DESCRI PTI ON  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 liquid) or
precipitate 10 containing at |east nolybdenum
(recovered nol ybdenum coﬁ%&@ﬁlﬂd'lqal’\lem pitate) froma
nmol ybdenum cont ai ning material conprising at |east
nol ybdenum A el enent (phosphorus and/or arsenic) and
, n I f t he
MsrOE g FREGERaERMG MEL SERFMOMAN PHEIRISE For
f’h@ﬂ)UE‘fﬂlG é‘ﬂ?AE‘YS‘?‘Et hod for producing a catalyst
the recover eéd nol ybdenum containing 15 Iiquid
and/ or the recovered nol ybdenum cont ai ni ng
preci pitate. BACKGROUND ART [0002] The
nol ybdenum cont ai ni ng MECHNREACPIEIDSI ng at | east
nol ybdenum A 20 el enent (phosphorus and/or arsenic)
wﬁlﬂﬁ}( el ement (at |east one selected from the group
consi sting of potassium rubidium cesium and
t hehe prasent nventien yelatasolara mathed foreecomringssnigtiomeontaining
het er opol yaci d based catal yst~which is used in
arlsasty L)%dﬁawfb Sﬁ%‘ﬁfedﬁﬁ 'HB@?%W&OQ@'B"TQHM@W precipitate
ric aci

%‘%@'{@% 833 %'tbllgﬂ ﬂgggvegﬁaggé’l ﬁggréqmoqprgqunmg precipitate)
@Z%C.%@déﬁ%a?#’b fatig B8P Glinhfiaiio B s o haenum. A

élémiﬁﬁ '(Qﬁbéﬁhdrﬁé’ QHHlHr%?Seylé)OM}( elEFIRAL Bt/ I¥ast cg]eaéblected from

i ndustrial 'gas-phase oxi dat’ion reaction, a cat
heagtoliprcondisting f potassifh] RBidiim| béﬁuﬁ'ﬂﬂn@iﬁéﬂiur’ﬁ 'eﬁﬁl a
used for the period of tine, the catalyst is ta

methdd fompaoducing arcaalgst wgihg thesl rdvpverettemowmienﬁhecontalmng
spent catal yst thus taken out fromthe reactor

licyid andéoritae yeenvsred molddanumgontainingwrecipiate. f or

BACKGROUND ART
[0002]

The 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) 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.
ltis also used in a process for producing methacrylic acid through direct
gas-phase oxidation of isobutylene.

[0003]

Generally, in an industrial gas-phase oxidation reaction, a catalyst is used for
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produci ng a catal yst, such as nol ybdenum potassium
rubi diumand cesium 5 It is a very inportant subject
fromthe econom cal point of view and fromthe

vi ewpoi nt of reducing the |load to environnment to
devel op the technology for recovering and reusing
these el ements or recycling and reusing the

8 SeBALRErqEbOLLITe and alier botha Usas fo5iha Beiadef e, the catalyst s
feloR A ronyA BRI, AR SRl CEHDYR BEWSME naAcsRg catalyst thus

EeR BT @%&?ﬁﬁ%ﬁ%ﬁ%ﬁ?ﬁfpﬁ@é&%@gﬁE;me@ﬁena's for
pREIERRYA batdydh Sl & Mdhdurins B, RN 8l Eesium.

esin ec'tl separ at & ces

i’tll&)ladﬁe rﬁﬁ@i‘tér’i’(éﬂdbﬁé&!‘f@i’m EHE éé@ﬁdiﬁbaﬂﬁmﬁ’t HNIEW érﬂﬁfrom the

adsorbed el enents Wwth sulfuric acid and recovering

viewpeoirtlof redicing tse Paldftetervirohment b dewdopthe tathrolsyy for
step of recovering a heteropolyacid by treating the
rasiovetiog aofl rebsingdhéesereteahentsior réeydieg andpeligingitbe spent
separated in the foregoing step with proton type
eatalyisll y aci di c i on-exchange resin (refer to, for
Ie JPHO7- 213, 922- A1 (Patent” docunent 1)). 20
Further, as a nethod for regenerating a

ci‘@%ﬁ%ma@é@e ?e??%a?% @?ﬁﬂ@?ﬁﬁrﬁ L & SpfoiEhsr a
DB, A5 o s oD JeRmResRo Ay
Hetebeysblpacid %ﬁﬁ'ﬁa%@d%b@n?@@l%‘ sf Aith! SeAurWitydrakideé lel%g\% by

cont ai ni ng 25 heterocyclic conpound (refér to,
eortaplireg theRBsArAMBdUre It Bodient typeastrongiyt aamc re@m to

regenerati ng nethod of addi ng ammoni um speci es and
setlectively adserbi and separaticcesiuma rahidician ahg!$hal(mmfcn‘rpdtass:um
for, exanpl e, JPS61-283,352-A (Patent docunent 4))
?’éﬂ@ﬁ iheadaerbegialements with stifudc apid aystrecovarieg #sase elements

\f&z,t g E@i?l on exchﬁ %er sech as .crystalline
&, p1ag 0f o B elameg!, Sgring iem phiecoy R serapalyacid by

d e _known
PR UL OB st tﬁ? B GoBAvER separated in the
1OFéBbing Lt éith ProfoRdyF8 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 (Patent
document 3)), a regenerating method of adding ammonium species and nitrate
species 1o 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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5 docunent 1) uses ion-exchange resin in two steps. In
a recovering nethod using ion-exchange resin, it is
necessary to | ower the concentration of the el enent
to be recovered in the solution to be treated for
recovering. Consequently, it causes the problemthat

usi ng i gn-exchange resin in the twg steps as in the
IngeaRnic sorexehanges skih ascrvsialing antimonate et to, for example,

FEPREEE a7 Bdlh JRShATH hfind e iR
Egg%ﬂér, as the }egenerating nmet hods di scl osed in
-002, 293- Al (Patent docunent 2),

J . . : . .

(o de et ectiel i8R ) HP Rl PR AT A
decwnent 1Plsed idAtexchange Fosine bhveé Btdpat |a acebaleriig fdthod
be regenerated to a certain level but its yield of

usingdon-exchamge resirs, inig ridvessaneatodowtethecedradeytriation of the

| ower than that using a catalyst produced in a

elemenitg begenoverediodise solution torbeHuehteth fartrenasering. ved

these problens, there is a nethod in which a 20
p@%@‘é‘ﬂ@ﬁ'ysﬁ@ﬁﬂs@%mﬁ peablens thakying ion-exchanas resini the two
the resultant dispersion, .an alkali [etal c ound and
SleRs asdn dhedheye Zrse Zesklls indncregRein His Sea¢lEauiment and the

e athoh e BTt BRcelafins rRbin. B8 pbod FE R efpBomce!

mfcover them as a nol ybdenum cont ai ni ng
reclpitate which is usable in producing a catal yst

( rRirtierf &8s tﬁe)feg@glggﬁti m@%ds@itsﬁlgg&? iB99S6RT0293-A1 (Patent

docunent 6)). [0009] wever ,
dotyhden2)nJPS60a232, 247 X le(P ate hiad scureet 3) e dPBB 11283,352-A1
nmet hod disclosed in USP 6, 777, 369 (Patent docunent 6)
@ajentdesumnent HrarxhdiBHOE-285878-A1 (Ratentidocuimiertt Shathere is a
been ori%inall inclyded in the raw material for,
p@ﬁm_ thaly caa)fa@_ tcaBibe regegerated to aiqestainlpvet brts yietd of
B ok Sd sl s e 3 B ng o
catalyst produced in a ordinary method.

[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 adjusted 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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5 Patent docunment 2: JPS54-002, 293-Al Patent docunent
3: JPS60-232,247-A1 Patent docunent 4.
JPS61- 283, 352- Al  Patent docunent 5: JPHO6-285, 373- Al
Pat ent docunent 6: USP 6,777,369 10 DI SCLOSURE OF
| NVENTI ON  PROBLEM TO BE SOLVED BY THE | NVENTI ON
[0010] Therefore, the problens of the present
Araenit Whichdhave beQn originellwineludestinftbe rawana@dflabmﬂrﬁgovenng,
sol.ution containing at |east nolybdenum Srecove ed
Apf ;t'b%r@rfar%r@gm@pn.%usma @hlaprwpmtecqu;ﬂc lyifer producing a new
co ﬁa ning at |east nolybdenum (recovered
PEW?&enum contai ning precipitate), which can be used

Ci R RGBT 5 137 oLy
P@@{tloﬁicnaq@ﬁzl 9PS5AIRABEEAIM A el ement 20

( phosphorus and ar senl and X el enent (at | east

Paterftloeahreht B QPSBDQSZ;szwOHSI sting of potassium
rubi dium cesiumand thalliunm, in particular, froma

Patenteloedmemt dt JP864+383,352¢4d to provide a nethod for
E’ﬂldum ng a -catalyst using the recovered
sridiosumant 5t dPHi06285,3T8Alor the recovered
nol bdenum cont ainin recipitate as a raw material of
3@%@%@3 SOLVI NG PROBLEM [0011] To

sol ve the problens descri bed above, the present
inventors have 4 Y r intensively researched and have

materal whi oh i o B FGRRdrl WEERTIGROCT ng"

ol ybdenum pines gfpO!BiE SED BY TRIEAINVIENTRYNMEKI N9

a magnesi um contail ni ng conpound act on the d| spersion
fgo1@)speci fied range of

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 particular,

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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5 pH it is possible to recover nolybdenumin a state
whi ch can be used in producing various kinds of
cat al ysts contai ni ng nol ybdenum and t hus have

conpl eted the present invention. [0012] Nanely, the
present invention resides in a nmethod for recovering

10 mol ybdenum conprising the steps of: 1) dispersing a
f@?%ﬂ%‘ﬁlﬁﬁ?%ﬁ af andavg:fernd thatrhycdispersing s at | east

A ot P GBI e P o
FRAP PR BN gt B R SRR o ¢ 1
R i e BRI Brardhr ) 84 fnge o

pH, Itiio poSsible tolrdchbeer MvRBdEMUACH Dstate AAMPCHHIDe used in
cont ai ni ng magnesi um and aqueous anmonia to forma
praghicing warousokinds of ogtabists earstainimg nrstybderamd add thus have
el enment; and 20 3) separating the precipitate
compiated the preseptinventignesi um and A el ement  formed in
hﬂf tep 2) froma solution containing at | east

1?idenum (recovered nolybdenum containing |iquid).

R S
@Hyﬂﬁnuﬁ?WHgﬁ%ﬂ% thg%t%:%seﬁfé(’f: 4) formng a

recipitatée ¢ arni ng ast nol ybdenum by
fpbidpbisitg hitfol LahtaiRFRViRaRsal whi '
ol oy cong oy ernl RRARERIABE whish coptpips gt feast
mddytidemaing A elensent dphosphiorngbhoridisemerand X albmenb (st least
formed (recovered nol ybdenum containing 5 p
one selectad #pni thergrobip censisting of pofa@8ikdh, mabidilve; cesibm and

resent invention resides in a method for producing a

lng)sin water asd eglding alkali to ket bf theurestiantiniieddiquid 8 or

Iiguid a recovered
more; ‘
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 agueous
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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5 nol ybdenum cont ai ni ng preci pitate which has been
recovered by the above-nentioned nethods for
recovering nol ybdenum EFFECT OF THE | NVENTI ON [ 0015]
10 According to the present invention, useful
nol ybdenum can be recovered in the formof reusable
solution or precipitate by an easy operation froma
ﬁfﬁ%lﬁﬂhﬂﬁ@@dh@&o&tﬁ’@- materi al which contains at |east
E&L% denum A el enent (phosphorus and/or arsenic) and
"@ment (at | east one selected from the group

fﬁgﬁ#ﬁ%ﬁnﬂ% ;?{gsgﬁﬁ ﬁ?%rbﬁli‘ résfr@s's? ib%‘fﬁ&il tor pargguT:EE? talhc;alrtatlyst by
Rt R AR R B PRl el o o

o duriuni-BonfimA fﬁ?&ciat)maté%iaﬁ 8§ Meeh'TéeoVarad dysthéﬁed

i n producing a catalys It 1s possible not only that

abové-yiettioned methads iftirespeating AlolhdEnupan be used
effectively, 20 but also that a catalyst with the sane

yield of nethacrylic acid can be obtained as in the
case where a conventional raw material of nolybdenum

is used and the r EERRGEORMBHEIHMENT EINt ai ni ng

mgﬁial is not used. Moreover, it is advantageous
there is little limtation on a nethod for

o RS B RSB Reas i VBRRH Fro UMM E Pl Brresavered i
S A 1
KA drRfn-canERNING AR EAROORIER CRNBIngBE Riast M difbdihuns oo

