1 DESCRI PTI ON METHOD FOR MANUFACTURI NG CATALYST FROM RECOVERED CATALYST
Techni cal Field [0001] The present invention relates to a nethod for
manuf acturi ng a regenerated heteropoly acid-based catal yst froma recovered
het er opol y aci d-based catal yst, where the nethod for manufacturing a
catalyst is characterized by using a spent catalyst as a raw material or as
a part of raw materials to manuf @RSCRIFTICRgENer at ed cat al yst. Background
Art [0002] For exanpl e, techniques for recycling a heteropoly

aci d- bag@ETHARFOR MANUFAQTIIRING ICATAEY $BEROMCRECOVEREDISATALYST i n,

for exanple, Patent Literature 1 and Patent Literature 2. These literatures
descri be a nethod where a used heteropoly aci d-based catal yst for

manuf acturing nmethacrylic acid is dissolved and a recovered solid portion

i s usedlephnical fieldat eri al of a catalyst for manufacturing methacrylic acid
and a nethod where at | east one kind selected froma cesiumsalt, a

pot assil0fP%al t, a thalliumsalt and a rubidiumsalt is added to a recovered
liquid portion to forma precipitate, which is then _used as a raw nateri al
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t hen u?{la@g_a raw material of a catalyst for manufacturing nmethacrylic

aci d. Patent Literature 4 describes that a heteropoly acid-based

catal yst having reduced activity after used in reaction is dissolved and/or

deconposed in an aqueous nedium and treated with an inorganic ion

exchan®dckgeouriccfar e a catal yst having perfornmance equivalent to an unused

catal yst, which also has a catalyst |ifetime closer to an unused catal yst.
[0002]

For example, techniques for recycling a heteropoly acid-based catalyst for
manufacturing methacrylic acid are described in, for example, Patent Literature 1 and
Patent Literature 2. These literatures describe a method where a used heteropoly
acid-based catalyst for manufacturing methacrylic acid is dissolved and a recovered
solid portion is used as a raw material of a catalyst for manufacturing methacrylic acid
and a method where at least one kind selected from a cesium salt, a potassium salt, a
thallium salt and a rubidium salt is added to a recovered liquid portion to form a
precipitate, which is then used as a raw material of a catalyst for manufacturing
methacrylic acid, and it is described that the recovered solid content is regenerated to
have performance equivalent to an unused catalyst by the methods described in
these descriptions. |

In addition, Patent Literature 3 shows a method for manufacturing a catalyst
where a catalyst containing molybdenum used in reaction is dispersed in water and
an alkali metal compound and/or ammonia water is added for adjusting the pH to 6.5
or less to form a precipitate, which is then used as a raw material of a catalyst for

manufacturing methacrylic acid.



Rel at ed Technical Literature Patent Literature [0003] [Patent Literature 1]
Japanese Patent Laid-Open No. 2008-71Q Al [Patent Literature 2] Japanese

Pat ent Lai d- Open No. 2008-709 Al [Patent Literature 3] Japanese Patent No.
3887511 Al [Patent Literature 4] Japanese Patent No. 3298978 Al Disclosure
of the Invention Problens to Be Sol ved by the Invention [0004] Any of

Lhe 1 ecovermgehnyalifs deRBSLRSSS ifal BenalRYRoIpTddd-basts ddtakyst RaJRY Lo be

a used catal yst of a gas-phase oxidation catalyst and there IS no

descri pbQfedBetilityaflc? CRYE ¢ fedtliofl iy Sissbived dhdret déotiipdaalihast akudtdis
process. In a catalyst manufacturing process, nmainly in a drying process
wi th a magdiayh, intetreaedWithiarginorgseis Son @xchhoger tooprpace $scatalst havingke,
sonme catalyst is lost out of the processes due to catal yst scattering and
adher i mericomance nequivedent tesnl unnsed catadyst) yatich aisn has somoataystelifetiméhe
addition and the like are carried out by calculating the loss fromthe
begi nniakgpennd apatrnisgdicatalgst. i n t hose processes has been conventionally

di scarded. In addition, a catalyst failed due to problens in quality and
the like, a product in process (including a sem -finished product and the
like) which is surplus as a fraction associated with the addition, and the
|i ke hdvelalesele MIPEEEI8 v di scarded in many cases. However, there is an
i ncreasi equi renent for effective utilization of a 3 waste catal yst
gener atﬁie%gp{][-'gq\'@é’éerranuf acturing processes, froma viewpoint of

envi rortaﬁﬁ.\g}al probl ens and effective utilization of resources. So the

pr esent entors recovered such an unused waste catal yst, for the purpose

of T qBLiate LitbldtePt) Riban@0a PSR B RbIotRslTE Apcover ed catal yst i n

wat er; ‘separa out "an'1nso e i npure portion which had conme to be m xed

| 2 SqPLcH eflofAld AlabRROY P RIIORS RB20MBThY P carriers and the

| i ke contained 1nth alyst, to give an aqueous solution containing said

r ecovernpgdicid fbittreCY PGB e Pt RNG BSB87EMAR spray*dryer to give
catal yst granul es; and regenerated a catal yst for nethacrol ein oxidation

t hr oughPaRriLiteraane 4lalapanesd AOsEds 3298978UAting in that the desired
performance was not achi eved even though it was an unused catalyst. Wth

that, the present inventors have found that there is still a problemin
using it as mxed with a new catal yst. [0005]
Disclosure of the Invention
Problems to Be Solved by the Invention
[0004]
Any of the recovered catalysts described in the above prior arts is intended to
be a used catalyst of a gas-phase oxidation catalyst and there is no description about
a recovered catalyst from a catalyst manufacturing process. In a catalyst
manufacturing process, mainly in a drying process with a spray dryer, a molding
process, a calcining process and the like, some catalyst is lost out of the processes
due to catalyst scattering and adhering to a container, resulting in catalyst loss to
some extent. The addition and the like are carried out by calculating the loss from
the beginning and catalyst lost in those processes has been conventionally discarded.
In addition, a catalyst failed due to problems in quality and the like, a product in
process (including a semi-finished product and the like) which is surplus as a fraction

associated with the addition, and the like have been conventionally discarded in many

cases. However, there is an increasing requirement for effective utilization of a



That is, an unused recovered catal yst froma manufacturing process and/or a
used catal yst recovered for regeneration (hereinafter, also sinply referred
to as recovered catalyst, including the both) are usually filled in a
reactor for manufacturing methacrylic acid which is equipped with several
tens of thousands of reaction tubes at the sane tine as an unused catal yst

is fillgdte ThemystiERetAEd §n ithest frh8hERERIINTG PRICEIEERNGSMS HCle@APorEtdfvi t Y
bet ween sai d regenerated catal yst and the unused catal yst, the both are

filleddnlirbAmenBRChiddierhs DA asffdchioy atilzation 06N essiBco@r | 8ol @i igledenti Vity
bet ween several tens of thousands of reaction tubes due to difference in
react i grivdigbdrseprcovbeedgubh dreamiungd aksstevedtalyst, ofor i the cpurpbystofl effedtivee and
occurrence of inconveni ence such as reduction in the total yield. Because
of t hatutilizditéore agaimdissalsed gaidourneangecousied catalyshie viaieh sepacatddrout anuse
them toget her, which is an operation unnecessar% when using only an unused
cat al yénsolublei smgluse poviénry whidh chad esraat tonbeo mMedgdnous| peaitered gr eat
deal of catalyst at an industrial scale, so said regenerated catalyst is
requi r satalystggevering orerasseaaguinsalubln cepiels anddes Wa soptainedde ihise of
that, any reuse of a used cat a]I st described.in the %gove prior art is
usual | FaElyst By9ygtan sAueds pelHBR Copraitipgeial ARGaYgres Calalsticompanent;
performance. as .4 equivalent to a n atal yst as, possible. And, i

P eqene Eeran WA ey drvetta g onfaleh S anfEs e R eaBa d BilahisT sa on
Literatur 1.1 . t i > : L.d | y.st onent
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i ndustrial “scal e, ere are probl ens such as necessity of a device for
centri ftH&?EI}}éEEé%bﬂf QBN RIS 08 RS iR tHee i@ stiPBHrosEhPR Kind iR mixed |1
addition, the nethod 1n Patent Literature 4 gives highly active

regenergid Speycdtagat. ment with an ion exchanger, which is however not
necessarily satisfying the purpose of giving the sane perfornmance as an
unused [0@05]l yst. Means of Solving the Probl ens [ 0006] The present

i nventors have intensively studi ed under such a situation and found that a
het er opol y Ewdtds bas exused abysterad tdatalystt fnemad ovarrudastaring enlopessbara‘ocan be
manuf act ured by di spersing and/ or dissol ving.a substance intended for

r egenensedocatalyst asadyared dios cegdeeratios (hereivatterralag simply meferiekleta @st he
above manufacturing process, a catalyst failed and di scarded due to

pr obl egcovergd setalystawgluding thedeothharewsially filled dv arreacloafen manulaghuings a
product in process which is surplus as a fractign assgci ted with the

addi t i shethachlic ackhwhigh ig epdippee vatn %%‘@da’éﬁﬂé@gﬂusﬁﬂ SR EARIBN VLSS Fent to

oo S e, B IS b LT o S
R e T RN T AR N T
'S Toudliha! iRab G BINAR ARG LN i AR Eflale Xt BIMIAR Vafadbr Rl 21 Vst
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inconvenience such as reduction in the total yield. Because of that, there is
necessity to homogenously mix the both in order fo use them together, which is an
operation unnecessary when using only an unused catalyst. [t is also a very difficult
operation to homogenocusly mix a great deal of catalyst at an industrial scale, so said
regenerated catalyst is required to have performance equivalent to an unused

catalyst. Because of that, any reuse of a used catalyst described in the above prior

art is usually carried out for the purpose of regenerating so that it has performance as .



foll ow ng processes for manufacturing a regenerated heteropoly acid-based
catal yst using, as a raw material, a recovered heteropoly acid-based
catal yst contai ni ng nol ybdenum phosphorus, vanadi um or copper as an
essential conponent: Process a): a solution Ais prepared by mxing a
het er opol y aci d-based catal yst with an aqueous sol vent and renoving a

COMpOngRiValaR 18 Rolftalipsat Kessiblelr 26ReTn RgerldiBiidiPlra 44aBIdatalpd; 2!

| east one conponent o ybdehum phosphorus,™ vanadi um or copper cont ai ned

in thej§ahdsé Wtich afs, RASEKRAplePTREEAS LAiatdizsaqUR0BSahy dhedie PRlisexinde
solution is added to the solution A or a solution obtained in the

bel ow drgemopbRdadid eaesgstcdnipandrioneetdissdhedd; rafieo Irgcadsrithy &% ageesipifate t he
di fference between the above nolar quantity obtained in Process b) and the
nol t hdsoled neaddery alHeveferain efdargatcaryqoutr redoteny qfr & palichimatterafordainingr get
regenerated catalyst is determ ned and the shortage anobunt of a catal yst
conponevatei sit andindustiial Iseakeo lthereoarsApmbleme sughuas cwcessibti okd devies wess ¢
to prepare a solution containing the additional raw material conponent;

Pr oces seajrifugalseparatioroand deaamation ferculpmarmesaskef tin¢o Process d is dried

to prepare catal yst granules D, and Process f): the catalyst granules D are
mol ded and 'Baskifiane e petipdinfeatentLiprapied QC%F@@B/ REHtVA rﬁgﬁggatleg ¥The

manuf act uri ng, net hod .accordi ng to fhe above-descr, bed (1). wherein the
het er o ’Eﬂ%')mggf W‘&‘a?@doﬁ a?’%g?@ae'f’ u‘?’%"ﬁgr ISC%?IW%.Y?‘[S”%F’IBGWE%&} iy Sﬂ@?fgmge'}i’@ct ed
fromthe bel ow descr.ibed X an r_one kin r [ | ected fromY and
wher ei ﬁ%ﬂ%s%ﬁﬁglg tb? SqMe g%&é%%&c%%sgggﬁ?eg%am%bdenum phosphor us,
vanadi um copper, X or Y is neasured in Process b): X alkali netal,
alkali earth nmetal or ammnia; Y: silver, zirconium arsenic, boron,

ger manipdgdnd gl he®YoB[Ens LI smut h, cobalt, nickel, cerium tungsten,
iron, alum num nagnhesium antinony, niobium nmanganese or titanium [0008]

(3) Thgom]hod for manufacturing a catal yst according to the
above-described (1) or 6

The present inventors have intensively studied under such a situation and found
that a heteropoly acid-based catalyst without the above-described problem can be
manufactured by dispersing and/or dissolving a substance intended for regeneration
(a catalyst discarded due to scattering and the like in the above manufacturing
process, a catalyst failed and discarded due to problems in quality and the like, an
unused recovered catalyst such as a product in process which is surplus as a fraction
associated with the addition or filling, or a recovered used catalyst) in an aqueous
solvent to obtain a solution part, which is then treated as it is in solution in a certain
process to obtain a solution without separation of the catalyst component as a solid
content, followed by manufacturing a catalyst therefrom; and the present invention
has been thus completed. That is, it is found that said method can be likewise
applied to manufacture a catalyst not only in the case of using an unused recovered
catalyst from the above manufacturing process but also in the case of using a used
catalyst as a raw material.

