PROCESS FOR PRODUCTI ON OF ACRYLI C ACI D
I nvention relates to a process for 5 production of acrylic acid by
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made in, for example, Japanese Patent Publication No.
26287/1969, Japanese Patent Application Kokai (Laid-
Open) No. 8360/1972, Japanese Patent Publication No.
43917/1978 and Japanese Patent Application Kokai (Laid-
Open) No. 218334/1991. Some of the catalysts proposed
in these literatures can produce acrylic acid at a
fairly high yield viewed from the industrial standpoint,
and some of them are in actual use in acrylic acid pro-
duction by direct oxidation of propylene. In industrial
production of acrylic acid with these catalysts, howev-
er, there are various problems. One of the probliems is
generation of high-temperature portions (hereinafter
referred to as hot spots) in catalyst layer. In indus-
try, it is required to increase the productivity of
acrylic acid and, to achieve it, increased concentration

or increased space velocity of reaction gas (raw materi-

‘al) is employed generally. The increased acrolein con-—

ceéntration is advantageous in plant and equipment in-
vestment and operating cost (e.g. electric power ex-
pense) but has the following problems. That is, the
heat of reaction generated is larger; it generates hot
spots in the catalyst layer and gives rise to excessive
oxidation: as a result, the catalyst used is thermally
deteriorated and, in the worst case, run-away may be

brought about.
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heat of reaction generated is larger; it generates hot spots in the
catal yst layer and gives rise to excessive oxi dation; as a result, the
cdtal yst used is thermally 35 deteriorated and, in the worst case, run-away
may be br ought about .

Hence, prior arts were nmade in order to keep t he tenperatures of hot
spots lower. For exanple, Japanese Patent Publication No. 30688/ 1978
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gas- phase cata I C OXi ion ecul ar
approach, the inert substance as d11uent should be uni-

formly mixed with said catalyst portion, requiring much
effort and, moreover, it is difficult to fill a uniform

16 mixture into a reactor tube; thus, the approach is not
satisfactory. Meanwhile, in the latter approach, pro-
duction of catalysts is complicated and sufficient care
must be taken to fil1l a plurality of catalysts in a
right order.

20 Therefore, the object of the present invention
Ties in solving the problems of the prior art and pro-
viding a process for producing acrylic acid efficiently
by subjecting acrolein or an acrolein-containing gas to
gas—-phase catalytic oxidation with molecular oxygen or a

25 molecular-oxygen-containing gas.

More particularly, the object of the present
invention lies in providing a process for producing
acrylic acid by subjecting acrolein or an acrolein-con-
taining gas to gas-phase catalytic oxidation with molec-

30 wular oxygen or a molecular-oxygen-containing gas, in
which proéess the generation of hot spots or the build-
up of heat in hot spots is suppressed even under the
high-load reaction conditions and consequently acrylic
acid can be produced at a high productivity and, more-

35 over, catalyst 1ife can be extended.

Up to the completion of the present invention,



25 nbl ecul ar - oxygen-cont ai ni ng gas. More particularly, the
obj ect of the present i nvention lies in providing a process for

produci ng acrylic acid by subjecting acrolein or an acrol ein-con-
taining gas to gas-phase catalytic oxidation with nolec- 30 ular oxygen or
a nol ecul ar- oxygen-contai ning gas, in Bhi ch process the generation of
hot spots or the build- up of heat in hot spots is suppressed even under
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in the axial direction of the tube in such a manner that
the volume of catalyst particle becomes smaller as the
position of catalyst layer changes from the raw material

15 gas inlet side of the tube to the raw material gas
outlet side, the above-mentioned object of the present
invention can be attained.

According to the present invention there is
provided a process for producing acrylic acid by sub-

20 jecting acrolein or an acrolein-containing gas to gas-
phase catalytic oxidation with molecular oxygen or a
molecular oxygen—containing gas in a fixed bed multi-
tubular reactor, in which process two or more kinds of
catalyst particles of different volumes are filled in

25 each reactor tube so as to form a plurality of catalyst
Tayers in the axial direction of the tube in such a
manner that the volume of catalyst particle becomes
smaller as the position of catalyst 1ayer changes from
the raw material gas inlet side of the tube to the raw

30 material gas outlet side, each catalyst particle com-
prising, as the active component, a compound oxide
represented by the following general formula:

M°thWcAdBechg°n

35

wherein Mo is molybdenum; V 1is vanadium; W is tungsten;



According to the present invention there is provi ded a process for
produci ng acrylic acid by sub- 20 jecting acrolein or an

acrol ein-containing gas to gas- phase catal ytic oxidation with

nol ecul ar oxygen or a nol ecul ar oxygen-containing gas in a fixed bed
mul ti - tubul ar reactor, in which procegs two or nore Kkinds of

catal yst particles of different vol unes are fiIIed in 25 each reactor tube
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invention is acrolein or an acrolein-containing gas. As-

the acrolein or acrolein-containing gas, there can be

used, for example, (1) an acrolein-containing gas ob-

15 tained by catalytic gas-phase oxidation of propylene and

{2) acrolein separated from said gas, which may contain,

as necessary, oxygen, steam and/or other gases.

The active component contained in the catalyst
particles used in the present invention is a compound

20 oxide represented by the above-mentioned general formu-
Ta, preferably a compound oxide of the general formula
wherein when a is 12, 32 b= 10, 0.1 ¢c= 10, 0O0s d= 4,
0.1 e< 5, 0s f< 2.5 and 0= g< 8 (h is a value deter-
mined by the oxidation states of the elements Mo, V, W,

25 A, B, C and D).

The catalyst particles used in the present
invention can be produced by any of various processes
ordinarily used in production of such catalyst parti-
cles. The starting materials used in production of the

30 catalyst particles are not particularly restricted and
can be the ordinarily used ammonium salts, nitrates,
sulfates, hydroxides, oxides, etc. of Mo, V, W, A, B, C
and D. Compounds each containing different kinds of
metals may be used. The catalyst particles of active

35 component-on-inert carrier type can also be used. Spe-

cific examples of the carrier used are a-alumina, sili-



10 oXidation states of the el ements other than oxygen. The
starting material used in the present I nvention is acrolein or an

ac¢rol ein-containing gas. As the acrol ein or acrolein-containing gas,
there can be used, for exanple, (1) an acrolein-c¢ontaining gas ob- 15
tai ned by catal ytic gas-phase oxidation of propyl ene and (2) acrolein
separated from said gas, which may contai n, as necessary, oxygen, steam
and/ or ot her gases The ,active .conponent contained.in the
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conmponent 4gn- erf%tctsarrenlyebyt yﬂaem&@ alﬁp tthe W@l y@ie-1ayer Qirkiazt@eanpl es
of the carrier ﬁ% Iunlna con arblde
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silica-alum ngeachsrt @ublg catalyst particles heat-treated at a
temperature higher by 5-30C , preferably 10~-20C than
that of the catalyst particles filled in the following