ARt
in”recovering mﬁybdenum conprises at | east

slznydrtgphosphbras andfir axsehie asd Xnalament (at l6ast onesagleéted from
a spent catalyst used in a reaction for producing

the graupydonsisting af plotasmsiitm gaubiditms eesiamaapd ithalliuringldn ipanticular,

of methacrolein or in a5 reaction for producing

fremma eglyhdenun-gontainingspext eatalyse dehydr ogenati on of

@QI tylic acid can be nentioned. In the case of these
ysts for producing

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 moiybdenum-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 not used. 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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met hacrylic acid, those having a conposition
represented by the followwng formula (1) are
preferable, and those having a conposition represented
by the following fornula (2) are particularly
preferable. 10 [0018] AaMob Ye XdCe (1) Werein, M
represent nol ybdenum and oxygen, res ctlvely

a”&@saw sentiioventionua raﬂubger;wn aining matarial to\be Uﬁﬁd in
5?60%%8?19%@55{1’9 iy B oes o el myedortih & et A x
SRR B 10k, A3RRH bl AP 0T A AG8HH Tor producing

Fﬁéthﬁ ilc & lH'IthJ.{Qw %ﬁ ha¥B cé’l‘é‘lf Yitiatioh! &t meih%@%lem orina

antlrm i smut ifum tant alum Zircon

réuhmmfogsgykfdmnmbmm adi@ltﬁrbugh' BxidaAive fwwmdg@ihauon of

cerium represents at | east one el enent sel éct ed

isobutyliceacii cap beonentidriety o thotass biihese Watalystefor producing

cesiumand thallium and 20 subscripts a, b, ¢, d and

gateaerybieacidathasedaving atcpmpmrsutmuiepee&amm by the following
when b is 12, a is in the range of from

tively;

Eﬂesﬂﬁ{?% (1'3V§@ Areferablenand thege kaving asenpasition epresented by the
th f 0. 1 t t th

teltohito 4t Bcars Rk Seeda@Pia. or ' Toi 1111 ng. e

ng%rement of the val ence of each elenent above. 25
F ] Aa Mob Y'¢c' Cuf Vg Xd Ce (2) In the fornul a,

Mb, Cu, V and O repr enumeqpopper, vanadi um
and oxygen, respectl\?%‘lem h'Xob%g?jesent(s):phosphorus

anhefein] MOMrid OYeprededP hfgidenuh ahﬁﬂﬁéjg@ﬁeréﬁlp%ﬁﬁly,

sel ected from the group consisting of irfon, cobal
represénts phosphomgrarsl/omarsenics Yuepresentat ieast bae lewment
titanium chromium tungsten, manganese, silver,
seleeied fsomithe group comsisting gﬁalmm wobalienickel, copper, @inc,

| ead, antinony, bisnuth, niobium tantalum zirconium
Magngsium algipm, stoatiimnbarsumetitagiuranyanagdiomashraraibm,

g&rg:s,gqﬂ nﬁq{ SSat abI h&?l tfcg[hﬁﬂg %ﬁﬁmﬁl&%gryrﬁ Lﬁ?ﬁlhg{n germanium, tin,
B, O S GO A RS, AP wrm
fenatilimBnthanum 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 3 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 Moy, Y'e Cur Vg Xg O, (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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preferably selected from potassium rubidi um and
cesium and subscripts a, b, c¢', f, g, d and e
represent an atomc ratio of each el enent,
respectively; when b 10 is 12, a is in the range of
fromO0.1 to 3, preferably from0.5to 3, ¢ is in the
range of fromO to 2.98, preferably fromO to 2.5, f
r@rﬁﬁeﬂﬁ@tﬁm@r@felemm selecteddramdbe grouptensisting of ivon,
is in the ran%e of fromO0.01 to 2.99,

ﬁpg?lérfuﬁf%l #IneMagnesium, calCiima, Strandium, barium, ditgriugy, chromium,
omO0.1 to 3

Wi thahganissel Sive?. 6o OS@FO%@BW%C%EmQPWamum tin,
e‘fﬁcf alnk tﬁl@ﬂ%ﬁé@ﬁﬁﬂé&&%w EJ%_{]YLE’T lﬂgeqnﬁfstlﬁt@? selenium,

Eélmlﬁnpflantﬁéﬁgﬂn%ﬁcéﬁhrﬁ k%}ggp saiettkl $om fof ailﬁ{: {a’ﬁrmamum,

from wh umil S recove I'S not particu

ahtiinond, |anmaauu&paﬁa ceAUM; YsfepraRthts Bt Féa‘s?éﬁé Lem?némrselected
producing nethacrylic acid is 20 usually used, and

tratrathesgrouhiconsisting lof potassimp atbidiums eeiom and tlmlllum
reasons, a catalyst which has been drawn from a

pé%fetahiy selected frorodictassiumt eubidie andcesnaa’ctammwnpts a, b,
? | i ke are al so usabl e. [0021] (Step 1) 25 A
an & LG e JBREESERT ﬁg atemis iatip afigagh edfameat, fespactivelyswhen b

o2 Rt e fands GtTEah o016 & pretefahlyfram 4556 53855 i the range

Ao At S

ﬁf’eéeutfég‘y 8. @'tlsiﬁ g s R range drirdiQ 0. RS GaC g@é#ﬁbly from

and, or ex SOdI um hydr oxi de, pot

byiriox ded d |§@:$memdng@ra>frdiﬁo oGPy yr@u‘évéraewcﬁn@v to3and e
aqueous ammoni a-can be nenti oned, and in particul ar,

ssptesents e atomie ratio pf ekmabheced@ary forrfulfiingrthe requirement of
catalyst is totally or partially in a reduced state,
the valepeeoteash elemend,abavecand besides) (e ndt+ ghis i6 therange of
]a chl orination, hydrogen peroxide treatment or the
FPR00218% the al kali addition, or by chlorination,
M gen peroxi de treatnent or the like after the

i addition.

Further, a catalyst from which molybdenum is recovered is not particularly
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 or more, preferably from 8.5 to 13. Akind of alkali to be used Is not
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[0022] (Step 2) 10 Then, the resultant |iquid of

nmol ybdenum containing material is previously adjusted
for its pHto fall within the range of from®6 to 12,

and to the resultant |liquid, a conpound cont aining
magnesi um and aqueous ammoni a are added. Then, the
resuILﬁ;rF ljgquid is adjusted again for its pHto fall
wafsaUahlimitegh aedofpr e%amea sogium hydrayide fptassigmaydroxide,

nesi um and

2{&% i,l'gﬂby? o a" iu rbgnsiee@réé agy omg%ap'@m;@ danbe mentioned,

AR PRI, S @Ww@fséi?%“%ﬁ S8R o e e gavst s

o dl"!fél' Hﬂhlfaﬂ? 2958950 a1 i8 g’f‘éf%ré’&lg%* oxmﬁbngalcinations

loh o e conpound Ccontal ning nagnesi um a
dramncrorigion, hedidiges pirbrite tre‘%atrfn@hﬂ’éﬂthesllkel%ﬁbﬁé EH%J alkali
one nmol or nore of each conmponent per one nol of
eldditiont or BY chideinalior,eydrogeo perbxidwtreatmery ordbe ehke @fter the
to be used when the precipitate is forned is not
gdlsadiiaddition.y |inited and nmagnesi um chl ori de, magnesi um

ul f magnesiumnitrate or the |like can be used.
ﬁQﬁﬁ?i] 25 Further, pHof the liquid in the step 2 is
f%? to 12, preferably from6.5 to 11, nore

|& ably from7 tol0. Wen the pH of the liquidis

T8 B i it o
{t&té@fbr% & tAhAtHg WFéngenéﬁJff y@?eﬁﬁz Shd'®) ﬂhearéséltant

e of rec ery of 9} num 'becones
nquﬂyagoﬁmwmrdﬂdﬁ@aﬁa?mbﬁgﬁhw aquéou§aiﬁrﬁ&hla atre added.
preci pitate, and hence i's not preferable.
dheer tHearesultavitdiquid iseadisted aghain for dsipH tcsfaﬂrwwhm hia@ range of
12, magnesi um becones nmagnesi um hydroxi de, and hence,
fomGitald@ ibregded, amdra presipitate contairfing at l:_aast rrmgrmsm and A

re cong?und to be used in adjusting pH t ho
elenertd rmest. dgl,stpr@tgrgplwto remove lnsoluble materlals by filtration 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 more of each component per one mol of A element.
[0023]

The compound cbntaining magnesium to be used when the precipitate is
formed is not particularly limited and magnesium chloride, 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 t010. 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 well as a rate of recovery of
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limted and, for exanple, hydrochloric acid, sulfuric
acid, nitric acid, acetic acid, anmonia, sodium

hydr oxi de, potassi um hydroxi de or the |ike can be

menti oned, and anong them hydrochloric acid and

amoni a are preferable. 10 [0026] It is preferable to
hold the |liquid for a certain period of time after
soelybdenun besomesday hasase ramfgonmgh dedemmnlybdqnmmwate is

orma precipjtate. is tine

ﬁ% ‘ngt?fgwaies apd Pﬁbﬁt%ﬁ '&T]Qﬂj'lﬁfﬁfﬂa'@m @rsthe?otm[) Ihaf'lci when
Eﬁéibﬁfqoﬁﬁgm Fodeiband, beanesti beaSwkeimatareiim,
| rdkufrl’érr' 'eagwd H%Qﬁ?%%ﬂ%SQA%ﬁhé%%&oﬁ{s %ghﬁf?:iéﬁt' t

ining at |east magnesiumand A element formed in
the above-nmentioned precipitate formng step is

sePhe gbathdundIto beswdad NGt 2&linROH ¥ Hdd@ (Rfuid$LrRSiot partlcularly
nmol ybdenum (recover ed nol ybdenum contai ning |iquid).

lieiteddarid forsexmemple; hydrobkelopic e&cidyisulurc &eidmitie acid, acetlc acid,
solution is not particularly limted and general
REVABAIR, §OdiHmaRY rpmdeapotmswaphvdmme ordhi dieicanl hedmegtioned,
g aw t%/ filtratjon, filtration under pressure,
nA@meng themdardroghiate acigrand ammonia are prefeeahle. and
L%éll ke or centrifugal separation nmethod can be
ed. 25 [0028] (Step 4) The sol ution containing

FAAFRSHRBI RSP LG5 Aol ATt e e
@enip%unu%ntaﬁﬁ*npaw St arqrﬁﬁgq&cﬁ{s%.gfgmon?éfb ﬁfﬁ#é Bfecipitate.

by itself as enum i n

Pt thels itvien the hoRlimgtimle)s prefepaisty Ql‘ound from (525 4adis &nd
subsequently adjust pH-of the solution to forma

terepeénsiturataf the ligaidris pefetabilg assunddmadeniteniperatiete ®0°C.
nol ybdenum contai ni ng precipitate). 5 [0029] At the

W koldingrthe diguida 8 may: besteat! aill, Piuti preferabinitas atimed.
[HO%% pitate, pH

(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

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

10
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of the solution is preferably 3 or less, particularly

preferably 2 or less. A conpound to be used for

adjusting pH of the solution is not particularly

limted and, for exanple, strong acids such as

hydrochloric acid, nitric aC|d and sulfuric 10 acid
m,. nitric acid or

o e A o5 o Bl o et o
res‘ﬁpﬁsﬁ@%i‘“& Prsfuchn 8 B RS nhfel. BeS peteratie to

SREFRAURITABLORIT pt e S0for T 2 Pleckiieie Banliifg e loast

reolpBdeéhuhréoveldte und from
roomten‘pesrat Srvg to 9 Uéfe\'r;n\%ﬁ] géritgfnﬁ'f d| ngfﬁt%ée)o

40028)i on, it nmay be stood still, but preferably it is
stirred. [0030] A nethod for separating the recovered
oAy hectimeof donreingithe resovered muiybdenuoncontairing peetipitate, pH
n?t é)artl cularly limted and general nethods such as

of th a?lf-ltjﬂn l%@l@éerébim ofiassopaticuladyiprgfegablyi gr less. A

essure, filtration 20

f | | tr at | ?lﬁc[e& é%ﬂlsﬂlfﬁg%h 8{ the %9{"&1@ @rnqstLﬂqr@éllmlted

%ﬂp;‘aoz;é#%m@%.ﬁgwﬁ@dgwas%gg TR
EPedh bf; I?ra%dlgiﬂeht bR4 la'g?g@lﬁ%ﬁ‘? Hitfic Acih Bpfﬁ%r?)@ﬁﬁncté?:?d is

I ng IS se Inview O
Wéféhiﬁlet YAREr é&iﬁsfﬁg BHedeﬁ‘e %BILMBHGE% &gﬁré‘td‘ﬂom the
preci pitate and, for” exanple, pure water,

sepuitant selotion ifora oértainEtiodofiimetd forirea Qfeéiﬂitﬁlél UaY this time,
chloride can be nentioned. As the recovered

g holding ¥imeds peefarably proeriddrarat(es & Rdhoves, el tepasarature of

amount of sodiumand chlorine contained in the
Mesolytien isspreferably aroupd fram toomitemperaturstp80°Q.2 While
s _.of .ybdenum, nore preferably 0.05 nole or
H‘é@.‘g e ?@gﬁ*ﬁ It MRy b $god Semme erably it is stirred.
[ﬁd denum contai ning precipitate is formed fromthe
ecovered nol ybdenum containing liquid, the |liquid may

