".. DESCRI PTION METHOD FOR RECOVERI NG MOLYBDENUM AND
METHOD FOR PRODUCI NG CATALYST 5 TECHNI CAL FI ELD
[ 0001] The present invention relates to a nethod for
recovering solution containing at |east nolybdenum
(recovered nol ybdenum containing |iquid) or
precipitate 10 containi npESCREIONT! Ybdenum
(recovered nol ybdenum containing precipitate) froma
nol ybdenum cont ai ning material conprising at |east -
npl ybdenu A el enent (phosphorus and/or arsenic) and
EieR FOR REEQVYERING MOLYBBENUMANDETHOD FOR
c i sting of potassium rubidium cesium and
tﬁ%ﬁ'ﬁ‘dﬁiﬁﬁa@&?ﬁwﬁﬁt hod for producing a catalyst
usi ng the recovered nol ybdenum contai ning 15 liquid
and/ or the recovered nol ybdenum cont ai ni ng

preci pitate. BACKGROQU 000 The
nol ybdenum cont ai ni ng EEE&E'?% %élﬁ'—i'%i ng at | east

q@bm@jenum A 20 el enent (phosphorus and/or arsenic)
and el emrent (at | east one selected from the group

COM¥ieSHroBs ' . > ; ‘ . N
har ey iy AN Pl 5 Pl fof Bl oluion captaining
redtleastblybdesubaessbverdd ddNURRLchAta igi ini
produci ngI?, for ei‘arrpl e, ne%bcﬁuﬁgcg@ﬁjﬁ 'ﬁﬁ}'gg'&“ precipitate
eentiningeatdeastimolybdenim(redoversd gy dehut-cBntining precipitate)
thacrylic acid through gas-phase oxidation of
Rétmwelvbﬂﬁnuaecontaimmmbem edniprisingoatieassmblybdenum, A

produc mef hacrylic acid through direct gas-phase
&Q‘F'Hﬁf'i Gﬁméphi’%@k%ﬂcyiﬂéﬁ@en[oé@og] elementdat past anaselected from

B BB S Sy oy
36, 806 £l P bAoA Briaining

flggatariideiheTechitéd molybdenum-containing preciplitate.

BACKGROUND ART
[0002]

The molybdenum-conftaining material comprising at least molybdenum, A
element (phosphorus and/or arsenic) and X element (at least one selected from
the group consisting of potassium, rubidium, cesium and thallium) is widely
known for its effectiveness as a heteropolyacid based catalyst which is used in
producing, for example, methacrylic acid through oxidative dehydrogenation of
isobutyric acid or methacrylic acid through gas-phase oxidation of methacrolein.
Itis also used in a process for producing methacrylic acid through direct
gas-phase oxidation of isobutylens.

[0003]

Generally, in an industrial gas-phase oxidation reaction, a catalyst is used for
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taken out fromthe reactor contains many usef ul

el ements as raw materials for producing a catalyst,
such as nol ybdenum potassi um rubidiumand cesium 5
It is a very inportant subject fromthe econoni cal
point of view and fromthe viewpoint of reducing the

S B o A HFER bl BT K EinOi et BomEnogd) tima, sha satalyst is
i 04

48§06 54 B o o, o B B

aakeh vt from theeehewdr 'c.‘én{ﬁi\“n’é"ﬁ}?g%lls‘é'fhl “e?émét'ﬁga;ﬁ I{augrggée(?fbls for

of thermally deconposing a ropolyac
sweducingtaatatalystisueh I8 baBANMX befstRIn, FBRIIMY and cesium.
contacting the resultant mxture W th sodi um type
dt iscmyerny impiottant sabjest from thelezohoridal peft of Riewdnd from the
separate cesium rubidiumand thalliumor potassium
Mewpeint afredusingdtberload te avicortraent to ldeveloputhiedectuialogy for
and recovering these elements as sulfates of each
SPEANGIING g reysing thase sHlemepts @i iesyclingricresising tiei spent
R%? treating the solution of the sodiumsalt of the
%Yﬂbolyacid separated in the foregoing step with

3666 n type strongly acidic ion-exchange resin (refer

o, ror exanple, JPHO7-213,922-A (Patent docunent

1 P ERMPRL B o A e PASBEPERR R o
PRethAbE 38 kGWH, WRICRTCOMSTidES the shey bf’ih'e?m?@ He¥bhBosing a

hydrochloric acid (refer to, for exanp

hegEropolyacidshiriadedes putit catlystarth Sodiumahydredas $5IRvidBby
nmet hod of treating the spent catalyst with a nitrogen-

centagting tlge pesuliantmixtyce with sodjumu type( stedregly aoidid resin to

ex |l e, JPS60-232,247-Al (Patent docunent 3)), a

selocHuslyadsgrinand saparate.easium, aHbidium andballiedl onpbtassium,
ated catal yst (refer to,

EH‘{@EZE}?&S@S%&W S’%QA%‘U"? paldeand treoyreng these elgments
R RRgteR, o AR RISRN® et B uf¥ ot oXBEY pdieifrabRlyacid by
PRI, S0l i SRR eyl SFRER Sl i e
foregoing step with proton type strongly acidic ion-exchange resin (refer to, for
example, JPH07-213,922-A1 (Patent document 1)).

[0005]

Further, as a method for regenerating a catalyst, a regenerating method of
treating a spent catalyst used in producing methacrylic acid with hydrochloric
acid (refer to, for example, JPS54-002,293-A1 (Patent document 2)), a
regenerating method of treating the spent catalyst with a nitrogen- containing
heterocyclic compound (refer to, for example, JPS60-232,247-A1 (Pate'nt
document 3)), a regenerating method of adding ammonium species and nitrate

species to a deactivated catalyst (refer to, for example, JPS61-283,352-A1

(Patent document 4)), a regenerating method of treating the spent catalyst with
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[ 0006] However, the recovering nmethod disclosed in
JPHO7- 213, 922-A1 (Patent 5 docunent 1) uses

i on-exchange resin in two steps. In a recovering
met hod usi ng ion-exchange resin, it is necessary to
| oner the concentration of the elenment to be
recovered in the solution to be treated for

r \DOERANNG | ex B[ EUEH A§ crystalling apimonateyrefar son fongxample,

Bl JRe AT PR Sokurbat B and e T dnown. "
q@@bgpent and the 10 used anmount of the ion-exchange
resin, and hence, it is not econonmical. [0007]

2 t ot ! : .
f g&%\@@&r{éﬁ?ﬁ?ﬁg‘g‘eﬁddﬁggﬁgng%fﬁ%—?ﬁﬁgﬂ-% (Patent

m@néﬁa)%"ésﬁdn(eﬁ?@h@rgpe LY IFERo &bgs:] Pbd récbiefing method
(Patent docunent 4) and JPH06- 285, 373- Al ( Pat ent

desingrioT-eXohangeaesin, # is nébessarp ke fovidrahe zohsémiratidn 6ahe
be regenerated to a certain level but its yield of

rlemedt {0 be recovered imthet sedutiarytenibe treatedcfar atgovering.
| Qwer than that using a catal yst produced in a
%Wnﬂ&t iheausgsdbearobles hatusingdonaxchange resin iethe two
t e_propl e there is a,nethod in which a, 20
rsg%i%ag &ngpéﬁqvec%a%ﬂ 5¢5§H't$ in W%@'s'adhe are@ ot equigment and the
t r to dis ' -al kal i t al. coppound .an
A oLt nd o ek aidile ARG A tierR. Bis FRLSSHBmERT

ljoaoy)d is adjusted to 6.5 or less to precipitate
nol ybdenum t oget her with phosphorus and arsenic and

t oFuether &fs thb 8y érterating mdtHeas diseRivedl iR UP$54-002,293-A1 (Patent
precipitate which is usable 1 n producing a catalyst

(dostarent @), JRBEG2321247-AUTPatedb docUménBs)) JPRB1eP83,352-A1
docunent 6)). [0009] However, the

Batant degumeshdhand JPHN628nBTAAI (Ratentndacigent!s), there is a
matlgod disclosed in USP 6,777,369 (Patent docunent 6

Rrejemyingl aratalyelganhe eeganeratedde seeprtaindeveh bubiie vield of

BB b 5 e ek e T e B v
RaEAY 4 'prdd el IS bldind mBfhgguc! N9 a new
[0008]

As a method which has solved these problems, there is a method in which a
recovered spent catalyst is dispersed in water, and to the resultant dispersion,
an alkali metal compound and aqueous ammonia are added, and then pH of the
mixed liquid is adi'usted to 6.5 or less to precipitate molybdenum together with
phosphorus and arsenic and to recover them as a molybdenum-containing
precipitate which is usable in producing a catalyst (refer to, for example, USP
6,777,369 (Patent document 6)).

[0009]
However, the molybdenum-containing precipitate obtained by the method

disclosed in USP 6,777,369 (Patent document 6) also contains phosphorus and
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catal yst. Patent docunent 1: JPHO7-213,922-A1 5

Pat ent docunent 2: JPS54-002, 293-Al Patent docunent

3: JPS60-232, 247-Al1 Patent docunent 4:

JPS61- 283, 352- A1 Patent docunment 5: JPHO6-285, 373- A

Pat ent docunent 6: USP 6,777,369 10 DI SCLOSURE OF

| NVENTI \%I PROBLEM TO, BE SOLVED BY THE | NVENTI ON )

[ 8§ e0ic whichdravedeenrriginaly ingkided in the ravematerial for recovering,

i pveption are to.provide a nmethod for 15 recoverin

e MR s BrEstrition Sh S YS RraciRiiale direeth-{o5 PEFduEG & new
ngét?gg{enum containing liquid) or precipitate

contal ning at | east nolybdenum (recovered

"PhteRt ABLINEANT APIIORABPRR] at €) . whi ch can be used

in producing a catalyst as well as fresh nol ybdenum

cRateat 806umbhP2 JPSHROPRGRAUR cont ai ni ng materi al
conprising at |east nolybdenum A el ement 20

(Patespocuraenin8/ JRS60-2082j297-And X el ement (at | east
one selected fromthe group consisting of potassium
rRatent deguroest 4ndRB61-283/352:4), in particular, froma

recovered spent catal yst, and to provide a method for
d?@&ﬂ&ﬁﬂ%rae"t@alpd‘ﬂ%é%@mgﬂ he recovered

l,ybdenum conf ai Qi liquid or the recovered
g?%ﬂﬂéﬂ?”ﬂ’@'&é'i’f’ﬁ#%ﬁvgggpi tate as a raw material of
the catalyst. 25 MEANS FOR SOLVI NG PROBLEM [00111 To
sol ve the probl ens descri bed above, the present

iea chat oy a1 SoCISIDYORE OEIUENTONT, [
material whipHOBEEM TO'BERSOLVED BPTHERIVENTION
[0010]

Therefore, the problems of the present invention are to provide a method for
recovering solution containing at least molybdenum (recovered
molybdenum-containing liquid) or precipitate containing at least molybdenum
(recovered molybdenum-containing precipitate), which can be used in
producing a catalyst as well as fresh molybdenum compounds, from a
molybdenum-containing material comprising at least molybdenum, A element
(phosphorus and/or arsenic) and X element (at least one selected from the
group consisting of potassium, rubidium, cesium and thallium), in particutar,
from a recovered spent catalyst, and to provide a method for producing a

-catalyst using the recovered molybdenum-containing liquid or the recovered

molybdenum-containing precipitate as a raw material of the catalyst.

MEANS FOR SOLVING PROBLEM
{0011}

To solve the problems described above, the present inventors have
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nol ybdenum i n an al kal i ne sol ution, and then by making
a magnesi um contai ni ng conpound act on the dispersion
at a specified range of 5 pH, it is possible to
recover nolybdenumin a state which can be used in
produci ng various kinds of catal ysts containing

nmol ybdenum and thus have conpleted the present
i 'Hb%}ﬁ‘f% resegiaied ang haye found:that by giapersivgi i on

CRIBERD - BBy el HT Py Faptgalor Tecovering
TP RERUT AR Ao TRl i e FBRMB S Tc)  ana

XmabRESiNn-66 tain?r?gséomggnﬁm? ﬁhf‘?ﬁ fith Eirsgg’lrshér}n?gg% WBcified range of

consi sting of potTassi rum C

tibta) it ispBssitile Y& Fedovap ?@WH {ﬁsliH(&'s'taté %HT&* Bak H.eqjsetdr'jlﬁ

resultant mxed liquid 8 or nor e; adjusting p

grodbieingesribus kindsi of edtalysteicdntainihg rholybdémumidiel thas dave
of from6 to 12 followed by adding a conpound

complptadihernrgsentiinvention. aqgueous armmmonia to form a
gr(é ipitate containing at | east magnesi um and A
p nt; and 20 3) separating the precipitate

cogf ai ni r’i at | east nesiumand A elenment - fornmed in
th %?93}9 B? PregRRtdNEAtnireRidesir aitethgdder receyering

d t ai ni [iquid).
TRRBHERE CERER il SPBRERL T nvention resides in the
gy Aol o Bl R
melgh@ériihcA efsthent (phBsgfors %ﬂd{%l?r!é@ﬁi%ﬁaﬁa element (at least

adj usting the pH of " the recove _
opieysedectedfroomthas giong dongistigiod pdtaysikraseubiditnh, @88sium and

addi ti-on of acid and separating the precipitate thus
thalliws) (n water anddadding btkai donmale piH rif tie résultant mixed liquid 8 or
%oer%i; pitate) fromthe solution. [0014]
2) adjusting pH of the resultant mixed liquid to fall within the range of from 6 to
12 followed by adding a compound containing magnesium and aqueous
ammonia to form a precipitate containing at least magnesium and A element:
and
3) separating the precipitate containing at least magnesium and A element
formed in the step 2) from a solution containing at least molybdenum (recovered
molybdenum-containing liquid).
[0013]

Moreover, the present invention resides in the above-mentioned method for
recovering molybdenum, further comprising the step of:
4) forming a precipitate containing at least molybdenum by adjusting the pH of

the recovered molybdenum-containing liquid to 3 or less with an addition of acid

and separating the precipitate thus formed (recovered molybdenum-containing
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Further, the present invention resides in a nmethod for
produci ng a catalyst by wusing a recovered

nol ybdenum containing liquid a recovered 5

nol ybdenum cont ai ni ng preci pitate which has been
recovered by the above-nentioned nethods for

recoveri n% nmol ybdenum EFFECT OF THE | NVENTI ON [ 0015]
1preaipiteta)ifrogn the solutipnesent i nvention, usef ul

n@l ﬁb]denum can be recovered in the formof reusable
sOPL# on or preci pitate by an easy operation froma

rmllyb en contai.ni ng materj.al ,which contains at | east
mol ﬂ%ﬁﬂﬁ? PAGTW 'Owﬁ?'gsﬁ az afn%meﬂgﬁr prosleiging)a galalyst by
S8 Eiekevgbo st flin BoRiNAG URLR remars

h . . . :

plybgehm. LohigRird SiecBiiate whichdHitheen segoyered iy tee:

VARVl RNliGHEY RicRibdloy PASIVERNE ARbIgb A | qui d or

precipitate produced in the pFesent 1nvention is used

in producing a catalyst, it is possible not only that

a nol ybdenum cont ai ni ng spent catal yst can be used

ef fectively, 20 butERFEGTIORTHE INWBNYHDNwi t h t he sane

yield of nmethacrylic acid can be obtained as in the
tSMhere a conventional raw material of nol ybdenum

i s used,an t he recaovere % denum cont ai ni n

maf\FPHAINg 1 the:Present mmptgmnglﬁ 4 malybdanyya sendedesovered in
308 ool Rl FoylsBblel giufor pEbeliniafy, B R Sei isratian from a
PGB o R ) s e B A
@8mé hE(ph¥EROMS nd/804rsbn#) hAd xtélgﬁtézﬁ Sgttelce{h?%&% 5QBcted from

a nol ybdenum contai ning materi a

the greup censistingosfqroiassiomp Fubigiant cebRAS hndBhalh@@n U pafticular,
el enent and X elenent and, for exanple, a spent
deona gymolybdenunrcontainiogt Spemt tatalystoduci ng  nmet hacrylic
aci d through gas-phase catal ytic oxidation of
crolein or in a

Further, when the recovered molybdenum-containing liquid or precipitate
produced in the present invention is used in producing a catalyst, it is possible
not only that a molybdenum-containing spent catalyst can be used effectively,
but also that a catalyst with the same yield of methacrylic acid can be obtained
as in the case where a conventional raw material of molybdenum is used and
the recovered molybdenum-containing material is notused. Moreover, it is
advantageous that there is little limitation on a method for producing a catalyst
because these solutions or precipitates do not practically contain A element

(phosphorus and/or arsenic).

