METHACRYLI C ACI D BACKGROUND OF THE | NVENTI ON FI ELD | ON& The
present invention relates to a catal yst which can be Ethg%gd or producing
met hacrylic acid from nmethacrol ein, isobutyl aldehyde, isobutene,

i sobutyric acid or the like in a gas-phase catal yt| " reR. 10
DESCRI PTI ON OF THE RELATED ART A cat al yst consistim&mmmmmmwmﬂwtopolyacid or
a salt thereof is known to be useful as a catal yst I C | oyed for
produci ng methacrylic acid by a gas phase catal ytic oxi°®¥®} on of

met hacrol ei n or L Ke, S ] 1 regard to
its conposition,&gfégggﬁrgsﬁg%ggi%éﬁ %$§§g§¥$§§ﬂg@§£§%%ﬁf?ﬁ%ég% wel | as
production nmet hods thereof. For exanple, Japanese Patent Publication (JP-B)
No. H6(1994)-79666 discloses a catalyst with a pore distribution in which
10 ~ or nore 20 of pores have a pore dianeter of from1 humto 10 hum and
10 ~ or nore BACEGROYNDape @HBRorRVEN@TeNer of from 0.1 ~mto 1 Eun based on
the total volume of the entire pores . Also, JP-B-H3(1991)-26101 di scl oses
a met hod for F&%Lgr gy%hﬂggﬁV?ﬁEﬁb%St whi ch includes the steps of
suspendi ng or “di Ssolving starting materials for the catalyst in water and
addi ng an anmoni um source and a nitrate source so that the anmoni um source
and the nitrate BPe AR dN¥EREAPRE 1AL ehdONt SR I hifBI®@N to 15
nmoles and of fromO . 1 noles to 4 . O noles , respectively, based on 12
nol ybdenum at bes enpidyatiel foaf t produeing chethaceynlice achdt i frmmt S.

Mor eover, JP-B-H2(1990)- 15255 discloses a nethod in which a 10 catal yst

i nvol ving ampgifarodBHRNI L5 BEOFD didifesdigbbatbabs flobueyrid C hour
to 100 C/hour up to a cal cination tenperature of from 300 C ta 500 C during

a process of the _preparati for the catalyst. Ho er, a f. these
conventi onal 85ﬁ3|§§tggﬁs&§gF 15 ?a??§f8§9§9ycﬁ aﬁ%&ﬁf 8Fq¥ﬁ§lpgaction
ef ficiency when utilized in a production of methacrylic acid, especially
with regard to selectivity to nmethacrylic acid.

- e3eL| N6T] gkl ~l AA6~w~ . , 1 *@00002* CATALYST USEFUMM”Wm" ING , ,

10 DESCRIPTION OF THE RELATED ART
A catalyst consisting of a heteropolyacid or a salt
thereof is known to be useful as a catalyst which is
employed for producing methacrylic acid by a gas phase
catalytic oxidation of methacrolein or the like, and has
15 widely been reported with regard to its coﬁposition,
structure, physical properties and the like as well as
production methods thereof. For example, Japanese
Patent Publication (JP-B) No. H6(1994)-79666 discloses
a catalyst with a pore distribution in which 10 % or more
20 of pores have a pore diameter of from 1 um to 10 um and
10 % or more of pores have a pore diameter of from 0.1
um to 1 pm based on the total volume of the entire pores.

Also, JP-B-H3(1991)-26101 discloses a method for



SUMMVARY COF THE | NVENTI ON 20 One of objectives of the present invention is
to provide a catal yst capable of producing nethacrylic acid at a higher
selectivity. The inventors of the present invention have researched 3in
a_solid phase transfer reaction froma pawson-type heteropolyacid salt into
a Keggi n-type heteropol yacid salt usindg a heating diffusion-reflection

i nfrared absorption spectroscopy. As a result, the present 5 inventors have
found that a Keggi n-type hetero-polyacid salt having a |lots of m cropores
and high crystallinity nmay be excellent as a catalyst for the nethacrylic
acid producti u - t et; agkd s yde
obt ai ned by agﬁ%?ﬁggnﬁnqﬂh?gﬁggggetr%ﬁg?grJ?&%%?ﬁ%% }Bgisét%%gﬁé%gd in the
presence of ammoniumnitrate,, referablg in a Iarger anpunt_ of the amoni um
nitrate in ordeFPeRA$RG: @F SHLYA % S AR R DA BEELAL 8 n FORe Thsdi ngs,
the present invention has been acconplished. The present invention provides
a catal yst comptatysy 1B watkeygamd t addinngtan comoraicun saitcevamdh a s
represented by Formula (1): PaMXbV~XdYeOf ( I ) wherein P, Mo, V and O
represent phogpPRsLs souFleydWl e AN t HARRALHILA RS uPELISS Lk esiRaddvel vi X
represents at |east 20 one el enent selected from potassium rubidi um
cesium.and thallium Y represent t | east, one_el ene se] ected from
copper? arsen?%?r%ﬁt?ﬁ%n?$n5%+%ﬁ$ i?l%@ﬁ?nﬁﬁsﬁﬁt "o R0 k&H AT 13 ant hanum
and cerium a, b, c, d, a and 4 f represent the atomc ratios of P, M,

V, X, Y and @notesmnd ofefyomahdl ke toghalsmebed? respagtively, d and a
represent, independently from one another, nunerical values exceeding 0 and
not nore thamb@seansnf12 smélefbdesum Desesl Kiind dita ©ud ¥l ad f 8 eolelitd on of the
el enents ot her than oxygen and al so on the atomc ratios thereof; the

catal yst havigg a pppg di sgLrippLion, o ?gg{gggn ¥y a nercu&ylﬂﬂﬁgg;netry
I Vi ai 0

met hod, in which a total pore volunme of pores having a radius 0. 05 dun

or less is about 0.0
JP-B-H2(1990)-15255 discloses a method in which a

10 catalyst involving ammonia or ammonium group is heated
at a rate of from 10 °C/hour to 100 °C/hour up to a
calcination temperature of from 300 °C to 500 °C during
a process of the preparation for the catalyst.

However, any of these conventional catalysts is not

15 satisfactory in terms of the reaction efficiency when

utilized in a production of methacrylic acid, especially

with regard to selectivity to methacrylic acid.

SUMMARY OF THE INVENTION

20 One of objectives of the present inventionis to provide
a catalyst capable of producing methacrylic acid at a
higher selectivity.

The inventors of the present invention have researched



10 . cnB/g or less and a total volune of pores having a radius exceedi ng
0.05 ~mis about 0.2 cnB/g or nore. The present invention also provides a
nmet hod for producing the above-described catal yst as well as anethod for
produci ng nmethacrylic acid using the cagal yst. 15 DESCRI PTI ON OF THE

| NVENTI ON A catalyst in the present invention may conprise a Keggin-type
het eropol yacid salt which is represented by Formula (1): 20 PaMbV~XdYeOf (
| ) wherein P, M, V and O represent phosphorus , nol ybdenum vanadi um
and oxygen, respectively; X represents at | east one elenment selected from

pot assi um rukindauspblidsphase brandféhatéadtion fefhesDuwsai-tEpst one
el enent selected from copper, arsenic, antinony, boron, silver, bismuth,

iron, cobalt, gthe

atom c ratlosh%?akggaggh%&ﬁ ESiE ﬂhtg gK %%h%c% elyfgﬁ%ﬁ%&ﬁfég%als to 12,
then a, c, d and a represent, independently from_one another, nunerical

val ues exceed?ﬁg %ot rf‘b‘?% ignddftysdop-refdecition piREFAERA  he

oxi dation condition of the elenents other than oxygen and al so on the
atom c rati osabkerpdfionl Gpeminp srapdy Kegdsn-a ypeshet er dpel yeresestl ts, one
in which cesiumis essential as an X el enent or copper is essential as a Y

