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On the other hand, when a process (to be referred to as a "continuous process"” comprising a reaction
in which at least one starting material selected from isobutylene, teri-butanol and methyli tert-butyl ether is
oxidized catalytically in the vapor phase to form methacrolein (pre-stage reaction) and a reaction of
oxidizing this methacrolein-containing mixed gas directly oxidized to form methacrylic acid (latter-stage
65 reaction) is employed, it is known that the unreacted material or high-boiling by-products (these may be
generically called "impurities™) in the gas from the pre-stage reaction (to be referred to as the "outlet gas of
the pre-stage reaction™) suppress the activity of the catalyst for the productuon of methacrylic acid used in
the latter-stage reaction.
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The catalyst of this invention for the productton of methacrylic acld is composed of an inert carrier and
45 a catalytically active substance layer deposited on the inert carrier. The inert carrier may be any known
carriers which are(is) normally used such as silicon carbide, silica, alpha-alumina, silica-alumina, titania, and
refractory materials. There is no particular restriction on the shape of the inert canrier. It may be spherical,
or in the shape of pellst or ring-like. In particular, a spherical carrier with a diameter of about 3 to 10 mm, or
a pellet-like carrier or a ring-like carrier having an outer diameter of about 3 o 10 mm and a length about

so 0.3 to 1.7 times the outer diameter are especially preferably used.

The catalytically active substance layer is composed of oxides represented by the formula (1). This
catalytically active substance layer may be formed by mixing compounds containing Mo, P, A, B, C or D
element components of the oxides of formula (1) as the starting material of the catalyst, as required heating
them to prepare a slurry or a solution, spraying the slurry or solution on the inert carrier, and thereafter

55 calcining the inert carrier (to be referred to as the method of forming the catalytically active substance laysr;
baking deposition method).

There is no particular restriction on the compounds containing elemental components as the starting
compounds. They may be any oxides which contain the respective elemental components, compounds
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not only within the definition of formula (1), constituent elemental components differ, but also the constituent
elemental components are the same but have different atomic ratios. And as Layers which constitute the
catalytically active substance layers do not all have to have different compositions. To achieve the foregoing
56 object effectively or optimize the catalyst performance, an operation of spraying two or more slurries or
solutions may be repeated one or a plurality times so that a plurality of layers of the same composition may
exist such a catalytically active substance layer of the multilayer structure may be formed by mixing the
components containing respective elemental components of the oxides of formula (1), and as required,
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or in a nst rageny slecteelyachtevél)0 t o 600 C, preferably at 300 to 500 * Cto
form a cat al yt Acalding tathei bakings dapasition qesthiodyitis ey tohfoins a cefalylisellychctiie sulstaness lagdr
formul a (1) .hayhg:a seasifinsuriste alee acepeeifio/pdre valume andta specifinupese sirrc digtribubionowithingtilese n
the i nert ca¥Ppyifisr rapgesc FuriherRiorpy singe gecgiing \to Sihey (paking depgsiiipn raefhpdc piaihisyinvegtiong a
50 per 1(Rgtalyficalhr agtive. spbstapges jayer | having a; spegifics suriage, roa; ‘?F’WP h‘@‘"@ata&ﬂé‘l porg | §
act | s uﬂst%‘i‘ﬂ?&"ﬁ‘ “‘P sPB‘iﬁf'ct’Fﬂgﬁs %"‘8 "FH%W“’? e Q?a? éﬁpgf’g clelity, \ppiphyst b 'lgdwf°
the other hdlith? 'Ps? s 10 cat a‘;@ act

suist
becones” i gl etrsrwratfrtt%r B b

mventron. there is no particular lrmltatron on the apparatus and oondrtrons in rts practice. The reaction can
45 be performed under conditions which are generally used for the production of methacrylic acid by vapor-
phase catalytic oxidation or vapor-phase catalytic oxidative dehydrogenation reaction.

For example, a gaseous mixture composed of starting compounds such as 1 to 10 % by weight of
methacrolein, isobutylaldehyde or isobutyric acid, 1 to 10 times the volume of the starting material of
molecular oxygen, and inert gases as diluents such as nitrogen, carbon dioxide gas and steam (The use of

s0 steam suppresses the formation of by-products and is advantageous for the increased yield of the desired
product) may be brought into contact with the methacrylic acid production catalyst at a temperature of 200
to 400 *C under 1 to 10 atmospheres at a space velocity of 100 o 5,000 hr— (STP).

When methacrolein is used as the starting compound, methacrolein need not be always pure, and a
methacrolein-containing gas obtained by catalytically reacting isobutylene or tertiary butanol may be used.

s5 The use of such a methacrolein-containing gas is especially recommended in an industrial process. Since
the methacrylic acid production catalyst of this invention is formed by depositing a catalytically active
substance layer having a specified composition on an inert carrier by the baking deposition method, it has
high activity and can produce methacrylic acid in high yields with high selectivity. In particular, by adjusting