BEST MODE FOR CARRYING OUT THE INVENTION

[0017]
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5 reaction for producing nethacrylic acid through

oxi dati ve dehydrogenation of isobutylic acid can be
nmentioned. In the case of these catal ysts for
produci ng nethacrylic acid, those having a
conposition represented by the followng formula (1)

ar referable, apd those having a conpositign )
e o A st fivertion ra Mo kdeRLTB AP Mateal o be used in

rii I ferable.. 10 [0018 Mob YO, XcOe
OREPLEMNG fapbleRl SnBiset ot BRst o BHED. Aggeht hnd X
r Liela (3] S, / rsenic..
AR e tr efa Rl oI RSD R £ THRIn R Seing
dhetachiieHCKd i Eudh oh Phase afiltic BB of fticrolein or in a
trieaotionifor préddsihg MethAErQNE Hold thidUyBisd8dativEBdeiRS§enation of
silver, boron, silicon, alumnum ~gallium germnlum
tisohutylieacid cantbementioned: nuinithe tash iof thedeatdtalysts for producing
zirconium indium sulfur, selenium tellurium
|mathesidicagid) these baving aregmpasitiors represented byrthe following

gl ement selected fromthe group consisting of
Jetnuls; (1hare prefefieble, anddhose havwngireompeasitian depresented by the

Scripts c, d.and e represent an atomc ratio
3&@%@99@?@@@491 arer%?ﬂ@@?f'\%ﬂ?@rajéﬁ%n bis 12, ais in
t5§1é]ange of from0.1to 3, cis in the range of from
d 03 and dis in the range of from0.01 to 3 and e

represents the atom c%%g%%i@?a{%oxyge@?}necessary for

fulfilling the requir % valence of each

el Wirgreira My &nd LPrdfPedéht ' oc&ﬁr ively:
In the :‘ngrnulg, N%MQJ \fgxg@gﬂ%anese tg\éﬁbr%/j%%ﬂﬁé A

cepresentsphosphorns amdfopasseelt; Y eppesdrity at lsasfone element
rePresents phosphorus and/or arsenic; Y 7 represents
&elacted froanibegreup wonsisting vt tioh r cobaith aickeh wopper, zine,
consisting of iron, cobalt, nickel, zinc, magnesi um
QRINGHHM s6leiHm, SN, barium, titanium, vanadivmn, ehromium,

@%ﬁt enm rmncanes?, shl ver, boron, silicon, alum num .
E; P9STeI MaRIAREREy FVar; orony sligon.alumipyy., oalliym, ggrmanium, tin,
B G bR, AbBIERT el LittBnichi! ihlfum, sutfur, selenium,

sel éni um
tellurium, lanthanum and cerium; X represents at least one element selected

from the group consisting of potassium, rubidium, cesium and thallium; and
subscripts a, b, ¢, d and e represent an atomic ratio of each element,
respectively; when b is 12, a is in the range of from 0.1 to 3, ¢ is in the range of
from O to S_and d is in the range of from 0.01 to 3 and e represents the atomic

ratio of oxygen necessary for fulfilling the requirement of the valence of each

element above,
[0019] |
| Aa Mo, Y'e Cus Vg Xy Oe 2
In the formula, Mo, Cu, V and O represent molybdenum, copper, vanadium

and oxygen, respectively; A represents phosphorus and/or arsenic; Y’
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5 tellurium |anthanum and cerium preferably sel ected
fromiron, zinc, germanium antinony, |anthanum and
cerium X represents at | east one el enment sel ected
fromthe group consisting of potassium rubidium
cesiumand thallium preferably selected from

pot assi um rubi dium and cesium and subscripts a, b,

cfepreserys atjleastione elamerdaelecied froonihe graupsoosistiagief iron,
FEHAE blekef affico macnsbium, alaia BIQR BT Wasiumy chromium,
g 8HR S B iR BB obC 3R, e,

08} sl Y hab i, B Il Botniom,

tfefuf@AgRnHariun® BhE cBhuf? ﬁ]%fei%?;f §él@?ﬂe¥i R Pl }in(:ogér);nanium,

and e represents the atomc ratlo of oxygen nécess

fantinhory, ilddthaguri R dr etiding; SOBsPre8éntd it 1t vAk&IEReRl selected
each el ement above, and besides, (c'+f + g) is in the

rfeorgdhefgrodp condstiyy ofpdBasdi@N2a]bidiinT, tdeeium and athalliyrst

from whi ch nol ybdenumis recovered is not particularly

| preferably selecied from petassilis rubidisun andaesium;t archsibscripts a, b,
pr,ofduci ng nmethacrylic acid is 20 usually used, and a -

&t a0y dangf [aprasantancatontie pliefiepchelement, Jespegtively; when b

183208 nfheiiBhds Bl o & BeadSrabalraic s oncaindn the renge
s o2 8o et o 01078106 B T am pio 20,
TRt om 0.0 IS 06 SRl kg 25 ey rom
d.0nkkaland distin theldashe 6f fetnD.0 18 3ppteférabliefré Ml 48 dland e
di spersion becones 8 or nore, preferably from8.5 to
Tepresektsthectomikemtio df @xpgen nedessary for falifilling theukbquirement of

limted and, for exanple, sodi um hydroxi de, potassium
thevalenge of eaeh ielamentahovied end bedides, (cirfong) is indbe range of

ue nia can be nentioned, and in particular,
3%&?@#52’]&[?2“ de is preferable. Further, when a
T@S?dgyst is totally or partially in a reduced state,
[ preferable to oxidize it by calcinations 5 in

i”‘: Elélrtggli, %:égﬁ’@k%ﬁgkfrg grf'iﬁél? AR %eretcwglle'aelgtno? batt&Gilarly
limited and a spent catalyst used in a reaction for producing methacrylic acid is
usually used, and a catalyst which has been stopped to use for certain reasons,
a catalyst which has been drawn from a reactor in the middle of its use in a
reaction and the like are also usable.
[0021) -
(Step 1)

A molybdenum-containing material which contains at least molybdenum, A
element and X element is dispersed in water first, and then alkali is added to it.

Amount of alkali to be added is such that pH of the resultant dispersion

becomes 8 ar more, preferably from 8.5 to 13. A kind of alkali to be used is not
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addi tion, or by chlorination, hydrogen peroxide

treatnment or the like after the alkali addition.

[0022] (Step 2) 10 Then, the resultant |iquid of

nol ybdenum contai ning material is previously adjusted
for its pHto fall within the range of from6 to 12,

and to the resultant |iquid, a conpound containing
nﬁ@’ﬁ@@'ﬁdwlﬂ}l\'@daﬂﬂ%&bﬁ)@'ﬂi‘ﬁlm sodivra hydeexide, nmgasnumieydromde

usted again for its

sty Tk ridhgodiim ehisiiede et asuepus aguBahiagan b mentioned,
CEFlsEharibiab SRR nphcBlas BREpiaEREe; o FHighat aten a catalyst i
' ‘ﬁ%’ﬁﬁﬁ'@ﬁ eRBde et PR F1S e S i fcimations
Wﬁ%ﬁ%hwf‘h Wﬁé‘m fRedtiford 8¢ fik liKYB&RYe g{e alkali

he “conpou

addltlon 0 contal nl ng magnesi um an

eaiiorg oﬂwmmmma@mc hﬁmrbgbﬁ pevorigé Hedtrhént @*tﬁéeuka*afnér the
one nol or nore of eac conponent per one nol

edlkaladditi@0. [ 0023] The conpound cont ai ni ng rmgne5| um
to be used when the precipitate is forned is not
d9P82kul arly linmited and magnesi um chl oride, nmagnesi um
sglf 1;2 magnesiumnitrate or the |ike can be used.
25 Furt her, pH of the liquid in the step 2 is

or dePa {8 /sBuSioEle! MohbRSTHE chTtaRHama il ixpreyiously
S5 BB i B S e
.05 S TS e Sy s
arrem) itherretottaneiiqilior Roadjnsrahajai for its! pHRd thIththln the range of

precipitate, and hence, it is not preferabl
dtana 6 toatRiif nekded, aritba preaipitatd eohtaining at ﬁaamb nmgriefsrum and A

nesi um becones nesi um hydr oxi de, and hence,
dﬂemﬁﬂgﬁéoﬂﬂed\ elt weﬁeﬁerﬂglﬁomemmunsdﬂubbnnateralq by fiiiation or
the like from the solution existing before the compound containing magnesium
and aqueous ammonia are added. Amount of addition of the compound
containing magnesium and ammonia when the precipitate is formed is
preferably one mol or mare of each component per one mol of A element.
{0023]

The compound containing magnesium to be used when the precipitate is
formed is not particularly limited and magnesium chioride, magnesium sulfate,
magnesium nitrate or the like can be used.

[0024]

Further, pH of the liquid in the step 2 is from 6 to 12, preferably from 6.5 to 11,
more preferably from 7 to10. When the pH of the liquid is less than 6, a
precipitate is not formed or insufficient if formed so that an uptake of A element

into the precipitate becomes insufficient as weli as a rate of recovery of
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The conpound to be used in adjusting pH of those
l[iquids is not particularly limted and, for exanple,
hydrochloric acid, sulfuric acid, nitric acid, acetic
acid, ammoni a, sodi um hydroxi de, potassium hydroxi de
or the like can be nentioned, and anong them

acid and anmonia are preferable. 10

hydr %Plori )

[ é‘tﬁ’i\gi Gnum 599?@9@ 1% becauseamananiem daglecaniadybdophosphate is
[ g f 1] f1, ddi h d

AR Al LR R R, s
al ! i . be hal di . . .

S g S R A

¢ h N
RO i Monboar ek £ A flbfieht BRtamB Tiiior
i joo2gy be stood still, but preferably it is stirred.
[0027] (Step 3) The precipitate containing at |east

maditestompaund o bé esedin AGUERAG bl éftRosahquias ARG PAREularly
precipitate formng step is separated froma sol ution

dimigesh aad nfon gxamples sytraohlordacidns lfueic okt ettric acid, acetic acid,

mol ybdenum contai ning liquid). A nethod for
s%'ﬁé 10443, §9diusa hﬁﬁ@?ﬁlc&,mﬁsiu‘m thydraxide buthedikei Gaminé mentioned,

particul ar [{m,te and general nethods such as
f?a'?‘{ ?E‘Pﬂeﬁhé@pbvﬁﬁcgwﬂ and gameniagarg magtergble.
fbgéé tion, filtration under pressure, filtration
Jn er' reduced pressure, filter press and the |ike or

-~ L.an , Lj . ,
[ o0 a5 PreBable f6 Ao Rl 892 i BaRi ol fife ity adding the
mnybuleret corfiaifiy Magesilil aidagussOaMdHia% Itk Blecipitate.
obt ai ned by separating the precipitate contal ning
wtdhisdinen the hokding timenis preferaisly weshdioii 6.8/t ZShaurs 24hd

a

material of nolybdenumin the production of
dempevature oidheiguid istpreferablyfacomid frofroroos fsrageiaRire)to 90°C.

Slghfsf‘ §DH of the solution to forma precipitate
& natding the liauid; it may bersteed stil, g prefecably it is stirred.
rﬁééﬁdenum containing precipitate). 5 [0029]

(Step 3)
The precipitate containing at least magnesium and A element formed in the
above-mentioned precipitate forming step is separated from a solution

containing at least molybdenum (recovered molybdenum-containing liquid). A

. method for separating the precipitate from the solution is not particularly limited

25

and general methods such as filtration separation method including gravity
filtration, filtration under pressure, filtration under reduced pressure, filter press
and the like or centrifugal separation method can be applied.
[0028]
(Step 4)

The solution containing at least molybdenum (recovered

molybdenum-containing liquid) obtained by separating the precipitate containing
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At the tinme of form ng the recovered

nmol ybdenum cont ai ni ng precipitate, pH of the solution
is preferably 3 or less, particularly preferably 2 or

| ess. A conpound to be used for adjusting pH of the
solution is not particularly limted and, for
exvagnesiumtanay elenetit candie asedbyiitssina® birawanhtbrial of
nitric acid and sulfuric 10 acid can be nentloneg, and
arfaeiybderum imthe prodactich of a bxtilyst, howéverai¢ ishreferable to
preLerabI e. After adjusting pH of the solution, it is
peEPeeauRntlyadiuglint ohthe saliontarforn al precipitafeocortaining at least
certaﬁn'ﬁgﬁiod of time to forma precipitate. At this
t ilybdenim (recavergd: malybdenynegastaining precipitate) r om 0. 5
tfon%Q hours, and tenperature of the solution is

pre Jabry around fromroomtenperature to 90C. Wile

15 b b BB BB s, o
oot BN, L U O 2oy .
| combednans be et Fbr AGUERIEPH '\ 'ﬂ)é‘éotplﬁ{)é ?ﬁ?%ﬂiculaﬂy limited

separation nmethod including gravity

f and,rfat erampled strong @skisrsuchfds hydrbeiiBrie Bcid) ARfic bersRf sulfuric
pressure and filter press or centrifugal separation

n@¢it s@ndinmestionrd; candramong ther fwitriceaciy oF &iddrochloric acid is
m):%é}ggrum containing precipitate nay be washed to
r & s Aftas@djusting pH oftbesolition, itiis preferableteholdithe

R0l st o qe??s@'érﬁéérilzdﬂ abis 46 farm éiﬁg&?mg At this time,
T i O ST E AR AR —
SHo S 8 B Mo ok SRS . i
drolding thé seltoA ATy be BBl Ishf, BiRHreleratly s Sifre.

0.1 no or e¥ fg

precipitate is preferably S per
f0033] of nol ybdenum nore preferably 0.05 nole or

- less. 11 [0031] Wen the recovered

mofymetedifot separating theprazoieiedanelybdehomesshtaining preeipitate
recoyered nol ybdenum containing liquid, the liquid may

&M 55 holtaruiginehpariculasiydindteckendigsrentl metbodsisuch as filtration
%gbéfqgﬁun} Q Lainina natﬁr@al_mhiph is arawb5 .

.a} l. g0 p deglydinggraviiilikation f!ltmfmnjutaﬂer pressure, filtration
BhEEH Ridudb8 Prasdtit indTidr pAds 0 ceh rﬁnl.lgal separation method can be
used. Further, the recovered molybdenum-containing precipitate may be
washed to remove its impurities if necessary. In this case, the washing liquid is
selected in view of use or solubility of the recovered molybdenum-containing
precipitate and, for example, pure water, dilute aqueous solution of émmonium
nitrate or ammonium chloride can be mentioned. As the recovered
molybdendm-containing precipitate after washed, each amount of sodium and
chlorine contained in the precipitate is preferably 0.1 mole or less per 12 moles

of molybdenum, more preferably 0.05 mole or less.
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for producing a catalyst, it is preferable to

partially or totally renove vanadium fromthe

sol uti on depending on a conposition of the catalyst to

be produced. A nethod for renoving vanadium fromthe
liquid is not particularly limted and, for exanple,
a[d@®tod in which pH of the recovered

nol ybdenum containing |iquid 10 i ncludi ng vanadi um

ot h&harhihe necbyérédmolybdermutnuwohednihy précipitte g farfhad rom the
is renmoved fromthe resultant |iquid by adsorption
wireepvereg molyhdanum-gantaining tigaidgther legiichnary cornainhvasadium in

preci pi tation separation bg usi ng ammoni um chl ori de
&%ﬁ%ﬁ%ﬁ%nﬂm@r@ armelybdenumsontainingreaterial which is a raw
r i.nlg vanadi umis, pot particularly |imted as |ong _
ag{%}i\é”? Of (REQVREING.- o YWhienthe Jauid atiregjpitate ipHaed ps edaw material

taini ' .and I t .apd bef f '
RSB B TS TBhl CRi reatcl Lt

j [ oR, t d

| A8 7he SoldiFaidrei oh BB Aol o IR e producea. A
o i ToNIng LB PGl R Sortb ity ielana for

Hexample!, eanethiobiein weticty pHest the ki iinihil8ontaining liquid
liquid and the recovered nol ybdenum contai ni ng

pinetuding varadivm ctheothermelybdenurhtio gdjustad fist and vanadium is
"recovered nol ybdenum containing material"”. A state

dJiemaoned e\ the sesuitany liawd by: adsorplior wilh axweak basito be

used I n the production of catalyst |Is not
FAior-sxchange fesh o a matod e peeribiiation sepecatiombyasing

%“?‘f’ﬁ’é‘é@%&?{%@?ﬁﬁ@f@iﬁé%Pﬁé!%tq%r@%m%j@%paé eBFmL%gH
SR 1 Rl R R0, B
rseparatigthel me§i@[téte%8rﬁéinirfg'1ﬁtagﬁé‘§it9?ﬁeéﬁA element and before

nol ybdenum cont ai ni ng precrpitate can

@atroingithe rédoveved ndlyptrdértinpcohirhg prédisiate00 to 600C
under. an atnosphere of oxygen-containing gas such as
49932k or 0.5 hour or nore. [0033] (Production of

cahﬁtréséi) 5 1n the present invention, a nethod for _
pr §santiavention, the repsverad molybidenuim-containing liquid and/or

the recovered molybdenum-containing precipitate thus obtained can be used as

a raw material for producing a catalyst. Herelnafter, the recovered
molybdenum-containing liquid and the recovered molybdenum-containing
precipitate are also expressed altogether as “recovered molybdenum-containing
‘material”. A state of the recovered molybdenum-containing material to be used
in the productibh of catalyst is not particularly limited and any one of a solution
state, a wet state or a dry state may be chosen. Further, when a state of oxide
is desired to be used as a raw matetial of a catalyst, an oxide obtained by
calcining these recovered molybdenum-containing materials, in.particular, the

recovered molybdenum-containing precipitate can be used. ‘Calcining

12
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limted and can be properly chosen from various
met hods such as coprecipitation, evaporation to
dryness or m xing of oxides in accordance with a
state of the recovered nol ybdenum contai ni ng materi al
which is used as a raw material. 10 [0034] Further,

i contitionds prafefably fronri300 ROG6E0TRUANMSAN atriesHHRFE ¥er €d

mol ybdenum cont ai ning material and/or its cal cined
meKEgeRconiaining gasstichlasrair, ford.5itounec arser y, toget her
%t]he other raw materials of nolybdenum such as

t whi ch are recovered by a nethod other than the

N ' d 1 [ hod d d f
TR oD PEEME: ci naf ter | these are bl 90 expr eseed
g . terials of molybdenunt) A method
£ 0 K bty
S G4 By AT R SRR £
. i i ik | .
B e aorh (Y e B A B SHBP 1 B Gpgee with o
t state efihetrasbvereddfolybHEMIA oM AiAk ﬁ%gferia]’%hl?:h% turslgﬁ as a raw

acid followed by dissolving It wtRh agueous anmoni a,

ridgterialg the resultant solution, adjusting pH of the

solution by nitric acid to obtain nolybdic acid,
Q§6]ving again the nol ybdic acid with aqueous

a nja f.ollowed b concentration and crystallization
0 T@’i‘?@mﬂ a#'ﬁ’ H‘Q&hfpé forripducing acatalysty therdcoveeed

