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METHOD FOR REGENERATI NG CATALYST FOR THE PRODUCTI ON
OF METHACRYLI C ACI D AND PROCESS FOR PREPARI NG
METHACRYLI C ACID 5 FI ELD OF THE | NVENTI ON [ 0001] The
present invention relates to a nethod for regenerating
a catalyst for the production of nethacrylic acid.
The present invention also relates to a process for
prepari ng rret hacryl ic acid using a catal yst
M w INGEGM%LY)ST@OMHE@RODUCTION
ND ART 0002] is known that a catal yst for
thegmp METHAGRYIEIGI”A(]HDANID PROCESS #ORi BREPARING
het er opol yaci d conpound contai nin hosphor us and
mol ybdenum i s deacME’EI-MCRHéﬂGA&IE)at al yst is used
for along tine in a 15 gas phase catal ytic oxidation
reaction using nethacrolein or the like as a raw

Catalyet s readiEls R A LTV EREON Che' ke
N
catagygsgifb? gﬁg %8 flﬁﬂ%f(ﬁle%e&%‘?hﬂé'd&dor ThéG e Ae A éitian

yst in to prepare a mxture
alsﬁqgieﬂ‘e? t8% ?r&c‘és%%%&'@ﬁaﬂhg&ﬁeﬁlﬁﬁ@@lmmmdmsang a0cdtalyst
es nitrate ion per 12 atons of nolybdenum
re%ﬁeﬂ@ieﬂib aulch Dbegneraion methodn to a nitrate ion
ei ng at east 1.75) and then drying and cal cining the
m xture. 25 [0004] JP-A-2001-286763 di scl oses a net hod

conprising the steps of dis a deacti vated
catal yst in water, Baddi i I%Dﬁ‘ﬁﬁoﬁ@ﬁ cont ai ni ng

h erocyclic c ound m ni t,r at e
e s
comi)%s?rrlg a m&%ﬁéﬁ*ae?&‘ go%%h%% containing phosphorus and

molybdenum is deactivated when the catalyst is used for a long time in a
gas phase catalytic oxidation reaction using methacrolein or the like as a
raw material, because the catalytic activity of the catalyst is reduced due
to heat load or the like.

[0003] As a method for regenerating a deactivated catalyst,
JP-A-61-283352 discloses a method comprising the steps of dissolving or
suspending a deactivated catalyst in water to prepare a mixture
containing 7 to 15 moles of an ammonium ion and 0.1 to 4.0 moles of a
nitrate ion per 12 atoms of molybdenum (a molar ratio of an ammonium
ion to a nitrate ion being at least 1.75) and then drying and calcining the
mixture.

[0004] JP-A-2001-286763 discloses a method comprising the steps of
dispersing a deactivated catalyst in water, adding a nitrogen-containing
heterocyclic compound, ammonium nitrate and nitric acid to the

dispersion at a temperature of 70°C to prepare a mixture, and drying
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1 and calcining the mxture. JP-A-2001-286763 al so
describes that, in this nethod, the anounts of
ammoniumnitrate and nitric acid are adjusted so that
a nolar ratio of the ammoniumion to the nitrate,ion
in the mxture is maintained to 1.7 or less. 5 [00051
However, any of the conventional regeneration nethods
descri bed above necessarily does not necessarily have

andcslé{ding &Y mokiwel QP-A-2001286TH3 Asoakisalibesthat, in
activity and the catalytic activity of the obtained

thi¢ agahedatke acedwhtssef amnnmiivah watate aridhitcioagid aE
SUMVARY OF THE | NVENTI ON [ 00061 An obj ect of the ..

adjpseskss thayvemplar tajie of prowmymoniwm: gdtor dre nitrate ion 1n

regenerating a catal yst_for the production of
theppixageysimaintadnedytd dn’ O8eS%f fecti vel y recover the

002D Tl b S b oSSRl B PRI Bb OB ribea
obchPhRSSHRrLg et T FRELLIN PRAPE Mineiam dnlam 2

rec?‘b%xidgg t%%r\%agrﬁﬂt‘i’@ aefididNa £ ¢Bb [cAPAlyER] £&tivityof the obtained

I'eve the above objects, the present

regeR¥BatddOf AP idesottalwertdheatiéfactomgener ating a
catal yst for the production of nethacrylic acid

conprising a heteropol yaci d conpound cont ai ni ng

Phe ot eps of IAMVAGRY 0 THEN DY GACT LN ai i ng o
(00IPToAR IP S A B smanaphrigniia P -oNai P apaiiy &y
recgogrRynE cRTa B & BOBralriohof gthel PTG affirhich can
oG R BTG E G T ARy R o QI Aty e

PSS E Ep st it ottt s
préfiEihBIREM Ak DD Jt8d Reihgacatdlysy regenerated by such a
regeneration method at a high conversion and an excellent selectivity.
[0008] To achieve the above objects, the present invention provides a
method for regenerating a catalyst for the production of methacrylic acid
comprising a heteropolyacid compound containing phosphorus and
molybdenum, which method compriseé the steps of heat-treating a
mixture containing a deactivated catalyst, water, a nitrate ion and an
ammonium ion having a molar ratio to the nitrate ion of 1.3 or less at a
temperature of at least 100°C, drying the mixture to obtain a dried
catalyst, and calcining the dried catalyst.

[0009] Further, the present invention provides a process for preparing
methacrylic acid comprising the steps of regenerating a catalyst for the
production of methacrylic acid by the regeneration method according to

the present invention and then subjecting at least one compound selected
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the present invention and then subjecting at |east one
conpound selected 2 fromthe group consisting of

net hacrol ei n, isobutyl al dehyde, isobutane and

i sobutyric acid to a gas phase catal ytic oxidation
reaction in the presence of the regenerated catal yst.
[ 0010] According to the present invention, the
activity of a deactivated 5 catalyst for the

frol{ ﬂ?@%&'blgﬁ cBhsigeidef Mdthaamleis dsolbetydaIdettyideelisobutane
recovered. In addition, the regenerated catalyst thus

an@Bscingdicadidie a yasdHasepraephitic ovidadinyreascting & 4he g
hi gh conversion and an excellent selectivity. 10

pre3enée bEPhDESCRh S teN caralsgt. | N\VENTI ON [ 00111 The

[0010) Abegardinatedne P reRBARTRAEION. Mo B & deadtil£bd
' | on, ' het i
catalral it TARGBSHORLE. AR RO BoRsicrds b BEEhYely
| t . i ;
re@yfrony -1 2O, BRPERaR A A ST PIRRE oI dambe

us%@??}pé?#apé' ﬁf&hﬁ@h)ﬂi& QBRI h68%hieh @eivérsisal dnd iancexcellent

y neutralized salt) of a heteropoly acid, nore
sel@'Eﬁf\!ﬁry@bly an acid salt of a Keggin-type heteropoly
acli d. '[ 00121 Besi des phosphorus and nol ybdenum the
catal yst preferably contains vanadi um as an

Sl ect cOETAI B LS EAION OR R TRV ANTHAN
[0 Wl Thaurato st 1oF aReRIoRPCUER ShinF Baero i pd g BHAF S
rogmRaTshy DSLOTO RS EPI A OGS rep h Sy i Sa Rhprabsen ¢
e R Qi e

es@(TR1 BleERE, %{R@g@p %mggzgﬁswge@?oﬁmﬁmd et et of? a
heteropoly acid. Particularly, the catalyst preferably comprises an acid
salt (i.e. a partially neutralized salt) of a heteropoly acid, more
preferably an acid salt of a Keggin-type heteropoly acid.