15 catalyst layer downstream of the above catalyst layer.
As to the shape of the catalyst particles,
there is no particular restriction. The shape may be
any of spherical shape, columnar (pellet-like} shape,
ring shape, indefinite shape, etc. The spherical shape
20 need not be a truly spherical shape and may be a sub-
stantially spherical shape. The same applies to the
columnar shape and the ring shape. As to the dimension
(size) of each catalyst particle, the ratio (D/d) of the
inner diameter (D) of each reactor tube {(in which each
25 catalyst particle is filled) to the diameter (d) of each
catalyst particle is desirably 2/1 to 15/1, preferably
2.5/1 to 10/1. Herein, the diameter of catalyst parti-
cle refers to diameter of particle {in the case of
spherical catalyst particle), diameter of column (in the
30 case of columnar or ring-shaped catalyst particlie), or
T1ongest d{stance of arbitrarily selected two ends (in
the case of catalyst particle of any other shape). In
the cotumnar or ring-shaped catalyst particle, it is
preferable to select the particle length so as to have a
35 particle length/particle diameter ratio of 0.3/1 to 3/1,
for the productional or application reasons. The inner



heat-treatment tenperature enployed in catal yst parti - cl es production
(i..e. firing tenperature), there is no 5 particular restriction. The

héat -treat ment tenperatures of the catalyst particles filled in
di fferent catal yst | ayers (reaction zones) nmay be the sane or
different. In the present invention, gowever, generation of hot

spots or heat build-up in hot spots can be suppressed 10 effectively by
filling, int Ly | aye ke ' o] cl,@s . the snaw
materi ol gas DAFREter IDY, B TeabhCRERL Ry, tunkolEhaci 8 EREiEREITC 1B
heat-treated &0 am, predepabdyul8-HDghar bis®- 8f[ catplys tprairdriziiles
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cat al yst partﬁ?%ﬁe@i é?¥e8%h§£n5p398ﬁra#ped. %9? ﬁﬁkagnirnﬂpb%%“g'ShaDEd
catal yst particle, It is preferable to select the particle lTength so as
to have a 35 paesducee HémgtNapiages| sudhanst compieixd tof of. Sataflysy/ 1,

for the pygdugihpPal Qha2PRL! $7kbONthEREPBRe, THR 1RAGEtrially desir-
able number is about 2-6.

In the present invention, there are prepared
two or more kinds of catalyst particles of different
volumes, whose active component is a compound oxide

20 represented by the above-mentioned general formula.
These catalyst particles are filied in each reactor tube
s0 as to form a plurality of catalyst layers (reaction
zones) in the axial direction of the tube in such a
manner that the volume of catalyst particle becomes

25 smaller as the position of catalyst 1ayer changes from
the raw material gas inlet side of the tube to the raw
material gas outlet side. That is, in the present
invention, in each reactor tube, a catalyst layer filled
with catalyst particles of largest volume must be formed

30 closest to the raw material gas inlet and a catalyst
1ayer filled with catalyst particles of smallest volume
must be formed closest to the raw material gas outlet
and, as the position of catalyst laver changes from the
raw material gas inlet side to the raw material gas

35 outlet side, the volume of catalyst particlie must become
smaller.



6 * diameter (D) of each reactor tube used is desirably 10- 50 mm

preferably 15-40 mm Use of catal yst particles havi ng a | arger dianeter
(d) in the above-nentioned range of D/d gives a snaller pressure
resistance in 5 catalyst |ayer and thereby an energy necessary for

I ntroduction of raw material gas into reagtor tube can be nade snmall er
In the present invention, there is used a fixed bed multitubul ar

reactor wherein each re§%tqh Fggskgt ha% e ¢! %rakh%y¢%ﬁdﬁ?: aleytadavers
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conpl exity of catal the [ efore in ustrlally
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| nvention, gt hg ‘iuﬁ{? l%e%r e%atmg&‘t"g%rrt%ﬁ%sk'a%% tqjarqmtf‘ls)é 3‘ icles
of different whose activ onent a conpound oxi de
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?Z\?\/ f’rgt Lf.t Al t 13 W%ekhghléo%tt 299 sQf p%"i’-ttﬁ"cﬁt 152%E o AW LR TYL he
gas inl et raw mater gas
obtained by molding an active component into a definite

15 or indefinite shape, the volume of the molded catalyst
is the volume of catalyst particle according to the
present invention. When the catalyst particle 1is a
supported catalyst comprising an active component and a
carrier supporting the active component, the volume of

20 the supported catalyst is the volume of catalyst parti-
tle according to the present invention.

In the present invention, it is desirable that
the catalyst particles filled in one catalyst Tayer
{reaction zone) have substantially the same volume.

256 Therefore, when catalyst particies having substantially
the same volume are filled in one catalyst layer, the
volume of catalyst particle or average volume of cata-
lyst particles in one catalyst Tayer can be expressed by
the volume of any one catalyst particle used in the

30 catalyst layer.

‘In the present invention, it is also desirable
that the ratio of the voiume of catalyst particle in one
catalyst layer (reaction zone) to the volume of catalyst
particle in the following catalyst layer downstream of

35 the former catalyst layer is controlled to be 1.2/1 to
27/1, preferably 1.5/1 to 24/1, for the prevention of



35 out'l et side, the volunme of catalyst particle nust becone smal | er.

7 . In the present invention, the volune of cata- | yst
pafticle refers to an average of the volunes of the catal yst particles
filled in one catal yst |ayer (reac- tion zone). It is, for convenience,
an average of the 5 volunes of ten catalg/st particles arbitrarily

sel ected fromthe catal yst particles filled in one catal yst | ayer.

In the case of 1.0 talyst particles, e.q. rgng-s ed. cat al yst
particles, tmgéﬁﬂtﬂgﬁﬁéz pibﬁ @@£ sp°€ﬂea%dﬁ?BLra%f %gr??ggggfgethe vol unme
of catal yst pareactildncl éNlmerotite ngotumé heabi estntsmaveati dhanl n. 2)ie, case
of spheri 0 olumar catal yst particle he yol u of at al yst
particle can BtZAede{fef?ﬁﬁe%l by o1 i %’éﬁ ycp'éa'f'%ﬁ? a'fs'“";s ?%oﬁ?gewgﬁtt ﬁ@riét_al yst
particle is aobésledf cdi Bfeysént vobinhes ntsl trysubf e hgntp &at bveeeotponent
into a defignit 5 or_in inite shape .the volu of the nolded catal yst
Is the vol u§r1re ogl?t]a(;ar{ af yss‘?’g{)}i 1[?%,? eeﬁf:)%%F d‘?’h*gh 129 he? Vo{]ﬁﬂ'ﬁsgﬁf‘?nvgﬁfi on.
When t he cat alnpstbgrardf cdet abyst laysrppoud edbeal s y&t, coapihgi Mg an active
conponent and &

CoTPorert are lpasnfy SRR A AER e AL GO roRbro REpg8' U ©f
accordi ng to tdief fasresentin neend iomd requiring largd n 1diso pr esenfiinyegti on,
ayer o (redtt g aons TR ES TR aAPRRnYT [e net o uFETuss BakTer ore,
when cat altst ipartdrges trean naf Supstleentéetfdgt of ddiengatwoverunerare filled
i/(r;l 322 g?t 2;%/3{1' nla%yeorf (;[aqeﬂyst Vpoérl‘J{T'Pc‘loés Co aé'%_sgerpear% I\% ugés a¥grage _
insufficient, either; consequently, there arise 1inconve-
niences, for example, the length of the catalyst layer
closest to the raw material gas inlet of reactor tube
15 becomes very long, or the catalyst particles in the
catalyst Tayer closest to the raw material gas outlet of
reactor tube become very small, making large the pres-
sure resistance in catalyst layer.
The 1ength of each of the catalyst layers
20 (reaction zones) formed in each reactor tube in the
axial direction of the tube can be appropriately deter-
mined so that the catalyst particles produced as men-
tioned above can exhibit the effect to the maximum
extent. The length of the catalyst layer (wherein the
25 catalyst particles of largest volume) closest to the raw
material gas inlet of reactor tube is generally 10-80%,
preferably 15-70% of the total length of all catalyst
Tayers.
In the present invention, two or more kinds of
30 catalyst particles of different volumes filled in a
p1ura1ity'of catalyst layers (reaction zones) may con-
tain the same or different active components. Even when
different active components are contained in different
kinds of catalyst particles, the temperature of hot
35 spots can be kept lower by using two or more kinds of
catalyst particles of different volumes, whereby the



| yst particles in one catalyst |ayer can be expressed by t he vol une of
any one catalyst particle used in the 30 catal yst |ayer. I n
the present invention, it is also desirable that the ratio of the

vol une of catalyst particle in one catal yst layer (reaction zone) to

t he vol une of catal yst particle in theg follow ng catal yst |ayer
downstream of 35 the fornmer catalyst layer is controlled to be 1.2/1 to

2711, preferak] [ 1t 4 f i event | f . .

