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‘t he i nvent| 5 This inventioM relates to a nethod for preparing
het er o polt“’lmu ﬁ”@ﬁm st and nmethod for producing nethacrylic acid. Mre
particul arTy, e Irnvention relates to a nethod for preparing

heteropolyacidG%ﬁ?alyst cont ai ni ng het erabol yaci d fornmed of
nol ybdophosphori c acid and/ or nol ybdovanadophosphoric acid, or a salt of

t he 10 het eropol yaci dM%’?gN&%!RiISORLPRE AR TN IEE?EHDP;@PM@EE Q@QPA. unsat u

rated carboxylic acid t vapor phase oxi dation unsaturate

al dehyde; and al so t ol¥SieANId METHODIHORMBROID HAING MEFHACRNIdGgh vapor
phase oxidation or va hase oxydehydrogenati on of mnethacrol ein, isobutyl
al dehyde and/ or isobum' c acid in the presence 15 of said heteropolyacid

catal yst. | Pgélfhtﬁﬁél]t}]élﬁ thSv lthgglg‘(y:gglﬁ& gﬁsg?a;er opol yaci d cat al yst whose

chi ef conponent s a heteropolyaci npos hosphor us- nol ybdenum 20 or
phosphor u$- nol ybdenunflhis aavemtiomwrekateaitd a method foif prepaxidgddtego-

met hacrylic acjd through vapqr phase oxidatigon of nethacrolein, isobutyl

al dehyde andP@tYﬁ%‘gﬁﬁF%ﬁ'ﬁEaﬁgi raet@fﬁ&rrm%l%%gaw&acwh@ﬁc%t ol yaci d
catal ysts, vatl.,;: t : b e I i cial

Cazot tos of - BartfPule R RG R BER3EE IR or BB Fae RERAR- 24 oo
57 177347A t9@13%&&&@htﬂygo@é@ta@iﬁm%het@bpbm&i&a’ﬁhdeaaiqulaibdo@}io@e
presence of a_nitrogen-containin eterocyclic conpound inproves the

catal yti c pephoricearié angherc nfalgbdowanddonhnsphopid atidaer arsalepbpbeyaci d

tal yst d. I. | vi . di i it 30 taini
Pt or boy oy c FebEBANGRGi nEiEK T SHATREY fak B aarehebafion PESBEA Y ni ng such
constituent gh@Erbok§1liEHREP AR FRPYP PRAYEOXIdARIRGT unsatdrdtdd 2002 . ~.

2 vanadium and the |iké, concentrating the solution or dispersion under

t hor ough st i aldehydedayidnalsoite anretbod far praducing mebthacrylivcacidme. [ Probl ens
to be solved, by the inveniion] 5 Those heteropol yaci at.al ysts .whigh are
b epared | n tRoUSILERYEDbRSE bRRIATE A daRoR AIATS (e RS ped RA IR LNG.
however, arey o[ t19} Wt ] i 1

catal v ol P o B e L ek B AP RSt
maki ng adbyl ofsaidi hieteropolyacl eatalysthere they are used, for exanple, in 10
production of nethacrylic acid from nethacrol ein, isobutyl aldehyde and/or
i sobutyric acid. In consequence, those heteropolyacid catal ysts nust be
used in larg RL{iti es and brings about rise in production costs. An

obj ect of the present invention, therefore, is to provide 15 a nethod for
preparing heteropol yabi B walldinmin ¢x ekl hatgropolyacidea tampstew hiosé ehaeftl
furthernore in stren ich ig of particular_ippor tance for _industrial

Use, ‘over. t hEMBDABEEF E,{Ja ereplgpeidycamapapnc A Rhesphei Belphdenen
]?nge”t L 9Bal o FEhBSSho AN b @GR v aditim! BY §YalO Phd ook Ot FPEidR- @ Met hod
ing methacrylic acid through vapor phase oxidation of methacrolein,
isobutyl aldehyde and/or isobutyric acid.
Concerning preparation of heteropolyacid catalysts, vari-
ous methods have been proposed. For example, Official Gazettes of
25 Sho 57(1982)-12830A, Sho 57-171443A, Sho 57-171444A and Sho 57-
177347A teach that preparation of heteropolyacid catalyst in the
presence of a nitrogen-containing heterocyclic compound improves
the catalytic performance. Specifically, in those prior art heteropoly-
acid catalysts are prepared by dissolving or dispersing a nitrogen-

