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Furthernore, these catal ysts have | ower activity,

| oner selectivity to a target substance, and shorter
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The present inventors found that in a partially

neutralized heteropol yacid salt containing essentia

conmponent s of nol ybdenum phosphorus, vanadi um
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According to the present invention, a highly active
and highly selective catal yst containing essentia
conmponent s of nol ybdenum phosphorus, vanadi um
cesium antinony, and ammoni a can be manufactured, a
catal yst of which activity can easily be controll ed
and whi ch can be adapted to various reaction
conditions can be provided. [Description of the
rodyef erred Enbodi nents] [0011] A manuf acturi ng
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In the preparation of a slurry, the slurry is
preferably heated to a tenperature at which a conpound
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4) to add the binders before the coating m xture is
added into the fixed container, and 5) to divide the
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alhﬁnkﬁum\l\hbohohavgeamdnanmt etinf ledBpmcipeefiemabkyrconium,

| t
on ey TR LSBTl BUBbLY N PRSciE 0o,
CenlxmuréhgsedmvSPQSQaBLymbnagdchuémdaﬁmunﬁoﬁémﬁpnﬁgt other

thBh Xt uee/e JLOAtING Mgt K& AT hb §T %)e WAy BR9Smethod,
preferably 15-60% by nass. When the coating

- pravifafethat FomddET FOEBLEY P lde Bouded %tséi%% can be
obtendsdt @H&@bﬁp&ﬁeﬁﬁ%ﬂﬂt&r thaRcaNeedknst b@Ngnp drofeiSs may

to decrease. In c t r1the oahr1 mxture is
be RHHIBELATS RECRANTE &b A Bar P E Cah Bt ‘i fefigotind.
t enddntithd poecasd @nvent19naltkm aﬂmma&xvetmeamﬁaan@mpound
co}lpgiﬁlﬁga%tn' Véé*éﬁ&%”@% bgngﬁ%re@éelo mol é}d@?’l%nb adtoms is
iona used dig-ai ding agents as “descri be
geab@aélyncq ddetei 1G.cargeferapayorceou’ @aldt hfon| yanggium,

geREYHEN yand st g, leskepr.lh@raﬁwnto af ddez ol @bﬁgp@ﬂo@bﬁﬁ:rus,
agent s used are usuaIIy 60 Ss 8a£t to 100 ga
ge{aaﬁﬂév Ohd i %R ufelor Hﬁ%ﬁeﬁcﬂ'ﬁéf to 44050y ggsium,

geHeehUlyt®. DpJ qmalol yptig€etrapbl gahi £ thd beosfénemmdroium, and

h I de h
9o B8R TAnT o0} e ARG AT DeDE tRer et (i Bt TRGHE The
tyBahandln@enau@mmaj@ffanothﬂmﬂﬁphmpnﬁiﬂﬁﬂﬂumﬂ oompemgtt are
de Pk ri2hahysd %Pg%gﬁ‘\i%rt’e £ bf%é‘v{c?@%t bg‘é‘a‘i\?gg 158 A Y U i mum

conponent S a pr eferr ed such assi um
perfeapaneciRIEH hangds €0ﬁﬂgﬁé§|ndh@%%¥ Woaghethe catalyst

isWidskerrhelBeoRMBUE t f oithe ddhersstised ive é@ﬂ?bh&ni B the
mass _part to, 100, tﬁﬁangart f the m@éure%{ aé% 1
Prﬁsﬁaérmventlonﬂq% dPetBr BFSPRBHELYS of ¢ apsgTials

aniodbbe aatricensatin bkiygeway, and the resulting coated
products are usually approximately 3-15mmin dianeter.
[0018] Step (e), (j): calcination Wi | e coat ed
catal ysts obtai ned as descri bed above may be used for
gas- phase catal ytic oxidati @n reactions as catal ysts
wi t hout further nodification, calcination may
sometinmes preferably increase catalytic activity. In
this case, calcination tenperature is usually



used to produce nethacrylic acid by gas-phase
catal ytic oxidation of nethacrol ein, isobutyral dehyde
or isobutyric acid. In the foll ow ng
descri ption, gas-phase catal ytic oxidation reaction
will be illustrated in which nethacrolein, the nost
preferable material for use with the catal ysts of the
i nvention, is used. Mol ecul ar oxygen or

[o6P% ecul ar oxygen containing gas is used |n the
gaség?ase catal ytic _oxjdation reaétlon

idd PE ARTREEPBY 1S9 f& FQFaBF?C?ﬁseS
de&ctfahge @50995 20 nDIar ratio, and particularly

refeiablé ig a raﬁg o{.l-l i ratio. It is
ef 2t abr ) addt W E? f%?ooﬁam1ﬂ5¥%rlal gas in a
nol ainr atheo pﬁ:e}:eﬁ(ﬁ t onmwehhacnel eexpamnml®es derf t@ compound
d
coBt SURLEq F AR AR Iﬁiﬁﬁﬁ &%aaﬂpsgusaaFP@ Prbpafaion of
a Qﬁaxa@ryarap@p)ludet ﬁech g ed grlasemy fbld?rﬁaéieh @@s@%mder

or i &rdcdatde Jreagt 2R i$4C Boﬁ@oﬁlehﬁzogﬁemeﬁ@r bgpedi exidely,
and sat urated hydrocarbon

i
PrF FBF RO esrf%? RacrBPErRQ %%FP@&%V%C@%OHW
inobtaé reditratepxduiat aem@lfa$§ﬂhmh)iltefa&,e verdotdalttandtrate,
and thyI rt-but t.her t| n
antéﬁﬁgfdtuﬁgcgfi%%enllg 8ﬁ§§5t0%¥a?ytlc Xl
ant gachy dirlicstigsyate yi @0 @406C, anefwlaiﬂ,yo,tz&?—@@@@@ndmde,
andi Ngn 3J0LAL ?HBQ'égd%?EhBBHoéﬁﬂbPEEeéb§h ggﬁo§§95§§éegc1d
I'n space ve oclt i's usual
boptefaebbi yalawragwhﬁspflatef or 1?h§u@5§teﬁ§§éphorlc acid

(obakal ¥t kae@%bddt | PrarRactilQn carn-del aonEbed@endinder cesium
ei t her |ncreased%$ressure or ,reduce

aChbibeCrt Br ot BT otnHS AP s pnEERE BPEdearati gf cesium.

