DESCRI PTION Title of Invention CATALYST AND METHOD FOR PRODUCI NG
ACRYLI C ACI D Technical Field [0001] The present invention
relates to a nmethod for producing acrylic acid through vapor-phase
contact oxidation of acrolein with nolecular oxygen. Background Art
[ 0002] Regarding the catal yst forlggge iftgpacrylic acid through
vapor - phase contact oxidation of acrolein, many conposite oxide
catal ysts have heretofore been known as 15 described in Patent
Ref er ence- ent Reference 2, etc. Sonme of those catal ysts have
al ready ﬁgéﬂﬁﬁﬁgﬁgppialized and used in production of acrylic acid,
but the WATAKCYSVIANDMETHOD FORMEROBIUENG AGRWIIacAcly; and with the
recent growth in demand for acrylic acid, nore highly-productive
catal ysts have becone desired. [0003] 20In industrially producing
acrylic getwhivi kFleid he catal yst, there is a demand for further
increasiﬁg)the productivity of acrylic acid per the catal yst unit
vol ume ab#®0lbr further prolonging the catalyst life; however, when

the flow rate ' ial saur i.s jncreased for.the
pur pose.of 1 nor Laedef reRiolit P 3R fryod Rita i el phelen
r eact i onvigeaiphasgycontact exidstiandst achdeinstittspolectilenmeigah ur e may be
therﬁ?y rai sed ow ng to the 25 accunul ati on of heat in the catalyst
| ayer;, therefore providing a possibility of not only resulting in
~yield regug@igr@mdutng to excessive oxidation and in accel eration of
catal yst _degradation owng to thermal | oad but al so causing runaway
reactionﬁmpgb04] Sonme proposals have been nade for the neans of
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cat al yst 3lrdadydech ihbestgalizeduhd atediprodiicten bf aylidai@ast tH RbARBK ity
side (Patent Reference 4); a nethod of sequentially reducing the size
of the ¢ 1§9§,J§tnof g s§t1f§gactory; and with the recent growth in demand for acrylic acid,

more highly-productive catalysts have become desired.

[0003]

20 - In industrially producing acrylic acid with the catalyst, there is a demand for
further increasing the productivity of acrylic acid per the catalyst unit volume and for
further prolonging the catalyst life; however, when the flow rate of acrolein as material
source is increased for the purpose of increasing the productivity of acrylic acid, then the
reaction heat may increase and the hot spot temperature may be thereby raised owing to the

25  accumulation of heat in the catalyst layer, therefore providing a possibility of not only
resulting in yield reduction owing to excessive oxidation and in acceleration of catalyst
degradation owing to thermal load but also causing runaway reaction.

[0004]
Some proposals have been made for the means of depressing the temperature of

30  hotspotareas. For example, there have been proposed a method of diluting the catalyst
layer on the gas inlet port side with an inert substance (Patent Reference 3); a method of
sequentially increasing the catalytically-active substance-supporting ratio (ratio by weight

of active substance per catalyst) toward the gas outlet port side from the gas inlet port side

(Patent Reference 4); a method of sequentially reducing the size of the catalyst toward the



gas outlet port side fromthe gas inlet port side (Patent Reference
5); a nethod of lowering the catalyst activity on the gas inlet port
side through addition of an alkali netal thereto (Patent Reference
6); a nmethod of varying the catal yst ingredients and/ or the anount
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JIP- A_éoog‘l_ag@fg gﬁ themagtiviy oRtlicsatal g coyld increase toward the gas outlet port side from
the gas inlet port side (Patent Reference 7), etc.

Background Art Document
Patent Reference

10 [0005]
[Patent Reference 1] JP-B-41-1775
{Patent Reference 2] JP-B-44-12129
[Patent Reference 3] JP-B-53-30688
[Patent Reference 4] JP-A-7-10802

15  [Patent Reference 5] JP-A-9-241209
[Patent Reference 6] JP-A-2000-336060
[Patent Reference 7] JP-A-2003-89671

Summary of Invention
20 —Problem that Invention is to Solve
[0006]

Of the existing methods for depressing the temperature in hot spot areas,
however, in the methods described in Patent References 1 to 5, the amount of the catalyst
active substance on the gas inlet port side is smaller than that of the catalyst active

25  substance on the gas outlet port side, and therefore, the catalyst on the gas inlet port side
may degrade more rapidly than the catalyst on the gas outlet port side. As a result, the
methods could attain the effect of depressing the temperature in hot spot areas in some
degree, but still have a problem in that the reaction could not be continued for a long
period of time while keeping a high yield in the method. In particular, in the reaction

30 under a high load condition of using a high concentration of acrolein as material source,
the problem is remarkable.

[0007]
In the method of Patent Reference 7, the absolute amount of the catalyst active

substance on the gas inlet port side is substantially the same as the absolute amount of the



JP- A- 2003- 89671 Summary of I nvention 20 Problemthat Invention is
to Sol ve [0006] O the existing nethods for depressing the
tenperature in hot spot areas, however, in the nethods described in
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20—
Means for Solving Problem
[0009]
The present inventors have extensively studied the means for solving the above-
mentioned problems and, as a result, have found that the catalyst activity can be controlled
25 by changing the material source even though the catalyst ingredient composition is
constant. Further, the inventors have found that, when at least two catalyst layers which
are so controlled as to have a different catalyst activity by changing the supporting ratio
thereof are prepared and when the catalysts having a higher activity are charged in a
reactor tube sequentially from the material source gas inlet port side toward the outlet port
30  side, then the hot spot temperature can be lowered more than before and the system can be
driven under the condition where the catalyst activity ingredient concentration in the upper
layer can be higher.  On the basis of these findings, the inventors have completed the

present invention.