el enents i s pr ¢h¢eheSrs' £8PE Hurdl t’haﬂ_@KgﬁgghﬂtgﬁQ%é‘t?é% opolyacig salt in
whi ch both copper and arsenic or both copper and anti nony ‘are essential, 15

respectively, referred, .The cat al in th rese nyention has
a pore dlstrlﬁﬁﬁlgﬁ % ﬁ Q& SpT RN Sﬁggpﬁﬁﬁ'ék %%hl W which a
total pore volune of pores having a radius of 0.05 ~ mor less is about
0.01 cnB/g or Mp¥ske exrphlent 25 Rerbalest dian thel mﬁﬁhéﬂrﬁéiésa%hﬂl ng a

radi us exceeding 0.05 ~m (or having a radi us exceeding 0.05 ~~m and | ess
t han 200 dun) predakatibn(. Znd ok arkegyinm -t mnheteababyiyakad sgie pore

distribution in which the total pore vol une 6

may be obtained by a method in which the transfer reaction

10 is conducted in the presence of ammonium nitrate,

preferably in a larger amount of the ammonium nitrate

in order to faster the transfer reaction. Based on the

findings, the present invention has been accomplished.

The present invention provides a catalyst comprising

15 a Keggin-type heteropolyacid salt which is represented
by Formula (I):

P.Mo,VcXaYeOr (I)

wherein P, Mo, VandOrepresent phosphorus, molybdenum,

vanadium and oxygen, respectively; X represents at least

20 one element selected from potassium, rubidium, cesium

and thallium; Y represents at least one element selected

from copper, arsenic, antimony, boron, silver, bismuth,

iron, cobalt, lanthanum and cerium; a, b, ¢, d, e and



of pores having a radius of 0.05 humor less is nore than about 0.01 cnB/g
isTused in production of nethacrylic acid, selectivity to nethacrylic acid
may be insufficient . Also, when a catalyst having a pore distribution in
which 5 the total volunme of pores having a radius exceeding 0.05 ~mis
about less than 0.2 cnB/g is used in production of methacrylic acid,
conversion of a starting material such as nethacrolein may be insufficient.
The total volume of pores having a radius exceeding 0.05 dun nay 10 be
about 0.4 nB/g or less. The catalyst in the present invention nmay be used
as a nol ded af th¢geddiet adfe WHorio®\thosi BrapcoyMal Rf L¥dad,i cal shape
having a dianeter of fromabout 3 nmto about 10 nmand a |l ength of from
about 3 mmtaq [ e i.ng a_.di ter of from
about 3 mm 1 anRte e TRE vush B SRUELE RN WA BB Qe
of 97 ~ or higher, the strength bei ng neasured bel ow. Measurenent of
falling strer@PPrafRed ty :}Pgeé’ﬁalﬁ&&rtgi’sféﬂ?@ M ARHRe R MIRTIicAd of 20
2.36 nm a pipe having a inner dianmeter of 30 mmand a | ength of 5000 mMmmis
pl aced as st avallugs \exddetHinigy 0 @Avd utot3Mogeothan chi alnyiSE i® defimedsured i s
allowed to fall down fromthe top of the pipe and then the anpunt of the
catal ygl 7 5EIEd M'dnal okIBathBUCCHATERSH 68 tHE S IdHndtdthatel O ) Of
t he renmai ni ng anount of the catalyst to the anbunt of the catalyst allowed
to fall down is regarded to _be _a falling strength of the catalyst. 5 The
falling strenth3P | FFYFRN ARG 2RO b r%BﬂBl%H§aEbﬂ?rFBﬁF%°fb suppr ess
pul veri zation or disintegration of the catal yst during shipping or packing
into a reaction WdencatedystThaving & poredéistirbbutiboveohbgimed fryoduced by
a method 10 in which a nolded article of a Dawson-type heteropol yacid

cont ai ni ng arARBIredrY o Linst 1% RBehed, amdviiicls al td et pvhe e 1em@d rol | i ng
the ammonium nitrate content in the nolded article and/or the cal cination

condition so that a transfer_reagtion_.f t he Dawson-ty het er qpol yaci d
15 aal t o a toasmes DRUERG 2R R S 8 MRCeE Y A BEoRf Cue ¥
ammonium nitratge . The amount of ammoniumnitrate contained in the nol ded
arti C|1§ a. s .pq:lgf/é;( gspyess and a total volume of pores having a radius

exceeding 0.05 um is about 0.2 cm3/g or more.
The present inventlon also provides a method for
producing the above-described catalyst aswell as amethod

for producing methacrylic acid using the catalyst.

15
DESCRIPTION OF THE INVENTION
A catalyst in the present invention may comprise a
Keggin-type heteropolyacid salt which is represented by
Formula (I):
20 PMoOpVcXa¥eOs (1)

whereinP, Mo, Vand Orepresent phosphorus, molybdenum,
vanadium and oxygen, respectively; X represents at least

one element selected from potassium, rubidium, cesium



about 10 % by weight or nore, and is nore preferably about 15 % by wei ght
or- nore. In view of the strength of the 20 resulting catal yst, the anount
of amoniumnitrate contained in the nolded article is preferably about 40
% by weight or less. The nolded articlesof the Dawson-type heteropol yacid

8 described above may be prepared by mxing starting materials with each
other in water, drying the resulting aqueous slurry to obtain a dried solid
and then nolding the dried solid. The starting naterials may be conmpounds 5
contai ning respective elenentsin the resulting catalyst to be ained. The

starting nat eahal thABVile; ¥XP8fr&Sen DX @ACl astldfe e2%indas, seléséEs,
carbonat es, hydroxi des and halides of respective elenents, which are

enployed in a i i ch _qgivi a i tQm c 1,Q catal yst.
Exanpl es of tﬁé%éntg?wén%’ r?gjts\eérnl %’sa}qﬁ%}fléﬁg'goog{ﬁggls'p%g?'gg-rdg?ftf%ﬁ%%tgg conpound
such asphosphoric acid and a phosphate, a nol ybdenum cont ai ni ng conpound
such as nol ybdrenacrabadtnplyppihasumnandpaeriffnoxfdel and . ndr y®dehd&m

chl oride, and a vanadi um cont ai ni ng conpound 15 such as vanadic acid, a
vanadat e, van#gdrdprexede and aaoailcuativorafl®, Mo, XvVel &yedtandandai ni ng
conpound may be an oxide, nitrate, carbonate, hydroxide, halide or the

like. Y ele - hgi.n 0 y+Reqan cihd, ~oxgag] al t,
nitratéi carb§§§?§?QE§%}gii g% gg Egﬁﬁgg BP %%é F§E§ #'Aﬁy %fg?ﬁeéconpounds
descri bed above nay be enployed jin such anounts that the respective

el ements in FGEREESEDLy g?’ﬁ@}ri’ v ATG 13RHRET o sPWREFYE2t at i os

shown by a, b, ¢, d and a in Fornula 9 (1). In order to allow the nol ded
article to havelues exveedingr @ang: potommnitthant B nandd& pseflefabeéd range |
i . a. ( the content of fromabout 10 ~ by weight to about 40 ~ by 5

wei ght, an ampariednbii thétex 2wl Din TAREIIdHNOE that e1gRaatat btgegonpound (
such as nitric acid, ammonia, nitrate conpounds and amoni um sal t

compounds) may g 394edn bha 83835 tnkO AABnABIEAT oY Wilekedfe L Ne starting

10 Among such Keggin-type heteropolyacid salts, one in
which cesium is essential as an X element or copper is
essential asayY element is preferred, respectively. The
Keggin-type heteropolyacid salt in which both copper and
arsenic or both copper and antimony are essential,

15 respectively, is more preferred.