Coﬂiﬁ’é Ao M?&aégrﬂﬁgéﬂﬁt%a&%ﬁ%ﬁ@@ﬁ@ﬁg&%%ﬂyg precipitate

nol yb enunt co g materra
frofreitd Bbttd@lis NOE ﬁ&ﬂi’chl%ily R érlik? ?r‘éﬂl dthods auch as filtration

preCIpltateIS used asarawrrate or pro
separatioh méthod Snaludihg rgravisy fileaner, tfilt@étidh Qﬁdél%r%bﬁure f:ltratlon

renove vanadi um fromthe sol ution dependi ng on

yadgroeduced pogssune andifitey pressmrivenprifogaicseparation 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 ammonium
nitrate or ammonium chloride can be mentioned. As the recovered
molybdenum-containing precipitate after washed, each amount of sodium and
chiorine 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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met hod for renoving vanadiumfromthe liquid is not
particularly limted and, for exanple, a nethod in
whi ch pH of the recovered nol ybdenum containing |iquid
10 i ncl udi ng vanadi um ot her than nol ybdenumi s
adjusted first and vanadiumis renoved fromthe
iﬁul tant liquid by adsorption with a weak basic

- exchange reS| n or a rret hod of precipitation

LR e B oy R Rl nG et 1 dpimaed from the
Flfiog Py 5?“%‘0{‘#“ ] ﬂ%ﬁ@r R i i bERum in

%ﬁ@é&é&@ @ﬁ‘ﬁ%o Baeﬁﬁﬁfﬁﬁtalﬁﬁl"g%aﬁrfaf‘glgé is a raw

recover ed num contar ni ng preciprtate

hvatehal for mnbrmgv G'Nhefhfthelhgﬁ:d tﬂfpﬁé@ibﬂéte is used as a raw material
nol ybdenum cont ai ni ng | i qui /['or "the recovere

farl prbdecingreceatalystiitrig prefecatye topartially or ththly revriov@vahadium
used as 20 a raw material for producing a catal yst.
fem:thessaletion depending oa@ecbmpositioreof thecatalystiorp produced. A
uid.and the recovered nol ybdenumcontaining
mege%uqrarﬁmoam yanagdiemframd Ilawﬂldgephaart@ylarly limited and, for

e AT IR CA R T
i RO U ol rtgpsoscun s

Férﬁb@ed ﬂfoWPihe%éhﬁarﬁrhqg djl'jg: aéé&tpﬁoﬁgﬁthb&

her, wnen a state esire to eused

amoa @xoNange aesinlorel meativat of ﬂl‘ébtpitéﬂo@ $bparelibh By \@singY
cal ci ning these recovered nol ybdenum cont ai ni ng

asreoniatrschlonide ar ammbrium suitate cas beanentioned. Time of
mol ybdenum cont ai ni ng preci pi tate can be used.

tneYing ygnadium ist notqanticulaid limited asflenglabyt islocatedafter

600C ynder an atnosphere of oxygen-containi ng gas

seraratiag dhe precipitate CORIANING magsiesium @odA) elerreni@aist befare

Bl e acbygied ol B8Rt Contr e redlytals. i t e and
WZ?G properly chosen from various nethods such as

In the present invention, the recovered molybdenum-containing liquid and/or
the recovered molybdenum-containing precipitate thus obtained can be used as
a raw material for producing a catalyst. Hereinafter, 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 production 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 material of a catalyst, an oxide obtained by
calcining these recovered molybdenum-containing materials, in particular, the

recovered molybdenum-containing precipitate can be used. Calcining
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coprecipitation, evaporation to dryness or m xi ng of
oxi des in accordance with a state of the recovered
nol ybdenum contai ni ng material which is used as a raw
material. 10 [0034] Further, in the nethod for
produci ng a catal yst, the recovered

nmol yhdenum contai pi n terial. and/or its cal cined
E‘A'E'%'BPBI'S e@ﬁmﬁgwg%é@weﬁooa‘& underanatmesphere §fet her

Birbabr-FnRlriaD oaB SRl Bl i &5 BRSNSt han < he
-mentioned 15 recovering nethod or produced from
y denum ore (hereinafter, these are also expressed

oduBBoRbheatalydyy materi als of nolybdenunt). A nethod
or producing ‘araw material of nol ybdenum ot her than

t hie thbresentritventiat, armethodrfed produgidea uataby@t ishol perticularly
material is not particularly limted and, for

dnoitagland camie poepérly otitsen fromwarious peethodd suctaas i s

obt ai ned t hrough 20 cal ci ni ng nol ybdenum ore, washing
£pRreciigtionnevanaiatiomin gryness A Mixiogiof exidgstin ascerdance with a

aci.d | 1 owed by, dissolving it W th aguequs  anmoni a
545 ol e RaNeVertuoRBAeNuBT cR BN G AR GRS ahas a raw
g@tgﬁ#on by nitric acid to obtain nolybdic acid,
I'SSofVi ng agai n the nol ybdic acid wth aqueous
gjgggﬂ}i a followed by concentration and crystallization
r a method in which nolybdenumtrioxide is 25

obF@rttiedint thieHethodidbFf prducitiy #ta NheFeBéVatar! ybdat e

or nol ybdi c acid can be mentioned. Moreover, a raw

mutlybdexunocbrtainihg matbdal @niyeitecalcined material may be used alone,
nol ybdenum containing material to be used in preparing

ar i aesegsaryi togetiter withr thecatherr tay natériadsl o mblybderaine such as
carbonat es, acetates, ammonium salts, oxides, 13

Hiasequich are xgervened by amethasl ethenthantherrbaveguentioned
ey BaR duFnaf s NP BPFBI T DRBO R TGS KharRiRter, these are
0P 3 313 o, PR B B B0 0, e or
BRRSRIE g SEEORUB IS0 o e33R Bhiones
g@%{?hm%g‘-?ﬁ“w@%m@”ﬁ i€ AbBpAticulak§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
acid, 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,

13
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a dried material of a slurry containing at |east A

el ement and X el enent together wth the recovered

nol ybdenum cont ai ni ng nmaterial and the other raw

materials 10 of nol ybdenum nenti oned above which is

used i f necessary are caIC|ned or a nethod in mhich a
tai.nin el enent, apd X

i‘\raléﬁﬁ N ?r X%%iﬁﬁ{‘e%n 8l tP@E g;gt £ in combination. For example,

o P PR B B e Ao A S Rlyhtaré eolydanum
hfiokI88 eﬁ%g@‘i @é&d r‘hg L}fﬂdﬁﬁgrﬁ:&ﬂ?ﬁtfe Hﬁ&'ﬂ’ﬁ Plgﬁcaﬁ Yol A and as a

in a net cing a ca en amount's
Phwar dichiaPof Shosphtrist a
the catal yst ﬂf' cé)?i%‘ oﬁnﬁdsgbgrlggjﬁlgsPQ%%@Q?E%H@«%(E
ammohiud phbsphate wndithedikercagibeagsety from the
el ements which are included in the recovered

@038 denum containing nmaterial to be used as a raw
material, a supplenental anount of raw materials
eqeﬁ\aapra@tlcaldngmdtfagaraparlag @maéalystofcy az@mmen@method in which

exa

tgﬁréqfﬁw fenal ” y qr%ﬁog'q%mnggggfj A@?%{apﬁtsq thjement together

W@?@éﬁ%&é@eagﬁﬂpﬁaﬁi”@%%" ABanaRrER e e.ther raw materials
hﬁ yt5deritim Wﬂoﬁ%ﬁ%@gs&w&ﬁ il if fiBLEK A Rlched or a

en an anount Ion o assrumor cesrum
lrﬁetﬁdﬂ s WeRLHPN dfied YfiitLite dohfalﬁﬂg lé?lea%ft AaéISHehPHnSfX element
potassiumnitrate or cesiumnitfate, shortage o
togetheewh the recoverdx modybddneeh-byntaining anaetial and the other raw
addition of nitric acid. [0036] In the present
mazenarsmf mmlvbdwmneﬂemmmed aliove winich is esed ifmecedsaryeare
cat al i s produced. A source of "am€mmonia i s not

salcm%F P9 lwrmcmqi ariwrthen ia arfpethed; fos pradusing acatalyst,

ts of .varjous aci

AR 3BofSier it ’%Wéiﬁ’@?%%tsw'% SlefpenyS o e catalyst
e
pr  Bfer aegrfié \«\éﬁcr{@k‘eﬁlcﬂ{ ﬁ@%g&@%ﬁl%ﬂ#e@%ﬁconmmmg

mmnalttmtfeauéémaéa raW?ﬁﬁférléﬂné‘ ¥ pIeMent] i o faw materials
anmoni um ni trate can be nent'i one These salts nmay be

eqeivaken te shortage otomteatommmiamw irpthenramemitéritils avel be
not particularly limted. [0037]
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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In the present invention, a nethod for m xi ng anmoni a
is not particularly 10 l[imted and, for exanple, a
nmet hod i n which agueous ammoni a i s added after

di spersing the recovered nol ybdenum cont ai ni ng
material in water or a nethod in which aqueous
anmonia or anmmpniumnitrate i s added _ after heating and

ATMPNiRtsel orls anuenussalviien ek ameneniumisalts of vadeusiacids may
TR B0 1 e Sl By ot aci
s PRGSBhUAC a6 ASndli h aifionis b bl PR ERRIsPalY 116 17 motes

'ﬁéryl@qﬁﬂlé@df‘?ﬁél?b&éﬁ\ﬂngﬁ%ﬁbhﬂﬂg %%fﬂ%ly N o P moldyV P)\/s an

materials contafning a nra c to be normal |

EPmohiun® AR S AHNIwM CAMEONERE, SRFdTRiMSydFoddhcafBEELE or
addition. [0038] 20 Further, in the production of a

@mrabpiim aoftraté eapbesmentiomed:nt Tese sditsmay pearsedalohéer in
production proceeds via a state of solution or slurry,
conuinatian ef o emmore kindsiand not paricugrhnlimited. t he sane
?ﬁm#ﬂat in a normal nmethod for producing a catalyst,

[ ich the recovered nol ybdenum contai ning nateri al

o P R B R BB o o
B8 oAb b 1ol A s e
dipetahyithe Fe&fve?%]d‘ deybdbﬁﬂn?—\ﬁ‘ogfaitﬂng i"f‘liﬁﬁtbﬁbﬁn%ﬁgr or a method

distribltion of the precipitated par es In

1 which aquaciabaririani@br BAtn@NURT Mgttte BUMIR. afRHRa%ihgand
di stribution of the catal yst or reaction performance

sfirringea liquidaionitairing atrieastithe recovared matybdernmeicontaining
0 to 40C, nore preferably O to 30C lower than that in
materiak Axlemenhand X elessnt urder rafluxing and boalirfgoto a fixed
ger ing . slurry is not particularly limted and a nethod
fﬁ@? ure grykbe mantignedy | Funbper ammppiarto be mbed may de the one
he |i is usabl.e. Ipn.this case, the resultant )
Bpnieiiferkindfe sBopiated el e ainicsbigining Baterial aigng various
b ' f . l.di ng. The drjed .
PV aftelifls oorfilinfila BRI SERPEREPTRAG BrradiCiid A broducing
B Gin S8 k0 BniidniB¥dditit. ar |y 11 m ted el ther
and, for exanple, tablet nolding, extrusion nolding,
foo88)l ati on, supporting on carrier or

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 molybdenum-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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10 the li ke can be nmentioned. As a carrier of
supported catal yst, for exanple, inert carriers such
as silica, alumna, silica-alumna and silicon carbide
can be nentioned. Wen nolding is carried out,
additives, for exanple, inorganic salts such as
sulfate and ammonium nitrate, |ubricants suc

a i.u
@V gnd dhe t%FBﬁ'ﬁt'érenﬁtPé?fP@t&V Qe 103G, mare mfgeablv 0 to 30°C

[ hol d stearic acid, 15
n]agﬁﬂgg’ﬁ tﬂé&:‘ﬁ"‘ﬁi tlI'“i"?@a sol and al um na sol,
@@% anic fibers such as whisker, glass fiber and
éar n fiber, or the like may be properly added with a

Vi Purther, comiettdd fop ﬂlr%ﬁ?%!dri’ﬁsﬁﬁdﬂ baﬁﬁ:u?drﬁf’Iimi%tLSnH g H&fhod

and pore-size distri ion” and inprovi ani ca
sisirgnatboxdypé beyerod éFday?drtyer} laedrund 8R&Pbr tt@llk&i%msable In this

nol ded article is calcined, calcinations may be

case; te resultantrdriad matdrial {catalyshpredarsosy isipréferaisly powder in
packed in a reactor or in the reactor in which the

rYiﬁVeﬂ ofithe sukseguent ms:i@ngp adhe airlecianaﬁenah@aydmmldadsdnrectly or

SR o B o 5 o o

ARG R S ST
th Wiy et
iriirt Bakich9 BlCIP Bis 'Sic; allWRihg, Silicd- Sfuﬂﬂhé( afnﬂ%ﬂcbnt %rﬂi@ie can be

hours. [0041] 16 (Production of nethacrylic aci

Heerdiometit e When neidingds canled dutpadditivéd) eroﬁélﬁémﬁlfe inorganic
produci ng net hacrylic acid through gas- phase

saliasych as barivm swfate fandesrhaonaine nitrate, lebrtantsetich as graphite,
%0042 5 Areaction condition in the case that a
B3RS Hrategalssuchas erliulase, starely polydaylalgahol pndsteaic acid,
t he, met hod pof the ent invention not
Bﬁ?'&qw 3?'PfU°ﬁ.% 3l 56l ang hm\{ﬂ%ﬁ‘}' mdséﬁnlp dhets sich as
004 In_th a
ofKer, PR Fab find RBIAST ey O Piedireduney Be o aing dded with a

