (KOKOKU) No. 63-38331 (1988)) and a nethod in
whi ch a pl urepdntedoinchids psmetingd/ iingwhlidh er phurakidyp 9 neatadlyshe swhose
packed in a plurality of reaction zones in such a panner that the occupying
vol une becoReSlEER ausWaPRt IR esuPY cthasgéRg CrBRPE HelamPEcalipdit iraklye

reaction tube (Japanese Patent Appljcation Kokai No. 4-217932 992)).
However , ina't:?l’evenﬁf’ﬂB‘dn‘T“PF%ik&ﬂdag oF] guent LYy of ufR 21 Qﬁtéﬁeﬁn{

substance, apn_intensive effo is required.i uni rod v moxi the i nert
SUbetance’  BRrLRGAR) Vs brBlkia ' h Aol eidy Qi8R HedTakE 0o B TET L

al ways be effgedednlY ddtiady8BL MadinhWiHA activities are arranged toward

the outlet side from the inlet side of the material gas (Japanese
Patent Publication (KOKOKU) No. 63-38331 (1988)) and amethod in which
a plurality of catalysts having different occupying volumes are
packed in a plurality of reaction zones in such a manner that the
occupying volume becomes small toward the outlet side from the inlet
side of the reaction tube (Japanese Patent Application Kokai No.
4-217932 (1992)).

However, in the method in which a catalyst is diluted with
an inert substance, an intensive effort is required in uniformly
mixing the inert substance for dilution with the catalyst, but their
uniform packing cannot always be effected by this method, thus not
only causing frequent generation of hot spots but also entailing
inconvenience in carrying out the reaction, because the position and
temperature of the hot spot vary in each reaction tube, so that this
is not a'satisfactory method as a means to prevent genération of hot
spot.

The method in which the activity of catalyst is controlled
by making it into a tublar shape cahnot also be said as a sufficient
means for preventing the generation of hot spots or excessive heat

accumulation at the hot spot under high load reaction conditions,



only causing frequent generation of hot spots but also entailing
. inconvenience in carrying out the reaction, because the position and
tenperature of the hot spot vary in each reaction tube, so that this is not
a satisfactory nethod as a neans to prevent generation of hot spot. The
met hod in which the activity of catalyst is controlled by nmaking it into a
tubl ar shape cannot also be said as a sufficient nmeans for preventing the
generation of hot spots or excessive heat accunul ation at the hot spot
under high load reaction conditions, 4 nanely under conditions of high
starting nedamelyl urdgrcearditions ahdighgtartang natleséal FOnFANEFAL 198t i n
which the activity of catalyst is controlled by changi ng kind and/ or
quantity of high SPRSEi VEEIGHLY-its anount to be added is narkedly small in

Cgffgi ti_ﬁ”c#“ E ne Phiaeyiachpd n ERIBRARE dee Mhevoik rFE M 8 BeE U801 | ng
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starting materials which are”added in |arge anmounts. Wen a plurality of

catal ysts hawpehetitisf, 656 tha@ditentCOfMRRERity ¥aeisbish ofhgrecatalyst by
its adding is extremely large and the handling at the time of catalyst
preparation therefore becomes considerably difficult. In addition,
activity control of the catalyst becomes more difficult due to the
influence of alkali metals slightly contained in other starting
materials which are added in large amounts. When a plurality of
catalysts having different active components are used, these
catalysts show different periodical changes during their use for a
prolonged period of time, so that it is necessary to optimize the
catalyst layer length, the catalyst activity and the like factors
taking the periodical changes into consideration, thus requiring
complex operations.

In the method in which a plurality of catalysts having

different occupying volumes are packed in a reaction tube in such
a manner that the occupying volume becomes small toward its outlet
side from the inlet side of the reaction tube, thereby arrénging a
plurality of reaction zones in the axial direction of the reaction
tube, it is necessary to control the ratio of occupying volumes of
adjacent two reaction zones within a specified range, and it also
requires further complex operations in achieving its optimization

when the shape, composition and the like factors of the catalysts



catal ysts show different periodical changes during their use for a

prol onged period of tine, so that it is necessary to optim ze the catal yst
| ayer length, the catalyst activity and the |ike factors taking the

peri odi cal changes into consideration, thus requiring conplex operations.
In the nmethod in which a plurality of catal ysts having different occupying
vol unmes are packed in a reaction tube in such a manner that the occupying
vol ume becomes small toward its outlet side fromthe inlet side of the
reaction tube, thereby arranging a pltrality of reaction zones in the axi al
di rection ofrektiffexent dmongine, anathes, necadditripnt to tbataospy beg rvalumesof

occupyi ng vol unes of adjacent two reaction zones within a specified range,
and it al so°ofefif r%aflﬂﬁﬁﬁe‘ifo (h?rrﬁﬁ%‘% operations in achieving its

optim zation mhen he shape, ogsition and the Ii factors of the
catal ysts 5 aré& ﬂlﬁ? l?Y ¥8He°%ﬂ te?nr%ﬁé;WﬁPSn the® the occupying
vol unes of the cat& %stea The
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That is, it contemplates providing a method in which acrolein
and acrylic acid are produced byl subjecting propylene to vapor phase
catalytic oxidation under high ioad reaction conditions, which is
a simple and easy method that can effect the production stably for
a prolonged period of time by inhibiting generation of hot spots or
excessive heat accumulation at the hot spot of the catalyst layer,
obtaining the products of interest with high yields and preventing
the catalyst from its deterioration by thermal load.

[Summary of the Invention]

In the exothermic reaction such as the case of the vapor phase
catalytic oxidation reaction of the present invention, catalytically
active components are generally used by molding them into various
shapes which components are mostly occupied by the catalytically
active components. Sincethecatalyst canbe regarded as the reaction
field of vapor phase catalytic oxidation, the exothermic reaction
occurs exactly on the catalyst. Thus, the heat generated by the
reaction is concentrated to induce generation of hot spots. In view
of the above, the inventors of the present invention have conducted
intensive studies with the aim of obtaining the products of interest

stably for a prolonged period of time by avoiding the concentration



and acrylic acid are produced by subjecting propylene to vapor phase
- catalytic oxidation under high |load reaction conditions, which is a sinple
and easy nmethod that can effect the production stably for a prol onged
period of time by inhibiting generation of hot spots or excessive heat
accurnul ation at the hot spot of the catalyst |ayer, obtaining the products
of interest with high yields and preventing the catalyst fromits
deterioration by thernmal | oad. [Sunnarg of the Invention] In the exothermc
reaction such as the case of the vapor “phase catal ytic oxidation reaction
of the presehtheatvehreantiemyghgrated by thet ¢atalystp anchfound asgemesalt y
used by nol ding then into various shapes which conponents are,nnstlx
occupi ed by©of htg‘ecﬁifﬁ?ﬁﬁ dhptythe pforemenionedt Rbiestnean thifcachieyedkwhenn be

regarded as the reaction field of vapor phase catal.ytic oxidation, the
ot her i o PeRCPIAN Cac 0hr SRRESER Sor Ly o Brur g b FREeNt (At iHahLes
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as aresult of the efforts that the aforenenti oned object can be achi eved
when catalysts, are used by arranging them in a specified manner.
In this connection, the term "activity" as used herein means
reactivity of propylene and has the same meaning as conversion ratio.
Accordingly, the present invention relates to:
(1) a method for producing acrolein and acrylic acid by carrying out
vapor phase catalytic oxidation of propylene with molecular oxygen
or a gas containing molecular oxygen using a fixed bed multitubular
reactor, which comprises
a) using a.piurality of supported catalysts having different
activities, which carry a powder that contains catalytically active
components hafving a composition represented by the folowing formula
Mo, Bi,Ni Co.Fe,Y 2,0,
(wherein Mo, Qi, Ni, Co and Fe represent molybdenum, bismuth, nickel,
cobalt and iron, respectively, Y is at least one element selected
fromthe group: of tin, zinc, tungsten, chromium, manganese, magnesium,
antimony and fitanium, Z is at least one element selected from the
group of potaésium, rubidium, thallium and cesium, and a, b, ¢, d,
f, g, h and x.rep;esent the number of atoms of molybdenum, bismuth,
nickel, cobalﬁ, iron, Y, 2 and oxygen, respectively, a = 12, b= 0.1