5



be achieved. The cat al ytically active substance'l ayer may be of a single

| ayer structure or of a nultilayer structure. if 35 the catalytically

active substance layer is of a nultigpays#ss sarmict ure which i s conposed of an

i nside | ayer which is superior in respect of catalyst performance but is

susceptible to influences of inpurities and of an outside |ayer having a

weak force ¢ speifiarsutiaceseresn dheneore Meumg end the ngte dipmeley digtribyion t ghea Brrepified, rapge

met hacr ol ei fimyiEnqonsly. methaeryliciags canrbeipragunep incshighetdeld with high seledtivilyy t he

i npuri ti es | n SRR inote |methagy §ea§'d| '?‘i°°i“ﬁ!§’“ Fté'y%’t"é 'F‘@a@? |t6‘h cal acvp spstance

when it g%éf q\qtpt?q?g lqad g@ mm actlon can be
ﬁ‘é gan
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met hacr yl | Cla chs %gfv an ol %Vthx'ﬂyeals E@tid[‘f rier, and has
substance | g r? o eamj.l |§{§r1tcb'lic§3pee lgs@ o?iﬁ'%% 3h is fully
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formed by mempsigueonpounds containing the el emental conponents of the

oxi des oOfis f Or "MHé Batdiyls} of tAi8 Ghvbrition eapLbier @etucdtictat a Sigypib mesthodl it high teprobivibilitya By this
slurry or aingstiont & owthadnylis peidprot@tidntratalyst| havingya wifors stalytint pegfiormances canctie prodeget.
carrier, twBecausemwbitsexediient raproduaibilitys thb oatalyshis irldastiaiygexdelieiter ent conposi ti ons
are prepared, Bl folawing Exagples dhogirasernt yoventiorawilb be epaciticalytitusratesk t carri er,

fol | owed by bdke eagversian, the selestivity pef] angipgss vieldaredefinadyes follewst y acti ve subst ance
| ayer; of 2he nultilayer structure are conposed of oxide |ayers havi ng

di f f e€nt conpositions. the "msildes offagitagtdingl ecompound@sposi tions”

termed hereip neans.not only wekkitedt he definition of formila

const i tuent g?@?fgﬁtséf’ cé%ﬁonemﬂei bEecfedbstazitingt kempounidst 6‘2:&1‘(0 O enent al
conponents are the sane but have different atomc ratios. And as Layers
whi ch coftitute the catal ytlcalll y actlve substlance | ayers do not all have
to have diff yanMolgs afhimedba Lor S@agngoimedoh| gct

ef fectively g’%g%%ﬁ%g?gst(tﬁé cle P?s?fpéﬁﬁstﬁﬁﬁcét’mﬂﬂuaﬂelfm slproayl ng
two or nmore slurries or solutions may be repeated one or a plurality tines
so t hat plurality of layers of_the sarre corrp05|thn exi st such a
catal yti ?oal |y active substance | éPSP t i& H’&FHIIY&;*& aé"%l’-fduct ure may be
formed by m ®hagphbe 9aepanerhs ¢ -e, espoctie—slenent glooconponent s
of the oxides of formula (1), an{f®3 €3EEIngn o 415 347 Bl heat ed
to prepare a slurry or a sol utloﬁ°mpﬁu§ Payl ng two or nore slurries or

sol utionss having different conpositions, and successively sprayed on the
inert carrier and repeating this operation. The baking for the formation of
a catal yti cEXAMPLEGt i ve substance |layer of nultilayer structure may be
perforrred for each la but it may be carried out after all |ayers are
sprayed and fd’Pr‘f'Bé!‘e"s?}/ heated d@P"’?‘PEt‘"H‘ab‘f’ 9 pddeq) 8,539 G’BE?E’!“F"Q)PP’?!%R'V&P?%@ 53? 4 g of
si ngI I d@/eF'“'B?““’&‘ 'ﬁﬁFF‘laP*}d 9%

”°"<’%‘*‘§'°¥ 68

| ayer, pore W%"safﬁﬂ Hveﬁraé'd °ns°ﬁ‘}'|‘§' and then a

fol I-owi ng r e'?'tg‘f ?c %h éroéﬁes'u Wff deionized

wal was ad ed hey were rred eatmg (o] rm a siurry (o be referred to as )

1,600 mi of a ring-like carrier composed of silicon carbide (outer diameter 6.0 mm, inner diameter of

45 throughhole 3.0 mm, length 5.0 mm) was put into a stainless steel drum having an inside capacity of 20

liters adapted to be externally heated, and preheated to 120 - 200 *C. While the drum was rotated, the

slurry (A) was sprayed onto the carrier to form a deposited layer. The carrier having a deposited layer

formed thereon was calcined at 400 * C for 3 hours under air flowing to form a catalytically active substance
layer to obtain a catalyst (I-1)

50 The composition (excluding oxygen) of this catalyst was Mo12P1.9V1.09C1.0ASes. The amount of the

catalytically active substancedeposited (as oxides, the same hereinafter) was 20 g per 100 mi of the carrier.

EXAMPLE 2
85 A spherical carrier (diameter 6.0 mm) composed of silicon carbide was measured in an amount of 1,600

ml. By the same way as in Example 1, the slurry (A) was deposited on the spherical carrier by the baking
deposition method to obtain a catalyst (I-2).
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Example
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reaction can e per orne under condrtrons whi ch are generally used for

t he producti gpmMparRRUEERANPLE® aci d by vapor- phase catal ytic oxidation or
vapor - phasg catal ytic oxidative dehydrogenati on reaction. For exanple, a
gaseous m Xt urea %Gﬁt@ﬁﬁfﬁeﬂﬁiaﬁ&t&r 6.0 i) Soripbsat BfkRe Sdiflyiliadh chrolde a&Qse%irb&aN’tﬁb @hvas
of measured to an amount of 1,600 ml, and as in Comparative Example 1, was immersed in a predetermined
amount of the slurrty (A). The slurry (A) was heated, concentrated to dryness in an attempt to deposit the
slurry (A). The deposited layer was defoliated successively from the carrier, and a catalyst could not be
50 obtained.

\

COMPARATIVE EXAMPLE 3

The same ring-like carrier (outer diameter 6.0 mm, through-hole inner diameter 3.0 mm, length 5.0 mm
55 composed of the same poorous silica-alumina ring-like carrier as used in Example 5 was measured to an
amount of 1,600 ml, and immersed in a predetermined amount of the slurry (A). The slurry (A) was heated,
and concentrated to dryness to deposit the slurry (A) on the carrier. Simiultaneously, the slurry was calcined
as in Example 1 to obtain a catalyst (I-7).
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20 Moles of star]
. ethacrolein 35
) isobutylene 0.04
Methacrylic acid + acetic acid 0.24
Steam 20
Oxygen 9.0
Others (inert gas composed mainly of nitrogen and carbon dioxide gas) | 67.2

The results are shown in Table 1.