A c&fgr%ﬁﬁéﬁétﬂﬁf bPﬂQ{@a@r ﬁg% %IuPﬁ@’Qﬁ@ pbFe-size distribution

contacte
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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tubul ar reactor packed with a catalyst is used for
reaction. Industrially, a mnultitubular reactor

equi pped with a ot of reaction tubes is used. [0044)
Concentration of nmethacrolein in the feed gas can be
changed in a wide 15 range; however, it is preferably
from1l to 20% by volune, particularly preferably from
$Prasluction 9§ mashaervlic agid) aw net hacrol ein, inpurities

h a ter and |ower saturated gl dehyde, whjch do .,
- BB alSh iraprion.candtion M Herrase it Pr@IcInG MAThgeTyic acid

. . but 1t ] oy

BrBybHaas e el £RRRTpa merhBaB e B briaB3e.

k ] Mol ecul ar oxygen needs to be contained in the
eed'gas and the anmount of nol ecul ar oxygen in the

f e_RYeddtfori Sortlifdre nAiPleYcddethhPa feddtioRSs cBrriBYd 65t WuﬂH??

as the anmount of nethacrolein, particularly prefierab
Gafalyst préduiceteby the metiesd of the mresentrineentfoniisinet pheticularty
oxygen in the feed gas, it is industrially profitable
{imit2d angka publiclp knownyrgactiemcondition aan beyagplied. oxygen
can al so be used, if necessary. Further, it is

A3 abl e that the feed gas is diluted with inert gas

i e A o o gLl e
T OB BB Bl Normany

. . 250

BRI RAckor pesiRel ittt 2ot Bodd Rirfasdtirs Jhfudiey =
puafitebaldr tedetar beuié'ée&@dﬁﬂf‘é'%t dfvésctintilBesl Ysed.to 7
seconds. 5 EXAMPLES" [0047] Next, the present

[00#ntion is explained by using exanples. In these

exanpl es, "part(s)" neans part(s) by nmass. Further,
quannceniration afirabtheicsolein inlbe ééexhgas saf be chaingedlie 8)wide
contained in a material was carried out by |CP

Enas; ineweyes itisipretarablydrana 12920% biyoielumel panticularly preferably

?nal ¥§| S (y he feed gas and L »
rom 3 to 10% by volume. raw methacrolein, impurities such as water and

lower saturated aldehyde, which do not substantially exert infiuence 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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products in the production of nmethacrylic acid was
carried out by gas chromatography. [0048] 15 Aratio
of recovery of each el enent, conversion of

met hacrolein which is a raw material, selectivity to
nethacrylic acid produced and yield of nethacrylic

acj are defined as folloms 0049] . a), Ratio of

r eﬁs%w BressyEs otineganphase eglalvc @Nqaéleao%frm Betgal

é Bé%éfevgmﬁp B R ReSirg,, ReREROR TemhSralE is proferably
2000 50°C idpe pilief iy 3301 A0DIC. aéﬁﬁ@%' fithe P g Bes witn

iHERlysE s ﬂ')eféiﬁBge'{ S't8r’15qec%HQaﬁlb?é B Qe%lfg t6¥ skconds.

raw materi al fvity to nmeth acry I C acl
produced and per pass yield of nethacrylic acid:
Conversion of nethacrolein (mol% = (B /A x 100
Sel ectivity to nethacryli EXAMBLEBol %9 = (C/ B) x 100
18 Y Per pass yield of nethacrylic acid (nmol% = (C
100 Wherein A represents nol e nunber of
resents  nol e nunber of

th I ed; . B
e 105 Eh%e%ﬁi’r&eeaon i @Rineg Bycsing exemelonura dhese

DB o @ MR BHGED by inbss ckurtier iR Bhaifsis of
! foffcufds cBn?hQrQ?d’ E‘fdél ﬁ'ﬁﬁ&lﬁj&fs 3@"185 ’O]U} BY IcP emission

parts o%(bammnl U par ano

anawaiswdfaﬁmaﬁéﬁbﬁoﬁ%a%% pa!“ﬁéar?ile@%‘f HB f’dédf seand

weré dissolved at 10 70C.” To the resultant sol ut

prozhicts intheqirbdictioh SymetreReic auid Was daviéd oaf by §as
mass% phosphoric acid in 10 parts of pure water was

elroseatagraphyen 5.5
[0048]

Aratio of recovery of each elemerit, 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 acid 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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parts of antinony trioxide was added and heated to 95C

wWth stirring, and a solution obtained by dissolving

1.1 parts of copper nitrate in 10 parts of pure water

was added. Further, the resultant mxed liquid was

stirred for 15 mnutes 15 at 95C and evaporated to
ness with stirring under heating. The solid

dr
maP’eF pass vield obmethansylicacid dmold) £dF /8 nddPs at 130C,

T e
! . 0 . .

e il deriofimEiaer i @RnBer ald C HrBgahe Rl dtyiheE
fhﬁ?é}habf!@gtagm ﬁ,bdaggg for 5 hours 20 under a flow of

alr to tain catalyst A (the conposition exclusive of
n:. PL.6 M12 Sbo.8 Cuo.1 Vo.8 Csl1l) [0052] (Test
of "the production of nethacrylic acid) _ The
Fefateree Examplepiacked in a reactor and a m xed gas
contai ning 5% by 25 volune of nethacrolein, 10% by
\(Brasiustion of catalyst Adovaise iv praducing methaarylio/agidy and
55% by vol une of nitrogen was passed through it at a
r eHb@g% Rarts sfpureawates, 8@ PeUE Ok ammaenitaTpanamalyhdate, 44 parts

seconds., As a res%@}( cqnversion, of, methacrol ei n, was
RSPy Betavandate ynag-?is@naer 9P$Ienh@ﬁratwgr%atswved at

JC ndpdhe el Solf £ SShite8 oolhod Btk hohBars of

B mads TirtsRbri Sichin 68 bfpirduaRl el ¥l & tren 5.5

warbas antirforgatigxiab wie S@é‘é@ﬁn@héﬁg 019§°@ﬁith sfiing, and
conposi tion “exclusive of oxygen of the catalyst: Pl.6
Soildiofbtained byydissolviagtinl paptetoficypper hilrate inet0 part9bf pure
the production of nethacrylic acid was carried out for
wateowas addedndFurther, e rasultantimpetd hquid wasstiereddor 15 minutes
100 parts of the recovered catal yst, 56.3 10 parts of
%B?g@ @hdrgvaporated te siryesshwitp atiring under bieatipar t Thesolid
cesiumwere .contained, To 400 parts of pure water,
eﬂa'r%ﬁsé’mq'ﬁ Wassnadier 48:hauss ait \3Q°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 air to obtain catalyst A (the composition exclusive of oxygen: Py ¢
Mo12 Sbo.s Cup.1 Vos 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 methacrylic acid was 83.7 mol%
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di spersed. To the resultant dispersion, 130 parts of
45 mass% sodi um hydr oxi de aqueous sol uti on was added
and stirred for 3 hours at 60C. The pH of the
resul tant solution was 12.3. The sol ution was
neutralized to pH 7 by 15 36 mass% hydrochl ori c aci d,
%E'g a sol ut |<ia ?bt ahned,by di ssolving 20.5 parts of
RELRASS WilE of methacnylic aFisk was B9 ¥ts of pure
i@é@ﬂ and 4.5 parts of 29 nmass% aqueous anmoni a were
, and further, the pH of the resultant solution
\@%nagéqst ed to 9 by adding 29 nmass% aqueous ammoni a,
an ept at 30C for 3 hours with stirring, and
A formed and the bottom 20 liquid
?Reemrygwmﬁwdrhlﬁ

recove no enum containing liquid) were

sepxatdlgst viys producediimthe sarhe nvdhridr d9iA the HRRIcEEN of catalyst A
nol ybdenum contai ning |iquid thus obtained was

fofj uset iacproduding rhgthadnilic ackbohReferehyel Exainiple 1 (thecéainposition
and the resultant solution was kept at 30C for 3

exolusiviei aftoxygen of the catalystirRa Mo e:) temdsbyousing thig catalyst, the
filtrated and washed by 2 nass% ammoni umnitrate

&itA pidhemsodustionptge Igeaciq) was| Gastes ot 152,800 hagrs and
B Soocalalyer s FEPEERE i 100 BRERGI iscenaneisnipaalyst, 56.3
BAA  RD, Abork o hphb R af TS i PERUGwere

SAERISL T Bk G108 0O BarGERY Mt ctmystvas

disperserl.y sTo the rébeltamtidispagmnt SOg)ai'leJf_f@m‘égé%Obodium
nol ybdenum containing material 1 obt ai ned above

bgdroxigmaqueas salltidw wasrgddeaisant stireed & 3 ho@8&tBO°Cs The
of pure water and 29.1 parts of 29 nmass% aqueous -
Biielithe reaudltard selution was AR3. t e salution waswaeytralized to pH 7 by

3i ssol ve ﬂ, at 60C. In the resultant solution, 4.5 parts

6 masssVGRoGHIers ardeand asriuiorpopiained by dissghing 20.5 parts of
BidBislirghfrigediieabiiate it Snadistalsn vater add 4 5 pats,of 20
e shugoud Hhiidih WrkRidtit, 8hg (iffer, Mg Do the Pesuitant
SERMoh R AdLutddI0 9167 aQBRED HiasB-allbSuS Airdrlg;and kept at
BORD&6r B hblRd Rith Btikthgd ahdSpretipRited were thus formed and the bottom

liquid (recovered molybdenum-containing 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
molybdenum-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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wat er was added. The anount of ammonia in the
resultant solution was 11.1 noles per 12 noles of
nol ybdenum Further, the mxed liquid was stirred for
15 15 mnutes at 95C, and then, evaporated to dryness
with stirring under heating. The solid material thus

obt,al ned was r i ed, crushed, fractionated by
Vé@ %@&%Pmd“gﬁ’-"@ﬁg same manner as in the

, ﬁeﬁ,ﬁctl on of catalyst A for use in producing

cryli c acid of Reference Exanple 1 to obtain

PF&HO&‘EE caﬂ\& tq@nposi tion excl usive of oxygen of
the catal yst 1 9P16I\/b12 Sbo. 8 Cu0.1 20 VO. 8 GCs,

WhThb to@safmdeins @ﬂmea‘écbt?&eﬁ%é &ént?mpéd?ﬂé'lﬁﬁﬁ Bterial 1
Ref erence Exanpl e . Test 1 of

pbtzdned abovef(55tst;jmtsra§ mlMeﬂhnﬂ w@dupemdtuhlaao parts of pure
catalyst 1, reaction was carried out in the sane

meaden aneh 295 pantsipt 29 mass% Bgueous ammoniatwas addech it and the
production of net hac@gﬁl ic acid and obtained the
freatedal was dissgived at@iGer dn e tasultsnhselutioniss pagssd. 0

ol e BB Sl S B
i B A5 B UTEI R bpor
§Ph Eﬂgtﬁlﬂfp e WatdiOdad %HH d oafmc; ﬂﬁ’th%g %Z‘B&%Sﬁah fya?ﬁm%Hf‘tPiomde

had ed in the reac I'on ours in

q |
W, 055 by RAALRESSIAT B8 JRLITE 41l g, an

sbiatiph@btained by dissdleingf.2phitsofgopfesnitraly in 10 parts of pure
copper, 2.0 parts of vanadiumand 6.4 parts of cesium

water wasaddedd. Thalamaeurdos amrhoniarip dsé résuitank sblutionavas 11.1
of oxygen of the recovered cat al %/st was Pl.6 M12

5589% 42 Inajgs of owlybdanumno buither, e mirasl liquid wasistiored for
rt.s ttg?e% ent éo cat al st was, di spersed. To the
§G'I"P‘Sﬁﬁ f;g dd en, 1 &@Ps tﬁg tBﬂW%‘m/&t“ﬁBEl%ﬁ’ﬁr heating.