[0012] Besides phosphorus and molybdenum, the catalyst preferably
contains vanadium as an additional element, or at least one element
selected from the group consisting of potassium, rubidium, cesium and
thallium (hereinafter sometimes referred to as element X), or at least
one element selected from the group consisting of copper, arsenic,
antimony, boron, silver, bismuth, iron, cobalt, lanthanum and cerium
(hereinafter sometimes referred to as element Y). Preferably, a catalyst
contains 3 atoms or less of each of phosphorus, vanadium, element X and
element Y, per 12 atoms of molybdenum.

[0013] When such a catalyst for the production of methacrylic acid is

used in the production of methacrylic acid, or it is subjected to heat load,
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[ 00131 When such a catalyst for the production of
nmet hacrylic acid is wused in the production of
nmet hacrylic acid, or it is subjected to heat |oad, 3
active sites are deconposed or a specific surface area
I's decreased and as a result, the catalytic activity
is reduced. In the present invention, the deactivated
catalyst with a reduced catalytic activity is a
actSHPEREL a8 debBmpoRe@RRTAbpevificreatamnaredty decreheed and as
deconposition of active sites can be 5 confirnmed by
a réQilel thatatliticrmtistite e dudeski da the prefeadIpysntOsn the
product of the catalyst is detected or not by %RD
dedctivetpddiafth st twish)a redeced prtadpee actvisus asubigtpishe
the catal yst can be_determ ned by the asur enent of
regenBEALISPLER AT OBy f H@é’eaF}é%HBWIHPP?]&b(Eth fghive sites can be

d i on. , J .
corpmRRen EYCUHEAFHRRER EhBoTOh URa UXbdocs & FTEPRBpsifon
P SYCdHeAPHi Rty Vaved :
prqfits e AN a PR o4 60 XD Q0rdy diMlktion), and

thef:‘gﬁ%qihcfs%? Ahréh of BIPEABIYEECcAH batddteasiinddBE. thehe

r
ytic activity of a deactivated catalyst can be

me%%h%ﬁiemldf d BHY 8p &l fibysuaaie atdd by rihegamoiiy) aidsbrption.

the nitrate ion and the ammoniumion in the m xture
[0Gns] Bh $Re hegénératadn hrpdtindite amnixinre contalnidgpldieat ur e

of at |east 100C. [0015] A nethod for preparin 'thﬁ .
deattivares catalpst, watered nitrate deasndan &Iﬁ@%’é&&??% aying a

catal yst may be suspended in ter, followed addi ng
malonrebionter i itsab o ORATLAT RRSSMeAHEA ?gPe i on,

or the deactjva cat alyst j : d
tempaEBLITesl Bt |asitt dDoFE: oo SplgHE SURRANOPH dedcPitate

itrate i,on. .l Q07 ' dheatmbiats bbthe
Caﬂwagaaeé’ﬁa‘?@é&}"% r\rég)g/p%{eéaegﬂgg{é%ﬂgg%hgs such, orS it

' ' i \ied aléo heattorati
nlﬁ%éeﬁ:g{%ga%% ﬂgé ?gﬂﬁﬁﬁﬁl&tﬁ%ﬁ inugRendeture aléo heattoyating

orcing material are contained in
thggﬁi Ldeg o CAhpbysturetdfeatslenetd0b°6f the catal yst may

ecreased i1f the fibers or the o
[0015] A method for preparing the mixture is not limited. For example,
the deactivated catalyst may be suspended in water, followed by adding
source materials of an ammonium ion and a nitrate ion, or the
deactivated catalyst may be suspended in an aqueous solution containing
an ammonium ion and a nitrate ion.
{0016] When the deactivated catalyst is a molded catalyst, it may be
suspended as such, or it may be pulverized and then suspended. When
fibers or the like as a reinforcing material are contained in the molded
catalyst, the strength of the catalyst may be decreased if the fibers or the
like are cut or broken. Thus, the molded catalyst is preferably
pulverized without cutting or breaking the fibers or the like.

[0017] Examples of the source material of an ammonium ion include

ammonia and ammonium salts such as ammonium nitrate, ammonium
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25 like are cut or broken. Thus, the nolded catalyst
is preferably pulverized wthout cutting or breaking
the fibers or the like. [0017] Exanples of the source
material of an ammoniumion include amonia and
amoni um sal ts such as amoni um nitrate, ammonium 4
car bonat e, ammoni um hydr ogencar bonate and anmoni um
acetate, preferably amonia and amoniumnitrate.
car%ﬁ?‘&i esmafodilen $9di68endBbonatd a0l ammdmate acerate,

i nc ude nitric acid and nitrates such as _ampni um
prefeidivemai@fierail ymnbnivumatittatend Exmmplemehihe sqarce
The 5 anmounts of these source nmaterials are sujtably

masetiat béd msitcatet foatinchede miirae apish 2ed itrates SHABAum
ion to the nitrate ionis 1.3 .qr less. [0018] .
amaquemiue miteater peelor sblycritsle %‘flgr?é{‘ﬁ QB}I?LPEWQLI?IX\P?%'t "fhe
used i.n the production of netha Qi&l ACd Ok thht kA
amoymte of dhesq spurge mederalp apg Pt %?) RECConst Mt uent. o

m | eggﬁtgsﬂg ﬁ%%lsgo%ﬁﬁw§%n 1Y gﬂe Qﬁtx@ﬂ@ﬁl@ﬁ% 4s3 apdedd)

o “di'ssipated. I'n such a case,
j13s piat mdused
R R G e e T s i
in 0ALYSE8cQbn AT rhE¥h ¥y S iaeid speittis subjeqtedrid héns load, a
dissipated elements are added to the m xture upon
paPt 6PEiALoREtitudIe clenmmtsdd the caelysdsaghtas Bbﬁ%ﬂp}&% and

the dissipated el enments may be the sane as t
mdiRbéehan moppbeddssipgtail.i nln Aech AR PB?#%SPBE” the idflas

het er opol id d i
ang%mbdggw%?(éﬁ dﬁé:ﬂolggg Y : eﬁ%ﬁ%&%g%ﬁgﬁlﬁgg{% %%resce nt
-acids, oxo- t i : o
et o 5, JEE B AL P B it