The catalyst in the present invention has a pore
distribution, obtained by a mercury porosimetry method,
in which a total pore volume of pores having a radius
of 0.05 um or less is about 0.01 cm®/g or less; and also

20 having a total volume of pores having a radius exceeding
0.05 um (or having a radius exceeding 0.05 um and less
than 200 um) is about 0.2 cm®/g or more. When a catalyst

having a pore distribution in which the total pore volume



materials as being prepared and/or to a dried solid thereof 10 upon

nol di ng, provided that the ambunt of ammoniumnitrate (which may be
attributable to an ammoni um source or nitrate source in the starting
materials ) is taken into account . In the preparation of the nol ded
article of the Dawson-type heteropol yac?d descri bed above, an aqueous 15
slurry of the starting materials is adjusted preferably at a pH of from
about 2 to about 8 and is prepared preferably w thout using organic
materials. After drying, the resulting dried solid ( obtained fromthe
aqueous slurr nol ded ferab after addi ng an |nor nic fiber 20
(in an amount X%f£"?¥%‘?’n d'd’(g by g%&%uf)f it ”’[“omégﬁ# 16 'B%ﬂ"? wei ght )
and water ( in an anount og fromabout 5 parts by weight to about 30 parts
by wei ght) andboht Re8dssarfg ksmigedirihinreduciom methaerylic r om about
10 5 parts by weight to about 40 parts by weight ) , all based on 100 parts

by wei ght of hBeadrddadaalvity tpnetiakbdyndc 4dial pagovenaswifeciaige anount
of ammoniumnitrate allows the nol ding process to be conducted snoothly

(e cant) o2t0nuiha At ANGN Rayifl £ SRR M IRYRA T

serves to prevent the reaction_between ammoniumnitrate and the organic
bi nder %upon c&P&iHRtRL Volime GEMARES BAVHRICU G Ushexeaeaingto o t he
present 10 invention, an inorganic fiber such as a ceramc fiber or glass

fi ber may be ﬁm)li.ﬁyadoﬁt dek6i Dhancony agtnd whaisdy abtpdsdudt forcat al yst
having a sufficient strength w thout using an expensive whi sker or carbon

fiber. The teaﬁ%éﬁﬂaérﬁlm&ht%mz@%r%w gl er&eech g etk doigbove is

calcined may finally be el evated to a tenperature in the range of from

about 350 C to _about 50 | the te eraI ur dual el evated while
supplying a rgf“gF 78 )'716] &‘r?ﬂ‘&nf“aaﬁ‘ g’a&s%{ft c%éna%T r 'Ilziﬁed 3 hert gas,
the transfer reaction froma Dawson- type 20 heteropolyacidsalt to a

Keggi n-type h¥pénopobyappaeal ha’zangn@trwlleﬂ%@%@dlmt%eoi)rmem}e of
ammoniumnitrate, which is undesirable . This is because , in such a
gradual0 el evabeoabofitt enpemdt grer beg®ni umnitrate tends to be.

The catalyst in the present invention may be used as
a molded article thereof which may be in a columnar or
cylindrical shape having a diameter of from about 3 mm
to about 10 mm and a length of from about 3 mm to about
15 10 mm 01:" in a sphere shape having a diameter of from about
3mmto about 10mm. The catalyst preferablyhasa falling
strength of 97 % or higher, the strength being measured

below. Measurement of falling strength:
Onto a JIS standard sieve which has a mesh size of
20 2.36 mm, a pipe having a inner diameter of 30 mm and a
length of 5000 mmis placed as standingvertically. About
30 g of a catalyst to be measured is allowed to £all down

from the top of the pipe and then the amount of the catalyst



11 elimnated fromthe calcining systemas gases of amonia and nitric acid
(which results fromthe dissociation equilibriumof the amoniumnitrate)
before the tenperature reaches a tenperature at which the transfer 5
reaction occurs (i.e., a tenperature in-a the range of from about 180C to
about 240C) . It is preferred that the genperature is elevated as rapidly
as about 15C hour at least up to about 180C. During the calcination, the
gas (for exanple, air, an inert gas such as nitrogen or 10 the like ) may
be supplied in a volunme which is 500 times or |ess per hour, preferably 200
times or |ess duga iAWy &S tAENs Asvd Nes Vipkab®rod , t heru! dege ar4 i ghe. When
the tenperature 1s 1n"the range of from about 180C to about 240C it is
preferred that the vol une of the,g s to be 15 supplied i.s controlled so as
Lo be about 506 Ehtds 961 EPEEeRRHTHEgaAme e SBINLI66 EPnERSor | ess
per hour, as nuch as the volune of the nolded article and that the gas is
circul ated i namesindabfi thagahsslkyat aliowedatp usal hglawre isi regandedg gas

vol une at a volume which is about 20 1000 tinmes or nore per hour,

preferably abayy p20Q0 fa1MASH POl ARG RE LN GHe a4t as the volune of the
nol ded article. In such, an operation for supplying the gas, the heat

et tends tAuBE Y e i BE TR e e 2o t4- SEEPTRRRA M halor

safety. After conpleting the transfer reaction as described above ( the
amoni um ni t r fCAtRAPWE LensNRRr®gS PUlsterdbaaipian orsdigiépbagragiene anount
of the gas supply. The obtained nolded article may be further calcined at a

t enper at ur e hioghttie thaalyybe dhoey SREppihe drieagiel vy dneo aheaebyonbt ai ni ng
a catal yst conprising a Keggin-type heteropolyacid salt in the present
invention. The Qégﬂéijuion may be conducted in air at a tenperature of
from about 350C to about 400C, or may be conducted in an inert gas such as
nitrogen at a tepperature of fromabout 400 C to abqut 0C. After. the

Cal ot nati on in anberatge adsOTl Aot sboydmar apEPaPRRd aBP T hEBnduct ed
15 in air at a tenperature of from about 400C or |ower, since the catalyst
obt ai nHY af t edinx Welchlaongkdedariticds afhalawfen gpebetararpdpacideduced
state . As a result

containing ammonium nitrate is prepared and is calcined
while controlling the ammonium nitrate content in the
molded article and/or the calcination condition so that
a transfer reaction from the Dawson-type heteropolyacid

15 salt to a Keggin-type heteropolyacid salt occurs in the
presence of ammonium nitrate. The amount of ammonium
nitrate contained in the molded article is preferably
about 10 % by weight or more, and is more preferably about
15 % by weight or more. 1In view of the strength of the

20 resulting catalyst, the amount of ammonium nitrate
contained in the molded article is preferably about 40 %
by weight or less.

The molded article of the Dawson-type heteropolyacid



of the calcination described above, oxygen (0) as a chem cal constituent of
a catal yst becones present in 20 the catalyst in an anount which is defined
based on the oxidation condition of the elenents in the catal yst other than
oxygen and also on the atomc ratios of the elenents . Using a catal yst
conprising a Keggin-type 13 heteropol@acidsaltinthe pr esent

i nvention, nethacrylic acid can be produced at a high selectivity in a gas
phase catal ytic oxidation of a raw material such as mnethacrol ein, isobutyl
al dehyde, isobutane or isobutyric acid in the 5 presence of a nol ecul ar
oxygen. The p : yhiC j ;L acki ng

t he catal yst Fi%g?ﬁgb%raeg%oﬁ nve tlbgn ﬂﬁ%%r@mrggl @%3@&#&@?}%’?% e tube
react or and suggl ing a starting-material gas conLaining a raw material and
an oxygen i nt BAEREIALSHbYD eaty PEhe AR PRECT WY IRE KAE R TIHEFRI uti | i zed
as a raw material, the reaction nmay be conducted at a nethacrolein
concentrati onagaebhs startynp whitarinad drabedfscdbicliand they maldimegt o about
10 % by volune in the presence of oxygen in a nolar anount of about 1 by

mol e to about the R d888da15 ®He 5REr FRAY A t@SIA JREE bel dnpEsgyr e of
fromabout 0. 1 MPa to about 0.3 MPa at a space velocity of from about 500

h-1 to sabout 500 -1 at_a reaction.te rature of frqomabout 250 C to

Bbout 5500 WAGR P PIBBRBAREHEE YS FLRTeRES I ki Reruitand CHATERE (i on may
be conducted 20 at an isobutane concentration in the starting-material gas
of about 15 %tBybeokdmedto Epeustautindymatrihels manderexerckdsi oxygen

in an anount of about 5 ~ by volunme to about 50 % by vol une under a

pressure of foaaeidl dBts, dditdesaghoitirdtddacarbanapase edtskideof from
about 500 h-1 to about 5000 h-1 at a reaction tenperature of form about