to 7, c+d=10.5to 20, £f=0.5t08, g=0+¢to 2, h=0 to1l and



a plurality of supported catalysts having different activities, which are
. prepared by controlling the anmount of a powder that contains catalytically
active conmponents to be supported (coated) on an inert carrier and
calcining tenperature and calcining tinme of the catal ysts, are used by
arranging themin a specified manner. In this connection, the term
"activity" as used herein neans reactivity of propyl ene and has the sane
meani ng as conversion ratio. Accordin%7 the present invention relates to:
(1) a nmethod for producing acrolein and acryllc acid by carrying out vapor
phase cat alytiiscdexexhinedn bof tips aRikened edndimabe ot arachxgfemerdr) ,a gas
cont ai ni ng nol ecul ar oxygen using a fixed bed multitubular reactor, which
conpri ses &) ssthing aptatalysty leyes umparresttdanatyhst,s whaoh rig gpfmed byt
activities, which carry a powder that contains catalytically active
conmponent s q‘q’é&hdﬁggal‘édm’&@spl‘iﬁl mﬁtw&tlédtb‘? tuhe PB%@W%GFB%W &nd
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thal lium and cesi um an h and X represent the nunber of

atoms of mkypéﬁeqﬂatheassead}dlﬂg%ethe ae@eé tlteinr(qr) wlYerérﬁﬂﬁe XY &Bfbts
respectlvely, a =0.1to7, c + 0.5 to 20, 0.5to0 8, g =

to 2, h = Oate u’beﬂndhose actlvn:y strength is controlled by means of the

supported amount of the powder that contains catalytically active
components, when it is supported on a carrier, and/or the calcining
treatment of the powder that contains catalytically active
components after it is supported on the carrier,

(3) the method according to the above item (1) or (2) wherein the
plural catalysts to be used have the same composition of catalytically
active components,

(4) the method according to any one of the above items (1) to (3)
wherein the carrier of the plural catalysts to be used is the same,
(5) the method according to any one of the above items (1) to (4)
wherein the éowder that contains catalytically active components
further contains amolding additive and/or a strength improving agent,
and

(6) the method according to any one of the above items (1) to (5)
wherein it uses a catalyst in which particle size of the catalyst
is 3.5 to 16 mm, the amount of the catalytically active
component—coﬂtaining powder to be supported on the carrier is 10 to

60% by weight (catalytically active components/(catalytically



7 x is determ ned by the oxidized condition of each elenent), b) setting a
catal yst layer in a reaction tube, which is forned by dividing it into
plural portions in the tube axial direction, and c) arranging the

af orenenti oned plural supported catalysts in such order that the activity
becones high toward the outlet fromthe inlet of the material gas in the

reaction tube axial direction, (2) the nethod according to the above item
(1) wherein the catalysts are used whose activity strength is controlled by
means of the supported anount of the p®wder that contains catalytically
active conpautEvescomparents #scaupiEor tedtoengthc amprevingagdent (Irtieapdi ni ng
treatnent of the powder that contains catalytically active conponents after

it is supporamEdnentd he angr thercalQininge tapperaduzecot dihg) cesalrelsddve item
(1) or (2) wherein the.plural catalysts to he used, have

| the sane

conposi t i onPRYFivEeaCampINeNE-CYNERINANG BoYRMALFST ’(t4)‘stsﬁﬁ’3‘?§f:ﬁ‘idlsa388rtd? ng to
any one of t5heo above itens (1) to (3) wherein the carrier of the plural
catal ysts t°HE-used is the sane, (5) the nmethod according to any one of

t he above itenms (i1 4. r ej hat contains catal yticall
active corrpm %af’sle%dubfq‘ﬁe?z%t\g%?’azgggt%&%ﬂggﬁgé% ditive and/or a st)r/engt h d
i mproving agent, and {fiolify HIe91as Catdligiestht AiwereoR  id ptabove itens

1) to (5

o ) The catalyst to be used in the present invention can be obtained
by a method in which a powder that contains catalytically active
components having a composition of the following formula is supported
on a carrier and then calcined.

Mo Bi Ni Co,Fe.Y Z,0,

(Inthis formula, Mo, Bi, Ni, Co and Fe represent molybdenum, bismuth,
nickel, cobalt and iron, respectively, Y is at least one element
selected from the group of tin, zinc, tungsten, chromium, manganese,
magnesium, antimony and titanium, Z is at least one element selected
from the group of potassium, rubidium, thallium and cesium, and a,
b, ¢, d, £, g, h and x represent the number of atoms of molybdenum,
bismuth, nickel, cobalt, iron, Y, Z and oxygen, a = 12, b = 0.1 to
7, c+d=0.5t0 20, £f=0.5t08, g=0to2, h=0to1 and x is
determined by the oxidized condition of each element.) In the above
definition, it is desirable that a =12, b=0.5to 4, c+d =1 to
12, £f=0.5t05,g=0toland h=0.01to 0.5. The powder containing
catalytically active components is prepared by a coprecipitation,
spray drying or the like means, using nitrate, ammonium salt,
hydroxide, oxide, acetate and the like salts of respective metal

elements as the starting materials with no particular limitation.



mhereln It uses a catalyst in which particle size of the catalyst is 3.5 to
. 16 nm the anount of the catal ytical ly active conponent-contai ni ng powder
to be supported on the carrier is 10 to 60% by wei ght (catalytically active
conponents/ (catal ytically 8 active conponents + carrier + strength
I mprovi ng agent (optional conponent)), and the calcining tenperature of the
catal ytically active conponent-containing powler after it is supported is
450 to 650[err]C. [Detailed Descriptior of the Invention] The follow ng
descri bes the present invention in detail. The catalyst to be used in the
present inv&hei mwdmncoetMJa\gnsdt@yytaq@ﬂho@lctiwampmhoraﬁrﬁ@méruweehly
contains catalytically active conponents having a conposition of the
fol I owing f&RRIEEFed LouRTRY IEAAEK ‘éﬁ]é&PPFé?“é\ﬁat FePPREAtYrReRf from 200
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nd X represent the nunber of
atonms of m'b&bdﬂé%&}elmmary calcination is called preliminarily calcined

powder hereinafter. In addition, in a plurality of catalysts having
different activities, compositions of the catalytically active
components of these catalysts (preliminarily calcined powder) may
be the same or different from one another, but preferably the same.

When the preliminarily calcined powder described above is
supported on a carrier, it is desirable to mix it with a molding
additive and/or a strength improving agent. Illustrative examples
of the molding additive include crystalline cellulose, starch,
stearic acid and the like, and those of the strength improving agent
include ceramic fibers, carbon fibers, whiskers and the like. The
molding additive or strength improving agent is used in an amount
of 30% by weight or less based on the preliminarily calcined powder.
The molding additive and/or strength improving agent may be mixed
in advance with the aforementioned preliminarily calcined powder
prior to molding or, as will be described later, may be added to a
molding machine simultaneously with or before or after the addition
of the preliminarily calcined powder and the like.

The carrier can be made into spherical, cylindrical, tublar
and the like shapes with no specific limitation, but a spherical shape

is particularly desirable when production efficiency and mechanical



bi smut h, nickel, cobalt, iron, Y, Z and oxygen, a = 12, b =0.1to 7, ¢ + d
.=0.5t0 20, f =0.5t08 g=0to2, h=0to 1l and x is determ ned by

t he oxi di zed condition of each elenent.) In the above definition, it is
desirable that a =12, b =0.5t04, ¢c +d=11to0 12, f =0.5t05, g=0
to 1 and h = 0.01 to 0.5. The powder containing catalytically active
conponents is prepared by a coprecipitation, spray drying or the |like
means, using nitrate, amoniumsalt, hmﬂroxide, oxi de, acetate and the |ike
salts of respective netal elenents as the starting materials wth no

particul ar PEREREEN B the catalstaradakednininrags MRMAPPcaPlFoackt &

of Trom 200955 BRI PR B0 s Wirh b BroELRR T FalT e ERpHE fhg on
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at nospher eofa P9 W ast F eatn nitrogen. € f%us obtal ned powder by the

prelininary ;cahghdakic@s, i g%&gﬂdpée&dl?hg?ﬂé Ya168h61 %@hpé)é"@g?cr;?rol or

hereinafter. I'n addition, In a ralit catal ysts havi ng er ent

activities, tg@Npogd droasmtrdriee thatad o/t i bindét ii%cusearaiant smadnt bese
catal ysts (prelimnarily cal cined powder) may be the sane or different from

one anot her ,frontlrefedtaby wetifht 1aged dfhehe el pitdrilyacdlainedl pivded .

powder descri bed above is supported on a carrier, it is desirable to mx it

with a nol ding Any material can be used as the carrier as long as it is inert
and porous or can be made into porous granules, and its examples
include a-alumina, silicon carbide, pumice, silica, zirconiumoxide,
titanium oxide and the like. The carrier may have a particle size
of preferably from 3 to 12 mm. Types of the carrier for a plurality
of catalysts may be the same or different from one another, but they
may preferably be the same.

