1 DESCRI PTI ON 2005 CATALYST FOR PRODUCTI ON OF METHACRYLI C ACI D, COATED
CATALYST AND PROCESS FOR PRODUCTI ON THEREOF TECHNI CAL FIEEF@TMQR sent
invention relates to a catalyst for producing nethacrylic aci d %@E he
vapor - phase catal ytic oxidation of nethacrolein that has a longlife, a

hi gh activity and a high selectivity; and the nethod for manufacturing the
cat al yst. BACKGROUND ART For the production of nethacrylic acid by
vapor - phase catal ytic oxidation of nethacrolein, there have been proposed
| ots of catalysts, nmost of whi cREEGRLATACNDI ybdenum and phosphorus as the
mai n conponents and have a structure of heteropolyacid and/or the salt

t hereof . However, they have a lowreactivity, a |low selection for the
object material, and a short life in conmparison with the

nol ybde CATALISIAFORM BROBUGEION (00 pHBHACRYLEE IR nGFOMTED CATASYE by t he
oxi dation of acrolein which is known to be simlar to the vapor-phase
cat al yt ipgip eriOdESSOROBS PREODIETIONe THERE®E proposed catal ysts are denanded
to inprove in catalytic ability though sone of themare industrialized.
The present inventors having been trying to inprove a low 1 415 MAR 2005
TECHNICAL FIELD
The present invention relates to a catalyst for producing
methacrylic acid by the vapor-phase catalytic oxidation of

methécrolein that has a long:life, a high activity and a high ‘

s'electivity;. and the method for manufacturing the catalyst.

BACKGROUNﬁ ART
For the production of méthacrylic acj.d by vapor-phase
' cat_alytic oxidation of methacrolein, there have been proposed
lbts of catalysts, most of which contain molybdenum and
phosphorus as the main cdmponents and have a structure of
heteropolyacid and/or the salt thereof. However, they have a
low reactivity, a low selection for the object material, and
a short 1life in comparison with the molybdenum-vanadium catalyst
proposed for producing acrylic acid by the oxidation of acrolein
which is known to be similar to the vapor-phase catalytic_
oxidation of methacrolein. The proposed catalysts are demanded
to improve in Jt.‘:atalyt:i;c ability thou.gh some of them are

industrialized.

The f)resent inventors having been trying to improve a low




reactive, |low selective and short-life catalyst for vapai-pgiﬁe catal ytic
oxi dati on of nethacrolein, and found out the catal yst Ec i adllbi gh
reactivity, high selectivity and good stability in life containing the
various elenents in addition to Mo, V and P and having a structure of

het er opol yacid (or the salt thereof). As a result, there have been
proposed the catalysts as described in JP No.11416/1883, JP No. 24140/ 1884,
JP No. 14535/,1987 and JP No.30177/1987. The catalyst, if packed in a fixed
bed T anttRon Tesoi FeLecPRHES BionLs L hE A s TP eaDD R BOR Bpaci {1 od
sizein order to reduce the loss in gas pressure in the catal yst |ayer.

So, it Sadaladis erbdatien e4inelRicy - PROGEARRA Y TR A FAES a
pellet, a tablet, a ring and a sphere or the catalytically active

mat er i aM®ighehpadricghaeagtinid Yor highsad et lgi- ivhakei 904 S&abidd t¥The
coated catal yst having the inactive carrier as the core includes the

fol | owi ig ddfet scontaimhngectiectanious idljamendfs iheaddibigritalMy. dctive
conponent increases. (2) The inprovenent in the selectivity can be

expect ecirigle Pawel haveinst ayistgrudtneredicht hdharopolgfacidadoroibeatsadital s
within the catalyst becones uniform (3) An increased thermal conductivity
of the aaledlapst).or Ag a didsiilitonthkirechady er paopbr¥edctiie icataipleds it easy

to renove the reaction heat. 2 , _

as described in JP No.11416/1883, JP No.24140/1884, JP

No.14535/1987 and JP No.30177/1987.

The catalyst, if packed in a fixed bed reaction vessel for
industrial ﬁse, has to be molded into a specified size in order
to reduce the loss in gas pressure in the catalyst layer. So,
it is known that the Catalyst powder is generally molded into
a peliet, a tablet; a ring and a sphere ,or the catalytically

- active materials are impregnated into of‘coated.on an inactive
carrier.

The coated catalyst having the inactive carrier as the core
includes the following merits:

(1) Theeffectiveutilityofthecatalyticallyactive component
increases.

(2) The improvement in the selectivity can be expected because
the staving-time distribution of reactionmaterials within
the catalyst becomes uniform.

(3) An increased thermal conductivity of the catalyst or a
dilution effect by an inactive carrier makes it easy to

remove the reaction heat.




1 6 2005 So, the coated catalyst is often applied to a Q?@hﬁ;&'gq %ﬂst her mal
sel ective oxidation reaction. On the other hand, the technical ficulties
for producing the coated catalyst are as follows: (1) It is difficult to
produce a nechanically strong catal yst because the coat layer is liable to
peel or crack. (2) It is difficult to coat the inactive carrier with a

| arge anount  of catalytically active material. (3) The inclusion of

i nactive mat§c§,i athaﬁgr%éc'leid{ eég%ﬁn%i élé ti;ooffgré%p%( %eQH'DgPJ)yaa%tii Y§ cat al yst.

There has been” no ge e to solve su [efs® pecaude of the
diversity i roperty anmong cat.al yt.icall ctive materials. Practically in
this sta e",tr}ie%é"ag—r &%@&@Ja\%e B r:FcﬂyE\ﬁ A1y depending on the
catal ysts. QF B ect of the present_ inventjon is to provide a catalyst for
produci ng mePhABPTTREHBPE S0, A EEEEBAEEE G SR PERTHIRT
met hacrol ein at a high yield and with a high selectivity; and a nethod for
pr oduci & rgadsd %@X%UF@WSTI-@J{JIWTI ON In order to solve the above
problem the present inventors have tried to inprove a conventional |ow
reacti ve 1) ot sépediffcubhd o pspdurpfe neghamnisaliyr stapog -qfadasdat al ytic
oxi dation of nmethacrolein, and f ound out the catal yst having high
reactivity, Heguse|lds icdaly, lagood st abidhley tion deefle aandedda®h per f or mance
(2) It is difficult to coat the inactive carrier with a large
amount of catalytically active material.
(3) The inclusion of inactive material makes #t difficult to
prepare a highly active catalyst.
There has been no general technique to solve such problems
because of the diversity in property among catalytically active
materiais. Practically in this state, the problems are solved
individually depending on the catalysts.
An object of the present invention is to provide a catalyst
foi: producing methacrylic acid by wvapor-phase catalytic

oxidation of methacrolein at a high yield and with a high

‘selectivity; and a method for producing thereof.

DISCLOSURE COF THE INVENTION

In order to scolve the above prqblem, the present inventors
have tried to improve a conventional low reactive, low selective
and short-1life catalyst for vapor-phase catalytic oxidation of
metha_crolein ., and found out the catalyst havinghigh reactivity,

high selectivity, good stability in life and high performance




16 MAR 2005 suitable for an industrial use, when pr epar.ﬁl Q%Ee cat al yst
i.e. a heteropolyacid and/or the salt thereof containi 6 2005P and Cu
as the indi spensabl e active conponents and to which copper acetate is added
as the cu conponent. This finding has conpleted the present invention.
Nanely the present invention is as follows: (1) A catalyst for producing
nmet hacrylic acid by the vapor-phase catalytic oxidation of nethacrolein,

ey O o SEARRRN LESL Bhedduo seh [0 Sl PpcRatly ft&ehsapgggéé g amunt of

a Cu mat prep arat 1 on o he''ca risin P and Cu
as the j pens bIe cti co onen# %#cat st according_to the
above ter%%(t%r g?é"l ﬁ?8F ®paf g, ?ﬁ% \i c%odb &? |vrl 8 solid .
copper %E te ttq%ﬁ) and noé an aqueous solution. (3) A catalyst
accor di r?é’ 1 R HUEIFRPAFRBTC AftdE FORRPRE bRy Which COPReEr e of
solid copper acetate with a dried product of a slurry containi ng Mb, V and
P. (4) Rc}é}@aa%% addesh @7 ﬁ&%ﬂmp&meme Bhbe & inding hgs coppleted t her
conprising As as the active conponent. (5) A catalyst according to any of
the aboVd@ TRt - ipvgntiper e Amed e feh bavertdoRcipvas
conponents is represented by the following Fornula (1), MOlOvVaPbCu
ASdXeYf &@i1PwS: wherein, M, V, P, Cu, As and O represent nol ybdenum
vanadi um phosphorus, copper, arsenic and oxygen respectively; X
: (1) A catalyst for producing methacrylic acid by the vapor-phase

catalytic oxidation of methacrolein, wherein copper acetate is

used for all o a part of the necessary amount of a Cu material

for preparation of the catalyst comprising Mo, V, P and Cu as

the indispensable active components.

(2) A catalyst according to the above term (1), wherein all or .

a part of said copper acetate is a solid copper acetate to mix

and not an aqueous solution.

(3) A catalyst according to the above term (2), wherein said

catalyst isamixture of solid copper acetate with a dried product

of a slurry containing Mo, V and P.

(4) Acatalyst according to any of the above term (1)-(3), further

comprising As as the active component.

(5) Acatalyst according to any of the above term (1)-(3), wherein

the composition of said active components is represented by the

following Formula (1),

MO;1,V,P,CU AS4X. Y0, (1)

( wherein, Mo, V, P, Cu, As and O represent molybdenum, vanadium,

phosphorus, copper, arsenic and oxygen respectively: X




4 16 MAR 2005 represents at | east one el enent sel ect ed Erﬁﬁi@tlﬂeﬁgr oup
consisting of Ag, My, Zn, Al, B, Ge, Sn, Pb, Ti, Zr, Shb, C, Re, Bi, W
Fe, Co, Ni, Ce and Th; Y represents at | east one elenent selected fromthe
group consisting of K, Ro and Cs; a, b, ¢, d, e, f and g represent atomc
rati os of the respective elenents, wth 0.15a56, 0.55b56, O<c53, 05d53,
05e53, 05f51; g is the ratio determ ned by the valence and ratio of the

05" LR e ORI GRE BiEHAY Sk RSERLY Wb LAE BRONS (oT

(5), er  conprising e acti ve comnponent . od™f or
manuf act uring .a coat cagalyt f prodycin thacryljc agid t he
vapor-pf?%snes%éctlﬁ%/tolfgg‘gxi i H’ogi'rréthg%rog%iﬁt%i%'n%ﬁ"( ‘a process
f ormxi}{g ﬁgp@rer acet at _agd coppounds cont ai ni ng one or mgre of Mo, V
and P witth Wt & 19 pPepgbr e “BRAG TRy JebRIeSO 1t AENLSTS T ARE L 1RHREE: based
di spersion (hereinafter referred to as the sl urr%, i ncluding the solution
and t he SSHEF &% iEHPM thepPravp: 6eB8dstdngdeyi Rg RheaRd 35y @ dbarced in the
process _(a) to obtain a dried slurry; (c) a process for coating the dried
slurry ¢bt ar fe@dnd @ FerrespReasonip)ranies efrtheregapeativpiedgment® . obtain a
coated product; and (d) a process for calcining the coated product
obt ai neaviith tthd=a<6, 0.55b=6, 0<c=3, 0=d=3, 0=e=3, 0=5f=1; g
is the ratio determined by the valence and ratio of the other
elements than oxygen)
(6) Acatalyst accorfling to the above term (5), further comprising
As as the active component.
(7) A method for manufacturing a coated catalyst for producing
methacrylic acid by the vapor-phase catalytic oxidation of
methacrolein, comprising:
(a) aprocessformixingcopperacetate andcompoundscontaining
one or more of Mo, Vand Pwithwater to prepare their agqueous
solution or their water-based dispersion {(hereinafter
referred to as the slurry, including the solution and the
dispersion );
(b) a process for drying the slurry prepared in the process
(a) to obtain a dried slurry;
(c) a process for coating the dried slurry obtained in the
process (b) on a carrier with a binder to obtain a coated
product; and

(d) a process for calcining the coated product obtained in the

process (c},




process (c), 5 " 6 MAR 2095 wherein said binder is at el ected
fromthe group consisting of water and an organic corrlgﬁﬁ%m@i boi l'i ng
point is 1500C or lower at latm (8) A nethod for nmanufacturing a coated
catal yst for producing nethacrylic acid by the vapor-phase catal ytic

oxi dation of nethacrolein, conprising: (a) a process for m xi ng conpounds
containing one or nore of My, V and Pwth water to prepare their aqueous
solutio . I_rs e d _di rSi (herei nafi ef.err as the

Rihee ! %aa.d‘ﬁ%&%dlet}ai% aq: é%ghsz: %%e @%l%cr%%(ib) réagnp r:tglcee?g‘o?l%r

slurry, 1ncludi ng the solution an | SPErsion drying
the slur repared_in .the_process a) to obtain.a dried slurry; .(b") a

br ocess RRESE st aBR BT ophRt SN AL NaReE S L B ol e
t he proc_es:lr?éptr;p%3 tonfr‘fefgrare a mxture; (c) a process for coating the

m xt ur e ot PF e Fock®™(b') on a carrier with a binder to obtain a
coated product; _and dé a process for calcini ng t he coated product

obt ai ne q)nAtIHFéth?ﬁé&% appfachHeiep Soafast FaEflystator REAANGHESel ect ed
fromthe gtroup consisting of water and an organic conpound whose boiling
poi nt  MEHUBEHTTIGC 13wkt BY Thenvapor-phasehedtrdy tien erd€addiong of coated

catal yst according to
methacrolein, comprising:

(a) a process for mixing compounds containing one or mbre of
Mo, V and P with water to prepare their agqueous solution
or their water-based dispersion (hereinafter referred to *
as the slurry, including the solution and the dispersion });
(b) a process for drying the slurry brepared in the process
(a} to obtain a dried slurry;
(b') a process for mixing solid copper acetate with the dried
slurry obtained in the process (b) to prep::ire a mixture;
(c) a process for coating the mixture prepared in the process
(b*) on a carrier with a binder tolobtain a coated product;
and
(d) a process for calcining the coated product obtained in the
process (c),
wherein said binder is at least one selected from the group
7 consisting of water and an organic compound whose boiling point
is 150C or lower at latm.
(9) A method for manufacturing a coated catalyst according to
the above term (7) or (8), further using a compound containing

As used to mix as the raw material to prépare the slurrj in the




the above term (7) or (8), further using a conpound contai i used to
mx as the raw nmaterial to prepare the slurry in the 6 d 6@@%ﬁ%@rocess
(a). (10) A nethod for manufacturing a coated catal yst according to the
above term (7) or (8), further using copper oxide used to mx as the raw
material to prepare the slurry in the process .(a). (11) A nethod for
manuf acturing a coated catal yst according to the above term (7) or (8),

further i ound containing As and copper oxide used to m x as the
raw nateé&s%#]%% ga?)reT}Sare the slurry in the process (a). (12) A nethod for -

manuf act uy i a a%e% catal yst acgording to _any qof the above term (7) -
(11), whEhl # BeFhonitRR Rt aetiitdna = Caayen driales tf SFORARIF A uri ng a
coat ed c&:&alaﬁ;ist according to ,any of the abaove term (12), wherein said
bi nder i "% FHKAUTET™ AT nGT al® bt HAHTIISHa e 19 COBPERa SRS 1352 of° 10/ 0 -
5/5. (14) A coated catalyst obtained by a nethod according to any of the
above tdRH¥ (38 the raw materiglc§q; pHerars| o sbULAIHednbihe REIIRF %
catal yst conprising M, V, P and Cu as the indispensabl e active conponents
on a carfdkr, wherein said catalyst is prepared by using copper acetate
for all or a part of a Cu material. (16) The coated catal yst according to
d ai m 15(1hdy mehhoBefox aaainisic thuding steemted eadfallytteropokjgangdt®er sal t
t her eof .

the above term (7) or (8), further using a compound containing

As and copper oxide used to mix as the raw material to prepare

the slurry in tHe process (a).