THE S0l B RHPNS oHPaNbl s Tedl GiaB  GyRhet, féctioHatet by

bievks 3hzIcined iPtReXdarhl Tndridt dsAR the Prédiddn B atalyst 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.¢ Mo12 Sbog Cug. 1

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

[0055]
(Test 1 of the production of methacrylic 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 vield of methacrylic acid was 69.3

mol%, and the catalyst 1 had the same performance as the catalyst A.
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12.1. This solution was treated in the sanme manner as
in the recovery of nolybdenum 1 of Exanple 1 and
recovered nol ybdenum containing liquid was 15
obt ai ned. Further, recovered nol ybdenum cont ai ni ng
precipitate (recovered nolybdenum containing materi al
ﬁ$ s obtained in the sane nmanner as in the recovery
0 | ypdenum 1 of Exanmple 1. The recovered
gg%ﬁﬁﬁe%un}containing material 2 contained 53.5 parts
9 denum 1.8 parts of vanadiumand 2.6 parts of

j ' ' , f 20 of
FBRCHRy A holaaia) | %, 52 S For chermore, o O
PhRsPlPphss ofitHe % cﬁf&in}(st%ﬂa? haﬂ"i‘fe%n‘@ed;iﬁttgé r&8ktioh for

the recovered no enunt contal ni ng nateri
PIODY horsrin dhe tastn o¢ffthé prédikdionof meth&bSylit @ickl oPERable 1,
of the recovered nol ybdenum contai ning material 2 25
&5t hpars ohimohd dehdng 4 pastsad phobpyhoresp4)s pats of antimony, 0.3
di spersed in 270 parts of pure water and 28.1 parts
eartad coppen2:Q pads of yanadim apd 6atipads obeesiuanyereeontained.
terial was dissglved at 60C, In the resultant

%PL&’P%\‘%P‘% compasitioprexclygivnplioxvaenefdhg dacevernd catalyst was

rys. ofs,cesiummitgate di ssql ved. 22 n, a
B35 Mod St CatoiaySia: S aP0rALRE PuEa et 1 OGDans ot e spent

or-Tey in \at

SRR st 8beSpd, 2T S Pésulial RS, Fip 483, 8 48 Frapss

i | | H i -]
3R BaI dllectty SHiuih RS doRBHBid Rirtln{1o i ury an c0°C
padtis rekiduenpes rathdved B¥ fitratidnpamhe pM oPthecreBultahtssolution was
was added. The anmount of ammonia in the resultant
4811t i This sekuitidh.vias treated ipdhe $@meohasner agin Yedesovery of
Further, the mixed |iquid thus obtained was stirred
mglybdenum diefFExampled, anth recavered mayhslenusatcootainipa dguid was

{th stirrin under heating. The solid material thus
\gbﬂé'l" d fr fecgverasd eelybdepysneentaining precipitate dragpvered
sieves and calci.ned in_t sane nner as in the .
BhNHeritB 5Rtaing sediByal 25 BolHRRT In e s Aganner as in the
j ' Ex I obtain

PECOVRRL Bt onlerul 1 oF EREMAE 1 TTR/Bo8v88, on of < ne

AP deiurd-coRtainiRg riatidhiale ebAtahdd 5 Bpa st imolyBaaflim, 1.8

parts of vanadium and 2.6 parts of cesium. And, at this time, rate of 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 to 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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(Test 2 of the production of nmethacrylic acid) 15 By

using this catalyst 2, reaction was carried out in the

same reaction condition as that in the test A of the

production of nmethacrylic acid and obtained the

foI I ovv| ng results. Conversion of nethacrolein was 83.1
| % L}gctwltyto met hacrylic acid was 83.5 nol %

Npd olyion ohtaingd by dieselwipg\A.6 padsial Bravassie phasphosic acid

ﬁb?g&?&ci\\t %E%St 2 hadﬁgae sa f%ganceﬁ?@aﬁmqwmmxude

e L A
EBFuﬁBﬁ'db@é*ﬁé& b‘ﬁﬁssd%ﬁ@ql.‘}’ Egg@of é8 erTﬂtrB{éelnrﬁgHérft%Bf pure

solution, a solfution obtal by di'ssolvin

Ratérswas addeani The BRAGUMRIAAMAoARGN 8he réxitant 861uBbn was 11.1
mass% phosphoric acid in 30 parts of pure water, a

suiles pen12imales of molybtiersmh.v i Forther] theambediiquid teeobtained
nitrate in 30 parts of pure water and a sol ution
m@ﬁeatw@dl foy 18insiputes atPEC3 anddners, eﬁaporatedmtdrwﬁa with stirring

g E),S of pqlé_'eﬁvvater were added in this order,
@ pheating;| ¢ the salis matesial thus ekigined was duedm)lded crushed,

?rh'aﬁ i B S Al i fc‘éﬂ@@%ﬁﬁ{tﬁ?@av@“nép a8 Jn {ejprauction of

CEBMATA 2y b0 ARl 4B SRSt Bt o

thﬁw&étaWstt B, St‘l*h@dd?ﬁpb’é(]@&i eﬁgﬁé\ig%f o&P@eﬁ oF e cz—hta!yst 2 was

materi al thus 5 obt al Crus

Pﬁ,@Mle&jogd:ljgﬁ Wi8¥€s and calcined in the same
manner as I n the production of catalyst A of Reference

[Po58)l e 1 to obtain catalyst B (the conposition

excl usi ve of oxygen of the catalyst B: P1,5 M12

(last 2 abibe pradudionofmetheostit acid) (Test B of the

r ductiop, of nmethacrylic acid) By using this catalyst
Y UG his calalyehd ieagtionwascar H@d ouhis thesameFeaction

GBI 38 5,5 AR B SRR 488l v
SR P O

RiethESryRC aYidwas83.8 MBRs @Adper 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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15 nmol % [0061] Exanple 3 (Recovery of nol ybdenum 3)
In 100 parts of the spent catal yst which had been used
in the reaction for 20 2,000 hours in the test B of

t he production of nmethacrylic acid of Reference
Exanple 2, 54.6 parts of nol ybdenum 2.2 parts of

B BRT Seitkon wasitated §n 99X Withstiftiog angkept af B G.dares hours

T S PR e —
P00 phri¥Qfpurs Watéwi ﬂlrﬁ‘iﬁrta%o‘éﬁ aHd ﬁ\ev}‘ébgﬁanltjlﬁt@i?e@as

parts of the spent catalyst was perse

eeaporated trldgRess With, stllﬁﬁ‘ib uR8é&i Bedtfing?S mﬁsﬂid&ﬁdtem thus

hydr oxi de aqueous sol uti on was added and stirred for
8btained was died, mudded, crustsed) dmctionatedyysidvéy and calcined in the
filtration. The pH of the resultant sol ution was
mm@ manner 8% intheqroduastian efteatalystA ok Beémeacaﬁmplaé to

rr in the recovery of nolybdenum 1 of

Exanp
SH@"F eatast &j(th%PWW@H}Q?‘@M%%W@WQEQM@WWWS* B Pis
ed Fu recovered nol ybdenum contai ni ng
&f Qelfs P?gl”@ M’é%ﬁléred nol ybdenum cont ai ni ng mat eri al
@%S obtai ned in the sanme manner as in the recovery
| ypdenum 1 of 5 Exanple 1. The recovered

j I cont ained 53.1 parts
gTésY M@ﬁg Aﬁs&ﬁ&ldﬁ SEmEmaghigla

1 parts o vana iumand 2.6 parts of

ceBy uBingAhls cathlyst B ﬁedctlﬁﬁ wdsiéarfie@lout fEMiecsamatreaction
nmol ybdenum was 97. 3 % by mass. Furthernore,

pondifion @sshai indhe dest Aoftherprodustionodf methacryid acid ahd obtamed
recovered nol ybdenum contai ning material 3. 10 [0062]
ther @HQMHQ)WSU%S-C aCanyensiop) ofTne aleinawes Be 4omoi%eselect!wtv to
recover ed npl ybdenum cont ai ni ng mat er i al obt ai n
hacrylizagidyias 81.39Malk ApE QR PRSTISIE p&g@t@%awmaqé vas 67.0
arlgs of pure water and 27.8 parts of 29 nass%
E'lﬂj ous anmoni a was added to it and the

[0061]
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 methacrylic 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 5 Moz Fepz Cupi Vs Csi.  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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15 material was dissolved at 60C. To the resultant
solution, a solution obtained by dissolving 0.2 part
of amoni um net avanadate and 8.0 parts of 85 nass%
phosphoric acid in 30 parts of pure water, a solution
obt ai ned by dissolving 1.1 parts of copper nitrate in

FRORALNA TN LT -
P <A GE eh Boftd e bl o
Koy 06 ding U5l it gt

me%fdtﬁaiﬂdeHfé S8 miAser a8 AE rade\rsty oTheolﬁml.»rguSm 1 of

ammonia in the resultant solution was 10.8 no
Example ol dheabcovergd dnolybidendrardontainingraateriet @ dontalhed 53.1
was evaporated to dryness with stirring under heating.
partgioé malybhdenum.et.i glartsrofvapadhinm and 26 partsed cesiimiedAnd, at
crushed, fractionated by sieves and calcined in the
tisdimea fialie obrecoNef mPlyhdenumvas 9¢& % by massor Furthermore,

f EXx e 2t bt ai talyst, 3. Th
OBRSUER LR DL AEN coPper whre e daRoRe ibthe taraligred s was

%ﬁ%?@%'ﬁgﬁ%‘?}{%ﬁ%?w |2§ et I<r:|) [ 8363]9 néTteﬁit s

yst 3, reaction was carried out in the sane
eaction condition as that in the test B of the

g»,@@l;u@ﬁb@af@atawbpcryl ic acid of Reference 5 Exanple
and obtained the follow ng results. Conversion of

et e total amounbef tha récoveréd malybdénwniocontaininet inatarial Bc

acid was 81.2 nol % and per pass yield of nethacrylic

eblainedthabove (53 ipagts asomolybdeaum) yes dispensedrie 18Qrparts of pure
erformance as the catalyst B. [0064] . 10 Reference

%ﬂ!ﬂfpﬂ@ 87 Brmasts efi 2D Mass % afdequs ammayilia was added to it and the

Piateia) Wi daapiec At oty b db iunTeniant suittionat salitiongbiained
B STNIAD L R By e BB Bt g5 masse
bh&SprBrcisCidEl 80FRAMRDIHUe Watsr 8% ol Rforrotaitied by dRSolving 1.1
parts of copper nitrate 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 P15 Moz Fega Cug,1 Vo5 Csy.
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15 refluxing. The resultant m xed |liquid was cooled to
50C and 37.4 parts of 29 mass% aqueous amobni a was
added to it by dropping and the resultant solution
was stirred for 15 mnutes. Then, a sol ution obtained
by dissolving 9.0 parts of cesiumnitrate in 30 parts
of Eure wat er was added to it by dropping and the
il ltant liquid was stirred for 15 m nutes and
%‘ggorat‘gd to dryness with 20 stirring under heating.
tshPh empdpetian efmethasrvdicRtidvas dried, nol ded,
cryshed ractionated by sieves and calcjned in the.
oY Uit S Gataft oh Eeadlip s samied oif i ey same reciion
SBhafBRER L IEIE pot® o MgbRefiRph BF nemipdryfi aoig of Reference

af i 3) . '
Sl Brark dhiihdd e tolgiNa PREhes) CgreIah ot rffiskrofein was
2L %, Seldclit) toomeRicrdRy ddi€ WaaW 1.2 nélbe afd FRr pass vield of
reaction condition as that in the test A of the
mnethacmylio acif was B7alc mol¥¢ andittle ohtaRet @rtentthe $dime peformance
| Exanple 1 and obtained the follow ng results.
asithecatalystd. nethacrolein was 87.4 nol % selectivity
to nmethacrylic acid was 85.8 nol % and per pass yield
064} et hacrylic acid was 75.0 nol % [0066] 5 Exanple
Recav of | ybdenum 4) In 100 parts of the spent
Berciehe Bfarobiert

d been used in the reaction for

rs L f th '
{e{tacHOHich chtE: tilse i Rrod Mg iHaLYRERRL) ., o
of : t
SorT0ef et oute R i OTerE\ISIRG e RoRREL 8 o of o5
MmdssIphesphoiCatidNy Fdrts 6OVHEdIGH pehiéxige, a0BiaM of copper
conposi tion exclusive of oxygen of the recovered
opitiet arch0:8 paut ohiren Bkide Wbre?added adbd Stired fdfos HioGeander
In 400 parts of pure water, 100 parts of the spent
cefiuingt Tbe reBuliant sixed iquid weas eooiéd tn 50T syndr3A.4parts of 29

130
mass% aqueous ammonia 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 sieves 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: P41 Moz Fegos Cug.2 Vog
Cso.8).
[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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parts of 45 mass% sodi um hydr oxi de aqueous sol ution
was added and stirred 15 for 3 hours at 60C and its
resi due was renoved by filtration. The pH of the
resultant solution was 12.4. This solution was treated
in the sanme manner as in the recovery of nolybdenum 1

(éxaﬁ'nx ga;gen%gﬁt%?r}gréﬁtﬂg\ég qe\ﬂlggrltggﬁf%egj%}y%%}gﬁlo rr?e%hacrolein was
?Z”@é%.i“’ﬁﬁg?feﬁ%ﬂm rﬁ%ﬂ%%?%%@&{?%@%ﬁ@%%éﬁﬂ el pBF€ vield of

ﬁfé}ﬁ'ﬁb?,&aﬁ ¢10C for 16 hours. The dried
mat er | f us o tal ne vvas cal cined at 550C for 3