Ex I f [0 [
SR T g e A i e

exanpl es of a

IR hoi L shg e loned ncema| b the samedas the
be ﬁ%@ﬁ?gsﬁﬁfnﬁ%ﬂg&ﬂ% o%??de and nol ybdenubrﬁach?csj;a?]de
ra®! agcgi‘{m'c%ﬁlquﬁn&s G960 onnHe protlactiongfeahatirgpplyact

i nc e vanadi c acid, vanadates,
compound containing phosphorus and molybdenum. Examples of such
compounds include oxo-acids, oxo-acid salts, oxides, nitrates, carbonates,
hydroxides and halides of those elements. Examples of a compound
containing phosphorus include phosphoric acid and phosphates,
examples of a compound containing molybdenum include molybdic acid,
molybdates, molybdenum oxide and molybdenum chloride, and examples
of a compound containing vanadium include vanadic acid, vanadates,
vanadium oxide and vanadium chloride. Examples of a compound
containing element X include oxides, nitrates, carbonates, hydroxides
and halides, and examples of a compound containing element Y include
oxo-acids, oxo-acid salts, nitrates, carbonates, hydroxides and halides.
When the compounds used to supplement the dissipated elements

contain a nitrate ion and an ammonium ion, the amounts of the
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vanadi um oxi de and vanadi um chl ori de. Exanples of a
conpound containing el enent X include oxides,
nitrates, carbonates, hydroxides 25 and halides, and
exanpl es of a conpound containing el enment Y include
oxo-aci ds, oxo-acid salts, nitrates, carbonates,

hydr oxi des and hal i des. Wen the conpounds used to
suppl enent the dissipated elenments contain a nitrate

corﬁ@ﬁ‘uﬁ‘@g adde @I AMst&D so thEat anmuldsratiio bfieh® nitrate ion to
conmpounds added ar'e adjusted so that a nolar ratio of

thd b Rbhidhdohdn fhe mikeirensosithin ithe piredetermined rengesas
within the predeterm ned range as above. [0019] As a
abewrce of water, ion-exchange water is usually used.

The 5 ampbunt of water used is usually 1 to,,20 rt
[03PIvas ghsounse of waser, kn-oxEhamge HathbIS HIRALR IS perhe

1 Xt . [0020],In th [ L '
5 amsevel WAt TRsaLIoupesIRcR £ ear ok Qb el D AHIE
f at,l 100C t d. Th tal yti
Weg%l?tia% @?ﬁﬂe%‘émeﬁ?@ﬁ %@&@ﬁﬁecove?edcgyasﬁb} g_ct i ng
lods3, B Hhb et B e P Base. ot

heftt eaOaOcC? tBRNR rRE@Ice6 Pl 16abbQC0°Trendiehen agedat M
can be usually cCarried out in a closed vessel. The

caffigtic ddtpdtyrenh He affedtivelyumicbyered beavbj@ting blig mixture
preferably at least 2 hours, nore preferably 2 to 10
10 tobuches hibirbrdstendrattopr oBnebenably G BeatGRAERCRS  han
0.1 hour, the catalytjc activit

temipleta tirendoss nopewsaadabP(’ Ot REr saeteaply ERECT ?ﬁnﬁlfeie@eat
et S po R ¥ Rb UaS,Br ol bt .
crGahmyens Paneis HEPRD Uoeh ol 8- TRPuR TRy oSy 2 amare
mﬁ{@ﬂﬁ%@taﬁl‘&aﬁ’% Aty RHutL WHRSSthe BR4BIredityiony, tineuism shorter
15 than 0.1 hour, the catalytic activity may not be recovered sufficiently.
Preferably, the heat treatment time is not longer than 10 hours in view
of the productivity.
[0021] As described above, the mixture is heat-treated and then dried.
The drying may be carried out by any conventional method used in this
20 art field, for example, evaporation to dryness, spray drying, drum drying,
flash drying and the like. Although the dried mixture as such may be
calcined, it is preferably molded in the form of a ring, a pellet, a sphere,
a cylinder or any other suitable shape by tablet compression or extrusion
molding. In this case, a molding aid such as ceramic fiber or glass fiber
25 may be compounded in the mixture to reinforce the molded catalyst.
[0022] When the mixture is molded as explained above, the molded

catalyst is preferably conditioned prior to calcination, that is, the molded

product is exposed to an atmosphere maintained at a temperature of 40
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flash drying and the like. Although the dried m xture
as such may be <calcined, it is preferably nolded in
the formof a ring, a pellet, a sphere, a cylinder or
any ot her suitable shape by tablet conpression or
extrusion nolding. In this case, a nolding aid such
as ceramc fiber or glass fiber 25 may be conpounded
in the mxture to reinforce the nol ded catal yst.

to i@@@hn\ﬂ? ReldtfvdThiinifetyl 6f I0k6l60% fored sl ti bl doasve,
the nolded catalyst is preferably conditioned prior

ThbfetiakEe Ratalgnic ddtavity of theaegeheatedmasalnat dag be more
exposed to an atnosphere mai ntained at a_t(frrpe at ur e.

effeftividlytrecovaBaiC dhe aonditioning maiikp €3rraed eyt oy ng

L ol 1o e LD B0 A e,
or by duprene erietmpratre and farnniiatpEionEs g4 hthe molded
R e
coxgé)ﬁgoglgﬁgﬁﬁg)%gsﬂaltﬂh% binl ihe¥t gk lshcHsainfsogen gas may be

gas used the conditioning process,

as@t hough an inert gas such as nitrogen gas may be
used. [0023] The dried catal yst as such may be

[06Z8]C Theddried catalyst ms| oleh mby koraicinethear Hig makied,
calcined to obtain the regenerated catal yst. Th? t he
cofidittomeat and they ddciowed icebisun the f&ﬂe%ﬁ%@&h"&t@ ¥t ark
oxi di zi ng gas such _as oxygen or in an at :
cahvnationdnayy eperied o4t A8 a1 etwggv#er%%%’%%@ﬁ%?ﬁ% %té‘S%“Ch
nol ded catalyst is firstl.y calcined:] )
asomyEen GhmRb AP GREaE of & Biparafiibe s R P Geen
(the . first calgi ' o8phéredf
PG e GHELA BB 1L Aot Y BaRlided 360NbImOR an

a“” non- oxi zing gas at a

0 t&%e& %tglér 2 QEe?@%rE&@QﬁBS@ he 41®@c0n@he it naldioation step),
3 ?-_ ich & -step cal cination process can

aﬁgg&)tdhdl?'c\éléiﬁ‘éﬁ\iﬁraﬁ emeaphakyé bf aaoini-vkidizing gasat a

en the'calcination is carried out in two s epg, hhe
tep eliat Lbg 00320 to 500°C (the second calcination step).  Such a
two-step calcination process can effectively recover the catalytic activity.
[0024] When the calcination is carried out in two steps, the oxidizing gas
used in the first calcination step contains an oxidizing material. A
preferred example of such a gas is an oxygen-containing gas. The
concentration of oxygen in the oxygen-containing gas is usually from
about 1 to about 30% by volume. As a source of oxygen, an air or pure
oxygen may be used, and it may be diluted with an inert gas, if necessary.
The oxidizing gas may optionally contain water. However, the
concentration of water in the oxidizing gas is usually 10% by volume or
less. The oxidizing gas is preferably an air. Usually, the first