8 heat bt%?lfcgc J% {?fn ﬁ“oelz 45%%%%%3‘ we?'F&a%n f%ér‘pg? e%??a\\/éned' rxe%c ¥ on.
When t he vol uteoweats o, i prehatdieke ttHaat 1t1%¢ Icatalysbhepaftectienffiukled) two or
nore ki nds of .cat S rtle l.e fodif en | S .

i nsufficient; ﬁﬁ O(%!ré/deéra%oa? }%t 10%%'$nhazv§u¥rf% C;I%}Iil ée %@%ﬁﬁ% gﬁ%?lt%f Vol ume
ratio, the t hurdzane ofc Ciatal gt pdregrelr 5, nustvbew |af gbtlie wekfogmi ty of
necessary t r re catalyst. particles o e, ki ngs differgnt in size
and requi risﬁg%a?r)agevﬁﬂcabagcry v&r&a'i I '}engo pe;a%ﬁ’c%ﬁ a?ﬁs?aibaalr’f%{d eés.&'

Meanwhi | e, whéthdrhefond uniet ried ipordferalsl ¢ athgeet thmnc2Vally st hpa et { €bds of

using two or I nds_.of. catal yst rtigcl f.different volumes is
I nsufficient, Q%ir &aénre; cléoc')‘i]?soesqﬁténqﬂ ya?}“%/hself esataar'} €1eaetlsl cosh%'é? \%Fué\el eén)'é%s, for
exanpl e, the Ifeiidted oifn tdree certed lyyedt | Taaneer. cl osest to the raw nateri al

gas inlet of reactor tube é%oesgg%%[r%st[ Vi%ryerltqirl)gr{ Qfy, hceagé’;\‘to)ﬂ%?liéa o?ﬂ icles

in the catal yst | ayer he raw mat'erial gas
reactor tulfle kdesndividred sinaldachudatea] ysit geaydie (presetion menme) rmsy st ance

LD B on By 5 e AR B flpd Brigt hvet favers
active component into a desired shape, a supported
catalyst obtained by supporting an active component on
an inert carrier having a desired shape, and a combina-

15 +tion of the molded catalyst and the supported catalyst.
The shapes of the catalyst particles filled in each
catalyst laver may be the same or different; however,
the catalyst particles filled in one catalyst Tayer are
preferably molded catalyst particles and/or supported

20 catalyst particles of same shape. When supported cata-
Tyst particlies are used, the proportions of supported
active components in different catalyst layers may be
the same or different; however, use of the same propor-
tion of supported active component in all catalyst

25 layvers is generally advantageous from the standpoints of
catalyst production and catalyst Tife.

As stated above, in the present invention,
generation of hot spots or heat build-up in hot spots
can be suppressed by filling, in each of the reactor

30 tubes, two or more kinds of catalyst particles of dif-
ferent volumes each made of a compound oxide represented
by the above-mentioned general formula, so as to form a
plurality of catalyst layers in the axial direction of
the tube in such a manner that the volume of catalyst

358 particle becomes smaller as the position of catalyst
Tayer changes from the raw material gas inlet side of



axial "direction of the tube can be appropriately deter- m ned so that
the catal yst particles produced as nen- ti oned above can exhibit the
effect to the nmaxi num extent. The length of the catal yst |ayer (wherein
the 25 catalyst particles of |argest volune) closest to the raw

material gas inlet of reactor tube is genggally 10-80% preferably
15-70% of the total length of all catalyst | ayers. In the

present i nven&ih@,t%vg) & mq_%%q%&eqjiﬁofﬁcgtoq}%sét %?Méclaegs é)f di fferent

volunes filled 1h a pl urali cat al |"ayers eaction zones) nmay
con- t ai n nesuldanethe riddbroonto fac d mel ioo rgeoink e red @/ eromiean  be

different acti,y ont ai ned, i | ffer 'nﬂ§.o

catal yst part i°c etg?‘r%cy;edtveersrrpg :ltoﬁr}dg %‘n‘h"g‘i %Sdes?)ﬂ:ﬁ s"ﬁcnttahnoubte rlIzéep 1I“OS\I/\E:r by

\l;l\;i ngbtw;)hor rdvee wiienkds of ac;rylfiaa ?ﬂ?ﬂst (rm'rtiimt{em;leat fﬁddmbht vol unes, .
er eby . 0 . on oljal ned.

It is, e‘;however, prefFé’rrgfbhlegCtWattr{%}%steezwec;sﬁd%\zgﬁ:ﬁ&c ’estqfeir'I‘ﬁge e I n

one catal yst llass imawa tadieysstanie yeorgpasan iben fardentsamail ler then semethexti ve

conponent), i i f_the | f.Qrm of.,. fal yid Ciactdvity, the

operability o O\é'é'fe \gﬁt?/isot",ahetpt:wce% éﬂﬁ%ﬂe yc?rngg, éﬁa‘aﬁéy s|to1!r é’f@r‘gﬂﬁlc’e’{ t%'ét t he

cat al yst partiodihes measafressane yc onfifesi t i veerl yanos iswgo sttheentd zat 4 Yy ssta npse wiol tine

are filled 4 G | ysit s _ It esent

i nvention, thg”cea %r}ssTtaartﬁger tq%-a"%gtyeer(rzl(és'?'i Iq/edd i n2/e1ac1‘ﬂ> c1a /a1IFX/stal aai/er

(reactioni1foneeswit, endrmyarsavifng (renlgled exhtcdy st eaditraii evgebw®yr nol di ng an

active corrponeer*tcpein%teo & chszJeerc% sé‘bq,p%e 3 FURRAYS ed cat al yst obt ai ned by
act ’ )

supporting an | V€ conponent “on
Furthermore in the present invention, the

temperature of hot spots in catalyst layers can be kept
Tower and the reaction can be conducted more uniformly
16 1in all catalyst lavers; as a result, there is no local
deterioration or damage of catalyst and an extended
catalyst 1ife is obtained.
The present invention is hereinafter described
with reference to Examples. However, the present inven-
20 tion is in no way restricted to these Examples.
In the Examples, "acrolein conversion {mole
%}" and "acrylic acid yield {(mole %)" were determined

from the following formulae.