The powder that contains the catalytically active components

(the powder containing preliminarily calcined powder, if necessary
further containing a molding additive and/or a strength improving
agent, to be referred to as catalytically active component-
containing powder hereinafter) can be supported on the carrier by
any method such as a tumbling granulation method, a method using a
centrifugal fluidized bed coating apparatus and a wash coatingmethod,
with no particular limitation, but the tumbling granulation method
is desirable when catalyst production efficiency and the like are
taken into consideration. Illustratively, this is a method in which
a fixed cylindrical container whose bottom part is equipped with a
disc having even or irreqular surface is used, and a carrier charged

in the container is vigorously mixed through the repetition of



additive and/or a strength inproving agent. Illustrative exanples of the
nol ding additive include crystalline cellulose, starch, stearic acid and
the like, and those of the strength inproving agent include ceramc fibers,
carbon fibers, whiskers and the |ike. The nolding additive or strength

I mprovi ng agent is used in an anount of 30% by wei ght or |ess based on the
prelimnarily calcined powder. The nolding additive and/or strength

| mprovi ng agent may be mixed in advange with the aforementioned

prellmnarl cal ci ne as wll es¢ri bed
Cacer, %Hgaawg RS <ﬁb ﬁé%qﬁ%b%?lﬂrﬂ tsgﬁsemlywm% S48 or
after the a t 2 e, 1] The
carrier canq'g egf’%t%%gg Kers ca A n%‘r’rﬁ%&}e% 8%?%”11 ‘2 dﬁr Egd’shapes
wi th no Speq.'ffhécé at t sareia%g 68! c1iaRg 14 pRREL £Uldthbbreed

desi rabl e when prodsrgrtyl ono&fl}&l%gl gﬁ%y an an| caf 18 streng t

cat al yst ar ent 8kéncdrtierconsi deration. Al so it is desirable to use a

bi nder when the prelimnarily cal cined powder is supported on the carrier.

Illustrative exanptesrding Be tlhiengeesdnic ivkenti@ngra pdaral Dohek ,caxapgsydydri c
al cohol such as glycerol or the like or a mxture thereof. The binder is
used in an daviang doffferemt aoti.‘oitai@%eb;e ueed)iwhibmesd artatihed pyedalainang | y
cal cined powder. Any material can be used as the carrier as long as it is
i nert a powder that contains the aforementioned active components and is
supported on a carrier. The catalysts whose activity is controlled
by means of the supported amount of the catalytically active
components in the catalytically active component-containing powder
and/or the calcination temperature and calcination time of the
catalytically active component-containing powder after supporting
it on a carrier, are used in a certain arrangement in a specified
combination. That is, a plurality of reaction zones are provided
in the catalyst layer, and the supported catalysts having different
activities are arranged in respective reaction zones in such a manner
that the activity becomes high toward the outlet from the inlet of
the starting material gas in the reaction tube axial direction.
The activities of the catalysté are controlled by the amount
of the catalytically active components to be supported and the
activity becomes high as the supported amount increases . The
supported amount is preferably from 5 to 80% by weight, more
preferably from 10 to 60% by weight.
In this connection, the supported amount is represented by

“weight of catalytically active components/(weight of catalytically

active components + weight of carrier + weight of strength improving



and porous or can be made into porous granules, and its exanpl es include
a-alumna, silicon carbide, pum ce, silica, zirconiunoxide, titanium oxide
and the like. The carrier may have a particle size of preferably from3 to
12 mm Types of the carrier for a plurality of catalysts nay be the sane or
different fromone another, but they may preferably be the sanme. The powder
that contains the catalytically active conponents (the powder containing
prelimnarily cal ci ned powder, if nec ary further containing a nolding

addi tive and/or a strength inproving agent, to be referred to as
catal yti cal PQGI&%KPK?@W“&Mt ardilsgaieried thasorakalyst)supprrbed

supported oan:lhe carrier. b met hod such as a tunbl| r;ﬂégranu,l ation

met hod, a nEfhby NRASHgaLt h?T"’?J&éT“ fyetaht of ﬁ@ﬁaJt‘}gfa‘tq hyaﬁ‘b‘?r;l:rb"fﬁ us and a
[ AMIh i cul i m.,tati t i .
or anul ati on SoRBotes e RO RBR g SRR veddfie SL LR peB mt AR Y S et ¢ he

like are tagﬁgdé to consideration. Illustratively, this is a nmethod in
which a fix cylindrical container whose bottompart is equipped with a

di sc having even fécédrd@tarhalbtdddht Snvdondthd abREVI6f o8N8 Yst N the
container is vigorously m xed through the repetition of 11 rotation and

revol ution d&f atseddntrbiyed speedlaphanidiy tehpéherulics andt ehavhictivibg
catal ytically active conponent-contai ni ng powder and,
becomes high as the calcination temperature is reduced. The
calcination temperature is preferably from 450 to 650°C, more
preferably from 480 to 600°C.

The calcination time is generally from 3 to 30 hours,
preferably from 4 to 15 hours. Within this range of calcination time,
the catalyst activity becomes high as the baking time is shortened.

The preferred combination of calcination temperature and time
is varied depending on the supported amount of catalytically active
components. For example, when the catalyst layer is divided into
two parts a catalyst prepared by calcination at 500-650°C for 4-
15 hours is preferably combined with a catalyst prepared by
calcination at 450-550°C for 4-10 hours while the catalyst layer is
divided into three parts a catélyst prepared by calcination at
500-650°C for 4-15 hours is preferably combined with a catalyst
prepared by calcination at 500-580°C for 4-15 hours and:a catalyst
prepared by calcination at 450-550°C for 4-10 hours.

The catalyst activity is decreased as the particle size of
catalyst is increased if the catalyst supports catalytically active

components having the same composition.

The particle size of catalyst is determined by the particle



I f necessary, a binder are added so that said powder is supported on the

. carrier. According to the present invention, a plurality of catalysts
having different activities are used which are obtained by calcining a

powder that contains the aforenentioned active conponents and i s supported

on a carrier. The catal ysts whose activity is controlled by neans of the

supported anount of the catalytically active conponents in the

catalytically active conponent - conta|Q]ng powder and/or the cal cination

tenperature and cal cination time of the catal ytically active

conponent - GdaeA e insvard taetc@rrs@pﬁgpww‘f{ra@w.aa%ﬁ.@rpre;%ah%%d in a

certain arrangenent in a specified conbination. That, is, urality of
reaction z&ifE8rBiRed Pﬁﬁaﬁéaglllﬁ‘nﬁﬁéh@%’é??&f the keactign tube &%H&?# %e

catal ysts haV|qgwg%%%grgﬂé?actlV|t|$%§$§> g@rangegyﬁﬁ;kg ect%% gﬁctlon
zones in sudit t b t

di recti on. Hiegels RaEigh 4 PniB ShelailSatfid e \ERA 1O o LD
the catal yti€lk¥1fstd %ﬁﬂgp@fﬁ&%nkoa@aﬁltaagrt t3kdet 88, ¥hiY

beconmes high as the supportéd anpbunt i ncreases. e supported anmount is

preferably ¢dtanybts dodiibitcly svegigitly 18056 4 aher abunts’ @6 B duppoltedy
weight. In this connection, the supported anmount is represented by "weight
of cat al yt i bsdrdeasa¢twhen tﬂwpan&lutmldal&y@mtwé aapahphis alcesuppprved on
conponents + weight of carrier + weight of strength inproving

the carrier under the same conditions, but is almost the same as long

nt of

as the supported amounts are not changed greatly. The particle size
of catalyst is usually 3.5 to 16 mm.