Pr@ﬁ@eahlyy s t abhenipixamphpdufd0i®] ammoniudhecetate or
[ nt [ e e

amlg%lglgﬁ %P&% 8@ W Cc{}rﬁa\é&gﬁ)‘%iasd I%gs tgﬁ_%lr}&r theﬁe active

commoeﬁnt@nna$ bﬂnu$¢dnaknﬁacpnlm@ @@ﬁﬁpM@ilCQDn@eﬁéuéﬁy can

bef%%meaelbgptaafifarmf Mhﬁhgga%%c%efddh%xﬁﬁj EOht 9¥8ing an

Conversion rate = e nunber. of nethacrol ein reacted
activig| TRAMHRL SNIEREEr of EFASEABDY Y et X p@Teparation of

th§e| S0t MY a= 8Bhpolinabetodf a itet fgc mdlivibdaeih,pr oduaddum,
mol e nunber of neth ﬁﬁgleln reacte

1
o4 BRAEL o chu ABer 01 LN hByLE acTaL Bf bt Filte 1o
sufifirbeentdl y nitssadraicebafsuppllieedd®it0On[@020jesium compound

and an ammonium compound to the slurry. When a slurry 1is

Rentox1de,

selected as the precursor A, the addition of essential active
components other than an antimony compound is preferably
followed by the addition of the antimony compound. Examples of
an antimony compound include antimony trioxide, antimony
pentoxide, and antimony acetate. Antimony trioxide is
particularly preferred. As a metal compound other than
essential active components in this case, use of a copper
compound, such as copper acetate (cuprous acetate, cupric
acetate, basic copper acetate, or cupric oxide, preferably
cupric acetate) or copper oxide (cuprous oxide or cupric oxide)

may have a preferred effect.



EXAMPLE 1 1) Preparation of catalyst To 5680 ni
of pure water were added 800g of nol ybdi c anhydri de,
40. 43g of vanadi um pent oxi de and 73.67g of 85% by mass
ort hophosphoric acid, stirred for three hours at 92C
to yield rust-colored clear solution. The sol ution was
then cool ed to 15-20C and 458. 2g of an aqueous

sol ution containing 9.1% by mass of cesium hydroxide

and $29nl0peEpaRadquaoys Sahukik9) £Rata %glls%ﬁa/f@yably
mass of ammoni um acetate were graduall added at the

heabpd tihed arfMFREIFEES ot oFNORE HOuCCHPOPRhpgontaining
mopyl@&éﬂ@d yeﬂﬂm@&\pllé‘;bbhﬁéy vanadiump thﬂdslbahbyhe309oﬁglonal
ous sol utjon cont ning.6..3% CUpr i
me%%%fh?e ﬁggmﬁpiduéFF§ added! 1§ﬁ8%v§g.tla%%€Q§ Fhration”
tempsrapenfertedhioh ai%@emnmt@mmurlcsamn ammoniuftheompound
sl urr. y i.ed provi.ge i dew
ar§ 400 B8, PSRBT F o o 49 B YR SR TR SR 4%ec o
abm@ﬂowcspﬂ?hmmisw%p@NHzL):lezalcatalystszgglag ghbigher
acEPFPL §Xx @Pféd&no@nggoﬁfwaﬂék@ﬁythél thgﬁyaﬂg 488 Ofimited,
str ength enhanci nqg nateri ramc fib Q %i 1
Or o SE AR I R G TS BBRTC MbY e BPSBOHS o e R p 1urry
ca@ObOt&@léltémyn&eCa:[Jrs".se:F]Sve(d)aofI ohefdiradgt ére 3uiBmy, and is
r oxi_mat el 0 f e I e
celHRTR SRS P o  raurPant M RR ey b A ARHCRH Enoa
orf@ryimqecdmﬂcrislms 380C gardaralf dmengamuntt ofgmwageg in the

slgf?%rf &g’&ﬁ@% catal yZSdOd Gl Yalrtac g dinng Fﬂ%stshﬁarts of

I nv Acti ve corrponent C%JPOSI tion of
the o tedt aPYROUBBE A SRt R MDIBNOTI 8PIOR ST Shefddr Ty While

a (&FYr 2ardher: . Sf [W2Ed ma%} zﬁat@eyil %rpélx@étsls(iﬁ'e amount of

reacti on of nethacrol nL of the c ate
waL S a3 0Te D BT ST T FEET A% 255 M TS Srbofie. Eneray
coseact eadrylibe priddessnasd ihanefsriaft 8&ydmy of the slurry.
[d@n@acr ol ein oxidation reaction was performed using a
ition of raw material gas (conposition (nole
Stﬁatl ) ; andt hhtr ofleVhngoxygen : water vapor : nitrogen=