' hrough. cal ci nati on of anmmoni um par anol ybdat e
%B%pgﬂﬂ'}%&iﬂ%&'%’ﬁ'a&% ) ABHlof ds calcinast matarial may bawsed alone,

t: i vered .
RS eSS SSqd i o SHRL PG rmensat ot o
2664 WhidH aresr ' i Thar? theP Qovd-Hiehtish
car bonat es‘?l aggtg g?rgg %fa%r%ﬁéé#tsﬂae{r%éﬁg;ﬁ %tg%\{e-ﬂ‘@n loned
netoweringomethtber srodated e m'ogma@ '
conbi nation. For 'g?an'pl e, as r abvuﬁg?'rgf@grﬁﬁgﬁé@these are
lso/expressed asfthel athepeavanterials bf moR &AM A method for
trioxide, nolybdic acid, nolybdenum chloride and the
Preeucing agaw ipateriah of awldenam otheethan thefabovespbatiosed
osphori c % d"i%'ehos horus pent oxi de, 5 ammoni um

B ﬁﬁ%‘? malybdenum+coptaining natetaldg not particularly limited and, for
example, a method in which ammonium paramolybdate is obtained through
calcining molybdenum ore, washing the resultant crude molybdenum trioxide
with nitric acid followed by dissolving it with aqueous ammonia, refining the
resultant solution, adjusting pH of the solution by nitric acid to obtain molybdic
acld, dissolving again the molybdic acid with aqueous ammonia followed by
concentration and crystallization or a method in which molybdenum trioxide is
obtained through calcination of ammonium paramolybdate or molybdic acid can
be mentioned. Moreover, a raw material other than the recovered
molybdenum-containing material to be used in preparing a catalyst is not

particularly limited and nitrates, carbonates, acetates, ammonium salts, oxides,
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[0035] As a practical nethod for preparing a catalyst,

for exanple, a nethod in which a dried material of a

slurry containing at |east A elenent and X el ement

together wth the recovered nol ybdenum cont ai ni ng

material and the other raw materials 10 of nol ybdenum
nivalites ef oryEvids Bhesdh elenmiengeah ben -

calcined or a rrg?}%%h ?!ﬁ whi gﬁhg%}r@i@ggﬁ%@(htbﬁaglon. For example,

castaraw nmtantialldmwb\dahmma@mnﬂjmlﬁpé!r&ﬁa%daié?Qﬁélgﬁéenum
with the recovered nol ybdenum containing rmaterial and

t féoxidegnolyhdic anid,emblybdentmraiigrivitcanditiieciie earebe ¥88dand as a
which is used if necessary are calcined can be

mERYiraatedal ¢fphasphorus, phosphoriciadidy phospiocisigertoxide,
catal yst., 15 en ampunts of addition of raw materials
céme%‘WPH‘gP'é? ® andithe Hke sab Beyused. conponent s are
afédé’ssted in view of the anount of the inpurities

0 ||latingfrom the el enments which are included in

s e® SIRHEEEE mih o RS ERTH B Bl o7 e EimRle, srmetfipd in which
b IS R T SR —
ewiththe reowveredmolfBisHunboR@Hing g@gﬁcﬁjm‘ﬁlﬁéoﬁhéﬁaw materials

adj usted by reducing the anount ition
al

elyaienumaventicaed abeve whithes esed devdssan &% &éined or a
be adj usted by suppl enmental addition of aqueous

ameihndin whichisddriechmixtutencontaininipiat least Aélepmdrtemid MXefement
cesi thm i S aﬂeust ed by reducing the anount of addition
oegpties with tHeecevaredspolybdenymmontainiog reateriahgrd the other raw

AnaidHeSs 6 ofcERlim efibrsd Bheyd whichfa %‘EQE@'ance:s:Ly are

| ' if LS t hat ia | I,
(SHGAbY Pon e mRN G o Pler L ot ioR e ids A ety
A stk ANl o B e i o ot

rapympdreerts arb adjustetin vieWaPtHetarBUntst thé ﬁ'ﬁﬁulﬂﬁas orng'nating from
ammoni um salts of nolybdic acid or phosphoric acid.

Ahe elementsavhioh ace tneluded.indhe recovered atoNBdenlini-2oAfining
nol es er 12 nol es of nolybdenum particularly

pratedakio he usedas 2 raw material, asupplemental ameuitiof raw materials
ae%?\gléjnrp tS% grgtgatte %’f cS‘L%%? iiolgg b%?a:iggg ?nctall'urebr%r\:va%%t:rgals may be
added. For example, when an amount of addition of vanadium is adjusted by
reducing the amount of addition of ammonium metavanadate, shortage of
ammonium ion can be adjusted by supplemental addition of aqueous ammonia
or when an amount of addition of potassium ar cesium Is adjusted by reducing
the amount of addition of potassium nitrate or cesium nitrate, shortége of nitrate
ion can be adjusted by supplemental addition of nitric acid.
{0036] |

In the present invention, it is preferable that ammonia Is mixed when a

catalyst is produced. A source of ammonia Is not particularly limited and
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amoni um nitrate can be nmentioned. These salts may be
used alone or in conbination of two or nore kinds and
not particularly limted. [0037] |In the present
invention, a nmethod for m xing ammonia i s not
particularly 10 limted and, for exanple, a nethod in

Wmﬂnmwmawu%m%&ﬂﬂﬁ%ﬁ%ﬁ{onﬂ]rﬁ REltS bf‘?at‘i&fs acids may

recover ed nol ybdenum cont ai ni ng mater | 'n wa

misiehgsld. | Fusther aramonimag Benhi@des a?ﬁmbhium‘saltﬁ bﬁﬁﬁlybdlc acid
Is added after heating and stirring a liquid

c onphioaphesiaaciteadmaunt of amoneniado be used is preferably 1 to 17 moles
mol ybdenum containing material, A element and X
eIP@fré Atmakegeaf melybdenum, patticdlady prafetably2 fto ﬂednd!és As an
erature can be nmentioned. Further, ammonia to be
nﬂqgﬂow palt i arameRkiM sarkomaie Mmoniuen hm@genearbonate or

RO ERET BERER P kg PaPTos” JieaR RIS My WepaRans of in

el R Ea ot mfrecibd dpt ot PeBUEu @A of o

cpgdzyst of the present Invention, when a step In the
producCti on proceeds via a state of solution or slurry,

te Nhethétpﬂé%rﬂﬁn\ié?ﬂlcnsakﬁéth@& foF mﬁllrg_:{lébhnma *i’segb aﬁaﬁ?ﬁﬁﬂy

as that in a normal nethod for producing a ¢

i imited aind; for exaawpler & thetmod horhichaepebas ranﬁraomat i§ faldabd after
of the present invention |Is not used, but can

| dﬁéar&!mgatha tegovened: molybdenain- mmnmg materizhirt wat'erm‘r a method
t steps or in the entire steps. In that case, it is
icBinaepys gﬂw@ﬁﬂa;pr @elm@nmnm elttaie is atqbad after keating and
a particle size

PG ﬁﬂidt@ﬂc&ﬁtaﬂﬂéé B et @eavwmmelyegenumtmtammg
chrifenl, Bl arix BlerhpGihes? rPlind B1A Sophd fria e
%"ﬁ%%ﬁe cah ?%’?E’P"&“ﬁ f@@ﬁ%@*ﬂ“‘aﬁig 55 FIECHEY & he one
t dumtainedhn tﬁ@fdt@dere{m%%deﬁuﬁf- q‘ﬁg\mlf °Usmtg various

drying slurry is not part|cularly and a

Fausinaterial$ oantajriey dmmmaa:o&nmmndfdﬁé nofméy0séd lh?ﬁroducmg
or the like is usable. In this
a catalyst can serve as an ammonia addition.

[0038]

Further, in the production of a catalyst of the present invention, when a step in
the production proceeds via a state of solution or slurry, temperature of the
solution or slurry may be the same as that in a normal method for producing a
catalyst, in which the recovered moiybdenum-containing material of the present
invention is not used, but can be lower than that In the normal method in a part
of the steps or in the entire steps. In that case, It is preferable to properly
determine the temperature of the solution or slurry in view of a particle size
distribution of the precipitated particles in the slurry, moldability of the obtained

powder, pore size distribution of the catalyst or reaction performance of the
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case, the resultant dried material (catalyst

precursor) is preferably powder in view of the

subsequent nol ding. The dried material may be nol ded
directly or after calcined. A nethod for nolding is

not particularly limted either and, for exanple,

t Jakalystrahdi ' ' | Aol o
Sy B AS torfpOraNTe 1 TR (914D, oté Breferably 0 to 30°C
Adowectanithat infthe mopmat meétiert, al yst, for exanpl e,

inert carriers such as silica, alumna, silica-alumna
af@038]l i con carbide can be nmentioned. Wen nolding is
carried out, additives, for exanple, inorganic salts
suchugBen amathoshfor deyingalurmyrisront patticulariydimited and a method

| ubri cants sucgﬂﬁs graphite, organic materials suc

a¥Stg & QPy d¥pe dryer chspigy diyema dramcdiver orihe I'&cteéausagle. In this
e O e S
o e B blsBGlentinolify. 1, gy fatBAGR, be FagiEed directly or
haner valinen, Mmoot foidihg s hat B ABpRY SR NP g, for

Vieramplaratsietmalding, eéxtiugicrameidiesl grambiatioRtd i
car r'ingd out eit herg befL%ir et Ele' m),lggg?lg?%céi@ﬁgg@éoﬁﬁamer or
ptiekide can be meertiomedor Aisma téreier ofislsportet gdtalyst, fheexample,

nol ded article has been packed. Cal cining conditions
cheriearipes suchcas giliea alumire; silica-altminscard siticomearbide can be
depending on raw materials of a catalyst to be used, a
cHestioaed . oY¥ien mplding is garded ouh gdgitives: fosexample,Haorganic

B8 UV e Bt Sieft fndRrtoenivis misbte, misante.satyas graphite,
i nd ' / ' .

oraRpERIGRIN S cH BY o3k Shah, Bl iV pibhnalid siafc acia,

hidrexideQiifs dudiPas Bliied 4ol ARd aﬂfmiﬁﬁ%ﬁﬂﬁlﬁ%@?@gﬁdﬁ% such as

Herei nafter, a reaction condition i

pwhisker, iasseiierand dzebers fiber, oh ke ARG B MOPerly added with a
catal ytic oxidation of nethacrolein is”explained.

[\lewap cobtrallingaspieicific suvfadbtdrea, poretvolume aadigure-size distribution
reaction is carried out by using a
and improving mechanical strength of the molded articles.

[0040]

When a molded article is calcined, calcinations may be carried out either.
before the molded article being packed in a reactor or in the reactor in which the
molded article has been packed. Calcining conditions can not be exactly. said
because they are variant depending on raw materials of a catalyst to be used, a
catalyst composition, a preparing condition and the like. However, they are
preferably from 300 to 500°C, more preferably from 300 to 450°C, under a flow
of oxygen-Containing gas such as air and/or inert gas, for 0.5 hour or more,‘
more preferably from 1 to 40 hours.

[0041]
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cat al yst produced by the nethod of the present
invention is not particularly limted and a publicly
known reaction condition can be applied. [0043] In

t he gas-phase catal ytic oxidation reaction, feed gas
containing at |l east 10 nethacrol ein and nol ecul ar

oxPordudtisncfmetbheylivatiy)a catal yst. Normally, a
tubul ar reactor packed with a catalyst is used for

r eablereinaften aureactien tondition muhiel dagb Wi prodiusied Aiethacrylic acid
equi pped with a ot of reaction tubes is used. [0044]
ciesiahraas-phasst catelytia oxidation of methacrbkidisgeplained be
CﬂﬁﬁbCiin a w de 15 range; however, it is preferably

f to 20% by vol une, particularly preferably from

uch 48Ul eS Y i htsade ek a aastan o hgalen autbyviaing a

PR Al R Relnadlor HE BFEs el inviigan s hetoarticulal
Ehch BEP'e G e

[ IREPH T RRLPRN KBMEATH S ur i bERRBte T e

f fogd3gas and the anount of nol ecul ar oxygen in the
feed gas is preferably 0.4 to 4 tinmes In noles as nuch

as Intthe gaswphaselcatmiiticoxidbBom reatibhi fyédégdsvcd?ﬂﬁf]g{gaa'wast

0.5 to-3 times In noles. As a source of nol ecu
oRgdhacrolein aad malecyasoxydenl is contictéd with laycatag6i. t drenally, a
to 25 use air, but oxygen-enriched air by pure oxygen
cHiRuERrsgaeior paeked with secasalyat is. useddor teactiont Industrially, a
preh?raqle that the feed.gas is diluted with Inert gas
STLfituRU aﬁrﬁtchfgeﬁﬂ%ctwrt Grotipireaghontubestie tisedpor .
E@Bﬁﬁi 17 Reaction pressure of the gas-phase catalytic
rdation is fromnormal pressure to several

o R R B g B s pcni

Fanps ol 2 EMGERAtat 40% B/ MRl proteraty
sfearn &dte. 109 by volume. In raw methacrolein, impurities such as water and
lower saturated aldehyde, which do not substantially exert influence on the
reaction, are included in some cases, but those impurities originating from
methacrolein are allowable.

[0045]

Molecular oxygen needs to be contained in the feed gas and the amount of
‘molecular oxygen in the feed gas is preferably 0.4 to 4 times in moles as much
as the amount of methacrolein, particularly preferably 0.5 to_3 times in moles.
As a source of molecular oxygen in the feed gas, it is Industrially profitable to
use air, but oxygen-enriched air by pure oxygen can also be used, if necessary.
Further, it is preferable that the feed gas is diluted with inert gas such as
nitrogen and carbon dioxide or water vapor.

[0046]
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EXAMPLES [0047] Next, the present invention is
expl ai ned by using exanples. In these exanples,
"part(s)" neans part(s) by nmass. Further, quantitative
anal ysis of 10 elenents (or nolecules) contained in a
material was carried out by ICP em ssion analysis or

at dﬁéact%pﬁ&%b@oﬁhé'%&?ﬁaas%tﬁl%& bﬁid&tl@ﬁ ig ﬁ&mfrﬁﬁﬁwal

gas and products int producti on of nethacrylic

aptessuess tacseverabiatmdsphigrig psesstine o nReacticPiampdraiféls ?referably
15 Aratio of recovery of each elenent, conversion o

ne@® i AB0 T rmare pIefenably 2500 460°C.1 aContacl trmé io¥ tHeyfeled gas with
thacrylic acid roduced and yield of methacrylic

a eocatﬁ%t @&fﬁfﬁ;@ d.% & 18%econds 4opre prefarably® tsf 7 seconds.

recovery of each elenment: 20 Ratio of recovery (% by

mass) = (W / W) x 100 Wherein W represents the

anount by mass of an el enge tained in an obtained

conmposition and W represeﬁ%‘ﬁmﬁ%munt by mass of an

eligg t contained in a conposition used for recovery.
050 25 b) Conversion of nethacrolein which is a

r M1l ki gresestah&ition "sSé %i?é@b?%g@ﬁﬁ)&n?ﬁlbg In these

produced and per pass yi el I'C aci d:

Goaareples Oipact(s)reidzrer parE)by sk Fu('tﬁef @haﬁtﬁa@@e analysis of

Selectivity to nethacrylic acid (nol%

rlementytos myleculdspdontainieddn pimatesial Was tratrﬂé)d Gut(b? ICR) emission
x 100 Wherein A represents nole nunber of methacrolein
ﬁﬂ@gﬁ‘% ar a@mlémbégmtw analysis.nufibe analysiseofithe fesd:gas and

rea res nts, nol e nunber of nethacrylic

pro u%pgaﬂleeeroc@ F @ethacryllc acid was carried out by gas
chromatography.

[0048]
A ratio of recovery of each element, conversion of methacrolein which is a raw

material, selectivity to methacrylic acid produced and yield of methacrylic acid

are defined as follows:
[0049]

a) Ratio of recovery of each element:

Ratio of recovery (% by mass) = (Wr/Ws) x 100

Wherein Wr represents the amount by mass of an element contained in an
obtained composition and Ws represents the amount by mass of an element
contained in a composition used for recovery.
[0050]

b) Conversion of methacrolein which is a raw material, selectivity to
methacrylic acld produced and per pass yield of methacrylic acid:

Conversion of methacrolein (mol%) = (B /A) x 100

Selectivity to methacrylic acid (mol%) = (C / B) x 100
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Ref erence Exanple 1 (Production of catalyst A for use
i n producing nethacrylic acid) In 300 parts of pure
wat er, 100 parts of anmmoni um paranol ybdate, 4.4 parts
of ammoni um net avandate and 9.2 parts of cesium
nitrate were dissolved at 10 70C. To the resultant

sol Pet pass giewwmbtrracmcaém%B%F'gge%g{@o@- 7 parts

of 85 mass% phosphoric  acid i'n rts pure wat er

wasWiuateid Aurapresents tndle remiber ofmathabroin suppled; B reiSsents
added and heated to 95C with stirring, and a solution

oMele memnbey ofinsathacrofejn tedctpdy arsd Of repraxepits Miolé AUMbeR of
18§‘§arts,of pure water was added. Further, the
r Bgihaenyiic acidduopduerd.d was stirred for 15 minutes 15

aLOgjﬁi and evaporated to dryness with stirring under
h g. The solid material thus obtained was dried

f ' dth | ded, d
¢ BB Eidaitle 100 parti ol os whi oh wer o passed
. ' Si d .k
o FyBdtEtich, ot iy EFA TG dod B RHoRHo b RS BBV BRI ang 't ne
| i .
o SO parkeet prepatéf. b0 jeis Jf &friohith pARirolBliat, .4 parts
cohgridnium meevandate aid 9048815 oftbsfum Mitlate %Fé?e%lissogved at

Cuo.1 V0.6 Csi). [0052] (Test A of the production o
nE@Kacrid the resutiant soliition; at sulytiin dbtaffedRCHiesolving .7 pfarts of

reactor and a m xed gas containing 5% by " 25 vol une 0

8} Mass# phespharin asid ol Q partsiof puye waterdeds hgdedhndthen 5.5
of ter . vapor. and 55% by vol unme of nitrogen was

p%rﬁ@afe@m hirioxide was added iad haatesty 9510 withfstind@and a
YA HLORE B by T SHorsipess e b foertsof ure
RBEWBIAAE ot ho o R AT VA or 15 minues
IO SRRy LW B R T e
Trateripbthud obtained was dried for 16 hours at 130°C, and then pressure
molded, and further, crushed, and particles which were passed through a 1.70
mm-mesh opening sieve and kept on a 0.85 mm-mesh opening sieve were
fractionated, and the resultant particles were heat treated at 380°C for 5 hours
under a flow of alir to obtain catalyst A (the composition exclusive of oxygen: Py ¢
Mo12 Sbo.g Cug s Vg Csy).