The following can be understood from the results of Table 1.

When an inert carrier such as silicon carbide is used, the catalyst cannot be prepared by the immersion
deposition method because the catalyst layer depositied dropped off from the carrier, but only by the
baking deposition method, the catalyst could be prepared.

With a porous inert carrier, a catalyst can be prepared by the immersion deposition method. But the
catalyst obtained by the immersion deposition method gives both inferior methacrylic acid selectivity and
one-pass vield as coompared with the catalyst of this invention obtained by the baking deposition method.

50

65



[err] 30 ° ' Mol es of methacrlylic acid [err]
conpounds 35 EXAMPLE 1 To 40 liters of heated deioni zed water were added
8,830 g of ammoni um par anol ybdat e and EP416 3781 40 anmoni um net avanadat e.
The m xture was stirred to dissolve themin deionized water. Arsenious acid
(123:7 g) and 85 % phosphoric acid (523.8 g) were added to the sol ution,
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EXAMPLE 8
&5
The same slurry (A) as prepared in Example 1 was divided into two equal portions. Using one portion of
the slurry (A), four batches of catalysts (iI-1) to (ll-4) were prepared. Likewise, by using the other portion
(A), four batches of catlaysts (ll-5) to (1-8) were prepared by the immersion deposition method as in



the”bakihg deposition nethod to obtain a catalyst (1-4). The conposition of
the catalytically active substance |ayer of this catal yst was the sane as
in Exanple 1, and the anount of theER&415B8T B4l |y active substance was 20 g
per 100 m of the carrier. 20 EXAMPLE 5 Porous al pha-alumna ring-1like
carrier (outer diameter 6.0 mm (through-hole) inner dianeter 3.0 mMm
l ength 5.0 pargtixe Example & neci i ¢ surfﬁce areg f_O.?B%B was neasured to
an anount o{“ t%@USt i sbﬁhetﬁ'i‘?é’“'ﬁé’f( ﬁ@atﬂgﬁ @iaftl"?)ﬁ“ ?%&BP%E‘*“N?SE&&&&E’"
the slurry ite n tain
conposi ti,on, of? SRSl SfP g1, b e s SR PAalEh o o e pile
was {Ye sane as in Exanple 1. The anount of the catalytlcally active
substance deposited was 20 g per 100 m of the carrier. EXAMPLE 6 30 A
por ous al pha-al um na spherical carrier having a specific surface area of
0.3 [err] was neasured to an anount of 1,600 ml, and in the same way as in
Exanple % the slurry (A) was deposited on it by the baking deposition
nmet hod to obtain a catalyst (1-6). The conposition of the catalytically
active substance layer of this catalyst was the sane as in Exanple 1, and
the amount of the catalytically active substance deposited was 20 g per 100
m of the carrier. 35 COVPARATIVE EXAMPLE 1 A ring-like carrier (outer
di aneter 1.0 mm through-hole inner diameter 3.0 nm length 5.0 m)
conposed of the same silicon carbide as used in Exanple was neasured in an
anount of 1,600 m, and 40 immersed in a predeterm ned anount of the
slurry (A). Then, the slurry was heated, and concentrated to dryness in an
effort to deposit it on the carrier. But the deposited |ayer exfoliated
successi el y, and a catal yst coul d not be obtained. COVPARATI VE EXAVPLE 2
45 Aspherical carrier (diameter 6.0 mm) conposed of the sane silicon
carbide as used in Exanple 2 was neasured to an anount of 1,600 m, and as
in Conparative Exanple 1, was inmmersed in a predeterm ned anount of the
slurrty £A). The slurry (A was heated, concentrated to dryness in an
attenpt to deposit the slurry (A). The deposited | ayer was defoliated
successively fromthe carrier, and a catal yst could not be 50 obtained.
COVMPARATI VE EXAMPLE 3 The sane ring-like carrier (outer diameter 6.0 nmm
t hrough-hol e inner dianmeter 3.0 nm length 5.0 mm 55 conposed of the sane
poorous silica-alumna ring-like carrier as used in Exanple 5 was neasured
to an anmount of 1,600 m, and imersed in a predeterm ned anobunt of the
slurry (A). The slurry (A was heated, and concentrated to dryness to
deposit the slurry (A) on the carrier. Simultaneously, the slurry was
calcined as in Exanple 1 to obtain a catalyst (1-7). 7 '

35

o

50

55
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EP D 415 347 Bl The conposition of the catalytically active substance |ayer
of this catalyst was the sane as in Exanple 1, and the anount of the

catal ytically active substance deposiEr 0d4ts 347sBR0 g per
COVPARATI VE EXAMPLE 4 5 A spherica

carrier.