[0007]
That is, the present invention relates to:

(1) A method for manufacturing a catalyst, which is characterized by comprising the



(2), wherein the above heteropoly acid-based catalyst is a catalyst
represented by the bel ow descri bed ge%eral formul a: MdaPbVcCuci XeYr Og
(wherein, My, P, V and Cu respectively represent nol ybdenum phosphorus,
vanadi um and copper; X represents at |east one kind selected fromthe group
consisting of an alkali netal, an alkali earth netal and ammonia and Y

repr esepicinl dréesdseder kdHiifs@uUARY %drécgbﬂg}alttéé HEtEYOBoRCAGH PalsBd catalpst Ver,

zirconium arsenic, boron, germanium ftin, |ead, chrome, bisnuth, cobalt,

ni ckel ,usffy, | 44Na FraRgPaestial] BOfBCcOREIEY MefropBlynasiilbBseantataBaYy .comtalRing™M
manganese and titanium respectively; each synbol of ato gis an atomc

rati o eholiybeemlranpndsphungs,esamadiurt ot coppér, asah esbedtidl eofmpathens 0.1 to 4.0,
eisOto4, fisOtob5 wiena =10, and g is a nunerical value determ ned

dependiFrgcess aha soliutian ifois prepaedolly eaxihge betenvpoly acit)-bddes catblyst witbr
manuf acturing a catal yst according to any one of the above-described (1) to
(3), wancanuepusteniveitandzemaving Asompesentinsobybde in theisplveided catal yst is a
catal yst for manufacturing nethacrylic acid by gas-phase partial oxidation
react i dtioeessred)hatbieoieplar quantityhel mtt least f eRe neamPaBel jafgmelvdenupst

according to any one, of the above-descrjbed ).to, (4), which is
char actPHOSPRAUSy venadiuiH GRRRSF 5pBian ndh &%i&l%iﬁ SHESCG, recover ed

szzggﬁ;@@éﬁ% th et aotadls hioBer TRmtraad it At F@W”gésﬁfé%‘?ﬂ} ghA"

Gas. ;ﬁ%@ﬁfgﬁi Fhroeh PG IRE B ol SRS i e oG BT ng a
s o FroBESOB( Y diffordfide BRudkn HEaBORY TIIECGIAMEY obfind® i Plocdddiihh ! o
manuf actr {Had il GREGIYiBhl #4I6ETEH B9 dI8mBRY réd\are farhsrr@t%ﬁ%t@fgf%i Regt(2) to

r
(6), whereln I's antinony and/or arsenic. (8) The

manuf agegéhdtatct EnbRsY BldAasaAMeHihd Bedhoriafe Phoditef a?cét@lzgﬁc&ﬂ?ﬁﬁérhed (2)
to (5), Wwherein the catalyst is a catalyst not containing X. (9) The

met hod i§ atded e tiae solitiog Aocticadolstiornebiitidph Pmoasy ceeprepatdd solution
above-described (3) to (5) or (7), wherein e is O, and Y is at |east one
el enentcostditiot d¢de fadditionberagy mabertal tenyidnemi;of arseni c, antinony and cerium
Process e): the solution obtained through Process a to Process d is dried to prepare
catalyst granules D; and
Process f): the catalyst granules D are molded and subsequently calcined to prepare
a molded catalyst E.
(2) The manufacturing method according to the above-described (1), wherein the
heteropoly acid-based catalyst further contains one kind or more selected from the
below-described X and/or one kind or more selected from Y and wherein the content
of at least one component of molybdenum, phosphorus, vénadium, copper, XorY is
measured in Process b):
X: alkali metal, alkali earth metal or ammonia;
Y: silver, zirconium, arsenic, boron, germanium, tin, lead, chrome, bismuth, cobalt,
nickel, cerium, tungsten, iron, aluminum, magnesium, antimony, niobium, manganese
or titanium.
[0008]

(3) The method for manufacturing a catalyst according to the above-described (1) or



(10) The nethod for manufacturing a catal yst according to any one of the
above-described (1) to (9), which is ¢haracterized in that the nolded
catalyst E is a nolded catal yst where an inactive carrier is coated with
the catal yst granules D using a liquid binder. Effect of the Invention
[ 0010] According to the present invention, it is possible that a
rec Over(.@f, WIRIrBIORE! b A6 HEtEIRBEH m\%see RafzHRRG 5 icafllyst refreBARHBEMe

het er opol'y aci d-based catal yst) 1s, th good reproducibility, redenerated

into apedwldestribéy yBberl Foratuld:he same performance as an unused catal yst.
Therefore, it is possible to reuse a waste catal yst conventional ly

gener atio.RV BuiivdDgact uri ng process, for exanple, a catalyst |ost due to
scattering or the like and discarded; a catalyst failed due to problens in
qual i t (wheckinhéMbj K& d¥hdrdi <harmdspecivilyn repredentt mobibdgnant,r pbosghorus,
associated with filling or the Iike and di scarded (which is technically not
a wast evapadiny sandyeoppated faprasentaudtataast iong kinsk ssleckrd fiame | theearawer e
because it is in common in terns of unused waste catalyst, in the present

i nvent icoRpisting of ancalsale medalpapflicali ey suaial and arraeniaang Y sepresenBnatunused
catal yst such gs . a product in process (al.so in¢luding a sem -finished
producj?a%ﬂW'H%§e of Bigt 9TOHP £98515118¢ & %W&F@“'&\'&i‘d?ﬁ%\‘ﬁ&or%e li ke

and di scarded ssible to.effectjvely reuse a used
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cat al y3iack SYRRIGHIFS 1 PG rSEABNAEIL AN WIRSBINET P o 5001 er o
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to as aini ng mol ybdenum ~phosphorus,” vanadr um or “copper
and pref &f gy fdﬂsﬁ)ﬁ HsLhRBENISisAS 85 GPERM =240 CANPYIRMN nutkbrial valuesed as

a raw material 1n the present invention, can include™a recovered heteropoly
aci d- bafgeinsinbddepbnaingtct Mengkidatorosianel eadrosiphings, vanadi um and copper
as an essential conponent, which is used in gas-phase oxidation reaction.
Sai d sybpt e emdtican foperidnugaitlying nel vdealyst catedrdiily Itostankyr oeaopr heess,
specifically a catal yst manufacturing process, due to scattering, adhering
to a caitoxerdascabdd t(etd (e wdnich socharaticoizat liy thiatsther iddrapehp aoidelEtseadn
process including a sem -finished product, a final catalyst and the like);
an unusathlysicis/ e exhtalystallign tmanfachasingr owibagrylie aridcky sgdsmpbase martiali ng
sem -finished products), a final catalyst and/or the |ike which have

di scar dxipatioa regctinropf @ethagiolgilal i ty, addition, filling and the like
(specifically, a waste catal 3[(stu enerated in a process for manuf afturi ng a

gas- phdsk b amethnd clor amps NG R oGetabePt pABERIBING 0 a 8PY 080t OF nthe
process); a cata t. used .in, oxidation reacti.on eteriorated ,(used

Cat oty ey TRE (ki o, Wrich (5 éntacleBgsn of AthediieasRba ne-Herea
process” tjoned in n escripti t.al yst taining a
cat al yﬁat%gﬂpgngngeé(oﬁ?tﬁrp%&@& éfo%t gv%ﬁ#é;ézagélyﬁfagﬁ%%ﬁ@éﬁc%%8%%% Z‘%'ﬁof an
t ar get -hu _~REl ST, Lacl ude,
for “ox g SatEhB h, SR pREE DAAEREHR oL To0 ThaiRaBlutinl: mBRtacil aDf

t her eof ! N pRARICOBE 2 1588UGh Girbeshs 8f Sl aRashazat al yst
whi ch r‘:?gﬁl I nﬁéﬁ%&é%cﬁhg?%oyr@st gal cicnat ?gﬁ (gem' -Cq‘ri ni sshed pr?dug%; and
the |i kfidation catdipst. substance M nay conprise only a catalyst active
conmponent but usually conprises a catalyst active conponent, an inactive
conpongppogjuch as a carrier other than the catalyst active conponent and
the like, an inmpurity which has conme be m xed in recovering, and the |ike.
The oxi(8atTe mefedd ofer caranufedtudeg gas cpladysst aexcardinigortor aagt vog ©brthearti al
oxi dation of methacrolein to obtain nethacrylic acid, and as the substance
M used above-desaribad ef2) ato i(H),t Whiohr s exnaractesred on, that 4t isl gesiuandinal/ersed
cat al yst which have recovered froma process for manufacturing a heteropoly
aci d c&amngstEd.used in said

(7) The method for manufacturing a catalyst according to any one of the
above-described (2) to (6), wherein Y is antimony and/or arsenic.

(8) The method for manufacturing a catalyst according to any cne of the



9 reaction are particularly preferable. [0012] The heteropoly acid
catal yst intended for regeneration may further contain an active conponent
ot her than the above-descri bed essenti'al conponents, if necessary. The kind
of said other active conponent and its use ratio is appropriately

determ ned depending on the use conditions of the catalyst so that the

catal ysatbo%éme@c:?ib?% &%?[’o}(g?’,rﬁltﬁ)@rfefrﬂh@cﬁﬁly' tsisoabé%h%fjngﬁ?drﬁaiﬂﬁ active

conmponent can I nc exanpl e, el ow-described X and/or Y: X at

least QOp THAdRBARFIRF AiAUFAdIGre O4DcaNm Shidgdilg ap ahlabheef ahe an
al kali 'earth nmetal and anmonia; and Y: at | east one kind selected fromthe

group Ghivvbsddsetibed (Sh ltyes) ofi (7§0nherdinad €10, Candd & @ at deastesdl @lerhért,

| ead, chrome, bisnmuth, cobalt, nickel, cerium tungsten, iron, alum num
magnes isgiacted frontie, group lmonsisting nf arssdc, andintoriysanidioerium.  As t he
above-descri bed X conponent, cesium and/or ammoni a are preferable. As the
above- d#8krThe dn¥thoahgonemanufackeinge a aatdlysinyaceadfing toerdnymoaee of the
preferable. A catal yst containing these preferable X and/or Y conponents is
one of abayertascabeni(é) tn(all wbidh iSohsraeieyized ébali he o KBd xABHBIORINE | <
one of the preferable catal ysts. A nore preferable catalyst is cat al yst
whi ch doeldef satalystiviagre an BaEHheafr ier iy copted yikohefatalysiarang Helheg and
contains_ at | east one kind selected fromthe group consisting of arsenic,
ant i noy/iGHA B8 um as Y conponent (preferably, Y conponent is either one
or the both of arsenic or antinony). [0013] A specific catal yst of the
above heteropoly acid catalyst can include a catal yst represented by the

bel ow CLi . formul a: MbaPbVcCuci XeYf Og (wherein, M, P, V and
Cu res %Clt\(?gﬁ% E‘g’gfﬁﬁ@ints nol ybdenum phosphorus, vanadi um and copper; X

repr es?@(tﬁoat | east one el enent (or nol ecul es) selected froman al kal i
netal , "an zJI kali earth nmetal and amonia and Y represents at | east one

g'oregﬁ?t ig'&Eécﬁéinbri%r@hfehﬁre%ﬁtlih\/%ﬂ%h,sftii@%dé%ib?é kA" a rétdveRsd WaterdbsRNi C,
acid-based substance (specifically, a recovered heteropoly acid-based catalyst} is,
with good reproducibility, regenerated into a catalyst having almost the same
performance as an unused catalyst. Therefore, it is possible to reuse a waste
catalyst conventionally generated in a manufacturing process, for example, a catalyst
lost due to scattering or the like and discarded; a catalyst failed due to problems in
quality and the like and discarded and a catalyst being a fraction associated with
filling or the like and discarded (which is technically not a waste catalyst generated in
a manufacturing process but included here because it is in common in terms of
unused waste catalyst, in the present invention); or a recovered product (unused
recovered catalyst) of an unused catalyst such as a product in process (also including
a semi-finished product) which has been a fraction associated with the addition or the

like and discarded, and it is possible to effectively reuse a used catalyst, leading to

improvement in basic unit of catalyst production.