The present invention has an object thereof to provide a nethod for
produci ng 15acrylic acid through vapor-phase contact oxidation of
acrolein, in which any excessive accunul ati on of heat in the catalyst
| ayer, as conpared with that in the related art, can be prevented
while ke¢@dt®y a high yield in the nmethod, which solves the problem

t hat the cataly 0, as inlet port si wQrsens nore rapidly
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conposite netal oxides having a different activity.
trioxide and antimony acetate.
(5) The method for producing acrylic acid as described in any one of (1) to (4)
above,
wherein any other metal-containing compound than the molybdenum-containing
25  compound, the vanadium-containing compound, the copper-containing compound and the

antimony-containing compound is used.

Effects of Invention
[0011]

30 According to the invention that provides a method for producing acrylic acid
through vapor-phase contact oxidation of acrolein, any excessive accumulation of heat in
the catalyst layer can be prevented while keeping a high yield in the method, the problem

in the related art that the catalyst on the gas inlet port side worsens more rapidly than the



(2) The nmethod for producing acrylic acid as described in (1) above,
wherein a coated catal yst prepared by making the conposite netal

oxi de of (1) 15above supported by a carrier is used as the catalyst,
and a supporting ratio of the coated catalyst is varied to control
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si de can[dgg3pol ved, and the catal yst can be stably used for a |ong
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I nvention 5[ 0012] The conposite netal oxide to be used as the

catalyst in thqwgyw)gm)g(@uﬁ@gb)a@g%;[xgefg@gky)hdefd)ned in point of any

ot her netal therein, so far as the ox nt'ai ns ‘nol ybdenum

vanadi um copper and antinony as the catalytically-active el enents
thergj n.rofy @]:)eferred conposition of the conposite netal oxide may be
represenE e(]*] y the follow ng 10general formula: [0013]

( M) 12( WvhéreintViauy c RSt SKped ¥) dack igli it moly)bdenum, vanadium, tungsten, copper,
antimony and oxygen, respectively; X represents at least one element selected from an
alkali metal and thallium; Y represents at least one element selected from magnesium,
calcium, strontium, barium and zinc; Z represents at least one element selected from

20----niobium, cerium, tin, chromium, manganese, iron, cobalt, samarium, germanium, titanium
and arsenic; a, b, ¢, d, e, f, g and h each indicate the atomic ratio of the elements; relative to
the molybdenum element 12,0<a<10,0<b<10,0<¢<6,0<d<10,0<e<05,0<f
<1, 0 < g <6; and h indicates the number of the oxygen atoms necessary to satisfy the
atomic valences of the constitutive elements.

25  J0015] .

The catalyst for use in the invention (hereinafter this may be referred to as the
catalyst in the invention) can be produced by calcining a powder, which is obtained by
drying a mixture of the compounds each containing the catalytically-active element and
water, optionally followed by shaping the calcined powder. The material source for the

30  catalytically-active ingredients are not specifically defined, for which employable are any
ordinary amumonium salts, nitrates, sulfates, acetates, oxides, chloride and the like that are
generally used in the art.  Specific examples of the compounds are as follows: The
molybdenum-containing compounds include molybdenum trioxide, molybdic acid and its

salts, etc.; the vanadium-containing compounds include vanadium pentoxide, vanadyl



15[ 0014] wherein Mo, V, W Cu, Sb and 0 each indicate nol ybdenum
vanadi um tungsten, copper, antinony and oxygen, respectively; X
represents at | east one elenent selected froman alkali netal and
thallium Y represents at |east one el enent sel ected from magnesi um
cal ci um sglf#eNahbdit akialant Rsamek, dicNGhe &@@Pé&ﬁﬁﬂﬁ% BpoiARLinOl&e copper
el ement selected from 20 ni obium ‘cerium tin, chromum rranganespé),
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constTtuff%e el enents. 25[ 0015] The catal yst for use in the
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invention) can be produced by cal cining a powder, which is obtained
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of ement HBRTELTT P SRHBRal BHEREN R dto R0 APRIAS gt of the
conpoundmvaitntade to vary in type thereby controlling the activity
of the cagtalyst. In the invention, the material source conpounds nay
be made K81V ry in 10 type for every elenent so that the conpounds

contxg ni.ng the vargy, 4 Q. ot . e of the
mat ezr%): al sour céﬁgﬁggggﬁﬁg%go%g?@%gﬁéﬁf rgﬂ’ gﬁia{{)gg? {/n-légg?fé%@?n ned and
changed egdeindilpgeidve ¢lpmentesintaining coinpoundsafe minedoritipesiet & prepat an

or 0 AR SRR A R e et o 1

pr ef er r debreowdzienaké syuebss sobugsad thé aqrbisBisyerkibh exdyde candctbfly referred

SR N R I S e

t he 2gpt i AIRss FRIFNRERESIGAIyAhBIcREd, the content ratio of the catalytically-active
element-containing compounds in the slurry liquid preferably falls within the range of the
atomic ratio of the above-mentioned formula (1). The amount of water to be used is not
specifically defined so far as the entire amount of the compounds to be used could be
completely dissolved in water (or uniformly mixed in water), but may be suitably

