-6 OCT 2004 | METHOD FOR REGENERATI NG HETEROPOLYACI D CATALYST AND METHOD
FOR PRODUCI NG METH ACRYLIC ACID [Technical field to which the inventi grﬂ

bel ongs] 5 This invention relates to a nmethod for regenerating - b OCT 2004
het er opol yaci d catal yst and nmethod for producing nethacrylic acid. More
particularly, the invention relates to a nmethod for regenerating

het er opol yaci d cat al yst whose activity has,K been deteriorated due to, for
exanpl e, prolonged use for catal ytic vapor' phase oxidation reac 10 tion;

and also to a nethod for producing nethacrylic acid through vapor phase

oxi dation or vapor phaBDRCHIAtHEGE REMENBEARNG HBETER®PRECY ACEDN,
| sobutyl al dehyde and/ Qr, A VI LA 0 t

regener at ed het er opol y@éﬂﬁ&ﬁ#ﬁl%@ ﬁ@ﬁ@ﬁbﬁ&%ﬁﬁﬁﬁ&%@#\%ﬁ%
het er opol yaci d cat al yspoghasge: alpifgf conpo- nent is a heteropol yacid
conposed of nol ybdophosphoric aci ?(phos- phor us- nol ybdenum) or

mol ybdovanadofilechpival ifieldito srhich e aversiontbélpagshum vanadi unm), or a salt
t hereof has been used for producing 20 nethacrylic acid through vapor phase
oxi dati on ®f net hacr ol Ehis invemtionrelates demymetbodifosaggneratasgd and t he

e conduct ed TREPRES R AR SRR PR d L PO i Pid AR, the
catal yst usedylpfe pa2tice@gilyOPht $nv 'iﬁﬁtrelé)tﬁ%ec\beé ‘fn@ﬁl%ﬁfr@ge}n@?gtin;g]di S

i nduces undesirable physical and chem cal changes in e catalyst a
consequent | y hideeopalyaridoatdlyshe losea otstitphas lgras detetiorapedddad lky, r ender

continuation of the reaction difficylt. Hence the deteriorated catalyst
fo fhge

must be t akerfoB@*agplengre dowse frecatrlshc yapos ahasecexidatiosyreac-t i me

and a ne g S fi.lled. ost .of 1t he gatal yst

I n that \c,)\’(l:(ga?{1 %%a#ﬁ@l#% ?’ﬁe‘%ﬁhg@ggﬁgkwg%%‘%lngu&géﬁg&?ﬂw‘csagﬂgt Y& i s sane

for producti ampdr pieide oxfdlatioh PY4pdr PHaskl gxidatihet deloriibobaRG0PhASE
oxi dation of nethacrolein, iso-
methacrolein, isobutyl aldehyde and/or isobutyric acid in the presence

of the regenerated heteropolyacid catalyst.

15 [Prior Art]

Heretofore, heteropolyacid catalyst whose chief compo-
nent is a heteropolyacid composed of molybdophosphoric acid (phos-
phorus-molybdenum) or molybdovanadophosphoric acid (phosphorus-
molybdenum-vanadium), or a salt thereof has been used for producing

20 methacrylic acid through vapor phase oxidation of methacrolein, iso-
butyl aldehyde or isobutyric acid and the like.

It is normal for industrial scale vapor phase oxidation
reaction to be conducted continuously over a prolonged period, and
during which the catalyst used in the reaction is subject to severe

25 thermal load. This induces undesirable physical and chemical changes
in the catalyst and consequently deterioration of the catalyst pro-
gresses to gradually render continuation of the reaction difficult.
Hence the deteriorated catalyst must be taken out of the reaction
tube after a prescribed period of time and a newly prepared catalyst,

30 be re-filled. The cost of the catalyst in that occasion incurs a heavy

economical burden. This situation is same for production of meth-



but yl al dehyde or isobutyric acid and the |ike, using a heteropolyacid
catalyst. It is therefore generally inportant from econom cal stand- s

point to regenerate the catal yst whose activity is reduced, and vari- 6T 2004
proposal s have been nade for regeneration of deteriorated heteropolyacid
catal yst. For exanple, Oficial Gazette of Patent Publication He
4(1992)-50062B1- JP describes a nethod for regenerat- ing deteriorated

catal yst by a treatment with a nitrogen-coftai ning 10 heterocyclic conpound
such as pyridine. Also Oficial Gazette of Patent Publication Hei

7(11995) - 2055283rvd R 4eidihTouldt eapo\Phaset oRidhtieIP b neeiiRyoRifBIdy0d Of

regenerating the deteriorated catalyst which contains phosphorus

mol ybdenum anbutyladdehyda ar isahutyric acid-amddhe dikeh umngqubeteropolyadidn
cont ai ni ng aqueogs amoni a, amne 15 and the like, foll owed by drying and
cal ci nation. , the cause of deterioration of heteropolyacid

catal yst has not yet b L3515 - ttes
al so contain no concref"‘ee d%o@ur@n%%ﬂyﬁﬁégg%@gﬁgﬂl %Jﬁ&g?éaelrsﬁgila |on.
The i nvent sonpeintHei reked@atBihd Patdlyet eflusR, adtiwiip s 20d hbed eafld Sfarit S

regeneration treatnment by conducting the followng three nmeasur enents of
t he regener ateds proposals ha(@) been ayady for e&gerteqrahlqm%dmmmtedas f or

tri oxi de are Fetsabohiad cabdiebe Tanmpmai oAl bnzetth o PEERer or
det eri or ati onp(bligshatial ypid92)THG0ESBT SASRBLAHOD o MokHSWS: Hoebierat.

COI'Tp| ete, when suc rac Ion’l1nes | Ssappear as the resu

regeneration imgedéteridratod datalystiaya tdezfufmaﬁt madbh ehaitrogém Contaidihg sane
to that of the fresh catalyst is qbtained; (2) BET sﬁgcmflc surface area
measur enedf - heterecxeliocomposadesuch gspymuding. shlse gl Gazesterpka reduced

;Bp?ggrha?g;%yﬁ heénwsaf;”gﬁcfié\?&kﬁ%&fﬁ@&g#&%@}f]\e&ﬁ_éz\'ﬁalrlﬁfégvgﬁ? ‘he result

of the regeneyg %t1'40305)6te@l€1193%Oﬂle%hbﬂ‘%ﬁtl‘ﬁ%ﬂheréﬂﬁgtt'h%adéf%ﬁox‘a%edi g8 st 0

have been conpletéed; ‘and (3) activity | evel nmeaSurenent - when a
det eri or at ed which ysntmnsqﬁlasqnho&hemnﬂyb&anem apdrdlanhpmedal, byt hdreatct i on
to that of hI%efnrtevglr}th an aqueous solution containing aqueous ammonia, amine
15 and the like, followed by drying and calcination.
However, the cause of deterioration of heteropelyacid
catalyst has not yet been made clear. Above-referenced Official
Gazettes also contain no concrete disclosure about the cause of the
deterioration. The invention of Hei 4-50062B1-JP, therefore, judges
20 the end of its regeneration treatment by conducting the following
three measurements of the regenerated catalyst: (1) X-ray diffrac-
tion measurement — as for deteriorated catalyst, diffraction lines
attributable to molybdenum trioxide are found, which are not found
with the same catalyst before deterioration (fresh catalyst). The
25 regeneration is judged to be complete, when such diffraction lines
disappear as the result of the regeneration treatment and the X-ray
diffraction chart which is the same to that of the fresh catalyst is
obtained; (2) BET specific surface area measurement — a deterio-
rated catalyst has a specific surface area reduced to about 60% of that
30 of the fresh catalyst. When it recovers to approximately the same

level to that of the fresh catalyst as the result of the regeneration



catal yst in consequence of the regeneration treatnment, the treatnment 5 is
deened to be conplete. The invention of Hei 7-20552B1-JP (= U S Paﬁ%ﬁﬁ
No. 4,814,305) also confirms conpletion of the regeneration based o 2004
simlar neasurenents as above. [Problens to be solved by the invention] 10
As above, reduction in the costs for catal yst notably con- tributes to cut
down the production costs, and devel opnent, of a new regeneration nethod
whi ch can substantially inprove those herefo- fore known methods is in
demand. Thus, as to heteropol yacid cata- |yst also a nmethod for

regener ati ng tedatmentatthd trastiogst isjudgdd gh have kddn compdgteads atubi3)ed,

whi ch enabl es the_deteriorat ed catal yst to exhibit approxi mately equi val ent
activity to tpehvdy level meagirement st whanardaterorabed catalyst somes that