30 containing heterocyclic compound in water together with raw materi-

als containing such constituent elements as phosphorus, molybdenum,

AR
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20 producing nmethacrylic acid through vapor phase oxidation or vapor, 7Dhase
oxydehydr ogenati on of nethacrol ein, isobutyl al dehyde and/ or i sobut yri 8U6 2002
acid, using a catalyst prepared in accerdesce with the novel nethod of the
invention. 25 [ Means to solve the problens] W have discovered that the
above objects can be accom pushed by adjusting, in the occasion of
preparing a solution or disper sion of rgw materials, which contain the

el enents constituting the intended heteropol yacid catal yst, and a

ni t rogen-cont ai nj.ng het.eno cyclic,acid ipn water, the.amoni um.ipon

Cont et and YAAiteR ARCofie BRe eincgRe St the $Bhdion of GHERERERS Fndf% oy
Wi t hi n specifjosoli i i 53 he d 3RelSngoNpP! et ed
based on this 0330%33’3‘3“%@ r ng@?gﬁ%%%trlﬁﬁ%_gm id(?rll&tgﬁ%gqaense%tnﬁod for
preparing a heteropol yacid catal yst containing a heteropol yacid conposed of

nol ybdophosphoric aci d and/ or . no] ybdovanadophosphoric acid, or a 5 salt of
t he het eropcﬁ%ﬁbh@ﬂ@%@lﬁ@ébﬁﬁhé%wfdmiﬂt rogen-cont ai ni ng heterocyclic

oo 8 o s o oAl BB AERIBALAREIY BB ol Buafl ote o' 11 0"
het erocycl i Cplf‘e@éh@@bﬂd,niﬁi’dg’ei\i—&)x?é\i?ﬁ? Bogbrasyaly sothpeifid, howewer! he

amoni um i on content not exceedi ~nmols per nol of the nitrate anion
cont ent, andare3nferior amselictivityoand aetinty fon reactiondand incagalydiphife,12 nol s
of the nol ybdenum mcontent, 1 m xi ng. raw mat erpal s _¢ont ai ning the
cat al'yst - conOET AR REGRE CHAFots AP BEeRALS i g R AR ocycl 1o
conpound i n 4 Ae1iRTRHE Pin Yer¥RES! whe REBhey Wrd s8R 3 £l ihhe sane.
Agai n according to the present 1 nvention,” a nmethod for produclng

met hacr y10 ¢ modactisnprfomiedialcrylici adid fedmnane thaqrolesins ithutyh atdgliyade

oxi dation or oxydehydrogenation of nethacrolein, isobutyl aldehyde and/or
i sobutyric AndOr ST AGeg wwsﬁuan%tﬁpaﬁa%a@%% mech i s

obt ai ned by ’ - ri c i . :

(Embod: ment <Put PRAMEEERER R RO b MFEs SBobCBE b ¥huctih

di ssol ving awstmi formy dispersing the raw materials containing the

het eropol yacid catal yst-constituti _n.g elenents sych as phosphorus,

mol ybdenum vanadi um#h®@bjecd Olfitgé n¥ggent m‘feﬂﬁg‘é‘h-%ﬁ'ﬁgﬂﬁi HythBERVE8ycl i ¢

com 15 a method for preparing heteropolyacid catalyst excelling in perfor-

mance, life and furthermore in strength which is of particular impor-
tance for industrial use, over those heteropolyacid catalysts which are
prepared by the conventional method.

Another object of the invention is to provide a method for

20 producing methacrylic acid through vapor phase oxidation or vapor

phase oxydehydrogenation of methacrolein, isobutyl aldehyde and/or
isobutyric acid, using a catalyst prepared in accordance with the novel

method of the invention.

25 [Means to solve the problems]

We have discovered that the above objects can be accom-
plished by adjusting, in the occasion of preparing a solution or disper-
sion of raw materials, which contain the elements constituting the
intended heteropolyacid catalyst, and a nitrogen-containing hetero-

30 cyclic acid in water, the ammonium ion content and nitrate anion

content of said solution or dispersion to fall within specific ranges.



30 pound in water, concentrating the resultant aqueous solution or

di spersion, drying the concentrate and cal ci ning the sane. The 2 277A4Uﬁ;2002
2002 4 characteristic feature of the imrvesmbion resides in that the

ni trogencont ai ni ng heterocyclic conmpound, amoniumions and nitrate ani ons
are present in said aqueous solution or dispersion, and in that the

amoni um ion content and nitrate anion cgntent are adjusted to fall 5
within the earlier-specified ranges. It is whereby made possible to prepare
a heteropol yagi d. cat al yst excel i i nsperformanc | i fe and strength.
Accor di ng to?ﬁﬁlq}ﬁnﬁb%lb%cqlﬂgiqtﬁagﬁs?grﬂn {:lflsagn%’@?gigﬁre to prepare any