250C 0 about o061 PBE0T S Nk GG PLAIVGHL A8 G MYSd having S

an excellent strength and bel ng capa produci ng acid at a
hi gh selectivity is provided, The inventiop being thus described, it wll
be appar ent  t it 2t RECSRUDRED BLUVRS| BAPRLRRNyAVRRRS BREROVHR | 4 ons

10 catalyst. Examples of the starting materials include
a phosphorus-containing compound such as phosphoric acid
and a phosphate, a molybdenum-containing compound such
as molybdic acid, a molybdate, molybdenum oxide and
molybdenum chloride, and a vanadium-containing compound

15 such as vanadic acid, a vanadate, vanadium oxide and
vanadiumchloride. AnXelement-containing compoundmay
be an oxide, nitrate, carbonate, hydroxide, halide or
the like. A Y element-containing compound may be an
oxoacid, oxoacid salt, nitrate, carbonate, hydroxide,

20 halide or the like. Any of the compounds described above
may be employed in such amounts that the respective
elements in Formula (I) other than oxygen fulfill the

respective ratios shown by a, b, ¢, d and e in Formula



are to be regarded as within the spirit and scope of the invention , 10 and
all such nodifications as would be apparent to one skilled in the art are
intended to be within the scope of the following clains. The entire

di scl osure of the Japanese Patent Appligation No. 2001-196171 filed on June
28, 2001, indicating 15 specification, clains and summary, is incorporated
herein by reference in their entirety. The present invention is described
in nore detail by followi ng Exanpl es, which should not be construed as a
limtation upon the scope of the present invention. 20 EXAMPLES The present
invention is fwyther described in the follow ng exanpl es which are not
intended to restrict the present 15 invention. The definition of a

falling strengt rrpl 0 n ion
exchange wat er, h%é§£8§5§ fégfghggggﬁggéé%ﬂ' % %g%gt % Q““?%%)sp oric acid,
130 g of copper 1 ) phos hate tri hydrate, 819 g of cesiumnitrate and
284 g of a 60nlt§9tﬂ/e¢@1htie Ed‘@(ﬁﬁi%(ﬂhﬁ PsRL6rakiechrRIAei H; € whitdle were t hen
di ssolved with stirring at 40C to obtain an aqueous solutiron (Solution A) .
On the other bBanden€98@ grom aboudnldO%ekehhadightat®ravdst chargasd; in a 20L
st ai nl ess st eel vessel equipped with a jacket and a stirrer having a nmax

bl end fg n, nt es s d g of
anmoni um ol yhga?e tet ra yc#"mﬁb%'mdmhlrg g\ggé‘{t hgﬁhé?ggol ve(%ﬁ'lq'u stirring to
obtain an aquegus solution (Solution B). 15 Into _Solution H was added the
entire anount P&FT3ELaERBATA 698F°§H&5WQﬁFQﬁh?Sﬂ+ﬁ59€§9hqtP@HQW¥qng at 120
rpm to precipitate solids so as to obtain a slurry thereof . After that,
137 g of vanaditmapentewpoundsasnddaremoniun $akt stampgunds ¥ tmaym tvas passed
through the jacket of the vessel with 20 stirring at 120C for 8 hours . The
pH of the resdhilbAy S HEE¥s¥BEY!- toTHﬁé% dus ¥Yaarkyasitaer£ehttigg a vat
whi ch was then placed in a drier at 120C to allow water in the slurry to be
evapor at ed

materials asbeingpreparedand/or toadriedsolid thereof
10 uponmolding, provided that the amount of ammoniumnitrate
(whichmaybeattributable toanammoniumsource ornitrate

source in the starting materials) is taken into account.

In the preparation of the molded article of the
Dawson-type heteropolyacid described above, an agueous

15 slurry of the starting materials is adjusted preferably
at a pHof fromabout 2 to about 8 and is prepared preferably
without using organic materials. After drying, the
resulting dried solid (obtained from the aqueous slurry)

may be molded preferably after adding an inorganic fiber

20 (in an amount of from about 1 part by weight to about
10 parts by weight) and water (in an amount of from about
5 parts by weight to about 30 parts by weight) and, if

necessary, ammonium nitrate (in an amount of from about



16 off, whereby obtaining a dried solid. The dried solid was anal yzed by an
X-ray diffraction and an infrared absorption spectroscopy, and was
identified as a Dawson-type heteropol yacid salt. The ammoniumnitrate
content in the 5 dried solid was 4.5 ~ gy wei ght. Into 100 parts by wei ght
of the dried solid, was added 4 parts 6 wei ght of a silica-al um na-based
ceram c fiber (manufactured by TOSH BA MONOFLUX; 400SL ) , 8 parts by

wei ght of ammoniumnitrate and 14 . 7 parts by weight of an ion exchange 10
water, .to obtain a mxture thereof . The m xture was kneaded to obtain a

paste t her eofs o Hﬁ&ﬁ?tv?ei’@?t g’&t sbGed 4‘65 89t8 W#@@ﬂg‘ﬁtqbté‘ii‘ vaddy ded

article having a dianeter © nm and a ength 0 whi ch was then

dried. The anno m ni e sul.ti_ng Ided ticle was 11
~ 15 by wei gh?n p@’i%?&%‘f Hﬁlﬂbg FBG ‘gﬁﬁ’&ﬁﬂl V. %q's by

wei ght of the paste remained inside the extruder based on 100 parts by

wei ght of thetbagiresencshofiadlbrgea anouuiti efl amran itvrendkratderllotse nol ded
article (100 cnB) was packed in a cylinder, 20 through which air was passed

at 8 L/h whilenhbepidithd prée@ss t& vehbsn&abebaadhautslERvehnen trgrper at ure
was raised at 80C/ h up to 200C and was then raised stepw se from200C to

250C ovyer 10 hours the article | cined in

ni t rogen fIOV\f1 ?eﬁ,%%@u:? éﬁ?ﬁs L5 \r%j)a (fREQaBaF(HJﬁ'éS(fF nan air
flow at 390C for 3 hours , whereb obtalnlng a catal yst. The conposition of
t he obt ai ned &aFBFy§@HEASa$e9r@§é%1@@ i dp| B A aeenarosf 3. a with
oxygen (0) being 5 present in the anount correspondlng thereto. The

catal yst was enghyredindex gl ®sdrsés tbyincarertythe freactiyn@taadietry. As a
result, the catalyst had a total pore volune of entire pores of 0.25 cnB/g,

in which ato r f | ess was
0. OL cnB/g %‘)I?ﬂln I\éggﬂ.rlﬁ aff%alaﬁ I ng 1OCHJQ‘:taiheinég;tg H%ie% 9 o%% ’Eﬂr@é obt ai ned
catal yst ( ed in ss tube r ctor havi ng a i nner

di aneter of 1? rﬁ)‘nm‘??ﬁ‘ E%rt%% 9 of eac%tf Y5 hot et iBHCIRRE havi ng a
conposition of 4 ~ by vol unme of nethacroleln, 12 ~ by volune of oxygen, 15
16 ~ BY vol untnvéntber; smapbronganhetfbeen sich hes balcsmamimsLihesed at the
space velocity ( in terns of nornal state )

or glass fiber may be employed as a reinforcing agent,

whereby obtainingacatalyst havingasufficient strength
without using an expensive whisker or carbon fiber.