[0052]

(Test A of the production of methacrylic acid) -

The catalyst A was packed in a reactor and a mixed gas containing 5% by
volume of methacrolein, 10% by volume of oxygen, 30% by volume of water
vapor and 55% by volume of nitrogen was passed through it at a reaction
temperature of 290°C and contact time of 3.6 seconds. As a result, conversion

of methacrolein was 82.9 mol%, selectivity to methactylic acid was 83.7 mol%
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for use in producing nethacrylic acid of Reference
Exanple 1 (the conposition exclusive of oxygen of the
catalyst: P1.6 M12 Csl1l) and by using this catal yst,
the test A of the production of nethacrylic acid was
carried out for 2,000 hours and the spent catal yst

vwansdrer peass §ibld bhme@adiphd aciafwdd 6o Ramemer ed catal yst,
56. 3 10('!’;-?2&(9"313 of nol yb%rgium 2.4 partsgof phosphor us

af@0aEB]5 parts of cesiumwere contained. To 400 parts
of  pure water, 100 parts of the recovered catal yst was
dEé‘p@'tP;&Qad. To the resultant dispersion, 130 parts of
4?ﬂmass% sodi um hydroxi de aqueous sol uti on was added
a

ecqvery ehimolybdenpuis at 60C. The pH of the
respltant solution was 12.3. The sol ution was
neut Pa%'s?éw&raﬁuqe%dtﬁg S@m&rﬁ@fwr@mrbm Wpducfmf of catalyst A
o1 B0 g iethalting o e isite Eoiamb ine compositon
1830091 S it B 2 US4 TR s, e
VRSt AT Hsd ?del@tign Iy ngéiﬁ%él}?ligaciWéo LAMETBLR gﬁf;ﬁfﬁﬁbﬁrours and

and kept at 30C for S Wth strrring, T
pihecspaint shiedystwae rebovered Masi160 ‘i)la}tﬁ%fgl?é &%ﬁg&%d tatdlydt, 56.3

(recovered nol ybdenum cont ai ni ng |1 qui
sty of malybgdenuin, 2at pans of phespidraé ahties.5 pareof edsium were

nol ybdenum cont ai ning |iquid thus obtai ned was
qriained. + §0 400 paytsnfquig vaserd 98 parsiofdhe recoverad catalyst was
and the re?ultant olution was kept at 30C for 3
HUISRRISEA 118 {he FasuiantEParsian, Jid0-asts #hA5 FesaPnsetivers
fy d d d by 2 % [ itrat
ORI SR P08 Wastadier and FRFSU IR A hoUsALAMEng The

: , tai i
TR R, reputart ARAAWES 32 3, TANC BTN B BhiRtlded topH 7 by
e oetoeggid, Bhd e bubBptiipd By legRAY 8.5 parts of

phagmdsiumschierideledxatg/deatead 50pdritcofl e witefand 4.5 parts of 29
nol ybdenum contai ning material 1. [0054] (Production

dnagsit fqueous prrheniaavere added, andffutther, teecpMafeke resultant
gﬁ%ﬁ%&ﬁﬁgmgg %:ﬂ?nrgi/a?é m]iisggg gggielgtj?mdagnggr;a,ram kept at
%f *€%or3 hours with stirring, and precipitates were thus formed and the bottom
liquid (recovered molybdenum-contalining liquid) were separated by filtration.
The pH of the recovered molybdenum-containing liquid thus obtained was
adjusted to 1.0 by addihg 36 mass% hydrochloric acid and the resultant solution
was kept at 30°C for 3 hours with stirring. The precipitate thus obtained was
filtrated and washed by 2 mass% ammonium nitrate solution to obtain
“recovered molybdenum-containing material 1”. The recovered
mqubdenum-containing material 1 contained 55.5 parts of molybdenum and 2.9
parts of cesium. And, at this time, ratio of recovery of molybdenum was 98.6%

by mass. Furthermore, phosphorus was not detected in the recovered
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water and 29.1 parts of 29 mass% aqgueous anmmoni a was
added to it and the material was dissolved at 60C. In
the resultant solution, 4.5 parts of anmoni um

net avanadate and 5.2 parts of cesiumnitrate were

di ssol ved. Then, a solution obtained by dissolving
8.reolybdesumtcdifiaingeifatdrasphoric acid 10 in 10 parts
of pure water was added, and further, 5.6 parts of

arf@V®dny trioxi de was added and the resultant

solution was heated to 95C with stirring, and a
sdPradustionf gatalystdy di ssol ving 1.2 parts of copper
nit%ﬁte ip 10 parts of pure water was added. The
amp AP 188! ameynt af the reseveredumelxhderumtnantainingsmaterial 1

B 4S5 SR AL b Bo et of e
T T SR
’ | . edr e
CiNSBAE AL BRORRAABOY, T RSO CRURAEY A ReblEe
| ammenluR] AeIARINANEY hhd 53-pEOb! BRIGHIESTN P iSsdived.

to obtain catalyst 1. The conposition exclusrive

oXhgena sbiutiba abaainky by dissNing'8.$pdRd 3f B5 sy ?hésﬁl@od'ic acid

Vo.a Csl which was the sanme as the catal yst A produce

| i R parte of puexwateravasi adde) soid futtiies 5.6 pafts oh antimony trioxide
production of nethacrylic acid) By using this catalyst
1wa added and ihe resultars solidion/was heatedrte 9586 avithostirzifg, and a

condj.tio aseéiBat,i n the test A of the production of
~alition gbtained by CRENIHL 2R o4 RomRSF a0 Tt pur
. . 83 o it
CRRE R "L ol e Vs 1.
' ' 3 0 ; .cat t.1
nIE et 12 kot okfBehd”, FIRMheh sARTpbald i6G e Shtrted for

BGmiheted v -
o e ot op oDy fen, FURMGIERR S drhnch W s8Rl heating,
fthe seliRmaderididus obtairndiwhs gtied, Ploldte cRISPAC traBflorddted by
net hacrylic acid of Exanple 1,

sieves and calcined in the same manner as in the production of catalyst A for

~ use in producing methacrylic acid of Reference Example 1 to obtain catalyst 1.

The composition exclusive of oxygen of the catalyst 1 was Py M042 Sbog Cup.1

Vo.s Cs1 which was the same as the catalyst A produced in Reference Example
1.

[0055]
(Test 1 of the production of mefhacrylic acid)

By using this catalyst 1, reaction was carried out in the same reaction
condition as that in the test A of the production of methacrylic acid and obtained
the following results. Conversion of methacrolein was 83.0 mol%, selectivity to
methacrylic acid was 83.5 mol% and per pass yileld of methacrylic acid was 69.3

mol%, and the catalyst 1 had the same performance as the catalyst A.
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55.1 parts of nolybdenum 2.4 parts of phosphorus, 4.5
parts of antinony, 0.3 part of copper, 2.0 parts of
vanadi um and 6.4 parts of cesiumwere contained. The
el emental conposition exclusive of oxygen of the
recovered catal yst was Pl1.6 Mpl2 Sb0.8 Cuo.1 VO, 8
cd0056]n 400 parts of pure water, 100 parts of the
spent 10 catal yst was dispersed. To the resultant
JE%%H@?&%, 130 parts of 45 mass% sodi um hydr oxi de
ggégous sol.ution was added and stirred for 3 hours at

CaYRIYiof ynohkdenim @s rermoved by filtration. The pH
ol ek o
nerQEASHRd 5% st e hrlicilol e esbRsvie aciah Frample 1
AT e g P 0.
Séxpan ofeoppér, 20 parté Bﬁvaﬁ@di@ﬁlleéﬁﬂ 8i4 Lﬁr@'ﬁé’ SEEUTh Wt contained.

anple 1. The recovered nol ybden cont al ni ng

n&he relerneftat composition BXxchisiay 6ffo>§fpeﬁfdfmé1 ?ébd%rédatéatalyst was

parts of vanadiumand 2.6 parts cesi um And,

t Fi.s MQ128bo.s Biue.1 ¥o.s Csaov & $0Q Parts offplscoeatart 0®paids oflthe spent

% by. mass. Furthernore, phosphorus, antinony and

c st wasdisparsedt efa the rasuitaet dispersianed 30 parts of 45 mass%

nol ybdenum cont ai ni ng nateri al 2. é 005;& (Producti on

oPORUTIArDXSE agugopig salutienuuas added Aad siredderd hours at 60°C
i.pin terial 225 0 i ped ahove .

(B RO TEe ResTo MR rafen o T BELAY B reSifE seltion was

a2 TGt s Heated Bl i Bime it s 46 Hecovery of

dinelybldendmat ofBkambple § %dﬁ@é&@ér@gtmégwéh@ﬂa Antlquid was

of parts o um

anmoni um net avanadat e and 5. cesi u

rotitaimed. wEuether, secoverdd nidlyBderiumdontdibing Predpitae Pébovered
by dissolving 8.6 parts of 85 mass% phosphoric acid

i olybdpaumscasttaipingematerial 2vwasaabdaideddnthd sameanantierds in the
parts of‘antinnq§ﬂérioxide was added and the
TECRYer af nolybderssn def Exarnple t.o Bworagovered i rring,

| ution pbtaiped by dissolving 1.1 parts of
30BrefifnrorianfreuBafiia 2eomaitee 53 Beaits ofaeikdesum, 1.6
P%?lfa&%%dﬁfm ANEY6 Pahtl of A8siufs U AR lat It TattlSt recovery
of molybdenum was 97.1 % by mass. Furthermore, phosphorus, antimony and

copper were not detected in the recovered molybdenum-containing material 2.
[0057]

(Production of catalyst 2)

The total amount of the recovered molybdenum-containing material 2
obtained above (53.5 parts as molybdenum) was dispersed in 270 parts of pure
water and 28.1 parts of 29 mass% aqueous ammonia was added fo it and the
material was dissolved at 60°C. In the resultant solution, 0.2 part of

ammonium metavanadate and 5.2 parts of cesium nitrate were dissolved.
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nol es per 12 nol es of nol ybdenum Further, the m xed
liquid thus obtained was stirred for 15 m nutes at
95C, and then, evaporated to dryness with stirring
under heating. The solid material thus obtai ned was
dri ed, nolded, crushed, fractionated by sieves and

cdlhenpadolutionhebtained byedissslving 8.6 phRS 0P BEFHESR rbr@?spﬂgric acid
6]

catal yst A for use in producing nethacrylic acid

RET 30 pacts abpune watar was added,i ancferthiey, 6.4 part$ivd antimony trioxide

conposi tion exclusive of oxygen of the catal yst 2 was

PYas agdser andthe resultantsplgiotswas heatsl to I5PEswitR stifrighand a
acrylic acid) 15 By using this

f:) ES@WEQO n,igf%rg?g't igioNIRg 1chpaiteaf eepparmitrate is ddeparts of pure
BRI PRs AOBRE TR aRihunt Shminanla i Fiessesuliant sution wes 11.1
| cleanss ks St oEUBRHE" P R BB Ry tained
SAsRAeBI8E 18 g o 8500 1, B PtEq B g i s

cah & tihva. 2 3 . . | c 4O,
ot LIS S8 ol S

| fracthaped by sigvesamel oatined i e serne Sn@inetEXIRIthEproduction of
par anol ybdate was di ssolved at 70C. To the resultant

I
seatatysbh forussinproduciogacthadntig adicsefdRefengnceBxample 1 to
parts of E{mmni um net avapnadate and 8.2 parts of 85
n%%‘é% tAslyshér i theepmnosition exclusiveef prigenefitbe catalyst 2 was
| utg onapbt aj ned by, dissolving 1.1 parts of copper
ﬁ?f? é?ﬁﬁ&%@mga ﬂ§¥%¥'pure wat er and a sol ution
o@bgbped by dissolving 3.8 parts of iron nitrate in
10 pars of pure water were added in this order, and

t ; j ed to 90C with
SW?%’?%%%@E&I&Q#P@’&%&S@E&@&W with stirring,
an@yeusing tiis catahiit 2, Resttion v sar et it th thePsdrha rhc jon

cesiumnitrate in 100 parts of pure water was furt

Shaiticanals thas in theutesbA of theyprodivetion ef mwﬁ@dr?nb &€id and obtained
dryness with stirring under heating. The solid

tae épllqwving results. o Glamversiomat methactoleiroweae &3. t maitée delectivity to
fratti onat ed vt‘)’y Séi eves and cal cined in the

methacrylic acid was 83.5 mol% and per pass yield of methacrylic acid was 69.4
mol%, and the catalyst 2 had the same performance as the catalyst A.

[0059]
Reference Example 2
(Production of catalyst B for use in producing methacrylic acid)

In 200 parts of pure water, 100 parts of ammonium paramolybdate was
dissolved at 70°C. To the resultant solution, a solution obtained by dissolving
2.8 parts of ammonium metavanadate and 8.2 parts of 85‘ mass% phosphoric
acid in 30 parts of pure water, a solution obtained by dissolving 1.1 parts of
copper nitrate in 30 parts of pure water and a solution obtained by dissolving 3.8

parts of iron nitrate in 10 pars of pure water were added in this order, and the
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same manner as in the production of catalyst A of
Reference Exanple 1 to obtain catalyst B (the
conposi tion exclusive of oxygen of the catal yst B:
P1.5 M1l2 Feo.2 Cu0,1 Vo.5 Cs,). [0060] 10 (Test B
of the production of nmethacrylic acid) By using this

c eesalltant sdution aeisitatedto 997C Wit siing and Ré?ﬁﬁ%"c for 5 hours
reaction condition as that in the test A of the

pwith@titring, aoid areolbtion pbiained byl dissdivirg 8i2yeatts dfheesium nitrate in
Lgl | owi ng results. Conversion of nethacrolein was 82.4
POpads|of pure, weleriwas fusthesedded anddhe residtadl liquidovas

T A R  .
QB G bR B et B SRS bl e
S A PR e TR GBRGres ERRR 1
Il WS BRoh ackhe SORBT R CBRES: P

eMoyEreal CapnvpsCei)on excl usive of oxygen of the
recovered -catalyst was P1.6 Mbl2 Feo.2 Cuo., Vo.5

¢6060) n 400 parts of pure water, 100 25 parts of the
iﬁ_ent catal yst was di spersed. To the resultant
iTeplB of the progtuctipaof methactglicasidps sodi um hydr oxi de
aqéeous sqQl.ution was added and stirred for 3 hours at
60

YHRNG this catalint 8, feactiowes gamipdroutin the same Taaction
Fonkip 45764l B 80 EB5 el St
5 YRR e, e PR AHBI an 52 o, setecviy 1o

PATAB l S8 1 PR B oy ac vas .

oholed.ned in the sane manner as in the recovery of
nol ybdenum 1 of 5 Exanple 1. The recovered
@08 ddenum cont ai ning material 3 contained 53.1

Example 3
(Recovery of molybdenum 3)

In 100 parts of the spent catalyst which had been used in the reaction for
2,000 hours in the test B of the production of rﬁethacrylic acid of Reference
Example 2, 54.6 parts of molybdenum, 2.2 parts of phosphorus, 1.2 parts of
vanadium, 0.3 part of copper, 0.5 part of iron and 6.3 parts of cesium were
contained. The elemental composition exclusive of oxygen of the recovered
catalyst was Py,s Moz Feo2 Cug.s Vos Csy.  In 400 parts of pure water, 100
parts of the spent catalyst was dispersed. To the resultant dispersion, 130
parts of 45 mass% sodium hydroxide aqueous solution was added and stirred
for 3 hours at 60°C and its residue was removed by filtration. The pH of the

resultant solution was 12.3. This solution was treated in the same manner as
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parts of nolybdenum 1.1 parts of vanadiumand 2.6
parts of cesium And, at this tinme, ratio of recovery
of nol ybdenum was 97.3 % by mass. Furthernore,
phosphorus, iron and copper were not detected in the
recover ed nol ybdenum contai ning material 3. 10 [0062]