het er opol yaci d catal yaberdink 89 dhainlén0R! MaPanbEA Ryrlfriiitg b

conposed of nol ybdophosphori€ acid and/or no anadophosphoric acid or a
salt of suchhétetrepolyalcyhcathlydheoritatiemepa hederapalpacidyompdsd ekanpl e, can
be expressed by the followng general fqrpmyla: 15 PaM bVeXdQ x (wherein P,
M and V ar em@?fmgmhqs@,hom %g nmplybdavanadophesphoric aeid, ox a

repr esent .q .el ] j | a

het er opol ?/ag?tac} k ?gl%%le (}%ﬁﬁﬁoﬁgaégl lglct?{e%&%er%%gggkg ’?‘fth%féb‘%%&&bg&g% um

rubi di um cehéteFoeydlid Esmpblad is prdidede wisich insTHRl Sompefieeprepialrver,
zirconium njobium zinc, magnesium selenium tellurium arsenic,

anti nony, gemgdnagueocnssolwiien o agwgosis|dispersian wehigh oxygen, a, b, c, d
and x signify atomc tios,of P, Mo, V. X and. respecti vel where b is
1 aisT0 13 ol o 76 Bitdinsthesimorariofiaining BREoLRF: s

determ ned by val encyy@in®asitr SleCiBiBh) arfPatihbAARA-i16A8L al Nni ng heterocyclic
conmpound, any of 30 t%ose ’known may be useg. For exanple, pyridine,

pi peri di @@, piperazi n@) pheiamdiomunyicmeinteat notexceadingé. Anwlalpey|
derivatives of the foregoi nﬂ nma &e naned. Use of these conmpounds in the

f or m of 2 7 AUG 20080k 0f ?é‘é%r‘ e MR CQRteNtas nitrate, sulfate, chloride
and the |ikeyhs reconmended, for prevention of generation of odor at the
time of the catal yst preparation and recovery and reuse of these conpounds.
The use rate of such @)nithe agemondatreion conteat erot@xceedinpiPonold pan 5 be
suitably selected within a1 rozngre of @50% by wei ght based on the wei ght of
oxi des of the raw nmatbs mols of $he analy enpan afemy Sontedénst it uti ng el enents.

Th tarial:s: ini . . . ) bi ect
o no parti ot BRiieRed Meerbfe Rati HRCRNA AR AR R bR 0 o
prepar at i on withhetdtgehyasitdiKiagdhatetscyoly doenpeed ifithe @re8phes ofis

nol ybdenum mat eri al, apmoni um nol ybdat es such as anmoni um par anol ybdat e,
anmoni um di nSR{aFddhendyying and ¢adcinipg $BAiIs@Mei d, nol ybdenum tri oxi de, etc.
can be used. As vanadi [ v [ i 0|

net avanadate, 15 sodi%gng}rrdg?%@g%gﬂogdg%m%%g%ayxﬂe%ﬁﬁg’?%’ a\ﬁ%ﬁ?#%ﬂl fate and
the |ike carphduesieg méthaeipiphoidis priveded| whivh heithodoaipssesi d,

di sodi um hydr ogenphosphat e, . ammoni um phosphat e, and the |i ke can be used. It
i s al so Bermammphaseoxiiation anoxrdehydrogensativneimetbaeralei one el enent,
such as nol y.hd S I G aci no dovanadophaosphori c, 20 id and the
ke, s oo e BaRar RaRRY e Andor RN O MR SRR A SRR To ar e
useful . As exaHEphFslyaticPeaRMN sRvhatH B oDRINEE Dy HEOAbOVB-Obbéd@beéd ammoni um
car bonat e, anmoni um hydr ogencar bonat e ammoni um acetate and the |ike, those
raw nat eri almethod i$ nsed a33heatadhlyst- constituting el enents, such as

anmoni um nol ybdat e, anmmoni um phosphat e, amoni um net avanadate and the |i ke
may be naned. As supply source of nitrate anions, nitric acid, anmonium
nitrate ErhbSdiftd - Whi erve as the raw materials containing 30
cat al yst?éoml tuti nﬁﬁ%ﬁ%%n@lﬂe nanmed. According to the nethod of the
i nvention, in prepariTige amethod of thdGnzenZioh exupeises skssaliorg or di spersi on
of such raw material s containing the catalyst-constituyting el enents_ and

het er ocycl i cuideiyalindisperaing the sawmatenati contaringdiheahatergpehacid

catal yst-constitutin lepents, Wi th a nitrogen-gontaini terocyclic
conmpound in “taﬁ%iyp*&é@g‘ﬁ@éugﬁ%@?&‘%n% W8 o %%chqr&?’ Hoqggagngaﬁeous