rJ"Ezhen tHS- Hlur SPacs-Ned o6l tohd S\epl ddribedndbove or

react| on_bath tenp erature 310C. The reaction Wag,]1
inj phej APy CHSAE] ﬁﬂ}&ﬂ’ &ty & Heslir's© AP T PRUCE | Bndb¥t Rowder
(cbRpPekal:tird of Tﬁémuﬁﬂyemayam:tih:@@db@ Bnyempeied upeovided

en B SEr S ki CPORIRERL Ve ey e RARE AP ror &g ot 1o Egnod
inthiigh- t dnper aﬂuyengeacfreBZErdaymegt ) SpRedct doying, and
o~BERLE VA SEosUIRL (aiper BRBiT0 Ll SeRel PR oo
panbifuépslEinraba uad @m frl’é%lmf?éﬁnt ekt epgcause it can
drGOpNErsi@pryate PorRtDaIWdd € ACigharlrad I Y sHort time.
The temperature of the spray drying depends on the slurry
concentration and the feed rate and is generally 70°C to 150°C
at the outlet of a dryer. Preferably, a dry product has an
average particle diameter of 30 to 700um.
[0014]
Step {c): mixing of complex oxide and antimony compound
A complex oxide and an antimony compound may be mixed by
any method, provided that they are uniformly mixed. The complex

oxide and/or the antimony compound may be mixed with water (c-1),



met hacrylic acid yield Exanple 1 early phase of the
reaction 87.26 81.19 70.85 after high-tenperature
reaction treatnent 89.69 83.50 74.89 As shown,
if antinony is added at the ratio of 0.05-0.3 to 10
equi val ence of nol ybdenum catal ysts have strong
activity and exhibit excellent activity and

sel ectivity when used under | arge space velocity. They

or @l 581 84 fao@dﬁle%gﬁws r&ncﬁﬁtéd/l ity a@r&qm@%g;e@émp@ﬁﬂd Wheni xed
used, under éce condltl on of snall %Ctl on tu

me efp et et L AntP 12 gel di4tedrs \Pé?le&c&rﬁ? ﬁ&)‘?u&"&nlt is simple.
WhatV@Hlggeeust Ve beedisatharBenrspate dreleatbkyinsthe step (b).
[O%fggeased for increased production or cost reduction
ecreased anmount of catalysts is desired. [0023]
Sté&xahpl e Rixing of Cohtedy candl ystifeay atyspoacdor di ng

to t e %\éﬁg@rg%r\@asa@rgrﬁﬂr fxd 4nd tl'&%rézi”&néi"alénasahf‘mony

elecetthat i de
cowm%wq Wéﬁﬁd@ and h%tnb*feéttrceﬁgwﬁcﬁlc temperature and

is preferably 0°C to 35°C. Mixing of an antimony compound with
a slurry before the addition of a cesium compound and an
ammonium compound, in particular having a temperature of 35°C
or more, may result in a less active catalyst and is therefore
not preferred.

[0016]

Step (d}, {(i): molding

To reduce pressure loss of reactant gas in oxidation
reactions, the mixture obtained in the step (¢) or the dry
powder obtained in the step (h) are used after they are molded
into columnar matters, tablets, ring shapes and spherical
shapes and the like. Among these, coating inert carriers with
them to provide coated catalysts is particularly preferred,
because improvement in selectivity and removal of reaction heat
are expected to be achieved.

Preferable coating step (step (d), (i)} is a tumbling
granulation method as described below. This is a method to coat
carriers with a coating mixture by, for example, rapidly
rotating & flat or uneven disc in an apparatus having the discat
the inner bottom of a fixed container so as to stir carriers
in the apparatus vigorously through their repetitive rotatory
motion and orbital motion and by adding binders and the coating
mixture comprising the mixture or dry powders and other
optional additives, e.g., molding aiding agents and strength
enhancing materials. Any of the following methods can be
employed to add binders: 1) to premix the binders in the coating
mixture, 2) to add the binders at the same time when the coating
mixture is added into the fixed container, 3) to add the binders
after the coating mixture is added into the fixed container,



enhancing material (ceramc fiber) were uniformy

m xed. Active conponent conposition of the catalyst
obt ai ned was Mp10V0. 8P1A5CuU3ACs0. 5( NH4) 2ASbo. 7.

Met hacrol ei n oxidation reaction was perforned as in
Exanple 1 except that this coated catal yst was used.
The result is shown in Table 2. [0024] Table 2 Result
of met hacrol ein oxidation reaction met hacr ol ei n

4) Ct%”ﬁ%sﬂﬁ’l H;?&cf‘er/g 'E%tf'&“ef }fhlecc@&tﬁné%ﬁ@ﬁdﬂ/é % %ided into

acr c acid yiel anpl e early phase of  the
th@éﬁéﬁﬁbﬁoﬁga3?383 ggd6§)§¥>Qﬁq%ge the coating mixture and

binders into separate portions and add the whole amount by
combining the above 2-4) as appropriate. In the case of 5), it
is preferable to control addition rate using auto feeders and
the like to ensure that a defined amount is carried on the
carriers without, for example, adhesion of the coating mixture
to the wall of the fixed container and aggregation between the
coating mixture.

Binders have no limitation so long as they are at least
one type selected from a group consisting of water and organic
compounds having boiling point no more than 150°C at one atm.
A specific example of the binders other than water includes
alcohols such as methanol, ethanol, propanols, butanols,
preferably alcohols having 1-4 carbons, ethers such as ethyl
ether, butyl ether or dioxane, esters such as ethyl acetate or
butyl acetate, ketones such as acetone or methyl ethyl ketone
and aqueous solutions thereof, with ethanol being particularly
preferred. When ethanol is used as a binder, it is preferable
to make the ethanol/water ratio being 10/1-0/10 (mass ratio),
more preferably 9/1-1/9 {(mass ratio) by mixing with water. The
amount of these binders used is usually 2-60 mass part,
preferably 10-50 mass part to 100 mass part of the coating
mixture.