30  determined in consideration of the drying step and the temperature in the step to be

mentioned below.  In general, the amount of water may be from 200 to 2000 parts by
weight relative to the total weight of the compounds, 100 parts by weight. When the
amount of water is too small, then the compounds could not be completely dissolved (or

could not be uniformly mixed) therein. However, when the amount of water is too large,



tungsten or any other optional ingredient that are used in preparing
the catal yst of the invention. [0017] 20In preparing the catal yst of
the invention, first, the above-nentioned, catalytically-active
el enent - cont ai ni ng conpounds are m xed with water to prepare an
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be used could be conpletely dissolved in water "(or unifornly 'mXxe
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t he dryi F'aeurg TQéhﬁqﬁcient. [0018] Next, the uniformslurry
liquid o pped in the above is dried. Not specifically 5 defined,

the drying nethod may be any one capable of drying the slurry liquid
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shapi ng ol-0n elow,, ln.case where the.catal i S sh ,
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pr e- cal cfreraBitos Hoafor lichpee-silaiiatich St dfdti RO pedlesiin@ih @RtaBftically-
t he shaping step. Noj specifically ?_ef ined, the calcination step nmay
be attai qﬁ:gge }qgr%ﬁ?tq(ﬁgwp Hng ¢f peeling away while the shaped catalyst is charged in
25  areactor tube, and for obtaining a shaped catalyst having small abrasion degree.
[0020]
The pre-calcined granules only can serve as a catalyst having a sufficient
catalytic potency; however, the pre-calcined granules are preferably shaped for use herein.
As the shaping method, there may be mentioned (A) a shaping method of tabletting the
30  pre-calcined granules; (B) a shaping method of mixing the pre-calcined granules with a
shaping aid such as silica gel, diatomaceous earth, alumina powder or the like, and shaping
the mixture through extrusion into spherical or ring-shaped bodies; (C) a method of

applying the pre-calcined granules to a spherical carrier of silicon carbide, alumina,



20 catal yst production nethod including the shaping nethod is, for
exanple, as follows: In this case, the tenperature of the
pre-calcination is generally from250 to 500C, preferably from300 to
450C, and the pre-calcination tine is generally fromlto 15 hours,

pr ef er abliv]fiteOMuduR ob tHeQikehavilize: REReeRLLHARY PR B G éosasqwg@ chiive
for preventing the catalytically-active ingredients from powdering or
peel i ng SWRRPTiRAIbY dhe eratieh agrouding tan fuebling mramajisn method ar thedikesto.
tube, an obtai ni ng a shaped catal yst having snall abrasion

degr ee. ?%02%] The pre-cal cined granules only can serve as a
cat al yst havi ngAaﬂaﬁiﬁde:riferMseaatlaﬂ atto'we, that eng\be thenizned watdﬁeethanol

pre-cal cin ) are er shap dfo se herej

shapi g R@S’HB’% a’fﬁ% rPé‘rFiieF’(f%BSOLKSAﬁ 13 59 nrfﬁo’r%{lﬁg’d“‘@? etc:; but
tabl et ti peféhial 236 aRbRol§; adu@h aealowaﬂt&lsr@, e. %B):thﬁleﬁg'g icBy g['}%ﬂﬁ?qet@f and

m xi ng the pre- cal ci ned granules with api n suc as sil

gel, di a%ﬁ@&rgedéagmemar ul“rh%lcm/aew rusrchherrs dicectlardt ishbi lﬁg t he
m xture g ugéﬁ SR ebJ{E ‘j_ﬁérggl} hal(?rfng At &ﬂlcélﬂ?aﬁ:%ﬂ 2SS 10.‘/%
app crne

rrethodo |ngthep -ca ran erical carrier
of sili cwisighbfdyitheepurabsendfipaodueing ahlgh -efificacy watakyst. t ﬁlélelmkmnhaf/ﬂm@naier to

di a of fir om2 5,.t0 SO t.a be oat orted t he
car pﬁser be, dsegy STHg2Y Be 53?66%98 @ftgrﬁﬁrpé‘{“‘ ﬁ‘ﬁgﬁ%‘r@ tpl.@}ﬂplagéby etc.
[ 0021] As;etgneobuhegm-ceﬂanedrgmhms.t he above, there may be mentioned

wat er, Bﬂﬁgfl Spol yvi nyl “al cohol of a pol ymer bi nder, aqueous
srlrca S an i norganic binder, etc.; but preferred are aIcohoIs

such as diols Mhtef bPtichall$; Qshapﬁfg@%ﬁf&ﬁ aglsﬂfgglgel d éil’ £de9 uﬁﬁ'ﬁla

nore preferred is gqeycerr n." The al"cohol e-use ere recf
it is, bpewdes optheflieaniybeivsed heee. aﬂ“la@mquOEtbb shdpbrg aiddo b@ﬁsdulam)nlgp a

SR o ety Hos o B3 Bhund By WRlerFaI8e o 0 b, BYLRERE Pl BEERHGRER
may be ggmeuled.| \Stilk mpnohﬁlly,mssﬁf patrérgtlbylﬂmc@hfor keRhrapley BotganidXibepagiich

by wei ght of t.h ranul es. . [002 Furt her

ot 1 ool Feratie TRy Bt th iR iR Jof o gusmose ot evhdecivg i

al um na m@&ﬂiﬁfcapitrehﬁﬂ‘x dfithecAtRly st e HESRS ) Eibrs rddiive FRil the Qﬁta?y'@leingredlent
by

shaping aid to be used nmay be 15general I'y from5 to 60 parts
wei ght r8Icags Q@a%wme@fp‘é@r%wb@rs REPaif magnerswel prrbongde whiskersgranul es.

Stildg o ee@r%t‘_. f i
fi bez*ros g%%%éﬂl%erg%%r% e"?gﬁ ler S o b %ire %Rél eflr} ec({]l vgﬁ’\&ob&
t he pur pweightolaginé smEGthpprtsthy weightzof] thcapresiaicmmgltgramﬂest he catal yst.