According to the present invention, a fixed bed multitubular
reactor is used as the reactor, and the number of reaction tubes,
the packing length of the catalyst, the number of divided portions
of catailyst layer and the like vary depending on the operation
conditions, so that these factors may be decided in each case in such
a manner that optimum operation results are obtained. With regard
to the division of catalyst layer, prevention of the generation of
hot spots or heat accumulation in the hot spot becomes easy as the
number of divided portions increases, but the object can be achieved
practically by dividing it into 2 to 3 portions.

Ihner diameter of the reaction tube is generally from about
15 to 50 mm. For example, when the inner diameter of reaction tube
is 21 to 27 mm in that case, it is desirable to use a combination
of catalysts having a particle size of 3.5 to 8 mm whose activities
are controlled by adjusting the supported amount in the catalysts

to 15 to 60% by weight, and the calcination temperature to 480 to



12 agent (optional conmponent)”, and is referred to as catal yst supported
s ratio hereinafter. The term"weight of catalytically active conponents" as
used herein nmeans weight of the prelimnarily cal cined powder. According to
the present invention, the activity of catalyst is also controlled by
calcination tenperature and the activity becones high as the cal cination
tenperature is reduced. The calcination tenperature is preferably from 450
to 650[err]C, nore preferably from 480,40 600[err]C. The calcination tine
S generaII%/ from3 to 30 hours, preferably from4 to 15 hours. Wthin this
range of caP®@ Ration time, the catal yst activity becomes high as the baking

ti ' h d.. Th f. d nb ' f cal ci '
Lime i3 vari ed aoyBFA O CPECS TRy EB0 SHRSARE OV eRiah YOV I PoP o ve

co ts. . F [ th . i L\ i
Cop et o B Y A RAATR Buol R LB B NS b RBRol el L iy par
preferably %&@aﬁ% WaEEi@d oat qir?a%&tcﬁirm%&sﬁs Rneah €1 PakkbQ@bthem. For

450-550[ err for 4-10 hours whi e catalyst layer is divided into three

parts a cat gkyfl1d) @Rar eshdtiondhay MR cafradd 208- BpirtirohGeing Amikthosrs is
preferably conmbined with a catal yst prepared by cal cination at

500- 580[ er r &s faonsdstind@fr § ENd0% wavalysd, preperasyby twalbeipvodumey
450-550[err] C for 4-10 hours. :
of propylene as 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 and 20 to 80% by volume, preferably
30 to 60% by volume, of an inert gas (nitrogen, carbon dioxide or
the like) onto the aforementioned catalysts at a temperature of 250
to 450°C, under a pressure of atmospheric pressure to 10 atm and at
a space velocity (=material gas flow volume/apparent volume of packed
catalysts) of 300 to 5,000 hr™.
{Effects of the Invention]

According tb the present invention, run away reaction caused |
by the generation of hot spot and over oxidation reaction can be
avoided and constant operation can be made for a prolonged period
of time without employing industrially disadvantageous methods, even
under high load reaction conditions in which concentration of the
starting material is increased and/or the space velocity is
increased, so that the method of the present invention is an
outstandingly superior method in comparison with the prior art
methods.

' when the reaction is carried out according to the present

invention by supporting a catalytically active component-containing



The catal yst activity is decreased as the particle size of catalyst is
sincreased if the catal yst supports catalytically active conponents having

t he sane conposition. The particle size of catalyst is determ ned by the
particle 13 size of carrier and the carrier supported ratio, and it is
preferably determ ned by taking inner diraneter of the reaction tube and the
like into consideration. In the case of the catalysts to be used in the
present invention in which the sane cagrier is used for a plurality of -
catal ysts having different activities, “particle size of the catal ysts
becones sl iRfdey PAryCHTiLhe FHEUMLIGt BhDHESUHPRRE ANd KBERRACKIRHH t he

catalytically active conponents are suppqQrted on.the .carrier _under .the sane
condi ti ons,P%/‘lﬁa il’s'yéﬂfn’ﬁg) LRy oRtRnedCat Ay shE l}aﬁéngtﬁid%gﬁ%rbt Aot EeSre not
changed greatly. . Th article si of catalyst is |, |
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yst, the nunber i Vi portions of catalyst Tayer and the

l'ike vary dgpenificydisOp1ddidl PRI Bhd O SOHEithe @Rart SRy hleér 11§ Sthd dblgers may
be decided in each case in such a manner that optinum operation results are

obt ai ned. Wf hcawedagdrimviaye rdadt oroduefte ahel yetertanien, oprmtespoos caf t he
generation of ‘
heat accumulation at the hot spot can be avoided and formation of
by-products due to over oxidation reaction can be prevented, even
under high load reaction conditions, so that the intended acrolein
and acrylic acid can be obtained with high selectivity and high yield.
The productivitf can also be improved markedly, because
deterioration of the catalyst due to locally exceeded thermal load
can be prevented and the catalyst therefore can be used stably for
a prolonged period of time.

Thus, the production method of the present invention is a
markedly useful method for the production of acrolein and acrylic
acid.

_[Examples]

The present invention is described further illustratively
with reference to the following examples.

The conversion ratio, the selectivity and the yield per pass
in the present invention are defined as follows.

Propylene conversion ratio (mol %) = (mol number of reacted
propylene)/(mol number of supplied propylene) x 100

Total selectivity (mol %) = (mol number of formed acrolein

and acrylic acid)/(mol number of reacted propylene) x 100



hot spots or heat accunulation in the hot spot becones easy as the nunber

., of divided portions increases, but the object can be achieved practically
by dividing it into 2 to 3 portions. Inner dianeter of the reaction tube is

generally fromabout 15 to 50 nmm For exanple, when the inner dianeter of

reaction tube is 21 to 27 nmmin that case, it is desirable to use a

conbi nation of catalysts having a particle size of 3.5 to 8 nmm whose

activities are controlled by adjusting, the supported anount in the

catalysts to 15 to 60% by wei ght, and e calcination tenperature to 480 to

14 580[err] C. TheYpebdluamolof) net sl shmber 9f £oEMed | IRRAELBOREAF e 1Sppl i ed

to a once-through (one-pass) operati on nethﬁd or a rﬁcycling nmet hod, and

can be carr@€dd {16mn GEFDRE R SUPRS 1GR RFCRYI-EDEL et them For exanpl e,
t he reaction naékgﬁ_carried out by introducing a m xture gas consisting of

lto 1096byEVBW preferably 4 to 9% by vol unme, of propylene as the

starting ma';(%

ri 3 0 209 u preferably 4 to 18% by vol une, of
nol ecul ar o yé:gﬁ‘lflr?)ét&é] 8%‘%%§é/l\}%l)ﬁ@une@7preferabl y 4 to 50% by vol unme, of

water vapor and 2Q@nut Qgéé%é%omkwﬁ,(’pw ch8'dindl by SéYinglaums gf an

inert gas (nitrogen, carbon dioxide or the like) onto the aforenentioned
cat al yst s atofa alnfRER AN id19b@hte Shdt 0.8D5Y fr et adsiader nat pates dar 2, @f0 ml

at nospheric pressure to 10 atm and at
of distilled water which was heated and stirred.

Separately from this, an agueous solution (B) was prepared
by dissolving 302.7 g of cobalt nitrate, 162.9 g of nickel nitrate
and 145.4 g of ferric nitrate in 1,000 ml of distilled water, and
an aqueous solution (C) by dissolving 164.9 g of bismuth nitrate in
200 ml of distilled water which had been acidified by adding 25 ml
of concentrated nitric acid. The aqueous solutions (B) and (C) were
mixed, and the mixture solution was added dropwise to the aqueous
solution (A) which was vigorously stirred.

The thus formed suspension was dried using a spray dryer and
subjected to 3 hours of preliminary calcination at 440°C, thereby
obtaining 570 g of preliminarily calcined powder. Thereafter, 200
g of the preliminarily calcined powder was mixed with 10 g of
crystalline cellulose as a molding additive, and thus a mixture of
the preliminarily calcined powder and the crystalline cellulose was
obtained.