!@ossg and "recovered nolybdenum containing nateri al
was obt ai ned. The recovered nolybdenum cont ai ni ng
iExaenplad 4 contained 53.9 parts of nol ybdenum 2.0
parts of vanadiumand 2.5 parts of cesium And, at
{Reeovanyef malybdersimddcovery 25 of nol ybdenum was 97. 7

% by, mass. Furthernore, phosphorus, iron and copper
vvel*b"%PaG%PéIhQa%PQm catalystatob had been used in the reaction for

BRI 958 6 W B B on o b i By B Bnce

EXRRIER75 2 Bans AEmoRARERLES 1,8 BatR 87 BUBLGRILE. Aahrts of
Yafladii, 9. @&)tagl%fg&%%g? @Pgﬁfl%’f r%naaﬁiods 1%ah8f ées?frg were

vanadi um pe copper ‘oxi de an

eontaimdd.i roe @P@n%tﬂﬁécﬁnﬁé&iﬁéh aRélusive ot %Qyéé’f'i o5tH§3|‘€c’évered

5 under refluxing. The resultant m xed |IiQuid

spehechtalysbWas i d Mo Feaas Coio.. ¥he £30gRS S 400 paﬂs of pure water,
amoni a was added to it by dropping and the resultant

300 partsrofithe spent catdlysbwasslispersed:s . Tothenresalitant dispension, 130
obt ai ned by dissolving 3.7 parts of cesiumnitrate in
partg f 48 rodssiarsodium éwdmgd@ag@qows)swlutlw wasoxdastand stirred

W 1 S e il e v

ev apobgg él(li& {)g %%25 ﬁw&gy (ﬁ Y"%‘g t[ﬁ?gg‘ﬁ %? manner as
frP{Hedr &}' mBIRH? g&@tﬁbpﬁgal’ﬁﬁ% fohAdecod Bd

crush act Il eves and calcirned In the
dmnuaﬁrcoﬂﬁammgtnﬁaudowag oBtdifed.of FGrithér Védo\@réﬁ

Reference Exanple 3 to obtain catalyst 4.
owlylwariunscoataihingiprecipitatewae isotdted hethws@hnshaﬁnm 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
molybdenum-containing material 4" was obtained. The recovered
molybdenum-containing material 4 contained 53.9 parts of molybdenum, 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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15 P1.1 Mb12 FeO 05 CuO 2 VO.9 CsO 8 [0068] (Test 4
of the production of nmethacrylic acid) By using the
catalyst 4, reaction was carried out in the sane
reaction condition as that in the test C of the
production of nethacrylic acid of Reference 20

Ex le 3 and obtained'thefoIIovving#resuIts.
mﬁ%ﬁgmﬁt&ﬁf RHEe MateG the totalameuntaftbe secavaredt i vi ty

forfEastiltiprfeiRiaoimaRiel 3 sbeaihed shove (53 Bars el pobbgenum).
55 AT SRR 8009, Ve g, 07 p
1 6o PO S PR e BB tior s mours

RIABIEP rétfuxing N arhe FasRRBAOHMER! IRIH Rrad RBIEPIPE0RPaR8SD% parts

phosphoric acid were added 28 and the resultant
obRotmass%ag|ueeat ernmodiaswas added to it byrdroppingraled the resultant
refluxing. To the resultant _solution, 1.4 parts of
solition was stirrediforddoninuies. f Themear solutien ebitzimed by disselyving 3.7
for 2 hours unpder refluxing. The resultant m xed .
PRS0 CRRIUER Niliale i X3 AT Puoe Weterwas 8dded 0 i by dropping.

| ut i t ai ned. by di ssol vi 1 ts,aof 5
JBe sl ctiaaceia f e TRauian SolisBpSvaa] LD malesRRI? moles
SFhohydrid. E Y. 5 osritat L Wl e 23570 bes and
reBoratGitto fVRes it g uRdpEngiing O Sbfiiaterial thus

gbteihed washited) pidlied dorvahed frafdionBRIdISsieves afdbalcined in the
fracti onated by sieves and calcined in the sanme nanner

samemahaepasg ihuttta prodattidd of eatalyst C of RéfeRericy Example 3 to
Exanple 1 to obtain catalyst D (the conposition
ehtain satalysd 4. o xhhgecoropositien exclusivetof Dxygen iuf the catalyst 4 was
Cuo. 3Vo.5 K1.2) [0070] (Test D of the production of
Feq M\%ﬁ)ﬁqo@s Gtioel 0.)93981' ng this catalyst D, reaction
m arried out in the sanme reaction 15 condition as

in the test A of the production of nethacrylic

?’Fésq 4% tﬁgfp%gﬁ&%n of methacrylic 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 yield 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

vahadium pentoxide and 6.7 parts of 85 mass% phosphoric acid were added

28



10

15

20

25

Exanpl e 1 except that the reaction tenperature was
285C, and obtained the following results. Conversion
of methacrolein was 85.0 nol % selectivity to

met hacrylic acid was 84.2 nol % and per pass yield of
met hacryl i c aC| d was 71.6 nol% 20 [0071] Exanple 5

BRAA St Aohan RS hedted B StikEed for Sauks RS refluxing.
TodHE cp et sBidyB | AarkR i cdoBar Bl §34. 8084 ang further
H@éfe% %r?d gﬂré‘@?@r@‘ﬁ?g% rréﬁu%?ﬁ ph?ﬁ@?%l.!t%ﬂt%)??d liquid after

arts vanadi um opper an

PéﬂLBéﬁg %’s‘t‘%b?ec?%@*@&ﬁ% aTétﬂ‘utldﬂ SHBIHeY bf&l@?@ﬁ‘f@ £1 parts of

excl usi ve of oxygen of e recovered sperit cata

poatasskim Mitidte (o d0arts. 6f plike vatbnwaS Addedtamdod soltion obtained
wat er, 100 parts of the spent 29 The solid nateri al

bbl utbsaﬂ!mag Rcitipards oblameoniumi niteate inrd@gyerts; offpure twatenwas further
sieves and calcined in the sane manner as in the

gﬂeadc@n@th%fesgaaal Heutid waéfevan@fa:,ted e Q@W@ gtirripg under

Beoladh ofné sl maedalingS sliemed Rge2riedor &m@w,
M@%&Wsﬁ\@iﬁ aﬁé}?e%%%‘égb?@sﬁw@?*m 8P b ffoton o
b iy Aof F@é‘l%?érg:;é Ei?é’rﬂgiet 1 }oBtir géfa ys'&gc @ﬁe E6tipoSiish

e ‘productr on cry 1 C acl rence

EXél[iBiv@ of o&pgeﬁ*af fHdestalyae D @, Imwzrmjor?e@nﬁ |§f_2).
9

Conversion OF nethacrol éin was 10 85

f00703ti vity to nethacrylic acid was 84.1 nol % and per

pass yield of mnmethacrylic acid was 71.7 nol % and the

@ﬁl@/gﬁh& praduction ebmethasrfliragidice as t he cat al yst
[0074] < Reference Exanple 5 15 (Production of

caBﬁIUﬂﬂQ thiss gatalystD; Fﬁ%ﬁ*'@ﬂd’@%gﬂfﬁ@dm&&m the:saaadyactmn

gggglﬁar L Sc}g%ﬁ%e ﬁgtaﬁ)gth%aop?ro Scr:tlon 01I met acryllc acid of Reference
Example 1 except that the reaction temperature was 285°C, and obtained the
following results. Conversion of methacrolein was 85.0 mol%, selectivity to
methacrylic acid was 84.2 mol% and per pass yield of methacrylic acid was 71.6
mol%,

[0071]

Example &

(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 acid 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 potassium were contained. The
elemental composition exclusive of oxygen of the recovered spent catalyst was

Py Moz Cups Vos Ki2.  In 400 parts of pure water, 100 parts of the spent
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of ammoni um net avanadate and 4.8 parts of potassium
nitrate were dissolved at 70C. To the resultant

sol ution under stirring, a solution obtained by

di ssolving 8.2 parts of 85 mass% phosphorus acid in 10
parts of pure water was 20 added and a sol ution

tained by dissolving 1.1 parts of copper nitrate in
W sl roalaria i opplhed wat Alipd oidaskibaishpre rackenated by
1, Liquid__nmentioned abqv a
s bACinatl e, shhbyPenlhis ML RE A0 Riar ateaplvst D o
j . : Etri ' 4 L
Sjetolhot Exdifibes B oORITEIRNETS, | Thaoib b SIS o
e tant liquid, a 25
SO gt?ﬁﬁfgtég?ﬁgtds&&giﬁ%sweﬁ%%&%%azfts of 60 mass%
#BZA3}ic acid in 10 parts of pure water was added and
2.1 parts of antinony trioxide and 1.6 parts of cerium
dTestiSef therproduttiorgofemethacagliteatid)The aqueous sl urry
thus obtained was evaporated to dryness with stirring
unB¥usigthisgatalyst 5s taacionwyas cariediau irsthepsame meactiors
dried nolde rushed, fractionated, by sieves and
Ehhiithe et inhed3HED at e prodician on aveshaenie Aol ofiReference
t feren Example 1 1 obtai n cat st . .
BenlS e Andoves ERIPUDE aRuls., deorroioh ot dthiSioiein was
] i o ol : [ :
850t PRReMiPrmBRcy Aid R 1 M e Ry Plss vild of
atetd ' Lk | 5Hhd R i
STAoNe Gk as TUST TRIR, ¥AG tho chBRRL ORI B &k piftormance
asdhe Aatdlystiiz production of methacrylic acid of
Ref erence Exanple 1 and obtained the foll ow ng
[ 4]ts. Conversion of methacrolein was 10 90.0 nol %

el ectivity to nethacrylic acid was 88.2 nol % and per
arepee Exagpledet hacrylic acid was 79.4 nol % [0076]

RN TR TN SR

R bt o ot ol b B S uraipt  pars
gf %ﬁrg'écﬁiﬂlg# tetRfanBRhPHE 4B parts oP Bbtadsitin RIS W8 Fissolved
at 70°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 slurry thus obtained was

evaporated to dryness with stirring under heating. The solid material thus
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arsenic, 1.8 parts of antinony, 3.0 parts of bisnuth,
1.4 parts of cerium 0.3 part of copper, 2.0 parts of
vanadium and 1.9 parts of potassium were contained. 20
The el emental conposition exclusive of oxygen of the
recovered spent catalyst was P1.5 Aso.2 My12 SbO. 3

n 400 parts of pure water,

%iﬁﬁ%@sg?f%fﬁ 'éﬁ_%'\sléﬁf crﬁ’gbgqli,quctmfgtqg by sievea .ang_cpajcfieed in the
5314 B RAE I i of ot AR i v
BBl a5 iR S8 by bt et 5.

FB MERBY, B Ceh hE '$Q%%¢Gé of ol ybdenum 1 of
Exanpl e 1 and recovered nol'ybdenum containing |iquid

\[8B7%]bt ai ned. To the recovered nol ybdenum cont ai ni ng

liquid thus obtained, 36 mass% hydrochloric acid was

4trR E ehthegrodactidreot methacayiic amdiut i on was adj usted to

6.8, and the 32 resultant solution was passed through

a BY¥ILsHY this crlalyshEs reagtion-was earnied outds the samadeactiore

" XE- 583" nuf act ured, by ORGANO CORPORATI ON)., The

cBEPR s IPALIn e st Al theyproRkciImOLMer iR agiof Rsterence

R e 5 g T Bl L5 S5 o rdnacrotin ves
I u Alia) i i ( .