(12) A method for manufacturing a coated catalyst according to

any of the above term (7) - (11}, wherein said binder is ethanol.

{13} A method for manufacturing a coated catalyst according to

any of the above term (12), wherein said binder is a mixture

having an ethanol/water ratio(mass ratio) of 10/0 - 5/5.

(14) A coated catalyst obtained by a method according to any

of the above term (7) - (13).

(15) A coated catalyst obtained by coating a catalyst comprising

Mo, V, PandCuas the indispensableactive componentsonacarrier,

wherein said catalyst is prepared by using copper acetate for

all or a part of a Cu material.

(16) The coated catalyst according to Claim 15, wherein the

catalyst has a structure of heteropolyacid or salt thereof.

BEST MODE FOR CARRYING OUT THE INVENTION

One of the preferable method to obtain a catalyst of the




BEST MODE FOR CARRYI NG QUT THE | NVENTI ON One of the prefe

obtai n
and/ or
1. an

whi ch~cont ai ns the active conponents” dependi ng on the cases)

a catalyst of the 7 16 MAK 2uuo present
di sperse in water the plural
active- conponent- containing conpound”

abl.e, et hod to
i nvention ii?tfiﬁ‘iﬁﬂﬂ&bl ve

conpounds (hereinafter

i nst ead of

referred to as

" a conpound
cont ai ni ng

one or nore of My, V, P, Cu and other elenents if (a)), wherein copper
necess- , o] .a.Skur Bl - - s, aglded- q copper
conmpoun F%Fﬁﬁfb&ggg slgPy%%gﬁ¥ﬁ§jn§F5&$%'?ﬁgrggg%gggs%b??. Anotﬁgfpis
to-m X I.d c r t at Y, or an r) «after
drying ?H§8£]Urrgga'ﬁuggsaceigFggﬁpskg%ka pggﬁgg%xgoppgé ag%$ateq%§ed~ I n
t he prepartat jon, . -": Qt{_ thq:I |, .above--sl ur Vs = -Vger}E a gol mo%rﬁqld

cont ai niftg At &I REOPRer SO RY SETPREN It BFFERY For PrEpEITG the
slurry, catalyst obtaipned by drying the slurry contains het er opol yaci d
sal t 5§ WHREREPREGIPEAFRG SUELTS S TRANER . AEHE P Ret PRGNS )
-conponent -containi ng conpounds used L.. for-.grf-parin a slurry in the
present GANVEHOIRT OBCePE BOFFePE Mo | Vackt atueandipiheh etelieitts idnes are

t he conpounds which can be converted to,- the heteropol yacid (salt) by

dryi n§ @EeSHeTese PReNaTH acker By Adhet PECBR8E ded) ) dyhereTRCHRfAFounds -

include chlorl-des;.c sulfates, nitrates, ammonium . salts, oxides and
~gzacetate-is added-as a copper compound, followed by drying the

. slurry(theprocess (b)). Anotheristomixasolidcopperacetate
(generaltly, powdery or granular) after drying the slurry, inr

vooplaceref allor a part of copper:acetate used in the preparation:

o4

rwniof - the! above slurry.:. I L TR
-rWhen a compound containing an alkali metal is used as the
- material for:preparing the slurry, cata-lyst-obtained by drying
the slurry contains a heteropolyacid salt as the catalytically

-active component.

For the other active-component-containing compounds used
-~ for. preparing a slurry in the present.invention except copper
7. acetate,: the preferable ones:are the compounds which can be
r.converted teo:the heteropolyacid(salt) by drying (the process
(b))or calecining (the process (d})). The compounds include
45 chlonides, i.sulfates, nitrates, ammonium :_'-:salt;.s, oxides and
o cacetates. of:the active elements. :Thepreferable compounds are.
more specifically ex'emplified. They include nitrate salts such

as potassium nitrate, cobalt nitrate and cesiumnitrate; oxides

. zasuchasmolybdenumoxide, vanadiumpentaoxide, antimony trioxide,




m acetates of-;, the active el enents. The.preferableco p nor e
speC|f|caIIyexean|f|ed They include nitrate salts suchqudﬁﬁgéﬁgilun1
nitrate, cobalt nitrate and cesiumnitrate; oxides such as nolybdenum

oxi de, vanadi um pent aoxi de, antinony trioxide, 8 al6é MAR 2005 cerium oxi de,
zi nc oxide or germani um oxi de; and an acid (or the salt) such as

ort hophosphoric acid, phosphoric acid, arsenic acid,” boric acid, alumnium

phosphat r. 1 ngust ophgsphoric aci d. . These ybe sed aI rin
Pons nateh st erultdr 21 gRoReHg 3%@]?15%%%%0“ 3 AR A 8D 1 s a

part of cat Il ca | ve, conponent ntribute in atal ti.c
Betivity ‘ﬁeﬁﬁuche%d% OB SERAR EE gt G Pt pPifiart It en t he
reactlon stab lity of the_prepared catalyst. Qher co ounds t han t he
ammoni uAS4+ o516 a5ty atPpThibE PHOTORA to RECHAG SRR PBF T Lo

(hereinafter referred to as a copper conpound): in the present invention,
copper &%t €hREY MPe hesugefplone Gr &np‘é‘?fﬂb-b‘?a?%@ SFoliNe de&eISary for
the copper conpound to be a catal yst. The reason is not clear why the
catal ytic abiThet prmenduge|gadit. \Wiese oppeenbaet areubpsigsadpaBdt oft i s
assunmed that the copper acetate has an effect to derive reduction state
of the agttalgtdemidinemstive pompeneng tte teberbpotgadnd qagaitytic nto the
optimum state. The copper acetate is not limted to either the hydride
sal t - or adigvartty,dhoweveal,t neadd &oybef usefir casefatkey dbecawspriic magyet at e and
basi c copper acetate can be used.
.- shorten the reaction stability of the prepared catalyst. Other
compounds thah the ammonium salts are generally used.
For a compound containing Cu (hereinafter referred to as
a copper compound)-in the present invention, copper acetate may
be used in all or a part of the amount necessary for the copper
compound tobeacatalyst. Thereasonisnotclear _why the catalytic
abilityisexcellentwhencopperacetateisused. Butitisas sumed
that the copper acetate has an effect to derive reduction state
of the active components for preparing the heteropolyacid (salt)
into the optimum state. The copper acetate is not limited to
- either the hydride salt or the anhydrous salt, and any of cuprous
acetate, cupric acetate and basic copper acetate can be used.
A Dbivalent copper compound, especially cupric acetate is
preferable. As longas copper acetate isusedas acopper compound,
the combinationwith other copper compounds brings out no problem
and rather, if used in con_ibination with copper oxide, especially

with cupric oxide, a good result can be obtained in some cases.

‘The combination of copper acetate with the other copper compound

N




A bival ent copper conpound, especially cupric acetate is i ¢4} Qwﬂa As
| ong as copper acetate is used as a copper conpound, the conbinatlon with

ot her copper conpounds brings out no problem and rather, if used in

conbi nation with copper oxide, especially wth cupric oxide, a good result
can be obtained in sone cases. The conbination of, copper acetate with the
ot her copper conpound. 9 16 MAR 2005 can be used with no limtation if the

sum of ] beCABRANF: {Rho 99460 AL RN Siunf Ael P DY LRAM, and 3 or

| ess, preferably nore an ess relative' to e nol ybdenum
atom c _ rafd.0 0f. &{?_. [t .S [ , r,at i f r tlgm in the
copper ad(’:et ate to ﬁlé:togqlr]cs ?%aﬁ{))t% ﬁ—g‘kr%lieo%gg}r" igﬁ%gu%%gﬁgs';%%%fa% 00: 0. .
The copper,.acetate used i.n th resent, Lnventi on na blg added with other
active- gg‘r?plo'noérntm-ogc?ntagi ilnSrcgﬁgﬁuﬁﬁgaFﬁvep %p@?% T‘?\;]ey qeLﬂW.adcomlc
Al ternatively, ecessary anount of solid  copper. acetate w thout naking
an aqueo‘f?st’ls%lclfilg’n piif é%aBF?EeFﬂb%ﬁetlFﬁFnjF]B? %IRRT O ey be
added to, the dried slurry (preferably powder or granule) (the _
process (¥ )bhe ¢REPeFaffetahay taeyrde Idbhlienedhairt AOPRRT feRIRRURG . SHependi ng
on the -cases. For exanple, a part of copper acetate is used as a nateri al
for the Hurty a4 +eminder, as a solid copper acetate, can be added
to the dried slurry. In the latter way, it is preferable that the ratio of
t he copper acdihst copp¢adagetahe usned ein dine preskeatsioveptiontmay du i d
copper acetate mxed with

added with other active-component-containing compounds to

- prepatre the slurry. Alternatively, a necessary amount of solid *

copper acetate without making an agueous solution preferably

in the form of powder or granule, may be added to the dried

slurry (preferably powder or granule} (the process{b’)). The

latter way may be combined with the former way depending on the

 ‘cases. For example, a part of copper acetate is used as amaterial

for the slurry and the remainder, as a solid copper acetate,

can be added to the dried slurry. In the latter way, it is

preferable that the ratio of the copper acetate added as the

material for the slurry to the solid copper acetate mixed with

the dried slurry is 0:100 - 100:25. The solid copper acetate

is not limited to a specific shape or size as far as it can be

uniformly mixed with the dried slurry. But it is better to use

the similar size particles so as tomake it easy tomixuniformly.

It is preferably’grdhular‘or‘powdery, more preferably powdery.

A granule or powder of sclid copper acetate has generally a

particle size of 2mm or less, preferably lmm or less, more

10




the dried slurry is 0:100 - 100:25. The solid copper acet &t ’
limted to a specific shape or size as far as it can be %n&f%&%@ﬁn

with the dried slurry. But it is better to use the simlar size particles
so as to make it easy to mx uniformy. It is preferably granular or
powdery, nore preferably powdery. A granule or powder of solid copper
acetate has generally a particle size of 2mmor |ess, preferably | mm or

| ess, r"ef%@.abl%h Mok LL%Q(BS.E ] L1010 moéQO%%%rhsiguaawﬁp%tr I%%fser ably

3009n1or | ess lower Iimt is not specif I's generally 10 or

for € aeﬁ%eo%%%ﬁ:a?i&h@ol&rnd@r REGAUSE BRR & § dHQrQi‘H‘fé”cﬁf miEelt It s

too fin l"'atter way, nanely to add the sol copper acetate to the

dried slyr f |e e latter
ey shorthPrrEs- B8, 76 H heleinadais e URuc ss ARMACIALBE ReEe, | Tuh ch
al | copper acqiat & ;a8 used as the material for the slurry. Wen the
latter catal §ﬂﬁ%ed to produce methacrylic acid from et hacrol ein, "a

hi gher vyield a hi gher conversion d a near]y the sane select|V|ty)
at “the same réfiea 161 el BT ac BB LN EBea Bt Hhckh L RAR s L e case
the former catal IS used. In other words, the same yield (the sanme

conver sitth &R€ t%Elégneg%‘é‘F’é‘ét | Vit yJRo&En pEefabrhified He a 9T Steact i on

tenperature. A lower tenperature is very preferable for the catalyst life.
The ot hétargfactaireshpyntne hatdienvway\shevgfiahern actpyity than what

is obtained by the former way in which all copper acetate are
used as the material for the slurry. When the latter catalyst
is used to produce methacrylic acid from methacrolein, a higher
yield(withahigherconVersionandanearlythesameselectivity}
at the same reaction temperature can be obtained compéred with
the case the former catalyst is used. In other words, the same
yvield (the same conversion and the same selectivity) can be
obtained at a lower reaction temperature. A lower temperature
is very preferable for the catalyst life.