activity for g.lon eriod. cor di ngl thereto n j ects of
the prevent. i abeMTBRSPLSHoRRBERAR AR the I GIOH B 4REF of th e
deteriorated 39%41??\?{1?EQhé’é’cgiéhééaéia%}Yé%eéé}xéﬁ%id}ﬁVfélﬁnié}ﬁ, thERreafRentt i on
with that of the fresh catalyst. Another object of the inventionis to
provi de a et hodeémied tebevemptletsy Theemsenoroat efiHedt7eR0p62Pded B (saVdb.y st
to one having_a different caonposition_fromth of the starting fresh
catal yst, i.ePatenbdoyedbd, alse panfipmscoraplataen pb sbe yase e raliany st |

usi ng the deteri-,orat.ed,heteropolyacid ca st as the starting material.
Still other oﬁﬁé‘%‘;‘i 08> ng/e rgﬁ:aq%t%taos éﬁl{%@l'de a method for preparing

met hacrylic acid through catal ytic vapor phase oxida- tion of nethacrolein,
| sobut yl al dehyde and/or isobutyric acid, using 30 the catalyst which is
regener at ed bjPmibléms tofbetdodverbby thenmvendion]- 60CT2004 4 [ Means to sol ve the

probl ens] W have found that the causes. fqr deterjoration of hetero-
pol yaci d d& al ysts aft2§4s %P‘b‘f%ﬁ'&@é!cﬁ@é‘ lé’ré?e %qs)tscfprtcﬁéag’ﬁﬁﬁ&ﬁ@ i)gcon-
constituti |.eul { d- | '
comonent s subfiRke R EhE 4R the B33GuCARATRRE YA HeROlutholt bFY o
lost, and in ¢ENSRHRNAE ntctiodSkhicH cafsabsyastiallgeimpram tlidsat hefetbhe

fresh catalyst; (2) specific surface area is reduced; and (3)
fore known methods is in demand. Thus, as to heteropolyacid cata-
lyst also a method for regenerating deteriorated catalyst with high
15 efficiency is desired, which enables the deteriorated catalyst to
exhbit approximately equivalent activity to that of the fresh catalyst
and furthermore to maintain that activity for a long period.
Accordingly, therefore, one of the objects of the present
invention is to provide a method for regenerating a deteriorated
20 heteropolyacid catalyst to one having the same composition with that
of the fresh catalyst.
Another object of the invention is to provide a method for
regenerating a deteriorated heteropolyacid catalyst to one having a
different composition from that of the starting fresh catalyst, 1.e., a
25 method for preparing a new heteropolyacid catalyst, using the deteri-
orated heteropolyacid catalyst as the starting material.
Still other object of the invention is to provide a method
for preparing methacrylic acid through catalytic vapor phase oxida-
tion of methacrolein, isobutylaldehyde and/or isobutyric acid, using

30 the catalyst which is regenerated by either of the above methods.



a part of the heteropolyacid structure is collapsed. W have accord- ingly
pursued studi es on repl enishnent of the scattered and | ost 10 ~§ 2004
het er opol yaci d-constituting elenents into the deteriorated catal yst, QQI

di scover that the di sappeared heteropol yacid-constituting ele- nents can be
effectively replenished by treating the deteriorated catalyst in the
presence of a nitrogen-containing heterocyclic com pound under the
conditions wherein ammoni umions and nitrate 15 anions are present at a
specific ratio; that the so obtained regener- ated heteropol yaci d catal yst
has appr oxi ma{Meansite selvestheprobléms] surface area to that of the fresh
catalyst; that X-ray diffracti r of the regenerated heteropolyacid

n chart
catal yst is approxi mat &/§ haye fg’&l%l that thegauges fos detexieration) afshetero-

indicating re | aps 20 het eropol yacid,structure; and that
a catal yst, wﬁﬁ%ﬁfc}%%%gél&gfzééggttegd)r%g%%%}ggs%lar ar?ﬁﬁf%’@l foIpREnEpty ts

het er opol yaci gogdtitistiHg Shehf GartRiA8sS Mﬁsbﬂ%t@%pé%@'&bbﬁ@ﬁ%‘%ih taining
its conposition unaffected, "can also“exhibit the cat afytlc performance and
have the sHrucompenentssuech asgrhdsptorsispmaybideratmment. varel inme seatter

I nvention is com 25 pleted based on these discoveries. Thus, according to
the i nventi onangdarg logt.and 1B copse@nence eampgsiior netablyghanges fopat whose

ot et opol yaci Hab 80U Hesh IR ARBthe ekl Hea Bl and (3)
mol ybdovanadoghnsagivdithe Rtedopslyaeid s6ouctlrd Reesiipded. ' WIBGYe stchRyN0d is

provided which is characterized by mixing the deteriorated catalyst with a
ni t r ogen- cont Higly muuseedradudics onCepletishntentyef the saatperadianddest such

condi tions _that, amopni umions, and. nitrate anion e present at such a
ario t hai0r hBCISTORP AR ONSHER kO Somati oo Be labe BIREa it CABAYER ¢ he
total anmount | 3l S 3 ing the
m xture and ca ‘élui%s?{gf {tﬁ%ﬁ ?I%e ?3%@%3%%30%&%@ %ﬂés‘é{nl?l%l%ﬁ,gd%%rt her nor e,
a nmethod for mprdpaaat bosffettivelyheeplghishalby tedadnghthead@eyidrat¥dpor phase

oxi da- tion of nethacrolein, isobutyl aldehyde and/or_ isobuty-ric acid is
provi ded, sai¢Rt@dysiom be pyesanceset 2 nitregenycomtainingsheteratyclic opine h

pound under the conditions wherein ammonium ions and nitrate

15 anions are present at a specific ratio; that the so obtained regener-
ated heteropolyacid catalyst has approximately the same specific
surface area to that of the fresh catalyst; that X-ray diffraction chart
of the regenerated heteropolyacid catalyst is approximately the same
to that of the fresh catalyst, indicating recovery of the collapsed

20 heteropolyacid structure; and that a catalyst, which is deteriorated
because of partial collapse of its heteropolyacid structure under
excessive thermal load although retaining its composition unaffected,
can also exhibit the catalytic performance and have the structure
regenerated by a similar treatment. The present invention is com-

25 pleted based on these discoveries.

Thus, according to the invention, as a method for regener-
ating a deteriorated catalyst whose activity attributable to a hetero-
polyacid catalyst containing heteropolyacid composed of molybdo-
phosphoric acid and/or molybdovanadophosphoric acid or salt(s)

30 thereof is reduced, a method is provided which is characterized by

mixing the deteriorated catalyst with a nitrogen-containing hetero-



10 i s regenerated by the above-described nmethod. The regenerati on nethod of
the invention is useful for regenerating heteropol yacid catal ysts Wné)ag
activity has been deteri- orated for various reasons. In particular,” T 2004
met hod is conveniently wused for regenerating heteropolyacid catal ysts
whose activity has 15 been deteriorated by use over a prol onged peri od.

[ Embodi ments of the invention] The regeneration nethod of the invention is
applicable to any deteriorated catalysts 8o long as they originate from
het er opol y- 20 acid catal ysts useful for vapor phase oxidation reaction of
organi ¢ conpogyélse cohpbaad uhder sRthedntistiphs tkapRmapPheibrisCind egener -
ating deteriorated catalysts originating from heteropol yacid catal ysts

whi ch wer e usaitriabe aapons phapreseatiat suoh of ratns dhat the dotd ldempued. of then
particul ar, nethacrol ein, isobutill al degyg andt/ggr I sobut rilc acid) 25 for
produci ng cor ABYBSRFVEGIONSIRCSE B PETIRPHE &P‘F ¢o inEO?FFn‘%& gimatratey,

nmet hacrylic agj ' apalyst I I I n
the i nventi oAnis 495 B6E ERQRAL AT RIS R it Bl TaRtiiite e
ments are ghogpmer us- nol ybdenum or phosphorus -nol ybdenum 30 vanadi um or
a salt of such an acid. In particular, those hetero- polyacid catalysts to
whi ch the regenerati onAgeorbagdio theeinvendnen,ourthérmpoe, Ta 208¢he@l far nost
conveniently applicable are expressed. the follqwing for- la (1): 5 a
Mo buc Xdve dPreRaTatipbmethac ,Cﬁcggéhm%%cmqw&e‘mnﬂr saﬁa%r)%}#a-
phosphorus an X {i: ; f oy, | . el enent

sel ected f romgitO &ea/tglr%%&}ﬁé%gﬁgﬁlé tl%(%lyia?l)%g%ggg%& n;ﬂlf%lanﬁsorb E@?gllcu%aaclgsi um and
thal lium Y iﬁr@ﬁidbdaééidiﬁleﬁhﬁd bEifg delraetadzdd bymidecos edpalyedsvhidhng of
al kaline earth net als, copper, silVver, arseni c, antinony, bisnmuth, iron,
cobal t, nil@keis ragenerated byehgankoes-deaemmbedmethadsoni um

The regeneration method of the invention 1s useful for

regenerating heteropolyacid catalysts whose activity has been deteri-
orated for various reasons. In particular, the method is conveniently
used for regenerating heteropolyacid catalysts whose activity has

15 been deteriorated by use over a prolonged period.