0 R Sele e B R Ric Ao WBs §EEE WG fing per paes vield of

nesthaeyRel abil was eounmeent ai ning material 6 contained
53.6 parts of nol ybdenum and 0.5 part of potassium
[00¥6jat this time, ratio of recovery of nolybdenum
was 96.2 % by mass. Furthernore, phosphorus, arsenic,
Exampbé§, bisnmuth, cerium copper and vanadi um were

t detected in 10 the recovered nol ybdenum cont ai ni ng

geqvesy obmolyhsterm 6Pr oducti on of catal yst 6) To 650
gglr t@wof urﬁ water, the total amunt of the recovered

My ehihe-nant atalyst which bad beennisgdipdhe reardion for

" w10 2.1 parts of vanadi

BRI M ESEE B the PrpdudicR e Bs Prsbiin ddd Shigeterence
BREM e ' Eh% iyl rs er
refl 8? ﬁ'gss ‘Fg t he rggaﬁ?gtr@' ? b:{ ﬁ%‘%ﬁf p'i‘?gﬂg’&??-%gfpa” of
aGRPRY, 108 baRs WRENBFRAY, B r t4 Bl Ha
was furt hgr heat ed ang spﬁaﬁr%a%fftgéﬂgﬂﬁgﬁ ghﬁﬁg%?bh%’ 6.3 part
ofcdppery @0 pirts ofivap@dium and 1.9 parts of potassium were contained.
The elemental composition exclusive of oxygen of the recovered spent catalyst
was Py 5 Asg.2 MO12 Shy s Biga Cep2 Cuos Vos Ki.  1n 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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liquid after refluxing was cooled to 50C and a

sol uti on obtained by dissolving 20 4.6 parts of
potassiumnitrate 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 wat er

fur

@wn{)ﬁ&uﬁéﬁz’aﬁ%ﬁéﬁiﬂ ghS SR sCot eqk hﬁyéﬁiq‘fﬁ #Renange

i 05ide hefec B SBR TraflbiiE kit RO BRFSRRMION),
?‘ﬁé %!ﬂiontagé?g%%;@gbggeﬁgg% Sestafide 1BBhAGES 1EaKNRtne same

act1 onat CI ne

Frrammer agsn the rét@vefw@mblyaaeﬁﬁrrpﬁbﬁlaxahpié ‘PfanE%EéS@é}@a
Exanple 4 to obtai'n catalyst 6. The conposition

motybdenuen-containigg predipitdte (evoebist molybaentin-cdMaming material
CU0. 3 V0.51<1.2 33 By using this catalyst F, reaction
Ghwas abtaiped.ouThe lnemm@redtnmlv%&numont&wmﬁgtmaﬂenaw contained
that in the test A of the production of nethacr

astpayts @iemervbﬁeaurr@rm@@paﬁ gh faomsm}edfmq.eat this time, ratio of
segoxg&%@%ﬁsevmﬁ?‘égi by ash i ulﬁé%%ﬁhé‘&vﬁwsshorus
e FufehybasubEdtR b BB0SR bl Sia iRl datected n

ovEYedHRb 2 whi ch had been
usef:?el n the rgﬁctlﬁgn orftaﬁ'ﬁ? g.%g%‘ﬁ)é'hours inthe test F
wo77he production of nethacrylic acid of Reference
Exanple 6, 55.9 parts of nol ybdenum 2.0 parts of

(ﬂroslpbhnmetcdta@sba)“ts of vanadium 0.3 part of copper
and 7.1 parts of cesiumwere contained. The el enental
célbp@@@ pads ot purawatas, thie total @mourft of the renovered:d

was P1.3 M12 Cuo.1 VO 6 Csl1l.1. In 400 parts
@ﬂ%@um?@ﬂtamm)%ﬁ@ &pbtainedsahove (53:6,pgds asmejyedenum),

Rl R NPV ebioe PBE &5 BREh oy BB massh Aksebpic ecid

Uy 0 A o B, e
f@%&ltaﬁl‘j&ﬂum1 i éHEFc‘ff g‘égeéf §4db Wa &Uéﬂrﬁnair}f%tﬂﬁﬂt mixed

its resi due was ermve frltration

Ilicﬁﬂttdl w:@mrmm Héated abstirred for Eth6urs Urider pEAMGT.t F'TIRé Rfixed
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

Imoles per 12 moles of molybdenum. Further, the resultant mixed liquid was

evaporated to dryness with stirring under heating. The solid materiai 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 catalyst 6. The composition exclusive of oxygen of the catalyst 6 was P,
Mo,z Cug 3 Vos Ki 2.
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20 sanme manner as in the recovery of nol ybdenum 1 of
Exanple 1 and recovered nolybdenum containing |liquid
was obt ai ned. Further, recovered

nol ybdenum cont ai ni ng precipitate was isolated in the
same manner as in the recovery-of nolybdenum 1 of
Exsrrpl e 1 and dried at 110C for 16 hours. The dried
melP¥ USHId this catalyshifeactien wag carmied odt indbeSamg reaction

AR
16301 ORI E] EBHION T rfcrion v
Egitﬁn'foi%?selb ivi @fméﬁ%%ﬁbkciéﬁaQQWQﬂ%l%”hr‘i@?eag?és yfeld of

mass. Furthernore, phorus and copper

nuthaernvie heid was 708 memever ed nol ybdenum cont ai ni ng
material 7. [0082] (Production of catalyst 7) To 650

00813 of pure water, the total anmpbunt of the recovered
5 nol ybdenum cont ai ning material 7 obtained above
Ezampledrts as nol ybdenun), 0.9 part of vanadi um

nt oxi de_and 7.0 parts of 85 mass% phosphoric acid

@ﬁe@%eaquwm ébul tant sol uti on was heated and

o S5 i S A o
pitofiutsin e &t ¥ difife Woulctph B meRabAflc Rl 5t REfddnee
ERBhibé BQs@@Sp&%Oéﬁﬂo%@d@Qﬁn?Q. partd bpggggﬁhﬂﬂg}d% of

di ssolving 5.7 parts cesi um ar bo rts

OanAdium, 08 part\wiheopgéreand ANdp&its of 6skihPrwéfe cortdined. The
Then, to the resultant solution, a solution obtained

blemirtabtampaositiori epelusive alf oxygeniofithergoogered catalystiwas Py g
arts of pure water was added. The anount of anmmonia

12 fblon ¥emiGsant  HofQR parts whpure watas) $Q0 parts of thesspent catalyst
nol e ybdenum Further, the resultant m xed

VRS ePRIERa.s{ 19 TEasyiankalshetsiar 2507, 8ot 9 spdksahypochlorite
[RELTYE hokiie’ 02 mhasibn) WaS adReland SHTRSHIor s ot 60°C, and
130 paHe M S inateR o HEhoide BhNERys Polin Yl agdsn and
EYOE A r Sl w6 45418 il SUERANGI b s
The pH &f3he resditdnt solution was 12.4. 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. 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
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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[0083] (Test 7 of the production of nethacrylic 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 nmethacrylic acid of Reference 25
Exanpl e 6 and obtained the follow ng results.

Conversi o f et hacrol ei s 83.6 nol %, selectivity

PpTedioh sefatea Mot ehueiod mORBHSpumEaNAInBRLBRaRA) ¢

Eé\ éfEt hacrylic acid was 70.6 nol % and the catal yst 7
%B he sane performance as the catalyst F. 36 [0084]

(Production of catalyst G for use
of rsammg 1l

|n produci ng rylic acid) In 300 parts of pure

Wa1l'§ 650 Yt duve WatéMMMOAD ARG GNBItRE deGoveted Parts
anmoni um net avanadate and 4.8 parts of potassium

malybdmummenthlmﬁglmel@nam obfihed abbVe (34 pattsrds molybdenum),
solution, a solution obtained by dissolving 8.2 parts

&9 pag oiuaaaﬁllphbppmttoxlde ard 2.0 pariDofds masste phosphericsacid
was added and 4.1 parts of antinony trioxi de was

zpre gdged &nﬁiethedgaultamsolutm \uasvagaééaarwsurae@m Jhewrs under

B b 50 B o o o

6 rspieaRE St s SHRBE HERbM N stirtstErer &S gy efiuxing.
e reH ot affdreuking W mﬁd%a%peg%ﬁda bBifibKbEsined by

Wi th stirring un € SO naterr al

@Eﬂs@m@gﬂswagaﬂ& bEsksill m@&boﬁatesihem partset pef@watér%s added

sieves and calcined in the sane nmanner as in

andditicteidcfor 86 ntiattesy s Thénpto el rsaitast sotatign, @ éoibtibriﬁbtamed

obtain catalyst G (the conposition exclusive of oxygen

by dissohdag 8.1 partsof amnsonivbuditratein24d parts\af RirkWater was
085] Test G of the production of nethacrylic acid)

Eg'da@ n& £ Aoy of ppymotia ip dhe resuitapbhsolution was 22tmoles per 12

B1oes BF FrobEnugn drudiiine (peHRani Hegikid Bpe sired for 15
Eﬁ@@%l arl]'gi %ﬁb}?ﬁtg&lqﬁﬁéyneessrv%ﬁﬁ shprn'ngt st healflng. "Fhe solid
material thus obtained was dried, 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 P;.3 Moy2 Cug 4 Vos CS1.1.

{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 mol%, and the catalyst 7 had the same performance

as the catalyst F.
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follow ng results. Conversion of nethacrolein was 80.2
nmol % selectivity to nethacrylic acid was 82.3 nol %
and per pass yield of nmethacrylic acid was 66.0 nol %
25 [0086] (Recovery of nolybdenum 8) In 100 parts of
the spent catal yst which had been used in the reaction
E@({' 2,000 hours in the test G of the production of
Qfﬂcryl ic acid of Reference 37 water was added, and

tﬁ%ﬁ%ﬁ?‘%ﬁ%@ﬁ."é 20 s 11 acid ueo added, The
d
| qU| éﬂsﬁus Oﬁajél neg;rm%gqévapor ﬁ%gf&t{ﬁéé@p%?}éﬂz vru:(ﬁ

stin 3@mlgau§6¢puiféeﬁbteﬁg1ooTb§rt§ of hfnigniem parahibifvbdate, 1.7 parts
obtai ned was dried, 5 crushed, fractionated by

of amenorincth nmltauamdatmam& 4.8spms obpolassiam hitraté here dissolved
production of catalyst A of Reference Exanple 1 to

eb7ara. cho MQ/msunanfrstﬂutlcm) rgosalutioroabtairedilsy dfssofvlng 8.2 parts of
XYy I_gen of the cataly was P1.5 Mb1l2 Sbo.5 Cuo
aswja pf[cmbe![us a_cad enréepasts(sﬁ PURR Watefowas asﬁedfand 4.1 parts

A e e A o o
Eﬁf*@?d AnftiFeg! @ﬁé@%&%ﬁg%%%ﬁiﬁ"aem”gﬁ e ifate in 30
Bt e Y o AR e i
8 PaRs df RO MABEIS nYth@ ladidovad édHEB haTh& Ir&Sulffit $nives liquid was

66.1 nol % and the catal yst had the sane performnce

evaporatedtadynesSwithGagig uﬁdélemwtl@ EXdrgsdicBmaterial thus
(Production of catalyst Hfor use in producing

ebtained Masdried, tolded, trustosd, ﬁmctlena‘fedpby sieves and calined in the
parts of nol ybdenum tri oxi de, bRarts of vanadi um

5emedﬁ?a@er g in ﬁs@rn@d@ﬁﬂ%ot@jgb/& &% ﬁeéeneacadi@r@ma 1to

PR Ehtalyd s e S oSt xSsivilof oXygen of the catalyst G: Py
Mo,z Sbg.g Cug.1 Voa Ky).

[0085]
(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 results. 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 methacrylic acid of Reference
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stirred for 5 hours under refljjxing. The resultant

sol ution was cooled to 50C and a sol ution obtai ned by

di ssolving 13.5 parts of cesiumnitrate in 30 parts of

25 pure water was added, and the m xed liquid thus

obtai ned vvas heated to 70C wth stirring. Then, 34.0
rts of c{t uequs a nia was added and th

%ﬂ ‘f’gﬁla ‘b5m§3§{ |20rf869$%lrm§@ i Uf@saqged The
8&%%@%&%@{3?5 i “7%"“ ﬁfﬁ‘@gﬂqndiy%?ﬁ%@r'&le%na £2 ptes of
Aidetef”, BLfch e 320k VQMS diiebinds elpated o

Anghdsasyitiestitihginder ABAthY! ﬁllfa?%.afl i ¥ d was dried,

with stirring under heat ng T mat eri1 al thus
aidlded,ectusihed, drdctignaieel tﬁﬁﬁeve@&ﬂd eaitindd mheméimdwner as in
sieves and calcined in the same nanner as in the 5
pheoprastuiction of catatyst Axif Hbfeferiaeffétample Boanipthin datalyst 7. The
obtain _catalyst H (the osi tion exclusive of
s position ewilsm-:t of gagen: of ne catalystB1wasBo.s 040168002 Cuo.t Voa
.5 GCsl.2). [0090] (Test H of the production of
thacrylic acid) 10 By using this catalyst H,
'i hion was carried out in the sanme reaction
Jtlon as that in the test A of the production of

?‘Eéé?ﬁﬂhé%r@&dc‘iaoﬂqulpﬁé@é er5| o’t:jza”pl e 1 and obtai ned

'ow'ng resul of met hacrol ei n was

828? %hlssc%t&lgﬁt g) r*e)écﬁ%]? %%t# 9 Mahe ?gac@ipn

AJan per pass Yield I C aC|
cohditiod as[tA&Sih]the ket betHe fHriodaeNen Bf Sletadryirasit Bf Reference
In 100 parts of the spent catal yst which had been used
Exatmpde 7 et obtainedrthe mlmﬂng cesuitsi nComwetsion ofHmathadrelein was
roduction of nethacrylic acid of Reference 20
dnﬁlOéA’SSe‘QQtl‘thﬁarm £rlio mmﬂw&aﬁz &mlﬁéamd; per pass yield of
arts of vanadi u part of copper

efiﬁg ic BF’du\?’%Fn 4. ’?OB’ar@n%¥h9a‘F%*éW$E3Mtheﬁamﬁ perfgimance
ont ai ned. The el enental conposition
égiﬂl"%??ﬁvsggoxygen of the recovered spent catal yst
[WBQTlASO- 2Mo12 Feo.05 Cuo.2 V0.5 Cs1.2. In 400 parts