25 Acrolein conversion (mole %) =
(moles of acrolein reacted) =+
(moles of acrolein fed) x 100
Acrylic acid yield (mole %) =
(moles of acrylic acid formed) =
30 {moles of acrolein fed) x 100

Example 1
In 3,000 m1 of water being stirred with heat-
ing, 1,014 g of ammonium paramolybdate and 224 g of
35 ammonium metavanadate were dissolved. Separately, in
6,000 m1 of water being stirred with heating, 231 g of



an inert carrier having a desired shape, and a conbi na- he

nol ded catal yst and the supported catal yst. The quHAS]BECa al yst
particles filled in each catal yst |layer may be Qi f f egent ;
however, the catalyst particles filled in one catalys &y

preferably nol ded catal yst particles andAdr supported 20 cat al yst

particles of sanme shape. \Wen supported cat a- | yst particles are used,

the proport! opspRbroyARgated sas BChEVamABHPARCPL? atingbiatecaacabalys!

| ayers may b erent; however, use sarme pr opor -
tion of suppoﬁfe§t£9m¢0§m00ﬁﬁ6ﬁéﬁtWﬁﬁeaﬂﬂs§aﬂabﬁst The rgparidiing dweeral |y

advant ageous EB?UEHHﬁssk?ggggkgggvgﬁdiﬁh?ﬁghgb¥§tsQG?¢%ﬁtMﬁ@ha%@aQQB%'ySt

life ent

gener ation of andt thpet droedhedt 18010 d- uphenresul §pogsdriedcsnltid waspressed
by fillingg i h C tub :mr lynds cat al yst
particles gf QF??EQ q“#érgbBESO?ggeégggch M }§$u2&6§§p§3§gggX|§g
represent ed mo]dydthQYabo¢ébhehtmgnbdngenenab rongsl af 46 am tloutterm a

plurality of &ahab¥a#)'§y§ram ? pnsraggaheﬁg gck'?ﬂ Bl &éﬁ%gtﬁhﬁ in such

a manner that e vol ane of yst par | e becone as the
position of cadapgsef 5 mmajentenadjeweteoin xhe mammnanGW|dhag&$eWﬂlét si de

of 5 mm (height). The two k1Pds % rin tQ@rEu?%aEOt?QQtE%W

material gas outlet side; as resu the reaction of acrylic acid
product i ohOcaa thé00C Eont 6nbedreven an| eng perred toftot pldaimnt mout reduci ng

the vield of Bgekh(8+as! ¢ (Rgs! BheRBHnPTATYGLEr oTapeter) ang BUTLEr 1

the present invention oss in cat ayers can be- made
smal |l er than tatahgst 2 (r1ngs of 5 mm in outer d1ameter) These

catalysts had the following metal composition when
oxygen was excluded.
15
Moy, VyWy 5 CuySry ,

These catalysts were filled in a stainless
steel-made reactor tube of 25 mm in inner diameter,

20 heated in a molten nitrate bath, in such a manner that
the catalyst 1 was closer to the raw material gas inlet
of the tube and formed a layer of 1,000-mm Tength and
the catalyst 2 was downstream of the catalyst 1 and
formed a Tayer of 2,000-mm length. Then, into the tube

25 was introduced a raw material gas having the following

composition, at a space velocity (SV) of 2,000 he 1.

Acrolein 8% by volume
Oxygen 10% by volume
30 Steam 44% by volume

-Inert gas (e.g. nitrogen) 40% by volume

A reaction started without any abnormality such as run-

away or the like and proceeded stably for 8000 hours.
35 The shapes, volumes and volume ratio of the

catalysts 1 and 2 used in the reaction are shown in



conventional process enploying catalyst dilution or ot her neasures, by

effectively using the catal yst parti - cles of large dianeter (i.e. Dd
= 2/1 to 15/1); as a 10 result, energy saving (e.g. reduced el ectric power
expense of blower) can be achieved. Furthernore in the
present invention, the tenperature of ot spots in catalyst |ayers can
bflkepz I | ower and the reaction can be conducted nore uniformly 15 in

all catal yst S; .as . a..r | t re. i L enl i

damage of cat al?égﬁ €and gﬁde ?&tuq% gaftséclrﬂ'% r(‘1'%%[“0““3 a‘gebét%hoo‘rc'i'alt1 non o

g(\e plresent i NTebllieoR .i s Ilnenelnem:hﬂéry dersher |tlead>eratumet lo fr dther eridaate
anpl es the presen Inv | ri dto
WePEth used’Wad®l anged g% d:?'@ u%ggr g{f\% VR, 130" 115 infed

thgse Exagples conversion (nole
% "1 and "acryEixampdied2yi el d (nol e @@" wer e det erm ned fromthe

fol | owi ng fgg}ie' ae. reac2t5&<5‘) 3,999 ™ " Nael BRNG %'t%r(efﬁo'vﬁft% hegt-

(noles of a acro
fed) x 100 ing, 1,014 Acmwlammmnamm ¢amaMO1db@mwe(aﬂ@ 224 g of

(rmol es of acrylic aC|d forned rr . of; acrol ei n
fed) x 100 ammepaig &e tannadQec hei® diss o6 & Pv?/gterq%el ngnastlrred

wi th heat - 6i,000 #10b4 gtaiferalbmimngummarradolvgittdhatlemdlgzziﬁ of of5
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REPLACENENTOSHEETstront1um n1trate were dissolved. The resulting two
solutions were mixed and placed in a ceramic evaporator
containing 2,500 g of a spherical carrier made of a-
alumina having a surface area of 1 mz/g or less and an
average diameter of 8 mm. The evaporator was placed on

15 a hot water bath and the evaporator contents were evapo-
rated to dryness with stirring, to adhere the catalyst
components on the carrier. Then, the carrier-supported
catalyst components were heat-treated at 400C for 6
hours in an air current to obtain a catalyst 3. A

20 catalyst 4 was obtained in the same manner as above
except that the carrier was changed to a spherical
carrier having an average diameter of § mm.

These catalyst had the same metal composition
with catalyst 1 when oxygen and carrier were excluded.

25 An oxidation reaction was conducted in the
same manner as in Example 1 except that the catalysts 3
and 4 weére used in place of the cata1ysfs 1 and 2. The
shapes, volumes and volume ratio of the catalysts 3 and
4 used in the reaction are shown in Table 1. The re-

30 sulits of the reaction are shown 1in Table 2.



copper nitrate,

nitrate were dissolved. The resulting two
t horoughly stirred with heating
resulting dried solid was 5 ground into about 100 nesh.

powder was

nol ded, by a tablet machinegzinto rings of 10 nm (outer

and then dried at 120[err]C .

dianeter) x 2 mm (inner dianeter) x 10 mm (hei ght) and

(outer dianmeter) x 2 mm (inner dianmeter) X
rings were heat-treated 10 at 400[err]C for 6 hours in an air current to
catalyst 1 (rings of 10 mmin outer dianeter) and a

of
obtain a

5 mm (hei ght).

catalyst 2 (rings of 5 nmin outer di agghgp) 4 These

323 g of ammoni um paratungstate and 20 g
sol utions were m xed and

of strontium

The

The resulting

rings of 5
The two

nmm
ki nds

catal ysts had the

foll owi ng netal conposition when
I\/b[err]V[err]V\[_err] Cul[err]Sr [err]

oxygen was excl uded. 15
These catal ysts were

filled in a st@rmesy . steet=rade Teactpr tule—of 25— 1meT
di aneter, 20 WeB¥@8®-iin K¥nfblafen niShAREeoBaf h, Vol udgciwfa npNRdrmehat t he
catal yst 1 wasl eleser| taatdlystaw watedvat gas qatladtyst  of retdot affie gnd
formed a | ayerf of 1, Q00-mm | engtlh and TQ&m%,aiaadMSdleZ) yea tddymssrdam of
t he catal yst Iramd Formed—atayer—of 27000 ength—Them, T oto it he
tube 25 was introllucd®agara®tmitieri Bingas havi ng’8Petfol | pwi n§-
conmposition, gt a spdoxutualy@si by (SKingf 2( 000 hréerz]. -
Acrol ei n 894 . vol ume Lgen
10% by vol une {30 2 Catalys®t @3dn$pherical 268.1 44% by 4vol/une
; 0 .
Inert gas (e.q. nitrogen) 1,387yl W 65.5 -
3 Catalyst 5 Ring 169.7 1.7/1
Catalyst 6 Ring 98.2 -
4 Catalyst 7 Ring 1357.2 3.4/1
Catalyst 8 Ring 402.1 4.1/1
5 Catalyst Spherical 523.6 23.3/1
10 Spherical 22.5 -
Catalyst
11

% The ratio of the volume of catalyst particle
filled in one catalyst layer to the volume of
catalyst particle filled in the following catalyst
Tayer downstream of the former catalyst layer.