Mode for Carrying Out the Invention
{0011]

Hereinafter, the present invention will be specifically explained.



germanium tin, |lead, chronme, bisnmuth, cobalt, nickel, cerium tungsten,
iron, alum num nagnesium antinony, niobium nmanganese or titanium
respectively; and subscripts on the right of el enent synbols are each an
atomc ratio of each elenent, where b is 0.1 or nore and 6 or |ess and
preferably 0.3 or nore and 4.0 or less, c is usually 0.1 or nore and 6 or

| ess and pr el didihstisidal | 0 re
and 4.0 or Ielzﬁq%%évg?gf geg%]%?el(ﬂg%g?b%%‘%ﬂe gﬁ%ﬂls-to(é&%sl ess, I%teggégsﬁ%rlr?y 0
or T §-a88krhtiBh) (H¥Einaftef, Ridts HAbIgd Go @& JiERarRBIMP cOntalrRss ndigidehum, 10,
and g isTa nunerical value determ ned dependi ng on the oxidation state of
each elgy@ephorus, vanatiiint e cappye afdspefdrablyotiesead cfementsaas pnedszeatihle X
conponent 1s cesium and/or ammoni a. Preferable Y conponent is at |east one
ki nd sejopsdartbritrwhichhie ugeduss aoasi Siaterinl of tle pessent imntionngaarincioes aum
One of the preferable catalysts is a catalyst containing a preferable
conponeatowkEsdr hbtedopdlyv acidshasedndatalyst, castaihisg r modtbdeboue. phaspltdis. on,
one of the nore preferable catalysts is a catalyst not containing X in the
above- devadiure cange eopaer fasr anl asseidial narrongitefdrcibliy Ysedain gagtBhasenwher e
Y is a conmponent |isted above as preferable, Nbst preferable is 2 cat al yst

anre i%idai@na@@@@'@}es:@?idb‘éﬂ)%ﬁfr Mljca'brﬁﬁq:iﬂ%a]?dnﬁugﬁr?p@ﬁ'@ms" {ast Jam & nedf
Y t i t i [ t t i sti
Rl i PSR
ovbods Aaeaaier angdAR ke A sortenfoally dise S bR ¢ B BES sk nfuging,
= o . .

Irst, | gggkﬂﬁgﬁ%d@égd@mctf%Qﬁ{aﬁ”&g?al%taagncﬁf@gﬁfé)gﬁgEiJHu'%taﬁr]%egv 3h catalyst .

regener an aqueous Sso a component 1 NSO

compondiEher: RIIERY Tt RiseBt TG nBuaRid oRPISAER RO, BORR eyt

conmponent escri

X . . i | i i | :
COMPONeRfSOMARLHNICR H1dVe EBSRACAINS Proifs ahlqualiyd Buitenl illhg et

wat er , en an 1 nsoluble carrier and an inpurity such as inso

forei grthgﬁﬂ(be{sp\é’ﬁiﬁéblmaé viEte datal?ﬁ Fensdtddnin acproeesddohartdadtatinged t hey
are not dissolved but dispersed. In the present invention, the substance M

i s prefeisaphase ofielativapeitylystiod «abedyestd Wiretdachofvat produes dh yirbeessymponent
is not 1ncluded in the catal yst active conponent. As the aqueous,

sol ventcaisigst used ineoxidatmemeactiore and ceferiavatesiktisad gathlyat), emdathe/like. di stil | ed
wat er containing no organic solvent is usually suitable. However, in sone
cases, et hanolthier ragesd| itke team Bpradust oibr ivskeedsy” amestioned tini $he opregeat By
addi ng et hanol, sol ubili t){ may be inproved in some cases, Therefgre, in
some calessription mpassus caldlys sPNEAIRIAY scatalyst epmpeRgRbiPraferakly seaniaiRing s
al so preferable. The anpunt of sol yent, to he used is, preferably,
appr oxiafathg pchve qqm)%ort‘?@@ Pt ABstarget GRBEGSE RiY NGiebelg? ﬁé@ﬂﬂe gﬂ{@ﬁg t he
amount of the solvent is,tqo snmall. said catalyst co nent My n
SUTT i ci @St anesea inc YonERemple. & B eysing BEERECR sPBbefde 46 i
are harodrle\{:l %Pr%leihgree f, é gg&t%]d catalyst which has not been calcined, a calcined catalyst
which has finished with a first calcination (semi-finished product); and the like.

The substance M may comprise only a catalyst active component but usually
comprises a catalyst active component, an inactive component such as a carrier
other than the catalyst active component and the like, an impurity which has come be
mixed in recovering, and the like.

The oxidation reaction can include gas-phase oxidation reaction for partial
oxidation of methacrolein to obtain methacrylic acid, and as the substance M used as

a raw material in the present invention, a catalyst and a used catalyst which have

recovered from a process for manufacturing a heteropoly acid catalyst used in said



The substance M and the aqueous solvent may be m xed by any nmethod as | ong
as the both can be honobgenously m xed, The m xi ng can be carried out by
gradual |y addi ng the substance Musually while stirring the aqueous
solvent. It can be usually carried out at ordinary tenperature. The

m xing tinme of the substance Mw th the aqueous solvent is not particularly
limte : ; at al yst conponent in the substance M can be
dissolsg .K#ﬁ@%H%?gggéﬁfymggﬁgﬂ%htaIyst conponent in the substance Mis
easily ggﬁaolved in water, so approximately 1 mnute to 30 mnutes is
usuaIIJ preferable. In the neantine, it is preferred to stir to the extent
that the corieRbtdropdly Gicks ehietyst ieended oo raggsrestion Afdyefurther cohtzdn ahhe
solution part and the insoluble conponent are separated. They may be

separ atzetivé aormpioaeat ythaf trem thiei abovegiascribayl essestial zoaipetheatd, fmdoeasanyg t o
stand for approximately 1 mnute to 30 mnutes. This separation of the

sol ut i dihepkind ofsdid dtber asibleubdrappoent avd tsnnse catizisrappropli@telydetevvinedn

met hod for usual solid-liquid separation. For exanple, nost generally, the
i nsol uislepepding on #en use eepdiienedfaihe calalkséshhah the pataust exbikitinge
insoluble 12 portion is left to stand for precipitation, the insolg%le

por t i oPPHEHMarirmARgeHs ebtaledi naaidPtagr aoia fempsaent caBrinplyden

i scar dBaTLS: DoiBIBESPOS 4 et Viprove the recovery vield of a

oper at PhrdPaSagt KU RESPREn e BByl 41 F Aefgneli: AT 2 cous
Zﬁgvgpg?%ﬁ{ %§ﬁ§§é¥%9¥@hﬁé%ngay be repeated approximately one to five tines

a y one to three tinmes or an operation of again

M xi N0 Aalideb8RidRing SAELEA Tt iR Mol UBRLSIIAG LY SiNer( PrEbRIADlatsetEL oF)

: ) f
follo y Separation nmay be tepeated approximately one to tfive tines

(pref engpby. %&derﬁ%?ﬁﬁ,e'e‘édo BRrdrRe t NER&IH,| ¢BbRIL, nt&@eldey;unwuﬁ%ﬁ@ﬁs ird,

approximately one to thtee fimes, washing of the above-described Insoluble
por t i ouhiriindrimagaesiugm, sativent, Moblim fnshganedd An@atauaous sol vent
foll owed by separation, the recovery yield of a catal yst conponent typified
by nol ybdengninpabavardgsdribddk donssdnaditecexiurmi and/osammponia ede pidferatflore, it
is preferred to carry out the above-descri bed operation a plurality of

ti mes. A stbeutabomejustiibed olt aiomgmbrient.t lkeseniopanimanys asiobeationbi ared wit h
the solution part obtained in the first operation to give a solution A

cont ai pirefgraiie. c & catalyst contpinirthese preferablel ¥wand@ruY eoawenents istansnofi n t he
solution Aresults in reduction in catalyst recovery efficiency, so the

sol ut e taerpiefrrelle catalystshe As sRtAIYSncoNtpiNiNgG &1 PalROTNRASIENGXE el I8f e to

on 1 he KRB RS, TneceBIRTEIesAbIR cABBREFe Prosta Hhich ContBnd i &5, <
S@E%E;‘i%Eﬁjff%@%ﬁ&??w&ﬁﬁhﬁfg%@g%ﬁwﬁm %nh%%ﬁhﬁﬁ” i vad/‘i{
acid comSHRT IBRE Bkl bl 48, BhfiRafy Sl BN ORORERE 2,
2. cat ol Rl RSP UEEGHBROM LRAnBROHE 3F 1 b8 BrASEAR dArihargher oo o as

recover om nmanuf-acturing process), the catal yst’'should have
the sa Ogﬂnposition ratio as 13 an unused catal yst because it has not
been used 1'n reaction. However, under the present inventors' study, the
regener at eda Gpkaifit datapsubRpbuR caf dtefopbiyp aeldvidtglysian Moe@s 8 dergigyer ed
catal yst did not exhibit the same perfornmance as an unused catal yst. By
pur sui rgpidientelibethe beloasdésurinddiderieralformilat he causes was that the
conposition ratio of nolybdenum phosphorus, vanadi um or copper and the
opt i ondogfavpCogtdYOgnt ai ned in the solution (A had been different from
the conposition ratio of the target catalyst regenerated. For that reason,
i n or ddwherein, tMe, Fhr VoandnCe o#speciivglyneepiesentsamaiykdenum.eghpsphads. t o
that of an unused catalyst, it is required that the concentratjon of a
cat al ysan@gdiuso it Ceppriaihsepreseatssal laasbeng elemant;(ecmiecyeglLgalectest i ve
anal ysis and the, conpositjion ratio of active conpongnt elenpnts in a

e genarErB@NcalKal OHal an Akl isBnTER! EAAATITORR A1 GdePiEseals aeast dhe

element selected from the group consisting of silver, zirconium, arsenic, boron,



The neasurenent of the concentration of catalyst conmponents in a solution A
can be carried out by a known net hod. gor exanpl e, a solution for
measurenent is taken froma solution }A and the concentration of the

catal yst conmponent contained in the solution for said neasurenent can be
gquantitatively analyzed by |ICP spectronetry, atom c absorption

spect r Biunh, $Rr %g&,n%,raﬁnb?yb@mer%ébat, kel | k@riurhheggamhnodsn,ar e

preferable I1n terns that sinple and accurate neasurenent can be carried
out.  alumiREN rAagifddiGin®BAtIBAPOMIBBIUN SmAAGRTEddoRiMANGE, re§pédtivelyaiahde

anal ysis of the catal yst conponent may be conducted only on the conponent,
but usabkyripts ton thepighl of eRtnéitasynihs bré ehclv anartahysiatiol of eamhrélechentit on
all active conponent elenents in an target catal yst because excess and

defi ci evtmyreimisthé crondrenandt aress and @refenghin €nd oehwrerand 4 0rrlesweised
catal yst cannot be predicted. [0017] Process % Process c) is a

pr ocessistially &ddiongnene andi 6oorsidsg darshpreferablx Dde os onarei and 84 onéessolduisi on A
to oxidize a recovered catal yst conponent (heteropoly acid) (where this

pr oces sisuglly Dot ot prore mnsnd O, 0raless angr referably0-d<omyare gad 15 o6 iee eaidi t i on

process or_ process for obtaining a solution (B)). _ 14 In spite that a
recoveruéé!aﬁlépéqrﬁ‘?refﬁ‘wé’rﬂﬁﬁu?bﬁ:‘t‘wchﬁg) B B §‘2"F135 nigeewhen a5 @pd A

oo e B Pk LS oSS BIEReA YAt
ich i . ‘ors'
Sy ot 18 ek bt beb Gl 8kfeRy ARG, AT ok BB PE e
by addi_pg,gn, agpeeus Pg’eqé%%?‘ef‘ WEBR@'OHEHPQ HE Wbt (dheS Rindl %&—ﬂé&ép%rﬁ%et 0
oxi dize a recovered heteropoly acid, the active conmponent performance in a

r ecoverqﬁgulgggﬁéigﬁﬁ g@@s@ﬁad shq@gﬁg an@ éé?ﬁun%?%ﬁ@fo@%@ﬁf@@ﬁabﬂ@éét@f@@e ina

t ar get cat a oncentration of an aqueous hydrogen

per oXi Qe cs@lydk i dtdiRingea YrefbrableUsstabbierft d6scHB¥IbYbORS aBtX drid/ésYNek
necessarily "appropriate to suggest the anount of a hydrogen peroxide to be

used beragabed bbyasi em deditndi dre ontHemore ppsferdblo matflydthds hategalgsiohot aci d
and the history of the substance M but it is approximately 5 to 20% by

wei ght coatdihiagsXbist trec @bblre-descrifdnt rgeniesalafdrenderery furtherapieferably is a
tenperature of a solution A leads to reduction in use anount. Oxidation

r eact i catalystrwherenydsayeompenent listed bmvieoas imagferablear Mostl porferalile és @i nary
tenperature, but it is greferred to beforehand raise the tenperature of a
sol ut i @atalystrwhere in s ebeve-depedhedaensipl Ipmula, 10X cosnrgnanig gontained
approximately 40 to 95C and nore_preferabl apBr oxi mately, 60 t? 95C .and
then t @ngrhdeamanentis ahleaghesa ing aelsgted %@mot PJHOYBIGRNBISHNG O FES]TUC,

mai ntai n the tenperature. Oxidatjon reaction. WMth a hydr n peroxide is
rosoc AN A G T RS SEAh Y SUMPONSHURIaiiE ORa P PHOLBhASENED s o

t hat thet.ter@S'rature of a solution Ais not raised too high. A

sol uti GBI WY ned in the above-described oxidation with an aqueous hydrogen

per oxi i ,ﬁ@l ution is defined as an oxi di zed solution (solution B).
Wth r g%r to the above-descri bed Process b and Process c, Process c nay

be first conoucidtd:! prdraviife mbsARRMTs Ryill (RO 48kcribed with respect to each

process.
Process a)

First, in Process a), a substance M as a substance intended for regeneration is
mixed with an agueous solvent and a component inscluble to the solvent is removed
to prepare a solution A containing an active component element of the
above-described catalyst.