calcination step is carried out in the stream of an oxidizing gas. A

temperature in the first calcination step is usually from 360 to 410°C,
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used in the first calcination step contains an
oxidizing material. A 20 preferred exanple of such a
gas i s an oxygen-contai ning gas. The concentration of
oxygen in the oxygen-containing gas is usually from
about 1 to about 30% by volunme. As a source of oxygen,
an air or pure oxygen may be used, and it nay be
diluted with an inert gas, if necessary. The
pr&ﬁfﬁlgi 0880 BMoReti onal Iy contain water. However,
the 25 concentration of water in the oxidizing gas is
[oogsdiathy nbebokidirelguges ased ieshe sthendxaltinati@ Pis
preferably an air. Usually, the first calcinati e
corstiaéps sabstamtiady owt oxidizing materipl suchas Q¥ygey; ngb&&kf}c
A tenperature in _the first calcination st [S..
exapléd §f ThoRoBETIAZMEGES Mol ol gy Sus 3bBipigeen
400C. . [ 0025] .The non- oxi di zi as. i ond
cathurcingitb bt uR. SERTaPis SRR LR arrg PR g
mat eri al  such as oxy egid | tRARbA DI afdein the
OPHERA i(iﬂ"j;ﬁ}fbw &%y ngll%l%gevg?hg%ét‘h%%cs such as nitrogen,

2.64a | QX ' K@PRmeedClesheln particular,
noﬂo%lggzlq gggéa%sggssuéfr}%'lgﬁ Pgr@ﬁmy contain vvatper.
niﬁ‘%ﬁ@ﬁ%&& {NfrcFONARP IR ona aforekidtizing gae  Usually, the
non- o izing gas 1s usually 10% by volune or less, In
sefid bEldiRdtionnittp ageargad du iprdfecstaBhn pbadqopsoxdizing gas.
non-oxi di zing gas. Usually, the second | i nat‘iz?lqﬂ
A tdpersturarini the saeondrealpimadiqre sAROYS ‘és‘h‘"g‘iy 5998 AhE
gas. 10 A tenperature in_t second cal ci nation step

5008 Cypuefdrably frama 248019 4396¢, preferably from 420 to
450C. [ 0026

TR A7 e by iU IR b e S

pre-cal cined) in
et eat s Oy A AR eRER- 7B Bp O SBE Ty
el iR donto00
[0B27] @Ehdel 84:90Q¥ACabalyist dhus obtained comprises a
heteropolyacid compound, and may comprise a free heteropolyacid or a
salt of a heteropolyacid. In particular, the regenerated catalyst
preferably comprises an acid salt of a heteropoly acid, more preferably an
acid salt of Keggin-type heteropoly acid. More preferably, a structure of
the Keggin-type heteropolyacid salt is formed upon the heat treatment
(pre-calcination).
[0028] Such a regenerated catalyst has a well recovered catalytic activity.
In the presence of the regenerated catalyst, a raw material such as
methacrolein is subjected to a gas phase catalytic oxidation reaction,
whereby methacrylic acid can be produced at a high conversion and an
excellent selectivity.

[0029] Methacrylic acid is usually prepared by charging the catalyst in a

fixed-bed multitubular reactor and supplying a starting gas mixture
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salt of a heteropolyacid. In particular, the
regenerated catal yst preferably conprises an acid
salt of a heteropoly acid, nore preferably an acid
salt of Keggin-type heteropoly acid. Mre preferably,
a structure of 20 the Keggi n-type heteropol yacid salt
is formed upon the heat treatnent (pre-calcination).
[0028] Such a regenerated catal yst has a well

codtQEONRY 65 &AL Ahftd farGhivéiiyl selebtddnfrops esepreupiconhisting
regenerat'ed catal yst, a raw material such as

of FRthaerotbiei, Nsolsutsindetiydd, isbartgas spithsobasyricyacid,
oxi dation reaction, 25 V\/nere%)ly nethacrylic acid cgn be
althoaghoedeadtion by sfiene snebrasi oiluidizrednbed ok @) mgxing bed may
selectivity. [0029] Methacrylic. acid i Srusua Iy \des
alsorkmused hASEHMPHYERD SARTEAER JiTt1s; youally pRed. HBEgs!
mul titybuyl ar, react or.. and, suppl yjn ' :
oxy ool e S AT 56 PR st
sel ected f.rom the : i St o , ete.
maY, et 4t &e’ca?lé%g@%&ﬁﬁ@ 5%1‘%91 osdd1aghfdrei dpor, ete

ane and 1sobutyric acid,

h ' i £tiw edatdalorth
[O@éd&vgﬁg%xgg{ %;3&1&21 sethemasahisgsad bk Wi fHw edatmdalpthe

viTng so be u_sed.lAs an oxygen source,
re2idh is bSrs@ it usisar: uBdsi desdiianey/ gech that ahe

above-nentioned raw material, the starting gas m xt(gh:éle
coR@shtgationl of methagebeincar tonstirtiigigas s benl (e oxyame,

wat er vapor, etc. [0030] For exanple, when o is 500
a mldmratib of pxygensednethacrplaindatletq &) a spage VIR 15,

is carried out usually upder conditions, suc
to GOROcT! (kB Fe 0Bt theoR HERASEAIE) |  TPREILE &7 AP 659% {5,250 to

to 10% by vol unme, 10 a npl rati 0 ;
35SChasAch epactian progeie s €3 4pd 3B LM Riiting

5000 hr 1 (based o ; iffed fA6d U@ with a high
m?&?&gp]aﬁl{}ﬁlgelﬁsmfggn éég&%g@h%ﬁgaiﬁﬁgct i gn pressure

is tQ.0. 16! Ak é thGcroleifieonodiziing usectiony
pur{&yo%égergggrbl%l’ ;&/Igﬁgxaa-ﬁg)uri fied prcgduct with a high,
Plﬁgﬁ’iﬁ% gagl’b%.tgﬁié(pﬁy of @4s plaspkatalgtic oxidization reaction of

acrol ei n-contai ni ng reaction
isobutylene or tert-butyl alcohol.
[0031] When isobutane is used as a raw material, the reaction is carried
out usually under conditions such that a concentration of isobutane in
the starting gas is 1 to 85% by volume, a water vapor concentration is 3
to 30% by volume, a molar ratio of oxygen to jsobutane is 0.05 to 4, a
space velocity is 400 to 5000 h-! (based on the normal state), a reaction
temperature is 250 to 400°C, and a reaction pressure is 0.1to 1 MPa.
When isobutyric acid or isobutylaldehyde is used as a raw material,
substantially the same reaction conditions as those employed when
methacrolein is used as the raw material are adopted.
[0032] The present application includes the following embodiments:

1) A method for regenerating a catalyst for the production of methacrylic

acid comprising a heteropolyacid compound containing phosphorus and
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15 product gas obtained by a gas phase catal ytic

oxi di zation reaction of isobutylene or tert-butyl

al cohol . [0031] Wen isobutane is used as a raw
material, the reaction is carried out usually under
condi tions such that a concentration of isobutane in
the starting gas is 1 to 85% by vol une, a water vapor
concentration is 3 20 to 30% by volune, a nolar ratio

m&gb@éﬂ&&f} W RichSRBHE G 8o nprise@St HeOstéps & f Hepaagextingei t y
I's 400 to 5000 h-1 (based on the normal state), a

mikB@Ed Edtaih RIS (dRladtwatted 2atalyst, 408t r, amitratesaot awh an
pressure is 0.1 to 1 MPa. Wen isobutyric acid 0{
amimohittyl iahdedwide 4 malsedabio to themnitaats iop of 1.3 or less at a

substantially the sane reactiqn canditi onslhas ;‘Ixﬂs.ed
temppratae oftainleast HOORGc ABy Eigthesmizbire ko pfaip g, irie

terial .adopted, [Q032], Th t l'icati
catmEpuURE! CHETHEE BHR SRRt & 1) A method for
t tal yst f t ] 1o fi
2 fmergrd dbe iR dans riflrgh L Sall EPSE QALY e fstly |

ca cgﬁ%cﬁiﬂiaqp?ﬂggéﬁg%éeu%% Qlﬂ%xi@izm’é ?Qg MU Me Pk £dt uretdfABBO to

ses eat-treating a mxture

418901 ahgi degoAdReasicived ol adodirhysphereatfer non-oxitlizing gas at
fon”and an anmoni umion having a nolar ratio to the

a fiinp@tAurodf a201t03500°C.ess at a tenperature of at
| east 100C, drying the m xture to obtain a drj eld 5,

3) Eheamethod ardording toi Hgot Bh wherainsgad dpied catalygiis
nmet hod according to 1), wherein sajd dried talyst i

mélidedtand then expeged 0 4R 2RPIIHREEDIYINEA Seldi % anagity of
at a tenperature of 36 Qe .

106k Boticat 7 nemperanvepnbn Yo LB ARSI BoYxs prior to
ﬁerrp rature of 420 to 500C. 10 3) The nethod accordi ng

Caggngfloly 2)  wherein said dried catalyst is nolded

Ol B R D) e e P 50 o Tooc
cofrrﬁgo@n@ fhAhES doompRsed vahatifum, at least one element selected
from the group consisting of potassium, rubidium, cesium and thallium,
and at least one element selected from the group consisting of copper,
arsenic, antimony, boron, silver, bismuth, iron, cobalt, lanthanum and
cerium.
5) A process for preparing methacrylic acid comprising the steps of:

regenerating a catalyst for the production of methacrylic acid by
the method according to 1), 2), 3) or 4) and then

subjecting at least one compound selected from the group
consisting of methacrolein, isobutylaldehyde, isobutane and isobutyric
acid to a gas phase catalytic oxidation reaction in the presence of the
regenerated catalyst.

[0033] Hereinafter, the present invention is explained in more detail by

reference to the Examples, which do not limit the scope of the present
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cal cination. 4) The method according to 1), 2) or 3),
wherein the heteropolyacid 15 conpound further
conpri ses vanadium at |east one el enent sel ected
fromthe group consisting of potassium rubidium -
cesiumand thallium and at |east one el enent

sel ected fromthe group consisting of copper,
arsenic, antinony, boron, silver, bismuth, iron,

inve @t in 5ﬁptv{,1@ﬁum and cerium 20 5) A process for
preparing nmethacrylic acid conprising the steps of:
[00Bal eng raat kgddncdieaE yampfles coherips @dadyi vrlusie of water

net hacrylic acid by the nethod according to 1), 2),
(coRjespondingand thaevatextsoatenhof an am@e),@d}%amagen

sel ected fromthe group ,cglns' sti of net hacrol ein,
usdd bty Fyageplesds subsbantadyige o Yric 25 acid to

[oo%sii‘éﬁgfg?%?siﬁﬁ%aﬁ b selRR Ry o2 AT A7 ST
Her ei. . i VAL Q0 A - ed .
Congreite i KpoteB iRt PR PRl ADIEL B dpdhacrolein

t 44qmt the scope of the present 10 invention in
fedZEfl lm(;ady [0034] An air used in the Exanples contains

SeR% RNty OV (Rlol¢RbLinethaeFylas pcidogers: ravedMe wat er
conternt of an atnosphere), and nitrogen wused in the

(mEYard msthscoidist poicted)] x 10@e of water. 5 [0035] A

conversion and a selectivity are defined as foll QWS
[0038]vEhei foworedgent Keray avabisisandadieomspgurement of a

reacted)/ (ol es of nethacrolein fed x_ 100 :
sp@dfissuirfaceyaren in the Fyegaples Werg %‘i‘ 8“%&?&“ following

generated)/ (noles of nethacrolein reacted)] x 100 10
megmp3B] The fluorescent X-ray anal ysis and the

[06‘?’?]3 %‘rlt(igx?er‘]stce r% X’ar%ﬁgnalysis
[0038] As a fluorescent X-ray analyzer, ZSX Primus II manufactured by
Rigaku Corporation was used.
[0039] Measurement of BET specific surface area
[0040] About one gram of the catalyst was degassed under vacuum, then
dehydrated at 200°C for 0.5 hour and subjected to the measurement ofa
BET specific surface area by nitrogen adsorption. As a measuring
apparatus, Macsorb Model-1208 manufactured by Mountech Co., Ltd.
was used.

REFERENCE EXAMPLE 1(a)
[0041] Preparation of fresh catalyst and evaluation of fresh catalyst
[0042] In 224 kg of ion-exchange water heated to 40°C, 38.2 kg of cesium
nitrate [CsNOsl, 27.4 kg of 75 wt% orthophosphoric acid, and 25.2 kg of
70 wt% nitric acid were dissolved to prepare Solution A. Separately, 297
kg of ammonium molybdate tetrahydrate [(NH)¢Mo7024-4H20] was
dissolved in 330 kg of ion-exchange water heated to 40°C, followed by

11
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specific surface area in the Exanples were carried out
in the followng manner. [0037] Fluorescent X-ray
anal ysis [0038] As a fluorescent X-ray anal yzer, ZSX
Primus Il manufactured by 15 Ri gaku Corporation was
used. [0039] Measurenent of BET specific surface area
[ 0040] About one gram of the catal yst was degassed
under vacuum then dehydrated at 200C for 0.5 hour

su tﬁHEjEﬁﬁgﬁépaﬂiﬁoﬂﬁﬁﬁ%ﬁt@ﬁﬁnﬁata [NBEV @p]edie_friem to
urfacé area by nitrogen adsorption. As a measuring 20
preéiar SélusionVBe s @diublodiel A 2AAGB veeref atjusted to #ORBuntEer
., Ltd. was used. REFERENCE EXAI\/PL,I% é&a). [004%] :
SoRrtémaAaw el ropwhise e ded tal Sl utiondB avhile st 1rag rthe payture
cat al yst 0042] In 224 k | on- h t
watsdlagthot oo Fased B gt ot S0 in SRIAFLE Fe Bl CRR@hen a
27. 4 k f 75 _wt % ort.hoph hor4 ' )
sussnoR A0 2 K ghanup BanRitsIst08] aRETS 2 e Shicdiiper
LA S rate 2 f [
niftats SRparacte [CRENDaNERQr SEE HERTRe KRk e water was,
adégd%ilek‘&%'. e*ﬂ?%ﬂ%gle‘g@tiﬁfuﬁezﬂhﬁ Gtiree 4 Q€. 19050 fowesihbyrd in