A reaction started without any abnormality such as run- away or the

| i ke and proceeded stably for 8000 hours. 35 The shapes, vol unes
and volune ratio of the catalysts 1 and 2 used in the reaction are
shown in 12 Table 1, and the
results of the reaction are shown in Tagye 2. Incidentally, the
tenperature of the nitrate bat h used was changed dependi ng upon the
reaction tine. Exanple 2 5 In 3,000 M of water being stirred
W th heat - i ng, 1,04 —gof—@gmmomumparanotybdate and 224 g of
ammoni um net avanadat ¢ yere dfskol ved. PBeparatelly, in 6,000 m of water

being stirred with he¢ati ng, 231Cg ofe | ScoPper |nitrate, 323 g of amoni um
par at ungst at e and 20 %];Drofgstgogimrr Wi tpagte{were di ssol ved. The
resulting two sol §tg < wer eZni%ed hid °[5I c¢d ion a ceram c evaporat or
contai ning 2,500 g off @ Spherifcal carr]er nmade|ofza-.. alumina having a
surface area of 1 nfgq g or | ess and|an a(ler@ge;di aneter of 8 mMm The
evapor at or was pl aceq 15 & fhot wate[ bath apd ®he}evaporator contents
wer e evapo- ratedg @ drypes® Wt M ?iNg) te adhere the catal yst
conponents on the carH%. Thelne Bhemchor ieer @slipp8r ted cat al yst

0 o
conmponents were heat {t<
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t ed gaft 4&[%rrf’cq?o?’ & £ %ours in an air current
to obtain a catalyst|§ A 20~catal yst ¢ was ob{ai r‘ledoig t he sane manner as
t € f

above except that—the rr-er—was—tharged—{ o0 & spheri cal carrier
having an average di ameter pfg |5 nm ®THes§ catal yst had the
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same manner as in Exanple 1 except that the catal ysts 3 and 4 were used

in place of the catalysts 1 and 2. The shapes, volunes and volune ratio
of the catalysts 3 and 4 used in the reaction are shown in Table 1. The
re- 30 sults of the reaction are shown in Table 2.

13 Table 1 B&eEm Ki nd of Shape of

Vol une of Vol une pl e cat al yst cat al yst cat al yst rati o of
(mjerr]/parti I S Catal yst 1 Ri ng-: 785. 4
8.0/ 1 caf? Barafivel KXahipte | 98.2 2 Catalyst 3 Spherical
268. 1 4.0/ 1 A reacdlipst wasSpghaducied in the gam® madnerCasal yst

5 Ri ng . al w LAl I j .
N in gxa?niﬁe Laexecet %hyt 8y th@atcgt%i@l@% N vﬁs“ghnesq "1
Cat al yst 8 Rnnghe reactorjdmbe so as to4form a catalgsttallpyer

?pherical 2353§g6a lengthz%f3@%000 mm.lOThe nitré%ﬁ“ﬂaéﬁﬂtempera- 22.5

5
Catal y

ture was high from the start of the reaction and the
acrylic acid yield was low. The nitrate bath tempera-
ture was increased in order to keep the acrolein conver-
sion at a desired level, in which case the temperature

10 of the nitrate bath increased in a short time. The
results of the reaction are shown in Table 3.’

Comparative Example 2

A reaction was started in the same manner as
in Example 1 except that only the catalyst 2 was filled
15 1in the reactor tube so as to form a catalyst layer
having a ltength of 3,000 mm. However, since the temper-
ature of hot spots of the catalyst layer exceeded 400C
and the reaction became unstable, the reaction had to be
s topped.
20 Comparative Example 3

A reaction was conducted in the same manner as
in Example 2 except that only the catalyst 3 was filled
in the reactor tube so as to form a catalyst layer
having a length of 3,000 mm. The results of the reac-

25 tion are shown in Table 3.

Comparative Example 4

A reaction was started in the same manner as
in Example 2 except that only the catalyst 4 was filled
in the reactor tube so as to form a catalyst layer

30 having a length of 3,000 mm. However, since the temper-
ature of hot spots of the catalyst layer exceeded 400C
and the reaction became unstable, the reaction had to be

stopped.



11
cat al yst
fol'l owi ng catal yst
14 [err]
Exanmple 1

in Exanple 1 except that only the catalyst 1 was filled

tube so as to forma
nitrate bath tenpera

| ayer to the vol une of
| ayer downstream of the fornmer catalyst

** The ratio of the volune of catalyst particle

filled in one

catal yst particle filled in the

| ayer.

15 Conparative

A reaction was congucted in the sanme manner as

Table 3
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in the reactor
| ength of 3,000 nm The



ture was high fromthe start of the reaction and the acrylic acid yield

was |low. The nitrate bath tenpera- ture was increased in order to keep
the acrol ei n conver - sion at a desired level, in which case the
tenperature 10 of the nitrate bath increased in a short tine. The
results of the reaction are shown in Tabl ¢73. Conpar ati ve Exanple 2

A reaction was started in the sane nanner as i n Exanpl e 1 except that

only the catalggimgiyeg filled 15 in the reactor tube so as to forma
catal yst layer—— travrng a length of 3,000 mm However, since the tenper-
ature of hot spots of thg Ehﬁ&f?h%PPéy@@tektéédﬁdoﬂoﬁ[BWrIGﬂter dmamehe
reaction becam@el-'?‘sia?'ﬁm Wﬁné?%%éﬁé‘t@?? ioebﬁm (1eﬁ% gndzg ring-
Conpar ati ve Exa I on was con the Sane
manner as $h8E§6nﬁﬁ§a?Y§%c§p?ftﬁammoﬁpyt?hecethvytﬁ 8 Qammf (fipaer

In the reacgor Ok O ayhRg engt h of
5000 T he FacalYEehr N oo SERY | whre, BFtEinad; 1R XhE0edne

Conpar ative Expapner4as in Example 1Aexeaetibhahasntuapundtrnoxhéesanﬂ
manner  as EEAATR! §18x PIENE rbNBlo BNy ERE FAWIRYPLr falaPofl Lhesl

in the reactor e so as to forma catal yst |ayer aving a | engt

3,000 nm rbmev@my andcthensavempberial &QUrb1banh@m.speseegt1vnéycatalyst
| ayer exceededr dO0% e&am ys t&MHad hghé eA61 1 Wi RECASHpHEPEABhewnL Re reaction

had to be st opped.
oxygen was excluded.

Mo, , V. W 2Sb1Cu

12 Vi¥, Tiy

3
These catalysts were filled in a stainless

15 steel-made reactor tube of 20 mm in inner diameter,
heated in a molten nitrate bath, in such a manner that
the catalyst 5 was closer to the raw material gas inlet
of the tube and formed a layer of 800-mm lTength and the
catalyst 6 was downstream of the catalyst 5 and formed a

20 layer of 2,200-mm Tength. Then, into the tube was
introduced a raw material gas having the following

composi tion, at a space velocity (SV) of 2,000 hr !.