However B?ﬂters reactive with the catalyst ingredient, such as
pot assi u[m anate whi skers or basi c nmagnesi um car bonat e whi skers are

20 unfavor abl eln iﬁknatham)ﬂriﬁ gofierhl ehefshiysing aﬂ%ﬁ&h&ﬁ%ﬁg@&ﬂﬁﬁc@@{% wlly
t.he

from1l to, 3 relatiye to arts by wei
pre- cal c'PH‘ég Vﬁ%&h ca\fEB%JZ]%‘]an“ les. ' On thept aﬂﬁéh‘%@?’%eﬁ' Iﬁ‘aljéﬁérbﬁmxﬁ%e
shapisng it tiRnee-tABInSE geﬁgléa ar}hﬁg%@ﬁddéexot Sﬁh}?lﬁ% 1§ Emhh neoysly with

pre-cal cined granules. "On the other hand may a

m xed 25nkiefaie ph@ftqsraéd@an@if ﬂmrgwahmaégramﬂesrthe,rer@eaadmedbctcbbetlm

shapi ng g} ﬁ simul taneously with or before or after addition of the

pre-cal c[r ned granul es thereto, as described bel ow. [0024] o
t he above- nent Qfiibdatsivamhengioned kagng methbdy, pedera ishige tum‘fﬂﬂngrgganulation

g;gg?;? tplg Otﬁgt"gf(bhog'h% rcr:rgrﬁthq#] 18 ag?ol?ovgs | sPo?cseszn(a)llalle Ol\rl\llsan agggrateu)é?lavmg a fia? o? "
30  surface-roughened disc at the bottom of a fixed container, the disc is rotated at a high

speed so that the carrier in the container is violently stirred by repetition of the rotational
movement and the orbital motion thereof, and a mixture of a binder and pre-calcined

granules and optionally a shaping aid and a strength enhancer is added thereto so that the

carrier is coated with the mixture. The binder may be previously mixed with the mixture,



30sur face-roughened disc at the bottomof a fixed container, the disc
is rotated at a high speed so that the carrier in the container is
violently stirred by repetition of the rotational novenent and the
orbital notion thereof, and a m xture of a binder and pre-cal ci ned

gr anul es opifhy MR tad@stPibledetAsibhidiRhe B v iR BorS b 1R H‘Iﬁﬁ‘m?éﬂ'ﬂ%ﬂg fiked ﬁoéltainer,

added thereto so that the carrier is coated wth the mxture. T
bi nder n&Yy e bgredgedisiojo aftstake sddition ¢lehermixtures or may bpagddscbedong dhi

th t i S, ne i £.4.0n: i . he fi .

cont ai nepAdtioh BRERZ L ALMA O Bt WP bWl el Wi i Rorians

or may bendtidgdndydfearomtiig iaddiy tdegredtrhamen$g that the ketird astidune ofuhdsd he

bi ndey may b ui t abl i vided int.o plural rtions and . they may be .

conbi hed NERFFR et PPedtsikin B cuiibra, Aer!SREF M Eh U e SRR d oS in

i ngr edi ephpdésagd Benagde ®fitodeN B G MeMidAeIT.digAhe HESR dﬁBQEébi]ﬁﬁyr e
0

enpl oyed here in any desired manner. O those, in the method

di vi di ngPisl pertiangfer sxamplret 1 degisable ta sutpblyrcantrplghe addigon paed of the
exanpl e, ;ddted; i i I 3 j td of
tho | ngr LTS BpHARE BARARHILAS of SRR B hOPyROR {REySREE e

pur pose bfixtprecivemtaidingyingte thd wall oétherfowd adfitaimengnd prevérgingahd ingfedidngs of

agor et M a6is B Rleinhe Mhelf s BE BF PTG Binstarioite Shbe it o
coul d becaulpporsigdrtby by hiee @ariéd er . [ 0025] As specific exanples of the

carrier H)Z]%Le in the nethod (C), there may be nentioned spherical
carriers ilicon carbide, alumna, mullite, alundumor the |like 15

having a di ametg¢ sRfifld XBmple’ of hel@ri@PusiHle if@lﬁ?etﬂé@{(@[fh@% R5FbHe he
a Wwa

carriers havi ng a porosity of from30 to 50% and r absorption
of from mentienedopherRelearten ¢l shicom parbide, diminme medlite] alunduom betha dikd,

h o ’ . g . 2 .
my bo. (e PiapR o Bt 535sbHin  POSHAR DRl AN ErifdRtpedon,
by wei ghporo§i§0dtor200d heYsinde witet dlaophiaped fibadl0 wf3Whe Regrdiak diened
Tay be. sRRGT ELE. AT 16 A e iRu T HE SR P o lelbr apes +
body, pr@iﬁéxﬁbiay,betghﬁeﬁilﬁmhﬁ‘[o tENe By Weﬁﬂt,rﬁ@e?amt){&lh 1153t0n§@"/95¥1 $Right.