aspendi ng 8. amoni um net avanadat e [ NHAVO3]

thé gf‘ds%idnvés%el.pr PRAMR:SArthas oBtafmdivasriried avith B spray
adjusted to 40C. After Solution A was dropw se adde

r4n ST 00 bt wesatitraf g, et IR e s DOWSS T &S bY
stirred for 5.8 hours at 120C in a ¢l osed vessel, and
wdilht ofi cEramépBbsranl bpare, by Rpisht af ePHBAYIYR AEFRE and
0.} cugriby omndohint=oRgngp ated ST THE sysulrine
i e EAe e B AR S
di\a/l\%setg{' io?% 1¥1Mnt1 Qm% % Pefht of 6 mm. The molded product was dried
at a temperature of 90°C and a relative humidity of 30% for 3 hours, and
then heat-treated (pre-calcinated) at 220°C for 22 hours in an air stream
and then at 250°C for 1 hour in an air stream, and thereafter, heated to
435°C in a nitrogen stream and kept at the same temperature for 3 hours.
Then, the product was cooled to 300°C in a nitrogen stream. After
changing the nitrogen stream to an air stream, the product was heated
to 390°C in the air stream and kept at the same temperature for 3 hours.
Thereafter, the product was cooled to 70°C in an air stream, and the
catalyst was recovered.
[0043] This catalyst contained an acid salt of Keggin-type heteropoly

acid containing phosphorus, molybdenum, vanadium, antimony, copper

and cesium at an atomic ratio of 1.5, 12, 0.5, 0.5, 0.3 and 1.4 respectively.

REFERENCE EXAMPLE 1(b)
[0044] Activity test of catalyst
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dryer. To 100 parts by weight of the resulting dried
powder, 4 parts by 10 weight of ceramc fibers, 13
parts by weight of anmoniumnitrate and 9.7 parts by
wei ght of ion-exchange water were added, and the
resulting mxture was kneaded and extrusion-nol ded
into cylinders each having a dianeter of 5 nmand a
hei ght of 6 mm The nol ded product was dried at a

[00€PRAAL rSndd (PR oREKE Batady ey olviaihediidiRefenén@0BxAmple
3 hours, "and 15 then heat-treated (pre-calcinated) at

1(D206rd iaRdiitos ghasamiiro-wactanhawng ahdnnar disweter of
for 1 hour in an air stream and thereafter, hi?ted t.o

1648AC aml a stattingansstonepeseshefl 4%ey xplume of gagthacrolein,
tenperature for 3 hours. The

, Lh d
ASIEErL e 20 S it Then L Rygds, S sk
' t t i : \VBLS. :
6THuby S ToBer e marREaT: hirgastd P bspeing (AUl Bin stoam
anmgéﬁeﬂqgg{rgéy%@gfetg aqqijgﬁa(f'e JORLRS 870 hheaRd eofitnace

inman alr stream and the catalyst |
V&l At ofhi |f 5 heaeitgaiethiaro-aeadtor
te@?fégﬁ%@gﬁy{aype %é)t-fgr%lplcq)ﬁ?é ﬂzi;‘lci d congtaai nin
w@%ﬁ@@&’ Lo B5570 vk %Hwﬁemp@mﬁuumwammainnginaﬂogpe} houg
and cesiumat an atomc ratio of 1.5, 12, 0.5, 0.5,
foleweand dodlingespesot@el yTherepERINCE EXappE Wapgontinued at
[ 00441 Activity test of catalyst 12 [g&gS]_ Ni ne grans
2809Cglbr df hote andt theysa copversien and RELGERIEY BELfipl e

1(a) were charged into gl ass,m.grq-reactor having an
deitmtneﬂ-arfgh@rreéﬂltslae’enﬁ%ov%ﬁhanin@'éﬁti ng gas conposed

of 4% by vol unme of nethacrolein, 12% by vol une of
nol ecul ar oxygen, 17% by vol unme of water vapor and 5

67% by vol ume of pHfLRIQGCHPEKRAVEL I (&N Xi ng

net hacrol ein, aif, steam ang nitrogen, was fed

[Opgﬁ%qix% alra B oBPACE atel itk B e a@hlyet At dctdvity debtithasef
eralpure ()a tenperature of a furnace for heatgng

[0h18] MTIEE Prdu@iédtalyst prepared in Reference Example 1(a) was used
in a gas phase catalytic oxidation reaction of methacrolein for a long
time to give a deactivated catalyst. The BET specific surface area of the
deactivated catalyst is shown in Table 1. The deactivated catalyst was
also subjected to the activity test in the same manners as those in

Reference Example 1(b) to determine a conversion and a selectivity.

The results are shown in Table 1.

EXAMPLE 1(a)
[0048] Preparation of regenerated catalyst
[0049] Two hundred grams (200 @) of the deactivated catalyst obtained
in Reference Example 1(c) was added to 400 g of jon-exchange water and
the mixture was stirred. The kinds and amounts of the deficient

elements (dissipated elements) of the deactivated catalyst in comparison
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was raised to 355C and this tenperature was mai ntai ned
for 1 hour, followed by cooling to 280C . Thereafter,
the reaction was continued at 10 280C for 1 hour and
then a conversion and a selectivity were determ ned.
The results are shown in Table 1. REFERENCE EXAMPLE
1(c) [0046] Preparation of deactivated catal yst and
activity test thereof 15 [0047] The fresh catal yst

with! @RAfr8h icdt 58 o8RRI R forkndd Biafmpied(a)iwere gas
phase catal yti'c oxidation reaction of nethacrolein for

det@ri@ned byl tFR flaogiscente Xieay inady«id. cathalsy$(.5 Ed BET
speci fic surface area of the deactivated catalyst is

mobitalunim tFaixide (Mo adeh2tl gaf §6 witiapbephasphogig geid
subjected to the activity test in the sane NNes Sy as, ¢
werdoadded %0 zonenaad der Elx%qﬁiﬁ @lef{ttﬂlefr@ra:ét olhen, 692 g0
amiRoTawh etk ANBRO 37 4ok ieels A, fh i Has
d t al 5 4
nosF T Goik LR A B UL o s 1Rt
12 BETPYE ) B8 uddifith diflad08s Gdatal omsfesschanekpd at 70°C

m X e Wwas Irred. The ki nds and anpunts of

t Fid & §a8Nsrbdiags] TR threl dlmps sh aotlosbd vessel.
fordgggtq?’vﬂﬁegﬂ%g% alyst in conparison 13 with the fresh

ThE ahalarstatedbht e d nimoRefar ence theanpiratd {an) iméhe slurry was
determi ned by the fluorescent X-ray analysis. Thu
1.231.DBhe¢ sbirrymohy blm‘iimlmt _tleDﬂin dd’o( ;lrt@rhy gr_e;tgbt 8? the
redltingsdriodena e henpor SRR e16ht of BEBROASURINGH s
panisch e el ghy O TRERRBBEFa AIRE Tt Tt T AUl
B
diameter of 5 mm and a height of 6 mm. The molded product was dried
at a temperature of 90°C and a relative humidity of 30% for 3 hours, and
then heat-treated in an air stream at 220°C for 22 hours and further at
250°C for 1 hour, and heated up to 390°C in an air stream and kept at
the same temperature for 3 hours. After switching the air stream to a
nitrogen stream, the product was heated up to 435°C in the nitrogen
stream and kept at the same temperature for 4 hours. Thereafter, the
product was cooled to 70°C in the nitrogen stream, and the regenerated
catalyst was recovered. This regenerated catalyst contained an acid
salt of Keggin-type heteropoly acid containing phosphorus, molybdenum,
vanadium, antimony, copper and cesium at an atomic ratio of 1.5, 12, 0.5,

0.5, 0.3 and 1.4 respectively. The BET specific surface area of the

regenerated catalyst is shown in Table 1.