[Embodiments of the invention]

The regeneration method of the invention is applicable to

any deteriorated catalysts so long as they originate from heteropoly-

20 acid catalysts useful for vapor phase oxidation reaction of organic
compounds. Whereas, the method is preferably applied for regener-
ating deteriorated catalysts originating from heteropolyacid catalysts
which were used in vapor phase oxidation of unsaturated aldehydes
(in particular, methacrolein, isobutyl aldehyde and/or isobutyric acid)

25 for producing corresponding unsaturated carboxylic acids (in particu-
lar, methacrylic acid).

The heteropolyacid catalysts which are referred to in the
invention contain a heteropolyacid whose essential constituent ele-
ments are phosphorus-molybdenum, or phosphorus-molybdenum-

30 vanadium, or a salt of such an acid. In particular, those hetero-

polyacid catalysts to which the regeneration method of the invention



ni obium titanium zinc, tin, selenium tellurium germa 15 nium

pal l adium rhodium rare earth elenents and silicon; and suffixes a E

d, e and f denote atomic ratios of the respective el enents, wher e Wh8 Tﬂﬁl
is 12, a, ¢, d and e each is a value not nore than 3 but not including O
(zero), and f is a value determ ned by val encies and atom c ratios of 20
those el enents other than oxygen). Such heteropol yacid catal yst can be
prepared by processes well known in the aPt. The characteristic feature of
the invention resides in mxing such a deteriorated catalyst with a

ni t rogen- cont & mosy chavenient?p apyticable arpeupredseddiy the feldoding gos t hat
anmmoni umions and nitrate anions are present at such ratios that the total
amount of themWafdli um i ons does not exceed 1.7 nols per nmol of the total
anount of the nitrate anions (i.e., at a nolar ratio of total amount of
ammo- niumions/total amgunt of the nitrate anions ¢ 1.7), preferably at a
30 ratio bgtween 0.01 and MpyYi%,Y,Ber alia, betwdbh 0.1 and 1.6 nots

By the treatnent conprising the characteristic step, partially col- | apsed
het er opol yacid structure due to, for exanple, excessive ther - 6 OCT 2004 7

ml load i's egenerat egyhasinWos &g BRI e MeIfiid A Bhedasirits!
CT.

regains its catalytic performnce Exanpl e 9 which appears later).
VWere the total anountpbbspherwsnandioxygeansespectivelyoX sthedsdonlat laastnt of

the nitrate anions exceeds,1.7 noll, satjsfactory regenera- 5 tion effect
cannot be acconpli shed?n‘A@WHPﬁﬁei‘??t?&gW@géWe@éﬁﬂn HEsHEE ¥ PRS- pr esent
inventiongait is also prefefrred: t t t Lpm ions
per 12 mof2 of the mol SenEe e B e A EEhaIRUE, Yols dCRATRILIT

conveniently |ies withpmertheléciedefrom fhd gtdupebasiskinlt 6f abidlene eArld the
range of 2-14 nols. Therefore, in a preferred enbodi nent of the present

invention, a deterioramedabaicappsr, siivera arbenisgentiunonyi bismutiveirenocycl i c

conpound are m xed under, such. condi,tions that anmo- niumions and nitrate
anions are present in ‘fqlr'gﬁ '&‘FB‘F@ cé}rowam%%sphglgng%%@%ﬁonémm of

the ammoni umions per R, e didbR! zinc, tin, selenium, tellurium, germa-
15 nium, palladium, rhodium, rare earth elements and silicon;
and suffixes a, b, ¢, d, e and f denote atomic ratios of the
respective elements, where when b is 12, a, ¢, d and e each
1s a value not more than 3 but not including 0 (zero), and f
1s a value determined by valencies and atomic ratios of
20 those elements other than oxygen).
Such heteropolyacid catalyst can be prepared by processes well
known in the art.
The characteristic feature of the invention resides in
mixing such a deteriorated catalyst with a nitrogen-containing hetero-
25 cyclic compound under the conditions that ammonium ions and
nitrate anions are present at such ratios that the total amount of the
ammonium ions does not exceed 1.7 mols per mol of the total amount
of the nitrate anions (i.e., at a molar ratio of total amount of ammo-
nium ions/total amount of the nitrate anions = 1.7), preferably at a
30 ratio between 0.01 and 1.7 mols, inter alia, between 0.1 and 1.6 mols.
By the treatment comprising the characteristic step, partially col-

lapsed heteropolyacid structure due to, for example, excessive ther-



15 amount of the nitrate anions does not exceed 1.7 nols (preferably
0.01-1.7 noll, inter alia, 0.1-1.6 nols) and said total anmount of the
anmoni um i ons per 12 nols of the nol ybdenum at ons does not exceed 56 BBT 2004
(in particular, 0.1-15 nols, inter alia, 2-14 nols). According to the
regeneration nethod of the invention, 20 furthernore, it is preferred to
concurrently mx, in the occasion of mxing a deteriorated catalyst with a
ni t rogen-cont ai ni ng heterocyclic conpound! conpounds containing the
constituent elenents of the original catalyst and/or a conpound or
conpounds congall MoAd i§ hege Sé@iTRAL ﬁﬁ}i @eguehaly iH@&@t&‘i’é‘ﬁiﬂeH%‘?ﬁhlﬁé@ ment s
of the original 25 catalyst. Use of those conpdunds containing the
constituent e!tegamsmtascaﬁalytle mrfcglmahc@émfeﬁqumﬂnwdvhmhaayp&ansnbhée)s to

regenerate det ri ora ed cat al whose . consti t uent nts have
scattered an eggitheitota ﬁ&%%@? %ﬁ@@ﬁﬂ%ﬂ“}’spfﬁ%ﬂwﬁlfﬁ&mﬁﬁé&%%al

compost {1 on, b gt B BE R B BRSO R SRR Ak e
original  mattahy sffedddafneeHROKRDrPHlisREPOUNds cont ai ning el enent (s) ot her
- 6 0 CT 2004 8 than those constituting the original catalyst; or use of
the latter conpound aAmtﬁngttbethetmgeageaanatmethmiabé'lthe|p:r|eaeati het er o-
o {he ori gi HAVEREE SbH e BreSarEd, edt the tal REoBRE GRBAMBHIOTIUBR ¢
0 e origi [ e
egenerati on gRLReG 12 A ARG HBRALEALA ARin D BKbOM Ao ATe OS5 s,

different from erlora eteropo yaC|d at'a-

prepared anevmoMetbadsnicaitly desiwithn ehe e gef o 1L BS enslRi m@;aenﬂa
niumions in the mxture at such ratios that the total ampunt of the 10

amoni um 1@ndheerangs 062- ihmale: dhexedors:, mfa preferred ambashmant @fbﬁse not

exceed 1.7 nols arg subject to,no criti tatjion, but it (ian be

achi eved by \RIFFBHERETREAE, aEstepior Satalvat B & BirgBe RS ARRNE | on
supply, amo t [ 3
anmmoni um ace%#g}gﬁjéﬂﬁh(g}??gﬁﬁﬁa%lygb%%ﬁ% #{c?ryplogmlwgagerrentl ngﬁg
certain el enafitym don@amdnhitpagahhicfs $6 gredesitan thamixberangtkychdded.
ratio that the total amount of the ammonium ions per mol of the total
15 amount of the nitrate anions does not exceed 1.7 mols (preferably
0.01-1.7 mols, inter alia, 0.1-1.6 mols) and said total amount of the

ammonium jons per 12 mols of the molybdenum atoms does not
exceed 15 mols (in particular, 0.1-15 mols, inter alia, 2-14 mols).
According to the regeneration method of the invention,

20 furthermore, it is preferred to concurrently mix, in the occasion of
mixing a deteriorated catalyst with a nitrogen-containing heterocyclic
comapound, compounds containing the constituent elements of the
original catalyst and/or a compound or compounds containing the
element(s) other than those constituent elements of the original

25 catalyst. Use of those compounds containing the constituent ele-
ments of the original heteropolyacid catalyst enables to regenerate
the deteriorated catalyst, whose constituent elements have scattered
and lost, to a heteropolyacid catalyst having the identical composition
with that of the original heteropolyacid catalyst. Whereas, use of