The catalyst component contained in the substance M is generally highly

soluble to water, but when an insoluble carrier and an impurity such as insoluble



Process d) Process d is a process for allowi ng the conposition ratio of
catal yst active 15 conponent el ement? contained in a solution Ato
correspond to the conposition ratio ( }"leoreti cal value) of active conponent
el enents in an target catalyst, using the quantitative analysis results in
Process b (where this process is also referred to as conponent-adj usting

pr Oces%rei%n matfer Wﬂ:tﬂ?ﬂg§gbﬁ‘f¥‘to%e i@ ATRRDVE!IRS afdbbRtaftfed ?ﬁé&) é(l%t n&ctive

conponent | enent I n sal quantltatlve anaIyS|s results wth

conposidisgvddblLPdRberEdl V ¢n GOEPRASIH iRV&HTOM $hé BuBstahas Mls ?)Péféféb‘l a an
active component el ement to be added to a sofution A (or solution and an

addi ti Q*@t@cfd?bm atilecalysbvdesdlaculatdradsoluble cémponpenisnhot incheleddidethet o a
solution A (or solution B) (additional conponent) in an additional anount

cal cul atataly$traptivdidofrgparent. bet ween quantitative analysis results in Process
b and the theoretical value of an target catal yst conposition is added as
an addi ti onds$ thevaquepesisllvenisusdeeinatiti presedlt invantion; don-ekchangsshpaterd
cont a| ning an addi tional conponent el enent can be approprl ately sel ect ed.

@ digtilladowatss qonéal@@@wcnaf@m@soky@nbtsmaag suiabl eusé‘h)WQMer in
manuf acturing an target cataly
t heor etSOg oaéﬁﬁeet?@ppbgﬁéhas"heoca%é)eaaapfqnsﬁt%| %sﬁqdafq 51@%{ tser aldy

ﬁ%ﬁéhﬂaﬂfﬁégﬁ”?@aﬁoa”gaﬂm i dr BT Bl En el Gty TNeer et éﬁé‘asoLQﬁt?
ow malEeP ot eaﬁ]eétﬁs'e?%mt%icf?‘we S Eohr-Ritin R sl 8 By 2R h
3 .
based on t ntg SGHRL ob8 {iler (i USRI praRRIRY, A E A St B! P
pref eriptbd icAdlllith of B S@bathRcE RCOMHEA! B rhdui fcthé%%n% I éﬁasu
éescr| an ei oni ze

above- ge by ad |ng wat er th regard to

above- dgkf EhaRk BoRpBRENTMEY It QRIS AidSivea diidtvifen nrg)mﬂa}%@réﬁeefsocess
d (conponent -adj usting procéss), Process d nay be first conducted fol | owed

by Pr OGfpForiate to .ta%gna&adwldméméaomthe above, the order of Process b to
Process d may be not necessarily the sane as descri bed above. For exanpl e,
the ordeo1sf carrying out Process b and Process c can be exchanged and the
order of carrying out Process ¢ 16 and Process d can be exchanged. [0019]
Process e) The substance M and the aqueous solvent may be mixed by any method as

long as the both can be homogenously mixed. The mixing can be carried out by

gradually adding the substance M usually while stirring the aqueous solvent. It can

be usually carried out at ordinary temperature.

The mixing time of the substance M with the aqueous solvent is not particularly
limited as long as a recovered catalyst component in the substance M can be
dissolved. The heteropoly acid catalyst component in the substance M is easily
dissolved in water, so approximately 1 minute to 30 minutes is usually preferable. In
the meantime, it is preferred to stir to the extent that the content in a dissolver
becomes homogenous. After stirring, the solution part and the insoluble component
are separated. They may be separated immediately after stirring or may be
separated after leaving to stand for approximately 1 minute to 30 minutes. This
separation of the solution part and the insoluble portion can be carried out by a

common method for usual solid-liquid separation. For example, most generally, the

insoluble portion can be separated and removed by filtration. When the insoluble



By drying the solution (also referred to as solution C) obtained through

t he above-nenti oned Process a) to Progess d) by a known nethod, catal yst
granul es D can be obtained. Drying neans is not particularly limted but it
is preferable to dry using, for exanple, a spray dryer. Process f) This is
a process for nolding the catal yst granules D to obtain a nol ded catal yst
E. kPcﬂ%hén %@?eﬁ?tc%téne% .rQ&ﬁit&Wérﬂ'tﬁétiné;oIGBI%, BSHiBRRAAP bRl verhp el ed
from shapes such as cylindrical, tablet, spherical and Ting shapes,” for
exanpl gonlhifatith BPuRBINP Gnids fikdindané | sellBdh Yodrt st adsapermatarm! dimhe

met hod of an oxidation catal yst which is used for manufacturing

(et h) aasoluble peiidn soallcwednd e aigmarded! ssuithis abueit budéroto gnpravkeathicon,
tabl eting and coati ng nmethods can be enployed. In the case of a coating

met hod,reaoestlyaligid of adiatalestaompmorentt remainieg supp orsobbie podionagdperditrateel y 2
to 4 mmspherical carrier, particularly an inactive carrier such as silica
and al wan aperatiooaf dvashing theeneskibie portoyeatter filtvation withi ardaguesusasleentor / and
an organi c binder (for exanple, ethanol and the like) to give a supported
cat al ydprafatablyy walesy miay| ke sepested approximataly ong toHdepliaes mnd ﬁﬂ@é@fﬁgbfn,
said supported catalyst is preferable in terns {)f reaction gerf_or mche,
heat - r RPN eh@ e thisr) imes orian operationn o ggin BYXng, SHAJASAIHPE

process recovered catal yst is supported catal yst d an organi c_binder is
Csed  parian iy an i golgactiord GHIERMEATREIAReE"SY SapRigR shay®
organi c_binder in sone ca , re there | rtl Gul h I e

bt S5 entrePRAH, PRRTOXELReRL 2R 0 M8 fimer (ErsiiaPl: Bpefitai il e dpled
exanpl a -Sol utian. I ion A
bt or e UAEng USTRY B d3BGauag: HoprBRnER Bob JBVIHRE et eSting, oLl 70

bi nder éwg,lé Heal il ' Ver@dsAs. RS QLIVEME PR Hnk "withh Q€SS a.
[0020] 1 @&@%g Iﬁ%ﬁlgglc?sggﬁgﬁyg\ﬁmfﬁe%. nedr at ed accgrdiyng tgbthe pr esent
i nvent i QiR Riveit 36IIED By YepbPatfir) the Wetdver) iR @ EabERE comMpahyat -
Preferably by a known nethod, it is used for gas-phase partial oxidation
reacti Q?pi‘ﬂf&d 3t Malbakeum. cdrdéined amieinsblublé pprivines itgrdveal  Thicteford, ded
catalyst Eis filled alone or together with an unused target catalyst in a
shel | - dadpretdresd ¢actary sut tthat abdve-Heyaibdieiogbtation 2 piuralitp of timegas A
contai ning 2% by volune to 6% by vol une of nethacrolein and coexisting with
oxygen shl@tioropartioniabiainbd dydhese spehtiomsery bé ebmbinet! with thespkitionaeer 3. 0
mol ar tinmes or nore based on said nethacrolein is contacted with the

cat al ysibtained sz Brof epetation tefgiede selutiond® £guimng thefdtalyst corweacphr ti al
oxi dation reaction of nethacrolein is carrjed out at a reaction tenperature

of 260C to BeOdWfpdtefongepBalipr iR the sgiitionBdEaklts i praudigndngatalyst
approximately 100 kPaG The nethacrolein to be ed is,.not, necessar.i a
pur e pr@&ﬂ\’ﬁx/aﬁ ICHRVPY ¢ it gi‘% ioi‘tt}ﬁoﬁoﬂfﬁfg@t@é‘, 'rbgﬁﬁo’Fleﬁ'Qﬂi%e'? BT%@I%’M,
carboxylic aci n mat I ¢, conpound as .a r LG rdd V. ano It is
ot necuySaRityel i s v tnt S N0A%8R0 p AReEr ARV AP b 3p% ey
catal yst_vari i t he ction conditions, but it is

usual | f}bﬁléﬁggg%%sﬁ?@%@%é{‘ﬁaﬂgtlﬁﬁng\é%[@ﬂt%e above-nmenti oned, the
substag6?1éljl may be a used catal yst (deteriorated catalyst) used in a
proces or- manufacturing nethacrylic acid by oxidation reaction,
preferqb,lg)éegggjphase partial oxidation reaction of nethacrolein or may be
an unused recovered catal yst such as a waste catal yst generated in a
process forprgriedsas)t W iangreegastop hmeasavng ahé omokat @liattity fofr aimbaist asreur i ng
met hacrylic acid fromnethacrolein or a recovered product of a product in
pr ocessconienemtsde neclybderaim gghespheds, nvamadiumf actcoppag qondained inathe

i ncl ude an unused catal yst (waste catal yst) which is conventionally treated
as a wasthatiartsAi s nmenti oned above. For exanple, it can include a catalyst

| ost froma catal yst manufacturing process (for exanple, a catalyst | ost
due to scat¥Whenife sadstancadViie asaidlsieoaplisiog a Waterispiiblg betesepefglasid a

catal yst such as a product in process adhering to a container or the |ike,
a produ@ntripingr geewater-insoluble salt such as a cesium salt, particularly a catalyst

recovered from the manufacturing process (also referred to as recovered catalyst

from manufacturing process), the catalyst should have the same composition ratio as



18 scattering during spray drying, and a sem -finished product adhering to
a container or the like before calcination or having finished with the
first calcination) or a catal yst which has been surplus as a fraction
associated with filling or the like and discarded. In addition, the product
I n process of gas-phase oxidation catalyst can include a product in process

whi ch Mgt i 1 t it th
%%Smurﬁtﬁs?q ?il‘gﬂ)s%'%eééu@ firRaEl hONpass 864 teddtion. t BRvaddr! LRderothet he

i ke, In this regard, i1 n the present description, the
above 'HrBe&HtqhiSbreY 8lUMY, tHOFdRVRANEE dafalySlemaddidctred meadigseiviny ehida raw
material element for manufacturing a target catal yst. [0022]

Her el ngfrb&dss Bécﬁfv%f@cmo@ltﬁﬁﬂeadsnof ekhibitpthes eatd pedotrhamce talsean nyrarseidon
described in (1) of the above Means of Solving the Problens) will be

sumrar icaéalysts Byl purssing ihie) cAArseadipeas foundviiatiore betrer opedes was dhalaibhed

catal yst recovered for regeneration is a recovered catal yst from

manuf acourpasifiqr mtiessf roelyhdesed, phospharus, vgnadiumi coppet anddbe ogtingalt o t he

above-described (1), wherein the above-described catalyst is a catal yst for
nmanuf aGOMPAENEEen indhgsplutivy (§abaghess diferenkfroByingRaneprsiiaiation of
met hacr ol ei n; F(‘ul I 1) The aspect, accordi ng to the abo e-ﬂ]escri bed (1) .or
(1), wihdne taroeheatalyst Exarneraipged F Ok thAt 9asen, 18 arderhgt iheporigra

b AT R A s AN R s T
e abde GBRRAERTIL Pha| G5 CESmbphadr.cdiBhBhNa s sPuRRE s alfjeBt 7™ e
bove- J . i . . - ;
Eefér%p FHAEE LS e YORBLAoh TeHA T GRS EIBSIo AR SS I8 % o,
is 0. s O 13 ' is 0 and f
Chet or Spefleratch ciahyt & 3 i@ vitPihef of aptargek atplitt &, B T8N0 pectt Coo S
accordi ng tthafeRferRbnt HEthRPEIRchBStbh RE Tatd st Soripdnertd & @i sollfisn Aqueous

sol vent in the above Process a is water;
can be carried out by a known method. For example, a solution for measurement is
taken from a solution A and the concentration of the catalyst component contained in
the solution for said measurement can be quantitatively analyzed by ICP
spectrometry, atomic absorption spectrometry, fluorescence X-fay analysis or the like.
These methods are preferable in terms that simple and accurate measurement can
be carried out.