The other active component than Mo, V, P and Cu in the
present invention includes As, Ag, Mg, Zn, Al, B, Ge, Sn, Pb,
Ti, Zr, Sb, Cr, Re, Bi, W, Fe, Co, Ni, Ce, Th, K, Rb and Cs.
The preferable component is one or more elements selected from
the group consisting of As, Ag, Mg, %n, Al, B, Ge, Sn, Pb, Ti,
Zr, Sb, Cr, Re, Bi, W, Fe, Co, Ni, Ce, Th, K, Rb.and Cs. As
is:especially'preferable. In some cases, it gives a favorable
results if As is used in cémbination with the Cs both as an éctive

- component.
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present invention includes As, Ag, My, Zn, A, B, GCe, Sn,?@bﬁaa'lzﬁ;%ﬂ, Sb,
Cr, Re, Bi, W Fe, Co, Ni, Ce, Th, K, Rb and Cs. The preferable conponent
is one or nore elenents selected from the group consisting of As, Ag, M,
Zn, Al, B, G, Sn, Pb, Ti, Zr, Sb, C, Re, Bi, W Fe, Co, N, Ce, Th, K
Rob and Cs. As is especially preferable. In sone cases, it gives a
favorable results if As is used in conbination with the Cs both as an

active conpoRgt ﬂtg,ql%gqra\&% 3205, Jhe Ao (??rﬁﬁgégl&groﬁgg[ﬁg‘uﬁ%l\é&tcorrponent

of the catalyst 1n the present invention, an atom c

ratio Oj].cn :l:ple ﬂ)fe {q] lv%\ﬂst:'o heﬁ%dlm%i‘gﬁgé gﬁ%%é"a'r?’a%.hﬁﬁcoéa 'ol or nore
and 6 or less, preferably 0.3 o nbre an “G™0r ess,; Re phosphor us has
general |l y. that of 0O, r.nore and 6 or less, preferably 0.5 or nore and 3
or Iess;c}lfl'h]!e\b’;"colpspearS Efa‘%'lgoe%se'r ally that of nore than 0 and 3 or |ess,

preferably O. or__nore ang 1 or Iesi The ot her active congonent used for
the catal yst i1 h&EEEEANF hafqaereTally othah de gt &FntREE BBPehdi™ng on the
using conditions _in order to show an optinmal performance. The preferable
cat al ystT®%ePTHFEARLE b P ARES | Had &F a@F5%e conponent conposition
represented by Formula (1) below Ml oVaPbCucAsdXYfQg (1) ( wherein, M, V,
P, Cu, As and@epPhesPROIWs Wgedeneraddadthat of 0.5 or more and 6

or.less, preferably 0.5 or more and 3 or less;

The copper has generally that of more than 0 and 3 or less,
preferably 0.01 or more and 1 or léss;
The other active component used for the catalyst if necessary
andits ratic can b.e determined dépending on the using conditions
inorder to showan optimal performance. Thepreferablecatalyst
used under a common conditionhas an active componexit composition
represented by Formula (1) below:
Mo,;,V,P,Cu ,Asy4X. YO, (1)
( wherein, Mo, V, P, Cu, As and O represent molybdenum, vanadium,
phosphorus ., copper, arsenic and oxygen respectively: X
represents at least one element selected from -the group
consisting of Ag, Mg, %Zn, Al, B, Ge, Sn, Pb, Ti, %Zr, Sb, Cr,
Re, Bi, W, Fe, Co, Ni, Ceand Th; Y represents at least one element
selected from the group consisting of K, Rb and Cs; a, b, c,
d, e, fandgrepresent atomicratiosof their respectiveelements,
with 0.15a=6, preferably 0.3=a=2; 0.5=b=6, preferably 0.5
=b=3; 0<c=3, preferably 0.01<c=1; 0=d=3, preferably 0.01

=d=1; 0=e=3, preferably 0.01=e=1; 0=f=1, preferably 0
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phosphorus, copper, arsenic and oxygen respectively; X regp t t | east
one el enent selected fromthe group consisting of Ag, I\/g% éﬁ%ﬁg\lﬁﬁé Ge,

Sn, Pb, Ti, Zr, Sh, &, Re, Bi, W Fe, Co, NN, Ce and Th; Y represents at
| east one elenent selected fromthe group consisting of K, Rb and Cs; a,
b, ¢, d, e, f and g represent atomc ratios of their respective el enents,
with 0.1~5as6, preferably 0.35as2; 0.5Chb'6, preferably 0.5 Sbs3; 0<c53,

pr ef er ably <0 0%59; : Qﬁfh_(k_ .« preferably .0, 01 sd<%£L' O-5eS3, npreferably
0. 01<-e;75¥;_?)5 ;5I§']ipsre et abl ﬁood%z_%fgllﬁéﬁ P20 %r.’%%;asgi %Jhoe ratio
determn ?%éhth val ence and _ratio of the other ele n% Ah oxygen,
gener al Iofltd i °§§fr58ifmfy 5) thah; XL ﬁetne&iﬁ ewd‘g?'a' %e’ﬂg%}gq)h‘e
foll owi ng proggdure. slurry. sol.yti.on E ti ye-conmponent - cont ai ni ng -
conpounds is %glrlgpg?g?if\%?l:ﬁalng?? B edg ﬁp%ggl&ﬁgﬁﬂrﬁ%eeﬁﬁ?act i ve
corrponegﬂty%ﬁ_1 can bf uniformMy mxed with a sol vent, _gr eferablg w th water
to prep FEYsFOorrhLen e Ak VeReomPenep ts SrRtadR1NGoFPEPAYRF cfer abl y
all the necessary active- conponent-contai ning conpounds excluding a copper
conpound®iePanakiat (£ipett i VUEADURPEPREEESS SOR tRdNiNGe easinIgativerhe
slurry solution may contain the copper conpound in no anmpunt, in a part
of the rEdRonat Gbean, berunifogdivenikedrietids sasglueptntprafrravhper
conpound al so nay be added with the other conpounds to prepare the slurry
t hat comidimyagelr thorapane theonponentsaontiomi fhecshpoondsoheicessary f or
t he catal yst of ) '
contains preferably all the necessary active-
cfbmpon_ent—containing compounds excluding a copper compoundiin
their respective amounts necessary for the catalyst. The slurry
solution may contain the copper compound in no amount, in a part
qf the necessary amount, or in whole the necessary amount.
The copper compound also may be added with the other
'~ compounds to prepare the slurry that contains all the active-
component-containing compounds necessary for the catalyst of
the present invention. when the slurry containing the copper
compound is prepared, copper acetate is used either in all the
necessary amount or inpart of the copper compound. Copper acetate
may be used toprepare the slurry that contains the copper compound
inpart of the necessaryamount, or other copper compounds without
copper acetate may be used depending on the contents’ amount.
If the slurry contains the copper compound in no amount or only
in part of the necessary amount, the shortage have to be

supplemented with the solid copper acetate after drying the

slurry as being described later.
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the present invention. when the slurry containing the 8p% conpound IS
prepared, copper acetate is used either in all the gount or in
part of the copper conpound. Copper acetate maybe used to prepare t he
slurry that contains the copper conpound in part of the necessary anount,
or ot her copper conpounds w t hout copper acetate nay be used dependi ng on
the contents' amobunt. |If the slurry contains the copper conpound in no

amount or onl el B1pakt; afn tiﬁbrﬁ¥§§éﬁ{ylﬁﬂgﬂﬂiontH% %Q%%E%Q%l?a%% to be
suppl emented with the Solid copper acetate after drying the urry as

being desiddied | alfurich 16 MR.2005.4116, SI Ufyngn t BRePr eseat Jyventi on
era

Is pref 'y an aqueous sol ufion e ratio anonhg the active-

comone O Al NG COMANESHAHIE LS 0L Jd reotteﬂ%rﬂit{eﬁei{ eleggPect ive

atom c ratios are Ve ranges er to use is
not limited if a&) all the comoun o be co §§§ dlss%Ived or
unlformﬁf%ﬁ%g e4h '%ﬂ%rﬁ LOF&E Y té PX%ﬁﬁP% i §Wlﬁﬁcﬁ t he
dryi ng net ho the dryin condltlon shown_ bel ow, ener

dryi ng T o and Lhe drig condi ] on showp, below, 11, 1o generally

t he compounds for preparing the slurry. However, too nuch wat er _brings
about meRy RRNEPTPLEERHLR Qésﬁollrv&ﬁ HerdRL kLY grigegi ngndpded® or an
i nconpl ete drying. There brings little nmerits. Therefore approprlate
amount sietaEngds dyecfter AbrecopRaddsratignt afisthet @rvibed imetdredkdnd change
into the dried

the drying condition shown below. It is generally 200-2,000

parts by mass relative to 100 parts by mass of tota¥ amount of
the compounds for preparing the slurry. However, too much water
brings about many demerilts such as a high energy cost for drying
process or an incomplete drying. There brings little merits.
Therefore appropriate amount of water is preferable.

The slurry thus obtained is dried to change into the dried
slurry. The drying method is not limited provided that it can
completely dry the slurry, and includes drum drying, freeze-
drying and spray drying. The spray drying is preferable in the
present invention because it can dry the slurry into a powder
or a granule faster than the others.

The drying temperature varies depending on the
concentration and the flow speed of the slurry, and is commonly
85-130°C at the outlet of a drier. The slurry is preferably dried
into the particle of which average size is 30-1504m. The dried
slurry, if it is a block or a large particle, is preferably ground

‘to get a particle having the above size. The dried slurry in
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slurry. The drying nethod is not limted provided that it cgn _ﬁgﬁaaetely
dry the slurry, and includes drumdrying, freeze- drying é% @% ryi ng.
The spray drying is preferable in the present invention because it can dry
the slurry into a powder or a granule faster than the others. The drying
tenperature vari es depending on the concentration and the flow speed of
the slurry, and is commonly 85-130'C at the outlet of a drier. The slurry

i s preferab ied, into.the particle. of which drier. The sl
e e R S AN BIFIANE SyeRd 900 e

arry, 8, 7 preEt efabl y _
ground tq get a particle having the above size. The dried slurry in 14 16
MAR 2005% f'sent invention includes the above particle obtained by

grinding. If the slurrégcontains_the copper conpound i.n, no anmount . or in
only a part oftft hBen2tREERSPRIRIRT TR GPOP I EPRPEURE 1R |38 ed to t he
dried slurry in_the anmount to cover the shortage to have a honpgeneous
m xt ur e OTTHE @PH&dasPEFTtyofr thehReapBIarE oppenn bic cTMRLTi 3RHALY Hér ei naf t er
inclusively referred to as a dried slurry) can directly apply to the
vapor - praaRplemeniad ¢oxittatduked fusey prrefdrainound] ded d¢aed” thepel let, a
tablet, a ring and a sphere in order to reduce the l|oss in reaction gas
pr essur eshes b rtich dcvab ey bompbigens oasp mdxdirg . dBisée rébl ed thairtshemr i ed
slurry is coated on an inert carrier to prepare a coated catal yst, because
t he cat athestabsvexpepped acetate mixture (hereinafter inclusively
referred to as a dried slurry) can directly apply to the
vapor-phase catalytié oxidation, but is preferably molded into
a pellet, a tablet, a ring and a sphere in order to reduce the
loss inreactiongas pressure as describedabove. Itisespecially
desirable that the dried slurry is coated on an inert carrier
to prepare a coated catalyst, because the catalyst is expected
to have an increased selection and remove a reaction heat.
The coating process (the process (g)) is preferably a
tumbling granulation as described below. An apparatus for this
‘method has a flat or uneven disk set on the bottom of a fixed
vessel. The high speed rotation of the disk causes a carrier
torepeat itsrevolvingmovement andorbitalmovement, vigorously
stirring in the vessel. The mixture of a binder, the dried slurry
and other additives such as a molding auxiliary and a strength
improvement agent are added to the carrier to be coated with
the mixture. The method for adding the binder includes: (1)

the binder beforehand is mixed in the mixture; (2) the binder

is added simultaneously with the mixture in the fixed vessel;
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to have an increased selection and renove a reaction heat. gr? ﬁgg?ﬂl g
process (the process (c)) is preferably a tunbling granulatflo 0
descri bed bel ow. An apparatus for this nethod has a flat or uneven disk
set on the bottomof a fixed vessel. The high speed rotation of the disk
causes a carrier to repeat its revolving novenent and orbital novenent,
vigorously stirring in the vessel. The m xture of a binder, the dried

slurry  @nd «Qfdefinfldi Gl Vggdéﬁcgﬁééeédﬁﬁ dinge %'%ﬂé‘rr&’ ea gngt h

IITpI‘OVEITEI’lt agent are a d to the carriérto coate W t mxture.

R A Lot B efle@neif% and i's

mxedlntemx ure; I's a aneousl'y

m xt ure eflx vessel . 15 t he Dbi ded
succeedl“J‘ldﬁI G152 &t e’id‘h R r e '\ﬁﬁn H'i}l’%t'ﬁ?ecf‘rﬁﬁ;dci"eq b3 ° he

bi nder is added bef ore t he mxtur added_ into the fixed v (5) the
m xt ur e SRFATHE ‘£ hseéﬁarrﬁﬁé’& A& PHEFllopﬁsp‘élaiL?]i)eajb%rE@%‘?é hhich are
added in_the appropriate conbi natlon of ( @(4 to reach their total
anount . e R Tiahf ORI (3 maghddeiRtiidl  For
the (5) nethod, an automatic feeder |s preferably used to regulate the
addi ng W%oTaebtledslrme aRdediontdcaallyhy aunefithgseaatiodtd | of the

fixed vessel and fromnutually agglonerating, and the m xture to be
suppor t &PBrihehd Sgamethed. | an thietgratie ifsmflegndgnprefhsabilycesed ssqot
limted to a special one as long as at
regulate the adding speed so as to prevent the mixture from
adhering to the wall of #fhe fixed vessel and from mutually
agglomerating, and the mixture to be suﬁported on the _carrier
in the prescribed amount.
The binder is not limited to a special one as long as at
least one binder is seledted from the group consisting of water
 and an organic solvent having a boiling point of 150C or lower
at 1 atm. But it is preferable that a binder have a boiling
point of 100TC 61: lower considering the drying procedure after
coating. The other binder than water includes an alcohol such
asmethanol, ethanol, propancls and butanols, preferably aCl-C4
alcohol; an ether such as ethyl ether, butyl ether and dioxane;
an ester such as ethyl acetate and butyl acetate; a ketone such
‘as acetone and methyl ethyl ketone; and these agqueous solutions.
Ethanol is especially preferable. Ethanol as the binder has an
ethanol /water ratio of 10/0-5/5(by mass), preferably of

10/0-7/3{bymass). These binders are generallyused in 2-60 parts

by mass, preferably 5-25 parts by mass relative to 100 parts
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| east one binder is selected fromthe group consisting Of?ﬁ?m and an
organi ¢ solvent having a boiling point of 1500C or | ower R

is preferable that a binder have a boiling point of 1001C or | ower
considering the drying procedure after coating. The other binder than
wat er includes an al cohol such as nethanol, ethanol, propanols and
butanols, pref erably a d -C4 alcohol; an ether such as ethyl ether

a ketone-su as acetone an

a2y But it

butyl e r@%%g %’Qﬁ%n%rle%Péﬁﬁﬁﬁﬁ&SUCh as ethyl acetate and butyl acetate;

et hyl ketone; and these aqueous

sol uti ons. E&ﬁ noI |s es ecially. Rﬂg@erab e. Ethanal .as_the der has an

et hanol / wat er ‘1 ati 6 of fb/ éfgfbﬁ g)prsﬁgp r&ﬁﬁ?ngﬁonldfﬁ u °F3 (by

o1 ot br b g I SBO=RERL GeAT SR ePAPRLITeS (H AR 008 by mass

of the dried slurr The carrier to use in the present invention includ
concr et €17 ﬁsé‘mb'pﬂgf‘%éﬁﬁb?:&r?r'l Tl sHGh R Sldiicpng ﬂ?ﬁ%@%r adfamipay 5 ym

preferably 2.5-10mm such as silicone carbide, alumina, nullite and
al undumntiddde andi alundulle JoRELaIGATTIGTS dave agenerably16- Fo%ke The
carrier and the dried slurry to coat are generally used in a ratio of
(dri ed dlugation @f é@-JI0Gr-r Fhe+caariper fnd e 78249y ferrry pgrefooadbl y
15-60% by mass. The coated catalys t , if the dried slurry has a higher
rati o , ane gemelraddg teecflave a raatdld ef (Brhedi shhrsy )y hdptted rdsuintyi ng
| arger attrition), though is higher the reaction activity.