[0017]

A specific example of carriers that can be used in this
invention include spherical carriers etc. of silicon carbide,
alumina, silica-alumina, mullite and alundum and the like,
which have a diameter of 1-15mm, preferably 2.5-~10mm. The
carriers used usually have pore ratio of 10-70%. Ratio between
the carriers and the coating mixture used is usually in such
an amount of coating mixture/ (coating mixture +
carriers)=10-75% by mass, preferably 15-60% by mass.

When the coating mixture 1is dominant, reactivity of
coated catalysts tends to increase and their mechanical
strength tends to decrease. In contrast, when the coating

10



hi gh-tenperature reaction treatnment 81.39 85.48 69.57
[ 0025] Exanple 3 Coat ed catal yst (catal yst
according to the invention) was prepared in the sane
way as in Exanple 1 except that 320g of conpl ex oxi de,
22 . 7g of antinony trioxide and 45g of strength
enhancing material (ceramc fiber) were uniforny

m xed. Active agent conposition of the catalyst

=050, 5111 SRR b WS T b REET S S a5
catrakmm |t<ﬁ11dﬁa§0pé¥1¢§?ﬂ§§ 65 ¢ n Bl pberedye vRar) and
thd P sp éyu@gﬂ@g MeSqatseslsdhe result is shown in

e o) e € S e eihaciel s 1 perines
abdﬁﬁfﬁndbddé:sﬂmﬂtasgbactuiatpm%t&euhaeaythc atindiyaepowder
an é?%ﬁQJ ke The amount of the molding aiding agents used are
usually 1-60 mass part to 100 mass part of the mixture or dry
powder.

It is also useful to optionally use inorganic fibers
inert to active agents in the catalysts and reactive gases such
as ceramic fibers and whisker etc, as strength enhancing
materials for enhancing mechanical strength of catalysts.
However, fibers reactive with catalytic components are not
preferred, such as potassium titanate whisker and basic
magnesium carbonate whisker. The amount of the fibers used is
usually 1-30 mass part to 100 mass part of the mixture or dry
powder.

The mixture or dry powders are coated to the carriers in
this way, and the resulting coated products are usually
approximately 3-15mm in diameter.

[0018]
Step (e), {(j): calcination

While coated catalysts obtained as described above may
be used for gas-phase catalytic oxidation reactions as
catalysts without further modification, calcination may
sometimes preferably increase catalytic activity. In this case,
calcination temperature is usually 100-450°C, preferably
250-420°C and calcination time 1s 1-20 hours.

Calcination is usually conducted under air atmosphere,
but it may be conducted under inert gas atmosphere such as
nitrogen atmosphere or reducing gas atmosphere such as ethanol
atmosphere. Calcination under inert gas atmosphere or reducing
gas atmosphere may optionally be followed by calcination under
air atmosphere.

Catalysts obtained as described above (hereinafter

referred to as catalysts according to the invention) will be

11



early phase of the reaction 77.88 83.98 65.40 after
hi gh-tenperature reaction treatnent 78.00 85.49 66. 68
As shown in Tables 2 and 3, when antinony is added at
the ratio of 0.3-1.5 to 10 equi val ence of nol ybdenum
catal ysts show great versatility and give excellent
performance under industrial conditions. [0027]

Exanmpl e 4 Coated catal yst (catalyst according
usé&’ tt'?)eebg_éﬂgg%go'ﬁeﬁ%n?wr geiln };Bﬁ‘eg%% h‘é@%é aéaté‘lytlc

of cong ix oXi g
oxwatah@m ey r@%%&%@% 45508Pt¥ P Hsmd@nr%c%ﬁab tyric
achateri al (ceran1c fiber) were uniformy mxed. Active

agegb@co OSI nlpf th%‘ca %%st gbt%%ge%hg%% catalytic
oxid&ﬂj@nmﬁhﬁﬁﬂmhtMadﬂobelnbkmskmatﬁdrﬂawbn@h.mashacrolein,

thgg%%ﬁ;g?gf%%a%ﬂeﬁﬁgggkﬁai %&kahﬂ@h {ﬂéﬁz t§§¥s of the

_ | used e resu I's shown in Ta
invention, is used.

Molecular oxygen or molecular oxygen containing gas is
used in the gas-phase catalytic oxidation reaction. Ratio of
molecular oxygen used to methacrolein is preferably in a range
of 0.5-20 molar ratio, and particularly preferably in a range
of 1-10 molar ratio. It is preferable to add water into raw
material gas in a molar ratio of 1-20 to methacrolein in order
to promote the reaction smoothly.

In addition to oxygen and optionally added water (usually
included as water vapor), the rawmaterial gas may contain gases
inert to the reaction such as nitrogen, carbon dioxide and
saturated hydrocarbon and the like.

Alternatively, methacrolein may be supplied as a gas
obtained from oxidation of isobutylene, tert-butanocl and
methyl tert-butyl ether.

Reaction temperature of the gas-phase catalytic
" oxidation reaction is usually 200-400°C, preferably 260-360°C
and the amount supplied of the raw material gas expressed in
space velocity (SV) is wusually 100-6000 hr™*, preferably
300-3000 hr .