30 those compounds containing the constituent elements of the original

catalyst and a compound or compounds containing element(s) other



Hereinafter the regeneration method of the invention is explained,
referring to exanples of mxing a deteriorated catalyst and a

ni t rogen-cont ai ni ng heterocyclic conpound, concurrently with 20 COH‘Iﬁ)UIE'IH%ﬂM
containing the constituent elenents of the original heteropolyacid

catal yst and/or a compound or conpounds containing elenent(s) other than
those constituting the original heteropolyacid catalyst. One of the

enbodi ments of the regeneration nmethod of $he 25 invention ("regeneration
process A" which is described in the follow ing) uses conpounds containing
the sane consthin¢hbseenetitsting theh®agidl datalyytt o ek dfeherioppdyaci d
catal yst, according to which the deteriorated heteropolyacid catalyst is

r egener at ed tmm@eumdealnmuergablehaowgenem@oﬁm detemeratiedthetferohe ori gi nal

het er opol yaci d cata V\her ea e ot he od| ment of,.th
regeneration H%“?GBASF&%]% ﬁaY’é@eﬁ’i eremt ompagdion ch is

descri bed | at gfﬁ?% 09,{%%%1%%?3‘%&&?@8%% Qntpa {H@Payg%fa gﬁ-@%@aﬂ,ﬁ and

constituent e of | glna eteropo

a conpoundsor oﬁﬂﬁ@@é‘é@ﬁer&tﬁfﬁ aldthod, @ BeRbpsly Rideati e Halhese a com-
constituting the ori gl nal heteropol yacid catal yst, or uses the latter
conpound al onposisioodiffeng s fromathathof the det&mqmmtadeldetzeaom}g@cld sata-

r egener at ed tf a .heterop &yam d catalyst having a conposition different
fromthat of X?élérﬂrﬁpﬁ’é? AEPer opol yaci d catal yst as af or esai d.

Regener ati on process A d@ f{ﬂ. g‘?%g%ggén& ﬁﬂ?a hasimatd-er

deterio- 10 ration are su Jecte osit1onal ana yS|s y neans o

X-ray fl uor eppemciondiibf fHRCHiRI® éit sti6h Gakioul thiae thieetorabaficurt of tiee
constitu- ent elenments (e.g., phosphorus and nol ybdenum or phosphorus,
nol ybdenudﬂanammnauﬁmmpmeﬂm@é@é tbeetnt:sbamwréd)fat\b@nan@ta aBions doeduse

t he det t he .det te t t 5 t th
bompounds. conbal RGEPt Re PULE Bt witiecicr S8 EeAliBntREN Bg i ft be' "
necessary to le%l‘ig:f}' %Qﬁolu‘é.stﬁethofsl Fok etxlﬂ‘f?n RO WRLS sHRR&SforSAhYnd 0"

obtaining an 1dentic conposition (1dentical constituent ‘elenents and
their consti tgiumdionadupylyyvabmbhatnohitrace famshoatmlcagbonate, ammo-

nium bicarbonate, ammonium acetate and the like may be used, or for
15 supplementing a certain element, an ammonium salt of said element
may be newly added.
Hereinafter the regeneration method of the invention 1s
explained, referring to examples of mixing a deteriorated catalyst and
a nitrogen-containing heterocyclic compound, concurrently with
20 compounds containing the constituent elements of the original
heteropolyacid catalyst and/or a compound or compounds containing
element(s) other than those constituting the original heteropolyacid
catalyst.
One of the embodiments of the regeneration method of the
25 invention (“regeneration process A” which is described in the follow-
ing) uses compounds containing the same constituent elements to
those of the original heteropolyacid catalyst, according to which the
deteriorated heteropolyacid catalyst is regenerated to the one having
the same composition to that of the original heteropolyacid catalyst.
30 Whereas, the other embodiment of the regeneration method of the

invention (“regeneration process B” which is described later) uses



and al so a nitrogen-containing heterocyclic conpound in the presence 20 of
ammoni umions and nitrate anions. As typical exanples of - 6 0CT 2004
ni t rogen-contai ning heterocyclic conpound, pyridine, piperidine,

pi perazine, pyrimdine, isoquinoline and derivatives of the those
conpounds (al kyl -substituted deriva- tives) nmay be nanmed. These conpounds
are preferably used in the 25 formof inorganic salts thereof, such as
nitrate, sulfate, chloride and the like f. Hei 4(1992)-50062B1-JP). The
use rate of such a nitrogen- containing heterocyclic conpound can be

sui tably sel epipepownddcontainingdbeafane 208stiyusei glimeontd tetledesf that ed
catal yst. As the conpounds containing the |ost constituent ele 30 nents,

those raw natedigimad hetprepalyacisbeatalystoand acempaundr opeappoundsi on of

het er opol yaci d _¢ont.ai ni;n hqr us,,and_.nol ybdenum, .or -6 OCT 2004 10

cont ai ni ng pkﬁ??&ﬁ%ﬂ%,elﬁ&%@ﬁ e&ﬁ&l%ﬁmwﬂ%ﬁ&ﬁ%ﬂﬂmﬁgmﬁ the form
of salts or | : k ,gl%qﬁmj - ;i ,Ng raw
mat eri al s, pﬁigggﬁ??lﬁgg)g?é%ﬁﬁ%nﬁﬁﬁp @?S ag:"tt%lag% t he ﬂ‘%’%@‘s eﬂgged;

as nol ybdehurtoowhiai therdetenioratedr ¢atadystoisamgenevatatbty hdaiteropslyveddnum

trioxide, nolybdic acid and the I|ike; and as vanadi um cqontainin
conpounds, arfRbalvsh havingasompeutiongdiiarent frommthat efdtheprigingl t hose

conmpounds containing the, 1ost constituent elements are suitably determ ned
dependi ng On%eﬁgrop@ggc%@gsﬁgsla&%reggh tituent elenents so as to

repl eni sh t hpd asterh@idi ﬁ%@ And provide a regenerated catal yst having

I dentical conpo- srtron w at of the fresh catalyst. The treatnent of a
deteriorated catal yst Botthadbestecatidyst anddhe samgaatatystaifiéndeterio-

het er ocycl i ¢ coppound agjclq cogpounds containing the |ost constituent
el enent s Hhnpatyusars sphlected 40 rompogiiipaabanghesigdyemegns doXdayal yst

L ogen comil iAol BUEEFId feuS THOURIERE sHOTRAHIR: APPRLObA LA e
reatment com e D e e | oy oto Eatalyst in
wat er, 20 addnelyhstlemvmayshvaoaduim) wghichtlrorbeen scatieped mivanarnsblgséunds
to cause the deterioration. Then the deteriorated catalyst 1s treated
15 with the compounds containing the lost constituent elements of the
amounts necessary to replenish the loss, i.e., of the amounts neces-
sary for obtaining an identical composition (identical constituent
elements and their constituting ratio) with that of the fresh catalyst,
and also a nitrogen-containing heterocyclic compound in the presence
20 of ammonium ions and nitrate anions.
As typical examples of nitrogen-containing heterocyclic
compound, pyridine, piperidine, piperazine, pyrimidine, isoquinoline
and derivatives of the those compounds (alkyl-substituted deriva-
tives) may be named. These compounds are preferably used in the
25 form of inorganic salts thereof, such as nitrate, sulfate, chloride and
the like (cf. He1 4(1992)-50062B1-JP). The use rate of such a nitrogen-
containing heterocyclic compound can be suitably selected within a
range of 1-50% by weight of the deteriorated catalyst.
As the compounds containing the lost constituent ele-