+ carrier) = 10-75% by mass, preferably 15-60% by mass.

The coatedcatalyst, if thedried slufry has ahigherratio,
is inclined to have a smaller mechanical strength (resulting
in a larger attrition}, though is higher the reaction activity.
Contrarily, the coated catalyst, if the dried slurry has a lower
ratio to use, is inclined to have a smaller reaction activity,
though is larger the mechanical strength (resulting in a smaller
attrition).

The dried slurry may be coated on the cafrier in the present
invention with a molding auxiliary such as silica gel,
diatomaceous earth and an alumina powder if necessary. The
molding auxiliary is generally used in an amount of 5-60 parts
by mass relative to 100 parts by mass of the dried slurry.

It is useful for increasing the mechanical Strength of
the catalyst to use an inorganic fiber such as a ceramic fiber
and a whisker if necessary as the strength improvement agent,

which is inert to the catalytic components. But a fiber such

as a potassium titanate whisker and a basic magnesium carbonate
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Contrarily, the coated catalyst, if the dried slurry has ﬁer ratio to
use, is inclined to have a snmaller reaction activity, ﬁi%uﬁ% Lgmﬁarger t he
mechani cal strength (resulting in a snmaller attrition). The dried slurry
may be coated on the carrier in the present invention with a nolding
auxiliary such as silica gel, diatonmaceous earth and an al um na powder if
necessary. The nolding auxiliary is generally used in an anmount of 5-60

t . Lative to.10 ts b f the dried sl It |
ot ul T ahe hhY TRESHECRaR? o Rt hgRn 6o THECERTa YAt KhUse an

I norgani ¢ fib%&é§§0h as a cerﬁﬁic_fibe[ and a whi sker_if necessary as the
st r engt FAYPOVERERIPREERES - Tt dHBST LAcyeRebrHhe Usadaipt 32 AWM dnent s.
But a fiber such as adgotassiun1jitanate whi sker and a basi c nmagnesi um
car bonat¥ 1730 RARERPYOBBS ffisiadii vy Eonbl 0 peatter B easse Ofukke idpdar e
reactive with the catalytic conponents. The fiber is generally used in an
anount SOfUTEY30 parts by mass relative to 100 parts by mass of the dried
slurry. An additive such as the above nolding auxiliary and the strength
i nprovenent ag@ntdditiyensvah|as dddedboveomalddiaguaakditiarvguidhdheni th the
carrier, the dried slurry and the binder for coating the carrier in the
coat i ng ghrresdh idprovenest sigentyartdigenebail pedidesi sk afgramdaitiorg t he
carrier. The coated product thus obtained has generally a
together with the carrier, the dried slurry and the binder for
coating the carrier in the coating process.
The dried slurry thus obtained is used for coating the.
carrier. The coated product thus obtained has generally a
‘diameter of 3-15mm.
The coated catalyst thus obtained, which can be directly
used as the catalyst for the vapor-phase catalytic oxidation,
is preferably calcined to have an increased catalytic activity.
The calcining temperature is generally 100-420°C, preferably
250-400C and the calcining time is 1-20 hours.
The catalyst thus obtained of the present invention is
used for preparingmethacrylic acid by the vapor-phase catalytic
oxidation of methacrolein. The phrase “"the catalyst of the
present invention” is used to mean, unless otherwise specified,
that it includes both a dried slurry obtained through the
processes (a)-{(b) and the process (b') if necessary and a coated
catalyst obtained through the process (c) (and preferably the

procéss (d)}.

The molecular oxygen or a molecular oxygen-containing gas
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di aneter of 3-15mm The coated catal yst thus obtained, i '
directly wused as the catalyst f or the vapor-phase catgﬁj§??%ggﬁﬁgtion,

is preferably calcined to have an increased catalytic activity. The
calcining tenperature is generally 100-4200C, preferably 250-4000C and the
calcining tine is 1-20 hours. The catal yst thus obtained of the present

i nvention is wused for preparing nethacrylic acid by the vapor -phase

| yti i;dat i f h Lein. -The ph "th I f th
ot eaent Avant ant e’ bebftrBRngs A tarciLs SR ol Fhe Moagtar noy

present ‘Tnvention" 1S uS it

i ncl udes_both a dried t ai thr. th ' - (b d
he. pr odBRR s B pEREARLY AP EHTIe HOLGED St r AT §F MBEERAAE ARILGh t ne

process (g%& and greferabl t.he ﬁrocess (d)).. The nol ecul ar oxygen or a
mol ecul ar~ dkyget? E&%%Oﬁ@l&as— aterplBrReS603PILY FAERM figy thagaw
vapor - phase catal ytic oxidation. The nolecul ar oxygen is preferably used
in a mImQ’faethcFJOﬂa@.@?Oﬁﬁoﬁﬁ?aé:lﬂ efel o o tha methaare hedimhipraiddth. Wat er
is preferably added in the raw material gas in a mol ratio of 1-20 to the
met hacr diidronlenaks the smediterzgactimn snooth reaction. The raw materi al
gas may contain, in addition to oxygen and if necessary, water (generally
wat er vapor), Tiees regcihatieriailt gagemy carbaindi dri dédahion tataxwyedesd
hydrocarbon inert to the reaction.

and ,if necessary, water (generally water vapor), gas such as

nitrogen, carbon dioxide and a saturated hydrocarbon inert to

 the reaction. ~

A gasobtained by the oxidation of isobutylene and tertiary
butanol may be supplied for the methacroleine.

The reaction temperature of the wvapor-phase catalytic
oxidationisgenerally 200-400T, preferably 260-360C. The space
velocity (SV) for supplying the raW'materiai gas is generally
100-6,000h r ! , preferably 400-3,000h r !.

The catélyst of the present invention allows the reaction
to be executed at a high space velocity, because it does not
give a large change in reaction yield at an increased SV.

The vapor-phase catalytic oxidation can be executed under

a pressure or under a reduced pressure. A pressure around the

atmpsphere_is suitable for the oxidation.

EXAMPLE

The following examples are further illustrative of the

present invention. Any of the ratios of the active component
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A gas obtained by the oxidation of isobutylene and tert g WA yggsol nay be
supplied for the nethacrol eine. The reaction tenperature of the vapor-phase
catalytic oxidation is generally 200-400 C, preferably 260-360C. The space
velocity (SV) for supplying the raw material gas is generally

100- 6, 000hr-1 , preferably 400-3,000hr-1. The catal yst of the present
invention allows the reaction to be executed at a high space velocity,

because ddmfNGs ifls 9 ’t{ﬁeaﬂiéhgfe&%%&l%\{)l%ac‘éﬁ eR oM Shga w@f) d¢Cr eased

SV. The vapor - phase catal ytic oxidation can be executed er a pressure

d d t ' i tabl
For ' he S At G AL er s, el QA Sl TR el 1 2 ve

of the g{@fc%{};{ invention. Any of the ratios of the active conponent 19 J6
MAR 200 ohpositions in the Exanples are calculated froman anount of
materials used in the Exanples and the fornula shows except oxygen.
Exanple Al (1) Preparation of catalyst In 1900nmlL of pure water, 300g of

nol ybdenEum trioxide, 11.37g of vanadi um pentaoxi de, 3.31g of cupric oxide,
8.32g of* %A% Alacetate nonohydrate, 28.82g of 85% ort hophosphoric acid

and 24. 6499 of 60% arsenic acid were dispersed or dissolved and then
(1) Preparation of catalyst :

In 1900m1 of pure Watér, 306g of molybdenum trioxide, 11.37g
of vanadium pentaoxide, 3.31g of cupric oxide, 8.32g of cu;pric
acetate monohydrate, 28.82g of 85% orthophosphoric acid and
24.64g of 60% arsenic acid were dispersed or dissolved and thén

stirred to heat under reflux at 95-100C for about 6 hours to

obtain a reddish brown transparent solution.
Antimony trioxide(1.52g } was added in the above solution and

then heated under reflux at 95-100C for about 3 ho'urs to obtain

a navy blue solution.

‘Then, the solution was dried by a spray drier to obtain a catalyst
granule. The catalyst granule (319g) was mixed uniformly with
44.7g of ceramic fibe_r to get a powder, which was then gradually
sprinkied over 300g of a spherical porous alumina carrier under
dropping 90% aqueous ethanol solution in a rotary drum to coat
the spherical carrier with the catalyst granule. Almost no lost
powder was perceived during the process.

The molded product thus obtained was calcined at 310 for 5
hours under an air stream to obtain a coated catalyst. The coated

catalyst had an active component composition of M0O,0Vy.sP1.5
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stirred to heat under ref lux at 95-1000 for about 6 hours to obtain a
reddi sh brown transparent solution. Antinony trioxide(l.5: )é«]&@?ﬂ%ded in
t he above solution and then heated under ref lux at 95-100 out 3
hours to obtain a navy blue solution. Then, the solution was dried by a
spray drier to obtain a catalyst granule. The catalyst granule (319g) was
m xed uniforn1y with 44.7g of ceramc fiber to get a powder, which was

t hen gr II)&S pr; pkl ed over 300g of a spherl cal porous alum na carrier
under |ng aqu@ous ethanol solution in a rotary drumto coat the
spheri caI carrl er wwth the catalyst granule. Alnbst no | ost powder was
percei ved during t he process The nol ded product thus obtai ned was cal ci ned

at 3100 an ai reamto obtain a coated catal yst. The
coat ed C(r:a)taﬁ atlyocé‘(fa tl\f)é'l cérﬁ'b |t| on of Mb1OVO.6Pi.2 20 J 6

MAR 2005 C u 4A805 Catal ytic oxi dation of net hacr ol ei n
The reac fr%gr%aa“t%ry%tcﬁ ttﬁﬁ@%ﬁn arlﬁadomélagéké’&% Pagked dim%ss st eel

react or tube havi ng an inner diameter of 18.4mm in which nethacrol ein was
oxi di zed® iihdeegheteshdagdw habe hayd ngaan domsssii ABAtYF of akd 1Mleri al s was
rrethacrol eln_ oxygen water vapor : nitrogen =1 : 2.8 : 5.0 21.0 (nolar
ratio); Heh i de tha i kein IAs sl dizrod unden thel eonditdan Gmt

terrperature was 310- C. Methacrol ein conversion was 85. 9% and
the gas composition of raw materials was methacrolein : oxygen :

water vapor : nitrogen = 1 : 2.8 : 5.0 : 21.0 (molar ratio);
the space vélocity {(SV) was 1,000h r ! and the reaction

temperature was 310°C. Methacrolein conversion was 85.9% and

selectivity to methacrylic acid was 84.8%.

Comparative Example 1

In 1900ml of pure water, 3609 of molybdenum trioxide, 11.37g
of vanadium pentaoxide, 6.63g of cupric oxide, 28.82g of 85%
orthophosphoric acid and 24.64g of 60% arsenic acid were
dispersedror dissolved and then stirred to heat under reflux

at 95-100C for 6 hours to obtain a reddish brown transparent

solution.
In the above solution, 1.52g of antimony trioxide was added and

then heated under reflux at 95-100C for 3 hours to obtain a

navy blue solution.

Then, the solution was dried by a spray drier to obtain a catalyst

granule.

' The succeeding procedures were done as in Example Al to obtain
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sel ectivity to methacrylic acid was 84.8% Conparative Exahfl BAR mwglgoom
of pure water, 300g of nolybdenumtrioxide, 11.37g of vanadi um péntaoxi de,
6. 63g of cupric oxide, 28.82g of 85% orthophosphoric acid and 24.64g of
60% arsenic acid were dispersed or dissolved and then stirred to heat
under ref lux at 95-1000C for 6 hours to obtain a reddi sh brown
transparent solution. In the above solution, 1. 52g of antinony trioxide

was added hen. heat under ref lux at_ 95-100C for 3_hours to obtain a
navy bl %lecso %?%8'@1%‘%%& ehcéo%ibefcijf’?‘éﬁﬂ‘v"\ﬁg t&ﬁsé#ttﬁzlréeilﬁ?gﬁn&q%vet o obtain
a catal yst ranul e. The succeedi procedures were don s in Exanple Al

to obt aiFP™PP W%%%ﬁ%ﬁ%&@&ﬂys 1.2 élcecfgt%@sgagalﬂyst- t hus
obt ai ned had an active conponent conposition of Mo 10 V 0.6 P 1.2 C u 0.4A

'S 0.5 S b 0.05 The coated catal yst thus obtai ned was used for the sane
reaction_ as Exanple Al. Mthacrolein conversion was 79.9% and sel ectivity
to met hddi§Fratatich iy sdythys abiaigiad was upebbonrithsf spueaegstidon 300g of
nol ybdenum tri oxi de, 24.64g of vanadi um pent aoxi de, 8.32g of cupric

acet at e afosaREtlatd, - Mobanpdinsonveradphosysht? i ¢% andds elmt 92y of
rubidiumnitrate were dispersed or dissolved and then stirred to heat
under rdfo mgthacrylic acid was 87.8%.