100

m of the

carrier (dianeter 6.0 nmm

conposed of the same porous silica-alumna as used in Exanple 4 was
measured to an BAHRsHisEreTon igdepigd:

and the slurry (A) was deposited in the
same way as Conparative Exanple 3, and calcined to forma catalyst (1-8).
The conposition of the catal yti caIIy active substance layer of this

catal yst was the sanme as/i
cat aLw,l cafl y active sub;,ance d
carrier. COVPARATI VE EXANk
(through-hol e) I nner diang
same porous al pha-al um ng&s

Exanpie 10— 1, —and The anount o

osited was. 20

per 100 m
i - Hké‘céﬁrrl m%l et"‘d
mln ngthPS >

in Exanpl e 5 was rreasured

t he

of the

aneter 6.0 mMm
opposed of the
to an anount of

1,600 m . ,Jhe slurry (A {was depo
Conparative Exanple 3 to oq,_tal
catalytically active subs
Exanmpl e 1, and the anoun
corrponents was 20 g per 1%

g

9%9%

-L.h.e_c;a-u-pp-e-p-—-zO-—G@.PARAII—

ited on the carrier in thd
gica akyst (197 The woro
eig o tI8 s atl Bt Dadt
xi des of the catal yticall)

P same way as in
5ition of the

e sanme as in
active

/E EXAMPLE 6 The

same porous al pha-al um ng 1 Larrier (ndl arreter 6 0 r’rW) as used in
Exanpl e 6 was neasured i t f°1 % o & d i tza same way as in
Conparative Exanple 3, t ( s 5°°de=po§l’te’elcm1he carrier to
obtain a catal yst (1-10). osition of the catalytically active
conponent of this catalyg —sanme—as T Exanpte I —amy t he amount of
t he gxides®of the catal ytf. | y_adtive conponent deposited pas 20 g per 100
m of“the carrier. 30 NPEE Z 1, 03 2a@ @ (e Sat@l ysts (1-1) to
(1-10) obtained in Exanpl|8 tS ¢ &hd “Corparative Exanples|3 to 6 was
filled in a steel reactoy } e having the
fol  owing gverage conposi|tion qhksgi ded iy R atl WRicallly d&idizing
i sobutylene at [err] in th .Er;w TIC T IO yOqETIF cobgT{t ungst en- 35
iron oxide mnul ti conponent mgﬁ yB 1 was:i' ntt odticetd ahd BxiWi ged at a space
vel ocity of 1,200 [errz /\ﬁ ;3 £ nTgno5|5t| 1 (gfn tehle gaseous xture (% by
vol ume) ~ Met hacr ol ei n 3 id I 3.5
40 30 i sobutyl o m o W o M 4 © ™
gt04 Met hacrylic acid + lcﬁgcécid?: T ¥ Y8 8 8 @ 530(0.24
eam <~ | ©o © © o o o o o ygen
9.0 O hers (inert gas cofpgsed maifnly of nitrogen and carbop & oxi de gas)
67.2 45 The results aresh@\@ig'l“at‘)\!eol.m o o o e §
» §§¢> R Y S Y A g
8 £ g
§ Y
. . — ~N o > r~t ™~ ™M -y
C o &g i
8
5. | & 2 ;
£ 3388 § 38383
. 3§§ i85 3 Bef 8 £ ;
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From Table 2, the following can be understood.
The catalysts prepared by the baking deposition method, the deviations of the specific surface area,
pore volume and pore size distribution were small, and the catalysts were high in activity, and the

"



The' fol I'owi ng can be understood fromthe result's of Table 1. Wwen an inert
carrier such as silicon carbide is used, the catal yst cannot be prepared by
t he i mersion deposition method becEP9a#16B847 Bt al yst | ayer depositied
dropped off fromthe carrier, but only by the 50 baking deposition method,
the catal yst could be repared Wth a porous inert carrier, a catalyst can

be prepar ecloWgtionnel therasity werA seal Bamaly. 8¢rordie FPotBS bﬂB’ﬂ@ dﬁmﬂﬂ%meé{%sce*a'ésﬁi Ui g

by th nnER’%HaGH Wiy efﬁtprw'%th d b th th
s>e1I ecte i i/l ty alf wgé@yé‘l ts eﬁl? ot g‘BI mves y 95’ @3?3 o %’th?'?ﬁ?gmpem’
i nvent.i on o‘ﬁ‘l”%ﬁ ‘ﬁ‘lé‘asﬂ 9EftRng nefefo: 8‘8‘{)8 ¥t & 'H’g?‘ﬁf)&ar'e%g The sane slurry

(A s g Exanple 1 was divided into two equal portions. "Using one
portion of urry (A), four batches of catalysts (I1-1) to (I11-4) were °

prepared.  Li kg aﬁsum be%rwm%?w%td@@& 1d ips drévbeer, f OUT bat ches of
catl aysts (11 ra g L gROPhST Mwh@&lu{emﬁ%wmﬁ&m} tah fo3i¥ef &od
as in 10EFeufri \gEof farsaidils Acid worelHigaatbedl itY Hib Silitidr.-and tHef were
(11-8), t headasmmﬁe eéové h@e&@tsamwnldsalnwmaﬁ friolyBdlatsl! Nith A8 &iRg, ARPAKuleORhsWEughY O
per 100 m &keddm@aga ri er. By using each of the catalysts (11-1) to (11-8),
t he sane oxi dgégariiy 25061g ¢F 185 86 Sridaphésphdic @til was dilufed mite npPS0emi’or whdr, hid 203.83Hof30
35 40 45 50vabddliuiiOpentoxiedPwés atifiéd. Svhén BBdter was evaporated while the mixture was heated and stirred, a
15 yellow complex was obtained. The complex was added to the reaction precipitate of phosphorus, molyb-
denum, copper and arsenic. Finally, a solution of 126.3 of potassium hydroxide in 1,350 ml of water was
added to prepare a slurry (B).
By using this slurry (B), it was deposited and baked as in Example 5, a catalyst (ili-1) was prepared.
The composition of the catalytically active substance layer was as follows in terms of atomic ratio.
20 Mo12P2Cugs KiViAsps.

Nt The amount of the catalytically active substance was 20 g per 100 ml of the carrier.
COMPARATIVE EXAMPLE 7
25 By using the slurry (B), a catalyst (llI-2) was prepared in the same way as in Comparative Example 5.