30 ments, those raw materials which are conventionally used for prepa-

ration of heteropolyacid containing phosphorus and molybdenum, or




containing the lost constituent elenents thereto, adjusting the anmounts of
anmoni umions and nitrate anions, thereafter concentrat- ing the nix;grg 2004
under stirring, drying the concentrate at tenpera- tures rangi ng 100- 8 &,
normal |y optionally shaping the dried prod 25 uct and cal cining the sane at
tenperatures rangi ng 200-600. In that occasion, the drying may be foll owed
by calcination in an inert gas such as nitrogen at 200-600C, and further

in air at 100-400C, follow ng the processOdescribed in Hei 4-50062B1-JP.
According to the above regeneration process A a deterio- 30 rated catal yst

can be regeneaitadning phesilkdniss, rialyibae nuge AldcPAna §RIFMOShHER @B tMosk fhhat  of
the fresh catalyst. This regenerated catal yst -60CT2004 11 has

appr oxi nat el ythenforon et saBedirfoxideay ¢ar bearsed. t Bor haamyfles he phosphoraat al yst

as shown in |ater.given workin xanpl es, and .exhi bits, approxinmately sane
physi cal prorﬁé)rr‘cEé %rql#%lga% ptrfﬁ’épg%’érﬂfé oftmmpapiymphosnhate andes

attributabl e #, dlli% AT BN U BB i Rhinhdl kb Agkbagychart

Mor eover, accor e redeneration proceés 6s régénerating a

det eri or at d H@nednisim traoliel dtay midybdentnt tlioxHRIRASIVHJeS avid BntihgHe of the
fresh catal yst as above, it is also possible to regenerate to a catalyst
formed of sanikeorrd aswanadinamsantarmngContpamds, athmdnissh natatast- but

t diff t ti t qmi ti . Th ti A
RAARGRAl E I SR R PRt e R T BT T
process B, a jdet €6h§tgﬁie% &%ﬁédﬁﬂ%t ail?gsuitt%lﬁfbt §6ce¥rhthedl &%@é@&ﬁ% GRMHA' N ng
het erocycl i ¢ conpound, conpounds contal'ni ng € constitue elenment s of

the original lost amyaintarsf theceompivud()elenivints Bong: & eaplenish thehest t han
the constituent ele- nents of the original catalyst; or with a

ni tr ogen- é@ntelpmenysiandpeovidec regerenadad dadalysh heonpaudansicat eampai ng
rccor ding to WAPE SO MHEREE RS HER ARt ed catal yat |5 regenerated to a
cat aljxr/is; i g; 2 nggﬁggrph@@r@%éﬁt bfg et RFREF LathyEEWilE aboo@L t hat  of
described nitrogen-containing heterocyclic compound and compounds
contaiming the lost constituent elements comprises preparing a
15 mixture of the deteriorated catalyst, nitrogen-containing heterocyclic
compound and compounds containing the lost constituent elements in
the presence of ammonium ions and nitrate anions, drying the mix-
ture and calcining the same. More specifically, the treatment com-
prises, for example, dispersing a deteriorated catalyst in water,
20 adding a nitrogen-containing heterocyclic compound and compounds
containing the lost constituent elements thereto, adjusting the
amounts of ammonium ions and nitrate anions, thereafter concentrat-
ing the mixture under stirring, drying the concentrate at tempera-
tures ranging 100-300°C, normally optionally shaping the dried prod-
25 uct and calcining the same at temperatures ranging 200-600°C. In
that occasion, the drying may be followed by calcination in an inert
gas such as nitrogen at 200-600°C, and further in air at 100-400°C,
following the process described in Hei 4-50062B1-JP.
According to the above regeneration process A, a deterio-
30 rated catalyst can be regenerated to a catalyst having identical

composition with that of the fresh catalyst. This regenerated catalyst



As exanpl es of conpounds containing el enents other than the constituent

el ements of the original catalyst, those containing the 25 netal eu?ﬂﬁﬁﬂﬁ4
constituting heteropolyacid salts in general, e.g., those containing stc
netal elenents as alkali netals, alkaline earth netals, copper, silver,
arsenic, antinony, bismuth, iron, cobalt, nickel, chrom um manganese,
tungsten, zirconium niobium titanium zinc, tin, selenium tellurium
germani um palladium rhodium rare earth130 el enents, silicon, and the

i ke. These conpounds can be used in the formof nitrates, carbonates,

sul fates, chlhas deprokiyaatelydbe, samedpecifiGsiiFic@ A@éa 13 thad dffibel frkeh The
regenerati on process B can be 1pract iced in the manner simlar to the

regener at i on ¢tgdesisanshewadm latae gpvwemwarking exe mplescand embubrts( s)
cont ai ni ng el ement (. ot her thap the,constituents of. t ori,gi nal
Cotaye oSS ARGt Shnle SR8 BROGERSIACHS S Bifiad Budhe libency of
it - cont@inj [l €0 X -l i
Conos Ve vens "ot AT AdEioR BAXS W EribAEREIIY nb ARG, R0kReN s X0y | |

el enent ( s)5 otdidfrachian ¢hertconsti tuent el enents of the original catalyst;
or a mxture of a deteriorated catalyst, a nitrogen 10 contai ni ng
heterocyclic conpound Meseavesmesanding tathe aegenrratidmpretass)Aobérer t han

th tit t, el t f th L gi I ta- | yst: dinth
presence of AHBHFGRTTORIIRA 0y Eriqtated sAbalst s ome hay et inticalei ng
dried and calGpssitibitwiftthat 6FtRé frddife §B§9é‘,tﬂ'i§'dlgony8§si&le
constituent elenents of the original 15 catal’yst and/or the conpound(s)

cont ai ni ng t he mgemerafes o atdanlydtafior mdicoLomakidomsbituene wbnine noé td he
ori gi nal yst cfatglgbe sui tably _determ ned dependi ng on the intended
r

conposi ti g&t g‘}hoﬁﬁéi §elnesh catalyst huh jisdifteregt ratiopdatemiaryes). obbigi nabl e
catal ytic pertoPRerdoRPofge R RerlosEras WPy Bbdinichss T
conveniently @%Qﬁiﬁdﬁﬁrﬁgggel f or as mxed with fresh catalyst, in
vapor phase oxidation reaction of organic conpounds, in particular, in
met hacryl i c aci d- f or nilngregemeraticonphycesadhra drtemoradedata tadystf is
methacrol e n’triaast ebtf wﬂ'h %l I%%P(Ygdeen-containing heterocyclic compound, compounds
15 containing the constituent elements of the original catalyst and a
compound(s) containing element(s) other than the constituent ele-
ments of the original catalyst; or with a nitrogen-containing hetero-
cyclic compound and a compound(s) containing element(s) other than
the constituent elements of the original catalyst. According to this
20 process, the deteriorated catalyst is regenerated to a catalyst of a
composition (constituent elements) differing from that of the original
catalyst.
As examples of compounds containing elements other than
the constituent elements of the original catalyst, those containing the
25 metal elements constituting heteropolyacid salts in general, e.g.,
those containing such metal elements as alkali metals, alkaline earth
metals, copper, silver, arsenic, antimony, bismuth, iron, cobalt, nickel,
chromium, manganese, tungsten, zirconium, niobium, titanium, zinc,
tin, selenium, tellurium, germanium, palladium, rhodium, rare earth
30 elements, silicon, and the like. These compounds can be used in the

form of nitrates, carbonates, sulfates, chlorides, hydroxides, oxides



25 and/or isobutyric acid. [Effect of the invention] According to the
regeneration nethod of the invention, regenerated catalysts which eﬁrHC?isz

mar kedl y hi gher catalytic activity 30 and, if necessary, physical
properties approxi mately equivalent to those of fresh catal ysts are
obt ai ned, as conpared to those regener -60C12004 13 ated catal ysts obtai ned
by conventional regeneration nethod conpri 5- ing treating a deteriorated
catalyst with a nitrogen-containing het er 2 cyclic compound al one or the
one conprising replenishing a deterio- rated catalyst with its decreased
constituent ehamdehediken t he absence 5 of a nitrogen-containing heterocyclic
conpound. [ Exanpl es] reinafter the preseﬁt I nvention ié,ex | ai ned nore
specifically, referringhedegenrrraidomprepessb canbeinrachised dptdiesmanner
selectivity and 9ne; s yield have the follown efinitigns., .10
Conver 51 on” ( nURFAT FhERE A kafrA1RS axifest e PhTO(E RO THT: tHAbeYe of
supplied metk@ﬁfg | (S Lyt 04 +Fe TRYedey or med
met hacrylic aci ?b!ﬁhassr)n)g:l()%g%lr%gég% ﬁ%%g%)edd&h%gﬁ gﬁ%}reeién t)% 100 Z%Mck)lﬁée- pass
yi el d (ol 5% orgimall catalgstrsafsetlorthdt istahanxyhrecofaidbterioraved catatyst, of
supplied nmethacrolein) x 100 Exanple 1 (Catalyst preparation) 25 To 2,800
m of 6000 wed @itrogenspriamming hewWrosy gie eomperyy sompaundscontpiging

et on of S SRR eSS e e b el AU Ry
sol ution of 78&1;%%@&1@&15&“35,)' gtl'ifeﬁ5€ﬁan 186 contithe fESIMEALS bAERe and 14. 1

g of copper nitrate as dissolve _
original catalyst; or a mixture of a deteriorated catalyst, a nitrogen-

10 containing heterocyclic compound and a compound(s) containing
element(s) other than the constituent elements of the original cata-
lyst; 1s prepared in the presence of ammonium ions and nitrate
anions, said mixture then being dried and calcined. The use rates of
the compounds containing the constituent elements of the original

15 catalyst and/or the compound(s) containing the element(s) other than
the constituent elements of the original catalyst can be suitably
determined depending on the intended composition of the regener-
ated catalyst.