( Rr tréueicovaryadt mayBdemsim3) ofT%mﬂnEqu?l 4t é@ e?%gt he

recover ed nol ybdenum cont ai ni ng ai ned

abolgbdertim-cpataining siqoidl waxslebtailed\a F Ui et 8deled 180
parts of pure water and 27.8 parts of 29 mass%

aqedyhderummoantaining peetrpithte drecovered mblybienomt-esritaining material
was di ssolved at 60C. To the resultant solution, a

s8] wasebtajpedimthe same annenasrg the Leqovery of molybaenum 1 of
tavanag and 8. arts of 85 mass% phosphoric
Ka'ﬁphe E’BP{@C%H molykdenum-gostaining sratetiabd neatained 53.1

pt’?@g bl otiehugt 351 aﬁﬁsﬁ?sgﬁiq?m&hé bRparteUbSRIUD. 7 And, at

il e BouH B mapte Rl v 55 Woiaed oo wnemore,
a@é%dresﬁ% hd Boservisrahdl UordeiBl iPihe Rdfvedl °

hours w t rrin a solution o

dindiydldenneh-Bortapiig maeénapgem umnitrate in 57 parts of
pure water was further added. The anpunt of anmonia

if@OBBE resultant solution was 10.8 noles per 12 noles

of nmol ybdenum Further, the mxed liquid was

e(Pd@@'#@tQé’dOftQatalwhﬁss with stirring under heating. 25
SO|Id naterlal t hus obt ai ned was dried, nol ded,

cr hedgtal gmount g the-receyered molybdanumeeorinining matenias 3

A B e T oo o b¥hcenn) g flpesmgtin 180 parts of pure

AP RhY 27 A i oY g 808 Bmmpiiava sdded § E3Rd the
trhate%magtd.é%n@‘d PR o tﬁquélﬂiqn%oﬂgfﬁg.gg Sition obtained

cat al yst reaction was carrie

tyedibseIving2 Piatt sfrandfohiith ndlaldifada®s bn8 826 thg 8 of 85 mass%

production of nmethacrylic aci-d of Reference
Phasphotic aciden 30rmarfsoof mmnmteeatédlmon?omamaﬁ Dﬁd@a@olwng 1.1

%?n@a&rc%'pgé? nltm?a%e in 30 parts of pure water and a solution obtained by
dissolving 3.7 parts of iron nitrate in 10 pars of pure water were added in this
order, and the resultant solution was heated to 90°C with stirring and kept at
90°C for 5 hours with stirring, and a solution obtained by dissolving 5.1 parts of
cesium nitrate in 57 parts of pure water was further added. The amount of
ammonia in the resultant solution was 10.8 moles per 12 moles of molybdenum.
Further, the mixed liquid was evaporated to dryness with stirring under heating.
The solid material thus obtained was dried, molded, crushed, fractionated by

sieves and calcined in the same manner as in the production of catalyst B of

Reference Example 2 to obtain catalyst 3. The composition exclusive of

oxygen of the catalyst 3 was Pys M0z Fega Cug.s Vos Csy.
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82.6 nmol % selectivity to nethacrylic acid was 81.2
nmol % and per pass yield of nethacrylic acid was 67.1
nol % and the catal yst 3 had the sane perfornance as
the catalyst B. [0064] 10 Reference Exanple 3
(Production of catalyst C for use in producing
mf00&a)r yl i c acid) To 400 parts of pure water, 100
parts of nolybdenumtrioxide, 7.3 parts of 85 mass%
p{Gastifoof theqn'oductibﬂofaﬂeﬂ&cqﬂlc\wmdl um pent oxi de, 0.9
part of copper oxide and 0.2 part of iron oxide were

addBy using this caialyst 8y redction veasucateed bht ingthewanms reattion
resultant m xed Ilqw d was cooled to 50C and 37.4

p&Phditigh asdhakifsto, a&ﬁﬁ@ﬂ&aanmucmmatmﬁwyltooadld obReference
d and, the resultant. solution was stirred for
1?0"%? gandrgpigined t SIfo’{qVHﬂQ oeiuisn e Sanyersion of miethacrolein was
9 S umnjtrate in 30 parts of pure water
mgé-ﬁa%éi% ?%'ePf"'ﬁ/ °dP8 Rdic acid wag 81,2 mal%and percpm yield of

SRR o e T ABOAES Pl e SSromanee

tgg@h@%@w},@@ was dried, nolded, crushed,

fracti onated by sieves and calcined in the same manner

af00ed] t he production of catalyst A of Reference

Exanple 1 to obtain catalyst C (the conposition

eRefarenoe Examplg §en of the catalyst C. P1.1 M12

Feo, 05 Cuo.2 Vo.9 Cso.8) 25 [0065] (Test C of the

pGPded@etmmowatmhadpyuse irepiaducitg methagryliviasid)at al yst
fe‘?&il on s carried out in the sanme reaction

con Haﬁg RHfe waternt0Q parts af apolybdenymoiosideo@.Boparts of 85

SRR eBFiiachl 4, PRES B Fanadiymasipge 6.9 part of copper
AAe Sl P2 Bat e loslahery Dy S Gr  ngwes upcter

-"f@ﬂl}i‘iﬁby' ﬂ'ﬁe%b@lté[i’ﬁ?n&éd Hqtil was EOR8G ko 56° é’é?\%?‘?4 Barts of 29

mass% aqueous ammeonia was added to it by dropping and the resultant
solution was stirred for 15 minutes. Then, a solution obtained by dissolving 9.0
parts of cesium nitrate in ‘30 parts of pure water was added to it by dropping and
the resultant liquid was stirred for 15 minutes and evaporated to dryness with
stirring under heating. The solid material thus obtained was dried, molded,
crushed, fractionated by sie\(es and calcined in the same manner as in the
production of catalyst A of Reference Example 1 to obtain catalyst C (the

composition exclusive of oxygen of the catalyst C: Py.; Mo12 Fegs CUp2 Vo -
Cso.g).

[0065]
(Test C of the production of methacrylic acid)
By using this catalyst C, reaction was carried out in the same reaction

condition as that in the test A of the production of methacrylic acid of Reference
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(Recovery of nolybdenum 4) In 100 parts of the spent
catal yst which had been used in the reaction for
2,000 hours in the test C of the production of
net hacrylic acid of Reference Exanple 3, 55.2 parts
of nol ybdenum 1.6 parts of phosphorus, 2.2 parts of
1CEXWGI1uamd Obimet thedbllowipgaesuls. 1 @@rﬁﬁerﬂ'&n'df%tﬁ&&olem was
1l parts of cesiumwere contained. The el enental
c &?p%mql%o iselsctivitys tormettiacnyicomoid efast 88:8 macied and @er pass yield of
spent catal yst was P1.1 Mp12 Fe0.05 Cuo.2 V0.9
| fnetheckylic @gidowap 760 m@l%r, 100 parts of the spent
ciéﬁé st was di spersed. To the resultant dispersion,
1 %arts of 45 mass% sodi um hydr oxi de aqueous
#%Hpjg was added and stirred 15 for 3 hours at 60C
i) reS|due was renoved by filtration. The pH of

| h | [
{ Mecddiiy ot livadertimal tes 2t S S ver v of
ol bR Q?'ts1 oPth Wcﬁtﬂmﬁﬁ%éﬁﬁﬁ Hetfl u ised;ip the, reaction for

nol ybden m cont al was o tal ned

r 2OD0EEU!s ifMehey Rk CUGR tHE Hradiétide ﬁrrﬁéth%mlbeadfﬁ‘ﬁf Reference

Isolated in the sane -manner as in t recover

nEkatnpben 8n68.2qsartsxaimblybdenu, di6 partsbf éﬁ&@ﬁdaus 1:».62 parts of

hours. The dried material thus obtai ned was cal ci ned
avamxdiam 6:6 parioficopperi 0.1 parvéirend and 5.1 parts of cesium were

B 5 it ot s

kg ind e & b0 12000 S r v
ST AR ol R somomn

A 05 AR Akl s i

¥oP 3[furs abBORO aRdild! Rsidulel\Pad Férr"}bvé%m?*rl 'ﬁftréifont h ei‘he é)crl of the

recovered nolybdenum contal ning nater obt a

dlesubaritzdldtiqgrawas 12s4. noThib dehutioh, wastroated'ih i‘ch@&aﬁﬁz manner as
nmass% phosphoric acid, 0.3 part of vanadi um pentoxi de,

dnihgaectovedsv of. Biaixhidenumi$ of fxampge feand recoversd oxi de
F added and stirred for 5 hours 5 under refl uxing.
TRRlYPequmcantainingyliquid was akainedol Eurther, secovaied30. 2

ICiﬁ?ﬁafyﬁdenum-contalning precipitate was isolated in the same manner as in the

recovery of molybdenum 1 of Exampie 1 and dried at 110°C for 16 hours. The
dried material thus obtained was calcined at 550°C for 3 hours and “recovered
molybdenum-containing material 4” was obtained. The recovered

molybdenum-contéining material 4 contained 53.9 paris of molybdénum, 2.0

" parts of vanadium and 2.5 parts of cesium. And, at this time, ratio of recovery

of molybdenum was 97.7 % by mass. Furthermore, phosphorus, iron and

copper were not detected in the recovered molybdenum-containing material 4.
[0067]
(Production of catalyst 4)
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of 29 mass% aqueous amoni a was added to it by
dropping and the resultant solution was stirred for
15 m nutes. Then, a solution obtained by dissolving
3.7 parts of cesiumnitrate in 13 parts of pure water
was added to it by dropping. The anobunt of ammonia in

t he Te &20I pantst ofymiratwater, Was totdl Amoohest the reddveraes 10
of nol ybdenum Further, the resultant |iquid was

stmelybdenwn-containingtroatesiati4 obtaiped abeve (58.9 pansss molybdenum),
sg;lté\rl ng Kgder h%atl ng. The solid material thus

ot APAEE OWAS naassSe phaspleric acidue Bt of vartadiumatpettdside, 0.7 part
Si gves and .@al Ci rhig in the sanme nmanner as in the
pPbEBRREide apd Uhe part of itgn gxide were addee mpdestisraddor 5 hours

0 ' | yst 4. The conposjtiop exclusive of oxygen
oPhBRErifidia) o e rehRarigiediqus wes cools 10,80°C w802 parts
_t duction pf nethacrylic

<2 58 ik Baysd s BrinBhia s RBBGE TG b BY opliRb A1 e sutant

0 ki t ] ongl 4,4 1 ' . .

{ Solulign e, RER! (ORI Btes " M &bsfisr Gitplhd thFdissonving .7
&rs ehcesiuadOni ' ' -

ool Lo U ar SR 3 Banto o1 BUFeERA yidtadded /4 B dropping.

s€heanatuntyf ammeniadnthé resulizing sviagod was 100 YAd1BS pREA2 moles

pass yield of nethacrylic acid was 74.9 nol % and the

catm enurad Rurthesative resultantiigoicewas stitred forat Smisttes and

C. 006% 25 Reference Exanple 4 (Production of '
c@Yapasatediordiynasewith sgirring.undey gcr Yhesalidimjterial thus

?%8%%@;\?&1%5@3%&19@@ Q:m,;h%%d ?r%ﬁ%ﬁég@ﬁé’m@ galcined in the
ke T L

. i 4
Sl SigSLL | THE Cofheosier G156 b GRloetRih Hher’ ves

parts of Copper oxi

PO Mbh{Fe&osf@ja.ZZV,jpg% .under refluxing. The resultant
m xed liquid after retluxing was cooled to 50C and a

46068} on obt ai ned by dissolving 7.1 parts of 5

potassiumnitrate in 40 parts of pure water was added
digst# sbihg predustiompheethacrylic acid )

By using the catalyst 4, reaction was carried out in the same reaction
condition as that in the test C of the production of methacrylic acid of Reference
Example 3 and obtained the following results. Conversion of methacrolein was
87.6 mol%, selectivity to methacrylic acid was 85.5 mol% and per pass vield of

methacrylic acid was 74.9 mol%, and the catalyst 4 had the same performance
as the catalyst C.

[0069]
Reference Example 4
(Production of catalyst D for use in producing methacrylic acid)
To 800 parts of pure water, 100 parts of molybdenum trioxide, 2.6 parts of
vanadium pentoxide and 6.7 parts of 85 mass% phosphoric acid were added
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by dissolving 9.8 parts of ammoniumnitrate in 40
parts of pure water was further added, and the
resultant liquid was evaporated to dryness with
stirring under heating. The solid material thus
obt ai ned was dried, nolded, crushed, fractionated by
sianddbe desultant solutioniwas Ihmtedrmdrmmmrfoﬂs Houré DAder refluxing.
production of 10 catal yst A of Reference Exanple 1 to
oa’pathﬂ resultany selutiop; hé pammfmppenoxmmsaa@e@and further
o%%nof t he catalg D: P1 Mb1l2 Cuo.3 Vo.5 Ki1. 2)

& d and-gtifreghicsr2 Msmceﬂtmrngaf Tha tesuitant mixed fktuid after

B si.ng this catal reaction was carried out in
%%MQ%{P@ Lop|esttor Qom# a.sgwt@g abtained byt dissalvsg 741 parts of

532 a'%%%ﬂﬁ“@t?ééa? 4o RartS i e et shes it and usalddon obtained
oP StV P bR o stimonilio Skl 85 gt pt PP Weldr Wos further

nMadbes, atd ﬁwe&‘é‘sgltmthgfii %a%{@/&%%&’%%%ﬁs t?\' éillrl‘?rﬁ% under

nmet hacryl ic acid was

( Reatinger yTHes solfel inacke 2 s obtainkdQvaabksd %oldé@l SRARed,

cat al yst whi ch had been used in the reaction for

2fraciipriated by isieveisearnidesdiciRedin theesame dnarinierasoh the production of

nmet hacrylic acid of Reference 25 Exanple 4, 57.

peatalysbi of bleferesna Fixamme Jdotabtain atalystd (ihe, oommsutuon

parts of yanadi u 1.0 part of copper and 2.4 parts of
%@Y%H}I M@%g’]ﬁh§|%¥3tﬂe°1 MoenEHo.aVo.c Baphsi ti on

\/\E?I?HEI ve of oxygen of the recovered spent catal yst
1 MD12 Cuo.3 Vo.s K1.2. In 400 parts of pure

"‘ﬁbgg?soéfgﬁe W‘{ e'8{] é’g %”Q‘%Wﬁ ég’gfglt gln?ls_t13\8/a;ar ts of
45 BYRgsifg e et osiiesitlh Y eaHTacoltihithg sift RddAth

and stlrred fo hours at S resi

reomalitioh &y tHat in tha fesnA of it Fl*dd@nf:tléﬂ of h%?h'éér?m acid of Reference
solution was 12.4. This solution was treated in

sexampierhexcept that tha ceactiomvemperatube Welsyds520y and cﬂﬁamed the
\% rwl e 1 and recovered nmol ybdenum containing |iquid
@o ing results. Conversion of methacrolein was 85.0 mol%, selectlvnty to

methacrylic acid was 84.2 mol% and per pass yield of methacrylic acid was 71.6

mol%.

[0071]

Example 5

(Recovery of molybdenum 5)

In 100 parts of the spent catalyst which had been used in the reaction for
2,000 hours in the test D of the production of methacrylic acld of Reference
Example 4, 57.6 parts of molybdenum, 1.6 parts of phosphorus, 1.3 parts of
vanadium, 1.0 part of copper and 2.4 parts of botasslum were contained. The
elemental composition exclusive of oxygen of the recovered spent catalyst was

P1 Moz Cuos Vos Kiz.  In 400 parts of pure water, 100 parts of the spent
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obt ai ned. Further, recovered nol ybdenum cont ai ni ng
precipitate was isolated in the sanme manner as in the
recovery of nolybdenum 1 of Exanple 1 and dried at
110C for 16 hours. The dried material thus obtained

S
OGRS ARl aeP el U W6 B8 s eIt FHats at so0
Oafd meresidlie RedPEEPHGVBA Wﬁltrggﬁll.t ('j/;f@?/ pﬁ!&g@he rablifan?Solution was

recovery of nol ybdenum was

FaeiherThis solutiph ea1p6ated am the- SARE maHe? 430k _tﬁ’?‘r&fd\/‘éﬂgof
in the recovered nol ybdenum containing material 5. 1

[ owhdidern d wf tHxamplé 1caridatecatvel®d MolybaenmatdshtaihirgUidtid was

water, the total anmount of the recovered

nePtaliach u fiurthieraiesbveredemelybdendmeturtainiag prboipiateShadisolated

par hs as nol ybdenum 0.2 part of vanadi um pent oxi de

aRidNg sememaangr agi theseopyeiyaf Rurlykdenin 126 Example 1 and dried
uti on was heated and

ggffﬁj(;gf"ﬁaﬁ%%r e%:“s ﬁu%nbéég Iﬂ??éﬁﬁ@l%h%@ obtgin Qd;was@gl(fin%hat 550°C

i 2 i de. .
LR
Phe fedtvefad der{u?ﬁ-bUﬁfaﬂ'ﬁ%%ﬁLégelﬁeﬂ;%g%%ﬁgﬁgwgﬁéj parts of

liquid after refluxing was C

snblybdenumhtal pads BY vah&fighVartto 6 ﬁhﬁ@&&gﬁggﬁgﬁﬂé%ﬂhis

nitrate In 26 parts of pure 25 water

dimey fiatin of ecovery obnolytsiemurm was 3711 pabY tads. AFReHbre,

nitrate in 35 parts of pure water was further added.