The amount of the catalytically active substance in the catalyst (lll-2) was 20 g per 100 ml of the carrier.
EXAMPLE 10

30 85 % phosphoric acid (553.8 g) was added to an aqueous solution of 5,088 g of ammonium molyubdate
in 10 liters of deionized water, and then an aqueous solution of 936.2 g of cesium nitrate in 3.6 liters of
water was added. Furthermore, 582.6 g of bismuth nitrate and 194.3 g of antimony pentoxide were added
as a powder. Finally, an aqueous solution of 120.1 g of chromic anhydride and 138.2 g of selenium dioxide
in 3.8 liters of water was added to obtain a slurry (C). '

35 Using this slurry (C), baking deposition was carried out in the same way as in Example 2 to give a
catalyst (IV-i).

The composition of the catalytically active substance layer of this catalyst was as follows in atomic ratio.
Mo, 2P2Big 5Sbo.5Cs2.0Cr05505.
; The amount of the catalyst component substances deposited was 20 g per 100 ml of the carrier.

COMPARATIVE EXAMPLE 8

By using the slurry (C), a catalyst was prepared by the immersion deposition method in the same way
as Comparative Example 2. The deposition layer dropped off one after another from the carrier, and a
45 catalyst could not be obtained.

EXAMPLE 11

* Molybdenum trioxide (4,802 g), 252.8 g of vanadium pentoxide, 44.2 g of copper oxide, 44.4 g of iron
50 oxide, 41.9 g of tin oxide and 320.5 g of orthophosphoric acid (85 %) were dispersed in 40 | of deionized
water. The dispersion was heated with stirring for about 3 hours, and then 15.6 g of potassium hydroxide
was added. Furthermore, the mixture was refluxed with boiling for about 3 hours to obtain a slurry (D).
By using this slurry (D), a catalyust (V-1) was obtained in the same way as in Example 1 by baking
deposition.
65 The composition of the catalytically active substance layer of this catalyst (V-1) was as follows in atomic
ratio.
Mo12P1 V1 Kp 1Cug 2Feo.2Snp.1-
The amount of the catalytically active substances deposited was 20 g per 100 ml of the carrier.
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The results are shown in Table 2. 5 55 From Table 2, the follow ng can be
under st ood. The catal ysts prepared by the baking dep05|t|on nmet hod, the
devi ations of the specific surface aEPa415@48Biol unre and pore size

di stribution were snmall, and the catal ysts were high in activity, and the
EP 0 415 347 Bl devi atlons of the activity were small. Nanely, according to
the baking JdEBYBARATHE BXAMRLR® cat aI ysts coul d be prepar ed vmth good
reproduci bi | i t?é In contra cat st s eﬁabre

deposition o s'“ é& gﬁnﬁ S’/‘ '°ﬂe p?f ﬂ"%ﬁ%"&%ﬁg
great,. and t} p@fad\‘e Q '°" ?pr?ﬁ% Lo ptpriandy grj’ragaff 2y
mro\mwm m)l ad'éfie (4 770 g) was d| ssol ved in 18 liters of water.

Separ at el y, %%%Fg_ goof 85 % ortho-phosphoric acid was diluted with 1,350 n
of water, 3 g of 10 cupric nitrate and arsenoius acid 111.4 g of

ar seni ous aCI d W\Bhmpid 1 SRO AR Edtalyst iForfdtalihi wad ecréuSsh 1b &ty antR7£3 gggﬁdmﬁ Atrktd) Ras
above aquepUgsed Mstdad A Bosiin HFEEE) OtheAsBh 1hE Srideway Gk InfExBRé 1 B Glurm 4% pfdpde@ WVas
t hroughl y sti r 19 dising) the 3pR¥ (E), RIS (@ 1y wabbtdined b kheSakifi§ dbpbsiion BMEP KR iIERample
acid was dilgted with 1,350 m of water, and 204.8 g of vanadi um pent oxi de
was added. WherThe\edngiositivh of B egdaytiedlle detivdisubstarich iyeriokthis catalye gadeaddliews ia admic ratio.
stirred, a 15 Moy beBshis\GodBpdsex was obtai ned. The conpl ex was added to the
reacti on pseci ghe annaniodff thelvalsipivalyastive suistphces depasitey wa039goper 200cmlaf Hhe pangder.
Finally, a solution of 126.3 of potassium hydroxide in 1,350 m of water
was added toCQMBWTyEaF’@'I‘\ﬁ’H?W(B) By using this sl urry (B), it was
deposited and baked as in_Exanp a catalyst (111-1 epared. The
conposi tion of UYshe teslugy ééF‘F‘X/ﬁé‘ﬂﬁ\‘i@ %%PB?E’QM@}? 'T‘ﬁ‘?’é‘P" Mﬁé)@ meffiof dpyfbe same
terms of &t oNPESPerpparatiyg Example

Th aITD same as in
%%RE%A'T?:@'E' ES?M’IEL%@W%%W "‘33,\3%@“%'8'3'}?0 %egp feg)Jepogmg &L @?&;ﬁolmw the

was prepared I'nthe sane way as in Conparative Exanpl e 5. The anount of the
catal yticgl | pxapdEys substance in the catalyst (111-2) was 20 g per 100 mi
of the carrier. EXAVMPLE 10 30 85 % phosphoric acid (553.8 g) was added

to an aqueous $PEdnipRiN1,Obgethel $fh B124 g2STEBLM TR Y3tDdgice gb.rmaa.ﬁmldxfder@aefg of
dei oni zed WakiRbniun? Aflath BRIM2AB c?aa (A Sitrt8 weiol ABed) bndoife a OflmE @5 Wb préatet Ak th
in 3.6 |iterexamplewat er was added. Furthernore, 582.6 g of bisnuth nitrate

and 194. 3sg of uUsiAg Tty DY EatlySE(VIMEY veas PebPiared BySthe bildngiepositibn methddyin tdrsame way
aqueous sol uéd inBxandplel20. 1 g of chrom c anhydride and 138.2 g of sel enium

di oxi de in 3. 6 The canmsitidn ofcthe catakpisalip chdiiyel stigsteolst myen of el aatalyst (VIE)). wédSas follows in
Usi ng this séromicyatio.C), baki ng deposition was carried out in the same way as

in Exanple 2 t dﬂﬂgaPcmAaavi 03C81.0G€0.32102C00.1.
35 The amount of the catalytically active substances deposited was 20 g per 100 ml of the carrier.