and the height thereof is from3 to 20 mmor so; and en t he shaped
body is [£020her i cal body, preferably, the dianeter thereof is from3

to b mm or SO-Th%%FzQQ@Eﬂe sﬂgg&}) gé@%ﬁgpret&fciﬁémggulpéj&%ai%d h&8rding to

pre-cal ci ned granul es may
the above-mentioned methods (A) to (C) may be as follows: For example, when the

shaped body is a columnar body, preferably, the diameter thereof is from 2 mm to 10 mm
or so, and the height thereof is from 3 to 20 mm or so; and when the shaped body is a
spherical body, preferably, the diameter thereof is from 3 to 15 mm or so.
25  [0027]
Thus produced, the shaped body of the pre-calcined granules may be post-
calcined to give a catalyst. In this case, the calcination temperature may be generally
from 250 to 500°C, preferably from 300 to 450°C, and the calcination time may be from 1
to 50 hours.
30 [0028]
The embodiment of the catalyst of the invention that comprises a composite
metal oxide supported by a carrier as above is preferred in point of the catalyst life.
Specifically, according to the related art where the catalytic activity of a supported catalyst

is controlled only by controlling the supported amount of the composite metal oxide



calcined to give a catalyst. In this case, the cal cination
tenperature may be generally from 250 to 500C, preferably from 300 to
450C, and the calcination time may be from1l to 50 hours. 30[0028]
The enbodi nent of the catal yst of the invention that conprises a

conposi t end¥ghah tﬁébﬁﬂyﬁqﬁ Qﬂﬁéheﬂ*le BY, p%rt‘ﬁ?gr fati6¥s ﬁﬁeﬂ?&ﬂi’@hfcﬁ tl@r%% HR% b

point of the catalyst life. F C|f|ca y, according to the re
art wher €cHViy, ttabbyluicansmint of thy compasitupgtel vxde isamllly sud therefore the

troll I t t
ot al ox 5B ofite SORDESI O Gif SRR (A APHE offhe L ROTRER o °
i s smal | Cantte vihecharidh eccetding téhe peeskonvinedition) ﬁhy catigicabsdltingy BetRired
of th site t al fldeIS mal |, and t fore the wor k|l oad of
the cmpBLrbansing GF e ks atedialipviss copoupgiiohertised for dhrcanys ek
is short the@foiehﬁe ﬁﬂp@ﬁlﬂg&ﬁﬂm né?%rlﬂédégelaﬁvélﬁﬂ ?ar@é %%’é a bﬁXl?/E‘ttlh%cﬁ ﬁﬁ%

catal ytic act|V|ty may - be | ower ed by changi ng the type of

mat er i al axewEad tiaramerpsiie megal @éldqsébrgemn thvaprealayey wiay banded mlrtlae tifecofl
t he supp relatively large so that a catal yst
in whlchﬁ{he SIEgéndtls)eo g%corrp gite netal oxide is large in the

upper | aj#2%my be used and the life of the catal yst can be thereby

prol pnged. [00 10l n _the ,inyention tion nul tiple
catafysts eachzlﬁzﬂﬁ Ryeaa f}feea;&??{? n%?@flp’{}‘?d(:?“gtﬂﬁe Gria Sts§5§'b]i“? ViR 11%61‘61“
t he cat ahBitylagy/gdedi S Sﬁéblﬂ@ﬁllygfh@@aﬁ@sf RyBiei¥ 8o TeHifdAl B t6 Bacd h@Ripkones,
and the catal ysts each having a d| ferent _activity are indivi dual |y

ar r anged RR1Azaes 2gd the Gialysheachihgving arflifferenbaréivity pen indiyidually aypnged
of the tmbtﬁes%rremgﬁ%ﬁ&tlalsu&fénaﬁﬁé}qﬁﬁ it U6 B?’ﬂ%rtﬁustlgﬁ?{%é? cEhlRAr

side fromthe material source gas Inlet port |de in
axi al di besemephightr tomvard thgoutet parbsde frod30¢ material sourd¢engashielet paresitle om,

;Regﬁggg e bg’fl ﬂﬁgﬁl{i@%&l rmﬁ%é}é%%{gg{ gr eactor is used as a reactor. In

e nu F the reactor t ubes, the
cat al yst06B@y ged | ength, and the nunber of the divided zones of the

catal yst |ayer vary, dependin dr| ving. 20 conditiaon, and

t herefore may B%‘é}é} eé‘FW? ri’eé}‘eél ultitubllar sgactos iy wsed @g airepctie

opt i MM BARE Alab@R of ﬂ&%lﬂfﬁes theﬁﬁmfe@ bﬂﬂletrl%@ the%' R cai‘abxstleh&@écﬁiexg&l and

| ayer, when the nunber of the djvided zones increases, it ti; ﬂe easy
&

to cont ri§e npmberpfithe diyidedizenes ofithe catalysideyesimayaary dependingtcal the driviager
may e AobifiRd, L B fE by ARNERANO défe}rgin@dfcys% Hgfl{agggo & Qi he e

i nner di aneter e Teactor tu rom

or so. Zﬁt[tmmpperatlon resulihe Regaudiiteg the rah\mabin oﬂtlmfcatatgat layee mthien thenmym e
an ordln e current nethod,or a recycle t hod, and be
orta ned e R Eo AR HEREETE B L8 oad o Eok Rl R TR bt adf
conpri sifag, ﬂmaagrsolagemmaﬁ baaivmddahtospwmme@ Pkt eHeThte@lled 61980t2 TRe
10% by vol u r ef %[labl m3 to 9% vol une, nol ecul ar oxygen in

an ampurifngrdiageetey of; ?recaStO?L eb?aW]Eﬁ%ﬁ%ra)ﬁpfrfmﬂéEﬂ y0 PR RT $P-t 0 10% by
vol uze, tgr vapor in an anmount of fromO to 40% by vol une,
preferably from5 to 35% by volume, an inert gas (nitrogen, carbon
di oxi de, et c.) Tba pradugtioumethofl Gfﬁmzﬁlttom 98%bhan edinanesingleeiseat| y