Thospholis and cappesrwers niot deftected initheonecoseredt i on was

2.1 | es per.12 nol es of nolybdenum Further, the

HBQ'MBBﬁﬂ?mFﬁm"lﬂgc{Mﬁtﬁﬂﬁé& evaporated to dryness with

ngf#]i ng under heating. 30 The solid material thus
atned was dried, nolded, crushed, fractionated by

3&:?6( ti_@,ﬂq,f%?iégg{[gﬂ in the sane manner as in the

oduction o yst D of Reference Exanple 4 to
Ob8 CBORRE s yalbe 1P HARATR Y64 KRR 1 , o
imislyBdenum-containing material 5 obtained above (55.9 parts as molybdenum),
0.2 part of vanadium pentoxide and 5.6 parts of 85 mass% phosphoric acid
were added and the resultant solution was heated and stirred for 3 hours under
refluxing. To the resultant solution, 1.2 parts of copper oxide was added and
the resultant mixed liquid was further heated and stirred for 2 hours under
refluxing. The resuitant mixed liquid after refluxing was cooled to 50°C and a
solution obtained by dissolving 4.4 parts of potassium nitrate in 26 partsvof pure
water was added and a solution obtained by dissolving 8.1 parts of ammonium
nitrate in 35 parts of pure water was further added. The amount of ammonia in
the resultant solution was 2.1 moles per 12 moles of molybdenum. Further, the

resuttant mixed liquid was evaporated to dryness with stirring under heating.
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(Test 5 of the production of nethacrylic acid) By

using this catalyst 5, reaction was carried out in the
same reaction condition as that in the test D of the
production of nethacrylic acid of Reference Exanple 4
and obtained the follow ng results. Conversion of

mekHeasolid reiaterish thueotftBind dWwadalrie€! Ablded! EXished, fractionated by
nmet hacrylic acid was 84.1 nol % and per pass yle % oP

m@ienesrand caleinied indlse FAmé mahfier ais thb%r@@!ic’ﬂohsdf catdipst D of
the sane performance as the catalyst D. [0074]

Réefpeance Exampledt B alainreatalyst 5.0nThé coaipasitioh éxciusive of
use in producing nmethacrylic acid) In 400 parts of

pGF¥IGR PEhe ‘i@égﬁbﬁﬂ\@so% MenpQUnsVpakaenl ybdate, 4.4

pi‘?@ﬂ] of ammoni um net avanadate and 4.8 parts of
p ssiumnitrate were dissolved at 70C. To the

o e s Brougtn R ingeniis agiia o o EELSLLS?ugr’;?: he

| . s i

ot o wag thisckatihysEs Ratfian Qs Tarid B HdRe Bafik.idecfifn
18ondlitioh asWhatiHtRe Y&t T of B2 probliBfdn gﬂggg%mg%cia 8f Reference

the resultant m xed liquid ‘nentione

hExagpied andobtainedthe followiig Fsuls! ' BoRyERIGH i
adding 7.0 parts of 60 mass%nnitric acid an gﬁﬁggﬁcgolelnwas

of5 Sunel¥eselectivity o Inethacrylic abidovasrtt miol% airRl pérpass yield of
added and heated to 95C. To the* resultant liquid, a
Jmethadrylicacid was #bd mel%iiansbiheicedalgsts had tise samé(erformance

% arseni & acid in 10 parts of pure water was
2%%@1?%3@*@' parts of antinony trioxide and 1.6 parts
o@oggLi um di oxi de were subsequently added. The
aqueous slurry thus obtained was evaporated to

ARy ' j£ring under heating. The solid
R bl

mat er obt ai ned was dri ed, npl ded, crushed,

f (Productiont sfianalyst EV&S"S@A@J& g?ﬁééQ?g?éytﬂ?&%%Fé@?er ence

rra;zgr as in the producti
Ex#mpD@ partsaf poiné watere 200 puats o amifsnie intd
0 nf ﬁﬁjﬂgﬂrﬁdﬂg%atﬁb?f parts

excl usi ve of oxygen of the catal yst

si@nmmenisine rmesavanadiate andd.® pEAts of Pofa@8ilm nitrate were dissolved
at70°C. To the resultant solution under stirring, a solution obtained by
dissolving 8.2 parts of 85 mass% phosphorus acid in 10 parts of pure water was
added and a solution obtained by dissolving 1.1 parts of copper nitrate in 10
parts of pure water was further added. Then, to the resultant mixed liquid
mentioned above, a homogeneous solution of bismuth nitrate obtained by
adding 7.0 parts of 60 mass% nitric acid and 40 parts of pure water to 6.9 parts
of bismuth nitrate was added and heated to 95°C. To the resultant liquid, a
solution obtained by dissolving 2.2 parts of 60 mass% arsenic acid in 10 parts of
pure water was added and 2.1 parts of antimony trioxide and 1.6 parts of cerium
dioxide were subsequently added. The aqueous siurry thus obtained was

evaporated to dryness with stirring under heating. The solid material thus
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(Test E of the production of nethacrylic acid) By
using this catalyst E, reaction was carried out in the
same reaction condition as that in the test A of the
production of nmethacrylic acid of Reference Exanple 1
and obtained the follow ng results. Conversion of

neatiaioediveasidried, molded, Erushbao fract A bV ¥i .1
met hacrylic acid was 88.2 nol %ran(??lggérd/?)%glse")e/?glng cggcmed in the

AR MANNer asiial thaprotiuicionof tataly$® AGf RefsrimebEample 1 to

(R Qve&rﬁ/ of nol ybdenum 6) 15 In 100 parts of the
s;?i’g"{“n alystdr (thmicomprsitiareexclusieel of axyden ofethe tdatalyst@: P, .

2, OOOé\{ffourSa) [ (rb,t hépt est E of the production of

métea Qn2iogFleis GPo.REUer MasdKi).Exanpl e 5, 55.7 parts
ofom]ybdenum 2.3 parts of phosphorus, 0.7 part of
arsent’c, 1.8 parts of antinony, 3.0 parts of bisnuth,

1 f i . f , 2.0 f

+ TedtE b bl o maiRiiic dhid) ber o’ contar ned. 20

Th | i td i f the
TSPtV AR, iy B o
6conditiéir @s2h &L the Yot & thb{br&@@ct%rmgfhaegﬁs a‘.f.‘gcf {?ﬁgeference

100 parts of the spent catalyst was pers

r Exampient adidspixainednhe iciRwingrésuitel ERnVBEIR %ﬁbtﬁac‘iﬁéolein was

hédroxide aqueous sol ution was added and stir

k880 mel% 3selectivitydo neetiacilie apid was 8B mesy! er pass yield of

sg{?ﬁ%qi{%ﬁ_\/\/as 12.2. This 25 solution was treated in the

s [feRcid wasn/9.Adnel8oovery of nol ybdenum | of

%?ggjoe 1 and recovered nol ybdenum containing |liquid
tained. To the recovered nol ybdenum contai ni ng

I%%Ej'et@us obt ai ned, 36 mass% hydrochloric acid was

.added" and pH of the resultant solution was adjusted to

qHRecoesl 6m3\§gdéﬁ§mé ant sol ution was passed through
a ak [ c?

col um of asi ¢ ion-exchange resin (trade nane

- Xin 560 hartsvitee bie Aty SHRRR HAFSEIR &N the FSction for

solution after treatnent by the 1 on-exchange

t2,@0Q baursiintthe testrE of therpreduétion 6f mamdcﬂgfé%ﬁid o Reference
%;‘(bdenum 1 of Exanple 1 and recovered

g%é/nbdg Fig fﬁﬂf? ﬁ]l‘ ﬁ'glm?%}%m pafis ef phospitbrus, 0.7 part of

IC, 1.6 parts of antimony, 3.0 parts of bismuth, 1.4 parts of cerium, 0.3 part
of copper, 2.0 parts of vanadium and 1.9 parts of potassium were contained.
The elemental compasition exclusive of oxygen of the recovered spent catalyst
was Py5 Asg2 Moz Sby 3 Bips Cepz Cug,q Vos Ki.  In 400 parts of pure water,
100 parts of the spent catalyst was dispersed. To the resultant dispersion, 130
parts of 45 mass% sodium hydroxide aqueous solution was added and stirred
and kept for 3 hours at 60°C., The pH of the resultant solution was 12.2. This
solution was treated in the same manner as in the recovery of molybdenum 1 of
Example 1 and recovered molybdenum-containing liquid was obtained. To the
recovered molybdenum-containing liquid thus obtained, 36 mass% hydrochloric

acid was added and pH of the resultant solution was adjusted to 6.0, and the
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6) was obtained. The recovered nol ybdenum cont ai ni ng
material 6 contained 53.6 parts of nolybdenum and 0.5
part of potassium And, at this tinme, ratio of
recovery of nolybdenum was 96.2 % by nass.

Furt hernore, phosphorus, arsenic, antinony, bisnuth,

c &esuliant solpfien vmwpmdcthwnghm eoludin 8Fwesk ﬁﬁsicfioﬂ-‘éxchange
the recovered “x%bdenum contai ning material 6.

[ 6@sin |(trage pane: MEn588” maf@amred)byTGWMOHRIDHAW@N)
e the total anmount of the recovered
%tﬁ?&ﬁmmﬂ%ﬁa’ﬂmgt ki the ion-exchangairesio wastreatesidnahe same

p@iﬁ@ﬁss "a %e%@‘\*fg&efsmewsnuééiég Brampid iancireravered
X, ng ?@H@f{ﬁﬁg F)E ﬁfagﬁf(rescrgilgr?q ply%dgggé?@éggﬁng material
&2’2”?5 ey o Bl b Al T et b
8ol ARt atd 08 et Bl (8 i o rato o

oy vy ouBeaAS S5 RSt POThRTAlrL Bt g
garsepig; aptimbny,rbismuthmoeriurgtoepper 3hd Wéhééluﬁﬁ wRHe Rot detected in

ter was further added. The anopbunt of anmmpnia in the

B8 [PPRYRred Aelybdenumcontainingohateriak6. 12 nol es of
@b 2fenum Further, the resultant m xed liquid was
z ated to dryness with stirring under heating. The

ProdudEniedianiied by < eves and ca ?f’ne&“’ l ﬁe?’he
D
Rer oraorers IOpird Wt el 4 RBubl ofb TotSverea”

e n e M S
(& bpads iobwanadiont perstoxidecarts §)pdhs msﬂﬂmafs@%.s?ﬁéépmo\‘ﬁtacid

6, reaction was carried out in the sane react

vsiaiadded, and heated and biirred for %oﬁrstﬂma@rréﬂimﬁg onm@the
Lgacréb acid of Reference 5 Exanple 4 and
olutians bil |Inakisef qopper oxidecyas added andfthe resultant mixed

ﬂﬁuﬁ%&s {‘u?fher\ﬁ%ated and stirred for 2 hours under refluxing. The mixed
liquid after refluxing was cooled to 50°C and a solution obtained by dissolving
4.6 parts of potassium nitrate in 26 parts of pure water was added and a solution
obtained by dissolving 8.0 parts of ammonium nitrate in 35 parts of pure water
was further added. The amount of ammonia in the resultant solution was 2.1
moles per 12 moles of molybdenum. Further, the resultant mixed liquid was
evaporated to dr;)ness with stirring under heating. The solid material thus
obtained was dried, molded, crushed, fractionated by sieves and calcined in the
same manner as in the production of catalyst D of Reference Example 4 to

obtain catalyst6. The composition exclusive of oxygen of the catalyst 6 was P,
Moz Cugs Vs Ki .
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85.2 nol % selectivity to nmethacrylic acid was 84.0
nmol % and per pass yield of nethacrylic acid was 71.6
nol % and the catal yst 6 had the sane perfornance as
the catalyst D. [0079] 10 Reference Exanple 6
(Production of catalyst F for use in producing
ndPR&8k yl i c acid) To 800 parts of pure water, 100
pgﬁés of pol ybdenumtrioxide, 3.2 parts of vanadi um
Y

& aktherroguctionset metitacaicranid)% phosphori ¢ aci d
wer g added, .and the resultant solution was heated and
sti ﬁa(é!?"f%ms% BurRpctiop sas carrigd ousinTihietsame reaction

Lution, 1. '
aeBes et InBitesd FEia drotlustionr mathaeiasidas Reference
i f i.ng. The mi xed ,

PSP e O A 6 ot oo ves
252 oo B BaERI s ie 3 ORI k4 FEhAR v o
methachyfi©bci ' ofh t
ol s o B T ol e i< odsgisf a8 samp performance
pastthe obtalystihi um nitrate in 30 parts of pure water

was added and further stirred for 15 m nutes, and the
Hant solution was evaporated to dryness with

r

Belhite Eidemg &5 "9, g S0l 18 merial thue

o B0t St ratBBREF dB e hrgpicna methaande aGith o 5

car o péits 8 BEret AL, o pettS Bl wolkpaRgEm bidylen 34 pars o
(e perkoliae Bha b ¥Pafts o Beinastsh rbBoldri pBidiens added
uandthe lesaltant sOinidn was heatdd A $afed for'd RE r%%ncgifé? tr%{lel?xing.
prothectesultantsoltetionad i4/parts ofcobpdlr iedte sy 8ddde aga'tﬁ‘e fesultant

sane reaction condition as tﬂg:tl In the teslf'

and obtained the follow ng results. Conversion o

rRAWHQN Was furtherheatad andstitreddet 2 bburs tyddéraefluxing.  The mixed
gﬁfqgf %é Lrl ?lpglglggy%\éa S*gﬁgdgo gglﬁé/ola;gda ggl[nigr? f)gta);li'u:cll gy (c)lfissolving
12.3 parts of cesium bicarbonate in 30 parts of pure water was added and
stirred for 15 minutes. Then, to the resultant solution, a solution obtained by
dissolving 10 parts of ammonium nitrate in 30 parts of pure water was added
and further stirred for 15 minutes, and the resultant solution was evaporated to
dryness with stirring under heating. The solid material thus obtained was dried,
molded, crushed, fractionated by sieves in the same manner as in the
production of catalyst A of Reference Example 1 and calcined for 5 hours at
400°C under a flow of nitrogen to abtain catalyst F (the composition exclusive of
oxygen of the catalyst F: Py3 Moy2 Cug Vog Csy.1).

[0080]

(Test F of the production of methacrylic acid)
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[0081] Exanple 7 (Recovery of nolybdenum 7) In 100
parts of the spent catal yst which had been used in the
reaction for 10 2,000 hours in the test F of the
production of nethacrylic acid of Reference Exanple
6, 55.9 parts of nolybdenum 2.0 parts of phosphorus,
1. 5Bpassing thfs catalystiF ieaclorBwasrdantéd 6GPRShe %ﬁﬁle7re7actlon
parts of cesiumwere contained. The el enental
c 6APdigpn iasithatdiol the itest Aodf theyweductfont dfanettrensice’id of Reference
Eal{]‘%)ée was P1.3 M12 CUO 1 V0.6 Csl.1. In 400 parts
X8 handrobtaingd tae fallowfing rasuitse nCoouersiorsof héthersolein was

0 To the resul tant dispersion, 25.7 parts of
sgg WP G RFthHityHa m%‘@ﬁﬁ%@‘ iagid was 8dicherol% Anehpargass yield of

{ 3 hours at 60C, and 130

5 artﬁ£g§ %Hﬂﬁ§§52@g ﬁ#hydroxide aqueous sol ution
\wybsq ded and further stirred for 3 hours at 60C and
its residue was renoved by filtration. The pH of the
r BRampfNy solution was 12.4. This solution was treated
in the 20 sane nmanner as in the recovery of nol ybdenum
]{Rﬁcd&eqmmhag@bagﬁuﬁﬁgovered nol ybdenum cont ai ni ng
|I?UId was obt ai ned urther, recovered

Ip I @8 rnamscafrthaispenicatalysi whichttadBsen 68é@irethe r@a&% for
sane manner as in the recovery-of nolybdenum 1 of

10 @Qﬂ@lf@ulls iaribedestdt obthelgroduétion abmisthacsyliciaid of Refstence

teri t hus obt ai ned was cal ci ned at 550C for 3
@Eﬁ@ '3&1 562 paite of molbdeanupm &0 parts of phosphoruspl & parts of

NedPiuh 3 e ot cobpeb an Si%%gtsgf cheuyDer poniained. * The
RSl PRSI efsfis of Gl Br s Reenedsatebist wasP1

o o VEE OO T R00RROSIATH S Wk, 106 Bals DL et catalyst
15  medsedispérséd. D‘BQﬁéﬁ}eddﬂbﬁtjdi%Fé%'brPf253?b§¥l¥%tf sZ&nuﬁ?h@&@c&lorﬂe

parts of pure water, the total amount of the recov

5eﬁfmtwmmumecd2tmasn%gmtaﬂdedl and §titied PG RARY &t 60°C, and
Sg arts as nol ybdenum,
0 pa s of 45 mass% sodium hydroxnde aqueous solution was added and

further stirred for 3 hours at 60°C and its residue was removed by filtration.

The pH of the resultant solution was 12.4. This solution was treated in the

20 same manner as in the recovery of molybdenum 1 of Example 1 and recovered
molybdenum-containing liquid was obtained. Further, recovered
molybdenum-containing precipitate was isolated In the same manner as in the
recovery.of molybdenum 1 of Example 1 and dried at 110°C for 16 hours. The
dried material thus obtained was calcined at 550°C for 3 hours and “recovered

26 molybdenum-containing material 7" was obtained. The recovered
molybdenum-containing material 7 contained 54. 1 parts of molybdenum, 1.2
parts of vanadium and 2.9 parts of cesium. And, at this time, ratio of recovery

of molybdenum was 96.8 % by mass. Furthermore, phosphorus and copper
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0.9 part of vanadi um pentoxide and 7.0 parts of 85
mass% phosphoric acid were added and the resultant
solution was heated and stirred for 3 hours under
refluxing. To the resultant solution, 0.9 part of
copper nitrate was added and the resultant solution

wagereuct ldetediedh frethecnedosériedradlybaendmbsustainitigd®aterial 7.
refluxing. 10 The mixed liquid after refl uxi Aig was

c to 60C and a solution obtained by dissolving
5.%£rt,s of cesium bicarbonate in 14 parts of pure
wdPrduglion sfigatalysd@ll stirred for 15 minutes. Then, to

t he rﬁgﬂl tant .solution, a solution obtained by
di sSR PP RGNS of nyre watey; the ialaliameuntiof fiereapvened: part s

b A 501 59017 S B A B e cenar,
T B oA g L e A P
s sl i S o oo
srefluxingan o thalresulemht isBILtBA, G.@%%ﬂﬁ@ﬁpﬁ}%ﬂg\g&? added and

production of catalyst F of Referen

otfteatlesuliantdofstioniwad Rertheriiatéd hod stired Y6 3 Ao0fs GrAEI9Bfuxing.
of the 20 catalyst 7 was P1.3 My12 Cuu.1l VO 6 Csl.1.