COMPARATIVE EXAMPLE 11

Using the slurry (F), a catalyst (Vii-2) was prepared by the same immersion deposition method as in
\o¥ 40 Comparative Example 5. '
The composition of the catalytically active substances of the catalyst (VII-2) was the same as in
Example 13, and the amount of the catalytically active substances deposited was 20 g per 100 mi of the
carrier.

45 EXAMPLE 14

In Example 1, 199.5 g of tellurium dioxide, 239.2 g of manganese nitrate and 242.3 g of nickel nitrate
were added together with 812.3 g of cesium nitrate. Otherwise, as in Example 1, a slurry (G) was prepared.
By using this slurry (G), a catalyst (VIlI-1) was obtained by the same bakinc deposition method as in
50 Example 4.
The composition of te catalytically active substance layer of this catalyst (VIlI-1) was as follows in
atomic ratio.
Mo12P1.00AS0.3V1.06C81.0T@0.3Mng 2Nip 2.
The amount of the catalytically active substances was 20 g per 100 ml of the carrier.
56
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catalyst® (1V-1). The conposition of the catalyfically active substance

| ayer of this catalyst was as follows in atomc ratio. [err] The anount of
t he catal yst conponent substances degpas4tsesdzwas 20 g per 100 ml of the
carrier. 40 COVPARATI VE EXAMPLE 8 By using the slurry (C, a catalyst was
prepared by the i mmersion deposition nethod in the sane way as Conparative
Exanpl e 2. GAMPARAIOGEXAMRLE tyer dropped of f one after another from the
carrier, and a 45 catal yst could not be obtai ned. EXAVMPLE 11 Ml ybdenum
trioxide (4, 86 gzlg the siaing (G, %?aWMWTZbW‘FW‘PﬂaWPM@e same nrpprign 495??5'8'1‘ mEReds,
44. 4 g of iPpdsgm “g'e" OftnOXIFﬁ nd éﬁg?%Sﬂ
OI’thO’@DOSsphOI’ITEe ?"Bt‘:(f %M{ﬁé'y clye Syhstences of the griphst -2y deparied wep 04 R 100
di spérsi on e\é%ﬁ?ég fed with stirring for about 3 hours, and then 15.6 g of
pot assi um hg,g{) ql_g was added. Furthernore, the m xture was refluxed with
boi li ng for about hours to obtain a slurry (D). By using this slurry (D),

a catalyyst (Y 2dmpP@s, 62563 i admbliuih MhoSAL R4V 8Y ofisind diraleATR0.8 g bt Siverhitiite Wire
deposi ti on. adagy togetheTIWﬂh BRIDPS dosii nidfatel Bfferwi3s, i Wb Iseié Wiy ACh Ieyﬁnpwb%tmqm

| ayer of thys grgb@byst (V-1) was as follows in atomic ratio. [err]

anount of t he sgaking Yel s I, ae&mw(mmssqmdwmssamcsmd@&mnmo&esmm
of the carrBample52 EP 0 415 347 Bl COVPARATI VE EXAMPLE 9 By using the
slurry (), aThatahposition\dIhepcadghaitatlyl abtive tstitastascniayer rsfTthisScatalysid@P O Swds i aarfollowd mod
as i n Conpastertic vatio.Exanpl e 1. But the deposition |ayer dropped off one after
anot her, and Mogh.ahsss\iosCosWesnaislhe 5 obtai ned. EXAVPLE 12 I n Exanple 1,
t he scal e of dha amhoprttof the theeatalylicelly aplive suhstances dendsited wan20fg pen P raipPthg ceyriayf
bariumnitrate was i o used instead of cesiumnitrate. O herw se, in the
smae way 2hsCopapiveriyrarld 1y sl urry (E) was prepared. By using the slurry
(B, ‘ecat al y@YH%VI_ %"ff\{,\y%ﬁ) gfl::); a#gs&éb t?q% bak| n de S|t|on nmethod as in
Exanple 6. Th E’@B!’Pﬁfﬂ | a er of
this catal yst Wag"%ﬁ 9 8o aiRiticely agtivg putst %Pfl%th's[cétf"yﬁt ('f'g) deposited, was. 30 ey 1 m!

the catal yt ¥ S? tive substances deposited was 20 g per 100 nl of the
carrier. WIWE EXMAPLE 10 Using the slurrty (E), a catalyst (VI-2)
was prepare y the imersion deposition nethod in the sane

In Example 1, 555.0 g of thallium nitrate, 166.1 g of niobium pentoxide, 441.0 g of strontium nitrate, and
96.0 g of palladium nitrate were added together with 812.3 g of cesium nifrate, otherwise, in the same way
30 as in Example 1, a slurry () was prepared as in Example 1.
By using this slurry (I), a catalyst (X-1) was prepared by baking deposifion in the same way as in
Example 2.
The composition of the catalytically active substance layer. The layer of this layer of the catalyst (%X-1)
is as follows in atomic ratios.
85 Mo12P4 00AS6.2V1.00CS1.0 Tlo 5Sr0.sNbo 3Pdo 1.
The amount of the catalytically active substance was 20 g per 100 ml of the carrier.

COMPARATIVE EXAMPLE 14

\J 40 By using the slurry (1), catalyst preparation was attempted by immersion deposition as in Comparative
Example 2. However, the deposited layers dropped off one after another, and a catalyst could not be
obtained.