sol ution or Wi;5RR0sh AAd theSHkadindsa 88troBah-dohkallihtReefhtRile @- ammoni um
ions should be present in the solution or dispersion; (2) the anmoniumion
cont ent Shoylahmbin eveteedednce ntmdting éhe mebubihint lagueious aoduohax cont ent
(i.e., 0 < ammniumiogns / nitrate anions .7 in terms of | ar ratio);
and (3) the WEPEFHIBR; 3%{%& negnteats And ralcingsthe i@mﬁnlﬂﬁ er 12 nol s
of nol ybdenum atom content (i.e., 0O < anmoniumions / 12 nol ybdenum at ons
10 in terns of nolar ratio). The nolar ratio between the ammoni umion
content and nitrate anion content is nore than O but not nore than 1.7,
preferably 15 0.1-1.5. Wen this val ue exceeds 1.7, the intended

het er opol yaci d cat al yst cannot be obtained. Where no ammoniumion is

T ] - o - —— o .




For adjusting the nolar ratio of ammoniumions / nitrate anions and _that of
ammoni um i ons / nol ybdenumto fall within the above-specified range§,7 Al&2002
‘'raw nmateri dl s contai ning the catal ystconstituting el enents and supply
source of nitrate anions or that of 25 amoniumions are to be suitably

sel ected. For exanpl e, where ammoni um par anol ybdate) (NH4)s [ MO7TQ24~ 4H20,
is used as the nolybdenum material, the gmmoni umion content per 12

nol ybdenum atons of said raw material itself is 10.29. Therefore, by

concurrent use of, ot her | ybdenum.mat er.i al s such a l,ybdenum t ri oxi de,
30 ol ybdop HBEBACISTLS UG FRRTHER Of KBS KRR UAR 2RSS 10t thating RLLEARRAYT um | ons,
t'’he anmoni um,iL@R: t n?(ﬂd-i . : uo2 7
wi thin the ?8?& #I eg %ﬁg@cﬁﬁe%rﬁgg)s%&lvﬁ t e%?@%ggaﬁ{é#%artgs%%@g?d
catal yst i s grotpesedt wheaid Agusoiis sdlkitivn on dispyreivn, aitl divbhat tie i on
content are adjusted to the specified ranges is not yet clear. Presunably,
the 5 adj ustammonigm igwycontensangt nitxate anken gerteartcarecadinsted todal- cont ai n

ing het 1L t h i ity and particle size |
Lhe oFur s eavithimERF Barhg:-shEER raRRst Tt ROy A AR oy,
oxi dat i on- r qfHephven leebpslonsid @iﬁlymmﬂgiiﬁq)etrwmﬁce,\/J@feyaﬁ@vor abl e.

10 The aqueous sol ution or dispersion obtained as above is then
concent r at edstrength. heating and stirring, and the resulting concentrate is

subsequently dried and calci ned,, The dryi and cal ci ni. condjjipns of the
concentrate are subj GXCOFGIETAthe P@&?‘Oﬁioﬁq%’ﬁt’iné’ﬁymﬁ‘uﬂp?%%%ﬂbf@n ally

used in pre i f YPE] t : e

speci ficall %?hggggﬁc}éér}??‘g‘?@%g dr |t(egl at %ﬁ%ﬁ%ﬁﬁ%@@?ﬁ%ﬁ%ﬁ% 300C,
and nor N0 | Yodfaed doenpasetod fthedlylekiphiosptioaic Addpaidibrneslybdogangdad00- 600C.
The cal cining may al so he carrjed ouf in such a manper that it is. conducted
at 200- 600C RhpsaRorcAgd pxa §@i§% cé&%a@pWﬁp@eﬁ arieterepolyacidher at

100- 400C 20 L. it ' v, hase

oxi dati on orclagx g’h@ regcgElenQ%i’ g%B?%a% |r§%§% %ﬂﬁ?gfé’?lé’ﬁ‘g?’ ,gpiq{s)éorggtyl al dehyde
and/ or isobdbymiuta:acid in the presence of the catal yst of the present
invention are not critical, but those generally used for this type of 25
reaction nay be adopted. For exanple, in vapor phase oxidation of

met hacr ol®i n, a gaseousP ([eX -10 vol une % of nethacrolein, 110
volume tinmes thereof of mnolecular O0xygen and inert gas such as nitrogen,
carbon di oxi de steamand the |ike (of those, steamis particularly

advant ageous because ({helr8fH Pi Mo hAAHMre HHIsphofts,Pholkisdendithd® | nproves

yield of the object product) as diluent, i's introduced onto the catalyst at
a tenperature w thi nvanadnge, sespagivil9CXarepraaeets at leagt pnaugezab? s