A 300 g portion of alumina carrier having an average particle
size of 3.5 mm was put into a tumbling granulator and then the just
described mixture and 90 g of 33% by weight glycerol aqueous solution

as a binder were simultaneously added thereto to effect support of



a space velocity (= material gas flow vol une/ apparent vol une of packed
scatal ysts) of 300 to 5,000 hr-'. (Effects of the Invention] According to
the present invention, run away reaction caused by the generation of hot
spot and over oxidation reaction can be avoi ded and constant operation can
be made for a prolonged period of tinme w thout enploying industrially

di sadvant ageous net hods, even under high | oad reaction conditions in which
concentration of the starting material s increased and/ or the space
velocity is increased, so that the met'od of the present invention is an
out st andi ngihe sdptureromithkodarniexrgnpherayn okt hnire park ocley hamiehdcds.
When the reaction is carried out according to the present invention by
supporti ng RPRrEeYtiatilo pfadds v weapbhelic benrefenneg to as asdider on a

carrier, calcining the resultant and then packi ng a plurality of the thus
obt ai ned c#HPPELEL NIRRT LA PRF L eEcherRNadser h- each of a plurality of

hat the cal al yoti BRI EREPRBRREH ey PPriREeRh tirien bREC idher of foRe

oL 0 o EL SS9, SR EATOURM RERI TGS AR
and format i@ @iow of air to obtain a catalyst (1). The catalyst (1) was found
to have an average particle size of 4.0 mm, and the composition of
its catalytically active components, excluding oxygen, was Mo = 12,
Bi=1.7, Ni=2.8, Fe = 1.8, Co =5.2 and K'= 0.1 in atomic ratio.
(Preparation of catalyst - 2)

A 300 g portion of the preliminarily baked powder obtained
in Preparation of catalyst - 1 was -mixed with 15 g of crystalline
cellulose as a molding additive, and thus obtained a mixture of the
preliminarily clcined powder and the crystalline cellulose was
obtained.

A 300 g portion of alumina carrier having an average particle
size of 3.5 mm was put into a tumbling granulator and then the
above-mentioned mixture and 135 g of 33% by weight glycerol agueous
solution as a binder were simultaneously added thereto to effect
support of the mixture on the carrier, thereby obtaining particles
having d supported ratio of 50% by weight.

The thus obtained active component-supported particles were
dried at room temperature for 15 hours and then calcined at 520°C
for 5 hours in the flow of air to obtain a catalyst (2). The catalyst
(2) was found to have an average particle size of 4.1 mm, and the

composition of its catalytically active components, excluding oxygen,



by- products due to over oxidation reaction can be prevented, even under
hi gh | oad reaction conditions, so that the intended acrolein and acrylic
acid can be obtained with high selectivity and high yield. The productivity
can al so be inproved markedly, because deterioration of the catalyst due to
| ocal |y exceeded thermal |oad can be prevented and the catal yst therefore
can be used stably for a prolonged period of tine. Thus, the production

met hod of the present invention is a mgykedly useful nmethod for the
production of acrolein and acrylic acid. [Exanmpl es] The present invention

i s descri be#a§ ¢ Fet2i 1Rust tati P&l § 9ithFPef r-nckOtD I-He2PIH 5nOng 10
exanpl es. The conversion ratio, the selectivity and the yield per pass in
the present 2FNER5A°are defined as fol | ows. Propyl ene conversion ratio

(mol 9% = (EggﬂgﬂggﬁgFgé%ﬁggﬁteq propyl ene)/ (nmol nunber of supplied

propyl ene) 0 ivity (mol % = (nmol nunber of fornmed acrol ein

and_acrylic act d) pamdshURBRE i Ged CAELEMLAY QRY £0£)(3) 180 padldild (!

= (ol nunber formed acroleln or acrylic aci (mol nunber of
suppl i ed prepyteis) tibd®¥ 21 mm in inner diameter and 5 m in length made of

stainless steel (SUS 304) and equipped with a thermocouple, in
respective packed layer lengths of 105 cm and 295 cm at central area
of the reaction tube starting from the starting material gas inlet
toward the ocutlet. While keeping the reaction bath temperafure at
337°C and the catalyst layer inlet pressure at 1.53 kg/cm’ G, the
reaction was carried out by passing a mixture gas consisting of 8%
by volume of propylene, 14% by volume of oxygen, 25% by volume of
water vapor and 53% by volume of nitrogen through the tube at a space
velocity of 1,860 hr™'. In this case, maximum temperatures of the
catalyst layers starting from the inlet were 388°C and 400°C,
respectively, the propylene conversion ratio was 97.1%, the acrolein
yield was'8-0.9%, the acrylic acid yield was 8.1% and the total
selectivity for acrolein and acrylic acid was 91.7%, and decrease
in reaction performance was not observed even after continuation of
the reaction for 1,000 hours or more.
Example 2
(Preparation of catalyst - 3)

A catalyst (3) was obtained in the same manner as described
in Preparation of catalyst - 1, except that the calcining temperature
was changed to 540°C. The catalyst (3) was found to have an average

particle size of 4.0 mm, and the éomposition of its catalytically



Exanple 1 (Preparation of catalyst - 1) An aqueous solution (A) was

: obtai ned by dissolving 423.8 g of ammoni um nol ybdate and 2. 02 g of
potassiumnitrate in 3,000 mM of distilled water which was heated and

stirred. Separately fromthis, an aqueous solution (B) was prepared by

di ssolving 302.7 g of cobalt nitrate, 162.9 g of nickel nitrate and 145.4 g

of ferric nitrate in 1,000 m of distilled water, and an aqueous sol ution

(© by dissolving 164.9 g of bismuth niiprate in 200 mM of distilled water

whi ch had bg {]iv%céxgrigg»c;neeql&%% )gc%r%gné%){ggegg Hl%grﬁ;egt 1A Eg =ni Y | i @Cé_(h The

agueous sol tfions an the m¥ture sol’'utton” Wwds

added dr opuirge- (10 ¢ o A0ULOUSAROLUL PN ) MBREN 4RSI gorously stirred.
r

The thus forned suspension was dried using a spray yer and subjected to 3

hours of prebkiadtaby eahst i) on at 440[err] C, thereby obtaining 570 g of
prelimnarily calcined powder. Thereafter, 200 g of the prelimnarily

cal ci ned powder walse rdifxge@meht hoddd gaghlgstest(al)| ane B Welresgadkedainod di ng
additive, and thus a m xture of the prelimnarily cal ci ned powder and the
crystal |l i nereattigrosebeast @it minniod.inAe8Gliageper tarsh So il dength cedei ef
havi ng an average particle size of 3.5 mmwas put into a tunbling
granul at or &hdainkrss cheel utIUUSHENi pedl eawipged wHd 90 thewrocypley i ght
giycerol adueous SOl i ledaFel {aHtnachf D5 un 955! o 209 1 BESRO 1O
ef fect suppdFPPBFtLve packead layer leng g _

the starting material gas inlet toward the outlet. While keeping

the reaction bath temperature at 333°C and the catalyst layer inlet

pressure at 1.17 kg/cm® G, the reaction was carried out by passing

a mixture gas consisting of 8% by volume of propylene, 14% by volume

of oxygen, 25% by volume of water vapor and 53% by volume of nitrogen

through the tube at a space velocity of 1,550 hr. 1In this case,

maximum temperatures of the catalyst layers starting from the inlet

were 401°C and 373°C, respectively, the propylene conversion ratio

was 98.1%, the acrolein yield was 81.3%, the acrylic acid yield was

8.6% and the total selectivity for acrolein and acrylic acid was 91.6%,

and decrease in reaction performance was not observed even after

continuation of the reaction for 1,000 hours or more.

Example 3

(Preparation of catalyst - 4)

A 100 g portion of the preliminarily calcined powder obtained

in Preparation of catalyst - 1 was mixed with 5 g of crystalline

cellulose as a molding additive, and thus a mixture of the

preliminarily calcined powder and the crystalline cellulose was

obtained.