Acrolein 12% by volume
25 Oxygen 14% by volume
Steam 21% by volume

Inert gas {e.g. nitrogen) 53% by volume

The shapes, volumes and volume ratio of the
30 catalysts 5 and 6 used in the reaction are shown in
Table 1, and the results of the reaction are shown in
Table 4.
Example 4
A ring-shaped catalyst 7 of 12 mm (outer
35 diameter), 4 mm {inner diameter) x 12 mm (length), a
ring-shaped catalyst 8 of 8 mm (outer diameter) x 2 mm



[err] = 17 Exanpl e 3

A ring-shaped catalyst 5 of 6 nm (outer diane- ter) x 2 mm (inner
dianeter) x 6 nm(length) and a ring- shaped catalyst 6 of 5 nm (outer
catalyst) x 2 mm(inner 5 catalyst) x 5 nm (length) were obtained in the
sane manner as in Exanple 1 except thag antinony trioxide and
titani um di oxi de were used as the raw material for anti- nony and the

raw nat eri al tita eclive hese catal ys had t he

f ol | owi ng conpgk???5n mﬁ@ tiﬁ g&y eﬂmmg%egﬁtvidgag FingbRabad
M[err]Verr] V¢atalySb[ orof Sh@nr(buiéfedﬁkmeter) x 2 mm (1nibesdiaa9&lysts
were filled in, a stai Iessﬁi ﬁ ﬁ | - made r act or . tug nmm i n |Qner

di anet er, tent ey PREEN fi ¥ 58 <P FR “ce nidy ﬁe Sﬁgﬁn@?npﬁgt

the catal yst 5i wasx&hpser 1t extéptr éhataferrat gasramket bariuaf ntiheatabe and

formed a | ayer of 800-mm | ength and the tal yst 6,was st r.eam of
the catalys Sa%ﬂdc?BFH@d°é1gﬁ we LS eliS Eszgge Veﬁ@?ﬁr1a$h£ﬁf PhP8*t he
t ube was IﬂhéOHQﬁedaaefaunnaaerba+1gm5ahavtng the maklkeewahg for

composi tion, ate?13£aC?e¥SL8¥ ¥1S?Vyrﬁésé’ggga?§é?érkere filled into
a stainless steel-made reactor tube of 30 mm in inner
diameter, heated in a molten nitrate bath, in such a
10 manner that the catalyst 7 was closest to the raw mate-
rial gas inlet of the reactor tube and formed a catalyst
Tayer of 1,000-mm length, the catalyst 8 was downstream -
of the catalyst 7 and formed a catalyst layer of 1,000-
mm length and the catalyst 9 was downstream of the
15 catalyst 8 and formed a catalyst layer of 1,000-mm
length. A reaction was conducted under the same reac-
tion conditions as in Example 3. The shapes, volumes
and volume ratios of the catalysts 7, 8 and 9 used in
the reaction are shown in Table 1, and the results of
20 the reaction are shown in Table 4.
Incidentally, the catalysts 7, 8 and 8 had the

following composition when oxygen was excluded.

Moy, VgWy 5 Fey 583y 5Cey
25
Example 5
A spherical catalyst 10 of 10 mm in diameter
and a spherical catalyst 11 of 3.5 mm in diameter were
obtained in the same manner as in Example 2 except that
30 zirconium oxide and calcium hydroxide were used as the
raw material for zirconium and the raw material for |
calcium, respectively. These catalysts had the follow-

ing composition when oxygen and carrier were excluded.

35 Moy, VgW; CuyZry Cay o



Acrol ein 12% by vol une 25 Oxygen

14% by vol une St eam 21% by vol une
Inert gas (e.g. nitrogen) 53% by vol une The shapes,

vol unes and volune ratio of the 30 catalysts 5 and 6 used in the reaction
are shown in Table 1, and the results ¢§ the reaction are shown in
Tabl e 4. Exanpl e 4 A ring-shaped catalyst 7 of 12 mm

(outer 35 dianeter), 4 inner, diangter) Xx ( engt .
ri ng- shaped catal yst 8 o%n%emﬁa(toaut%ﬁqesdi%%ﬁ e‘%)%{ggz 1n[?nag s@anﬁess
18 (1 nners thedivmiade ve & ow (twgtdf 25drm o nonmsdapbtamete cat al yst 9

of 5 mm (outer, di ter). x (lhner, diane- . te X mm (| gngt h) were
produced in tﬁeedastge[g 1r{hn?1e'?§]a€gn Aﬁrnat@a%%’ 1" nexscue%‘% 3 h@?"qee'f rﬁ':g%li trate,
barium ni trat &hé caitalost Ul oxdslecloser ubedt s tdve mate mbatrgad twretron,
the raw materi or i e . ra terjal, f eri
respecti velsi. °?]1heijshee c%a{ﬂ{ﬁ ;H;%d;lnﬁ.\k'i@eq i1 Y\ieéc}??rﬁté)’a 1’é)dao—s "z'aif] gms?rédel - made
reactor tube dfhe8Gatmliyst nhkerwas devresetean dfathed catal yot tHh amdrate
bath, in such a 10 manner that.t it al yst 7 was .cl osest _to the raw nate-
rial gas inl etfaoo'fmﬁtﬂga reaaycetrbroﬁ u’g’c;%d;d;\ld”? of%“é‘ cat Ef'i/'st1 nts ﬁ*b?/e{ua%‘?
1, 000- Mm | engtwas tinet cadwdes) @5 varsrawwiisteicoal gas pfa tdees cladwal ygt tie and
formed a catalyst, layer of 1.000- ] engt d the catalys was
downst r eam of Ft°r51'e1°f1?>i ¢ &4 @/%?1 ) %nna‘?g(;%%n’e'be‘g an?cgﬁ E/""‘s{]y'pa%egr‘aé%f‘higmo- nm
10 oxidation of propylene in the presence of a molybdenum-

bismuth type catalyst) at a space velocity (SV) of 2,000
1 .

hr
Acrolein 8% by volume
15 Oxygen 10% by volume
Steam 20% by volume

Unreacted propylene and
by-produced organic compounds 2% by volume

Inert gas (e.g. nitrogen) 60% by volume
20
The shapes, volumes and volume ratio of the
catalysts 10 and 11 used in the reaction are shown 1in
Table 1, and the results of the reaction are shown in
Table 4.



| engt . A reaction was conducted under the sanme reac- tion conditions

as in Exanple 3. The shapes, vol unes and volune ratios of the catal ysts
7, ‘8 and 9 used in the reaction are shown in Table 1, and the results
of 20 the reaction are shown in Table 4. I ncidentally, the
catalysts 7, 8 and 9 had the f ol | owi nggconposi ti on when oxygen was
excl uded. Mo[err]V[err]W[err] Fe[err] Ba [err]Ce[err]
25 Exanpl e 5 A spherical catalyst 10 of 10 nmin dianeter
and a spherical catalyst 11 of 3.5 mmin dianeter were obtained in the
same manner as in Expnple 2 ejxcept thgt 30 zirjconi um oiki de and cal ci um
hydr oxi de were used Y the = W teéial CIC Hrccgn um and the raw
material for cal c&-um-ures ective Yo -T cata yst had the foll ow
ing conposition when| gxFggn N car & ar V\§r§ 35
Nb[err]V[err]V\[err]CuﬁegrLer rr]Ca[err] These
catal ysts were filleée —st-eel ctor tube of 25 mm
in inner dianeter, geated in a noljten nitrlate bathl in such a nmanner
t hat t he catalyst_cl wask ¢l psgr to the rav[/ rraterl | gas inlet 5 of the
tube and forned a | ay@rof 1v20 -m éngth dhd = ) e catal yst 11 was
downst r eam of the ca:t'gl Qst DS 2 fgrge(ge 8§age of 1,800-mm | engt h.
Then, into the tube |55 E
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was ihtroduced, as a raw material gas, a gas having the fol |l ow ng
conposition (obtained by catal ytic gas-phase 10 oxi dati on of propylene in

t he presence of a nol ybdenum bi smuth type catal yst) at a space
velocity (SV) of 2,000 hrerr]. Acrol ein

8% by vol une 15 Oxygen 21 10% by vol une
St eam 20% by vol une Unr eact ed
propyl ene andCOm arative Exaﬂ% r%duced organi ¢ conpounds 2% by vol une
Inert gas (e. & y vol ume 20 The shapes,

vol umes and vol ume rati & spheirdcal cededlypgdt 4210 fald minl ims ald ame tielre
;ﬁg\f\;}' f’ﬂ are %QEY% %f&heric‘éﬁb'c%tja%@%d 1%“?5;%5%t§n°fdita*ﬂ1eetfe‘?ﬁ%:%” are
obtained in the same manner as in Example 2 except that
& magnesium oxide was used as the raw material for magne-
sium. A ring-shaped catalyst 14 of 6 mm (outer diame-
ter) x 2 mm (inner diameter) x 4 mm (Tength) was ob-
tained in the same manner as in Example 1 except that
tin oxide and titanium dioxide were used as the raw
10 material for tin and the raw material for titanium, re-
spectively. i
The catalysts 12 and 13 had the following

composi tion when oxygen and carrier were excluded.
15 Moy, Vg W, Cuy Mgy 4

The catalyst 14 had the foliowing composition
when oxygen was excluded.