pressure,tranging fromnormal to a, at, _a.spage ., velogity. of 1005, 000 h-1
(STP) . Tk otarti ng meRatE srerRe & aintiulitHefod rariEirto be pure.
For exanple, a nethagFiRilchii8velittad Fidid ARA10RRAREPotA TS, GRIAHKIAS
reaction of isobutylene or tertiary butanol 5 may be used as the

met hacrol ei n. This ecbsdionemtd the Lke),iadlkhhineyearthonetaldabdppdrsilaar,
i ndustrial process. [Egect of the inventi on4 Accor di n?qt.o t he.j nvention, a

het er opol yaci d cat al OPEUIT, TP HIUY, FINC TIGEHIGFNe Sefeum, (L UYMUHY h can

be prepared, and by LOg: .t Qi 5: r &ﬁhﬂ a .i(g ;aci d
can be produced at hll:%h ylcéPH?m?@@n%} es%{ Hglr%éll’na teelrﬂ?(%]gﬂ%{&géggg
inventiogsis expl ai nestygeneasbhesid hndly yigniff atorhitgrdtiosof R Mo, EXaKpl es, it

bei ng understood that the invention is not_limted thereto. In the
fol 1 owi ng Exanpl es as@d@npespactivelaxuhered, st abrldri o 0dbidkia i vity

(ol “munber of +eact S0iet ARG st mUnE Fcal VhliRESeretn bR Ry ZaRbeBE 70 -
met hacrol ein) x 100 dachellegentj.ty (ml % _ (nol nunber of forned

met hacrylic acid) / _ o _
As nitrogen-containing heterocyclic compound, any of

30 those known may be used. For example, pyridine, piperidine, pipera-
zine, pyrimidine, quinoline, isoquinoline and alkyl derivatives of the

foregoing may be named. Use of these compounds in the form of



(nmol nunber of reacted nethacrolein) x 100 One-pass yield (nol % _ 30 (nol

nunber of fornmed nmethacrylic acid) / (mol nunber of supplied nethackplAgh a2
x 100 2 7 AUG 2002 9 Exanple 1 To 2,800 mM of 60C water, 900 g of

anmoni um par anol ybdate, 273 g of nolybdenumtrioxide and 68.2 g of amoni um
mat avanadat e were added and stirred, followed by further addition of 280 5

g of pyridine and 87.4 g of phosphoric ag d (85% by weight), and a sol ution
of 400 g of nitric acid (65% by weight), 136.4 g of cesiumnitrate and 14.1

g of copper nitrate as, dissplved .in 1, 0 m .qf wat er the. order stated,
under cont i ntIT8aPG § agugﬁ@,s%ra;tq, ﬁﬂﬁfgéﬁs‘:}ﬂp raen‘iBﬁ%/%‘ﬁ BFE9™di ne,
nitrate anio mm i : i AMESY ions |
nitrate ani oﬁls% (ol ar %%ﬁ@eﬁﬁggéé%%lﬁggt)ﬁggg%%tum i ont[slllr@/ 12

nmol ybdenum atataly{tnpreparasionoandeecwyety4thd fduse ofitlezescompoduinds.was

concentrated under heating and stirring, and the resulting clay-like
subst ance wadbgdisgeeatenisughapnitrpgencoataming heterocychiswompaiin 6afm i n

hei ght , ich were.15 dyied,at. 250C and cal.cl in a eoQus ni hrogen

tr oam at Daghe iRy sBlseEed Mgt € xRae & 0%y el DAL RIS Shour s

Thus obt ai negesahPbf/Stides df2hoedw ReatERaAd c@h@iﬁﬂ%tﬁé%bt‘ﬂy@ﬂc@ﬁyﬂe” at the
atomc ratios oP: M: V: Qu: C =1.3: 12 : 0.1 1.2. Upon Xray
diffracti on fyengedemends.Cu- Ka) neasurenent, the catalyst was 20 found to

h iti d inly.of |.ybd doph hor |. i d dit
have, & COmPeSl 161 ComRsel, B abkye LIPSO RSSBRISP Ry 07 o
U-shaped st ajpl ssél%e+u jH@@ﬁPfé? PArful A ld'ﬁﬂ%tighaﬁﬁﬁﬁhy offthokbbe was

imrersed in a nolten salt “bat 280C, and into which a’gaseous 25 mixture

of the fabl ogemegralhymesd foroprepsiratio nvafshetetrapolsdcitly cataipstspinagebeoxi dat i on
of isobutylene jn_the presence of nufti-el enentary catal yst ,conposed of

oxi des of noW§eftie Homexasmale: asme num gpatestal; gpimpreumpmelybidteguced:
30 net hacrol gl 3, : l. 2007 i S 0. vol une
met hacrylic %%%ai%z}l’g@t\ﬁ?%&{aﬁ&%rﬁn@@ﬁ \f’g e g}@gﬁﬁ%&hﬁ@% ﬁ%@ tgl%ygen :