17 the m xture on the carrier, thereby obtaining particles having a

: supported ratio of 40% by weight (to be referred to as active
conponent - supported particles hereinafter). The active conponent-supported
particles were dried at roomtenperature for 15 hours and then cal ci ned at
560[err]C for 5 hours in the flow of air to obtain a catalyst (1). The
catalyst (1) was found to have an average particle size of 4.0 mm and the
conposition of its catalytlcally activegconponents, excludi ng oxygen, was

Mo = 12, Bi = 1. 7 g éﬁla:lmﬁ f'a leﬁ%\na?‘ Srrjl::’e Gng( Qhe]raagegfg&%ie

ratio. (Preparatlon 0 |on oP mnarily

baked powders;Qlat 8§ g G &aErﬁP@rﬁTtbOQ ﬁ{m@&h&' dé&nula%o%%d“t%@ﬁ d Bude 9 of
crystalline cellulose as a nolding additive; and thus obtained a m'xture of

the prelin ndgcribed ikedroanders god IRepE ws% bl peeffl Alese yRAution
obtained. A 300 g portion of alumna carrier having an average particle

si ze of 3.5 ammaviaindst wené & imultaidous]ygadded ahereamdot ffedtheupport of
above-nmentioned m xture and 135 g of 33% by wei ght gl ycerol aqueous

sol ution as thehimgtrreware thenohrarsoushgrebit obtaheing parsiel¢edaviogpart of
the m xture on the carrier, thereby obtaining particles having a supported
ratio of 50954BPOREPEHEaticheft AdY RobtgiaBY- act i ve conponent - support ed

articles were
P The thus obtained active component-supported particles were

dried at room temperature for 15 hours and then calcined at 520°C
fof 5 hours in the flow of air to obtain a catalyst (4). The catalyst
(4) was found to have an average particle size of 4.3 mm, and the
compositionof its catalytically active components, excluding oxygen,
was Mo = 12, Bi =1.7, Ni = 2.8, Fe = 1.8, Co =5.2 and K = 0.1 in
atomic ratio.

(Preparation of catalyst - 5)

A 150 g portion of the preliminarily calcined powder obtained
in Preparation of catalyst - 1 was mixed with 7.5 g §f crystalline
cellulose as a molding additive, and thus a mixture of the
preliminarily calcined powder and the crystalline cellulose was
obtained.

A 300 g portion of alumina carrier having an average particle
size of 4 mm was put into a tumbling granulator and then the described
mixture and 70 g of 33% by weight glycerol aqueous solution as a binder

were simultaneously added thereto to effect support of the mixture
on the carrier, thereby obtaining particles having a supported ratio
of 33% by weight.

The thus obtained active component-supported particles were



dried at roomtenperature for 15 hours and then calcined at 520[err]C for 5
shours in the flow of air to obtain a catalyst (2). The catalyst (2) was
found to have an average particle size of 4.1 mm and the conposition of
its catalytically activeconponents, excluding oxygen, 18 was Mo = 12, Bi
=1.7, Nl =2.8 Fe =1.8, Co=5.2and K=0.1in atomc ratio. (Oxidation
reaction) The aforenentioned catalysts (1) and (2) were packed in a
reaction tube of 21 mmin inner dianetar and 5 min | ength nade of

acked | ayef TEhgineal YOBAracans BES 18 bl Al EREDABAE LT As"REEK: | on

tube starti @Grfsr%ﬁshﬁn%%%rfldwof@tlﬁrﬂoaéb%%é@%@él% ﬂ thge @ fcgf,} Wi e
keeping the reaction bath tenperature at 337/[err] nd 't he cata yst ﬁayer

inlet pressys¢ wis ¥obdaked aaver ah dserbfe poAGIdiIeNs IS (T4 b &fh,04hdPihe
passing a m xture gas consisting of 8% by volunme of propylene, 14% by

vol une of oxpuees it2Bbdiyiotats yaficabl pacvipocompuhend s kycvad ilgFosigen,
nitrogen through the tube at a space velocity of 1,860 hr-1. In this case,
maxi mum t enpépafred 2ofBl Ite ledt Ay st 2| fy dles=st & iCrg=f5 @mantieX im0l ivere
388[err]C and 400[err] C, respectively, the propylene conversion ratio was
97.1% the é&P’BF‘éthﬁoel d was 80.9% the acrylic acid yield was 8.1% and

the total (Preparation of catalyst - 6)

A 200 g portion of the preliminarily calcined powder obtained
in Preparation of catalyst - 1 was mixed with 10 g of crystalline
cellulose as a molding additive, and thus a mixture of the
preliminarily calcined powder and crystalline cellulose was
obtained.

A 300 g portion of alumina carrier having an average particle
size of 4 mm was put into a tumbling granulator and then the described
mixture and 90 g of 33% by weight glycerol aqueous solution as a binder
were simultaneously added thereto to effect 'support of the mixture
on the carrier, thereby obtaining particles having a supported ratio
of 40% by weight.

The thus obtained active component-supported particles were
dried at room temperature for 15 hours and then calcined at 520°C
for 5 hours in the flow of air to obtain a catalyst (6). The catalyst
(6) was found to have an average particle size of 4.5 mm, and the
composition of its catalytically active components, excluding oxygen,
was Mo =12, Bi = 1.7, Ni = 2.8, Fe = 1.8, Co =5.2 and K = 0.1 in
atomic ratio.

(Oxidation reaction)



selectivity for acrolein and acrylic acid was 91. 7% and decrease in
*reaction performance was not observed even after continuation of the
reaction for 1,000 hours or nore. Exanple 2 (Preparation of catalyst - 3) A
catal yst (3) was obtained in the sanme nanner as described in Preparation of
catalyst - 1, except that the calcining tenperature was changed to
540[err]C. The catalyst (3) was found to have an average particle size of

4.0 mm and the conposition of its cagalytically 19 active conponents,
excl udi ng oxygen,,wa

=12, B = 1.7 N , =238 Fe 518 Co z 5.2 d K
5 1 i n atom o TRE BEOEAEEPREh PEAMFEN “ind H BFE E: Pre FoeBedifhr o
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starting fromthe starting material gas inlet toward the outlet. Vhi T e

keepi ng t hergspretios pagkbdieyperiaindgtisaf BEBEAY r1jo0 @imdnd s ocat stystidqayer

inlet pressure at 1.17 kg/cnferr] G the reaction was carried out by

passi ng a nfranuthe gbarttiognatterigl ghsdflley toehndthefoutlepyl While kdéping

vol une of oxygen, 25% by vol une of water vapor and 53% by vol une of

ni t rogen the reaction bath temperature at 334°C and the catalyst layer inlet
pressure at 1.35 kg/cm® G,- the reaction was carried out by passing
a mixture gas consisting of 7% by volume of propylene, 13% by volume
of oxygen, 10% by volume of water vapor and 70% by volume of nitrogen
through the tube at a space velocity of 1,800 hr?. In this case,
maximum temperatures of the catalyst layers starting from the inlet
were 404°C, 385°C and 352°C, respectively, the propylene conversion
ratiowas 96.6%, the acrolein yield was 84.2%, the acrylic acid yield
was 6.2% and the total selectivity for acrolein and acrylic acid was
93.6%, and decrease in reaction performance was not observed even
after continuation of the reaction for 1,000 hours or more.
Example 4

The reaction was carried out in the same manner as described

in Example 3, except that the space velocity was changed to 1,500
hr?, the reaction bath temperature to 332°C and the catalyst layer
inlet pressure to 1.1 kg/cm? G. In this case, maximum temperatures
of the catalyst layers were 398°C, 381°C and 350°C, respectively, the
propylene conversion ratio was 96.4%, the acrolein yield was 84.3%,
the acrylic acid yield was 6.0% and the total selectivity for acrolein

and acrylic acid was 93.6%, and decrease in the reaction results was

not observed even after continuation of the reaction for 1,000 hours



t hrough the tube at a space velocity of 1,550 hrerr]. In this case,

‘maxi mum t enperatures of the catal yst layers starting fromthe inlet were
401[err] C and 373[err]C, respectively, the propyl ene conversion ratio was
98.1% the acrolein yield was 81.3% the acrylic acid yield was 8. 6% and
the total selectivity for acrolein and acrylic acid was 91. 6% and decrease
I n reaction perfornance was not observed even after continuation of the
reaction for 1,000 hours or nore. Exad®le 3 (Preparation of catalyst - 4) A
100 g portiqp OL the prelimnarily cal cined powder obtained in Preparation

of catal yst°% s mxed with 5 g of crystalline cellulose as a nol ding
additive, %ﬁgssa m xture of the prelimnarily calcined powler and the
crystal line ceffl'ul ose was obt ai ned. 20 A 300 g portion of alumna

carrier hav{mpgga@y&gqﬁecggg%g,ge_ giyze of 4 nmwas put into a tunbling
granul ator and then the just escribéd m xture and 45 g of 33% by wei ght

gl ycerol aqueous 0b0lg poreforfobithdgirettfenst iy taremed pordbiesbidiereat o to
ef fect support of the mxture on the carrier, thereby obtaining particles

havi ng a sujparepdratiom off cabhyt wel ghds mikedtwith bt qiokdrgstalidne
conponent - supported particles were
cellulose as a molding additive, and thus a mixture of the
preliminarily calcined powder and the crystalline cellulose was
obtained.