The temperature at which the molded article described

15 above iscalcinedmay finally be elevated to a temperature

in the range of from about 350 °C to about 500 °C. If

the temperature is gradually elevated while supplying

a relatively large amount of a gas such as air and an

inert gas, the transfer reaction from a Dawson-type

20 heteropolyacid salt to a Keggin-type heteropolyacid salt

can not be effected in the presence of ammonium nitrate,

which is undesirable. This is because, in such a gradual

elevation of temperature, ammonium nitrate tends to be



of 670 hr-1, and the tenperature therein was raised to 290C, so as to
conduct the oxidation of the nethacrolein. As a result, the conversion of
nmet hacrol ein was 87.1 ~ and the 20 selectivity to nethacrylic acid was 84 .

7 ~ . In varying the oxidation terrperatlﬁ"rae from 270C to 310C, the
rel ati onshi p between the conversion of thacrolein and the selectivity to
nmet hacrylic acid was further investigated. As a result, 18 when the

conversion of nethacrolein was 80~, the selectivity to methacrylic acid was
85.3 ~. Conparative Exanple 1 Into 100 parts by weight of the dried solid

prepared in 5_the. r?]_tmg S A I %L% y wei ght
of a ceramc F?E@rlﬁ?qng%u act 3?&"%&‘5@@)&35@@% ; %8%L£@Jarﬁi 21.5
parts by wei ght of an _ion e_xcr}an e water, to obtain a mxture thereof . The
m xture was kABAdBATESCoBCAAn (Whish: Feshdtsofromdimdiespstabddded using

a nold to obtain a 10 nolded article having a diameter of 5 nmand a | ength
of 6 Mm whi cequadiblrénmdr o€d. tHae ammomiuwm mitedee forbefivreof thee
resulting nolded article was 4.2 ~ by weight. The extrusion was not

conduct ed snp ! CHR) isdde the
ext ruder baseghghgfsggggﬁéséﬁlga%\f\ag}iﬂgﬁ?ggwghé;@?ggtcgl gﬁ??ﬁ%\%ﬁﬂen

suppliesg into the extruder . The nolded article S ca{aci ned in the sane
manner %s in ERAMFHEER10ERRER: (3 of - r £ SR ETAUR 8t EPe TABRE whi | e
passing air at 80 1/h, whereby obtaining a catalyst. The catal yst was

anal yzed i n afpomeadostrl®ditd o bipoutn24@idt)y. 20@tposoprateryed Asmesul t, the
cat al yst hadat ot al porevol une of entire pores of 0.24 cnB/g, in which a total

vol une of por epehdMg#tdAdli YSe RivdkdbabWaialyeas Msut019% pdig. The

falling strength was 98. 2 19 Using the catal yst, nethacrol ein was

oxi di zed at 29 in_the sa e, I oAS I L e A .res ( the
conver si on of a%g}%%# ofFei ﬁn%%ugg%.o g'~ g%%lxr?ﬁhsee%g% ﬁ??&oﬁou&n@? hacrylic
acid was 78 . 7 ~ . In varying the oxidation tenperature from5 270C to
310C, the rel QPFoﬁgﬂFrF’baél‘gJe"‘en dife BBn{REEF HRDPYUR RECPLFEPHCRRE t he

selectivity to nethacrylic acid was further investigated. As a result, when
t he colVer si orthef like) may be supplied in a volume which is 500 times

or less per hour, preferably 200 times or less per hour,
as much as the volume of the molded article. When the
temperature is in the range of from about 180°C to about
240°C, it is preferred that the volume of the gas to be
5 supplied is controlled so as to be about 500 times or
less per hour, more preferably 200 times or less per hour,
as much as the volume of the molded article and that the
gas iscirculatedin the calcining system, while adjusting
the circulating gas volume at a volume which is about
20 1000 times or more per hour, preferably about 2000 times
or more per hour, as much as the volume of the molded
article. In such,an operation for supplying the gas,

the heat (which may be generated as a result of the



met hacrol ein was 80~, the selectivity to nmethacrylic acid was 81.2 10
Exanple 2 Into 100 parts by weight of the dried solid prepared in the sane
manner as in Exanple 1, was added 4 parts by weight of a ceramc fiber (
manuf act ured by TOSH BA MONOFLUX; 4OOSEH$ , 18 parts by weight of ammoni um
nitrate and 10 parts by weight 15 of anon exchange water, to obtain a

m xture thereof . The m xture was kneaded to obtain a paste thereof. The
paste was extruded using a nold to obtain a nolded article having a
dianeter of 5 nmand a |length of 6 mm which was then dried. The amoni um

nitrate conte Lesu I%%dgﬁl [ ~ Lght . The
extrusion masq%%ﬁﬁl%%gglgﬁb%%h y. qugaggkgégbggagggﬁ%%gfr?%%¥%%§te

remai ned i nside the extruder based on_ 100 parts by mei%pt of the paste

whi ch had beef 2@ Si%i-e ¥Pico ifhdesiralder 10 YAEWNIEIEFTEWicl e was cal ci ned

20 in the sane manner as in Exanple 1 ( whereby obtaining a catalyst . The
catal yst was anaAyred compl@birg dilst tidansfer bgagtiencasydeecoibedtry. As a
result , the catalyst had a total pore volunme of entire pores of 0.31

cm /g, in whi @b, Ofid atiRbEm Afi t2aRQNRY, Pe¥bREvadbRdi £i5r 8kallp P&, ~U, M or
| ess was 0.01 cm/g or less. The falling strength was 98.3 % ing the

catal yst, nethacrol_ei.n oxidized at 290C in the_sa manner.as.in

Exampl & 1. " As Areaning hRcABBHOE, of % T CHRBIS ol I RaSb ARS8 06 and ¢ he
selectivity to nethacrylic 10 acid was 85 . 6 % . In varying the oxidation
t enper at ure f mehdeRoErtbclegry tieefnstherorrltinedtate@antenperahyeesi on of
nmet hacrol ein and the selectivity to nethacrylic acid was further

i nvesti gat ed. rAghr adidr . théh edbdFe- Tveltsd DNt éipied baee ol eherveg 80% t he
selectivity to nethacrylic acid 15 was 86 % Exanple 3 A catal yst was

produced in tQﬁﬁ%QHBJHangr %%gaﬂgﬁggpgéﬁTéyfifggt Epatxe%gi%bggéglcination

step of the nol article, thet ng rate to C was
PR (8 o U R SREIRT I S A
t ot al ﬁgre volune of entire pores of 0.3 cm/g, in which a total volune of
por es vi ng algdinas ioh pagtbe conducted in air at a temperature of
from about 350°C to about 400°C, or may be conducted in
an inert gas such as nitrogen at a temperature of from
about 400 °C to about 500°C. After the calcination in
an inert gas, a further calcining is preferably conducted
15 in air at a temperature of from about 400°C or lower,
since the catalyst obtained after the calcination in an
inert gas may be in a hyper-reduced state. As a result
of the calcination described above, oxygen (0) as a
chemical constituent of a catalyst becomes present in
20 the catalyst in an amount which is defined based on the
oxidation condition of the elements in the catalyst other

than oxygen and also on the atomic ratios of the elements.