EXAMPLE 1(b):
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for 1 hour, the mxture was stirred at 120C for 5
hours in a closed vessel. The nolar ratio of the
ammoniumion to the nitrate ion in the slurry was 10
1.2. The slurry was dried at 120C. To 100 parts by
wei ght of the resulting dried material, 5 parts by
wei ght of ammoniumnitrate and 7 parts by wei ght of
i on- exchange wat er were added, and the resulting

[odCH;/ itAgﬁvY*@Stéé@%@@sgeﬁém@a_tcrawéim- nol ded into

nders“each having a dianmeter of 5 nmand a height |
[0 116 TR acthatybbstediapicadiiotl oarsindrlieeshrh® manaers as those 1n
tenperature of 90C and a relative humdity of 30% for
Refereade Exangle 1forfonahe-tegeneratedreatalygtrobipingthimfixample

220C for 22 hours and further at . ZSOCT&&L 1%{]gur and
1(hetat detenmine e arsiamaniia selegimting resplts pfg shown
~ sane tenperature for 3 hours. After switching the air
indiabd&ah to a nitrogen stream the product was heated

up to 435C in the nitrogen 20 stream and kept at the
sane tenperature for 4 hours. Thereafter, the product

was cooled to 70C in tfesNpPLIPe)Stream and the
regenerated catalyst was recovered. This regenerated

[oﬁé’é]aW%?P@ﬁBﬁio‘i‘%@g@ﬁeﬁ&bd catalytstof Keggi n-type
et'eropoly acid containing phosphorus, nol ybdenum
(058 reBerRRhtetoNtalgoppes citdinabinthatane maghs a8
ratio of 1.5, 12, 0.5, 25 0.5, 0.3 and 1.4
thoes pe @xample 1(E)exBETt thatthe emanttiaeicthe 25 Wi pggeous
regenerated catal yst is shown_jn Table,1l. VPLE .
anifivpia wWas Loasgsd %mm\)i&@ gtasl6.9e Pé‘&eﬂ‘@ﬁ&%ﬁ“‘é’tﬁra’f%/%? of
0051] The acti vi t.est was carri;ed iNath
thegmateniz® iop e tﬁ% NIEEALE ARH é’%a%ﬂgﬁbﬁtgatf? By 1 ofrht%ﬁgm
regener at ed catal.yst o ' [ gﬁﬁﬁg in Table 1.
SPEEHET B 0%568ﬁ§g¥§F5 Egﬁéﬂﬁgge gctlvi%§PD$&g Tesults
are shown 5 in Table 1. EXAMPLE 2(a)

EXAMPLE 2(b)
[0054] Activity test of regenerated catalyst
[0055] The activity test was carried out in the same manners as those in
Reference Example 1(b) for the regenerated catalyst obtained in Example
9(a) to determine a conversion and a selectivity. The results are shown

in Table 1.

EXAMPLE 3(a)
[0056) Preparation of regenerated catalyst
[0057] A regenerated catalyst was obtained in the same manners as
those in Example 1(a) except that the amount of the 25 wt% aqueous
ammonia was changed from 12.5 g to 5.7 g and that the molar ratio of
the ammonium ion to the nitrate ion was adjusted to 1.1. The BET

specific surface area of the regenerated catalyst is shown in Table 1.
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[ 0052] Preparation of regenerated catal yst [0053] A
regenerated catal yst was obtained in the sane nmanners
as 10 those in Exanple 1(a) except that the amount of
the 25 w % aqueous ammoni a was changed from 12.5 g to
16.9 g and that the nolar ratio of the amoni umion
to the nitrate ion was adjusted to 1.3. The BET
specific surface area of the regenerated catalyst is
shown in Table 1. 15 EXAMPLE 2(b) [0054] Activity

test of regenerated catal ysth&OOSS] The activity test
was carried out in thEXAMPhEM® s as those in

Ref erence Exanple 1(b) for the regenerated catal yst
[00siR] aAntisritynteBk afprgeneyatpdicatabisér mi ne a conversi on

(005 R hRmcE s oo WOSGpFBRL 4i G1F DT P dEnEpL: 8§ hove in
t al 0057 . :
Refronshitx RN O7 158 SR B SR ARy A Ana B Bidmple
tyhat ;t.h 0 - h
SR Lol i SRty PIROas: shows
ianab}é ?(_e anmoni umion to the nitrate ion was adjusted
to 1.1. The BET specific surface area of the

regenerated catalyst is shown in Table 1. 15 EXAMPLE
3(b) [0058] Activity test of re %nerat ed catal yst
[0059] The activity t BXKAMELFadkd)ed out in the sane
manners as those in 5 Reference Exanple IN for the
[O@&@]eﬂi’eeaae@tieattéll‘?gﬁn%tﬁtﬁﬂr?@dafwtExan'pl e 3(a) to

OSELF T e 2 SonY S S0 B ABShEE 1h thi bnndd il s
those in Example 1(a) except that 78.4 g of 70 wt% nitric acid was used
in place of 12.5 g of 25 wt% aqueous ammonia and that the molar ratio of
the ammonium ion to the nitrate ion was adjusted to 0.5. The BET

gpecific surface area of the regenerated catalyst is shown in Table 1.

EXAMPLE 4(b)
[0062) Activity test of regenerated catalyst
[0063] The activity test was carried out in the same manners as those in
Reference Example 1(b) for the regenerated catalyst obtained in Example

4(a) to determine a conversion and a selectivity. The results are shown

in Table 1.