A 300 g portion of alumina carrier having én average particle
size of 4 mm was put into a tumbling granulator and then the described
mixture and 90 g of 33% by weight glycerol aqueous solution as a binder
were simultaneously added thereto to effect support of the mixture
on the carrier, thereby obtaining particles having a supported ratio
of 40% by weight.

The thus obtained active component-supported particles were
dried at room femperature for 15 hours and then calcined at 550°C
for 5 hours in the flow of air to obtain a catalyst (7). The catalyst
(7) was found to have an average particle size of 4.5 mm, and the
cbmpos itionof its éatalytically active components, excluding oxygen,
was Mo =12, Bi=1.7, N1 =2.8, Fe= 1.8, Co =5.2 and K = 0.1 in
atomic ratio.

(Oxidation reaction)

The aforementioned catalysts (7) and (6) were packed in a
reaction tube of 21 mm in inner diameter and 5 m in length made of
stainless steel (SUS 304) and equipped with a thermocouple, in

respective packed layer lengths of 105 cm and 295 cm starting from



dried at roomtenperature for 15 hours and then calcined at 520[err]C for 5
. hours in the flow of air to obtain a catalyst (4). The catalyst (4) was
found to have an average particle size of 4.3 mm and the conposition of
its catalytically active conponents, excluding oxygen, was M = 12, Bi =
1.7, Nl = 2.8, Fe = 1.8, Co =5.2 and K=0.1 in atomc ratio. (Preparation
of catalyst - 5) A 150 g portion of the prelimnarily cal ci ned powder

obtained in Preparation of catalyst - was mixed with 7.5 g of crystalllne
cellul ose a I LY u r h
cal ci ned poﬁu%ré%ngkﬁﬁe&%%ré ?%eqq\&t&@l g Vg%lea \)f\"/tgg % ‘?Iaeiéne B%é%ﬁ{gortl on

of alum na eak gkt NGy ! éﬁg’,ﬁe nﬁ}é‘x‘:" ggfe RA' §38¢Cad £8eWUathl ggg VB eUinldtt O @

tunbl i ng granulator an escribed m xture and 7 of" 33% by

wei ght gl ycgr&isia@UaeUs. BI0kyy&fMGastie ReBdeionehe Sriildiaseous) yassiry
thereto to effect support of the m xture on the carrier, thereby obt ai ni ng

particl es hawid@usesjaxposnsibtriatl of 6k tﬁB%hynmefqiﬁopbeaeI h4s mbtralumed
active conponent-supported particles were 21 dried at roomtenperature
for 15 hour of amygehe 2 Séaby vodame b f3&( ey v4porf and 53hduyr volume o nfiksogest ai r
to obtain a catalyst (5). The catal yst" )
through the tube at a space velocity of 1,860 hr'. In this case,
maximum temperatures of the catalyst layers starting from the inlet
were 406°C and 397°C, respectively, the propylene conversion ratio
was 97.4%, the acrolein yield was 79.9%, the acrylic acid yield was
8.9% and the total selectivity for acrolein and acrylic acid was 91.2%,
and decrease in reaction performance was not observed even after

continuation of the reaction for 1,000 hours or more.



(5) was found to have an average particle size of 4.5 mm and the
- conposi tion of its catalytically active conponents, excluding oxygen, was

M = 127 B—=1% 7 N—=28, Fe = 1.8, Co =5.2 and K=0.11in atomc
ratio. ( | talyst - 6) A 200 g portion of the prelimnarily
cal ci nedU ﬂLﬂWﬂMBml n Preparation of catalyst - 1 was mxed with 10 g
of cryst wl Uls as a nolding additive, and thus a m xture of the

prelimnarily cal ci ned powder and crystalline cellul ose was obtai ned. A 300
g portion of alumna carrier having anpgverage par i size of 4 nm was

put into a tunbling granulator and then the descri Jﬂjsrjg)g 4 -Q0. g of
33% by wei ghtyglycerol aqueous sol ution as a binde \/vere;;t'%‘&;IIIE f‘ HEEM |y
added thereto to effect support of the m xture on ' '—th_her by

obtaining particles having a supported ratio of 40% by wei ght. hus
obt ai ned active conponent-supported particles were dried at room

tenperature for 13.howdthodnbrt hrestivedhgiadedléin ardbery] {e 461d by kaviging the
flow of air to obtain a catalyst (6). The catalyst (6) was found to have an

aver age par out| vapirz phabedcdahyt ianok idat ioonpd pricpydenéd with amalatyldrcal |y
active conponents, excluding oxygen, was Mo = 12, Bi = 1.7, N = 2.8, Fe =
1.8, Co = S50XYdAd & 2 gas ¢ontRisang melkdcylag Gxypan vaingatfiixeyl bed

multitubular reactor, which comprises
a) using a plurality of supported catalysts having different
activities, which carry a powder that contains catalytically active
components having a composition represented by the following fonﬁula
Mo,Bi,Ni Co,Fe,Y Z,0,
wherein Mo, Bi, Ni, Co and Fe represent molybdenum, bismuth, nickel,
cobalt and iron, respectively, Y is at least one element selected
from the group of tin, zinc, tungsten, chromium, manganese, magnesium,
antimony and titanium, % is at least one element selected from the
group of potassium,.rubidium, thallium and cesium, and a, b, ¢, 4,
£, g, h and x represent the number of éfoms of'moiybdenﬁm, bismuth,
nickel, cobalt, iron respectively, Y, 2 and oxygen, a = 12, b = 0.1
to 7, c+d=0.5t020, £f=0.5t08, g=0to2, h=0to1l and
X isl determined by the oxidized condition of each element,
b) setting a catalyst layer in a reaction tube, which is formed by
dividing it into plural portions in the tube axial direction,. and
c) arranging the aforementioned plural supported catalysts in such
a manner that the activity becomes high toward the outlet from the

inlet of the material gas in the reaction tube axial direction.
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22" The af or enent i oned—catal ysts (4), (5) and (6) were packed in a reaction
. tube oym iameter and 5 min |ength made of stainless steel
(SUs 3 mm mg i-th a thernocouple, in respective packed Iayer

| engt hs “of €100 cm m and 150 cm starting front hestg@ -

inlettoward theoutlet. While keeping the reaction bath § Bmpe
334[err]C and the catal yst layer inlet pressure at 1.35 kg/crﬁEBLﬁ _
reaction was carried out by passing aZ?thure gas consi Ng of /% by

vol ume of propyl ene, 13% by vol une of ygen, 10% by vol une of water vapor
and 70% by vol unme of nitrogen through the tube at a space velocity of 1,800
hr-1. In this case, THEXithodt £rguidahyr&s cbh ih lewhateiy thel catarlysss ame ng
fromthe inlet were 404[err]C, 385 err]C and 352[err]C, respectively, the
propyl ene ocmsadewlsosmactivitywis cofit 58} leadiey aeans efbyythée supperiea aggunthe
acrylic acid yield was 6.2%and the total selectivity for acrolein and
acrylic aciof whe pewdsy that centadasecataldeniby) asariver aamPrAnenis - ighen

observed even after continuation of the reaction for, 1,000 hours or re
Exanpl e 4 THe e SUPPOFLShONCArFadegut andY thkhe FRIGHRALAPD a%r%fé?glePF

Ex le 3, h h I d 500 h
reacti on bathe p%a@%ri%taﬁte%pi 355 SR PLvtlee i, SOEPA Soplolont® affer 1t d
pressure to, & J %%]th% Eggg%%s case, maxi mum tenperatures of the

catal yst | ayers err]C and 350[err]C, respectively, the

3. The method according to ‘claim 1 or 2 wherein the plural
catalysts to be used have the same composition of catalytically active

components .

4. The method according to any one of claims 1 to 3 wherein

the carrier of the plural catalysts to be used is the same.

5. The method according to any one of claims 1 to 4 wherein
the powder that contains catalytically active components further

contains a molding additives and/or a strength improving agent.