Using a catalyst comprising a Keggin-type



21 umor less was 0O . OL cnB/g or less . The falling strength was 98.7 %
Usi ng the catal yst, nethacrolein was oxidized at 290C in the sane nanner as
in Exanple 1 . As aresult , the conversion 5 of nethacrolein was 83 . 3 %
and the selectivity to nethacrylic acid was 84 . 7 %. In varying the

oxi dation tenperature from 270C to 31083 the rel ati onshi p between the
conversion of nethacrolein and the selectivity to nethacrylic acid was
further investigated. As a result, when the conversion of 10 nethacrol ei ~n
was 80% the selectivity to nethacrylic acid was 85 ~. Conparative Exanple
2 A catal yst roduced.i.n _the same _manner .as in Exanple 2 except that,
inthe calcingg;SEonggaS?dFﬁétﬁﬁ{@@%pﬁﬁﬁ?B%&PVfgtﬂﬁg'ggﬁﬁﬁﬁg§éﬂjprate up
to 250C was changed from8 L/h to 80 L/hand the tenperature-raising rate up
to 200C was chahgechrt benpBod@ed tad ahighCsrleThdviivaly st gaaPhaad yzed in a
pore distribution by a nercury porosinetry. As a result, the catalyst had a

total pore vokHEB19tiBRHIIER tAVNSSE 8fralr Wbk &2 £184 8N alshmedtdraadiat,al vol une
of pores having a radius of 0.05 E.~mor |less was 0.02 cnB/g. The falling

strength was B % . Us] t catalvst. nethacrolein s.gxidized at 290C
32 i the samtoRaRRGH SLOFES, i@ ddne B2 TRERF 1 R P on o
nmet hacrolein was 86 . 4 % and the selectivity to nethacrylic acid was 82 .
2 % . 1% varyPR§SeReEeco¥fdad i BRleeHparataygety.om Procrredvesdont raf

rel ati onshi p between the conversion of 5 nethacrolein and the selectivity
to met hacryl i meahbdryascladiidmwdy bavesirigdtioart bApaskirngthle, catenydthe
conversion of nethacrolein was 80% the selectivity to nethacrylic acid was

82.4 % Exanphg fhd GreLtdh)ven¥@sn Pﬁ%#&ﬁﬂ\oib&_lri%dsﬁgﬁcrﬂ%in@ﬁﬁdl s in

Exanpl e 2 except that the size of the nolded article was romt hat
havi ng a dianﬁtgr of 5 Mmand.a length of 6 mnto.that having a diameter of
3 mmand a | eh§PR JeaEHRR WE SEPRLYIYR §ﬁ§‘|r§'}é‘§'f“ﬁ‘t§rﬂ5‘ e Wtribution
15 by a mercury porosinetry. As a result, the catal yst had

containing a raw material and an oxygen into the reactor.

10 For example, when methacrolein is utilized as a raw
material, the reaction may be conducted at a methacrolein
concentration in the starting-material gas of about 1 %
by volume to about 10 % by volume in the presence of oxygen
in a molar amount of about 1 by mole to about 5 mole based

15 on the methacrolein under the pressure of £from about 0.1
MPa to about 0.3 MPa at a space velocity of from about
500 h™' to about 5000 h™' at a reaction temperature of
from about 250 °C to about 350°C. When isobutane is
utilized as a raw material, the reaction may be conducted

20 at an isobutane concentration in the starting-material
gas of about 15 % by volume to about 70 % by volume in
the presence of oxygen in an amount of about 5§ ¥ by volume

to about 50 % by volume under a pressure of from 0.1 MPa



a total pore volune of entire pores of 0.31 cnB/g, in which a total volune
of pores having a radius of 0.05 ~mor less was O . OL cnB/g or less . The
falling strength was 99.1 % 20 The above-obtained catalyst (2 nl) was
packed in a glass tube reactor having g4 nner diameter of 15 nm Into the
tube reactor, a starting-material gas having a conposition of 37 % by

vol unme of isobutane, 37 % by vol une 23 of oxygen, 16 % by vol une of
wat er vapor and nitrogen as the bal ance was passed at the space velocity (
in ternms of normal state) of 2040 hr-1, and the pressure and the

tenperature \’\Q!beab_ah§eﬁ M %E_Oakﬁa@é\d/e?&%qltf e¥PeebmVebdut 6@ h_a$ to
conduct the oxidation of the isobutene. As a result, the conversion of

i sobut ane was 9.1 % the_iselectivi to, meth lic i 4.5 %
Eeanpl o 5 Int §o3954h HH90R T8k Lheheleh st B oRatiss o el e 10 of
40C, were added 38.2 kg of cesiumnitrate, 10.2 kg of copper (Il) nitrate
trihydrate, 2252°Qgtofalsuts, B§0i&i ght phosphoric acid and 25 . 2 kg of 70 %
by weight nitric acid, which were then dissolved therein to obtain a

sol ution (Sol uti RBcéydify tohehetgrsdininveél¥ikg, o chtaaverhavingl ybdat e
tetrahydrate was dissolved in 330 kg of an ion exchange water having a
tenperat ure of, 4 I t ti Ut L um
met avaﬁéadat e ﬁ&s%agggég%glﬁd%%% ushpen eﬁlﬁdoﬁhffaﬁo%gsﬁgpg%%@g%f&l ution
B). Into Solution B, was dropw se 20 added Sol ution A while stirring.
Further, intoMef8aceydici AGidopkt Poh19Roseleckd Vit vads REYyidedbxi de was
added and was stirred in a sealed container at 120C for 17 hours, to obtain
a slurry. The pHI'bé idmeerstion edsy @h8s de8drIhedsl it rwiliadedm@pparesitng a
spray drier to obtain a dried powler . The dried powder was anal yzed by an
X-ray diffractthafh aAd saméNhapresl RRSFPLENOMasHEFhYESCHIbh 323iWAd ons
identified as a Dawson-type heteropolyacid salt . The 5 ammobniumnitrate

content in the dri&ok POYLFE S witninhe¥y i and scope of the invention,

10 and all such modifications as would be apparent to one skilled
in the art are intended to be within the scope of the following
claims.

The entire disclosure of the Japanese Patent Application
No. 2001-196171 filed on June 28, 2001, indicating

15 specification, claims and summary, 1s incorporated herein
by reference in their entirety.

The present invention is described in more detail by
following Examples, which should not be construed as a
limitation upon the scope of the present invention.

20
EXAMPLES

The present inventionis further describedin the following

examples which are not intended to restrict the present



Into 100 parts by weight of the dried powder, was added 4 parts by wei ght
of a ceramc fiber (manufactured by TOSH BA MONOFLUX; 4005L) , 8 parts by
wei ght of ammonium 10 nitrate and 10 parts by weight of an ion exchange
water, to obtain a mxture thereof. Theggm xture was kneaded to obtain a
paste thereof. The paste was extruded to obtain a nolded cylindrical
article having a dianeter of 5 mmand a height of 5 mm which was then
dried at 15 90C . The anmoniumnitrate content of the resulting nol ded
article was 18 ~ by weight. The nolded article (36 L) was packed in a

stai nl ess steghveykibder hae neAhitisH &f agetran 1ang3 G randtt oughawhi ch
air was supplied and was passed at 2.5 nB/h while 20 heating to 250C with
circulating a .RQ xhausted gas at 80 nB/h. In this calcination
step, the ten§§P§?§§88m8§8¥§rsed at 50C h up to 220C, and then was kept at
220C for 10 hours , and was raised from220C to 250C 25 over 2 hours.
Subsequent | y, E¥XABPA8| ded article was calcined in a nitrogen flow at 15 ni/h
at 435C for 3 hours, and then was further calcined in an air flow at 390C
for 3 hours, wheIrby 4&0@iqioR) an cadraleggihanbee wateanposirtd addeld 4hse g
obt ai ned catal yst was represented by Pi.sl"loizVo.sCsi.4Cuo.sSbo.s with
oxygen g 0) beprggBr gSeyl ikl ghhe o%ﬂug%mgg%s&&enqb&a,t ﬁ%betgoonggpgar&a' yst

was anal yzed in a pore~distribution rcury porosinmetry . esul t,

t he catal yst a total pore volune of entire 10 res of 0.26 cnB/qg, in
whi ch a.total Qggl)uﬂléo ahﬁg?egr TRter Bd gsogfcggi_?ur@gli.,trrﬁ‘qﬁ qn@séf’%as 0