[ Do Bixed iguid Afier refluxing wescootet 10f607E aad ayddlaticrcobtained by

By, USi n is catalyst 7, reaction was carried out in
Hlgsdying éfgzi’@ﬂstﬂﬁ Cegiy bicasionale im 44 pantstaf pure water was added

L ORI L A oSS S LTS, Sl obtanc
B 1 5 S W LS5 il v
ey T Gt el et BUOR Wl 23 pr 12

Rablesaicolfbdenim. 7FORREG U redtitaht Hded | d@fafs%ﬁcirn‘g%efoﬂs

i n_ producing methacrylic acid) In 300 parts o
vaingies ammeypaparated tocdrynessiwith atiedny uidsritaatihg?! el golid

5 of a ni um net avanadate and 4.8 parts of potassium
,w@t,egggtﬁ;gro@t@ngg Wagetried, molded, crushed, fractionated by sieves and
calcined in the same manner as in the production of catalyst F of Reference
Example 6 to obtain catalyst 7. The composition exclusive of oxygen of the
catalyst 7 was P13 Moy2 Cug 1 Vog Csy 1.

[0083]

(Test 7 of the production of methacrylic acid)

By using this catalyst 7, reaction was carried out in the same reaction
condition as that in the test F of the production of methacrylic acid of Reference
Example 6 and obtained the following results. Conversion of methacrolein was
83.6 mol%, selectivity to methacrylic acid was 84.5 mol% and per pass yield of

methacrylic acid was 70.6 moi%, and the catalyst 7 had the same performance
as the catalyst F.
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at 70C. To the resultant solution, a solution obtained
by dissolving 8.2 parts of 85 mass% phosphorus acid
in 10 parts of pure water was added and 4.1 parts of
antinony trioxide was added and the resultant liquid
was heated to 95C with stirring, and a sol ution
olff@84jed by dissolving 1.1 parts of copper nitrate in
30 10 parts of pure water was further added.
siigfetnsatExample # he resultant liquid, 4.5 parts of
2(8 mass% nitric acid was added. The resultant mxed
| {(GAyclier of catalvst & fon use in produsingunethaarylio acid) under
heaﬁ{iﬁb The golid materjal thus obtained was dried,
mol detPV BAR AERUrerwater 10dnarts efarmapium hagamelybidata) 1.7 parts

oP B AR ERAARRaRE ap 4 & ellspt pasasalupanieie whee dissolved
RTEOTy, B eRRsRant SoRlygRo¥ kel gpdainsdinyediEsanipn 8.2 parts of
t BS niasedy ghb@;ﬁh&h_s IR pirts %b@?gﬁ%ﬁﬁvﬂ?gg%ic{y@and 4.1 parts

cat al yst reaction was carri ed

r ebantimony2 flioxititdivas addad ahbahe 'rgs?dlggl} Egﬁiﬁ v&&éﬁéﬁgltg 95°C with

production of nethacrylic acid ence

estirgpg, amcha sphiionezbtained tiy&ﬂsmﬂﬁh%gﬂ pafs &@G}Jpéﬂ‘ﬁtrate in 30
obtained the follow ng results. nversion o

nedrtset pure water wasfudhemaddeds el Sutisequently, do the resultant fiquid,
ggghac lic acid was, 82.3 nol % and per pass yield of
m{gg{%'qf

140 mapsopiYicarid wassdded2s Theaeslltaienixedriguid was
| 8) In.100 part th t catal yst
CPYAER(88 56 Wssotit AkrRE unilet besting.op The solbmeberal thus
. - o . ¢ Ui id of
haigd viSS oo, moBa i RRHEN JPBheltEl BV SielBaand saicined in the
' . {
e TR ren SS A Bie Brocleto Bf batdlyst AT HeHiined Sitble 110
mittain wataty st (ihecsomiposiish eXdlgsioe OFBRYdEn &fﬁﬁ%ﬂt&@@t’b: Pyis
excl usi ve of oxygen of the recovere atal yst wa
Moz s Lwhold IKG)o. 1 Vo. 3 KL. In 400 parts of pure

36 er, 5 100 parts of the spent catalyst was
rsed. To the resultant dispersion, 130

(Test G of the production of methacrylic acid)

By using this catalyst G, reaction was carried out in the same reaction
condition as that in the test A of the production of methacrylic acid of Reference
Example 1 except that the reaction temperature was 280°C, and obtained the
following resuits. Conversion of methacrolein was 80.2 mol%, selectivity to

methacrylic acid was 82.3 mol% and per pass yield of methacrylic acid was 66.0
mol%.

[0086]
(Recovery of molybdenum 8)

in 100 parts of the spent catalyst which had been used in the reaction for
2,000 hours in the test G of the production of methactrylic acid of Reference
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parts of 45 mass% sodi um hydr oxi de aqueous sol ution

was added and stirred for 3 hours at 60C and its

resi due was renoved by filtration. The pH of the

resultant solution was 12.1. This solution was treated

in the sane manner as in the recovery of nolybdenum 1

ofEXBrapiel % 55.@parts etmotybeiénlifh, 208 pEAS F PhESERGHUS) 6% part of

l'iquid was obtained. Further, recovered

myfapedisimig.3 partofrdopgen 38 ppits af anfmenapeadeds parts of potassium

nmol ybdenum contai ning material 8) was obtained in the

sd¥reRaniRineds The elementalosampositiomekglbsive ofokygén of the
The recovered npol ybdenum cont ai ni ng

nEg?&)‘lfejP&'ﬁa@(‘)\fﬁ‘ {aseltn MO & S Gun.10¥0.2161. y Hoet@parts 6f pure water,
POD iR 1BE sBEhEta i8S issprosst y Bacina esidkans rispersion, 130
\kl’\graggﬁg {455@%%{"/? %‘%9[@11 {1@%&@;{%2%@@@%% VIV AR It And stirred
L T A N S
nedsUidansaten WalsNizN. MPkieSofltioR w&@ﬁ@é@@qggﬁg§sg§e5zi‘naﬁner as

parts as nol ybdenun) was dispersed |

pirr e reaoeery axf cndigbdiernan i of ExafthleasE Atetars] anmoni a

was added to it and the material was dissolved at
elyhdenunecerteining liquid ovast élitained. 3 Foethir, ¢écovasrsani um

nmet avanpadate and 3.6 parts of potassiumnitrate were

dﬁ"?% ByM-gentaiing peecinitaie (recovaredimalybdgnuthaoitaining material
8 Fgggé% .of 85 mass% phosphoric acid in 10 parts of

ot riggh 0 thg ReEne Hiamneras ikthe tecoveryrafimelybdenum 1 of

2%{(%@?%1 fl\ggl‘?% é%q?gg?’?%ﬂ@%?@pﬁﬁqg%q eﬁr’?ngﬁzlaz%gatlg contained 54.5
e on o Al S . v
tthisntime Sraftio'of secdvery) oPmdRBdenbii Wwad97% ?éaﬁ% ﬂ‘?méla%d ig@fﬁermore,

amount of ammonia in the resultant soflufio

rafiasphpars, aptimong andfcoppet Weds Rutteteetdd ithe tr@é‘o@.réﬁd

l'iquid thus obtained was evaporated to dryness wt

Jrolybdegumrentainingtmatgrialie sol i d material thus

3$é€gned was dried, 5 nolded, crushed, fractionated by
s and calcined in the same manner as in

-

(Production of catalyst 8)

The total amount of the recovered molybdenum-containing material 8
obtained above (54.5 parts as molybdenum) was dispersed in 270 parts of pure
water and 28.6 parts of 29 mass% aqueous ammonia was added to it and the
material was dissolved_at 60°C. In the resultant solution, 0.3 part of
ammonium metavanadate and 3.6 parts of potassium nitrate were dissolved.
Then, a solution obtained by dissolving 8.2 parts of 85 mass% phospharic acid
in 10 parts of pure water was added, and further, 4.1 parts of antimony trioxide
was added and the resultant solution was heated to 95°C with stirring, and a |

solution obtained by dissolving 1.1 parts of copper nitrate in 30 parts of pure
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the production of catalyst A of Reference Exanple 1 to
obtain catalyst 8. The conposition exclusive of
oxygen of the catalyst 8 was P1,5 M)12 Sbo.6 Cuo.1
Vo.3 K1. [0088] 10 (Test 8 of the production of

nmet hacrylic acid) By using this catalyst 8, reaction

wasaterwaisetided; ahd thére4 Saserts Grmg tr@as%cmfr@t %éie'i}v Sadded. The

that in the test G of the production of acrylic

a@ngount dtainemeniadn the sequitant’selotlo Wagi 106! mid6s per 12 moles of
follow ng results. Conversion of nethacrolein was

ganalyhdenyms e Fugher the mixediquic thud oltameddvasevaiorated to

rrgJ % and per pass yield of 15 methacrylic acid was

6 6INNGRS With shigingnndeshartjrg. sThegolichmatariat thus obtairedowas dried,

a catal yst. G.. [0089] .Reference Exanple 8

( %e@ﬂ%et ‘F'Uﬁ!‘%ﬁi f@ﬂ'&%?&%’ sigves,ard calcieskindhe game manner as in

s i T 0 parts of re ter, 100

o BRIt S8 sBtaaY A R SeTehcs ixeapiBd Grobtolrsamis. The

p j 2 I.C i da@and

D Qpes{ten ol el oefis e SeleaP BN B ok s Vos

reggulting solution was heated and stirred for 5 hours

under reflLVxing. The resultant solution was cooled to

5{(0D88ind a sol uti on obtained by dissolving 13.5 parts

of cesiumnitrate In 30 parts of 25 pure water was

a(lest 8 ofribe praductior of mMealbactylidasidpbt ai ned was heat ed

to 70C wth stirring. Then, 34.0 parts of 29 mass%

aqUBBUsing Hhisratalysts, deactiprawas catried autiih thesamexredction

liqﬁ“'rfj was sti.rred for 90 mnutes at 70C and a

sEPRR e as fatin e tesy GupttbeIRfPsiictionsof sagthackyic esishef Reference

ng of .pure water ang a 39 sol.ution .

CEkaMRle 7 Ao peRaRBS i roloing skl £ Colytaion atiethcratein was
, ; d t.he .

PO TR RIECEY 88 metfad bt a8 Fitna® Hnfiber pass yield of

StnetdorgicLensie A ) i |

obt ai r?ggl was glvrdlgg ! %léé%ﬁd‘ﬁ@%usﬁﬁ%}[f?%&cﬁ%@%ge@rmanw

sasethescatalyst@l ci ned in the sane nanner as in the 5
production of catalyst A of Reference Exanple 1 to

dBP8Ph catal yst H (the
Reference Exampie 8
(Production of catalyst H for use in producing methacrylic acid)

To 200 parts of pure water, 100 parts of molybdenum trioxide, 2.6 parts of
vanadium pentoxide, 6.7 parts of 85 mass% phosphoric acid and 2.7 parts of 60
mass% arsenic acid were added and the resulting solution wés heated and
stirred for 5 hours under refluxing. The resultant solution was cooled to 50°C
and a solution obtained by dissoMng 13.5 parts of cesium nitrate in 30 parts of
pure water was added, and the mixed liquid thus obtained was heated to 70°C
with stirring.  Then, 34.0 parts of 29 mass% aqueous ammonia was added and
the resuitant mixed liquid was stirred for 90 minutes at 70°C and a solution
obtained by dissolving 2.8 parts of copper nitrate In 10 parts of pure water and a
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conposi tion exclusive of oxygen of the catalyst H P,
Aso. 2Mb12 Feo.o05 Cuo,2 Vo.5 GCs,z). [0090] (Test H of
the production of methacrylic acid) 10 By using this
catalyst H, reaction was carried out in the sane
reaction condition as that in the test A of the

prsotistivn stitapledrif dﬁafdlilvian .ﬂ‘ﬁiaﬁsl‘bff irBﬁf.ngra%qm ofg%rg%ﬁpdre water

and obtained the followng results. nversi o

navdradurther added; andithe resuifént figliacvay bvapdrated to dryness with
met hacrylic acid was 87.6 nol % and per pass yield of

nstirring ynder hesitivgwa Thezolid materialihul @dtdided Resrdricad, fnolded,
(Recovery of nol ybdenum 9) In 100 parts of the spent
c £rushest, Trigetionated bysieves.ardicalnineddn thesamermanner as in the

2,000 hours in the test H of the production of
nmfgéqgmq! Catalystdy ofBeterenca-Examplechigpbta) cawlyst H (the

p . ol ybdenu 1.5 parts of phosphorus, 1.2

P 2btrboRfiol AR Ohodycesra the cBlasil HH AsasMas: Beoos Cuns Vos
it%ﬁg 0.7 part of arsenic and 7.7 parts of cesium

wer &¥¢ont ai ned. The el enent al conposi tion excl usive of

oroaey) of the recovered spent catalyst was
Pl Aso. 2Mbl12 Feo.o0s Cuo.2 Vo.5 Csl1l.2. In 400 parts of

p(Test Whbdfthe 1pk@érucwurri@r RktheR/ligkR) catal yst was
di spersed. To the resultant 25 di spersion, 130 parts

of B¥usingdthisscaialyst Hyrbagtion wasaartied ose Iniheani@seaction
added and stirred for 3 hours at 60C and its residue

weendition as dhatinthe test Al efithe produgtidnat méthacagiolacichof Reference
sglﬁ%ti n,was 12.2. This solution was treated in the
EXRMpiEh and.pbtained kee fallewing respits moCopvension of methacrolein was

Bl Mol aR Feihae Bciitian 87 molse and er pass ield of

bﬂg&ﬁﬂ [ gecipitate was isolated in the
gg‘rre na %agya%lnﬁ'ﬁgn&@covery of nol ybdenum 1 of

gpj e 1 and dried at 110C for 16 hours. The dried
material thus obtained was cal ci ned at 550C for 3
hexarmpie® "recovered 5 nol ybdenum contai ning materi al

9" was obtai ned. The recovered
(Recovery of molybdenum 9)

In 100 parts of the spent catalyst which had been used in the reaction for
2,000 hours in the test H of the production of methacrylic acid of Reference
Example 8, 55.8 parts of molybdenum, 1.5 parts of phosphorus, 1.2 parts of
vanadium, 0.6 part of copper, 0.1 part of iron, 0.7 part of arsenic and 7.7 parts of
cesium were contained. The elemental composition exclusive of oxygen of the
recovered spent catalyst was Py Asg.oM012 Feges Cups Vos CSie.  In 400 parts
of pure water, 100 parts of the spent catalyst was dispersed. To the resultant
dispersion, 130 parts of 456 mass% sodium hydroxide aqueous solution was
added and stirred for 3 hours at 60°C and its residue was removed by filtration.
The pH of the resultant solution was 12.2. This solution was treated in the

same manner as In the recovery of molybdenum 1 of Example 1 and recovered

40



10

15

20

25

nol ybdenum contai ning material 9 contained 54.3 parts
of nol ybdenum 1.0 part of vanadiumand 2.9 parts of
cesium And, at this tine, ratio of recovery of

nol ybdenum was 97.4 % by mass. Furthernore,
phosphorus, arsenic, iron and copper were not
denelybdéniim-¢dreain i WarbAAea Y ”Fﬁﬂﬁér?i'fﬁdi/ér
material 10 9. [0092 (Production of catalyst %S To

1600lyhdesumtcqniainingprecipitateewhs isdlatedon e SdmehRanner as in the
recovered nolybdenum containing material 9 obtained
afeoevergof mqlybdenuns 1nafi Exeaaplert) and dfied at 19090 forf16 hours. The
vgpadiun1pentoxide,_5.4 parts of 85 mass% phosphoric
adrgdinatesiabthus-ablaipedevasealcined at 560EC dori 3 hoarsearditredovered

ar;ﬁ &Bé resul tant. sol uti,oslw_ was heated and stirred for

5 MfPdenppeontalring matpria ﬁewaﬁgafalwi-bsﬂg@feaﬂlvem

o PG orBiR iRteril & BoRfaried S5 et itokbdgean. 1.0
hOBr3 VeRegBf abd 2 TRABS of LD,  Af3l S HTL BFG, R & recovery of
T T ter AR VT4 Y thilSs, Ut RlorE) HRSoHoRI, Bl iron
bandiceppbrivee Aotdetected inthe AROErdY MB%Eehﬂnﬁc@ﬂéﬁ%g material
of pure water and a solution obtained’by dissolving

190 pat of iron nitrate in 8 parts of pure water were
further added. The anmount of ammonia In the resultant

sthasey

on was 9.9 25 noles per 12 nol es of nol ybdenum
nt mxed [iquid was evaporated to

Figther.. the resulia

dﬁf}ﬂgygf'% ¢ C%*?FVF{ éhg under heating. The solid

mat-gyJ | tained s, dried, ded, crushed,

1t ofe 160, paft o o Ol B0 WA TSl ProivonOF inerricoveriie

NRBRA } . : i . catal yst of Reference
L R L RN G e
e0ud| pest sbvarfadimgRtefidé s ' ic agi

Roo INDLs Res, on e uncy PR of 25 T Ripgppogo gpid and 22
tpartspobBlintasshe afsemis deid werk addet GndthByessitdifl sbitition was
catal yst 9, reaction was carried out in the sane

rhaated @nd stirred for 5 hours under refluxing. The resultant solution was
cooled to 50°C and a solution obtained by dissolving 6.7 parts of cesium nitrate
in 15 parts of pure water was added, and the mixed liquid thus obtained was
heated to 70°C. Then, 27.4 parts of 29 mass% aqueous ammonia was added
and the resultant mixed liquid was stirred for 90 minutes at 70°C and a solution
obtained by dissolving 2.3 parts of copper nitrate in 8 parts of pure water and a

solution obtained by dissolving 1.0 part of iron nitrate in 8 parts of pure water