The gas-phase catalytic oxidation reaction can be
conducted under either increased pressure or reduced pressure,
however, pressure around atmospheric pressure is generally
suitable.

[Example]
[0019]

The present invention will now be described more
specifically by way of the examples, however, the invention is
not limited to the examples.

Conversion rate, selectivity and yield are defined as

12



[0028] Table 4 Result of nethacrol ein oxidation
reaction nmet hacrol ein conversion rate % nethacrylic
acid selectivity % nmethacrylic acid yield Exanple 4
early phase of the reaction 66.45 85.92 57.09 after
hi gh-tenperature reaction treatnment 57.99 88. 18

follows.

Conversion rate = mole number of methacrolein reacted /
mole number of methacrolein supplied x 100

Selectivity = mole number of methacrylic acid produced
/ mole number of methacrolein reacted x 100

Yield = mole number of methacrylic acid produced / mole
number of methacrolein supplied x 100
[0020]
EXAMPLE 1

1) Preparation of catalyst

To 5680 ml of pure water were added 800g of molybdic
anhydride, 40.43g of vanadium pentoxide and 73.67g of 85% by
mass orthophosphoric acid, stirred for three hours at 92°C to
yield rust-colored clear solution. The sclution was then cooled
to 15-20°C and 458.2g of an aqueous solution containing 9.1%
by mass of cesium hydroxide and 629.1g of an agqueous solution
containing 14.3% by mass of ammonium acetate were gradually
added at the same time, and maturation for one hour at 15-20°C
provided yellow slurry.

To the slurry, 709.9g of an aqueous solution containing
6.3% by mass cupric acetate was gradually added, and additional
maturation was performed for 30 minutes at 15-20°C.

The slurry was then spray dried to provide complex oxide.
The composition of the complex oxide produced is
Mo10Vy.gP1.15CUp.4Cs0.5 (NHz) 2.1

320g of the complex oxide, 6.9g of antimony trioxide and
45g of strength enhancing material (ceramic fiber) were
uniformly mixzed and coat molded to 300g of spherical porous
alumina carriers (particle diameter 3.5mm) using approximately
80g of 90% by mass ethanol aqueous solution as a binder.
Resultant molding was calcined for five hours at 380°C under
filowing air to give a desired coated catalyst (catalyst
according to the invention).

Active compconent composition of the catalyst obtained
was MoigVe.gP1.15C0g,4C80.5 (NHy) 2,1Sbg. 3.
[0021]

13



51.14 As shown, when antinony is added at the

ratio of 1.5-2.0 to 10 equiv of nol ybdenum catalysts

show hi gher selectivity as conpared with the catal ysts

descri bed in Exanples 1-3 when used under conditions

with smaller space velocity. Exanpl es 1-4

denonstrate that easy control of catalytic activity

and preparation of catalysts having versatility in

gﬁp}/z ¥ @&Ea[ Ozigcfrsé&xitdml ;gafbév@tf&hl@ﬁ/?ﬁie@ya@m : | EHoh

i mony. anpl e mpl ex oxi de,was . .

bt a1 el 9 s it by C2% 4 St RgPerF SeRe8pt LLNgE 0 2

staQ:E;@lé@s theh’ié’ﬂ.d&%aeﬂiﬁ:rﬁcﬂuﬂd or thofnhakem djafet&rbyfnbssdmm,
cesj um hydr.oxi.de and _1497. 99 of _a e S ion

me@b%?’é‘? ¥ 11y f’f]é%)tblfnnaggagf%lgﬁrmﬁ%ﬁm%ce At'e (%Ne?‘!eslitngo =
comdedion20d ofawt hwmatenmphéx gnd décoRpoFgtopnanimiatsnyratio)
| Oxi de. .an f. enh iRgempatarial . 4. 1
e PR honad ooh caal molde’ )"
spaee 3084061 t¥pHEN) c a2 PBrous 2aFumSRE &y iR (parPPEREBUTS
316t Ci?”?th%r raaél’!ﬂ%_nugééﬂQr%@éaf]ﬂﬁ&&&t@?péﬁhﬁ@ﬂtmtﬁh BBrs at

solution as a_binder. Resulta [ was t hen.
rexaF et FRTESHBGH eat°%88%§€ﬂ%@rtghﬁﬂm F§gitrtofo Path
tefib&eautesidedadeatietdo (REIY shd( the atemstt iaoreiadi ognt bnued

the_i pvention). i.tionaft hecat. t Al
fom‘ia Sgps gg%jlﬁ.o%%%ihuen% qfd Neeal | YLDt AL AEAVES o as
“high1d4BpOBI00r QM hattoh et noxtmant 6h- rBe@eF banwaSSult was
mePELEOL NEE 85 H@cgéggﬁh% Irexoepicdingl Bdims @@?ﬁ@gature to

catalyst was used. The'result is shown in Table
3190080] Table 5 Result of nethacrolein oxidation
[og2agtion nmet hacrol ein conversion rate % nethacrylic

aci d sel ectivity % nethacryli [ [
Table 1 Result of methacrolei%/ oxi(c)lation react{ox ¢ acid yield

methacrolein methacrylic acid | methacrylic acid
conversion rate % selectivity % yield
Example 1 early phase of the | 87.26 81.19 70.85
reaction
after 89.69 83.50 74.89
high-temperature
reaction treatment

As shown, if antimony is added at the ratio of 0.05-0.3
to 10 equivalence of molybdenum, catalysts have strong activity
and exhibit excellent activity and selectivity when used under
large space velocity. They also exhibit excellent activity and
selectivity when used under the condition of small reaction
tube diameter and large linear velocity. They can
advantageously be used when space velocity is increased for
increased production or cost reduction by decreased amount of
catalysts is desired.