Regenerated catalysts obtainable through the regeneration

20 method of the invention exhibit similar catalytic performance to that
of the original catalysts, and are conveniently used, either by itself or
as mixed with fresh catalyst, in vapor phase oxidation reaction of
organic compounds, in particular, in methacrylic acid-forming reac-
tion by vapor phase oxidation of methacrolein, isobutyl aldehyde

25 and/or isobutyric acid.

[Effect of the invention]
According to the regeneration method of the invention,
regenerated catalysts which exhibit markedly higher catalytic activity
30 and, if necessary, physical properties approximately equivalent to

those of fresh catalysts are obtained, as compared to those regener-



30 1,000 mM of water, by the order stated. This aqueous m xture was
concentrated under heating and stirring, and the resulting clay-like §gfy %004
OCT 2004 14 substance was nol ded into columms of each 5 nmin dianeter

6 mmin height, which were dried at 120C for 15 hours and calcined in
gaseous nitrogen streamat 430C for 4 hours, and then in an air stream at
400 for 2 hours- The conposition of so obtained catalyst 5 was given an
X-ray fluorescence analysis to be found asd in terms of atomic ratios of
the netal elenents excluding oxygen, P: Mo : V: CQu: GCs =1.3: 12: 1:
0.1: 1.2. Upcateli—cai;tlybtbfa’tﬁaim@hbypmmveﬂtfmmé r@gen&rétlmmwmwmﬁﬂ@—
catal yst was found to be conposed inlLy of . _nol ybdovanadophosphoric acid
and its partil&g %ﬁéﬂngs%tldtetemﬁéa Q@IS%W@@ nigFdesdeceni@dning hiegero-

cat al yst andrﬁp sence or ence %il -ray diffracti nes a tr| but abl e
b L '?ft'tl fehist

to mol ybdenu C&Q%OT ()m? RY RO TER %d in
Tabl e 1. (Detygrhar, f was
given to 750 e cap ik urith S HeptObedt %@t‘%&%’tﬁ%ﬁ%ﬁ?ﬁaﬂh‘ﬁ?ﬂé Gt

hours. Upoh afal nifirogehiventaimiagi héterocfclicmpsuhtant deteri or at ed
cat al yst usi X—ray fl uorescence, the atomc ratios of the netal elenents
excl udi ng o&%@éﬁﬂ & found to be: . M: V: CQu: GCs =

1.10:9.8:0.98: differi.ng froomithe gonposition of the
fresh catal yst 20 Ac?g%mlﬁéfﬁ%d@yr%f/eS&lnftflpgg’t]fl%le]?rvpﬁﬂgfeedgmor&rong
diffraction |§ﬁé@ﬁc&ﬂl§ rﬂe*fé%ﬁﬁ@%tv@ofmhéqgﬁﬁ'ﬂﬂéé | Whb A nAHREES b risio kN e
vicinities of 20 27. 12.7,°23.3 and 25.6, which were entirely absent in

the diffract |sal}ectchaytaml‘ onér@afssqsel&,haae yhe Jollowiing wiefigitiomts. t he
het er opol i/am d struc- ture was partially collapsed. The BET specific

surface at®a of the 25 det eriorated catal yst and the presence of X-ray
diffraction lines attg + ’Ent ybdenum tri oxide are indicated in
Tabl e 1. <Deter|orat|on acce et(aln test> 750 MIIliliters of above

catalyst was filled in (mélt mmeeof reherdd rtablacesleinpe of 25 mmin inner
di aneter. The tube was im 30 nmersed in a nolten salt bath of 380"C, and

t hrough which a starti dgngjasembermbhauppdiest metbacrolpuvix 168: net hacrol ein :

oxygen : nitro

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

(ol number of reacted methacrolein) x 100

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

(mol number of supplied methacrolein) x 100

Example 1
(Catalyst preparation)

25 To 2,800 ml of 60°C water, 1,236 g of ammonjum para-
molybdate and 68.2 g of ammonium matavanadate were dissolved and
stirred, followed by further addition of 280 g of pyridine and 87.4 g of
phosphoric acid (85%), and a solution of 770 g of nitric acid (65%),
136.4 g of cesium nitrate and 14.1 g of copper nitrate as dissolved in

30 1,000 ml of water, by the order stated. This aqueous mixture was

concentrated under heating and stirring, and the resulting clay-like



-6 OCT 2004 15 gen : water =2 : 6 : 32: 10 by volune ratio, was passed at

a space velocity of 2,000 h-1 (STP) continuously for 5,000 hours. -6 0CT 2004
(Regeneration treatnment) One-hundred (100) g of the deteriorated catal yst
was 5 dispersed in 200 m of water and stirred at 709C. As the differences

I n conponents' quantities between the fresh catal yst and the deterio- rated
catal yst as determ ned by the X-ray fluorescence analysis, 22.2 g of

anmoni um par amol ybdate, 1.3 g of phosphoril¢ acid (85% and 0.13 g of
ammoni um nmet avanadate were added to the dispersion, 10 foll owed by addition

of 40 g of ang@hétancel wadigeldtd iGitofcobymindi dfeeA105 i ¢h diamieter @ndch d
(65% . The aqueous m xture was concentrated under stirring. The total

amount of ammoyum heightawhiok wereedoed atr EYXEG fay 15 donirs andecalginad 187

nmol | per 12 nols of nol.ybdenum atons, he total a ni um i ons/ t ot al

ni t raltoe ani ond g'(sa,%pgg qagqqggpusiige%gg_@?gﬁﬁg E‘B‘t“'aﬁ’ ﬁéﬁq%%mz%ggubst ance
dried at | i Nt | Lo

e hel nt - asd oo 2k ARG L8 T he CoriESi B b oBLATE Ll T

stream at 430whergiveRAii X-rapfluorescditeainlysistd bafoahd 4¥)enfternd ofiours.
Wher eupon a regenerated catal yst was obtained. An X-ray 20 fl uorescence

anal ysi s of tatomi saties of shpasetdlelemants exehadingeoxygeasnilt : Mei:0d: 6fut he
tal el t ti - P M ...V .. Cu: C 3 1. 3, 12 :
L 1o EA T RS AlBrrbab b chaia Xors tiffdstinn @ athofeySh: Tt he
Gitfraction | ! | eget . .
ITTraction mﬁﬂé‘&é&f&ﬂ&ﬁ? dﬁxeté’a yt%’tbg@@‘iﬁhnﬁrﬂo ngl:nygﬂseﬂ ﬁ‘ﬁgﬁlysgfs” i

the chart of eteriorated cata conpletely ppear ed, "and ot her

diffracti on | mdgbidcemadaphodghorié hekbantl ity pattiad meal abyist TherBET
i ndi cated. The BET specific surface area and the presence or absence of
the diffrabtispedifinsairface ama abthe catalyst ppdeprasence oxiahseace ofbwayi n

Tabl 1. Per f, .est Q, Fi f 50 f the. . | t
vas oharged | hitracEn Lisgs aciaphiable (o moTbaghuty Erb R DRI iF I et er
and the -600143841fn chart are indicated in Table 1.

(Deterioration)

1

A following deterioration-accelerating test was given to 750

15 ml of above-obtained catalyst continuously for 5,000 hours. Upon
analyzing the composition of the resultant deteriorated catalyst using
X-ray fluorescence, the atomic ratios of the metal elements excluding
oxygen were found tobe: P:Mo:V:Cu:Cs=1.10:98:098:0.1:
1.2, markedly differing from the composition of the fresh catalyst.