Reference Example 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 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
with stirring. Then, 34.0 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 2.8 parts of copper nitrate in 10 parts of pure water and a
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of pure water, 100 parts of the spent catalyst was
di spersed. To the resultant 25 dispersion, 130 parts
of 45 mass% sodi um hydr oxi de aqueous sol uti on was
added and stirred for 3 hours at 60C and its residue
was renmoved by filtration. The pH of the resultant

SBhfophiehed by dissaldng éi%%gff%%g%rg'aﬁfsﬂ%g?ﬁﬁ% partsyof pure water
T A8, 505 st A SR G4 i
S 18 SES BETAL W
UMY frichBshtaH ié\Pes]&ﬂ@célefnquH*ﬂg? ‘ségu(%‘ﬁ?gp@%ﬁ% the

mat eri al thus obtai ned was cal ci ne

Ippodsctioncof vatslpstol 60Refersfde/ EL@MpBIE ¢80 bBtadih BataNpt ¢ (the
9" was obtai ned. The recovered nol ybdenum cont ai ni ng
catmpositioncexoiudive oboxyigenofthe catadyst bl BoAlsypvio 2 Fegos Cupe Vos
part of vanadiumand 2.9 parts of cesium And, at this
Sw)- ratio of recovery of nolybdenum was 97.4 % by
.. Furthernore, phosphorus, arsenic, iron and
mr were not detected in the recovered

E‘E%%Eﬂ?f {8 FrERLELdH, POmBAEE acid” o or ¢ 5 01 “bur e wat er,
DBy i) BBl P, FEHtbRSRECEGRed out inthe same reagtion
B@h&ﬁioﬁf‘asqﬁgv PapBYEdtA if:flﬁlSerrﬁd Géﬂdprhé‘lf m‘éﬂ’ﬂﬁ‘ﬂl%ﬂd of Reference

pent oxi de, 5.4 parts of 85 nmass% phosphori c” aci

Exampse t saref olft@insaithagoidliondng eesiflist \®irvedsios of ansthadrelein was
resultant solution was heated and stirred for 5 hours

82demal%f belbectigty folraethasnicatid wak B87.6 moitisand pel pess vield of
50C and a sol ution obtained by dissolving 6.7 parts of
methagrviic acighwas 73.31m08ar t s of pure water was added,
%t]he m xed |iquid thus obtai ned was 20 heated to

1 Then, 27.4 parts of 29 mass% agueous anmoni a was

%gﬁﬂ% ?nd the resultant mxed |iquid was stirred for
Rtes at 70C and a sol ution obtained by

i ' f copper nitrate in 8 parts of
%?@%E’?"ﬁ%@‘%@?ﬁu on obtained by dissolving 1.0 -
Pt 100 par®Bf tHel $p8rit cathifstRAHIER hall beehstf if'the reaction for

2,000 hours in the test H of the production of methacrylic acid of Reference

Exampile 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 P1.Asy2Mo12 Feg o5 Cup2 Vos Csi2.  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 12.2, This solution was treated in the

same manner as in the recovery of molybdenum 1 of Example 1 and recovered
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were further added. The anount of anmonia in the

resul tant solution was 9.9 25 noles per 12 noles of
nol ybdenum Further, the resultant m xed |iquid was
evaporated to dryness with stirring under heating. The
solid material thus obtained was dried, nolded,

cr sg d, fractionated, by sieves and_calcined in the

%ﬁ! ﬁiﬁwmrcogéalnwgtinél%%a@@waﬂd-ofF%l@%n ggcltoVﬂre# i
bR aRnboiebpiagyat isolrtedub it g%r%n%lésf the
Freo T8 ol M bIrT L Eotite Cehligrie B TlQrG f7ig flobs.  The

eRicdl Materidl tHL%%téiﬁBdW%@éihbaﬁg %§b°d'3?ort}_{s‘ gpﬁﬁ:gnd “recovered

reaction condition as t In e tes

prolgbgdénum-cohtairinganatdrial 9awag obtaifed.c! BN Pecdversd! € 8

and obtained the tollow ng results. Conversion of

meelibdenu aicontaisingdtatériab® Yontadhert 54 .8 parts of molybdenum, 1.0
met hacrylic acid was 87.4 nol % and per pass yield of
paftrivapadiuin and 2,8 parts of casilm. , 1ot this simd, yatio of rengvery of

th f 10 t h talyst H [0094
BRI W R T8 oWy TIore) AhesBsiuip:arEenis ron

[ [ he, t ot a nt of the recovered 15 . . .
B bRk vert B eRle AR Fevatadmolbden|ieostaining materia
nner as in recovery of nolybdenum9 of Exanple 9
?24.3 parts as nol ybdenun), 50 parts of nolybdenum
{0agpji de obtai ned by cal ci ni ng ammoni um par anol ybdat e
at 550C for 3 hours, 1.7 part of vanadi um pent oxi de,

P dduatios obtatyst@ys% phosphoric acid and 3.6 parts
of 60 mass% arsenic acid were added and the resultant

20T 360 tnants ofqsiré eeter thenthialtamournt df dhe Fedovered under
refluxing. The resultant solution was cooled to 50C
mRlyhdeninrceptainipg anatetiaby obitainas above (3.3 ppesias roslybdenum),
ge;ﬁi ulﬂw ?itra e in 30 parts of pure water was added, .

fUPRR O ¥RRYUM Benigxidey -4 mgpm Mass % phespharie aeid.and 2.2

o .

paRY of 80 A% Hlerfid AP eI Snd TP Miant solution was
heated and 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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was added. The anmount of ammonia in the resultant
solution was 9.9 noles 25 per 12 nol es of nol ybdenum
The resultant mxed liquid was stirred at 70C for 90
m nutes and a sol ution obtained by dissolving 3.7
parts of copper nitrate in 13 parts of pure water and
a sqluthn obt ai ned by dissolving 1.6 parts_of iron

btt‘?‘ﬁ talyst®; pthe compositior exglusive g oxyaaniotine atelyst © was P,
Ltot F d Ilqu¢|d was 42 evaporated to dryness
???ﬁg? ¥ i ng. The solid material thus
Z ned was dried, nolded, crushed, fractionated by
|evés and calcined in the same manner as in the

Rreste! he bddaicl dthetiRhyiBYdg)ence Bxaml e 8 to

obt ai n cat al yst e conmpositi'on exclusive of

OXx Bgassiny trﬁ@eatag&sﬁb}/ﬁéaciiﬂn\m carri€t ofs in thddain&eeadton

Cuo. 2 Vo.5 Csi [0095] (Test 10 of the production

conditiohaas thiat in thei tdpt IBof tise papduttion ofhhmthadryli®acid of Reference

reaction was carried out in the same reaction

Example Srand oblained ﬂietfnltowiegtreﬁulta‘ tGmwarsidud imethacrolein was
thacrylic acid of Reference npl e 8 and

M. salectiiy Wﬁ@acaﬂm acld V\@§rﬁ7e4 4 nal#% and per pass yield of
TG faGaEo Bl WaS 7d Mo Ahe e S5tebisk e taBcates petefmance

[ nol % and the cat aI yst 10 had the sane

%ért %\re%ang I-‘/llas the catalyst H [0096] 15 Conparative
le 1 (Recovery of nolybdenum 10) The same manner

as in the recovery of nolybdenum 1 of Exanple 1 was
Gxampld 1out except that pH of the liquid after adding
45 mass% sodi um hydr oxi de aqueous sol uti on and
¢Praductign whsatalyst40pd to 4 by 36 mass% hydrochloric
acid 20 and pH of the liquid after addi ng magnesi um
chf@2Badansofppie aaters thatatalaraeunt afshersseoxeredicous
anmoni a was adgnust ed to 5 by 29 nass% aqueous

MRivhdenumcontaingg m@r@aaw@arm indke ﬁamecmaﬂaehaw recovery of

Rt e SampiRs (ol S prdP Saamabhoanip) 5 parts of
Bﬁcfliﬁqéﬁu ’ ){?8'5 Egﬁméatfgy Qafilidg bnithoRDRT BARMSybdlte at 550°C

for 3 hours, 1.7 part of 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 resultant 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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25 recovery of nol ybdenum was 38.2 % by mass and the
ratio of recovery was drastically |owered. Renoval of
phosphorus was insufficient in this nethod.
Nevert hel ess, cesiumwas not detected in the recovered
nolybdenun}containing material 10. 43 [0097]

arative Exanp (Recovery of nolybdenum 11) The
S be

OFfAd &9 daénqsls wnﬂbst:jraeewﬂyr ating. yb solidimeterial thus
36 %
iR s Tedd rioag. yBhed dEartanaisd isieNES and caiclaed in the

N
SREIR Tl 'd” e ¢ d&]‘ﬁﬁ@\ﬁﬁ&ﬁ %&@Iu§i%g)tf oXgéhds #1 SRIFL 10 was

agueous a nia, an recovere

R A IRILNFE QMY VL OBL.grial 11" was obtained. The

recovered 10 nol ybdenum cont aining material 11
¢0085)i ned 54. 3 parts of nol ybdenum 1.5 parts of
phosphorus and 5.9 parts of cesium At this tine,
r(&!stdﬁﬁfthemodugtmfof methgotdioacidjas 96. 4 % by mass,
however, renoval of phosg\horus was insufficient in

t hP¥ Usisigthis catslyskibDSBRcHion marms,gamrest putin the sanee readtion
s8haligE Asihabh 8 1S LM pradlenh of Matastyiasid of Reference

B A B R L B f?@&@éﬁ% o6 ahipriePlaf ot piedficrptein was
829 GIHPAL sérd Eﬁt%@ﬂ%gt a{s@%ﬁ\ eﬁjcg%ggr% oLy ﬁgr pass yield of

consi st ng 0] rum cesium a

hiethhtrylid acidWad 22 %Emofs Sasdiihe 6&52@9‘?@ HEY Qﬁ’é‘%@i‘r@ formance

material, in particular, a spent catalyst can
a‘sﬁbet:at&lysgtH Furt her, by usi ng the present inventi on
it is possible to produce a catalyst-by using a
[AQ88}er ed nol ybdenum cont ai ni ng mat eri al whi ch has
Eeen recovered fromthe nol ybdenum cont ai ni ng
EFFQ'F'V%EP@ Ple Ag at | east 25 nol ybdenum A el enent

Pabecvery ARy BRrEmaBhont ai ni ng mater al comri 5i ng

AtThE 8afne MEHREFAY' I 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% agueous
ammonia, and thus “recovered molybdenum-containing material 10” was
obtained. The recovered molybdenum-containing 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 recovered

molybdenum-containing material 10.
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el ement and X elenent, in particular, a catalyst for
use in producing nethacrylic acid can be used
effectively even after it has been spent. 44 naterial
whi ch has been recovered by using the nmethod according
to any one of <clains 1 to 3 is used. 8. The nethod
fﬁé ﬁtoducing a catal yst according to any one of

dyag 4 to 7, wherein the catalyst has a conposition

r ; following formula (1): 5 Aa Mb YC
o&%ﬁgﬁ@%@@?'ﬁ% and O represent nol ybdenum and

r hye kv represents phosphorus and/ or
gfl)ségﬁp%ry w‘glg?gés{@msﬂﬁt | east one el ement selected

f r Thetdagnd ritithef QB $hH td m:o%-ry 6frAolyBEBALM. 1 Bf Ek@&nme 1 was
copper, Zi nc, rragne3| um cal’ci um strontium bar i um

tcarded oot emmdnatraﬁ miass¥ hidrodiiloticl agislwas notaddetafter adding
silver, boron, silicon, alumnum gallium germni um
t45|1nass%a$pdilanthydmw55de ligsigous sokutiob iaumd stirkmg ahd 22 mass%
zirconium indium sulfur, selenium tellurium

|3QNERYE @MMARiackas nat ad@?@ﬁﬁ@l’s@ﬂ@g magnegiim ghloride

RevaB Kl SpUAIon anH 2L maSsT BHAAURATIPRE, At thus “recovered

THaflRl: @”’“@é“?&%@@ yaF bR, ohdiabeddy' ©
m%ﬂgeﬁlﬂﬂ%n‘?%nfn"g%%r@ iy cﬁnta?néos?!l.?.r%d%{%oé%ﬁg@baénum 15

to 3 an he range o
seaf mFﬁspdsSad&s 0P 4HE 6f cdshirhO At tHX HARY) rélﬁ?&ﬁﬁs@wery of

fulfilling the requirement of the valence of each
ehmivbdlentﬂhovas 96.4 % by mass, however, removal of phosphorus was

insufficient in this method.

INDUSTRIAL APPLICABILITY

By the method for recovering molybdenum of the present invention,
molybdenum can be recovered in high yield 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), and hence, a spent
molybdenum-containing material, in particular, 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-containjng 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.
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material which has been recovered by using the method according to any one of
claims 1 to 3 is used.

8. The method for producing a catalyst according to any one of claims 4 to 7,
wherein the catalyst has a composition represented by the following formula (1):
Aa Moy Ye Xy O, (1)

wherein Mo and O represent molybdenum and oxygen, respectively; A
represents phosphorus and/or arsenic; Y represents at least one element
selected from the group consisting of iron, cobalt, nicke!l, 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, setenium,
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 3 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.
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