;Lg\r/n e3ﬁerﬁn§}|h§(£(e{ %Cyak 3‘@’ 0%{’1 Q?& %‘%V 5’ 4 gﬁ?lgeqﬁg‘% ng?ryzf 08@1‘&855' pr&sur e
of fromeRaingle?dhik&bgasanehpaising thpaaeleitedsonittal(BiRESR h@bhmount of from 2 to
10% by volume, preferably from 3 to 9% by volume, molecular oxygen in an amount of
30  from 2 to 12% by volume, preferably from 3 to 10% by volume, water vapor in an amount
of from 0 to 40% by volume, preferably from 5 to 35% by volume, an inert gas (nitrogen,
carbon dioxide, etc.) in an amount of from 28 to 93% by volume, preferably from 35 to
86% by volume and the like is applied onto the above-mentioned catalyst at from 200 to

400°C under a gauge pressure of from 0 to 200 kPaG and at a space velocity (=material

10



source gas flow rate/apparent volune of charged catal yst) of from 500
to 3000/ hr for the intended catalytic reaction. In the
above-nenti oned m xed gas, a vapor prepared by oxidizing propyl ene
according to a known nethod may be used, and in this case, snall

quant it i esuet g fl@acitedppiremloniite amhaageaeerataws%fﬂmﬁ 900 fo TR FbSthe
in the system, 5 Exanples [0032] The ‘i nvention i s described

in nore deeuded C\ﬂ}abﬁlcrféﬁ‘é}oénc@ Ehé appge- ﬂ’@ﬂ!l‘mﬂdn@lxﬂ aaﬁp pagpermdepared by
Conpar at 'oﬁéﬁilﬁﬁéﬁfﬂgﬁﬁne MOtor@ %rﬂfﬁ BRRLD 8165_1{6? nl%ﬁ%yé ﬂc)ié psc zﬁ{dhﬁolig WE small

t hereof, 10 the 1nvention s d not OW hg
Exanpl es quaRities of ipregxedrplopslean andothpasidt produdts angylemist lrsthalsj/stdfm

wei ght; and the acrolein conversion and the acrylic acid yield are
def i nad by the following fornulae (1) and (2), respectively. [0033]
15 Acrol &xampleversion (nol% .- 100 x (nolar nunber of reacted
acrol ein 4\4} | ar nunber of supplied acrolein) (1) Acrylic Acid Yield
= 100 x i r nunber of fornmed acrylic acid)/(m)l ar nunber of

suppl i ed acr ol eT inveatiotds H8LABEd in mo ¢ detz;mﬁl enM éf(ﬁfovﬁll?

formed acrylic acid in the fornula ( er of acrylic
aci d f or FEampfes and ﬁem@ataaw Exargples. hé\Iotrm@mtmpmg t[he@ﬁﬁq an@5hExapp Itl&:réﬂf

600 rt 6
tunghy at Sl ABLERhARE (W88t b R ERuPsh oo R BRetiPles gnd
not or, afdmphiative @xihples ns*all lbjewmght and the acroleln conversion and the acrylic acid
yield are defined by the following formulae (1) and (2), respectively.
[0033]

15  Acrolein Conversion (mol%) =

100 x (molar number of reacted acrolein)/{(molar number of supplied acrolein) (1)

Acrylic Acid Yield =
100 x (molar number of formed acrylic acid)/(molar number of supplied acrolein) (2)
20 -
[0034]
The molar number of the formed acrylic acid in the formula (2) is the molar
number of acrylic acid formed with the catalyst of the invention.
[0035]
25 Example 1:
600 parts of deionized water at 95°C and 16.26 parts of ammonium tungstate
were put into a blending tank (A) equipped with a stirrer motor, and stirred therein. Next,
18.22 parts of ammonium metavanadate, and 110 parts of ammonium molybdate were
dissolved therein. Next, 3.78 parts of antimony trioxide was added thereto. 15.56 parts
30  of copper sulfate was dissolved in 96 parts of deionized water in a blending tank (B), and
the resulting solution was added to the blending tank (A) to prepare a slurry liquid. The
slurry liquid prepared in the above was dried in a spray drier in which the flow rate thereof

was so controlled that the outlet port temperature could be about 100°C. In a furnace

11



18. 22 parts of amoni um net avanadate, and 110 parts of anmmoni um

nol ybdat e were di ssol ved therein. Next, 3.78 parts of antinony
trioxide was added thereto. 15.56 parts 30 of copper sulfate was

di ssolved in 96 parts of deionized water in a blending tank (B), and

the resuhtited sl rebinaBmpaanRédeshdaang Bie Bf ﬂfuﬂﬂt Ba°C/aR khe ihis-bBraplcgPar e
a slurry liquid. The slurry liquid pre% in the above was dried in

a spray @rngles wergwaleined rue-calsinedats 9P ffé'cﬂbOWa%h@ES control | ed that

t he outlﬁ? rt tenperature could be about 100C. In a furnace heated
fromroo teﬁperature at a heating rate of about 60C/ hr, the

t hus- obt ai ned gNaznmheanmaleinedigmhnbdw(emgoumhiznhai)mﬁt to380€a bowdabout

5 ho 003 re-ca CI r | es re.qround.in a ball
o TS gheogtates B ks relotealh s & PrectliRe Bt £ VRIS 2 ipas S5t afueads
pre- cal Clscﬁlﬁﬁlorp«ﬁﬁmbwb % aMiédrid Wastk gn@ea smhmwa(wﬁleﬁ alustiin@ha9ng20