20 Mo12v4w2 Sntl.sCu2 Ti2

A reaction was conducted under the same condi-

tions as in Example 1 except that only the catalyst 12
was filled in the reactor tube so as to form a catalyst

25 layer of 3,000-mm 1ength. Also, a reaction was conduct-
ed under the same conditions as in Example 1 except that
only the catalyst 14 was filled in the reactor tube so
as to form a catalyst layer of 3,000-mm length. In each
case, the temperature of the catalyst Tayer was high and

30 there was a fear of run-away; therefore, it was impossi-
ble to continue the reaction. Further, a reaction was
conducted under the same conditions as in Example 1
except that only the catailyst 13 was filled in the reac-
tor tube so as to form a catalyst tayer of 3,000-mm

35 1length. In this case, the reaction started with no
problem but, at the fifth day from the start of the



21 ° Conparative Example 5 A spherical catalyst 12 of 6 nm
i n di aneter and a spherical catalyst 13 of 8 M in dianeter were
obtained in the sanme manner as in Exanple 2 except that 5 magnesi um oxi de
was used as the raw material for nmagne- sium A ring-shaped catal yst 14
of 6 nm (outer diane- ter) x 2 mm (inger dianeter) x 4 mm (|l ength) was
ob- tained in the sanme manner as in Exanple 1 except that tin oxide
and t'tan'un1d+eéeﬂeower@hassgra%eap csﬁwe}91gﬁt$£ga ni9" ol B Be!ge ray
material for titan cata ySts 12
and 13 had theahéltbﬁnngry11cceﬂpdsvnebd whenookyg8n. 5n¢odar%lendaere

excl uded. 15 ﬁ ?ﬁét¥OPFOOfN§Bﬁﬁf]gLS%Ely%ﬁrE%ﬁEL?QELNQEeEEh 330%C

The cat al yst was excluded.

20 maX1ﬂbpe¢a}Wﬂ§Bt]VP@P#T&Fere}CU[err]Tl[err]
A reaction yasggon pgtgd under the same condi - tions as in Exanple 1
except that o alyst 12 was filled in the reactor tube so as

to forma catal yst 25 IaWbenoa Be@0bi om Wasgctndib ted anr éhet samewas

conduct - - eCulet LB 3a0RaRR0E || 0R30BE HaPXPHR! EataTYEEP ot haL

only the catalyst n the reactor to for
cat al yst Iayerfb113d09D°ﬁﬂTI§ngthe rawemaheri atagas ﬁhéetenﬁetheutebef the

catalyst |ayersyags Mt gnranfl 20ckbaifstatadel S8F PlobHRA"RéngtRERRECT e
P 10 the catalyst 14 was filled closer to the raw material

gas outlet of the tube so as to form a catalyst layer of

2,000-mm length, the reaction started with no problem .

and, at the fifth day from the start of the reaction,

the acrolein conversion was 99.5 mole % and the acrylic
18 acid yield was 94.5 mole % under the conditions of 252%C

{reaction temperature) and 305C (maximum catalyst tem-

perature). In this case, the volume ratio of the cata-

Tyst 13 to the catalyst 14 was 4.7/1.

Comparative Example 6

20 A catalyst 15 whose active component except
oxygen had the following composition, was produced 1in
the same manner as in Example 2 except that spherical a-
alumina of 6 mm in diameter was used as the carrier.
Incidentally, the heat-treatment temperature employed 1in
25 catalyst production was 400C .

Moy, VgWy 5Cuy Sty

Then, an oxidation reaction was conducted in
30 the same manner as in Example 1 except that only the
catalyst 15 was used in place of the catalyst 1 and the
cakalyst 2. However, the temperature of the hot spots
of the catalyst layer exceeded 380C and the reaction
could not be continued and was stopped.
35 A catalyst 16 was produced in the same manner
as for the catalyst 15 except that the heat-treatment



ble to continue the reaction. Further, a reaction was conduct ed under

the sanme conditions as in Exanple 1 except that only the catal yst 13
was filled in the reac- tor tube so as to forma catal yst |ayer of
3,000-nmm 35 length. In this case, the reaction started with no pr obl em
but, at the fifth day fromthe start of thg

22 reaction, the acrolein conversion was only 97.5 nole % and t he
acrylic acid yj was onl ) l e % under he, condi ti ons_of
270[err] C (rég§$€%ﬁa?%ﬁ%e¥ﬂ$ﬁ?%?gghﬁ %ggfg¥?fcfr°é“fﬁﬁ9?nﬂﬁ?c%ﬁﬁ??g?
tenperature). t6 £2@Bple 6 When a reaction was conducted in

t he sane manner as ip Exanple 1.exgcept that . the catalyst 1 S

filled closer to the raﬁf%%?bp$%loﬁ5§afh$3tr%chh%"tﬁﬁﬁ cxnd§8§3§a35 forma

catal yst | ayertivé gam@Omamnéenas hianExddpldel cakebyst thdtwakef ¢ htatlyskoser

to the raw gmatgri a gas,optl et . of the tube so as to ferma catal yst

| ayer of gﬁéf%o%&%n$?%nﬁ$ﬁ? ¥%€ 1 d%?f%nui?grf%dpaffﬁ ﬂg gb%bF§%?~ and,

at the fifth doystrbmaadetisé acdtalysthc2randgttbat the thtadgsdl £6nwas

conver si on wase 9191
|

under the condit d%%ngéeE%%?ﬁg?%Egraf&%%Lgl%gﬁﬁafégﬁé%g%%w2$§5%gigbg?gfr?%
(maxi mum cat alga¢ iehet of pies atube)solastheo sfeasea tatavebtinbayatiofof the
cater 1Vsiodgig 1A 68" fhySErd oHER T onee LETDRROERRRR S,
the fol | ovithg cbntivsi ¢abail y siasi preoduzedto nform 4 hea sahps tahager asfin
Egafﬁgecgrffgff}566ﬁ%msfiﬁﬁ{ﬁ?1 &chougﬁlyﬁgngeggepagg}énogigﬁgtﬁétmas-used
spots of the catalyst layers was as low as 340°C , the
acrolein conversion was 99.7 mole % and the acrylic acid
yvield was 89.0 mole %.
15 Example 7
A catalyst 17 was produced in the same manner
as for the catalyst 16 except that spherical a-alumina
of 8 mm in diameter was used as the carrier. Then, an
oxidation reaction was conducted in the same manner as
20 1in Example 1 except that the catalyst 15 and the cata-
Tyst 17 were used in place of the catalyst 1 and the
catalyst 2 and that the catalyst 17 was filled in the
reactor tube closer to the raw material gas inlet of the
tube so as to form a catalyst Tayer of 500-mm length and
25 the catalyst 15 was filled downstream of the catalyst 17
so as to form a catalyst layer of 1,500-mm length. As a
result, the temperature of the hot spots of the catalyst
Tayers was as low as 300C , and the acrolein conversion
was 99.4 mole % and the acrylic acid yield was 84.2 mole
30 %. Incidentally, the volume ratio of the catalyst 17 to
the catalyst 15 was 2.4/1.