Example AZ

In 1300ml of pure water, 300g of ;nolybdenum trioxide, 24. 64§

of vanadium pentaoxide, 8.32g of cupric acetate monohydrate,

26.42g of 85% orthophosphoric acid and 9.22g of rubidiumnitrate
.were dispersed or dissoived and then stirred to heat underreflux

at95-100C forabout 9hours toobtainareddishbrown transparent

solution.

Then, the solution was dried by a spray drier to obtain a catalyst

granule.
The succeeding procedures were done as in Example Al to obtain
acoatedcatalyst. The coatedcatalyst thus obtainedhadanactive

component composition of M0,,V13P;.1CUs..Rbg.3.
The coated c;atalyst thus obtained was used for the same reaction
as Example Al. Methacrolein conversionwas 74.2% and selectivity

to methacrylic acid was 79.0%.

Comparative Example 2
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at 95- 1001 for about 9 hours to obtain a reddi sh brown traﬁl@p@fmgngﬂﬂ
solution. Then, the solution was dried by a spray drier to obtai §

catal yst granule. The succeedi ng procedures were done as in Exanple Al to
obtain a coated catalyst. The coated catal yst thus obtai ned had an active
conponent conposition of Mo 10 V1.3 P 1.1 Cu 0.2 Rb 0.3 The coated
catal yst thus obtained was used for the sane reaction as Exanple Al.

Met hacr al ei onversion was_ 74. 2% and sel ectivit to nethacrylic acid was
79. 0% &th’&%roi’ﬂqv(?fE?gﬁﬁl wabesy ﬁ’@g VR BobEbden ® Gtk Apuret ik%r ,  300g
of nol ybdenum tri oxi de, 24.64g _of vanadi um pentaoxide, 3.31g of cupric
oxi de, ~ 58. ¥4 R B PLEACKIFRos BhdrBcCACcPEPEAT 9¥199g 2 -42Bik BRhitrate
were dispersed or dissolved and then stirred to heat under ref |ux at
95- 1000 °HF oMy Gl anfl 9a 22e@fi s bibwnni EaatpHeastdisgansash.  Then,
the solution was dried by a spray drier to obtain a catalyst granule. The
succeedian dissoddedeandetren vl e d wockaapl endér tehtaiat 95-36aiCed
catal yst. The coated catal yst thus obtained had an active conmponent.
conposi tian Sfhdurk0\th IRt aiCuG 2REEEZ:h Thewodtethsgatrants tsdluisiebt ai ned
was used for the same reaction as Exanple Al. Methacrol ein conversion was
71. 7% arkhegel theiswilit ichovaztirdedyly & saaiay dBserto/Sbtain a catalyst
granule.
The succeeding procedures were done as in Example Al to obtain
acoatedéatalyst.Thecoatedcatalystthusobtainedhadjnlactive
component composition of M0,V P, ,Cuy.Rbg.5.
The coated catalyst thus obtained was used for the same reaction

as Example Al. Methacrolein conversionwas 71.7% and selectivity

to methacrYlic acid was 79.7%.

Example A3

Acoatedcatalystwas preparedby the same procedures as in Example
Al, except that 3.59gof ceriumoxidewereusedinplace of antimony
trioxide. |

The coated catalyst thus obtained had an active-component
composition of MO,V ¢P1,CussAsyssCeps.

Then, the coated catalyst thus obtained was used for the same
reaction as Examplé Al. Methacrolein conversion was 85.2% and

selectivity to methacrylic acid was 84.0%.
Example A4
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Exanpl e A3 A coated catal yst was prepared by the sane pr Q‘i&dﬁﬁﬁs&mg in
Exanple Al, -except that 3. 5 9 g o cerium oxide were used in place of
antinmony trioxide. The coated catal yst thus obtained had an active
conponent conposition of Mo 10 V0.6 P 1.2 Cu 0.4A s 0.5C e 0.1. Then,
the coated catal yst thus obtai ned was used for the sane reaction as
Exanpl e Al. Methacrol ein conversion was 85.2% and selectivity to

met hacrylic acid was 84.0% Exanple A4 23 &1 6 MAR 2005 A coated catal yst
was predafedtey cahelyshwasRieriiresbEdhes meapppecdyres agdadixame 8. 32g
wer e chanﬁed to 16. 64g in cupric acetate nonohydrate, 3.31g were changed
to Og i PeufEcerdxiaat &nilqa vegBgchanapdr 9 d tra4ie iRasupséd daetsitace of
antinony trioxide. The coated catal yst thus obtained had an active
conponerftonQuifiadie.i dn3df waxe ¢DavgedddP0§.ih Cuprlcdkigle,. BnE le 6hgl. Then,
the coated catal yst thus obtai ned was used for the sane reaction as
Exanpl e o¥f . faustivacrolds rwasomesrdiion plasced G arandnosel tecidxddey. t o

met hacrylic acid was 85.0% Exanple AS A coated catal yst was prepared by

t he saneThe oceate@scasalysExamuse otlaim@ epidt hat a&t326 i sitged to
12.48g in cupric acetate nonohydrate, 3.31g were changed to 1. 66g in

cugr il:)ceczgd,ﬁt%sja&u(ﬁ;g)f MrcﬁmWQB‘iquQlOZ_ZAGQg_siF\eS(,?f/P ort hophosphoric acid
an . 629 _ .
Then, the coated catalyst thus obtained was used for the same

reaction as Example'Al. Methacrolein conversion was 86.0% and

selectivity to methacrylic acid was 85.0%.

Example A5
AcoatedcatalyétwaspreparedbythesameproceduresasinExample
~Al, except that 8.329‘were cﬁanged.to 12.489'inrcupric acetate
monohydrate, 3.31g were changed to 1.66g in cupric oxide, 28 ..,829
were changed to 27.62g in 85% orthophosphoric acid and 5.62g
of 12 phosphotungstic acid were used in place of antimdny
trioxide.

The ccated catalyst thus 6btained had an active component
composition of M0 ,(Ve.6FP1.,Cug A S 5Wo.1-

Then., the coated catalyst thus obtained was used for the same
reéction as Example Al. Methacrolein conversion was 85.0% and

selectivity to methacrylic acid was 84.5%.

Example A6

Acoatedcatalystwas preparedby the same procedures as in Example
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of 12 phosphotungstic acid were used in place of antinony §rﬁg?gﬁﬁ The
coated catal yst thus obtained had an active conponent coﬂL S %f
Mo10VO. 6Pi . 2Cu0. 4As0. 5wo. 1 Then, the coated catal yst thus obtained was used
for the sane reaction as Exanple Al. Methacrol ein conversion was 85. 0% and
selectivity to nethacrylic acid was 84.5% Exanple A6 A coated catal yst was
prepared by the sanme procedures as in Exanple 24 16 MAR 2005 Al, except

t hat 24.649 c ed . ta 19.71g in _60%.arsenic_. acjd, d 2. 1lig of
potassidgﬁhf¥§% é:aggghgéd%4ﬁ prace® “§§?iHBngb-?Fﬂo&?d@ﬁgfﬁﬁ; ed
catal yst_ thus ogégi edlgad an _active caonponent _conpositiaon of,

Mb10VO0. 6¥T-% B4 -4ALHPIKGS BT T4 i 2B 4FEd 1P AP e PR ARISI YA ned was
nme

used for, the s reaction as Exanple Al . Methacrol ein conversion was
82. 3% and T¥EEetivity to nethacrylic acid was 84.5% Exanple A7 A coat ed
catal yst was prepared by the same procedures as in Exanple Al, except that
24. 649 wWate %%F\%‘édc%aig.shd:h‘w ek aineti badagnd acdides. coppasfentt n oxi de
and 4.06g of cesiumnitrate were used in place of antinony trioxide. The
coat ed catossitiduoHIM A neth bBd. 26 weiAve,gligponent  conposition of
Mb10VO0. 6P1. 2Cuo. 4As0. 4Sn0. 1Cs0. 1

Then, the coated catalyst thus obtained was used for the same

reaction as Example Al. Methacrolein conversion was 82.3% and

-gselectivity to methacrylic acid was 84.5%.

Example A7
Acoatedcatalystwas preparedby the same procedures as in Example
.Al, egcept that 24.64g were changed to 19.71g in 60% arsenic
acid, and 3.14g of tin oxide and 4.06g of cesium nitrate were
used in place of antimony trioxide.

The coated catalyst thus obtained had an active component
composition of M0V, ¢P,.,Cu,y As 0.4Sn0.1CSo.1.

Then, the coated catalyst thus obtained was used for the same
reaction as Example Al. Methacrolein conversion was 82.4% and

selectivity to mefhacrylic acid was 85.7%.

Example A8

In 1900ml of pﬁre water, 300g of molybdenum trioxide, 24.64g
of vanadium pentaoxide,,B.Bzg of cupric acetate monohydrate,
24.02g of 85% orthophosphoric acid and 12.18g of cesium nitrate

were dispersed or dissolved and then stirred to heat under reflux
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Then, the coated catal yst thus obtained was used for thé$§%£g¥%2@%ktion as
Exanpl e Al. Methacrol ein conversion was 82.4% and selectivity to
met hacrylic acid was 85.7% Exanple AS In 1900nl of pure water, 300g of
ol ybdenum tri oxi de, 24.64g of vanadi um pent aoxi de, . 8.32g of cupric
acet ate nonohydrate, 24.02g of 85% orthophosphoric acid and 12. 18g of
cesiumnitrate were dispersed or dissolved and then stirred to heat under
r ef quP§§ 6 R Zo%ngt 95-100 C for about 9 hours to obtain a reddish
br own t @ﬁ%ﬁ% FeRbeYSY hanER Lot add a reddishbrarnddapprarestay dri er
to obtain.a.catalyst granule. A coated catalyst was prepared by the sane
procedu®d%s9% Exanple Al. The coated catal yst thus obtained had an
active conponent conposition of NM10V1. 3P1. 0Cu0.4CS0.3 . Then, the coated
cat al ystrRustRH AL HEd NG s dEdeAdY pwraydiier ferahimiisa Patmllivs tAl |
Met hacr ol ei n _conversion was 75.3% and selectivity to nmethacrylic acid was
79.0% BXAMME€-A9 In 1900m of pure water, 300g of mol ybdenum tri oxi de,
22.74g of vanadi um pent aoxi de, 8.32g of cupric acetate nonohydrate, and
26. 429 éfcEEadeahapriot pasHineReriall We thediageqrnsetdrre gias $olRxathpdrd t hen
stirred to heat under ref lux at 95-1000 for

Al. : '

The coated catalyst thus obtained had an active component
composition of M0,V ;:P;,C uo-.4CSo_3 .

Then, the coated catalyst thus obtained was used for the
same reaction as Example Al. Methacrolein conversion was 75.3%

and selectivity to methacrylic acid was 79.0%.

Example- A9
In 1200ml of pure water, 300g of molybdenum trioxide. 22.7449
of vanadium pentaoxide, 8.32g of cupric acetate monchydrate,
and 26.42g of 85% orthophosphoric acid were dispersed or
dissolved and then stirred to heat under reflux at 95-100C for
about 6 hours to obtain a réddish brown transparent solution.
To the above solution was added 1.09g of germanium oxide and
then heated under reflux at 95-100°C for about 3 hours to obtain
.a reddish brown solution.
Then, the solution was dried by a spray drier to obtain a catalyst
granule. The catalyst granule (319g) was mixed uniformly with
'~ 44.7g of ceramic fiber to get a powder, which was then gradually

sprinkled over 300g of a spherical porous alumina carrier under
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about 6 hours to obtain a reddish brown transparent sol ug@gﬁ%} he above
sol ution was added 1.09g of gernmani um oxi de and then hedt ref | ux
at 95-100' C for about 3 hours to obtain a reddish brown solution. Then,
the solution was dried by a spray drier to obtain a catalyst granule. The
catal yst granule (319g) was m xed uniformy with 44. 7g of ceram c fiber
to get a powder, which was then gradually sprinkled over 300g of a

spheric umina carrjer under. 26, J6 MAR 2005 dr.oppi ng 70% aqueous
et hanol aé%%%g 7ﬁJr{% a9604ry° ?l’i’r?{logoc]db%mq H& ‘E‘p‘?%’?éflﬁ%ldrglg‘r Fge?"%th t he
catal yst,.gran Ie..Thf] nol ded product. thus obtained was cal cined at 310 G
for 5 hool ssé}h%]éjrc% AT RRT Eh R o bt R te Wb AP R al yst. The coat ed
catal yst_had an_active_conponent conposition of Mol0OV1.2P1.1 CU0.2CGe o0.o0s
Then, ~ t hERR J3R£3P ¢ REQIAGE IS st e ieas bl imed ate e fordetion as
Exanpl e Al . Methacrol ei n conversion was 73. 2% and selectivity to

met hacr YRPErSidngeRan airgohreamiiplob tain A cosdedicatalyyst Thascoateshr ed by
the sane procedures as in Exanple A9, except that 1.95g of gallium oxide
wer e useeatalydtdeadfan gertiae ocomprndeati oomhesExaon! ef A o Tj1é, c&at d

catal yst thus obtained had an active conponent conposition of

Mo10V1. 26114 G Go.26a0. 1. Then, the coated catal yst thus obtai ned was used
for the sane

: -Then, the coated catalyst thus obtained was used for the same
reaction as Example Al. Methacrolein conversion was 73.2% and

s€lectivity to methacrylic acid was 77.8%.

Example Al0

Acoatedcatalyst was preparedby the same procedures as in Example
A9, except that 1.95g of gallium oxide were used in place of
germanium oxide in the Example A9.-

The coated catalyst thus obtained had an active component
composition of M0V, ,P;:Cuy.,Ga,.;.