When a deficient component is found in advance, quantitative analysis of the
catalyst component may be conducted only on the component, but usually, it is
preferred that quantitative analysis is carried out on all active component elements in
an target catalyst because excess and deficiency in the content of an active
component element in a recovered catalyst cannot be predicted.

[0017]
Process c)

Process ¢) is a process for adding an aqueous hydrogen peroxide solution to

the solution A fo oxidize a recovered catalyst component (heteropoly acid) (where this

process is, for convenience, also referred to as hydrogen peroxide addition process

or process for obtaining a solution (B)).



19 (VIl) The aspect according to any one of the above-described (I) to
(VI), wherein Process b or Process c apd Process c or Process d are carried
out in an arbitrarily order except that the above Process d is carried out
after Process b; (VII1) The aspect according to any one of the
above-described (1) to (VIl), wherein the above Processes a to e are

carried outni ghifehha®HRicodbreéd chtalyst fﬁbn@@rr%nu?ei’tﬂuriﬁc\b/ﬁ)roé@%@ i8SRfEed, a

according to any one of the above-'described (1) to (VIIl), wherein the

nol ded sehitRiny Al oftair®daby Wistieg seri ahietyst dabiy asd4rlRQ#aden to blue color
Hereinafter, the present invention will be nore specifically explained with

r ef er engtich ¢s &Exadiaziscolonot eteropegpadid. t under dse ptedemt @vientorsi studwptit Isi m t ed
to the Exanpl es unl ess the purposes depart fromthe purpose of the present
i nvent idifficult fo ohiaid alregenergtdtk aatplyss having oformasice equivialentdadinyirelsgdar e
defined as follows: nethacrolein conversion ratio = ((nmolar nunber of
met hacrealt@yst Byipsingethis saltien asuitier Kowerenhdutr adding ameagueous ydrasiear
nunber of methacrolein su(ﬁpl i ed} x 100;  nethacrylic acid yield = {( nolar
nunber RSTOXEE HRAIWEAN &0 Saidl sghiienatiddto- OXigizer anigrBuerest hatererly \agid & d
supplied)/ nolar nunber. of nethacrol ein supplied 100; a nmet hacrylic
2Pt sciddive Eonipnent peHBIaaN R b A rORvaTed KAGYR ke debmel t W acth@
nunmber of neth cr¥fl ic acid S%l%g Led)%ﬁt(cgolta[ punber of methacrol ein supplied
- mol alCOMRASIENT BPTRTALES B) 21ATOBhIRUHLH PR 100, [0024] Exanple 1
The concentration of an aqueous hydrogen peroxide solution to be used is
usually 5 to 30% by weight. It is not necessarily appropriate to suggest the amount
of a hydrogen peroxide to be used because it varies depending on the composition of
the heteropoly acid and the history of the substance M, but it is approximately 5 to
20% by weight to the substance M.
There is a tendency that a higher temperature of a solution A leads to reduction
in use amount. Oxidation reaction with an hydrogen peroxide solution may be
carried out at ordinary temperature, but it is preferred to beforehand raise the
temperature of a solution A in the range of approximately 40 to 100°C, preferably
approximately 40 to 95°C and more preferably approximately 60 to 95°C and then to
gradually add an aqueous hydrogen peroxide solution so as to maintain the
temperature. Oxidation reaction with a hydrogen peroxide is associated with heat
generation, so it should be carefully conducted so that the temperature of a solution A
is not raised too high.
A solution obtained in the above-described oxidation with an agueous hydrogen
peroxide solution is defined as an oxidized solution (solution B).
With regard to the above-described Process b and Process ¢, Process ¢ may
be first conducted followed by Process b.
[0018]

Process d)

Process d is a process for allowing the composition ratio of catalyst active



To 10000 m of distilled water of roomtenperature, 1000 g of nol ybdenum

trioxide, 96.09 g of a 85 wt.% aqueoug; phosphoric acid solution, 37.91 g of
vanadi um pent aoxi de, 65.73 g of a 60 vv5t % aqueous arsenic acid sol ution and
22.1 g of cupric oxide were added, the tenperature was raised to 95C while
stirring, and the m xture were di ssolved at 95C over 10 hours under refl ux
by healdohthdrien? Blethdhta cbﬁ%r@éd)i%ﬂa s%Rm%H'AJEd @&reJ il 168Re CongtbsiidnyafioSPr ay

dryer to obtain catalyst granules. parts by wei ght of the

obt ai neghebrtiaY Sal ) adiubesve E@n%ﬁi hehit @remsnﬁhtn ah grgeneatalyenhagiagrtneer e

m xed. This was supported on 430 parts by weight of a silical/alumna

I nact i eiandtativeranzais ngsuatspiarPiockess $ @¢here thisSproakssiis blsanrebéred td@squeous
et hanol sol ution as a binder. The thus-obtai ned nol ded substance was
cal ci nedngion2d@adjusting phoeass).t o obtain a heteropoly acid catalyst 1 (which
is referred to as hereinafter catalyst 1). The average particle size of the
obt ai ned cdtramy stomgarisen3 oimtheTloompssitione datiet ef cqaﬂ)ﬁilysta@ctlvea@qhyfsmerﬁad a
conposition rati o except for oxygen consisti ngt 0.6 of vanadium 1.2 of
phosph&lemenis, ip saidaguaiMitative @nglysisofestispwith theseampesition gationaf yBd¥Rum

[ 0025] The above- descrl bed catal yst manuf acturing was successjvely
car ri eGOBIRONERHBIERAIHGH AB ar@apat st ?%ﬁﬁgY%ﬁ%@PWePb%?”%Fﬁ gﬁé“dﬁﬁ i ng
proces with a spra er roce and. t he gal,ci ni ng process
i oy g AGLseRio Bama aftaddfich BEREEE etoors seld fletl "Vt

ded.  and A Rethonefh & déﬂ@%‘# f% élc?“’f*%@r% ARG ol ?Pﬁgh”eﬁﬁz
e it RRdfiohel pBfoffnFlcuid, ol Bitdrolof HeRebd Ul AhaliRC 1o
oper 1 G i P36 5l AP 5, S By %?@‘%P?E‘PL’?‘%L A

The finaldeY-4LERI AtdMbrE?Irbd ARt A8 IhakRitiotRP rawandtciag ébbhﬁ)@uﬁﬂd
alumina as a main conponent as determined in qualitative analysis by

f | uor egeAHiging- A \adaitRngs icompddi@ablelement the beispbtomiatélpesdibdibdat & is
(solution A recovered in the above process was neasured, 100 g thereof was

sanpl egrefenddt toeusethe veasné maatefial cechpoohd as jlaatkesed yorembunufeberirandnheat ed
with stirring at 90C for 15 m nutes. The sanpled filtrate (solution A)
was dr itanget oatallysévapor ator and the obtained powder was subj ected to
quantitative analysis by fluorescence X-ray anal ysis,
In this regard, the above theoretical valué corresponds to the addition molar
ratio of the raw material elements upon manufacturing an target catalyst. In addition,
the concentration of a solute (the total concentration of a catalyst component)
contained in a solution obtained after putting and dissolving an additional raw material
is preferably 5 to 15% by weight and more preferably approximately 10% by weight
(for example, approximately 8 fo 12% by weight) based on the fotal amount of said
solution. According to necessity, It is preferred to adjust the solute concentration in
said solution to the above-described range by adding deionized water. With regard
to the above-described Process ¢ (hydrogen peroxide addition process) and Process
d (component-adjusting process), Process d may be first conducted followed by
Process c.
As is clear from the above, the order of Process b to Process d may be not

necessarily the same as described above. For example, the order of carrying out

Process b and Process ¢ can be exchanged and the order of carrying out Process ¢



resulting in that the conponent and wei ghts thereof to be added for
returning to the theoretical value of the target catalyst before using
were: 12.0 g of nol ybdenum tri oxi de, é.S g of vanadi um pentaoxide and 0.7 g
of cupric oxide. To the rest solution A after sanpling, 5000 g of

dei oni zed water were added, and further 300 ml of a 30 w. % aqueous

hydr ogehPrfR%kde & be EREhaRfeR. 9radual Iy added at 90C while heating the
m xture wth stirring, resulting in that the dark green solution A turned

to an gpenge yel |l ow transparent solution B. To the solution B, 12.0 g of

nol ybdenum ri oxi de, 2.5 g of vanadi um pentaoxide and 0.7 g of cupric oxide
were aRledessd) the m xture was heated with stirring at 90C for 30 m nutes
to obtain a solution C. This solution C was dried with a spray dryer to

obt ai n cat aBysiryiggahel sdution (alstheferrdy to hes salionet hobiaised hlatough the

manuf acturing the above-described cat al ﬁSt 1, a regenerated supported

cat al ysthoyveanangenedPioogss ardaracess dpby [20brmyn (reihed atatalystigianuies Bact i on
of met hacrol ei n) Each 10.3 m of the catalyst 1 and the catal yst El
wer e figanele phiained. aj Rrving meaads: isdiptirasicarly Heited buitieisnrrieferphigetoedryof
18.4 mm  Through sa]id reaction tube, a material gas (conposition (nolar
rati o) USig ARlcFINaRIR: 2 SRNREAYShat er vapor: nitrogen = 1:2:4:18.6) was
passedngt a space velocity (SV) of 1200 h-1 and oxidation reaction of

met hacrdPEF?P Was carried out as described bel ow. The oxi dati on

nours, and QUBLE BEERy OhECKdha fhe GRENSESrelfich BRERE G FoPbaddipasoc”

and the-reaction was continued for 15 hours (hereinafter, this treatnment is
referred to high tenperature reaction treatnent). Subsequently, the

. b 1 i
reaction bafyp él%ﬁé??ﬁﬂ%rﬁom é&&ﬁ&fﬁeéaﬁui lgt%gﬁgﬁ%‘:gawﬁ sERREd RBMPSdfsmance

was neasured. n this regard, ti ( rature reaction treatment
is an ageR! & ayiimdlida® Stable, §9ﬁel€i’@é§1leérid)_rriﬂbl s d fohexhiple. Of THARINiRY

activity in a Severe test. The oxidation reaction results of the

cat al yshethodnsinbhgartiatilatly simifell sicea sisidingi mefhall of ah. oxidaidrO@8lysbwhighl e 2
is used for manufacturing (meth)acrylic acid, for example, a method such as extrusion
granulation, tableting and coating methods can be employed. In the case of a
coating method, a catalyst active component can be supported on an approximately 2
to 4 mm spherical carrier, particularly an inactive carrier such as silica and alumina,
aécording to necessity, together with a binder of water or/and an organic binder (for
example, ethanol and the like) to give a supported catalyst having a particle size of 3
to 6 mm. In the present invention, said supported catalyst is preferable in terms of
reaction performance, heat-removing efficiency and the like.

In this regard, when said process recovered catalyst is a supported catalyst and
an organic binder is used in a supporting process, a substance M contains a carrier or
an organic binder in some cases, where there is no particular harm in the present
invention. For example, a water-soluble organic binder, for example, an agueous
ethanol solution may be removed by heating a solution A before adding a hydrogen
peroxide in Process ¢. [n addition, an insoluble binder such as a carrier is recovered

as an insoluble portion in Process a.