20 According to X-ray diffractiometry thereof, strong diffraction lines
attributable to molybdenum trioxide appeared in the vicinities of 20 =
27.3, 12.7, 23.3 and 25.6°, which were entirely absent in the diffraction
chart of the fresh catalyst, indicating that the heteropolyacid struc-
ture was partially collapsed. The BET specific surface area of the

25 deteriorated catalyst and the presence of X-ray diffraction lines
attributable to molybdenum trioxide are indicated in Table 1.
< Deterioration-accelerating test >

750 Milliliters of above catalyst was filled in a stainless
steel reaction tube of 25 mm in inner diameter. The tube was im-
30 mersed in a molten salt bath of 380°C, and through which a starting

gaseous mixture of the composition: methacrolein : oxygen : nitro-



tube was imersed in a 280C nolten salt bath. Through said tube a starting
gaseous m xture of methacrolein : oxygen : nitrogen : water = %Eﬂé
10 by volune ratio was passed at a space velocity of 1,000 h-1 (ST )OU
result was as shown in Table 1. 5 From Table 1, it can be understood that
the regenerated catalyst has approxi mately the sanme physical properties to
those of the fresh catalyst, and that th(al former's catal ytic performance
also is approximately equivalent to that 8f the fresh catal yst. Exanple 2
10 In the occasion of regeneration treatnent in Exanple 1, the anmount of
the ammoni um geén r Aatewas 2ded r 82seld) by ormldmegratio,1wag,passad aitéspacse t he

treat ment of mpl e rep d. The anoun of total ammoniumions at
the tine of p\%ﬁﬁm’rﬂf]z ﬁﬁarh xt@tﬁ}/\ﬁ%ntlﬂg‘?)us@?%m Qogfh(?ﬁﬂsybdenum at ons,
5.19 nol s, 15 ions/total nitrate anions (nolar
rati o) was 0“@27&&};%?&8 uﬁ’@%e shown in Table 1. Exanple 3 In the
occasi on of regeneratlgalethﬁﬁaﬁ@mw@ gwrfsﬁb%le%emwﬁe@%&s@wéﬁe

amoni um nitrate was decreased from g, erwi se the
treatment 6f dispepsesl in 286 mé pé aaer a‘ﬂtbstanmdlat T0FCt dAsthenhifforemedsons at
the time of the m xture preparation was nol | of o] ybdenum at ons,
3.00 nmols, arid $HBPPBERES’ dl%ﬁﬁtlﬁﬁﬁ|h9t‘6(ﬁ§ﬂtfg’ﬁafreﬁhtc|a§{ﬂé’sz§rﬁr%gh? dsterior at i o)

S?Srﬁgéﬁerl[‘?o#% Aaltp i o fe IR e K-y AR EN G dnalirin 2o 1 "
acid = 0 g), %Ma‘iﬁh@m@ﬁ@ﬂﬁbaﬁimb%@dﬁ@l@Mﬁﬁéépﬂkﬁqd\@&dd %ragd from 40

gto 20 g. Oherwise the treat- nment of Exanple 1 was repeated. The anmpunt
of total ammuohildng 8 ammenaumt metavanadat&rwelrarmidﬂtknatm dm’pemasmn per 12

nol s of rmly ato and the tatal s/t ot al
trate | Eoosoloreiby C@Q%éﬁg ‘éﬂﬁ%%ﬁ%}nmr@ xbratendB &t by Tifae Ao
in Table 1. B(%W Bitric acid (65%). The aqueous mixture was concentrated

under stirring. The total amount of ammonium ions at the time of

preparing the mixture was 10.67 mols per 12 mols of molybdenum
atoms, and the total ammonium ions/total nitrate anions (molar ratio)

15 was 0.93. Thus obtained clay-like substance was dried at 2007C,
molded into columns of each 5 mm in diameter and 6 mm in height,
and which were dried at 200°C and calcined in gaseous nitrogen
stream at 430°C for 3 hours, and then in an air stream at 400°C for 2
hours. Whereupon a regenerated catalyst was obtained. An X-ray

20 fluorescence analysis of the catalyst composition found that the
atomic ratios of the metal elements excepting oxygen were: P : Mo :
V:Cu:Cs=1.3:12:1:0.1:1.2. In the diffraction chart of this
regenerated catalyst, the diffraction lines attributable to molybdenum
trioxide which were seen in the chart of the deteriorated catalyst

25 completely disappeared, and other diffraction lines identical with
those of the fresh catalyst were indicated. The BET specific surface
area and the presence or absence of the diffraction lines attributable
to molybdenum trioxide are shown in Table 1.
< Performance test>

30 Fifty (50) ml of the regenerated catalyst was charged in a

U-shaped stainiess steel tube of 25 mm 1n inner diameter, and the



The regeneration treatnment in Exanple 3 was repeated except that the
anmount of nitric acid was increased from1l5 g to 55 g. 5 The annunt_g@ 79
total ammoniumions at the tinme of the m xture preparation was, per E 004
nmol s of nol ybdenum atons, 3.00 noll, and the total amoniumions/total
nitrate anions (nolar ratio) was 0.27. The result was as shown in Table 1.
Exanple 6 10 The regeneration treatnent in Exanple 1 was repeated except
that 22.1 g of ammoni um par anol ybdat e was 16epl aced with 18.1 g of

nmol ybdenum tri oxi de. The anount of total ammoniumions at the tinme of
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the total ammoniumions/total nitrate anions . The

result was asstabvbiwg gasebals midturebodanielthacrbl8inlhexygae nexrifiogen t waséfent in
Exanpl e 1 was_ repeated, . except that the pyridine was changed to equal

amount of pi pkf Bdide: dP byprpbrmeinasio wesmansedaatya space vededity ofid; @0 s
h in Table-i | Th deg: ' The fresh catal yst
obtained i n Bhan$EDk JAE HaHTh B A FEPHEGH NaklS Tht |650C for 2 hours. The
conposi tiog of thus obmxpeﬁabr&ffH%Aﬁbéwfcﬁq?f’%cﬁgmme ?é%éiﬁéﬂt ned by

X-ray fluorescence 25 analysis was, 1n terns o atomc ratios or the

met al el enentcatatyateds agprowigestely theMame Yhysiaal propertids 3o thdself 0. 1 :
1.2, which was sane to that of the fresh catal yst. However, according to

the result dhexdresh catalysicandibatyhedormesi catalytinerfonmanee abseis o
| yb- d trioxid d,, indicati h t, of th
gtgropoF;;g#éﬁ%’)%ﬁ%ﬁgﬁ}ag@ﬁﬁ@éehg% iﬁ@tggtﬁﬁﬁﬁ% E% thf'i c gurface area of

the ther- malfiy,&&Q363ded catal yst and presence or absence of the X-ray
diffrac - 6 18 tion lines attributable to nol ybdenumtri oxi de were
i ndi cat edl®n Tabl e 1.In Hegeomxsvnaf regeatrehion tTeetmegeieiatample rleat ment
of Exanple 1 t\fgsarh%%%%to dthe ammonium nitrate was decreased from 40 gto 15 g,
and otherwise the treatment of Example 1 was repeated. The amount
of total ammonium ions at the time of preparing the mixture was, per
12 mols of molybdenum atoms, 5.19 mols, and the total ammonium
15 1ions/total nitrate anions (molar ratio) was 0.87. The result was as
shown in Table 1.
Example 3
In the occasion of regeneration treatment in Example 1,
the amount of the ammonium nitrate was decreased from 40 gto 5 g,
20 and otherwise the treatment of Example 1 was repeated. The amount
of total ammonium ions at the time of the mixture preparation was,
per 12 mois of molybdenum atoms, 3.00 mols, and the total ammo-
nium ions/total nitrate anions (molar ratio) was 0.79. The result was
as shown in Table 1.
25 Example 4
In the occasion of regeneration treatment in Example 1, no
nitric acid was added (nitric acid = 0 g), and the amount of the ammo-
nium nitrate was decreased from 40 g to 20 g. Otherwise the treat-
ment of Example 1 was repeated. The amount of total ammonium
30 1ons at the time of mixture preparation was, per 12 mols of molybde-

num atoms, 6.29 mols, and the total ammonium ions/total nitrate



5 except that 100 g of the above thermally degraded catal yst was used

I nstead of 100 g of the deteriorated catal yst and none of amoni um

par anol ybdat e, phosphoric acid and amoni um net avanadate was added: 6 §¢ 2004
total anmount of anmonium anions at the tinme of the m xture preparation
was, per 12 nols of nolybdnum atoms, 10.56, 10 and the total ammoni um
lons/total nitrate anions (nolar ratio) was 0.76. The result was as shown
in Table 1. Conparative Examle 1 The regdheration treatnment of Exanple 9
was repeated except that the 40 g of ammoniumnnitrate was replaced by 40 g

of 15 amoni umdest(aidar theiodwanl. 48, ThealesaliRaisHy slewnan TABld 1me  of
the m xture preparation was, per 12 nols of nolybdnum atons, 10.96, and

the total anmBsampledns/total nitrate anions (nmolar ratio) was 3. 36.

Conpar ati ve Exanple 2 The regeneration treat anple 9 S
repeated except that tHeTaEeENe Poptr ‘%ﬁ‘hé‘lﬁ‘@‘ﬁﬂi‘% &As TeRe nt of

ol 5 of “mol yiSkeep it %Eﬂé*éﬁ?O?hfﬂ;ﬁa@dﬁ%%ﬁpefee%%mnpﬁ%ﬁ@% ta P gl
nitrate ansorBhé aeunt of iothl Waendni@m dhs 4PtHd 8iA0PHasRRIR@E 0 >1 en

ao N G-7, lornr-gqCOCqCD(n 0co00 mwuU .y
preparation was, per 12 mols of moiybdenum atoms, 3.00 mols, and

the total ammonium 1ons/total nitrate anions (molar ratio) was 0.27.
The result was as shown in Table 1.
Example 6
10 The regeneration treatment in Example 1 was repeated
except that 22.1 g of ammonium paramolybdate was replaced with
18.1 g of molybdenum trioxide. The amount of total ammonium ions
at the time of mixture preparation was, per 12 mols of molybdenum
atoms, 8.78 mols, and the total ammonium ions/total nitrate anions
15 {molar ratio) was 0.77. The result was as shown in Table 1.
Examples 7-8

The regeneration treatment in Example 1 was repeated,
except that the pyridine was changed to equal amount of piperidine or
piperazine, respectively. The results were as shown in Table 1.