COMPARATIVE EXAMPLE 1(a)
[0064] Preparation of regenerated catalyst
[0065] A regenerated catalyst was obtained in the same manners as
those in Example 1(a) except that the amount of the 25 wt% aqueous

ammonia was changed from 12.5 g to 22.8 g and that the molar ratio of
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10 [0060] Preparation of regenerated catal yst [0061] A
regenerated catal yst was obtained in the sane nmanners
as those in Exanple 1(a) except that 78.4 g of 70 wt %
nitric acid was used in place of 12.5 g of 25 Wt %
aqueous ammoni a and that the nolar ratio of the
anmmoniumion to the nitrate ion was adjusted to O.5.
The BET 15 specific surface area of the regenerated
thé erﬁhxﬁium%ﬁ%%é RitFakl Polwas ROWELE & b)4.[ ODBEBET
ctivity test of regenerated catalyst [0063] The
spét‘iflb \Gulrfadeesie et inardderrbratéd catdliet saskownrincFablasl.
those in 20 Reference Exanple 1(b) for the
regenerated catal yst obtained in Exanple 4(a) to

e e hone & S NP A R A TR £ 1) 55
64] P t f t al t 00651 A
[oéﬁeéeakplgﬁéﬁé‘észtdg&;gé’n e AR
f
o§fy SR raus auh LeTon g khikied (i (HPbatRmBRRIRE a8'chose in
Ref%fwg gxgm;,@@tuﬁ)hfame greﬂbi'gte‘?lf ek 1y Steolsanned wm i on

e’ on was a usted to 1.4. The BET
Lt 6 Eﬁ?l% P(r9%Qfetéhﬁlﬁ@ﬂmlif@tadn@n’uhlayssa‘leamwty
CO%E%&LE&& % . COVPARATI VE EXAMPLE 1(b) 5 [0066]
Th‘éCfésztsyaieﬁghowh inefebler Bt ed catal yst [0067] The
activity test was carried out in the same nanners as
those in Reference Exanple 1(b) for the regenerated
catal yst obtained _in Conparati.V 1(a) to
deternine a con@&MPﬂ%ﬂﬁVEaﬁgﬁ&m@ The results
are,. shown in Table 1.
[0068] Preparation o regenerated catalyst

[0069] A regenerated catalyst was obtained in the same manners as
those in Example 1(a) except that the amount of 25 wt% aqueous
ammonia was changed from 12.5 g to 41.2 g and that the molar ratio of
the ammonium ion to the nitrate ion was adjusted to 1.7. The BET

specific surface area of the regenerated catalyst is shown in Table 1.

COMPARATIVE EXAMPLE 2(b)
[0070] Activity test of regenerated catalyst
[0071] The activity test was carried out in the same manners as those in
Reference Example 1(b) for the regenerated catalyst obtained in
Comparative Example 2(a) to determine a conversion and a selectivity.

The results are shown in Table 1.
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COVPARATI VE EXAMPLE 2( a)

[ 0068] Preparation of

regenerated catal yst [00691 A regenerated catal yst was
obtained in the sane manners as
except that the amount of 25 wt % aqueous 15 anmmoni a
was changed from 12.5 g to 41.2 g and that the nol ar
the ammoniumion to the nitrate i on was

rati o of

adjusted to 1.7. The BET
regener at ed catal yst

those in Exanple 1(a)

speci fic surface area of the

IS 'EAB\ME iln Table 1. COWPARATI VE

EXAMPLE 2( b} 20 [-5676] I_\u ; ,
catal yst [0071] The ?r\ﬁattg (}fé< t%nveggloélr |r%|ézgz{fﬁ(‘r§)t]ty ﬁgi'fiﬁc
the same manners as EW&"‘; o Ref e\r/@ice 2 1(tirfme
for the regenerat ed|EaPE3f&¢°%bbiai ned in Conparat NEa
Exanple 2(a) to determ ne a conversion and a
sel EEtl\nS\/) The—+resul-t s—-are——shev ; _(I.le_'lzg)__
Refpygnee /tﬁrﬁ?h ratl 0 of Conversidn Séi'ectilvity “BET
E iL lys speei-He—tfehifrate o surfacyg
Refexeace ( ng/D lVPié‘ff‘lerence Fresh .. 82 12 Exam| e
Exgmpple d48) /a8y et or ence Deacti-vdted———35—85 >
Exarapip| 16b)1(Rogenarated 4t Exahdl e 1(|b) ggenerat ed1 1 o o
81 8.2 el mple—2{b)—Regenefated 130279
Egargple 2(b) | Regenerated 1.3 92 8.5
catalyst
Example 3(b) | Regenerated 1.1 93 80 8.3
catalyst
Example 4(b) | Regenerated 0.5 95 78 8.1
catalyst
Comparative | Regenerated 1.4 83 85 6.7
Example 1{b) | catalyst
Comparative | Regenerated 1.7 78 87 4.7
Example 2(b) | catalyst
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cat al yst Exanple 3(b) Regenerated 1.1 93 80 8.3

catal yst Exanple 4(b) Regenerated 0.5 95 78 8.1

catal yst Conparative Regenerated 1.4 83 85 6.7 Exam
le 1(b) catal yst Conparative Regenerated 1.7 78 87 4.7
Examle 2(b) catalyst 18 What is clained is: 1. A

nmet hod for regenerating a catal yst for the production
of methacrylic acid conprising a heteropolyacid

WERRAmeNsai ni ng  phosphorus and nol ybdenum whi ch
met hod conprises the steps of 5 heat-treating a
m xt ur e AcoRthbdifogregetenatinga edtalyshfysthe naodnstion of
nitrate ion and an_anmmoni umion having a mglar ratio
methatidinacidatampoisingh hetgrepolyasil eamponaffdiai B Eof

t | 100C,_ dryi ' ' '
Phgamlﬁq?lym:ﬁ an@mgola@ﬁiéhnm%h%vgﬁi@ fhathid cRmupyacs Dof slgps St
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4. The method according to claim1, wherein th
is fieteyomdtipadiish an atmosphere of an oxidizing gas at aefemperature
of 360 to 410°C, and secondly calcined in an atmosphere of a
non-oxidizing gas at a temperature of 420 to 500°C.

3. The method according to claim 1, wherein said dried catalyst
is molded and then exposed to an atmosphere having a relative humidity
of 10 to 60% at a temperature of 40 to 100°C for 0.5 to 10 hours prior to
calcination.

4. The method according to claim 1, wherein the heteropolyacid
compound further comprises vanadium, at least one element selected
from the group consisting of potassium, rubidium, cesium and thallium,
and at least one element selected from the group consisting of copper,
arsenic, antimony, boron, silver, bismuth, iron, cobalt, lanthanum and
cerium.

5. A process for preparing methacrylic acid comprising the steps
of:

regenerating a catalyst for the production of methacrylic acid by
the method according to claim 1 and then

subjecting at least one compound selected from the group

consisting of methacrolein, isobutylaldehyde, isobutane and isobutyric
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conmpound further conprises vanadium at |east one

el ement selected fromthe group consisting of

pot assi um rubidium cesiumand thallium 20 and at

| east one el enment selected fromthe group consisting

of copper, arsenic, antinony, boron, silver, bisnuth,

iron, cobalt, |lanthanumand cerium 5. A process for

preparing nmethacrylic acid conprising the steps of:
acidof £¢aBPRsbNGtal’a akiftidofeddttop indhie tpresede of the

met hacrylic acid by the nethod according to claim1l
regem@rht@hestdiysct i ng at | east one conpound sel ect ed

fromthe group consisting of nethacrolein,

i sobutyl al dehyde, isobutane and isobutyric 19 acid to

a gas phase catalytic oxidation reaction in the

presence of the regenerated catalyst. 20
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