[0023]
Example 2

Coated catalyst (catalyst according to the invention)

was prepared in the same way as in Example 1 except that 320g

of complex oxide, 16.1g of antimony trioxide and 45 of strength

14




Exanple 5 early phase of the reaction 77.97 82.79

64.55 after high-tenperature reaction treatnent 72.19

84.91 61.30 [0031] Exanple 6 To 5680 m of

wat er were added to 800g of nolybdi c anhydride, 40.43g

of vanadi um pent oxi de and 73.67g of 85% by mass

ort hophosphate, stirred for three hours at 92C to

yield rust-colored clear solution. The solution was

. .£00 5- t I | uhi; 68, : .

o o te aal Ul v ant ALared. o iy by eormidg® ked
Actdarg URPRDERBRT dECHRASEE 0Ty f Bl aG@EaGYSSoIdRbadMed was
Mo G0N R NG I 3%, BBSH,0f. ammoni um acetate were

ol SIS B o LT 00, IRLY el

exddet shartr yhi 200 dedfcaralagievas seedt iTe cestditniagshown
in %)/fé’yz mass cupric acetate was added, and additi onal

et Urat7on was performed for 30 mnutes at 15-20C.
[0B2Ug of antinony trioxide was added to the slurry and

Tablggﬁ{ggr@tok@Ethy@qiehm@aaiﬁ&gggc&ig@r addi t,. i onal 30 ninutes at

fad R WA oo rr-a\L Leaa & A/t LA Al oy
Y T Rethacrolely | O | methacrylic dcid | -methaérylic acid

owder | Conposition Pl the. ¢ ex : dipes as
e oo osh T ocopcnel g WG 2

Exa%’?f/ po rﬁo fia 459 of "strength enhanci ng nat erli al
(ceram i ger ) —werer ey —uniform 8:1"148xeu' and—[CHeah
nol ded|{9; 3009. of. spherical porous|alum na carfriers
(parti :e%lgt hadRL&k 3} 5" using approximtely 80g of
90% by mass et hanol

[0025]

Example 3

Coated catalyst (catalyst according to the invention)
was prepared in the same way as in Example 1 except that 320g
of complex oxide, 22.7g of antimony trioxide and 45g of strength
{ceramic fiber}

enhancing material were uniformly mixed.

Active agent cbtained was
Mo10Vo.8P1.25C00.4Cs¢.5 (NHs) 2.18b1.9.

reaction was performed as in Example 1 except that this coated

composition of the catalyst

Methacrolein oxidation
catalyst was used. The result is shown in Table 3.
[0026]

Table 3 Result of methacrolein oxidation reaction

methacrolein

methacrylic acid

methacrylic acid

conversion rate % selectivity % yield
Example 3 early phase of the | 77.88 83.98 65.40
reaction
after 78.00 §5.49 66.68
high-temperature

reaction treatment

As shown in Tables 2 and 3,

when antimony is added at

the ratio of 0.3-1.5 to 10 equivalence of molybdenum, catalysts

show great versatility and give excellent performance under

industrial conditions.

[0027]
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aqueous solution as a binder. Resultant noldi ng was
calcined for five hours at 380C under flowing air to
give a desired coated catal yst (catal yst according to
the invention). Methacrol ein oxidation reaction was
performed as in Exanple 1 except that this coated
catal yst was used. The result is shown in Table 6.
[0032] Table 6 Result of methacrolein oxidation

Exd ipn  methacrolein conversion rate % nmethacrylic
acid selectivity % nethacrylic acid |eId Exa le 6
ear ISP HRE CFaHE r RIS T 2GR JaIFY%IFtlon

wadliglegd armeral the EeRActwan 44 eat rmmmple 1 except that 320g
of complex oxide, 40.9g of antimony trioxide and 45g of strength
enhancing material (ceramic fiber) were uniformly mixed.
Active agent composition of the catalyst obtained was
Mo19Vo.gP1.15C00.4C8g.5 (NHs} 2.1Sb1 .58 Methacrolein oxidation
reaction was performed as in Example 1 except that this coated
catalyst was used. The result is shown in Table 4.

[0028]

Table 4 Result of methacrolein oxidation reaction

methacrolein methacrylic acid | methacrylic acid
conversion rate % selectivity % yield
Example 4 early phase of the | 66.45 85.92 57.09
reaction
after 5799 88.18 51.14
high-temperature
reaction treatment

As shown, when antimony is added at the ratio of 1.5-2.0
to 10 equiv of molybdenum, catalysts show higher selectivity
as compared with the catalysts described in Examples 1-3 when
used under conditions with smaller space velocity.

Examples 1-4 demonstrate that easy control of catalytic
activity and preparation of catalysts having versatility in
many reaction conditions can be achieved by adding antimony.
[0029]