6. The method according to any one of claims 1 to 5 wherein
it uses a catalyst in which particle size of the catalyst is 3.5 to
16 mm, the amount of the catalytically active component—containihg
powder to be supported on the carrier is 10 to 60% by weight
(catalytically active components/(catalytically active components
+ carrier + strength improving agent (optional component)), and the

calcination temperature of the catalytically active component-

_—
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pfbpyTene conversion ratio was 96.496'the acrolein yield was 84.3% the

racryli [ 1 6. 0% and the total selectivity for acrol ein_and
acryl |H!WI Ilmn n and decrease in the reaction gee TS BREN |

observed ewvert afft e cdntinuation of the reaction for
nore. Exanple 5 (Preparation of catalyst - 7) A 200 ¢
prelimnarily cal ci ned powder obtained in Preparatio
m xed with 10 g of crystalline cellulose as a nolding additive, and thus a
m xture of the prelinminarily calcined2@owder and the crystalline cellul ose
was obt ai nEPNEALRIRG POWERE | dte3t 15 L SHPPORERT efs Hali FY %P Querage particle
size of 4 nmwas put into a tunbling granul ator and then the descri bed

m xture and 90 g of 33% by wei ght gl ycerol aqueous solution as a binder
were simultaneously added thereto to effect support of the m xture on the
carrier, thereby obtaining particles having a supported ratio of 40% by

wei ght. The thus obtai ned active conponent-supported particles were dried
at roomtenperature for 15 hours and then calcined at 550[err]C for 5 hours
inthe flow of air to obtain a catalyst (7). The catal yst

This Sheet Has Been Replaced




L¥) was found to have an average particle size of 4.5 nm and the
s.conposition of its catalytically active conponents, excludi ng oxygen, was
M =12, Bi = 1.7, NN = 2.8, Fe =1.8, C =5.2and K=0.1in atomc
ratio. (oxidation reaction) The aforenentioned cat h¥@s Eg? d wer e
packed in a reaction tube of 21 mmin inner di arret{r n%&mﬁ ?éﬁﬁ%th made
of stainless steel (SUS 304) and equi pped with a thermcOrlf Lo
respective packed |layer |engths of 105 cggand 295 cmstarting from = 24
the starting material _gas inlet toward the outlet. i i t he
reaction bath MERPEPFOR Bt PROGPEFIPE %&W@‘%Qt%s‘{&?‘é&ﬁw#et
pressure at 1.81 kg/cnferr] G the reaction was carried out by passing a

m xture gas consisting of 8% by vol ubeSTRAGH opyl ene, 14% by vol ume of
oxygen, 25% by vol une of water vapor and 53% by vol une of nitrogen through
the tube at a space velocity . of 1. 86 r-1. lo this.ca I mum

t enper at ures of the Caf 5?‘93 I%}}“gFgocgttjéFtéﬁaghf‘ ?%n%f? ﬁéleﬁlﬁye?%\)ééggmfogferr] C
and 397[ eptldieihesREaEiMELYacildhgy waepyir@nsu@%};s@f PhaBe [RAlkhByt4RSo:difat¥én t he
acrolein yield was 79.9% the acrylic acid yield was 8.9% and t het ot al

sel ecti vi ¥ fropydene| aha mettoddioy| the poodima o) bf28¢rodrin dadraaybic acid,

reacti on perfornmance was not observed even_after continuation of the,
reaction f#Bich isophargareriged (Ryy using a plurality of supported catalysts having

different activities, preparéd by controlling the supported amount of a powder

that contains catalytically active components to be supported (coated) on
an inert carrier and/or calcination temperature and calcination time of the

catalysts.

R
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CLAL M5; -produci ng acrol ein and acrylic acid by %’MWWE@
out” vapo oxi dation of propylene with nol ecul ar oxyge
gas contH mq@ B’ﬁoxygen using a fixed bed nultitubul ar reactor,
whi ch conprises a plurali2zs of supported catalysts havi ng
different activiti es which carry a powder that contains catalytically

active conponents haV| ng a conposition represented by the follow ng

formula Mo[efaisterr]Ni[err]Cerr]Fe[err]Y[err]Z[err]Jerr] wherein M,
Bi, Ni, Co and Fe represent nolybdenum bisnmuth, nickel, cobalt and iron,

respectively, Y is at |least one elenent select ed from the group of tin,
zi nc, tungsien, Bhmethod fomngandseingngoeeiledn and moemylded adidamyum Z is

at |east ong afL9iR g\ S de%sg fréﬁmdéé‘ecgeamgtﬁzé RALRESIR bEDIghlrene

thal I i um ang®> ce X represent t er of
at ons of rmwbhema;ecml@mtwygmk@r acafaﬁtcom%nmgp@@@w Lar Yoxygemd

oxygen, a=lggiR50alfiQed b@dfmﬂltlguﬁuﬂarzQeaEtorQ @hh@hﬁcd%prﬂééé’z h =
Oto 1 and X IS determ ned OXi conditio and
in which pa®licl B8iPge & tﬂiuﬁﬁféﬁ/’st 9 ?‘?Q%ﬂlﬁ agﬁgyﬁ%unt %‘?”ﬂfﬁe
. catal ytical §yrastrere coopDnbtPies, which carry a powder that contains
catalytically active components having a composition
represented by the following formula

Mo,Bi,Ni CosFe Y, Z,0,
wherein Mo, Bi, Ni, Co and Fe represent molybdenum, bismuth,
nickel, cobalt and iron, respectively, Y is at least one
element selected from the group of tin, =zinc, tungsten,
chromium, manganese, magnesiﬁm, antimony and titanium, Z is
at least one element selected from the group of potassium,
rubidium, thallium and cesium, and a, b, ¢, 4, £, g, h and x
represent the number of atoms of molybdenum, bismuth,
nickel, cdbalt, iron respectively, Y, Z and oxygen, a=12,
b=0.1 to 7, ¢ + d = 0.5 to 20, £ = 0.5 to 8, g =0 to 2, h =
0 to 1 and x is determined by the oxidized condition of each
element, and in which particle size of the catalyst is 3.5
to 16 mm, the amount of the catalytically active component-
containing powder to be supported on the carrier is 10 to 60
% by weight (catalytically active components/(catalytically
active components + carrier + strength improving agent
(optional component), and the calcination temperature of the
catalytically active component-containing powder after it is
supported is 450 to 650 ( C)
b) setting a catalyst layer in a reaction tube, which is
formed by dividing it into plural portions in the tube axial
direction, and
¢) arranging the aforementloned plural supported catalysts
in such a manner that the activity becomes high toward the
outlet from the inlet of the material gas in the reaction

tube axial direction.
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cont ai ni ng powder to be supported on the carrier is 10 to 60.% by wei ght
(catalyt l‘ Eﬂ“ponents/(catalytlcalIy active conponents + carrier
+ strengumlmnm ﬂm t (optional conponent), and the cal cination
tenperature bf the cdtal'ytically active conponent-contai ni ng powder after
it is supported is 450 to 650 ( C) b) setting a catalyst layer in a
reaction tube, which is forned by dividing it into plural portions in the
tube axial direction, and c) arranging the aforenentioned plural supported
catal ysts in such a manner that the activity becones high toward the outl et
fromthe inlet of the material gas in the reaction tube axial direction.

26 2. The met hod according to clai?bl wherein the plural catalysts to be
used have the sane conposition of catalytically active conponents. 3. The
met hod according to claim 1 to 2 wherein the carrier of the plural

catal ysts to be used is the sane. 4. The nethod according to any one of the
claims 1 to 3 wherein the powder that contains catalytically active
conmponents $urt h'Ehecd‘Fﬁté??Fg acrerding abai (§iasn g/ Bherein® the plural

catalysts to be used have the same composition of
catalytically active components.

3. The method according to claim 1 to 2 wherein the
carrier of the plural catalysts to be used is the same.

4. The method according to any one of the claims 1 to 3
wherein the powder that contains catalytically active
components further contains a molding additives and/or
a strength improving agent, |
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METHOD FOR THE ' PRODUCTION OF ACROLEIN AND ACRYLIC ACID

ABSTRACT

There is provided a method for the high efficiency production of
acrolein and acrylic acid by carrying out vapor phase catalytic oxidation
of propylene. The method for the prdduction of acrolein and acrylic acid,
which is characterized by using a plurality of supported catalysts having
different activities, preparéd by controlling the supported amount of a powder
that contains catalytically active components to be supported (coated) on

an inert carrier and/or calcination temperature and calcination time of the

catalysts.
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