[0020]



To 10000 m of distilled water of roomtenperature, 1000 g of nol ybdenum
trioxide, 88.1 g of a 85 w. % aqueous ,phosphori c acid solution, 37.9 g of
vanadi um pent aoxi de, 82.2 g of a 60 W% % aqueous arsenic acid solution,
55.5 g of cupric acetate and 10.2 g of antinony trioxide were added, the
tenperature was raised to 95C while stirring, and the m xture was dissol ved

under refl umdydigeH tagi ml?ﬁé@éﬁé%te%loa&%‘fkﬂiﬁ?tt@ tRBtRbSer RSSO be

solution. This was drie a spray dryer to obtain catalyst granules.
W th 5QReRasfohebyr Woiher Witht BA Gigdd estgentoakalgst. JFaBIgEsly B d&nbEMbY
wei ght of a strength enhancer were m xed. This was supported on 430 parts
by wei ghéthotl, & B Lbed/fel yakiphdseapaitiab oxitfatioar redativh ngf mepivadroleire Hore of
3.5 m) with a 80 wt. % aqueous et hanol solution as a binder. The
t hus- oleixaimpdel, it plefersed Hiad sael weddexhbatahet Eais flied@ldwe ob tdgriner with @bt ai n a
heteropoly acid catal yst (hereinafter, referred to as catalyst 2). The
aver againpaetitatget satadystfin arshalind-tube wackiryas thabtheilagenheighbés 3t & Bed
catal yst 2 has a conposition ratio except for oxygen consisting of: 0.6 of
vanadi & a Das esntajningpdsr ks volons &F 6% bk yolime of mgthagigirin andcasxistipg
antinony, based gn 10 of nolybdenum %{)Oé%t . The ab@;/ﬁégescri be
cat al ystithaxygel 24 malaniges Rasedson spif Risthacralelt and RlkERY 30
cat al yst (substance | ost from,the, drying process W t. spr.a ryer, the
ol i nahelebdais G ot basan Ay et SRR et inth e PaRNeD o &
adhering to a,cant aj ,an 1K I TQ.. . dei.oni zed
wator, 0368 PEAD: RLBORTICE har EntSbBREHE Pfte Wil Seeiciorcy
for 3 g t [ Ci i fojnt r il.e the
Thabeiiah s Bifled dut o 5 rellet Rt ertflrd bradd bt & §gggf5ngg\h ah

filtrati esidué was a oremalnin e nutsc

dei oni rena : A0 pef-atd fhbdr gpl b uction
was ca%'gllqlg hg{e ¥Y§M ?g %ﬁ'ﬁtg 8?@%@ gg (s)%ﬁé:iﬁe?pﬁc?@gg% \I}\g?eﬁglblenco%rbh?ned to

obt ai N Refhiabtdigihao(SOLYbd 8 nb) nedbssdrilyal pure’ GrEaLBE 88d 784y dos@il eafbonas 23
about 200 g and had silica and alum na as a nmai n conponent as determ ned in
qual i t ghbiexiasatarbbh diyxide uglteRgdnaearfoxyily @uidlaydi sn atd036d compouittiaswei ght
of the filtrate (solution A recovered above was neasured, 100 g thereof
was sargl edaninichgunigy.r est was transferred into a jacket-type furnace and
heated with stirring at 90C for 15 m nutes. The sanpled filtrate

(sol ution A} isawtdiecessarlyaappeoapeteatorsuggest becatsaithe digsopeded veisthe

subj ected to quantitative analysis by fluorescence X-ray anal ysis,

resul t ioadplyst waiigs dapendingondie gbavel rergtight condifiimse put & 1pusualtyet year to
returning to the theoretical value of the target catal yst before using
were: Z7Y®A'§- of nol ybdenum trioxide, 2.0 g of vanadi um pentaoxi de and 2.5 g
of cupr] cet at e. The solution A had a snell of ethanol, so 6000 g of
dei oni ié@zﬁater were al so added to the solution A and then the m xture was

w56 aqueo s et b sblibgfdhe seifelaBiveda B4 Ba alinet cdrebn iRt ad3°
Lo an AT Diaehih ArokEss1drPulRcitRly BRdARlc ALERY SastdrPBatid’ I8
ol ybdgﬂ&f@.—&ﬂslggﬁggﬁaan ﬁrﬁa%xi&éﬂ?@f’kéﬁ&ti@ﬁ%ﬁﬁéﬁgﬁm@éﬁ #-rRay bBlartWlided

acetate were ( he m xture was heated with stirri'ng at 90C for 90
m nut eSreE:Qvé’rEE:lQda'ﬁaI?stséﬂl'cHtdsoé‘m@ste-r&&tély%t)béﬁér@tbd?lnV@ErdHe'sg(ﬂothhuféc&mn@y
dryer to obtain catal yst granules. Then, by the sane nmethod as that of

manuf agd yhsphabe o xrREVA-esgst fop tharifatiusing nethatgle aeictiroth mefirrrsdlem
catal yst (catal yst E2) was nmanufactured. In this regard, it is inferred

that the &eesweedd predustef b modethanplocesam The vweasiecatalysA demerdtat imast  of

t he substance M used were froma process for nolding a catal yst. In

t he sarmpanwfaptirings piateBs asgyl éndyudepart iualsedt i eidalysin (wastet catalyst) wbidhaisr ol ei n
was carried out using the catalyst 2 and the catalyst E2. The results are
shown igonveptiendly treated as a waste as is mentioned above. For example, it can

include a catalyst lost from a catalyst manufacturing process (for example, a catalyst
lost due to scattering, adhering to a container, or the like, for example, a catalyst such

as a product in process adhering to a container or the like, a product in process



[ 0031] Exanmple 3 24 To 10000 m of distilled water of room
tenperature, 1000 g of nolybdenumtri i)g(i de, 112.1 g of a 85 wt.% aqueous
phosphoric acid solution, 75.8 g of vanhadi um pentaoxi de and 22.11 g of
cupric oxide were added, the tenperature was raised to 95C while stirring,
and the m xture was di ssol ved under reflux by heating at 95C over 10 hours

to obt ai ; o j i : } i bt ai n
ot al y SAUBrAGAUARG ¥rel/ Y Hind? Bnd ElscmbilisAbd Bodilct DdRioRS B o ohlind or

granul gge k8 HEEbFS cAindBbEBr Idvidg FihlsPeat Witls IR Mt calsihatioR x&da cHidlgstwas
supported on 430 parts by weight of a silica/alumna inactive carrier

(havi ngviicipaebibded siirglsals 3frachion asbddiad8Rithvillitg a ks like ahbahisdarged.ut i on
as a bi nder. The t hus-obt ai ned nol ded substance was cal ci ned at 300C

for 5 Weurddifien,cihbaprodachét erogessy obgad-phasal gxddation Thialyst ezaag@ghisdd iacl e
size of the obtained catalyst was 4.3 mm The obtained heter Oﬁ0| y acid
cat al ystrothaat ia proceesswhicbhasdhéan swplyst as arfrastipyasseoiated withghefaddition of
vanadi um 1.4 of phosphorus and 0.4 of copper, based on 10 of nol ybdenum
[ 0032] or the ligcantbhihedikg@escri bed cat al yst manufacturing was successively

carried out, and neanwhile a catal yst (substance :2!) | ost, fromtne ryjng
process wi tIR Higpragardy yar the peeseiity degciptitteshen ftPavie bgrestice gvagll‘%cess
mainly due to scattering, adhering tqQ a container, and the |ike was
Fecovariespandn oty afdliad Giauatadt & v B clefinat bf frritetifaas
added, andtthg m',[xture was stirred for 3 mnutes and then filtered by
sucti oﬁa% ﬁaaéysfi |ter paper. Wiile the filtration residue was allowed to
r emai n['gﬁlzé}he nut sche, 1000 g of deionized water were added and again the
operatiton~of filtration by suction was carried out three tinmes in total.

The oA e oG liechoasiel gl isia (a8 n )
| o808 (BASEMISY SpuBel T enin SD AT,
recovergdar BspE& inkehieh Brtesponpaciddfased catalyst recovered for regeneration is
a recovered catalyst from manufacturing process or a used catalyst;
(I) The aspect according fo the above-described (l), wherein the above-described
catalyst is a catalyst for manufacturing methacrylic acid by gas-phase partial
oxidation reaction of methacrolein;
() The aspect according to the above-described (I) or (ll), wherein the
above-described catalyst is a catalyst of the above general formula (1) where e is 0
and Y is at least one element selected from the group consisting of arsenic, antimony
and cerium;
(IV) The aspect according to the above-described (lll), wherein Y is arsenic or
antimony in the above general formula (1);
(V) The aspect according to any one of the above-described (I) to (IV), wherein the
above-described catalyst is a heteropoly acid catalyst represented by the above
general formula (1) where b is 0.3t0 4.0, cis 0.3t0 3.0,dis 0.2t0 1.0,eisOand f
represents the total amount of Y and is 0 to 3, when a = 10;

(V1) The aspect according to any one of the above-described (1) to (V), wherein the

agueous solvent in the above Process a is water;



~acid s

measured, 100 g thereof was sanpled, and the rest was transferred into a
j acket -type furnace and heated with siérri ng at 90C for 15 m nutes.

The sanpled filtrate (solution A) was dried in an evaporator and the

obt ai ned powder was subjected to quantitative analysis by fluorescence
X-ray analysis, resulting in that the conponent and wei ghts thereof to be

added fg1)) "I‘P%?é%@)%tﬂo%dbo@ﬁ%ttﬂe&ﬁﬁbhé%t i@l HSorl-dES&Gided dFto qehamtidrelel or e

usi ng were: nol ybdenum tri oxi de, 2.0 g of vanadi um pent aoxi de and
2.5 g ®roetdd bCordR®icate ¢ and PrddsS®ObHProcess dafle xadiagl bubin &t Rabigkrilyso
5000 g of deionized water were added to the solution A and then the m xture
was f urdrder exvept @thtthé bbsve Processad is9€drriedoud afterProcedter that, 300 nl of
a 30 wt. % aqueous hydrogen peroxi de solution were gradually added whil e
cont i nfUlBI Theséspedt mgeomdaguta amgona of thet albhdve-desdiibgdd@rtogvliytwinerein ther ned
to an orange yell ow transparent solution B. To the solution B, 27.0 g of

nol ybdebhevetRroogsshs, a o @ age carriesheutiiotheerdersxiadd, and apd=®; @ndf cupri c
acetate were added, and the m xture was heated with stirring at 90C for 90

m nut e$X)ol fsbaspert acserding éhaay ongicf tie phevenslesciieed d} it/ twherepihgy

dryer to obtain catalyst granu es. From then on, by the sane nethod as
that ofMAERACAAIVSIERIF 3 Al cl@dsti bed catalyst 3, a regenerated
supported catal yst (catal yst E3) was manufactured. In the same manner

as in Exanple 1, partial oxidation reaction of nethacrolein was carried out
usi ng t%%gf@%é' yst 3 and the catalyst E3. The results are shown in Table 1.
[ 0034] 4 To 20000 m of distilled water of room tenperature,
2000 g ?6 ﬁol ybdenum tri oxi de, 192.18 g of a 85 wt. % aqueous phosphoric

(g U%I on, 75.82 g of vanadi um pent aoxi de, 131.46 g of a 60 w.%
aqueous ar T jrd | AHGL A2 i fi ed it he
t enper at ur ?%@ﬁr’sé@@tﬁéi}g@ mr@é’gt\iﬂ’?lr ;Btr?gﬁwa}%dg?%ﬁ%'ﬂyrﬁﬁéa&%g gfltgsol ved

under rrgfdrevcd Yo FBRIMEIEs at In9His P¥Gard] Ihd PreSeritan0BARIM i nbE AmteaWs the
solution. This was dried with a spray dryer to obtain catal yst granules.

26 Exéhipled @RRsBané pulyosssi deparofroinithe Qirpbdtedf thatmeysit igvartidnes, 140
parts by weight of a strength enhancer were m xed. This was supported on

860 parts U theifglwiog Examiples; dhalkconvergidnativiang yialdrarerdefinaudiasgolowstr t i cl e
size of 3.5 M) wth a 80 w.% aqueous ethanol solution as a binder.

The t husnethadrotin soppensiasdratisx al{{(olanasinkzercoinmethacradevCstpplies howlar t o
obtain a heteropoly acid catalyst (hereinafter, referred to as catalyst 4).
The avéwaeerpimetbpercadeinainseactpd)/ siglar Reaberphmeshacialeimsapphed} thd®Gbt ai ned
het eropoly acid_catal yst had a conposition ratio except for oxygen

consi st'i Ripthacrylic @ckk Yigihadilumplar buppep b SpRbRGYicAad gengraledi<Malr 0. 4

of COp%?Jrrr’lbebr%%%jetﬁgcrly Ic %]::i sdgplﬁgg umn%IaL Rgr?ﬁ%ler of methacrolein supplied } x 100;

and
- methacrylic acid selectivity = {{ molar number of methacrylic acid generated - molar
number of methacrylic acid supplied)/(molar number of methacrolein supplied - molar
number of methacrolein unreacted)} x 100.
[0024]
Example 1

To 10000 ml of distilled water of room temperature, 1000 g of molybdenum
trioxide, 96.09 g of a 85 wt.% aquecus phosphoric acid solution, 37.91 g of vanadium
pentaoxide, 65.73 g of a 60 wt.% aqueous arsenic acid solution and 22.1 g of cupric
oxide were added, the temperature was raised to 95°C while stirring, and the mixture

were dissolved at 95°C over 10 hours under reflux by heating to obtain a red-brown



For nmeasurenent of the hot spot tenperature, the catalyst 4 was filled in a
steel reaction tube having an internal,dianeter of 29.4 mmwhich is

equi pped with a thernocoupl e protection tube having an external dianeter of
6 mMmso that the height of the filling |layer was 350 cm As a material gas,
a reaction product gas obtained by oxidizing isobutylene with nol ecul ar

oxygen solutiohe hRSRAs Ariel Mtl‘PQ%Bl’é&?(dﬂéi'ﬁ?oﬁt@‘irﬂbé(t%lys@gfﬂrﬂi[é&ng nol ybdenum
bi smut h, cobalt and iron as a main conponent was used. The conposition

(ol ar rat ivgjth @00ErE Byereigh® bf Brieashisincddataipst grantlessEol Egﬁs By WSigiet of

met hacrol ein, 8.99% of oxygen, 71.54% of nitrogen, 14.46% of water vapor,

0. 12% atrengtthanhyhéar weied mixeld.1. DEigowas tshppottberan 4perpartsl byavei@at df a
reaction product gas was supplied into the above-descri bed reaction tube so
t hat t lsélicafplemineeinaciivg camde8(ltaving .a pattiele sizar of 3¢ ) matic ahoB0 widbt i al

oxi dation reaction of nmethacrolein was continued while adjusting the

react i @queats ethansé salliipe as@ binger.t he et hacrol ein conversion ratio was 75%