EXAMPLE 17
45

In Example 1, 307.2 g of rubidium nitrate, 196.8 g of calcium nitrate and 135.4 g of rhodium nitrate were
added together with 812.3 g of cesium nitrate. Otherwise, in the same way as in Example 1, the slurry (J)
was obtained. By using the slurry (J), baking deposition was carried out in the same way as in Example 1,
and a catalyst (XI-1) was prepared.

§0 The composition of the catalytically active substance layer as in the catalyst (XI-1) was as follows in

atomic ratios.

Mo12P.00AS0.3V1.06C81.0RDo.5sCa02RNg 1.

The amount of the catalytically active layers deposited was 20 g per 100 ml of the carrier.

56 COMPARATIVE EXAMPLE 15

By using a slurry (J), immersion deposition was attempted in the same way as in Comparative Example
1. But the deposition layers dropped off one after another, and a catalyst could not be obtained.

14



20" way ‘as in Conparative Exanple 6. The conposition of the catalytically
active substances of this catalyst. (VI-2) was the sane as in Exanple 12,
and the amount of the catalytically EPt0418 3dnBdt ances depositied was 20 ¢
per 100 m of the carrier. 25 EXAMPLE 13 In Exanple 1, together with 812.3
g of cesiumnitrate, 130.7 g of germani um oxide, 222.7 g of zirconium
nitrate and E’Q’I"'P&Edaof cobal t nltrate wer e added, and otherwise, a slurry
(F) was prepared as in

(VI1-1) was_pré HP@&“ 'n;P QI?? ). Bt 3 ::‘{%:g({é ?ﬁ;‘? Eﬁ/ﬁzr
F?(]anogf a;S yst j‘;ﬂg{s gg%wdﬁ, ;;fgf Osﬁl%mcmgjl o § {g“é% elfje efre

amount of the gg @gﬁ&%& 10 W35 otddn 8 cdtéifst 39,
of the Carr'er ﬁ% Fti ﬁit?iys‘ 1as@oll§ﬁ§§i1¥r§fcratlo
(M1-2) was pr N.Cho DG, 5.2 TE |rrmer5|on dep05|t|on nethod as in

Conpar at i yg Examepirﬁ'ouﬁt of 48 %at@l@ﬁﬂ@%bttvb QibstBiiced BepositBd Rhsydoigimt 100 i di 'tHéQ:arrler
substances of the catal yst ( -2) was the sane as in Exanple 13, and the
anmount of theompARATIME D@AMPYE #6ct i ve subst ances deposited was 20 g per 100 n
of the carrier. 45 EXAMPLE 14 In Exanmple 1, 199.5 g of tellurium dioxide,
239. 2 g of man@ynasethasiorryKea aatalysPKB-2Pweg obthinetd. ckel nitrate were added

t oget her wit h Fh&cdnpgsitivh of the icatalytically raetive subSiaive layersat thiscretalyst was ejshrae ds in &Example
slurry (G wess apttpamaut.of By ciglytica)ly attive substences/dep@ted was@ltgarey 110 i v the catrier.was
obt ai ned by the same bakinc deposition nethod as in 50 Exanple 4. The
conposi ti on BXAMRLEAP catal ytically active subst ance | ayer of th| s catal yst
(M11-1) was as follows in atomc ratio. anount of

catalytic&l 'X Qﬁt“r”'{}%e%"ﬂt?%t“aﬁ !5%%‘!""?6 '%9 E‘P' BEP ma“ﬂf“{“%a‘t‘,‘%ffﬁ"E’PS 4% 16, &he
EPO 15 347°%8P dlﬂ‘fngthe slurry (G, a catalyst
(MI'11-2) was prepared by the sane i mrersion deposition nethod as in
Conparative Exanple 4. 5 The amount of the catalytically active
substanceg, of the catalyst (VIII-2) deposited was 20 g per 100 ni

35

45
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of “the éarrier.
t ungst at e,

EXAMPLE L5 10

Exanple 1, a slurry (H was prepared. By using the slurry (H),
(1X-1) was prepared by the sane baking deposition nmethod as in Exanple 5.

15

catal yst (I X-1) was as

follows in atomc ratio.

In Exanmple 1, 562.8 g of ammoni uim
247.9 g of zinc nitrate and 70.8 g of silver
together with 812.3 g of cesium ni tER0&15 3BT Wi se,

nitrate were added
in the sane way as in

a catal yst

The coMgcesults shshewn inHabledt | ytically active substance |ayer of this
[err] The anount of the the

catal ytical |l y| bstances deposited was 20 g per 100 ni ¢f the
carrier. 20 G .,Exampl eal3 By usi ng t hemsl UhT Yy %H) ,ea gatalyc

(1 X- 2 wWas prBpar ed 'és ish Cedparghti ve Exanpl e 32 Thé arnm@untgof |t ke

catal ytically ti veSsdbst ances ‘of this catal yst (I X- 2) deposi | e@ was 20 g
per 100 m of catallyst. 25 EXAVPLE 16 Tn Exanple I, 555.0 § & thallium
nitrate, 166.[ gi)f R (pb_-bum.,pentoom de, 4l 0 g &f sé&romki uneni ré&e, and
96.0 g of, pal || m |fr te %added goget herww tuh 8 39 of ®esium
nitrate, othe pEnithe sane way 30 asmﬁxanple , aslurry (1) was
prepared as i B 'n A—By—stRg—ths—shar+y—H—a—eatatyst{ (X- 1) was
prepared by bg k| dep5|t|on in the sane way as in Exanple 2.|The
conposition o alyti eal | yracti veesubst ange Iqyern The | ayer of this