Example 5

Complex oxide was obtained in the same way as in Example
1 except that 916.4g of an aqueous solution containing 9.1% by
mass of cesium hydroxide and 1497.9g of an agqueous solution
containing 14.3% by mass of ammonium acetate were used. 320g
of the complex oxide, 22.7g of antimony trioxide and 45g of
strength enhancing material (ceramic fiber) were uniformly
mixed and coat molded to 300g of spherical porous alumina
carriers (particlie diameter 3.5mm) using 20% by mass of ethanol

aqueous solution as a binder. Resultant molding was then
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82.22 86.11 70.80 [0033] Exanple 7 The coat ed
catal yst of Exanple 3 was filled in a steel reaction
tube with internal dianeter of 29.4 nmthat was

equi pped with a therno couple protection tube with
external dianmeter of 6 nun so that height of filled

| ayer 350cm has been achi eved, and isobutyl ene was
supplied to the reaction tube so that the space

ca Vel oed t §oof £ i8R0 Hourofatt 138 0eached rgds owangaahireyvedgive a

when.rea ted t en_i.n_the presence of
Gy PR Gl TaE LT Bl ATy BaGHGrL S ST, CogRar o
andl rérmperel nepor  cofist i thlent s) catalystConpigiatingd of was
ea vol % 8.99
18 % Sb (%L?O é@l% %n tar%g)D én 12%36 VO %’A) V\é/alltrclar va(p))}\{it?éia(‘tl'mrl
re%ﬁﬂalqn ws\/éﬁ%fpéﬁﬁrin@ﬁglre&mﬁ@%@qﬂ-sexcept thathghigsgpated
ca®©of1y®t hagcs ohedy. oxhdatd om ¢ east R0wR000 hawrs after
he start of the reaction is shown in Table 7. [0034]
[03%] e 7 Resul t of met hacrol ei n oxi dation reaction
Tabk @ @etuli@f hathicrdl@npadagibufeection C hot spot tenperature / C

nEIhaC_OﬁeinoconverS PBniR&n 70 Tel NAERYIE 288 Cnethacrylic acid
sel ectivity % conversion rate % selectivity % yield
Example 5 early phase of the | 77.97 82.79 64.55
reaction
after 72.19 84.91 61.30
high-temperature
reaction treatment
[0031]
Example 6

To 5680 ml of water were added to 800g of molybdic
anhydride, 40.43g of vanadium pentoxide and 73.67g of 85% by
mass orthophosphate, stirred for three hours at 92°C to yield
rust-colored clear solution. The solution was then cooled to
15-20°C. To the cooled solution, 458.2g of an aqueous solution
containing 9.1% by mass of cesium hydroxide and 629.1g of an
agueocus solution containing 14.3% by mass of ammonium acetate
were gradually added at the same time, and maturation for one
hour at 15-20°C provided yellow slurry.

To the slurry, 709.9g of an agueous solution containing
6.3% by mass cupric acetate was added, and additicnal
maturation was performed for 30 minutes at 15-20°C. 32.4g of
antimony trioxide was added to the slurry and maturation was
continued for additional 30 minutes at 15-20°C. The slurry was
the spray dried to yield dry powder. Composition of the complex
powder obtained was Moi1gVo.sP1.15C00.4CS0.5 (NHs) 2,15b¢.4.

320g of the dry powder and 45g of strength enhancing
material (ceramic fiber) were then uniformly mixed and coat
molded to 300g of spherical porous alumina carriers (particle

diameter 3.5mm) using approximately 80g of 20% by mass ethanol

17




Exanple 7 294 315 72.79 83.63 [0035] Exanple 8

41. 2nL of the coated catal ysts obtained in Exanples 1,

3 and 4 were filled in a stainless reaction tube with

an internal dianmeter of 18.4mm A raw naterial gas

(conposition (nolar ratio) ; nethacrolein : oxygen :

wat er vapor nitrogen =1 : 2 : 4 : 18.6) was fl owed

into the reaction tube at 300hr-1 of space velocity
aq&e%%s sclalrull-i et {33333 raOEG_inI&leﬁ_Qn‘R@[s_&ilQanltgmeldFIgt;haeBycl:eia Tcined
ac selectivity nmet hacrylic.acid.yi Wer e .
Fofiok STo R D hor e G ERTebebt i A Ot e FhEE .7 ofiesire
codthed r esatld] ysst shi@matalrystablee®rdiogl36tocTabhe 8imkesution) .

cl ol gi ) [ .rea

e i g e T
ex¢eple hat this coated catalyst was used. The result is shown

in Table 6.
{0032}

Table 6 Result of methacrolein oxidation reaction

methacrolein methacrylic acid | methacrylic acid
conversion rate % selectivity % yield
Example 6 early phase of the | 72.79 83.63 60.87
reaction
after 82.22 86.11 70.80
high-temperature
reaction treatment
[0033]
Example 7

The coated catalyst of Example 3 was filled in a steel
reaction tube with internal diameter of 2%.4 mm that was
equipped with a thermo couple protection tube with external
diameter of 6 mm so that height of filled layer 350cm has been
achieved, and isobutylene was supplied to the reaction tube so
that the space velocity of 800 h™! of the reacted gas was
achieved when reacted with molecular oxygen in the presence of
a complex oxide catalyst (molybdenum, bismuth, cobalt and iron
are major constituents).

Composition of the reacted gas was 3.21 vol® methacrolein,
8.99 vol% oxygen, 71.54 vol% nitrogen, 14.46 vol% water vapor
and 1.80 vol% remaining conmponents.

The result of methacrolein oxidation reaction 26000 hours

after the start of the reaction is shown in Table 7.