OL cnB/g or less . The falling strength was 99.2 % Using the catalyst,
met hacr ol ei n @eaf @xe iz by waiop@gueouisesshwbionmfearaenio dddpwbith As a
result, the 15 conversion of nethacrolein was 86 . 2 % and the selectivity

to methacryli gezeitheif@184o1v8a%itH BtYREYhGGt DS O¥b WM 4R ERGEALY €
from270C to 310C, the relationship between the conversion of nethacrolein

dth I LYi h | 4 i.d ' inoat ed.
Fosul . 20 wheR LPEoRolSEIAPERN AF R chBRO I e SRR B Al oh 1o

nethac&ylic acid was 85.8 %
L 1 exchange water was charged in a 20L stainless steel vessel

equipped with a jacket and a stirrer having a max blend f£in,
which was kept at 40°C. Into the vessel, was added 6356 g
of ammoniummolybdate tetrahydrate, which was then dissolved
with stirring to obtain an aqueous solution (Solution B).

15 Into Solution B, was added the entire amount of Solution
A over a period of 2 minutes with stirring at 120 rpm, to
precipitate solids so as to obtain a slurry thereof. After
that, 137 g of vanadium pentaoxide was added into the slurry.
A steam was passed through the jacket of the vessel with

20 stirring at 120°C for 8 hours. The pH of the resulting slurry
was 7.

The slurrywas transferred intoavat, whichwas then placed

inadrierat 120°Ctoallowwater in the slurry tobe evaporated



26 What is clainmed is: 1. A catalyst conprising a Keggin-type

het eropol yacid salt which is represented by Fornmula ( | ) PaMobV~XdYeOf ( |
) 5 wherein P, Mo, V and O represent phosphorus , nolybdenum vanadi um
and oxygen, respectively; X represents | east one el enent sel ected from
pot assi um rubidium cesiumand thalliu Y represents at | east one el enent
sel ected from copper, arsenic) antinony, boron, silver, bisnuth, 10 iron,
cobalt, |anthanum and cerium a, b, c, d, a and f represent the atonmc
ratios of P) My, V, X, Y and O, respectively; when b equals to 12, then a,

c, dand a rereffa_-se%ere%qeﬁeegfﬂw £ 10 Q1 AN el o NYFBEE G2 1 YRNHES

exceeding 0 and not nore |s defined 15 based on the oxidation

condition of the el enents other t en and. al so th tomc ratios
thereof: the @é‘(%yﬁet R%\Ahg - 5%’0&@95 ?%ﬁtqr@nanojorﬁ ?1353’

porosi netry nmethod, in which a total pore volume of pores having a radius
of 0.05 hun1omne§trdscanxnﬂ dnhd]l w@s cnidgnbifieds asd a t dlasaroitype of
pores having a radius exceeding 0.05 ~~mis about 0.2 cnB/g or nore. 2. A

met hod for prodie ca.y%%lai ?é%ﬁ.taCC@ﬁQ'&&néﬂlﬁlh%ﬂrlaté heoBd e di £ GHY | Si ng
t he step of caIC|n|ng a nol ded article of the Dawson-type

heterop yaC| C |n|n n|un1 rate so that a transfer reaction
fromt h f)anﬁte&ﬁ)gcﬁe‘t‘g (?Sol bs}’alwt q]g%’[ % a Keggi n-type het eropol yaci d
sal t occurs in the presence 5 of annnnlun1n|trate . 3. A nethod according

to claim2, wherépot REOaRADREURY nVeight ebrtketdried mokul datharaddgd of
t he Dawson-type heteropolyacid salt is 10 ~ by weight or nore . 4 A

met hod for prodparg oyt hamgutlcfaalehlwﬂumﬂﬁhmiifmr@ﬂm¢mmeﬁyl
al dehyde, i sobut ane or isobutyric acid are subjected to a gas phase

catal ytic oxi ATRGEH Ly, Oco i :
. ASF. A. AFr . AYCtE?anQ&Eéﬂ: A%Ité%ggl L. A9. &Oﬁogog%ﬁ ﬁoﬁ, )A& SHA%h% thgl Lt.lAhFr.

A@IYL A@ 9. Al Fr Er. ASn

A o 28] o AR wapR s s R R AN L A FRE s P LaNE 5 ASPEHIANGS ca] ca
]ca]calca]ca]ca]ca]ca]ca]ca]ca]csaLﬂc<a!\@6 _
0 water, to obtaln a mixture thereof. The mixture was kneaded

to obtain a paste thereof. The paste was extruded using a

mold to obtain a molded article having a diameter of 5 mm

and a length of 6 mm, which was then dried. The ammonium

nitrate content in the resulting molded article was 11 %

15 by weight. The extrusion was conducted smoothly. The 15

parts by weight of the paste remained inside the extruder

based on 100 parts by weight of the paste which had been
supplied into the extruder.

The molded article (100 cm®) was packed in a cylinder,

20 through which air was passed at 8 L/h while heating to 250°C.

In this calcination step, the temperature was raisedat 80°C/h

up to 200°C, and was then raised stepwise from 200°C to 250°C

over 10 hours. Subsequently, the article was calcined in
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23%(33&_ ?@dg}( T(C): %g\%s%o%%%%&lgfﬁgig%ic(a}cubwas 84.7 %. In varying the

oxidation temperature from 270°C to 310°C, the relationship
between the conversion of methacrolein and the selectivity

to methacrylic acid was further investigated. As a result,
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5 the same manner as in Example 1, was added 4 parts by weight
of a ceramic fiber (manufactured by TOSHIBA MONOFLUX; 400SL)
and 21.5 parts by weight of an ion exchange water, to obtain
amixture thereof. The mixture was kneaded to obtain a paste
thereof. The paste was extruded using a mold to obtain a

10 molded article having a diameter of 5 mm and a length of
6 mm, which was then dried. The ammonium nitrate content
of the resulting molded article was 4.2 % by weight. The
extrusion was not conducted smoothly. 20 Parts by weight
of the paste remained inside the extruder based on 100 parts

15 byweight of the pastewhichhadbeen supplied into the extruder.
The molded article was calcined in the same manner as in
Example 1 except for raising the temperature to 250°C while
passing air at 80 1/h, whereby obtaining a catalyst. The
catalyst was analyzed in a pore distribution by a mercury

20 porosimetry. Asaresult, thecatalysthadatotalporevolume
of entire pores of 0.24 cm®/g, in which a total volume of

pores having a radius of 0.05 um or less was 0.02 cm’/g. The

falling strength was 98.2 %.
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of methacroleinwas 92.9 % and the selectivity tomethacrylic
acidwas 78.7 %. In varying the oxidation temperature from
5 270°C to 310°C, the relationship between the conversion of
methacrolein and the selectivity to methacrylic acid was
further investigated. As a result, when the conversion of
methacrolein was 80%, the selectivity to methacrylic acid
was 81.2 %.
10 Example 2
Into 100 parts by weight of the dried solid prepared in
the same manner as in Example 1, was added 4 parts by weight
of aceramic fiber (manufactured by TOSHIBA MONOFLUX; 400SL),
18 parts by weight of ammonium nitrate and 10 parts by weight
15 of an ion exchange water, to obtain a mixture thereof. The
mixture was kneaded to obtain a paste thereof. The paste
was extruded using a mold to obtain a molded article having
a diameter of 5 mm and a 1length of 6 mm, which was then dried.
The ammonium nitrate content of the resultng molded article
20 was 18 % by weight. The extrusion was conducted smoothly.
The 9 parts by weight of the paste remained inside the extruder
based on 100 parts by weight of the paste which had been

supplied into the extruder. The molded article was calcined
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The catalyst was analyzed in a pore distribution by a mercury
porosimetry. Asaresult, thecatalysthadatotalporevolume
of entire pores of 0.31 cm3/g, in which a total volume of
5 pores having a radius of 0.05 um or less was 0.01 cm’/g or
less. The falling strength was 98.3 %.