9.0 vol une Sliksefdolgedrsadid moYyde mirhrtegntidendtcc 3ahdbe dsaki A8 varw-. 22
vol ume The reaction was,  carried out under the conditions of tenperature,
280C and spaéBlmdnatenigl, vangdoum pentoxpde, ammopivne Metavanadadpown in Tabl e

1, together wdi: I i I I Myl e) and
t he ammﬁlgum&?&olgsni;ﬁem ra gagér}}J@%{?d&%ﬁ}%}%%ﬂ%ﬁ&?ﬁ%%g&%ﬁ%l).(l.kgr e) and
the BET spece¢dn beliseldacAs phesphbérddmatatiallysithopkaspherié atid, kkigo@liaml was
repeat ed except that the anmount of the ammoni um par anol ybdate was changed

to 600 g andhydeagesphosphate araermmiug pbespbate and|tiedikerpan besusads are

shown in Tab}e 1. Exanpl.e . anple 1 was_repeated except th t he anmount

of “the 20 antioieiat SAFBHST DIHT % v anple iy orte A ey Rhehgind he

nol ybdenum t glegid st suth 888thollybdopthosphblicsacid enitehilov dhaddosphokanpl e 4
Exampl e 1 was rrge’i)eat ed except that the anobunt of the nitric acid was

changed £Ponacidngd the 28®@.g. The results are shown in 25 Table 1. Exanple 5
Exanple 1 was repeate exce‘pt that the ampunt of,the nitric acid was

changed from 400 g t o 95gUEce My AmmQpipm 101 suRBhn FRHUPA LT A0 Fy appl e 6

nium salts are useful. As examples of ammonium salts, besides

ammonium nitrate, ammonium carbonate, ammonium hydrogencarbo-

nate, ammonium acetate and the like, those raw materials containing
25 catalyst-constituting elements, such as amrmonium molybdate, ammo-

nium phosphate, ammonium metavanadate and the like may be

named.

As supply source of nitrate anions, nitric acid, ammonium

nitrate or nitric acid salts which serve as the raw materials containing

30 catalyst-constituting elements may be named.

According to the method of the invention, in preparing an



Exanpl e 1 was repeated except that the pyridine was 2 7 AUG 2002 11
replaced with the sane anmount of piperidine. The results are shown?i7nAUGelgfze
'l. Exanple 7 Exanple 1 was repeated except that the pyridine was 5 repl aced
wi th the sane anount of piperazine. The results are shown in Table 1.

Exanpl e 8 Exanple 1 was repeated except that no amoni um par anol ybdat e was
used, the anount of nol ybdenum tri oxide gas 10 changed to 1007 g and 265 g
of aqueous anmoni a (28% by wei ght) was added sinultaneously with the
pyridine. The results, are shoqwn in_Table 1. comoaratl e Exarrp] e Exanple 1
was repeat ed2@Reews sehyion ﬂéaﬁﬁﬂlﬁwrb‘f’fl% 1AW IRAERLIAH SRR te was

changed to | s are
shown in Tab?@gs@ma?@lﬁegﬁgﬂ éJg]Eag?%f(%gc@@%g?@é{b%%p gdﬁl exc t that
the anount oéaidhﬁmIxhaté‘ngl@c@n\na’mm@acmaﬁtmﬁmc%@tﬁutﬁlglé@ngenfﬁhmﬁ}esul ts
are shown in 20 Table ) TABLE 1 NH4 /Mol e nolar rati oNH4 /NO3 nol ar

rati oMet hacr @lmtmge@mt@wmg( heterogydicheaunpoiind dni thesptesence iof waties)
% Met h i d - ield | ET f
e a4 S8 PSR s 0L i, SP SR BB

225801152 g Bl oA a0 e S o i
68.491. 0081. mtl’kﬁﬁoﬂﬂléi@ramﬂ €2V thetAinAOBAAEInGDALEAL SRwaltbhet

88.491. 0082. 082. 067. 25. %Oorrpar tive Exanple . )
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het er opol yaci containing a hateropol yacrd:

nol ybdophes pbmmonagncioﬁmdy&@énﬂ@hw@moy@mamaow neslspeicl 2mals of salt of
t he heteropolyacid, in the presence of a nitrogen-containing heterocyclic

conpound, saltplyredemamcatamiconipitienad i pmmeniuss iens bl unelyhseraite ous

di'spersion wWo Ghe < 10 in terms of molar ratio).