Then, the coated catalyst thus obtained was used for the same
reaction as Example Al. Methacrolein conversion was 75.9% and

selectivity to methacrylic acid was 74.9%.

Example All

In 1900ml of pure water, 300g of molybdenum trioxide, 24.64g
of vanadiunlpentaoxide,_16.64g of cupric acetate monohydrate,
3.31g of cupric oxide and 36.03g of 85% orthophosphoric acid

were dispersed or dissolved and then stirred to heat under reflux
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reaction as Exanple Al. Methacrol ein conversion was 75.9% and selectivity
to methacrylic acid was 74.9% Exanple Al In 1900m of @L@'%%@g . 300g of
nmol ybdenum tri oxi de, 24.64g of vanadi um pent aoxi de, . 16. 64g 0 iC

acet at e nonohydrate, 3.31g of cupric oxide and 36.03g of 85%

ort hophosphoric acid - were di spersed or dissolved and then stirred to heat
under ref lux 27 1 6 MAR 2005 at 95- 100 Cfor about 6 hours to obtain a
reddi sh brg\ﬁln transparent solution. To the above sol ution was added 2.58g
of di bordh”r BRI de@aRaoUE P Hent @ @bliRdE Fefdl gk baovost BT ATt about 3
hours to optain a reddish brown solution. Then, the solution was dried by
a spray 9% obtain catalyst granules. The catal yst granul es (319g)
was m xed uniformy with 44. 7g of ceramc fiber to get a powder, which
was t henf@rdvuaboyesppilakien veeradboy 058y 9fhdiboabnpbrboside andha
carrier under dropping 90% aqueous ethanol solution in a rotary drumto
coat thehepheated under irmf Inix Attde J0HGl st ajycartuB assurheonathicech pr oduct
t hus obtai ned was cal cined at 3109C for 5 hours under an air streamto

obt ai n aa comddiskt badwstsolineiamwat ed catal yst had an active conponent
conposition of Mo 10 V 1.3 P 1.5 Then, the coated catalyst thus obtained

was usedrien, the sebetiseacls anied xamprayiridetiinebehenncHMpssi on was
81.2% and selectivity to methacrylic acid was 78.0%
granules . The catalyst granules (319g) was mixed uniformly with
44.7g of ceramic fiber to get a powder, which was then gradually
sprinkled over 300g of a spherical porous alumina carriér under #
drqpping 90% agueous ethanol solution in a rotary drum to coat
the spherical éarrier with the catalyst granules.
The molded product thus obtained was calcined at 310C for 5
hdursund&ranairstremntoobtannacoatedcataiyst.Thecoated
catalyst had an active component composition of MO0V, P15
CuUos.6B g.2.
Then, the coated catalyst thus obtained was used for the same

reaction as Example Al. Methacrolein conversion was 81.2% and

selectivity to methacrylic acid was 78.0%.

Example Al2
Acocatedcatalystwas preparedby the same procedures as in Example
All, except that 10.119 of bismuth nitrate were used in place
of 2.58g of diboron trioxide in the Example All.

The coéted catalyst thus obtained had an active component

composition of MO10V1_3P1_5C UQ_GBio_l.

28




Exanpl e Al12 A coated catal yst was prepared by the sanme pr@c&tﬁ%ﬁeq in
Exanple All, except that 10.11g of bismuth nitrate were used in place of
2.58g of di boron trioxide in the Exanple All. The coated catal yst thus
obt ai ned had an active conponent conposition of M10V1. 3P1.5Cu0.6Bi 0.1 28
16 MAR 2005 Then, the coated catal yst thus obtained was used for the sane
reaction as Exanple Al. Methacrolein conversion was 79.3%and selectivity

to nethagl |%h%0| ea)é/aa %%ng_/%?gx%ﬁgl e Al3 I%a%’%ggéﬂsegf gure vvater SOQg of

nol ybdenum ri oxi Wi c
acet at e _nmonqghydr ate of _cupric oxi de and 31.22g of 85%
frafiate R o g

or t hophdsphorie &€; TS SORYEESARE YRENT$t3% 8 t 0 heat
under ref Jlux  at 95-100 C for about 5 hours to obtain a reddi sh brown

t r anspar¥eCiEeiifwm & MrdharE A @idt ¥arf 8ndS -added 0.33g of ferric
oxide, 0.61g of antinony trioxide, 0. 72 of ceric oxide, 2.03g of cesium
nitrate and then heated under reflux at 95-100C for about 5 hours to
obtain a reddi sh brown solution. Then, the solution was dried by a spray
drier td&*%dien ddak al yst granules. The catal yst granul es (319g) was mi xed
uniformy with 44. 7g of ceramc fiber to get a powder, which was then
gr adual I 1960mik oéd paver w308y . 0806agspheand Lythdgroum usr Bdxidda Dargder under
of vanadium pentaoxide, 12.48g of cupric acetate monohydrate,

1.16g of cupric oxide and 31.22g of 85% orthophosphoric acid

were dispersed or dissolved and then stirred to heat under réflux

at 95-100C forabout 5hours toobtainareddishbrown transparent
solution.

To the above solution was added 0.33g of ferric oxide, 0.61g

of antimony trioxide,0.72 of cericoxide, 2.03gof cesiumnitrate

and then heated under reflux at 95-100C for about 5 hours to

obtain a reddish brown solution.

Then, the solution was dried by a spray drier to obtain catalyst
granules. The catalyst granul'es {3199g) was mixed uniformly with

44.7g of ceramic fiber to get a powder, which was then gradually
sprinkled over 300g of a spherical porous alumina carrier under
dropping 90% aqueous ethanol solution in a rotary drum to coat

the spherical carrier with the catalyst granules.

The molded product thus obtained was calcined at 310C for 5

hours under an air stream to obtain a coated catalyst. The coated

catalyst had an active component composition of M0;,V,.3Py 5

Clo.4 Fe 9.02 Sb .02 Ce 0.02 CS q.0s.

29




dr oppi ng 90% aqueous ethanol solution in a rotary drum t‘bﬁcﬁgg %[m e
spherical carrier with the catal yst granules. The nol ded produc hus

obt ai ned was cal cined at 3100C for 5 hours under an air streamto obtain a
coated catal yst. The coated catalyst had an active conponent conposition
of M0ol0OV1.3P1.3 C U 0.4 Fe 0.02 Sb 0.02 Ce 0.02 Cs 0.05 29 16 MAR 2005
Then, the coated catal yst thus obtained was used for the sane reaction as
Exanpl e ,ﬁl . hacr ol ei.n _conyersi on was 80.3% and selectivity to

met hacr 11 adiP§ FRET98. Sefa By Shpt AP §3ingbh s yeefuferwiersammog of
mol ybdenum trioxi de, 24.64g _of vanadi um pentaoxi de, 16.64g of cupric

acet at e TSHOHY &feExampie Abf Maffiacrahs e cony <36 1938was 33%3% and

ort hophosphoric acid were dispersed or dissolved and then stirred to heat
under refeeEELVidiy g Merheorlighanidb wasurs 2% obtai n a reddi sh brown
transparent solution. To the above sol ution was added 39.11g of antinony
trioxide, 20. 30g of cesiumnitrate and then heated under ref |ux at
95-1000 for about 5 hours to obtain a navy blue solution. Then, the

sol ut i orEx@epldy iAddt by a spray drier to obtain catalyst granules. The

catal yst granules (319g) was mixed uniformy with 44. 7g of ceramc fiber

to get &mpowddml wii phreavatben goaguek|yiolpaémich e Dyef a800m of4
spherical porous alum na carrier under dropping 90% aqueous et hanol
sol uti oroff waradauar yeltd6ki@eCORd . 64g of cupric acetate monohydrate,
3.31g of cupric oxide and 36.03g of 85% orthophosphoric acid
weré dispersed or dissolved and then stirred to heat under reflux
at95-100C for about 6 hours toobtainareddishbrown transparent
solution.
To the above solﬁtion was added 39.11g of antimony trioxide,
20 . 309 of cesiumnitrate and then heated under reflux at 95—160°C
for about 5 hours to obtain a navy blue solution.
Then, the solution was dried by a spray drier to obtain catalyst
granules.Thecatalystgranules(3199)Wasmixeduniformlywith
44.7g of ceramic fiber to get a powder, which was then graduélly
sprinkled over 300g of a spherical porous almﬁina carrier under
dropping 90% aqueous ethanol solution in a rotary drum to coat
the spherical carrier with the catalyst granules.
The molded product thus obtained was calcined at 310TC for 5
- hours under an air stream to obtain a coated catalyst. The coated
catalyst had an active component composition of M0O,,V.:.3P 1.5
CUo.6Sb 5.3 Cs o.5.

Then, the coated catalyst thus obtained was used for the same
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the spherical carrier with the catal yst granules. The nol I t hus -
obt ai ned was cal cined at 310t for 5 hours under an air sggﬁﬁgogt@ot ain a

coated catal yst. The coated catalyst had an active conponent conposition
of Mo0ol0OV1.3P1.5 CU0.6 Sb 0.3 Cs 0.5 Then, the coated catal yst thus
obtai ned was used for the sane 30 16 MAR 2005 reaction as Exanple A except
that the reaction tenperature was changed to 320t . Methacrolein
conver si on was 80. 6% -and selectivity to nmethacrylic acid was 78. 8%
Exanpl e Bt c}(%o"P‘F‘ﬁ AR-h Aof xR RY b hhe g tiam ferechatere B0y of
nol ybdenum trioxide, 11, 37g of vanadi um pentaoxide, 3.31g of cupric oxide,
28.82g ShaRIRA oFf hGiRfbSphotfethagip ki 24084gTsMop0MWas s8R 63acind wer e
di spersed. or dissolved and then stirred to heat under ref lux at 95 -100t
for aboftelEHaHER & omedibrarvlddtiatibmawh 18 dhsparent sol ution. To the
above sol ution was added 1.52g of antinony trioxide and then heated under
ref lux at 95-100t for about 3 hours to obtain a navy blue solution. Then,
the solution was dried by a spray drier to obtain catalyst granules. The
cat al ystExtpmp ¢6l 316g was m xed uniformly with 7.64g of solid cupric
acetate nonohyrate for allowwng a Cu/ Mo atomc ratio of 0. 2/10 and 44.7g
of ceranil) fAdegrartariget of raatedlyst
In 1900ml of pure water, 300g of molybdenum trioxide, 11.37g
of vanadium pentaoxide, 3.31g of cupric oxide, 28.82g of 85%
orthophosphoric acid and 24.64g of 60% arsenic acid were
dispersed or dissolved and then stirred to heat under reflux
at95-100t1forabout6hourstoobtainaxeddishbrowntransparent
solution.
To the above sclution was added 1.52g of antimony trioxide and
then heated under reflux at 95-100C for about 3 hours to obtain
a navy blue solution.
Then, the solution was dried by a spray drier to obtain rcatalyst
granules. The catalyst granules 316g was mixed uniformly with
7.64g of solid cupric acetate monohyrate for allowing a Cu/Mo
atomic ratio of 0.2/10 and 44.7g of ceramic fiber to get a mixed
powder. The mixed powder was then gradually'sprinkled over 300g
of a spherical porous alumina carrier prepared in a rotary drum
under dropping 20% aqueous ethanol solution to coat the spherical
carrier with the catalytically active component. Almost no lost

powder was perceived during the process.

The molded product thus obtained was calcined at 310C for 5
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powder. The m xed powder was then gradually sprinkled ovevgrﬁS%é% 2385 a
spherical porous alumna carrier prepared in a rotary drum under dropping
90% aqueous et hanol solution to coat the spherical carrier with the
catalytically active conponent. Al nost no | ost powder was perceived during
the process. The nol ded product thus obtained was cal cined at 310t for 5 31
1 6 MAR 2005 hours under an air streamto obtain a coated catal yst of the

present tion. The coated catal yst had an active conmponent conposition
of %10\%%.‘3@%.%Aa§r0?§:§eﬁﬁl. %5’ (’%’)taf‘,’&t ey 9PPEeSXPGBgEEﬁt ofE nEtShacrol ein
The coated cat al#lst Qm_ thus obtained were packed in a stainless steel '
react or BB Had NGt oPnnEhe ot CasRLYS tApRd athaghivs CHRRIRRTM I ei n was
oxi di zed at a condition that the gas conposition '(nolar ratio) of raw
mat er i al SHRES Hekem @b IMiGnodky gEn: vattes.« v@porS Donist.r ogen=l : 2.8 : 5.0 :
21.0 ; the space velocity (SV) was 1,000 h r -1 and the reaction
tenperature was 310 C. Met hacrol ein conversion was 88.8% and selectivity
to methacrylic acid was 84.5% Exanple B2 A coated catal yst was prepared by
t he sanel$l FtaitaketiaoiidExiop| ef Bietkacepteimat 11. 37g were changed to
13. 26g i n vanadi um pentaoxi de, 3.31g were changed to 4.96g in cupric
oxi de, ZEhe82gatadrs tetlarsjetiond thiis2gt 4n 8 Meobtdinfttab pherstabgidss 1. 529
was changed to 3.04g in antinony trioxide, and 7.64g were changed

steel reactor tube having an inner diameter of 18.4mm, in which

methacroleinwas oxidizedat acondition that the gas composition

‘(molar ratio) of raw materials was methacrolein:oxygen:water

vapor : nitrogen=1 : 2.8 : 5.0 : 21.0 ;
the space velocity (SV) was 1,000h r - ! and the reaction
temperature was 310C. Methacrolein conversion was 88.8% and

selectivity to methacrylic acid was 84.5%.

Example B2
) A.coated catalys_t was prepared by the same procedures as in Example
Bl, except that 11.37g were changed to 13.26g in vanadium
pentaoxide, 3.31g were changed to 4.96g in cupric oxide, 28.82g
were changed to 31.22g in 85% orthophosphoric acid, 1.52g was
changed to 3.04g in antimony trioxide, and 7.64g were changed
to 3.75g in solid cupric acetate monohydrate.

The coated catalyst thus obtained had an active component
composition of Moleo._7 P13CuUqg 4As 0.59 Dg.1.