Using the catalyst, methacrolein was oxidized at 290°C
in the samemanner as inExamplel. Asaresult, theconversion
of methacroleinwas 81.5 % and the selectivity to methacrylic

10 acid was 85.6 ¥. In varying the oxidation temperature from
270°C to 310°C, the relationship between the conversion of
methacrolein and the selectivity to methacrylic acid was
further investigated. As a result, when the conversion of
methacrolein was 80%, the selectivity to methacrylic acid

15 was 86 %.

Example 3

A catalyst was produced in the same manner as in Example
2 except that, in the calcination step of the molded article,
the temperature-raising rate up to 200°C was changed from

20 80 °C/h to 20 °C/h. The catalyst was analyzed in a pore
distribution by a mercury porosimetry. As a result, the

catalyst had a total pore volume of entire pores of 0.3 cm’/g,

in which a total volume of pores having a radius of 0.05
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270°C to 310°C, the relationship between the conversion of

methacrolein and the selectivity to methacrylic acid was
further investigated. As a result, when the conversion of
10 methacrolein was 80%, the selectivity to methacrylic acid
was 85 %.
Comparative Example 2
A catalyst was produced in the same manner as in Example
2 except that, in the calcination step of the molded article,
15 the air-passing rate up to 250°C was changed from 8 L/h to
80 L/hand the temperature-raising rate up to 200°C was changed
from 80 °C/h to 15.6 °C/h. The catalyst was analyzed in a
pore distribution by a mercury porosimetry. As a result,
the catalyst had a total pore volume of entire pores of 0.28
20 cm®/g, in which a total volume of pores having a radius of
0.05 pum or less was 0.02 cm®/g. The falling strength was

96.6 %.

Using the catalyst, methacrolein was oxidized at 290°C
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of methacrolein was 86.4 % and the selectivity tomethacrylic

acid was 82.2 %. In varying the oxidation temperature from
270°C to 310°C, the relationship between the conversion of

5 methacrolein and the selectivity to methacrylic acid was
further investigated. As a result, when the conversion of
methacrolein was 80%, the selectivity to methacrylic acid
was 82.4 %.
Example 4

10 A catalyst was produced in the same manner as in Example
2 except that the size of the molded article was changed
from that having a diameter of 5 mm and a length of 6
mm to that having a diameter of 3 mm and a length of 6
mm. The catalyst was analyzed in a pore distribution

15 by a mercury porosimetry. As a result, the catalyst had
a total pore volume of entire pores éf 0.31 cm3/g, in
which a total volume of pores having a radius of 0.05
um or less was 0.01 cm’/g or less. The falling strength
was 99.1 %.

20 The above-obtained catalyst (2 ml) was packed in a
glass tube reactor having a inner diameter of 15mm. Into
the tube reactor, a starting-material gas having a

composition of 37 % by volume of isobutane, 37 % by volume
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as the balance was passed at the space velocity (in terms
of normal state) of 2040 hr™!, and the pressure and the
temperature were raised to 270 kPa and 332°C, respectively,
5 so as to conduct the oxidation of the isobutene. As a
result, the conversion of isobutane was 9.1 % and the
selectivity to methacrylic acid was 54.5 %.
Example 5
Into224kgof anionexchangewater havinga temperature
10 of 40°C, were added 38.2 kg of cesium nitrate, 10.2 kg
of copper (II) nitrate trihydrate, 24.2 kg of 85 % by
weight phosphoricacid and 25.2 kg of 70 % by weight nitric
acid, which were then dissolved therein to obtain a
solution (Solution A). On the other hand, 297 kg of
15 ammonium molybdate tetrahydrate was dissolved in 330 kg
of an ion exchange water having a temperature of 40°C.
Into the resulting solution, 8.19 kg of ammonium
metavanadate was added and was suspended to obtain a
suspension (SolutionB). Into Solution B, was dropwise
20 added Solution A while stirring. Further, into the
resultingsolution, 10.2kgof antimony trioxide was added

and was stirred in a sealed container at 120°C for 17

hours, to obtain a slurry. The pH of the slurry was 6.3.
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diffraction and an infrared absorption spectroscopy, and
was identified asaDawson-typeheteropolyacidsalt. The

5 ammonium nitrate content in the dried powder was 12 %
by weight.

Into 100 parts by weight of the dried powder, was added
4 parts by welght of a ceramic fiber (manufactured by
TOSHIBA MONOFLUX; 400SL), 8 parts by weight of ammonium

10 nitrate and 10 parts by weight of an ion exchange water,
to obtain a mixture thereof. The mixture was kneaded
to obtain a paste thereof. The paste was extruded to
obtain a molded cylindrical article having a diameter
of 5 mm and a height of 5 mm, which was then dried at

15 90°C. The ammonium nitrate content of the resulting
molded article was 18 % by weight.

The molded article (36 L) was packed in a stainless
steel cylinder having an inner diameter of 30 cm, through
which air was supplied and was passed at 2.5 m*/h while

20 heating to 250°Cwithcirculating and passing an exhausted
gas at 80m*/h. Inthiscalcinationstep, the temperature
was ralsed at 50°C/h up to 220°C, and then was kept at

220°C for 10 hours, and was raised from 220°C to 250°C
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As aresult, the catalyst had a total pore volume of entire
10 pores of 0.26 cm3/g, in which a. total volume of pores
having a radius of 0.05 um or less was 0.01 cm3/g or less.

The falling strength was 99.2 %.
Using the catalyst, methacrolein was oxidized at 290°C
in the same manner as 1ln Example 1. As a result, the
15 conversion of methacroleinwas 86.2 % and the selectivity
to methacrylic acidwas 84.4 %. Invarying the oxidation
temperature from 270°C to 310°C, the relationship between
the conversion of methacrolein and the selectivity to
methacrylic acid was further investigated. As aresult,

20 when the conversion of methacrolein was 80%, the

selectivity to methacrylic acid was 85.8 %.
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and thallium; Y represents at least one element selected
from copper, arsenic, antimony, boron, silver, bismuth,
10 iron, cobalt, lanthanum and cerium; a, b, c, d, e and
f represent the atomic ratios of P, Mo, V, X, Y and O,
respectively; when b equals to 12, then a, ¢, 4 and e
represent, independently from one another, numerical
values exceeding 0 and not more than 3; and f is defined
15 based on the oxidation condition of the elements other
than oxygen and also on the atomic ratios thereof;
the catalyst having a pore distribution, obtained by
amercury porosimetrymethod, inwhich a total pore volume
of pores having a radius of 0.05 um or less is about 0.01
20 cm®/g or less and a total volume of pores having a radius
exceeding 0.05 pm is about 0.2 cm’/g or more.

2. A method for producing a catalyst according to

claim 1, the method comprising the step of calcining a
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from the Dawson-type heteropolyacid salt into a

Keggin-type heteropolyacid salt occurs in the presence

5) of ammonium nitrate.

3. A method according to claim 2, wherein the

ammonium nitrate content in the molded article of the

Dawson-type heteropolyacid salt is 10 % by weight or more.

4. Amethod for producingmethacrylicacid, wherein

10 methacrolein, isobutyl aldehyde, isobutane or isobutyric

acid are subjected to a gas phase catalytic oxidation

in the presence of a catalyst according to claim 1.