Incidentally, the heat-treatnent tenperature enployed in 25 catal yst

production was 400[err]C .
reacti on was conducted in 30 the sane nanner as in ﬂﬂ&lﬂﬂmﬁgmmhat

Mo[Perr]Verr]Werr]Cu[err]Sr[err] Eiu

only the catal yst 15 was used in placggof the catalyét 1t and t

catal yst 2. However, the tenperature of the hot spots of the catal yst
| ayer exceeded,,380[.err Qggl e reaction could not be continued and
was st opped. gg“§:1é.4{%1 é?élyst 16 was produced in the same nmanner
as for the catlal yst 15 ekompncestmtftbhep#mcinseaam'tic acid by sub-

23 t enper.at ur.e e . I U g _
420[err] C . .aeé%-'e"g @épé/ﬁ%ean?orga&gx%g;‘ 'P%ﬁgrgél% \A%lsgggnggc?e% in

t he sanme namﬂﬁhaﬁeiaaih&uwﬂ@adxtd@ém@nthathtM@TGGuhﬁysexyseQSOana t he

I 6 .
and that the T AT el PR Colful es, in d2htefIRed T8 % 0% 0

raw mat eri al tubtg‘lem' imatt of, the \vlnrb@\ spreces® two nve rarel k}snd*&ayér of

500- I th pilct-h ' 0 I

16 s?ﬂasetng forazwa elfaﬁé'a{.y a er of 1{#.{.}1&&) wégﬁé Kﬂ oug ?thg yet
t enper at ur e ofeddte r’rmactor 1st|dm ssofas h’eocmahyaw]taye‘rstwaefasatawyat
340[err]C . N%yers 3 ARl LAY CEPLODVER OF- (hdbEbe® ARISLER aorYlic

aci d y| el
manner that the volume of catalyst particle becomes

smaller as the position of catalyst layer changes from
the raw material gas inlet side of the tube to the raw
material gas outlet side, each catalyst particle com-
prising, as the active component, a compound oxide
represented by the following general formula:

Moavbw AdBechgoh
wherein Mo is molybdenum; V is vanadium; W is tungsten;
A is at least one element selected from antimony and
tin; B is at least one element selected form copper and
jron; C is at least one element selected from magnesium,
calcium, strontium and barium; D is at least one element
selected from titanium, zirconium and cerium; and O is
oxygen; a, b, ¢, d, e, f, g and h represent the atom
numbers of Mo, V, W, A, B, C, D and O, respectively; and
when a is 12, 2 bs 14, 0s¢c= 12, 0 d= 5, 0< ex 6,

0 f£ 3, 0 g=< 10, and h is a value determined by the
oxidation states of the elements other than oxygen.

2. A process according to Claim 1, wherein the
ratioc of fhe volume of catalyst particle filled in one
catalyst layer to the volume of catalyst particle filled
in the following catalyst layer downstream of the former
catalyst layer is 1.2/1 to 27/1.



15 Exdmple 7 A catal yst 17 was produced in the sane nanner

as for the catalyst 16 except that spherical a-alum na of 8 nmmin

di dmet er was used as the carrier. Then, an oxi dat TROSHeSRGd BO R,
conducted in the sanme manner as 20 in Exanple 1 except, |[t85al yst 15
and the cata- | yst 17 were used in place of the Qa{J =A N aﬂﬂt\e
catalyst 2 and that the catalyst 17 Wasfilledintht‘ ‘obe
closer to the Alasst nat Erofil t yasDisit koswfet he tube so as to forma

catal yst layer of 500-mm I ength and 25 the catalyst 15 was filled
downstream of the catal yst 17 so as to forma catal yst |ayer of

1,500-mm I ength. As a Asrasuinprdvendretiptsattiie ofo &édes hPorspessuet t he

cat al yst I S S low as,300[err]1C ,and the acrol ein conversion
was 99.4 nol e %‘gtglaoei/\ﬁ%c'gzlr&?i%ma%islﬂyy?‘é'ir’lje%%"%f%r $L03pr 8p acro-

I nci dental |y, Ttenen-vod nibaei miong ad thegaatiphysé diidation wheh crépéyst 15
was 2.4/1 i i

A process for prodiOHY a1 i i %ed Lo Bubti féé?]%ga}éﬁé‘gF§+gl gFg‘é%Sisl'
acr ol ei n- cont @i mivigleghsa trm \gsk -p mieesEs Cedpatyl & CoXp f6du©Nn g ddr ypi ecul ar
oo O TS L LAY S it Bl S et oo™
di fferent vol st apefs lireccdtalgech orathorb dihe-sp & Keaf oiin Ropl urality
of Catal vst | Vi I A e el Sl heed NS lg, TRITer thel
| ayer changes efacdmathereamt oratterhied, dgaso iort edorse dei mds tde ¢aet yot t he raw

particles of different volumes so as to form a plurality -

of catalyst layers in the axial direction of the tube in

such a manner that the particle volume of catalyst layer

becomes smaller as the position of catalyst layer chang-

es from the raw material gas inlet side of the tube to

the raw material gas outlet side, each catalyst particle

comprising, as the active component, a compound oxide

containing at least Mo and V.

THIS SHEET HAS BEEN
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material gas outlet side, each catalyst -particle com prising, as the
‘acti ve conponent, a conpound oxi de represented by the foll ow ng general
fQrnul a:

I\/b[err]V[err]V\[err]A[err]B[err]C[err]D[2 rr]derr] wher ei n oS P&

nmol ybdenum V is vanadium Wis tungst€ff~ A is at |east one el enent

sel ected frQmanldimeRy mrdrlosoreB is at | east one el ement selected form
copper and’iron; Cis at |east one el enent sel ected from magnesi um

cal cium stymitEdgNFoRd BRUDUOTION OF ACRYBACIA el enent sel ected from
titanium Zirconiuam and cerium and O is oxygen; a, b, ¢, d, e, f, g and h
represent the atom nu rs.o B ' O e ivel y; and
when a is 12, 2[err] BF%r?T iﬂgp%rgé?¥%cfgfr h%ZPPB?ggF]fgfe???QEF 0<
e[err] 6, O[tieof ¢fenetyBjcOheid] by[spblietdingndchroleia wal @® detrerni ned by
t he oxidati a t t hag . C uR A process
accordi ng tSPEféiégqua%éﬁgi§£§Hggrg??oggés%hgg§g?éﬁ§“o ggtgpggfuparticle
filled in onkacacaygsen iayer fivethbedomuitidubodnal yeacgam,i ¢dherfei Flsed in

the fol I owing gaialysh haVET FPBSLSBILEb1NG ¢ BB IRt haver 1s 1

acid at a high yield by suppressing the generation of
heat spots in catalyst or the build-up of heat in hot
spots of catalyst. The process comprises filling, in
each of reactor tubes, two or more kinds of catalyst
particles of different volumes so as to form a plurality
of catalyst Tayers in the axial direction gf the tube in
such a manner that the particle volume of catalyst laver
becomes smaller as the position of catalyst layer chang-
es from the raw material gas inlet side of the tube to
the raw material gas outlet side, each catalyst particle
comprising, as the active component, a compound oxide

containing at teast Mo and V.
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