The molar ratio between the ammonium ion content and

nitrate anion content is more than 0 but not more than 1.7, preferably
15 0.1-1.5. When this value exceeds 1.7, the intended heteropolyacid
catalyst cannot be obtained. Where no ammonium ion is contained,
moldability is objectionably impaired. The ammonium ion content per
12 mols of molybdenum atoms is more than 0 but not more than 10,
preferably 0.2-9, inter alia, 2-9. When this value exceeds 10, the

20 intended heteropolyacid catalyst cannot be obtained.

For adjusting the molar ratio of ammonium ions / nitrate
anions and that of ammonium ions / molybdenum to fall within the
above-specified ranges, the raw materials containing the catalyst-
constituting elements and supply source of nitrate anions or that of

25 ammonium ions are to be suitably selected. For example, where
ammonium paramolybdate, (NH,)s[Mo,0,,]-4H,0, is used as the
molybdenum material, the ammonium ion content per 12 molybdenum
atoms of said raw material itself is 10.29. Therefore, by concurrent
use of other molybdenum materials such as molybdenum trioxide,

30 molybdophosphoric acid and the like which do not contain ammonium

1ons, the ammonium ion content as a whole can be adjusted to fall
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the catalyst at a temperature within a range of 200-400°C and under a
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obtained from a catalytic reaction of isobutylene or tertiary butanol
5 may be used as the methacrolein. This embodiment is particularly

recommendable for an industrial process.

[Effect of the invention]
According to the invention, a heteropolyacid catalyst
10 excelling in performance, life and strength can be prepared, and by

using this heteropolyacid catalyst, methacrylic acid can be produced
at high yield.

{Examples]

15 Hereinafter the present invention is explained more
specifically, referring to working Examples, it being understood that
the invention is not limited thereto. In the following Examples and
Comparative Examples, the conversion, selectivity and one-pass yield
have the following definitions.

20

Conversion (mol %) =
(mol number of reacted methacrolein) /

(mol number of supplied methacrolein) x 100

25 Selectivity (mol %) =
(mol number of formed methacrylic acid) /

(mol number of reacted methacrolein) x 100

One-pass yield (mol %) =
30 (mol number of formed methacrylic acid) /

(mol number of supplied methacrolein) x 100
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vanadate were added and stirred, followed by further addition of 280
5 g of pyridine and 87.4 g of phosphoric acid (85% by weight), and a
solution of 400 g of nitric acid (65% by weight), 136.4 g of cesium
nitrate and 14.1 g of copper nitrate as dissolved in 1,000 ml of water,
by the order stated, under continual stirring. Whereby an aqueous
mixture containing pyridine, nitrate anions and ammonium ions was
10 obtained, the ammonium ions / nitrate anions (molar ratio) being 1.00
and the ammonium ions / 12 molybdenum atoms (molar ratio) being
8.49. This aqueous mixture was concentrated under heating and
stirring, and the resulting clay-like substance was molded into a
columns of each 5 mm in diameter and 6 mm in height, which were
15 dried at 250°C and calcined in a gaseous nitrogen stream at 430°C for
4 hours, and then in an air stream at 400°C for 2 hours. Thus ob-
tained catalyst contained the metal elements excluding oxygen at the
atomic ratiosof: P:Mo:V:Cu:Cs=1.3:12:1:0.1:1.2. Upon X-
ray diffraction (per cathode Cu-Ka«) measurement, the catalyst was
20 found to have a composition composed mainly of molybdovanadophos-
phoric acid and its partial metal salt.
Fifty (50) ml of above catalyst was filled in a U-shaped
stainless steel tube of 25 mm in inner diameter. The tube was im-
mersed in a molten salt bath of 280°C, and into which a gaseous
25 mixture of the following composition, which was obtained by vapor
phase oxidation of isobutylene in the presence of a mhulti-elementary

catalyst composed of oxides of molybdenum, cobalt, bismuth, iron and

the like, was introduced:

30 methacrolein : 3.5 volume %
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The reaction was carried out under the conditions of: temperature,
280°C and space velocity, 1,000 h™' (STP).

10 The results are shown in Table 1, together with the ammo-
nium ions / 12 molybdenum atoms (NH,/ Mo,,) and the ammonium
ions / nitrate anions (NH, / NO,) in the aqueous mixture, and the BET
specific surface area of the catalyst.

Example 2

15 Example 1 was repeated except that the amount of the
ammonium paramolybdate was changed to 600 g and that of the
molybdenum trioxide, to 518 g. The results are shown in Table 1.
Example 3

Example 1 was repeated except that the amount of the

20 ammonium paramolybdate was changed to 150 g, and that of the
molybdenum trioxide, to 884 g. The results are shown in Table 1.
Example 4

Example 1 was repeated except that the amount of the
nitric acid was changed from 400 g to 250 g. The results are shown in

25 Table 1.

Example 5

Example 1 was repeated except that the amount of the
nitric acid was changed from 400 g to 750 g. The results are shown in
Table 1.