- were further added. The amount of ammonia in the resultant solution was 9.9

moles per 12 moles of molybdenum. Further, the resultant mixed liquid was
evaporated to dryness with stirring under heating. The solid material thus
obtained was dried, molded, crushed, fractionated by sieves and calcined in the

Same manner as in the production of catalyst H of Reference Example 8 to
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condition as that in the test H of the production of
nmet hacrylic acid of Reference Exanple 8 and obtai ned
the followi ng results. Conversion of nethacrol ein was
82.7 nol % selectivity to nmethacrylic acid was 87.4
nol % and per pass yield of nethacrylic acid was 72.3

mubtainaathlyste, cax i '
o e s st T (00 LR BT R v

c AsalMou2 F6y 05 TUe36H Bsit,s Oof pure water, the total
amount of the recovered 15 nol ybdenum cont ai ni ng

mi@@93]al obtained in the sane nanner as in recovery of

enum 9 of Exanple 9 (54.3 parts as nol ybdenum,
ggjr‘%%b(%t%f tg]e prmqtm@fmemapwcae%)bt ai ned by  cal ci ni ng

S MERAR 8 st

A A B SRS o meerer
e AR A o o
082 7 mes DyelBLHRHY'tY iMsthadryfc E@fdtﬁdae%&éf@%wﬁ ?r{# é(e{é'zt}a%s yield of

in 30 parts of pure water “was a

| mgthatrylituacid Wess? 28 noes é?ﬂalh@%attél&gt?ggg Z}E‘é‘se’.ﬁ@ performance

parts of 29 nass% aqueous anmoni a
aadthe calalystoni a in the resultant solution was 9.9
ﬁ%bgs 25 per 12 nol es of nol ybdenum The resultant
ﬂ]quuid was stirred at 70C for 90 mnutes and a
| utipn, obtained by dissolving 3.7 parts of copper
"ﬁrHP% ufn 13 parts of pure water and a sol ution

' | bye di | VA 1.6 t fi itrate |
i@@%‘;’]‘?g’"o fg 2&/\&’2? vverepgtrjd:do_an:jr?ﬂe PlesLIat Znt "

: i h .
St 10,00 St of e fetef YA RAE ol dHale Fabout
Thols oy e .
arapotentorfn it kBt IR A Hecover o
pmolgbdenum 96 Exdrapleso (M.@baﬁ@fa%?rﬁ&%dgﬁ&ﬁp’,'ﬁi é?ﬁé’ of

usive

obtain catal yst 10. The conposition”excl

cnglyedenmtriexide pbtaised bY cakeining aRiméwiar\PadAnNTRPb@Re at 550°C
%ros %0}1/%, ?.ﬁs)éﬁ%f vanadium pentoxide, 8.8 parts of 85 mass% phosphoric
acid and 3.6 parts of 60 mass% arsenic acid were added and the resultant
solution was heated and stirred for 5 hours under refluxing. The resultant
solution was cooled to 50°C and a solution obtained by dissolving 13.5 parts of
cesium nitrate in 30 parts of pure water was added, and the mixed liquid thus
obtained was heated to 70°C. Then, 44 parts of 29 mass% aqueous ammonia
was added. The amount of ammonia in the resuttant solution was 9.9 moles
per 12 moles of molybdenum. The resultant mixed liquid was stirred at 70°C
for 90 minutes and a solution obtained by dissolving 3.7 parts of copper nitrate
in 13 parts of pure water and a solution obtained by dissolving 1.6 parts of iron

nitrate in 13 parts of pure water were added and the resultant mixed liquid was
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[0095] (Test 10 of the production of nethacrylic
acid) By using this catalyst 10, reaction was carried
out in the sane reaction condition as that in the
test H of the production of nethacrylic acid of

Ref erence 10 Exanple 8 and obtained the foll ow ng

r evabbrate 86 WAfrEis8 Wit stﬁﬂﬁﬁ%ﬁgf' ﬁg&;f@s ﬁ'?rgo ?q%%g?egia] thus

selectivity to nethacrylic™aci

pabiaiped I\Acbsodriedrmdﬂdea,yd:riﬁh@&iffhcﬁ@ﬁat%a-t§/ %lﬁbé’@ afd %!?ngfed in the

catal yst 10 had the sanme performance a e catal

HSa[EeEhned &s tothespraductortebeathiystiH of Resferddics Blample 8 to
nol ybdenum 10) The sanme nmanner as in the recovery of

Aeatalyst 18 Themsrepasiiersexausive efloxygercoftapicatalpst 10 was
p %ﬂt@g Iéqui mf tégr addi ng 45 mass /G sodi um
hyd 2YQ12 Bfans 230lsfe$1an and stirri ng was adj usted
tfoq(f? y 36 mass% hydrochloric acid 20 and pH of the
I I'd after addi ng magnesi um chl ori de hexahydrate

. ; : A ]
?"lﬁe;&'%grbéa*@%%%@{f@ﬁ?%ﬁﬁ%ﬁﬁ? AGRE t hus "1 2&3; :dht °
rocap o ERHAVR! 19 BB Fhs el R e pfEeReler
2@ordifion b8 tivdt iMBhe Rske M6 th@%?o@u&io?lac?ftnr}g{hﬁgﬂei% RRY YPReference

At this tinme, ratio of 25 recovery o um was

3Bxamplen§ andobtained thefolioig @isul€.c 0C6AVerdRmh of methacrolein was
drastically | owered. Renoval of phosphorus was

| $2-3iMolge csaledtivity it methatrytic acilavas 813 mels andYietPassield of
not det ﬁct ed in the recovered nolybdenum contai ni ng

nRetiacaliciasid was 1Ry mol%cengddhe catalysts Brhadthe same performance
( \ nol ybdenum 11) The sane manner as in the
r%gﬁ%eﬁ;glgg{ﬁbl ybdenum 1 of Exanple 1 was 5 carried
qgggglxcept that 36 nmass% hydrochloric acid was not

added after addi ng

Comparative Example 1
(Recovery of molybdenum 10)

The same manner as in the recovery of molybdenum 1 of Example 1 was
carried out except that pH of the liquid after adding 45 mass% sodium hydroxide
aqueous solution and stirring was adjusted to 4 by 36 mass% hydrochloric acid
and pH of the liquid after adding magnesium chloride hexahydrate solution and
29 mass% aqueous ammonia was adjusted to 5 by 29 mass% aqueous
ammonia, and thus “recovered molybdenum-containing material 10" was
obtained. The recovered molybdenum-contalning material 10 contained 21.4
parts of molybdenum, and 0.6 part of phosphorus. At this time, ratio of
recovery of molybdenum was 38.2 % by mass and the ratio of recovery was
drastically lowered. Removal of phosphorus was insufficient in this method.
Nevertheless, cesium was not detected in the recoverad

molybdenum-containing material 10.
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45 mass% sodi um hydr oxi de aqueous sol ution and
stirring and 29 nmass% aqueous anmoni a was not added
after addi ng magnesi um chl ori de hexahydrate sol ution
and 29 mass% aqueous ammoni a, and thus "recovered

nol ybdenum contai ning material 11" was obtai ned. The

r §0o9Ey ed 10 nol ybdenum contai ning material 11

contai ned 54.3 parts of nolybdenum 1.5 parts of
plC@omparative dénipi@ 2parts of cesium At this tinme,
ratio of recovery of nolybdenumwas 96.4 % by nass,
hdReceveryrafmoelgbderiumHdphorus was insufficient in
this method. 15 I NDUSTRI AL APPLI CABI LI TY By the met hod
f or TheGaime Magnabay initheurecovenyro molplaerium nvefrExample 1 was
%Ipb/_bd num can bhe recovered in high yield froma

AdneCsRt KiatBRgnasede dnvideachieinpacid iwas rot dddadtafter adding
XA BT Sadfirh 8T B ARG Salliorand Reiracans 59 masso:
¢ RRpSLs AFhrfon B AR A ldeR ol Boing rettas Uk ehlpvn
P 2ahyiratd Solffer] ot 28{madeed BEbR A Gle B Hils icovered
| ndlgbdErhmh ebAtaifing hstEAS A w&t@dté(ﬁbdbymggrggoﬁeggd

recover ed nol ybdenum cont al ni ng materi al
bewalybderumv-cortiding matbgaliml od?ﬁﬁﬁémsqwﬁé‘ﬂé‘bﬂﬂ\ollybdenum, 1.5
mat eri al conprising at |east 25 nol ybdenum A el’enent
aPartotpbosphorus and Se8vparts ef cesiufor Athiis tinteIriié of rstdvery of
hence, the nol ybdenum contai ning material conprising
afn URFbWB $8:thiBq byamasise hewever termoal efphbspharus was
E@rﬁtﬁcul ?r ha catal yst for use In producing

HAietsnt i this, m n be used effectively even after
it has been spent. 44 Cains 1. A nethod for
recovering nol ybdenum conprising the steps of: 1)

di spersing a nol ybd In ,al which
cloflltoai ﬁls gt I eas%/ mgﬂ%%hwﬂg?Mﬂ( phos:ohor us
an@yotheans@ivddidr ARSVEriRY BN ddrtim bP?r%lt[Prege%ﬁ\r/ﬁntion,

selected fromthe group consisting o ot assi

rrodlybidenymosssi berreuavetdthin highlidld froRt & gt
al kali to make pH of the resultant m xed 11 qui

material comprising at least molybdenum, A element {phosphorus and/or

h‘edntainin
d 8 or g

arsenic) and X element (at least one selected from the group consisting of
potassium, rubidium, cesium and thallium), and hence, a spent
molybdenum-containing material, in particutar, a spent catalyst can be used
effectively. Further, by using the present invention, it is possible to produce a
catalyst by using a recovered molybdenum-containing material which has been
recovered from the molybdenum-containing material comprising at least
molybdenum, A element and X element as a raw material for the catalyst, and
hence, the molybdenum-containing material comprising at least molybdenum, A
element and X element, in particular, a catalyst for use in producing methacrylic
acid can be used effectively even after it has been spent.

44



" nore; 2) adjusting pH of the resultant mixed liquid to
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fall within the range of from6 to 12 foll owed by
addi ng a conmpound cont ai ni ng nagnesi um and aqueous 10
ammonia to forma precipitate containing at |east
magnesi um and A elenent; and 3) separating the

preci pitate containing at |egghjg@gnesi umand A
elenment forned in the step g? roma sol ution

cdnt A mettgodiforireesverinig) MBRSABAURY GHANMIRS t :
nol ybdenum cont ai ni ng‘@I [ qﬁ?d). 15 Z.yThgﬁrr%et ﬁtggsfogr

r ed pdispersingal mbledenumecanitdinirg matatishiwhich cdrtainges least
conprising the step of: 4) formng a precipitate

c 5lebdemimaA eleraent (shbgpitens mndjoraatsenit) angd Xelemidno{at least
the recovered npl ybdenum containing liquid to 3 or

| 088 ted o thengrouneconsistion st natassiutosrubidivmgcesium and

(pecpver ed | ybden copt aining precipitate) fromthe '
2@‘%@1’@1 'I"o‘ﬂggfﬁ“d‘ﬁﬁﬁir'}?%? to maqsee%@éfha@s agtyaixediiquid 8 or
aﬁ.’bqui ng to claim1 or 2, wherein a

nol'ybdenum cont ai ni ng nmateri al which contains at | east

oSS0 o R FRRS 5578 e o
COR $aIfIwetDbp bdBRige® thﬁﬁbgha oftdiithg ﬁ'ﬁé%f‘;&ogﬂﬂ Iqarr]]g aqueous

thaIIiurr)lls a cata 5 for use . . .
naminzania to éora agprédipitatetopdsinilian e s nddgidsturi’d bbférr‘nent;
y

of methacrol ein having a conposition represente
t@Rdfollowing fornula (1): Aa Mb YcXaOe (1) wherein
Mp,.and O represent nolybdenum and oxygen,
r 3 ReParting thepregipitate eentaining atleesimagsesiuny and A element
ni,c; .Y represents at |east one elenent selected
o efinthg %‘&5 3) dram & §9h¢isy containing-adaast malybrenym (recovered
LN Sl cal cium strontium barium
ﬁﬁ?@ﬁ?ﬁ%ﬁhﬂé‘?}%‘awﬁ%%wm um tungsten, nmanganese,
D | VEH g | W | L I iU
2 Pl TRAASH for vetofiting AloHdsH Ty &Siortiin R tither
Zonamrisingthe §1@ij5{) sul fur, selenium tellurium
| ant hanum and cerium X represents at |east one
el ferming &l precipitate containing at least molybdenum by adjusting the pH of
the recovered molybdenum-containing liquid to 3 or less and separating the
precipitate thus formed (recovered moalybdenum-containing precipitate) from the
solution .
3. The method for recovering molybdenum according to claim 1 or 2, wherein
a molybdenum-containing material which contains at least molybdenum, A
element (phosphorus and/or arsenic) and X element (atJeast one selected from
the group consisting of potassium, rubidium, cesium and thallium) is a catalyst
for use In producing methacrylic acid through gas-phase catalytic oxidation of
methacrolein having a composition represented by the following formula (1):
Aa Moy Y, X4 O (1)
wherein Mo and O represent molybdenum and oxygen, respectively; A
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- fromthe group consisting of potassium rubidium
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cesiumand thallium and subscripts a, b, ¢, d, and e
represent an atomc ratio of each el enent,
respectively; when b is 12, ais in the range of from
0.1to3, cisintherange of 10 fromO to 3 and d

| repregents phaospghorlis Bha/or rsenié: I
at o?ri c ra?i o of oiyge/r?rné%%nslg'g{% ?gge?ﬁla?ﬁﬁﬁgéﬁéemsm

r eglectedfnom tfe groep\ainsistingdf ireActobat, eikel, cRbRYE zinb,

A nmethod for producing a catalyst by using a recovered

noNGWRSWM calaiuem, rstraptiviny tiadivam ditanium, veradiame ¢hromium,

n?llgé)sgenum containing 15 precipitate (expressed
YRgRieRManganess, Silere Borar, wiligenualuodmymi galfigm, germanium, tin,

T gt B oo S5 S s i st selenium,
\A”E%l[lgﬁl rﬁ,qagﬁﬁgg@#ﬁﬁ géi @l%:) ﬁ%g%%&%ﬂéggtgg% gllg{%ergt Selected
i e bhan g d
O ] R R EBIASuh RBIAOR EGPARY Fe: ano
" SUbSETRg a, BOLYD EHALETSHELAN U SoRE FfiEbt odoh Hafeny,

nmet hod for producing a catal yst accor

orespectibelyewhed btis 12 & isW &ife Ringd BTN 0PElo 9.% Rl Me range of
of nol ybdenumis included when the catalyst is

pfroau@ éal3 a1l ¢ is inithe range of from QOIdo G argl @ répviesbiitsithe atomic
according to any one of clainms 4 to 6, wherein

t EaHoRfAxygen diecessaryifonfuiilling therrequiremient ofithervaleneesf each
orl aé)rgrab@of the steps in the production of catalyst

i €6 ¥8 ower than that in the case where a raw

o1y SRR BFbiEY B 8ol by Ang f vt en

ARt ioalrih ki R AGERE{BbReBlnrRighing

| o t i i . e
e e B et & Feverod piyarlnt containipg

mgltre‘er;tairll"l) moiiﬁ I('j:&(s; bregh aeédx)e;red SP/A%E}Wh‘éCmég@%I dckbrding to any one
r(g%ms 1/&?* A present nolybaenum and oxygen,

5. The method for producihg a catalyst according to claim 4, wherein the
catalyst is produced by using a raw material of molybdenum other than the
recovered molybdenum-containing materfal together with the recovered
molybdenum-containing material.

6. The method for producing a catalyst according to claim 4 or 5, wherein 1 to
17 moles of ammonia per 12 atoms of molybdenum is Included when the
catalyst is produced.

7. The method for producing a catalyst according to any one of claims 4 to 6,
wherein temperature of solution or slurry in the entire steps or a part of the steps
in the production of catalyst is 0 to 40°C lower than that in the case where a raw
material of molybdenum other than the recovered molybdenum-containing
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" represents phosphorus and/or arsenic; Y represents at
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| east one elenent selected fromthe group consisting
of iron, cobalt, nickel, copper, zinc, nagnesium
calcium strontium barium titanium vanadi um

chrom um 10 tungsten, manganese, silver, boron,

sirhatedal whichiasuiserarcbistad HAISIRG theMmetHdd acdd?diflg to any one of
anti nmony, bismuth, niobium tantalum zirconi um

i otRions 1 B fsiusedsel enium  tellurium | anthanum and

cerium X represents at |east one el ement selected

f BomTheemgthedfos pradusing g catalysiteessiding to amy dheof claims 4 to 7,
cesiumand thallium and subscripts a, b, ¢, d, and e

r @@Teé%'éﬁge sAtalysihas a eampositior sepresented by, theSollowing formula (1):

respectively; when b i 2, .ajs.in the range of from
0.1to 3, cisin theM@bYo?(dQeromGUO 3and dis

| PRGBS B8, Ahbe sl Fediciatlea
" RSN HhoShhbiifs ARl/E SSeRle; F9EBrosBhl B 1bad N alerment
selected from the group consisting of iron, cobalt, nickel, copper, zinc,
magnesium, calcium, strontium, barium, titanium, vanadium, chromium,
tungsten, manganese, silver, boron, silicon, aluminum, gallium, germanium, tin,
lead, antimony, bismuth, niobium, tantalum, zirconium, indium, suifur, selenium,
tellurium, lanthanum and cerium; X represents at least one element selected
from the group consisting of potassium, rubidium, cesium and thallium; and
subscripts a, b, ¢, d, and e represent an atomic ratio of each element—,
respectively; when b is 12, a is in the range of from 0.1 to 3, ¢ is in the range of
from 0 to 3 and d is in the range of from 0.01 to 3and e represents the atomic
ratio of oxygen necessary for fulfiliing the requirement of the valence of each

element above.
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