Then, the coated catalyst thus oﬁtained_ was used for the same

reaction as Example Bl. Methacrolein conversion was 84.4% and
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to 3.75g in solid cupric acetate nonohydrate. The coated cpﬁagggﬁt @Qus
obt ai ned had an active conponent conposition of M10V0.7 P13 ‘(ﬁ s 0.5S
b0.1. Then, the coated catal yst thus obtained was used for the sane

reacti on as Exanple Bl. Methacrol ein conversion was 84.4% and 32 16 MAR
2005 selectivity to nmethacrylic acid was 86. 7% Exanple B3 In 1900nm of
pure water, 300g of nol ybdenum tri oxide, 24.64g of vanadi um pentaoxi de,
and 40. f..85% ort hag sphor.i.c aci.d were dispersed or dissolved and

t hen sti%r%%é%ttlgflﬁé’attouH%%?’arcgfylll& G4 Q‘?—sl%é'éa‘?or 6 hours, followed by
addi ng 8.42g of potassium nitrate and heating under ref lux for 3 hours to
obtain a reddish brown solution. The solution was dried by a spray drier
to obtain granules which were ground in a nortar into 24 nesh or less to
get a p 1e Fie powder 310g were mxed uniformy with 21.87g of solid
cupric _acetate nonohydrate for allowing a Cu/ M atomc ratio of 0.6/10

and 44. Ipg1§008d; 8 PUFRDERLEE. g300a of xeelyderun thiodided 2foder  was
then gradual ly sprinkled over 300g of a spherical porous alumna carrier
under dicdpprAgAdIToRERKid: hand 48 0Bayi®h 85% onthophogploniv tagsicbat t he
spherical carrier with the catalytically active conponent conposition.

Al nost mereodispensied wadl syckrak dnddiitarmgt 1 heepr-odesst uhlermadfdack pr oduct

t hus obtai ned was cal cined at 310C for 5

at 95-100C for 6 hours, followed by adding 8.42g of potassium

nitrate and heating under reflux for 3 hours to obtain a reddish
brown solution.

The solution was dried by a spray drier to obtain granules which
were ground in a mortar into 24 mesh or less to get a powder.
The powder 3109 were mixed uniformly with 21.87g of solid cupric
acetate monohydrate for allowing a Cu/Mo atomic ratioc of 0.6/10
and 44.7g of ceramic fiber to get a mixed powder. The mixed powder
was then gradually sprinkled over -3009 of arsphgrical porous
alumina carrier under dropping 90% aqueous ethanol solution in
arotarydrumto qoat the spherical carrierwith the catalytically
active component composition. Almostno lost powder was perceived
during the process.

The molded product thus obtained was calcined at 310C for 5
hours under an air stream to obtain a coated catalyst of the
present invention. The coated cataiyst had an active component
composition of Mo 1;,V1_3P 1.7C e Ky 4.

Then, the coated catalyst thus obtained was used for the same

reaction as Example Bl. Methacrolein conversion was 85.9% and
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hours under an air streamto obtain a coated catal yst of %%'S %r esent
‘invention. -The coated catal yst had an active conponent ¢ ﬁé t 2088 of
Mo10V1. 3P1. 7Cuo. 6Ko. 4 Then, the coated catal yst thus obtai ned was used for
the sane reaction as Exanple Bl. Methacrol ein conversion was 85.9% and 33
16 MAR 2005 selectivity to nmethacrylic acid was 73.8% Exanple B4 A coated
catal yst was prepared by the sane procedures as in Exanple Bl, except that

3.39g of i Qxi de used ..n_pl ace of tijony trioxide, and 7.64g
wer e chasne;lgécflﬁiom%;gcgo ;/'\%’Scshoafcfr&’]t]ucprafccl & Sa?&' ‘nohydrat e. The coat ed
catal yst thus obtai ned had an active conponent conposition of

Mo10VO. 6P1. 2C ua. 4A s 0.5C e0 1. Then, the coated catal yst thus obtained
was used,for the sanme reaction as Exanple Bi, except that the reaction

t enper at B PYaBhanged to 305t. Methacrol ein conversion was 85. 9% and
selectivity to nethacrylic acid was 84.6% Exanple B5 A coated catal yst was
pr epar ed* ® FﬁﬁcééﬁéYﬁ%W%a%%dpﬁ thespsarrgredesesps infxample0g of
zinc oxide was used in place of antinony trioxide, and 1.66g of cupric

oxi de arfl 4e46gpbithad 3 BLUpf ceriapaxide wanvispdriat place e fumeditamyt he
copper conmpound which is added for preparing a slurry solution in place of
3. 31g dfri@pide. andi7dé4g were changed to 7.59g in solid cupric acetate

monohydrate.

. The coated catalyst thus obtained had an active component
composition of M0 4V, 4P, ,Cug ASysCeg.s.
Tﬁen, the coated catalyst thus obtained was used for the same
reaction as Example Bl, except that the reaction temperature

. was changed to 305C. Methacrolein conversion was 85.9% and

selectivity to methacrylic acid was 84.6%.

Example B5
Acoatedcatalyst was pfepared by the same procedures as in Example
Bl, except that 1.70g of zinc oxide was used in place of antimony
trioxide, and 1.66g of cupric oxide and 4.16g of solid cupric
acetate monohydrate were used as the copper compound which is
added for preparing a slurry solution in place of 3.31g of cupric
oxide. |
The coated catalyst thus obtained had ‘an active component
composition of Mo 1§V0,5P1_2C Ug.aASesZNg,.

' i'hen, the coated catalyst thus obtained was used for the same

reaction as Example Bl, except that the reaction temperature
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. . 15?%@@@
The coated catal yst thus obtai ned had an active conponent conpo on of
Mo10VO. 6P1. 2Cuo. 4As0. 5Zn0. 1. Then, the coated catal yst thus obtai ned was
used for the same reaction as Exanple Bl, except that the reaction
tenperature 34 16 MAR 2005 was changed to 3050. Met hacrol ein conversi on was
80.5% and selectivity to nethacrylic acid was 85.0% Exanple B6 A coated
catal yst was prepared by the sane procedures as in Exanple Bi, except that

5.90g" of_coh | 4 rat in pl fanti, trioxide, 11.37
changed 15 1AL 18, EE st S b aRIRe, ey SR E 2 A Sdilg @t o 26. d2g

in 85% tn’q_@ asphqric id. The coated catal yst thus obtained had an
active C%Jr%ponenmtﬁ%o%ﬁ’oﬂetqﬁﬁ?réﬁlﬁ FE Va8 PPOE1 Cu 0.4A s 0.5 Coo. 1

Then, the coated catal yst thus obtained was used for the sane reaction as
Exanpl e B1. Methacrol ein conversion was 87.2% and selectivity to
met hacrylic acid was 84.8% Exanple B7 A coated catal yst of the present
i nventi %%r@pared by the sane procedures as in Exanple B6, except
that 2. 54g of al um nium phosphate was used in place of cobalt nitrate and
26. 42g ESO2EeRRgEALY 8t YasIeRar SHY Shetsepireptosderes ad inFramoa ed
catal yst thus obtained had an active conponent conposition of
MbloVo. A, EEfeMASSatASe90g of cobalt nitrate was used in place of
antimony trioxide, 11.37¢g was changed to 13.27g in vanadium
pentaoxide, and 31.229g was changed to 26.42g in 85%
orthophosphoric acid.
The coated catalyst thus obtained had an active component
composition of M0,,Vy P, :CUg 1A Se s Cop.pe
Then, the coated catalyst thus obtained was usedlfdr the same

reaction as Example Bl. Methacrolein conversion was 87.2% and

selectivity to methacrylic acid was 84.8%.

Example B7

A coated.catalyst of the present invention was prepared.bylthe
same procedures as in Example B6, except that 2.54g of aluminium
phosphaté was used in place of cobalt nitrate and 26.42g was
changed to 24.029 in 85% orthophosphoric acid.

The coated catalyst thus obtained had an active component
composition of M0,V P, Cuy ASy s Alg s,

Then, the coated catalyst thus obtained was used for thé same
reaction as Example Bl. Methacrolein conversion was 86.8% and

-selectivity to methacrylic acid was 85.2%.
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Then, the coated catal yst thus obtained was used for the @qﬁAqumitlon as
Exanpl e Bi. Methacrol ein conversion was 86. 8% and selectiVvity to

met hacrylic acid was 85.2% 35 16 MAR 2005 Exanple B8 A coated catal yst of
the present invention was prepared by the same procedures as in Exanple

B6, except that 7.73g of boric acid and 35.73g of 12- tungstophosphoric
acid were used in place of cobalt nitrate, 26.42g was changed to 25.22g in
85% orthophosphoric acid, 3.31g was changed to Oy in cupric oxide, and
7.63g was changed to 14.09g in solid cupric acetate nonohydrate. The

coat ed %%xﬂﬁé thus obt ai ned had an active conponent conposition of Mo io
Vo7P $ 4A S 0.5 Bo. 6 wo. 6 The coated catal yst thus obtained was -
used for, the sane reaction _as Exanple Bl. Met hacrol ein conversion was 87. 3%

and sel &cFPHLEY AT had WPCP%%?%PWW@%H masnBrerpyef b dbem of

pure water, 300g of nolybdenumtrioxide, 22.74g of vanadi um pent aoxi de,
3. 31g ofsa&?ppir@cé’ﬂ“éfés ag. 83gEBaMBLEey By t $RePPRE plita t ¢7 ati gl dodiisper sed or
di ssolved and then stirred to heat under ref lux at 95-100C for about 6
hours t @<dist anf 35a 73adef I12 -bkenms t epinespheni c suiig wene Uked he pdlaeee
sol ution was added 5.62g of 12- tungstophosphoric acid and then further
heat ed widerobealt| mitatat®h- 1206C4ARgr wdwuthanged to 25.22g in 85%
orthophosphoric acid, 3.31g was changed to 0g in cupric oxide,
'.and 7.63g was changed to 14.09g in solid cupric acetate
monohydrate.
The coated catalyst thus obtained had an active component
ComPOSitiOH of M OIOVO.TP 1_1C UQ_4A So.5 Bo_ﬁ Wo.g-
The coated catalyst thus obtained was used for the same reaction

_asExampleBl.MethacroleinconVersionwas87.3%andselectivity

to methacrylic acid was 85.9%.

Example B9

In 1900ml of pure water, 300g of molybdenum trioxide, 22.74g
of vanadium pentaoxide; 3.31g of cupric oxide, 28.63g of 85%
orthophosphoricacidwerédispersedordissolvedandthenstifred

.to heat under reflux at 95-100C for about 6 hours to obtain

a reddish brown transparent solution.
To the above solution was added 5.62g of 12~ tungstophosphoric

acid and then furthei: heated under reflux at 95-100C for about

3 hours.

Then, the solution was dried by a spray drier to obtain catalyst
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3 hours. Then, the solution was dried by a spray dri.er toggb%jﬁn @3t al yst
36 16 AR 2005 granules. The catal yst granules 316g was m x&d iz my with
7.54g of solid cupric acetate nonohyrate for allowing a Cu/ Mo atomic ratio
of 0.2/10 and 44. 7g of ceramc fiber to get a mxed powder. The m xed
powder was then gradually sprinkled over 300g of a spherical porous

al um na carrier under dropping 90% aqueous ethanol solution in a rotary

d t t ' j i, t h tal ytical ti
comonerte oSt ron arveg St St S e G MR PR VBT y 1 ne

process. Iglﬁ | -SRI t thus obtained was calcified at 310(_8_} or 5
hours under aﬁmgtlalgrgﬁ!:sL r%g#fjf% A é“oé-bog'tyercf‘t@a?glry@hii?f"lflﬂea ;é'goen,t
i nventiaqn. The ggat ed:E %akzl )6st ad an active conpgonent comnposition of
Mo10V1. PP G408, A Orhér? TR Aot et CRETEE FERET bBidathed el used for
‘the sane reaction as Exan'al e Bl. Methacrol ein conversion was 80. 3% and
sel ecti \H%‘Kﬁe% FBedusrsA pevderdiandies gvpduabkp BRIk letoNeeB e al yst  of
the present invention was prepared by the sane procedures as in Exanple
B9, excéfft atpherichdgperoys cduiinn cant Her naderudeepp ing 98écamieds
t ungst ophosphoric _acid, 22.74g was changed to 24.64g in vanadi um
pent aoxiefdramp 13 sglugdonhibmgetot &by @rum toupoat te dphe28cé3cawmsiahanged to
28.82g in 85% orthophosphoric acid, and 7.54g was changed to 11. 52g in
solid with the catalytically active components composition. Almost

no lost powder was perceived during the process.

The molded product thus obtained was calciried at 310C for 5

hours under an air stream to obtéin a coated catalyst of the

present invention. The coated catalyst had an active component

composition of M0,V ;P ,CUg Wo. 1.

Then, the coated catalyst thﬁs obtained was used for the same-

reaction as Example Bl. Methacrolein conversion was 80.3% and

selectivity to methacrylic acid was 79.1%.

Example B1lO

A coated catalyst of the present invention was prepared by the
same procedures as in Example B9, except that 2.18g of germanium
oxide were used in place of 12- tungstophosphoric acid, 22.74g
was changed to 24.64g in vanadium pentaoxide, 3.31g was changed
to 0g in cupric oxide, 28.63g was changed to 28.82g in 85%
orthophosphoric aciﬁ, and 7.54g was changed to 11.52g in solid
cupric acetate monohydrate.