wt. % gl ycerin prayed onto, 36 parts of carrier alundum having a

por osi t yp%ﬁ"s‘@O@ svga‘f"étrer absomrtioniodl 9 §po amd fa%aaw@ra diSamet iama tambling  nm
i t t
In a tunblhigddr cﬁ'rthe[grﬁ o@ﬁ:‘iﬁeﬁ t;vdfemago ﬁc&%& l—%ﬁgn Qggg?@yms

processed therein so that e sup t| ng ra i 0 cou
wei ght . suppartingrrafgeeouid ae éd%flnomlgbb min e fp@act beatedafrora radin Iimnparatgre at a

r at e, pf nce was C C fo
hourlsoot oﬁ%?\&/{% r%'{g(%gﬁqut %p&b/ﬁr ?/abtﬂjttb PORce ‘fﬁs ¢ ?18?143%(%%0% £ h?ﬂrs 0ne
cat a: yti gla? h)cﬁialytst Méthe hgieatibe nt&eﬁﬂ@lﬁ@ﬁl I alQE(ty@eflth@fca{ahﬂlchlﬂlylﬁctﬁiétlﬁgr@@i@nts
catal yst of the invention o]

L 5ND 12 VIR B e 8 {Hys- c\['%@ aﬁi gshﬁlﬁléﬁmﬁfld’éﬂi‘@? folloves: cat al yst

A [0039@103@}0\ catal yst B was obtained in the same nanner as above,
except that antinony trioxide was changed to anti nony acetate so that

the elenental ratio of the catalytically-active ingredients thereof

coulid be the sajg wha uqushopg above:- nenti oned h)ormJI a (A. [0040]
A catal yst C was obtai ne f € same nmanner at for the catal yst
B, except 25 that the supporting ratio was changed to 33% by wei ght.

[ 0041] [0038]

The obtained product is a catalyst A.
[0039]

20 - A catalyst B was obtained in the same manner as above, except that antimony
trioxide was changed to antimony acetate so that the elemental ratio of the catalytically-
active ingredients thereof could be the same as that of the above-mentioned formula (A).
[0040]

A catalyst C was obtained in the same manner as that for the catalyst B, except

25  that the supporting ratio was changed to 33% by weight.

[0041]

Thus obtained, the catalysts were charged in a reactor tube having an inner
diameter of 27.2 mm, into which a mixed gas prepared through vapor-phase contact
oxidation of propylene with a molybdenum-bismuth catalyst followed by adding oxygen

30 and nitrogen thereto was introduced at SV (space velocity: material source gas flow rate

per unit time/apparent volume of filled catalyst) of 1800/hr for reaction.

12



Thus obtained, the catalysts were charged in a reactor tube having an
i nner dianeter of 27.2 mm into which a m xed gas prepared through
vapor - phase contact oxidation of propylene with a nol ybdenum bi smuth
catal yst foll owed by addi ng oxygen 30 and nitrogen thereto was

i ntroducegh4ay SV (space velocity: material source gas flow rate per
unit time/apparent volume of filled catalyst) of 1800/ hr for

reacti on. Ap®AR] Acrol ei n5. 5% by vol une Unf¥dst edupeopyl ene +

acrylic acj,gd. =+ nj o) s 1.9% by vol u 50xygen7. 4% by
Vol e st capie By PRy R e BT S B R R RN oasta. 296 by
vol ume [0043] 10The catal yst A was char gedl.p% Byheolupper | ayer so as

to have a charged length of 1000 mm and the catal yst C was charged in
the |bwer é%ﬁ so as to have a charged Ie%@%ﬂjyo‘fo)i%eo mm and as a

result of gwastion in the reactor tube, tf’@ﬁ%l}ﬁg}‘oﬁrﬂée of the
heating medium for the reactor tube was 276C, the hot spot of the

cat al yst |Mijiogenmgantpigingvaertgger of the cat¥3PetbyAockmie was at 310C.
Regardi ng the reaction product in this case, the 15 acrolein
conversion was 99.6% and the acrylic acid yield was 97.4% [0044]
Conpar at [0pd3Fxanpl e 1: The catal yst B was charged in the upper

| ay so as to . Jave arged | ength of 1000 mm and the catal yst C

was tharged in ﬂr?ecafﬂiwgp*w%/gw Wg%?sfh‘? WH’?&&é{e’ésoc?f’afP&@HeF@i‘?dS lspathof

2600 M 1G000nAsand theEathlystaf wa€@Bdrzedin Me IdWeer 186 kQks foUfSe atch%%d letnﬁm
, e

tenperature of the heati ng1 medium for the reactor tube was 2 }
hot spot °i3000 mame gndas askesylh gbieagiinn inhe reactpripbe, the tamperatuenfyks hatingd

e LA s L LY
of the catalyst A and was at 310°C. Regarding the reaction product in this case, the
15 acrolein conversion was 99.6% and the acrylic acid yield was 97.4%.
[0044]
Comparative Example 1:
The catalyst B was charged in the upper layer so as to have a charged length of
1000 mm and the catalyst C was charged in the lower layer so as to have a charged length
20  -0f 2600 mm; and as a result of reaction in the reactor tube, the temperature of the heating
medium for the reactor tube was 276°C, the hot spot of the catalyst layer was in the layer
of the catalyst B and was at 320°C. Regarding the reaction product in this case, the
acrolein conversion was 99.7% and the acrylic acid yield was 97.3%.
[0045]
25  Comparative Example 2:

The catalyst C that had been diluted with an inert substance to have a
concentration of 80% by weight was charged in the upper layer so as to have a charged
length of 1000 mum and the catalyst C was charged in the lower layer so as to have a
charged length of 2600 mm; and as a result of reaction in the reactor tube, the temperature