30 Example 6
Example 1 was repeated except that the pyridine was
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5 replaced with the same amount of piperazine. The results are shown
in Table 1.
Example 8

Example 1 was repeated except that no ammonium
paramolybdate was used, the amount of molybdenum trioxide was
10 changed to 1007 g and 265 g of aqueous ammonia (28% by weight) was
added simultaneously with the pyridine. The results are shown in
Table 1.
Comparative Example 1
Example 1 was repeated except that the amount of the
15 ammonium paramolybdate was changed to 1236 g and that no ammo-
nium trioxide was used. The results are shown in Table 1.

Comparative Example 2

Example 1 was repeated except that the amount of the
nitric acid was changed from 400 g to 150 g. The results are shown in
20 Table 1.
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S, 109& ()-c'S, 109& () - JIKKKKKeFgHc S, 10% S, 109& ()-c S, 109%& ()-c
S, 109& ()-c S, 10%& ()-c S, 109& ()-c S, 109& () - KK" K, K2K7K<Kr S4gHc
S, 109& ()-Sc S, 109%& ()-Sc S, 109%& ()-Sc S, 109 ()- Sc
S, 109%&' () - SVHEM&Q, <KAKFKJKKKWKaKnB4gHe StA09%& ()-Sc S, 109& () - SWHBMRQ, ¢
S, 109& ()-c S, 109& ()-c S, 10%& () - aKf KkKpKuKzK~KeFgHc S, 109% S, 109& () - c
S, 10%: ()-c SrM¥s()-c S, 10%& ()-c S, 10%& ()-c
S, 109& () - ~KKKKKKKKONA4H104S104 ¢ Of >c(109%4& ()-c ¢ t>&10%4& ()-
L 910%& () - 18. S, 109& A) meVkeMER, Ketarihg/sohe teropylyaviRidalyst coﬂ.@ﬂcﬁ&' ()-c c

10%& () - 1ngsa Oe%g%;gglyz}lc& composed of molybdophosphoric acid and/or
molybdovanadophosphoric acid, or a salt of the heteropolyacid, in the
presence of a nitrogen-containing heterocyclic compound, said
method comprising preparing an aqueous solution or aqueous disper-
sion which

(1) contains the nitrogen-containing heterocyclic com-
pound, nitrate anions and ammonium ions,
(2) the ammonium ion content not exceeding 1.7 mols per
mol of the nitrate anion content,
and
(3) the ammonium ion content not exceeding 10 mols per
12 mols of the molybdenum atom content,
by mixing raw materials containing the catalyst-constituting elements
with the nitrogen-containing heterocyclic compound in the presence
of water, drying and calcining the same.
2. A method according to Claim 1, in which the heteropoly-

acid catalyst obtained is expressed by a general formula,
Pa Mo bV CX dO X

(wherein P, Mo and V are phosphorus, molybdenum and
vanadium, respectively; X represents at least one metal
element capable of forming a heteropolyacid salt; O is
oxygen; a, b, ¢, d and x signify atomic ratios of P, Mo, V, X
and O, respectively, where b is 12, 215 0.1-3, cis 0-6 and d
is 0.05-5, and x is a numerical value determined by valency
of each element).

3. A method according to Claim 1, in which the nitrogen-

containing heterocyclic compound is selected from the group consist-
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ing elements and a nitrogen-containing heterocyclic compound in the
presence of water.

5. A method according to Claim 4, in which the ammonium
ion-supplying source is ammonia or an ammonium salt.

6. A method according to Claim 5, in which the ammonium
salt is ammonium nitrate, ammonium carbonate, ammonium
hydrogencarbonate or ammonium acetate.

7. A method according to Claim 4, in which the nitrate anion-
supplying source is nitric acid or ammonium nitrate.

8. A method according to Claim 1, in which a molybdenum
compound not containing ammonium ions; or a molybdenum com-
pound not containing ammonium ions and a molybdenum compound
containing ammonium ions; are used as the raw material(s) containing
the catalyst-constituting element(s).

9. A method according to Claim 1, in which the calcination is
conducted at a temperature within a range of 200 - 600°C.

10. A method according to Claim 1, in which the calcination is
conducted in an inert gas at a temperature within a range of 200 -
600°C and further at 100-400°C in the air.

11. A method for producing methacrylic acid through vapor
phase oxidation or vapor phase oxydehydrogenation of methacrolein,
isobutyl aldehyde and/or isobutyric acid, which is characterized in
that a heteropolyacid catalyst prepared by any one of the methods as
defined by the foregoing Claims 1-10 is used as the catalyst.