The coated catalyst thus obtained had an active component
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cupric acetate nonohydrate. The coated catal yst thus obt&iﬁnﬁ'ﬁRhZﬂﬂE)an active
conponent 37 El 6 MAR 200b conposition of MJ oVi.3P1.2C uo. 3CGeo.j. Then,
the coated catal yst thus obtai ned was used for the sanme reaction as

Exanpl e Bl, -net hacrol ein conversion was 81.9% and selectivity to

met hacrylic acid was 83. 1% Exanple B11l In 1900m of pure water, 300g of
nol ybdenum tri oxi de, 24.64g of vanadi um pent aoxi de, 40.83g of 85%

ort hoph |G saC] f geri xi de and 6.08g of antinony trioxide
per tsleflctl%q{ R gﬁ\%ﬁﬁ\palnﬂﬁtlh?e(%

wee dis or diss st?7Ff2d to heat under ref lux at

95- 1000G@y, £Pr +ahoy 0 n dtgaed 12. 189 of cesium nitrate and
further el u'xeg foéageﬁogégaﬁﬁggr{]ﬁ%’itoﬁl Jtlbe%ﬂ‘{aé'igHsgdn A1 ﬁ?%?ame :

t ranspar | utiop, _The sglution was drjed by a spray drier to obtain

gr anul esl%yénccﬁ'%t é%?’éﬂﬁ?gg %ré“eg iy oS 49 éa§4811e%%1 B ess to
get a paowder.. .The catal yst powder 310g was m xed uniformy with 20. 81g of
solid cs\&%rﬁcglg&giyat ﬁ%?m]el%cﬂqlé%ﬁfﬁ?di%]t% Cu 0.6 relative to M 10
in atomic ratio and 44.7g of ceramc fiber to get a m xed powder. The

m xed powder was then gradually sprinkled over 300g of a spherical porous
al um na carrier under dropping 90% aqueous ethanol solution in a rotary

drum t o ESPYeh&1ldpherical carrier with the catalytically active

conmponent s conposition. Al nost
In 1900ml of pure water, 300g of molybdenum trioxide, 24.64g

of vanadium pentaoxide; 40.83g of 85% orthophosphoricacid, 6.78
of ceric oxide and 6.08g of antimony trioxide Wé."re dispersed
or dissolved and then stirred to heat under reflux at 95-1007C
for about 6 hours, and then added 12.18g of cesium nitrate and
further refqued for 3 hours under heating to obtain a navy blue
transparent solution.

The solution was dried by a spray drier to obtain granules and
the granules were ground in a mortar into 24 mesh ox less to
get a powder.

The catalyst powder 310g was mixed uniformlywith 20.81gof solid
cupric acetate monohyrate corresponding to Cu 0.6‘ relative to
Mo 10 in atomic ratio and 44.7g of ceramic fiber to get a mixed
powder. The mixed powder was then gradually sprinkled over 300g
of a spherical porous alumina carrier under dropping 9G% agqueous -
ethanol solution in a rotary drum to coat the spherical carrier
with the catalyticaily active components composition. Almost
no lost powder was perceived during the process.

The molded product thus obtained was calcined at 310C for 5
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no | ost powder was perceived during the process. The nol c|esl Wdzg t hus
obt ai ned was cal cined at 310-C for 5 38 16 MAR 2005 hours unde air
streamto obtain a coated catalyst of the present invention. The coated
catal yst had an active conponent conposition of M10V1.3P1. 7CU0.6 Ce 0.2 Sb
Then, the coated catal yst thus obtained was used for the sane reaction as
Exanpl e B1. Met hacrol ein conversion was 83.8% and selectivity to

et hac Hd e A SuB a2 i AHSTR, heaTRLPOLLLIA SR YL O e

pr esent invention is industria ecause e

met hacr yl,l e Y -hig | e d igh selectivity, and can be used
f or reaéﬂtff%né%ﬁﬂn gl?rgﬁi%gjjﬁh'P%%%iér?gatc?@ﬁﬁgﬁgﬁgtﬁéaél WE&%G‘?"@?M% 1. A
cat al ystcfor %%éo.duci dr%gé\msth rylic acid by the vapor-phase catalytic
oxi dat i SHROHERIL 1G ef' R 1oconpt itsi gt ¢ h&eaetd WP ccnfSonents which has a
constitu%it?on r;g{ese@t gd b¥ Forpul a (1) as. represented bel ow,
MO OVaPhai s dREYFERLEE) CRFALYRE FRisnabtained waspused for el semeepr esent
nol ybdenu

y rergction as Example Bl. Methacrolein conversion was 83.8% and

selectivity to methacrylic acid was 80.2%.

INDUSTRIAL APPLICABILITY
A catalyst of the present invention is industrially
valuable, because it can produce methacrylic acid ina highvyield

and a high selectivity, and can be used for reaction under high

loading condition.
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vanadi um phosphorus, copper, arsenic and oxygen respeatgd y

-represents at | east one elenent selected fromthe grou'g &Wgﬂﬁg of Ag,
My, Zn, A, B, G, Sn, Pb, Ti, Zr, Sb, O, Re, Bi, W Fe, Co, N, Ce and
Th; Y represents at |east one elenent selected fromthe group consisting
of K, Rb and Cs; a, b, ¢, d, e, f and g represent atomc ratios of the
respec&iﬂﬁmplenents, with 0.15a56, 0.55b56, 0O<c53, 0sd53, 0Se53, 05f51; ¢
is ratio determ ned by the valence and ratio of the other el enments than
oxygen), aheitelkseopRehradatdhe mdthads@Uid Qicid byOthd Ripolr -phatdie necessary
amount of a material for said Cu. 2. A catalyst according to Caiml,

wher ei R2RYigc axpdpticas ofsmphawieinacermnrd siggathey)|dativgpper acetate to
m x an u s solution. 3.. A catalys ccordi to im 2,

whor of SoBnerd, AR Y b Bl eitsol SALPIRBN AR H AT

pr oductepfesdritedybeT®nt ai ni ng said active conponents. 4. A nmethod for

manuf acturing a coated catal yst for producing nethacrylic acid by the
vapor - Pra¥&-Cad®ddic®s oxi d4tl on of nethacrolein, conprising: (a) a process
for m xi 0 et.at ejar,d u ont ai_ni re active
corrpon)é%?gth\?\ne t&%(%&/g?ﬁe'r lVf;":’o’ ;‘)’?e%éré?’t”%%i rggaogl%p%ﬁ%eggo%&;{%&%%ﬁgpsol ution or
their wahed+higseHogdbisqiflsSi eBph&er airdahtierand ekggefdréispasivaeysiurry,

i ncluding the solution and the dispersion ); .
represents at least one element selected from the group consisting

of Ag, Mg, Zn, Al, B, Ge, 8n, Pb, Ti, Zr, 8b, Cr, Re, Bi, W, Fe, Co,
Ni, Ce and Th; Y represents at least one element selected from the

group consisting of K, Rb and Cs; a, b, ¢, d, e, £ and g represent

atomic ratios of the respective elements, with 0.1fa<6, 0.55bs6,

0<cs3, 054853, 0fes3, 025f£]l; g is ratio determined by the valence and

ratio of the other elements than oxygen), wherein copper acetate
is used for all or a part of the necessary amount of a material

for said Cu.

2. A catalyst according to Claim 1, wherein all or a part of
said copper acetate is a solid copper acetate to mix and not

an agqueous solution.

3. A catalyst according to Claim 2, wherein said catalyst is
a mixture of solid copper acetate with a dried product of slurry

containing said active components.

4. A method for manufacturing a coated catalyst for producing
methacrylic acid by the wvapor-phase catalytic oxidation of
methacrolein, comprising:

(a) a process for mixing copper acetate arid compounds containing

one or more active components with water to prepare their
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(b) a process for drying the slurry prepared in the procasBs W% Zﬂﬂtﬁo obtain
a dried slurry; (c) a process for coating the dried slurry obtained in the
process (b) on a carrier with a binder to obtain a coated product; and
(d) a process for calcining the coated product obtained in the process
(c), wherein said binder is at |east one selected fromthe group

consi st Ntadilootia! 651 AM-A0OLHAY G,a1AUDRLIC WIQRE, DAL, | NGaRALRLscd,S 150C oF

| ower at latm and said active conponents have constitution represented
by For nulsefekyedsts ey aedensiarbel dwelivbioyaRCedsdedd @nd( the(in the
formula, Mo, V, P, Cu, As and O represent nol ybdenum vanadi um

phosphor us3iSP§FE&PR M seni ¢ and oxygen respectively; X represents at |east

one el I e rQm.t he NSi.Stl . Of , VA g |, B, GCe,
Sn, Pb(?gﬁ'rg pSZcr%cg%%P%Ir elElBBFlgé %ﬂfgg %égéﬁ% 1&1:%&%;%% }(aef)\r esents at

| east one 1) eieatinse| &citerdd sflady i he group consisting of K, Rb and Cs; a,
b, ¢, d, e, f and g represent atonmc ratios of the respective el enents,
with 0febas@ragesssier raegdngotlys Arigdesiurpsobtaingd iin (the) Brae? ni ned by
the val ence,ang GaLlo: Ol Wien0k Nl CTRNSJNAN OMYO6D kur danch, MRId100 for
manuf acturing a coat ed cat al yst Tor producing nethacrylic acid by the
vapor - ppse walcakyt fer mdlddahing tHe coatbacpld®ich, obbaANMddSIiMgLhéa) a process
for m xi ng conpounds contai ning each one or nore active conponents with
water to PRESESE (Rdir aqueous sol ution

wherein said binder is at least one selected from the group
consisting of water and an organic compound whose beoiling point

is 150°C or lower at latm,

and said active components have a constitution represented by
Formula (1) as represented below,

MO1,VaPrCUAS X YO0g (1)

{(in the formula, Mo, V, P, Cu, As and O represent molybdenum,
vanadium, phosphorus, copper, arsenic and oxygen respectively; X
represents at least one element selected from the group consisting
of Ag, Mg, 2Zn, Al, B, Ge, Sn, Pb, Ti, %Zr, 8b, Cr, Re, Bi, W, Fe, Co,
Ni, Ce and Th; Y represents at least one element selected from the

group consisting of K, Rb and Cs; a, b, ¢, d, e, £ and g represent

atomic ratios of the respective elements, with 0.1Sasé, 0.52b<6,

O<cS3, 02d4<L3, 0fesf3, 02f=Zl; g is ratio determined by the valence and

ratio of the other elements than oxygen).

5. A method for manufacturing a coated catalyst for producing

methacrylic acid by the vapor-phase catalytic oxidation of

methacrolein, comprising:

(a) a process for mixing compounds containing each one or more
active components with water to prepare their aqueous solution

or their water-based dispersion (hereinafter referred to
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or their water-based dispersion (hereinafter referred tcuﬁ% H&R / 2005 as
the slurry, including the solution and the dispersion ) (D) ess for
drying the slurry prepared in the process (a) to obtain a dried slurry;
(b") a process for mxing solid copper acetate with the dried slurry
obtained in the process (b) to prepare a mxture; (c) a process for

coating the, MoLULe, PLePared hild NG PLOTER S Rk Pfle 2 CaILIEL, W L @ bi nder
prodi ( of “eal t

to obtain a coate uct; an a process ci'ning the ‘coated

productbbbtaipredesn fde drgiagesshd Glurvhiepfigarsd Gnbtiglgirocgsat | east one
selected fromthe group consisting of water and an organic conpound whose
boi | i ng poi ) HPsORERR Gr dréfdrskravdt m and sai d active conponents have a

L STy A Ry e R BT |

mol ybdenum slwagadbtsinghaaphhe UsSsoce@RBPED) ©F TRiebarans mxtges; respecti vel y;
X represents at |east one el enent selected fromthe %Eoup consisting of
Ag, My(c¥n 2 RrocpsscEer Gpatppyg Yhe mixtusp prgparrg imj the\prpgesgy, N, Ce

and Th; 'Y rﬂpr)e%ﬁ%scﬁdr%ga%tﬂ@ b%'n%gﬁnkosffﬂt%%%eg L6904 NS oalE O Rng
consi sting of K, an ;-a, b, ¢, d, €, and g represent atom c ratios
of the (despeairiocesel eserdadcinihd thel za26ed bhhfct O5cdeddd: £Q3, 0<_e< 3,
05f51; g is ratio determ ned by the val ence and
process {(c),

wherein said binder is at least one selected from the group

consisting of water and an organic compound whose boiling point

is 150°C or lower at latm,

and said active components have a constitution represented by

Formula (1) as represented below,

MolgVanCucAsterog ( 1 )

{in the formula, Mo, V, P, Cu, As and O represent molybdenum,

vanadium, phosphorus, copper, arsenic and oxygen respectively; X

represents at least one element selected from the group consisting

of Ag, Mg, Zn, al, B, Ge, Sn, Pb, Ti, Zr, 8b, Cr, Re, Bi, W, Fe, Co,

Ni, Ce and Th; Y represents at least one element selected from the

group consisting of K, Rb and Cs; a, b, ¢, d, e, £ and g represent

atomic ratios of the respective elements, with 0.1£as6, 0.55b%6,

O<cZ3, 05453, 0f%es3, 02f=£l; g is ratio determined by the valence and

ratio of the other elements than oxygen).

6. A method for manufacturing a coated catalyst according to
Claim 4 or 5, wherein a compound containing As is used to prepare

the slurry in the process (a).

7. A method for manufacturing a coated catalyst according to
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ratio of the other elenments than oxygen). 6. A nethod for gﬁﬂxéacturing a
coated catal yst according to Caim4 or 5 wherein a coﬁb &% ai ni ng
As is used to prepare the slurry in the process (a). 7. A nethod for
manuf acturing a coated catal yst according to 42 16 MAR 2005 Cdaim4 or 5,
wherein copper oxide is used to prepare the slurry in the process (a). 8.

A neth r f Pale] t at al C | t ] or 5,
wher ei ﬁggilgol;"np%gaa‘g%%éeﬁ%nicﬁaﬁgé An c%%p%%édo%%dgg%%us%& %%&eéélre t he
sl urrytha pheeprocess (a). 9. A nethod for manufacturing a coated catal yst
according to Caim4 or 5, wherein said binder is ethanol. 10. A nethod for
manuf acturing a coated catal yst according to Caim@9, wherein said binder

i's a nmpxtare haw Bg.apn ter [ f1kQ/ Q.- .0l5 . A coated
cat al yst obt aélﬂl’lned g]f/ arrﬁrxef{;%ggké%goﬁ (?ioralég 09%%3/13%‘? %%?%1 go?cg’S. 43
Claim 4 or 5, wherein a compound containing 2As and copper oxide is

used to prepare the slurry in the process (a).

9. A method for manufacturing a coated catalyst according to

Claim 4 or 5, wherein said binder is ethanol.
10. A method for manufacturing a coated catalyst according to
Claim 9, wherein said binder is a mixture having an ethanol/water

ratio of 10/0 - 5/5.

11. A coated catalyst obtained by a method according to any of

Claim 4 or 5.

43