20 Example 9
(Thermal degradation)

The fresh catalyst as obtained in Example 1 was further
calcined in air at 650°C for 2 hours. The composition of thus obtained
thermally degraded catalyst as determined by X-ray fluorescence

25 analysis was, in terms of the atomic ratios of the metal elements
excepting oxygen, P : Mo :V:Cu:Cs=1.3:12:1:0.1:1.2, which
was same to that of the fresh catalyst. However, according to the
result of X-ray diffractiometry, diffraction lines attributable to molyb-
denum trioxide appeared, indicating that a part of the heteropolyacid

30 structure was collapsed. The BET specific surface area of the ther-

mally degraded catalyst and presence or absence of the X-ray diffrac-
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tion lines attributable to molybdenum trioxide were indicated in Table
1.
(Regeneration treatment)
The regeneration treatment of Example 1 was repeated
5 except that 100 g of the above thermally degraded catalyst was used

instead of 100 g of the deteriorated catalyst and none of ammonium
paramolybdate, phosphoric acid and ammonium metavanadate was
added. The total amount of ammonium anions at the time of the
mixture preparation was, per 12 mols of molybdnum atoms, 10.56,

10 and the total ammonium ions/total nitrate anions (molar ratio) was
0.76. The result was as shown in Table 1.
Comparative Example 1

The regeneration treatment of Example 9 was repeated

except that the 40 g of ammonium nitrate was replaced by 40 g of

15 ammonium acetate. The amount of total ammonium ions at the time
of the mixture preparation was, per 12 mols of molybdnum atoms,
10.96, and the total ammonium ions/total nitrate anions (molar ratio)
was 3.36.
Comparative Example 2

20 The regeneration treatment of Example 9 was repeated
except that the addition of pyridine was omitted. The amount of total
ammonium ions at the time of the mixture preparation was, per 12
mols of molybdnum atoms, 10.56 mols, and the total ammonium

ions/total nitrate anions (molar ratio) was 0.76.
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51.3: 12 : 1: 0.1 : 1.2: 0.1. The result was as shown in Table 2. Exam
|l e 11 The regeneration treatnment of Exanple 1 was repeated except that
zirconyl oxynitrate was added sinultaneously with the anmonium -6 0CT 2004
nmet avanadate, to make the P: Mo : V: Cu: Cs : Zr ratios 10 1-3: 12: 1 :
0.1 : 1.2: 0.1. The result was as shown in Table 2. Exanple 12 The
regeneration treatnent of Exanple 1 was repeated except that zinc oxide
was added simul taneously with the anmoni u#0 net avanadate, to nmake the P :
M: V: Cu: C: Znratios 1.3: 12: 1 : 15 0.1 : 1.2 : 0.1. The result
was as shown g kej®. Referential Exanples 1-3 Catal ysts were prepared
in the identical nanner with Exanple 1, except that the silver nitrate,

zi rconyl oxynitrate anTheiregenexatien treatment ofiBxampte dddes repeatedaddi ti on

to the aqueous solution, 20 of cesiumnitrate and copper pitrate, Thus
formed cat al yexeeiddatdde: sibvar ribrRbs MasqHded sHop OH\SRE Wéﬁéébﬁl ysts

Shown n Taor {ihoRlGR AR Bl o RRETRE SN - R aptatid
E-d"d" u] LLELUE? : 12 : G 1 9nCGof2 :ro aNMhe trkBlMt was as shown in Table 2.

Example 11
The regeneration treatment of Example 1 was repeated

except that zirconyl oxynitrate was added simuitaneously with the
ammonium metavanadate, to make the P : Mo : V: Cu: Cs : Zr ratios
10 1.3:12:1:0.1:1.2:0.1. The result was as shown in Table 2.
Example 12
The regeneration treatment of Example 1 was repeated
except that zinc oxide was added simultaneously with the ammonium
metavanadate, to make the P: Mo :V:Cu:Cs:Znratios 1.3:12:1:
15 0.1:1.2:0.1. The result was as shown in Table 2.
Referential Examples 1-3
Catalysts were prepared in the identical manner with
Example 1, except that the silver nitrate, zirconyl oxynitrate and zinc
oxide, respectively, was added after addition to the aqueous solution
20 of cesium nitrate and copper nitrate. Thus formed catalysts had
identical compositions with those of the catalysts obtained in Exam-

ples 10, 11 and 12, respectively. The results were as shown in Table 2.
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ZE 0]
regenerating

originating froma heteropol yacid

forned of nol
salt thereof,

a nitrogen-cont ai n-

gw, ww -6 OCT 2004 22 Clainms: 1. A nethod for

a deteriorated catalyst of reduced activity, said catal yst

ybdophosphoric acid and/or nol ybdovanadophosphoric acid,

or

cat al yst containing heteropol yacigloCT 2004

a

said nethod conprising mxing the deteriorated catalyst with

I ng heterocyclic conpound under such conditions that
anmoniumions and nitrate anions are pre§@nt at such ratios as the anount

of total ammoniumions per nol of total nitrate anions does not exceed 1.7

nol s, drying
according to

ni t r ogen- cont ki ni ng hefangthed ifer cegprenating e ddteewratedicatalyshofondi ti ons

€Chamesul ting m xture and cal cining the sanme. 2. A nethod
Claiml, in which the deteriorated catalyst and a

amount of 1 ot S AR o ARt CHERRER HHm, s be RO Ges not

anount of tot'&

exceed 1.7 nylg4
nol ybdnum at ons

and/or molybdovanadophosphoric acid, or a salt thereof, said method
comprising mixing the deteriorated catalyst with a nitrogen-contain-
ing heterocyclic compound under such conditions that ammonium ions
and nitrate anions are present at such ratios as the amount of total
ammonium ions per mol of total nitrate anions does not exceed 1.7
mols, drying the resulting mixture and calcining the same.

2. A method according to Claim 1, in which the deteriorated
catalyst and a nitrogen-containing heterocyclic compound are mixed
under such conditions that ammonium ions and nitrate anions are
present at such ratios as the amount of total ammonium ions per mol
of total nitrate anions does not exceed 1.7 mols and as the amount of
total ammonium ions per 12 mols of molybdnum atoms does not
exceed 15 mols.

3. A method according to Claim 1 or 2, in which the deterio-
rated catalyst and a nitrogen-containing heterocyclic compound are
mixed also with the compounds which contain the constituent ele-
ments of the heteropolyacid catalyst and/or a compound or com-
pounds which contain an element or elements other than the constitu-
ent elements of the heteropolyacid catalyst.

4. A method according to any one of Claims 1-3, in which the
nitrogen-containing heterocyclic compound is selected from the group
consisting of pyridine, piperidine, piperazine, pyrimidine, isoquinoline
and their derivatives.

5. A method for preparation of methacrylic acid through
catalytic vapor phase oxidation of methacrolein, isobutyl aldehyde
and/or isobutyric acid, the method being characterized in that it uses

as the catalyst one which is regenerated by any of the methods ac-

it @hchbird RroBbly 4R 3brARHRY MBI IRDHISphbZiCRAR O



exceed 15 nols. 3. A nethod according to daiml or 2, in which the
deterio- rated catalyst and a nitrogen-containing heterocyclic conpoggﬁ %re
m xed al so with the conpounds which contain the constituent ele- nen 12004
t he heteropol yacid catal yst and/ or a conpound or com pounds which contain
an elenment or elenents other than the constitu- ent elenents of the

het eropol yacid catalyst. 4. A nethod according to any one of Cains 1-3, in
whi ch the nitrogen-containing heterocycl B8 conpound is selected fromthe
group consisting of pyridine, piperidine, piperazine, pyrimdine,
isoquinoIine(m@agn%mgtnagﬁghy35des. 5. A nethod for preparation of

met hacrylic acid through catal ytic vapor phase oxidation of nethacrol ein,

i sobutyl al dehyde and/or isobutyric acid, the nethod being characterized
inthat it uses as the catalyst one which is regenerated by any of the

met hods ac 23 cording to Clains 1 to 4.