2% The outlet pressure of the reactor was adjusted to t%e 0.5 kG (50 kPaQG .
Wen the r ek tigis-gbigineshmalded substansgovansalgned t $@E6t fandShaus to

t enper at ur.e s . 297C th t hacrol ein conversiqn ratio, 77% .t hot
spot tg%%pﬁm?pp@rgggygqe;%cgﬁ%}yﬁh@ (W&Cﬁ‘al?r (Afered dp P ApERIRS rt‘fﬁté\k@pg&ﬁ%
Subsequent | this ysed catalyst s. taken fromthe reaction tuhe and the
whot o \oRuALerek: BattREn s B VP IR BT et B Tt 5B o or
the 2 out. | ¥st r ) t] :

m nut ei‘eg%gsﬁ en "f‘ %?ta&%}%?gﬁgﬁnﬁ%ﬁ%@sfaﬂg ég‘;?f’ﬁf’zro\g@g%@rc.o hé\ﬁlﬂpé%ﬁ'eg\gi ng
the filfrati e'ddrfep' 0} f [aTal! r& added
and agg?_r\égﬁa@ﬁﬁe’rgt?i on }l(')%ph%ﬁ%];q?gﬁe%rﬁégﬁc?r?jogL\L/\ggcgg?%r?g?\g%ﬂt%q ﬁ@e(g tinmes
in all mdlhddhgnobtained filtrates were conbined to obtain a filtrate
(solution"A). Asolid content finally left was about 1000 g and had silica
and al ypozs} as a mai n conponent according to the qualitative analysis by
fluorescence X-ray analysis. [0036] The weight of the filtrate
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The weight of the filtrate (solution A) recovered in the above process was
measured, 100 g thereof was sampled, and the rest was transferred into a jacket-type
furnace and heated with stirring at 90°C for 15 minutes.

The sampled filtrate (solution A) was dried in an evaporator and the obtained

powder was subjected to quantitative analysis by fluorescence X-ray analysis,



In the same manner as in Exanple 1, partial oxidation reaction of

met hacrolein in E4 was carried out. The results are shown in Table 1.

[ 0037] Conparative Exanple 1 In the same manner as in Exanple 1
except that nol ybdenum trioxi de, vanadi um pentoxi de and copper oxide were
not additionally added, a nol ded catalyst E5 was prepared. The parti al
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Table I. Conpar at i ve Exanpl e he same manner as in Exanple

1 exceppedreftalavaiot Wi 9@ Rryéiscaalyspiridieedsing dver: yie ny of trhblglteeum
vanadi um pent oxi de and copper oxide were not added, a nolded catal yst E6

was pr epexidd,. 2. Seohariadiim pentdxide ané &cT g cupdalokigleof net hacrolein in E6
catal yst are shown in Table 1. [0039] Table 1: Partial oxidation reaction
result of riig Heerest solution Mafteacaohging, G900y of deiarazdcbwater were added,
and further 300 ml of a 30 wt.% aqueous hydrogen peroxide solution were gradually
added at 90°C while heating the mixture with stirring, resulting in that the dark green
solution A turned to an orange yellow transparent solution B. To the solution B, 12.0
g of molybdenum trioxide, 2.5 g of vanadium pentaoxide and 0.7 g of cupric oxide
were added and the mixture was heated with stirring at 20°C for 30 minutes to obtain
a solution C. This solution C was dried with a spray dryer to obtain catalyst
granules.

Then, by the same method as that of manufacturing the above-described

catalyst 1, a regenerated supported catalyst (catalyst E1) was manufactured.
[0027]
(Partial oxidation reaction of methacrolein)

Each 10.3 ml of the catalyst 1 and the catalyst E1 were filled in a stainless
reaction tube having an internal diameter of 18.4 mm. Through said reaction tube, a
material gas (composition (molar ratio); methacrolein: oxygen: water vapor: nitrogen
= 1:2:4:18.6) was passed at a space velocity (SV) of 1200 h-* and oxidation reaction
of methacrolein was carried out as described below.

The oxidation reaction was first continued at a reaction bath temperature of
310°C for 3 hours, and subsequently the reaction bath temperature was raised to
350°C and the reaction was continued for 15 hours (hereinafter, this treatment is
referred to high temperature reaction treatment). Subsequently, the reaction bath
temperature was lowered to 310°C and the reaction performance was measured.

In this regard, the high temperature reaction treatment is an acceleration test to
see deterioration and the like of catalyst activity in a severe test.

The oxidation reaction results of the catalyst 1 and the catalyst E1 are shown in

Table 1.



Met hacrylic add selectivity Methacrylic add yield (9 (9 (%9 Exanmple 1
catalyst 1 3 hours 29

[0028]
-Example 2

To 10000 ml of distiled water of room temperature, 1000 g of molybdenum
trioxide, 88.1 g of a 85 wt.% aqueous phosphoric acid solution, 37.9 g of vanadium
pentaoxide, 82.2 g of a 60 wit.% aqueous arsenic acid solution, 55.5 g of cupric
acefate and 10.2 g of antimony trioxide were added, the temperature was raised to
95°C while stirring, and the mixture was dissolved under reflux by heating at 95°C
over 10 hours to obtain a red-brown solution. This was dried with a spray dryer to
obtain catalyst granules.

With 500 parts by weight of the obtained catalyst granules, 70 parts by weight of
a strength enhancer were mixed. This was supported on 430 parts by weight of a
silica/alumina inactive carrier (having a particle size of 3.5 mm) with a 80 wt.%
aqueous ethanol solution as a binder.

The thus-obtained molded substance was caicined at 300°C for 5 hours to
obtain a heteropoly acid catalyst (hereinafter, referred to as catalyst 2). The
average particle size of the obtained catalyst was 4.3 mm. The obtained catalyst 2
has a composition ratio except for oxygen consisting of: 0.6 of vanadium, 1.1 of
phosphorus, 0.5 of arsenic, 0.4 of copper and 0.1 of antimony, based on 10 of
molybdenum.

[0029]

The above-described catalyst manufacturing was successively carried out, and
meanwhile a catalyst (substance M} lost from the drying process with a spray dryer,
the molding process and the calcining process mainly due to scattering, adhering to a
container, and the like was recovered. To 1000 g of deionized water, 1000 g of the
substance M were added, and the mixture was stirred for 3 minutes and then filtered
by suction using a filter paper. While the filtration residue was allowed to remain in
the nutsche, 1000 g of deionized water were added and again the operation of
filtration by suction was carried out twice in total. The obtained filtrates were all

combined to obtain a filtrate (solution A). The finally-remaining solid content was



after staring reaction 78.55 79.55 62. 49 After high tenperature reaction
treatment 83.11 80.39 66.81 catalystyfl 3 hours

about 200 g and had silica and alumina as a main component as determined in
gualitative analysis by fluorescence X-ray analysis.
[0030]

The weight of the filtrate (solution A) recovered above was measured, 100 g
thereof was sampled, and the rest was transferred into a jacket-type furnace and
heated with stirring at 90°C for 15 minutes.

The sampled filtrate (solution A) was dried in an evaporator and the obtained
powder was subjected to quantitative analysis by fluorescence X-ray analysis,
resulting in that the components and weights thereof to be added for returning to the
theoretical value of the target catalyst before using were: 27.0 g of molybdenum
trioxide, 2.0 g of vanadium pentaoxide and 2.5 g of cupric acetate.

The solution A had a smell of ethanol, so 6000 g of deionized water were also
added to the solution A and then the mixture was further heated with stirring at 90°C
for 2 hours. After that, 300 ml of a 30 wt.% aqueous hydrogen peroxide solution
were gradually added while continuously stirring, resulting in that the dark green
solution A turned to an orange yellow transparent solution B. To the solution B, 27.0
g of molybdenum trioxide, 2.0 g of vanadium pentaoxide and 2.5 g of cupric acetate
were added, and the mixture was heated with stirring at 90°C for 90 minutes to obtain
a solution C. This solution C was dried with a spray dryer to obtain catalyst
granules.

Then, by the same method as that of manufacturing the above-described
catalyst 2, a regenerated supported catalyst (catalyst E2) was manufactured. [n this
regard, it is inferred that the cause of the smell of ethanol from the solution A is that
most of the substance M used were from a process for molding a catalyst.

In the same manner as in Example 1, partial oxidation reaction of methacrolein
was carried out using the catalyst 2 and the catalyst E2. The results are shown in
Table 1.

[0031]
Example 3



after staring reaction 78.61 79.04 62. 14 After high tenperature reaction
treatment 83.22 80.36 66.88 29 Exanphg 2

To 10000 ml of distilled water of room temperature, 1000 g of molybdenum
tridxide, 112.1 g of a 85 wt.% aqueous phosphoric acid solution, 75.8 g of vanadium
pentaoxide and 22.11 g of cupric oxide were added, the temperature was raised to
95°C while stirring, and the mixture was dissolved under reflux by heating at 95°C
over 10 hours to obtain a red-brown solution. This was dried with a spray dryer to
obtain catalyst granules.

With 500 parts by weight of the obtained catalyst granules, 70 parts by weight of
a strength enhancer were mixed. This was supported on 430 parts by weight of a
silica/alumina inactive carrier (having a particle size of 3.5 mm) with a 80 wt.%
agueous ethanol solution as a binder.

The thus-obtained molded substance was calcined at 300°C for 5 hours to
obtain a heteropoly acid catalyst 2. The average particle size of the obtained
catalyst was 4.3 mm. The obtained heteropoly acid catalyst had a composition ratio
except for oxygen consisting of: 1.2 of vanadium, 1.4 of phosphorus and 0.4 of
copper, based on 10 of molybdenum.

[0032]

The above-described catalyst manufacturing was successively carried out, and
meanwhile a catalyst (substance M) lost from the drying process with a spray dryer,
the molding process and the calcining process mainly due to scattering, adhering to a
container, and the like was recovered. To 1000 g of deionized water, 1000 g of the
substance M was added, and the mixture was stirred for 3 minutes and then filtered
by suction using a filter paper. While the filtration residue was allowed to remain in
the nutsche, 1000 g of deionized water were added and again the operation of
filtration by suction was carried out three times in total. The obtained filirates were
all combined to obtain a filtrate (solution A). The finally-remaining solid content was
about 200 g and had silica and alumina as a main component as determined in
qualitative analysis by fluorescence X-ray analysis.

[0033]

The weight of the filtrate (solution A) recovered in the above process was



catalyst 2 3 hours after staring reaction 77.92 78.40 61.09 After high
tenperature reaction treatnent 87.00 46.32 66. 40

measured, 100 g thereof was sampled, and the rest was transferred into a jacket-type
furnace and heated with stirring at 90°C for 15 minutes.

The sampled filirate (solution A} was dried in an evaporator and the obtained
powder was subjected to quantitative analysis by fluorescence X-ray analysis,
resulting in that the component and weights thereof to be added for returning to the
theoretical value of the target catalyst before using were: 27.0 g of molybdenum
trioxide, 2.0 g of vanadium pentaoxide and 2.5 g of cupric acetate.

The solution A had a smell of ethanol, so 5000 g of deionized water were added
to the solution A and then the mixture was further heated with stirring at 90°C for 2
hours. After that, 300 ml of a 30 wt.% aqueous hydrogen peroxide solution were
gradually added while continuously stirring, resulting in that the dark green solution A
turned to an orange yellow transparent solution B. To the solution B, 27.0 g of
molybdenum trioxide, 2.0 g of vanadium pentaoxide and 2.5 g of cupric acetate were
added, and the mixture was heated with stirring at 90°C for 90 minutes to obtain a
solution C. This solution C was dried with a spray dryer to obtain catalyst granules.

From then on, by the same method as that of manufacturing the
above-described catalyst 3, a regenerated supported catalyst (catalyst E3) was
manufactured.

In the same manner as in Example 1, partial oxidation reaction of methacrolein
was carried out using the catalyst 3 and the catalyst E3. The results are shown in
Table 1.

[0034]
Example 4

To 20000 ml of distilled water of room temperature, 2000 g of molybdenum
trioxide, 192.18 g of a 85 wt.% aqueous phosphoric acid solution, 75.82 g of
vanadium pentaoxide, 131.46 g of a 60 wt.% aqueous arsenic acid solution and 44.2
g of cupric oxide were added, the temperature was raised to 95°C while stirring, and
the mixture was dissolved under reflux by heating at 95°C over 10 hours to obtain a

red-brown solution. This was dried with a spray dryer to obtain catalyst granules.



catalyst E2 3 hours after staring reaction 77.10 78.51 60.54  After high
tenperature reaction treatnent 86.88 46.79 66.71 Exanple 3

With 1000 parts by weight of the obtained catalyst granules, 140 parts by weight
of a strength enhancer were mixed. This was supported on 860 parts by weight of a
silica/alumina inactive carrier (having a particle size of 3.5 mm) with a 80 wt.%
aqueous ethanol solution as a binder.