30  of the heating medium for the reactor tube was 274°C, the hot spot of the catalyst layer
was in the layer of the catalyst C diluted with an inert substance, and was at 325°C.
Regarding the reaction product in this case, the acrolein conversion was 99.8% and the

acrylic acid yield was 97.5%.
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[ 0045] 25 Conparative Exanple 2: The catal yst C that had been
diluted with an inert substance to have a concentration of 80% by

wei ght was charged in the upper layer so as to have a charged | ength
of 1000 mm and the catal yst C was charged in the |ower |layer so as to
have a chatger hepaédbiley 2600 mm and as a result of reaction in the
react or &ube the tenperature 30 of the heating mediumfor the

react or Qﬂféhvas 274C, the hot spot of the catalyst layer was in the
| ayer of the ca ; kUt 86k Ji i t C t
325C. Regardi ngAt@dt%&%ggtg? :ﬂi)éjn pro utg(%} ?ﬂj dltLl ﬁlﬁé %“3@2? tdtgﬁeggct?%ﬁ%%%ﬁ’ any
conver si oxceagive Sgusidativa aftheatdiorty¢ catalysti ldyeyiceh He wasvedtEd Sohile keeping a high

| ndustri al | icabilit 4 According t.o the nethod for
or odub ngrelds R BB 'ty FIRE® ot the s §P i it P S ossems prore
of heat tapidiehamathalcytityst ay glie garoutiet poie¥RIBicad baltolved karipihe Gafilyit 64k Be
yield, the lgrob min the related art that the catal yst on the gas

inl et poflRblyivg AdengPeHAdOftMG.dl y than the catal yst on the gas

outl et pajgy7pi de can be solved, and the catal yst can be stably used
for a long period of time. [0047] Wile the invention has been
described i n deWaile thginvantion hes egeprdsecritedgpateiail andl @itk nbdinee e specific
t her gof, i o ne.skilled.in. the art that various
chantis' Sibodinghis erPRE RS bd Bt 6 buc T 8F ol beretiBiond RS e
t he spi rmbddidticasape bt hexrdeakierein without détartigedentthagilit art Jcope therddased
on Japanese Patent | i cation No. 6 2010- 244966 filed on Noyenber 1
2010, and the c—@‘r‘?t B‘%fpg’ta?@thicﬂw %Péﬁeédoméﬁl?ﬂllﬁseo ajeat AnplicaionaNog 2010-
al | the p£fogE eileon NokERbAET,0N0241R the COKIBRE AR oot BEin byOreference.

CLAI M5 ) . )
Also, all the references cited herein are incorporated as a whole,

15
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[Claim1] A nmethod for producing acrylic acid through vapor-phase
contact oxidation of 5 acrolein, wherein a reactor tube is divided
into at least two catal yst |ayers, and catal ysts havi ng a hi gher
activity are charged in the reactor tube sequentially toward an
outlet port side froma material souCct@aIg@s inlet port side for a
reaction therein to give acrylic acid, and wherein a catal yst
activity-controlling nethod is a nethod conprising: a step of m xing
a nol ybdeouhaent ai ni ng conpound, a vanadi um cont ai ning 10 conpound,
a copper -cont ai ni ng conpound and an anti nony-contai ni ng conpound wth
wat er, then dryArgethedifor aredusinggcayliceasid throvghrviapenplese contadtioxfdation of

catal yti - I c ition i;s t nstant bu
rat or] 5 S0l AR 2 SLLIE Mo IR oot Each B 0 1508 M el
net al oxhakdsg haighegaaivityfateclangediatthe tebytor bE baicmially ibhard®i batkt ber

producing ,acrylic acid as clai.nmed in claim1l, | . Wherein a, coated
cat al yst %HP gfﬁé’r %Hla%laﬁéawwgga?ﬁ%l%% 6@? ?%f arerionghirgin e agricracid,
suppor t eghdwhéeRed EdtalystiadtivisReolinemetbaliys el ofpsidigor ti ng
ratio of the coated catalyst is varied to control the catal yst

activity. 20 [ G #FmPBpixiRRa el islentorcoprabning cergpeindy k ivenasliung-castaining

Comphond T RPURATS ot Foy RS PRt Bs Bl lo R LR SRR Ot o

as cl ai nwalter,rthegl diymg3nd calcining whesulting rhixeuranihiwhictya caaltydcailyrgctive

compound _,i s conmbi nati.o f antino rioxi de and anti nony acetate
50 L ai sieRpfplRosiRhd” PR cpibu B elsbn{ituice sompodosAtarinda i sy
one of clypé eBgile tOmposite metal o IRivihga diffefeRsctivayal - cont ai ni ng

conmpound t han the nol ybdenum cont ai ni ng conpound, "t he
vanadi um cont ai ni ng conpound, the copper-containing conpound and the

ant i Ny gRt @} ni ng conpound i s used.
The method for producing acrylic acid as claimed in claim 1,
wherein a coated catalyst prepared by making the composite metal oxide of
claim 1 supported by a carrier is used as the catalyst, and

a supporting ratio of the coated catalyst is varied to control the catalyst activity.
20 . .

[Claim 3]
The method for producing acrylic acid as claimed in claim 1 or 2,

wherein a type of the antimony-containing compound is varied.

25 [Claim 4]
The method for producing acrylic acid as claimed in claim 3,
wherein the antimony-containing compound is a combination of antimony

trioxide and antimony acetate.

30  [Claim 5]
The method for producing acrylic acid as claimed in any one of claims 1 to 4,
wherein any other metal-containing compound than the molybdenum-containing
compound, the vanadium-containing compound, the copper-containing compound and the

antimony-containing compound is used.
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