[0034]
Table 7 Result of methacrolein oxidation reaction
reaction bath | hot spot temperature | methacrolein methacrylic acid
temperature / °C /°C conversion selectivity %
rate %
Example 7 294 315 72.79 83.63
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met hacrylic acid selectivity % nmethacrylic acid yield%
Example 1 0.3 265 74.26 77.23 57.35 Exanple 3 1.0 270
79.71 79.89 63.68 Exanple 4

[0035]
Example 8

41.2mL of the coated catalysts obtained in Examples 1,
3 and 4 were filled in a stainless reaction tube with an internal
diameter of 18.4mm. A raw material gas (composition (molar
ratio); methacrolein : oxygen : water vapor : nitrogen = 1
2 : 4 : 18.6) was flowed into the reaction tube at 300hr™! of
space velocity (SV}, and methacrolein conversion rate,
methacrylic acid selectivity and methacrylic acid yield were
determined 24 hours after beginning of the reaction.
The result is shown in Table 8.
[0036]

Table 8 Result of methacrolein oxidation reaction

antimony reaction bath | methacrolein methacrylic methacrylic
amount temperature / °C | conversion acid acid
rate % selectivity % vield%
Example 1 | 0.3 265 74.26 77.23 57.35
Example3 | 1.0 270 79.71 79.89 63.68
Example4 | 1.8 275 78.40 80.46 63.08

[0037]
Comparative Example 1

To 5680 ml of water were added to 800g of molybdic
anhydride, 40.43g of vanadium pentoxide and 73.67g of 85% by
mass orthophosphate, stirred for three hours at 92°C to yield
rust-colored clear solution. Subsequently, 32.4g of antimony
trioxide was added to the solution and heated with stirring for
additional two hours at 92°C to give navy blue solution.

The solution was then cooled to 15-20°C and 458.2g of an
aqueous solution containing 9.1% by mass of cesium hydroxide
and 629.1g of an aqueous solution containing 14.3% by mass of
ammonium acetate were gradually added thereto at the same time
with stirring, and one hour of maturation at 15-20°C provided
slurry.

To the slurry, 708.9g of 6.3% by mass cupric acetate
agueous solution was then gradually added, and maturation was
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1.8 275 78.40 80.46 63.08 [0037] Conparative Exanple
1 To 5680 ml of water were added to 800g of
nol ybdi ¢ anhydri de, 40.43g of vanadi um pent oxi de and
73.67g of 85% by mass orthophosphate, stirred for
three hours at 92C to yield rust-colored clear
sol ution. Subsequently, 32.4g of antinony trioxi de was
added to the solution and heated with stirring for
corelth ¢ Onbdr t addd holssa At 39265 hat g6 vet nayy2 bf ae
sol ut, on. The sol ution wa hen oled to .
75 S B FR25 oo A Ao ans ot QS g g oxide
powldes by Thess afmpesi Uiehydedxi dreandp6R9etg @fraghiced  is
MoJRHSRYS S8l b oneentajghng 14, 3% by mass of ammoni um
acetate were gradual’ly a&ded thereto at the sane tine
wi t 339 ref ngheapamphexhedidsf Reatdsratdsh 419 16t 29Erength

enPi RVl fetnSt&FI Y] (ceramT® £iBes) UiéYe URDEOEMDY iR and

by nmass, cupric et at e agueous sol uti on s then .
coRk aBOAFES ditledt Odn@ Trat RAGT T 7L wRET OGNt il oparriers
(padti t1endl aét et nBit &smAtudbn@0fpproximatdhe 80groy 9@s by
maéé‘eé‘tr?é’rgéi’ anL4ee(%q11§ Q Arquide a%ogplog%ﬁd%é'.dﬁe%ws{qt B8ding

conposition e "‘powder produced TS
wa/Bke0 c8R T 128Cu 604 GV S (INEY)2 2atSBBOAC under f13pggipkir to

gitd& c8APLAX- £ P PRMICELoRARI r4230n0f MEHERGIN 8RN8REHAT: on
material (ceram™ fiber) were uniformy m xed and coat

reypb el 135 BoodosTespherir AXagRisud axemRhd hadr thdpsscoated
ca%@gy%i; Gt diséEIEU@lﬁ’lc %éﬂﬁ'@cﬁ&ﬂéﬁ?’l @@mﬁz@ﬂsmhgkagé%@fas low
0 nass anol, aqueoys_sol ution,_as i r.
as pOS bl TR St B HOC VRS RGN Bl 21 REQCForati VDU S at
380C under flowing air to give a coated catal yst for
conpari son. Methacrol ein oxidation reaction was
perfornmed as in Exanple 1 except that this coated
catal yst was used, but nethacrolein conversion rate
was as |low as 15% and coul d not be used as a practica
catalyst. Cains
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1. A nethod for manufacturing a catal yst conprising
essential active conponents of nolybdenum phosphorus,
vanadi um cesium antinony, and ammonia for use in the
production of nethacrylic acid, conprising mXxing an
Clai%gtinony compound wi th a conpl ex oxide containing the
essential active conponents other than antinony, and

nnldig% and calch&in t he result%gg_nixture” 2. The
L. RefRddC8c EOFdMAG UG CEREIRIL 2 \WREPSVT 1t KOG % t he
@SSe&ﬁﬂ@%oﬁftéaﬁp8ﬁﬁﬁgﬁepﬁStPé Eﬁﬁﬁpgfn&%fdQWQ§R§0rusr
vanaggaeRaniCeaIl Ui, x PRg 18P NYhe 230G TdR dorandca i§olthg
prodaetilvony fcowpbasdy 118, aThie, meohed isdeer dilixg ko adl ai m 1
antigoen®, osmpoeing whdhmel diomg leonpriises coodEiimg ngn the
essenmtdetli wetdarr icempainien tishe titext dihe nu sintg meoniy, nderd t o
moldiagMmaadc eatled ndalgattyst resulting mixture.

2. The method according to Claim 1, wherein the mixing of
the antimony compound with the complex oxide is a
mechanical mixing of the complex oxide and a solid antimony
compound.

3. The method according to Claim 1 or 2, wherein the

molding comprises coating an inactive carrier with the
mixture using a binder to form a cocated catalyst.
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