The thus-obtained supported catalyst was calcined at 300°C for 5 hours to
obtain a heteropoly acid catalyst (hereinafter, referred to as catalyst 4). The
average particle size of the obtained catalyst was 4.3 mm. The obtained heteropoly
acid catalyst had a composition ratio except for oxygen consisting of: 0.6 of vanadium,
1.2 of phosphorus, 0.4 of arsenic and 0.4 of copper, based on 10 of molybdenum.
[0035]

For measurement of the hot spot temperature, the catalyst 4 was filled in a steel
reaction tube having an internal diameter of 29.4 mm which is equipped with a
thermocouple protection tube having an external diameter of 6 mm so that the height
of the filling layer was 350 cm. As a material gas, a reaction product gas obtained
by oxidizing isobutylene with molecular oxygen in the presence of a complex oxidé
catalyst containing molybdenum, bismuth, cobalt and iron as a main component was
used. The composition (molar ratio) of said reaction product gas was comprised of
3.21% of methacrolein, 8.99% of oxygen, 71.54% of nitrogen, 14.46% of water vapor,
0.12% of methacrylic acid and 1.68% of the others, per volume. Said reaction
product gas was supplied into the above-described reaction tube so that the space
velocity was 800 h-'. After starting the reaction, partial oxidation reaction of
methacrolein was continued while adjusting the reaction bath temperature so that the
methacrolein conversion ratio was 75% = 2%. The outlet pressure of the reactor
was adjusted to be 0.5 kG (50 kPaG).

When the reaction was continued for 16000 hours, the reaction bath
temperature was 297°C, the methacrolein conversion ratio was 77%, the hot spot
temperature was 317°C and the methacrylic acid selectivity was 81.5%.

Subsequently, this used catalyst was taken from the reaction tube and the

whole volume thereof was recovered. To 2000 g of deionized water, 2000 g of the



catalyst 3 3 hours after staring reaction 72.10 77.25 55.70 After high
tenperature reaction treatnent 73.01 % 65 59.61

taken-out catalyst were added, the mixture was stirred for 30 minutes and then
filtered by suction using a filter paper. While leaving the filtration residue in the
nutsche, 1000 g of deionized water were added and again an operation of filtration by
suction was carried out three times in all.  All the obtained filtrates were combined to
obtain a filtrate (solution A). A solid content finally left was about 1000 g and had
siliba and alumina as a main component according to the qualitative analysis by
fluorescence X-ray analysis.

[0036]

The weight of the filtrate (solution A) recovered in the above process was
measured, the rest after sampling 100 g thereof was transferred to a jacket-type
furnace, 5000 g of deionized water were added to the solution A, and then 69 g of
[XE-300 manufactured by Toagosei Co., Ltd. were added to the mixture, which was
then stirred for 30 minutes followed by filtration by suction using a filter paper.

The sampled filtrate (solution A) was dried in an evaporator to obtain a powder,
which was subjected to quantitative analysis by fluorescence X-ray analysis to find
that the components and weights to be added were: 174.3 g of molybdenum trioxide,
3.86 g of vanadium pentaoxide, 0.23 g of a 85 wt.% aqueous phosphoric acid solution
and 0.37 g of cupric acetate.

Said solution A was again transferred to the jacket-type furnace and heated with
stirring at 90°C for 2 hours in order to remove ethanol.  After that, when 900 ml of a
30 wt.% aqueous hydrogen peroxide solution were gradually added while continuing
stirring, the dark green solution A turned to an orange yellow transparent solution B.
To the solution B, 174.3 g of molybdenum trioxide, 3.86 g of vanadium pentaoxide,
0.23 g of a 85 wt.% aqueous phosphoric acid solution and 0.37 g of cupric acetate
were added and the mixture was heated with stirring at 90°C for 90 minutes to obtain
a solution C. This solution C was dried with a spray dryer to obtain catalyst
granules.

Then, by the same method as that of manufacturing the above-described

catalyst 4, a regenerated supported catalyst (catalyst E4) was manufactured.



catalyst E3 3 hours after staring reaction 72.43 77.27 55.97 After high
tenperature reaction treatment 73.47 84.90 60.17 Exanple 4

In the same manner as in Example 1, partial oxidation reaction of methacrolein
in E4 was carried out. The results are shown in Table 1.
[0037]
Comparative Example 1

In the same manner as in Example 1 except that molybdenum trioxide,
vanadium pentoxide and copper oxide were not additionally added, a molded catalyst
E5 was prepared. The partial oxidation reaction results of methacrolein in ES
catalyst are shown in Table 1.
[0038]
Comparative Example 2

[n the same manner as in Example 1 except that a solution B was not prepared
and molybdenum frioxide, vanadium pentoxide and copper oxide were not added, a
molded catalyst E6 was prepared. The partial oxidation reaction results of

methacrolein in EG catalyst are shown in Table 1.

[0039]
Table 1: Partial oxidation reaction result of methacrolein
Methacrolein |Methacrylic |Methacrylic
conversion  |acid acid
ratio seleclivity  |yield
(%) (%) (%)
Example 1 |catalyst 1 |3 hours 78.55 79.55 62.49
after staring reaction
After high temperature|83.11 80.39 66.61
reaction treatment
catalyst E1 |3 hours 78.61 79.04 62.14
after staring reaction
After high temperature |83.22 80.36 66.88
reaction treatment




catalyst E4 3 hours after staring reaction 78.50 79.78 62.63 After
tenperature reaction treatnment 83.77 89.06 67.07 Conparative
Example 2 |catalyst 2 |3 hours 7792 7840 61.09
after staring reaction
After high temperature|87.00 76.32 66.40
reaction treatment
catalyst E2 |3 hours 7710 78.51 60.54
after staring reaction
After high temperature|86.88 76.79 66.71
reaction freatment
Example 3 |catalyst 3 |3 hours 7210 77.25 55.70
after staring reaction
After high temperature| 73.01 81.65 59.61
reaction freatment
catalyst E3 |3 hours 7243 7727 55.97
after staring reaction
After high temperature | 73.47 81.90 60.17
reaction treatment
Example 4 |catalyst E4 |3 hours 78.50 79.78 62.63
after staring reaction
After high temperature|83.77 80.06 67.07
reaction treatment
Comparative |catalyst E5 |3 hours 68.78 83.24 57.26
Example 1 after staring reaction
After high temperature | 70.92 84.78 60.12
reaction freatment
Comparative |catalyst E6 |3 hours 59.34 81.86 48,57
Example 2 after staring reaction
After high temperature|71.62 85.79 61.44
reaction treatment

[0040]

hi gh



Exanple 1 catalyst E5 3 hours after staring reaction 68.78 83.24 57.26
After high tenperature reaction treatgent 70.92 84.78 60.12

As is clear from the above-described Table 1, the target catalyst and the
regenerated catalyst show equivalent results for any of methacrolein conversion ratio,
methacrolein selectivity and methacrolein yield after 3 hours and also after high
temperature treatment, and it is found that the regenerated catalyst obtained
according to the present invention is a catalyst having performance equivalent to an
unused target catalyst and having no problems even when used in combination with
an unused target catalyst.

[0041]
Test Example

For measurement of the hot spot temperature, the catalyst E2 (regenerated
supported catalyst) obtained in Example 2 was filled in a steel reaction tube having an
internal diameter of 29.4 mm which was equipped with a thermocouple protection
tube having an external diameter of 6 mm so that the height of the filling layer was
350 cm. As a material gas, a reaction product gas obtained by oxidizing isobutylene
using a molecular oxygen in the presence of a complex oxide catalyst containing
molybdenum, bismuth, cobalt and iron as a main component was used. The
composition {molar ratio) of said reaction product gas was comprised of 3.21% of
methacrolein, 8.99% of oxygen, 71.54% of nitrogen, 14.46% of water vapor, 0.12% of
methacrylic acid and 1.68% of the others, per volume. Said reaction product gas
was supplied into said reaction tube so that the space velocity was 1000 h-1. After
starting the reaction, the partial oxidation reaction of methacrolein was continued
while adjusting the reaction bath temperature so that the methacrolein conversion
ratio was 75% + 2%. The outlet pressure of the reactor was adjusted to be 0.5 kG
(50 kPaG).

As the resulis of the methacrolein oxidation reaction 2000 hours after the
starting the reaction, the reaction bath temperature was 300°C, the hot spot
temperature was 315°C, the methacrolein conversion ratio was 77.5% and the

methacrylic acid selectivity was 83.9%.



Conparative Exanple 2 catalyst E6 3 hours after staring reaction 59.34
81. 86 48.57 After high tenperature ggaction treatnment 71.62 85.79 61.44

Industrial Applicability
[0042]

Any of the regenerated catalysts obtained by the manufacturing method of the
present invention has performance equivalent to an unused target catalyst, poses no
problem in use with an unused target catalyst, and also allows a simple
manufacturing method and effective utilization of any of a recovered catalyst from

manufacturing process and a used catalysts.
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of a catalyst component is added to the solution A or the solution obtained in Process
¢ to prepare a solution containing the additional raw material component;
Process e: a process to prepare catalyst granules D by drying the solution obtained
through Process a to Process d; and
Process f: a process to prepare a molded catalyst E by molding and subsequently

calcining the catalyst granules D.

2. The method for manufacturing a catalyst according to Claim 1, wherein the
heteropoly acid-based catalyst further contains one kind or more selected from the
below-described X and/or one kind or more selected from Y; and the content of at
least one component of molybdenum, phosphorus, vanadium, copper, X or Y is
measured in Process b:

X: alkali metal, alkali earth metal or ammonia;

Y: silver, zirconium, arsenic, boron, germanium, tin, lead, chrome, bismuth, cobalt,
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wherei n the above heteropoly acid-based catalyst is a catal yst represented
by t he diemivrafiessthd etengemtewalerd brisi1ato 6, cis 0.1 to 6, d is 0.1 t0 4.0, e is 0 to 4,
fis 0 to 5 when a = 10, and g is a numerical value determined depending on the

oxidation state of each element).

4. The method for manufacturing a catalyst according to Claim 1, wherein the
heteropoly acid-based catalyst is a catalyst for manufacturing methacrylic acid by

gas-phase partial oxidation reaction of methacrolein.

5. The method for manufacturing a catalyst according to Claim 1, wherein the
heteropoly acid-based catalyst is a recovered product of a waste catalyst generated
in a process for manufacturing a gas-phase oxidation catalyst for manufacturing
methacrylic acid from methacrolein or a recovered product of a product in process of

said gas-phase oxidation catalyst.

6. The method for manufacturing a catalyst according to Claim 2, wherein X is cesium

and/or ammonia.



MoaPbVcCuci XeYf Oy (wherein, Mo, P, V and Cu respectively represent

nmol ybdenum phosphorus, vanadi um and gppper; X represents at |east one kind
selected froman alkali nmetal, an alkali earth netal and ammonia and Y
represents at |east one kind selected fromthe group consisting of silver,
zirconium arsenic, boron, germanium tin, |ead, chrome, bisnuth, cobalt,

ni ckel, cerium tungsten, iron, alum num nagnesium antinony, niobium
manganese or titanium respectively; each synbol of ato g is an atomc
rati o of tThe reéMBEMor MasuRckuring 8. datalysb.ackotding t& CRid, 2d wieréinlytie 4.0,
eisOto4, fisOtob5 wiena=10, and g is a nunerical value determ ned
dependigmginnyt dyel/oxadahicon state of each element). 4. The nethod for

manuf acturing a catal yst according to Claim1l, wherein the heteropoly

aci d- based catalyst is a catalyst for manufacturing nethacrylic acid by
gas- phase partial oxidation reaction of nethacrolein. 5. The nethod for
manuf ad&. Thergethoddoamasufactaringla sgtalystaceprding taklaini 4 whereticthe sy st

aci d-based catal yst is a recovered product of a waste catal yst generated in
a procds 8 qagrlysidinifoastaininggl-a gas- phase oxi dation catal yst for

manuf acturing nethacrylic acid from nmethacrolein or a recovered product of
a product in process of said gas-phase oxidation catalyst. 6. The nethod
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9. The d ; ng a catal yst according to any one of Clains 3
to 8, eé@?ha@%gﬁ%?HéﬁgFIW's at | east one el enent selected fromthe group

consisting of arsenic, antinony and cerium 10. The nethod for
manuf acturing a catal yst according to Caim1, wherein the nol ded catal yst
E is aqplred mahabystr misiRchngactatuhyst aiccbRiing SoCORiAd1 WwheréiRethe
catal yst granules D using a |iquid binder.

molded catalyst E is a molded catalyst where an inactive carrier is coated with the

catalyst granules D using a liquid binder.