| ayer of 15t he [t

A 5
y§
The anount of % ... c

carrier. COVPERRETy
preparation
2. However, q-;
cat al yst 2coul [§ §

brattempied by, i

pg2i fjedl | ayer s4 dr oppe
be ¢bt ai ned. EXAVPLE 17 45 In Exanple 1, 30

(%1) 8s @ foIIo@ in atgm c@ratgos. l‘35

alfytical I y active substance was 20 g per

=XAVP A—40

rsion
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[err]
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e
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way as in Exahp Pt e,,slu,(ryN}J) was «0bt al neg. usbng g hejslurry (J),
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Theé anount of the catalytically active |layers deposited was 20 g per 100 m
of the carrier. 55 COVMPARATI VE EXAMPLE 15 By using a slurry (J), imersion
deposition was attenpted in the saneER®41&847 BiConpar ati ve Exanple 1. But
the deposition | ayers dropped off one after another, and a catal yst could
not be obtained. 14 EP 0 415 347 Bl EXAMPLE 18 Mol ybdenhyum tri oxi de
(4,320 g), 227.4 of vanadi um pentoxide and 432.5 g of 85 % of ortho-

phosphoric aci daded—t oI5 tTters—of—water (Powdery)—andthe mi xture
was refluxed unger heaihg for, 5 24 Rourg.: ceriypnoxide215,1 Kkg), 379.2
g of potassium :Eratg iyl 39 8 %'ofc'(poa;dery) cppper oxsddesferp added to
prepare a’slurrfg-8K). By|0sin§ thfs sTurr¥ (K), BAking d&posiftioh was
aLe . | 5
carried out as anpt€ 6 to optarm a catatryst (A=) The Topposi ti on
of the catalytilcall®y gptive supstance, aygr of this catalyst yas}as follows
in atomc ratio..:g r],;."lpu; mlheganopnt 4f the catal yticallw active
subst ances, depgsi siihis| X g%ber ®100%mg Bf the arrier. TOMPARATI VE
EXAMPLE 16 By U adHne slurry (K) a catalyst (XI1-2) was gbtaihed. 15
The conpositiory of §he catalytically active substance |ayer of this
catal yst was the ggﬁas i Exanplke 18, and the asount of~thescajal ytically
active substand% p%i d was 26 g ger $00 m the cagried. EXAMPLE 19
20 By 11Si ng 3@ ?ej \(lz\gal %stsggbtéi ned i%Exanpl ?é 9%%0 18 and
Conmparative Exa#pgmq f—t-p—tor—the—sare—ex-dateRr—+eact-er—as—ha~—fExanpl e 7
was carried out|§ 25 30 3p 40 45 50 55 EP O 415 347 Bl The resplts are
shown in Table @gg ;6 8 8 8 8 3 3 & 8
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ss EXAMPLE 20

By using the catalyst (1-3) obtained in Example 3, the continuous reaction was carried out for 4,000
hours under the same conditions as in Example 7. The initial reaction temperature was adjusted to 300 °C.
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EP 0 415 347 Bl [err] 55 EXAMPLE 20 By using the catal yst (1-3)

obt ai ned in Exanple 3, the continuous reaction was carried out for 4,000
hours under the sane conditions as EROEB&RMTBI7. The initial reaction
tenperature was adjusted to 300 * C. 17 EP 0 415 347 Bl To obtain al m)st
t he sane nethacrol ein conver5|on as at the |n|t|at|on of the reactlon afte
4,000 hour s'° 9btainalmost therspmo °"P%ﬁ%°é 9635%%{3’;?’ R hours, it
reaction reg Istugc'gﬂ‘tt‘%fa'sg %Pmi’erﬁﬁ'ﬁ %o @aﬁ' f°6'1"1s JRurs were as
t enper at ur €’ °§g t hacrol ei. rsion

sel ectivity: .cjfo%}em%era@?&ﬁﬁé'%%%°|ﬁg?%me?'%e ca ?ﬁlgmfg/sele v%fc'faléejé%l n
Exanmphe § £y} al dehyde was oxi datively dehydrogenat ed. Specifically,
1,500 mM of the catalyst (1-3) was filled in a steel reaction tube having a

di ameter of 2y fsichAndEhhalyai(is) JoBIRKER Exariplo’s! 36t ﬁfde?ﬁ@h&tdﬂdﬁlvgﬁhé@&ogdﬁﬁtﬂen
steam and ni teeém&nyrh 500 WD oLRE chtdst Q-3PwasoHIEY :ila siveil@adlion’ bPhadn§ aldiimbRFbICEd
at a spage M@l afd kYgasdous Aines lof isobRyldidRfde] OXyguvASstdam! drideiragbnt irdk dlume ratio of
t enper at ur e5.012.5200:72.5 Gvas Ttoducebatl d Spacd BicBIROLIBOD hr—T,adnl @hedreaclion Ed\VE3AIRA blt\dE a
EXAVPLE 17 tbmpdrat@epf200 2¢, t he catal yst (1-7) obtained in Conparative
Exanpl e 3 was Thesreslits arg slowvd inofablelde cat al yst (I- 3). OQtherwi se, in the sane
way as in Exanple 21, isobutylaldehyde was oxi datively dehydrogenated. The
resul ts & cCOMRARATIVE EXAMPIE 7. 20 EXAMPLE 22 By using the catalyst (1-3)
obtained in Exanple 3, isobutyric acid was oxidatively dehydrogenat ed.
Speci fical | '"lEXEIOlEle?ﬂ thereatplye (17 plainedin Gompa g@é‘(ﬂé&‘a’?ﬂ'ﬁ\!ﬁq as‘%ag@faﬂ“?%@ir
havi ng & di SrRieEyisen hesame e R R e

i sobutyrl c acite B3R showeiniaiedr ogen = 5.0:10.0:10.0: 75.0 (vol une rati os)
was intr d%&%ﬁ space vel ocity of 2.000 [err]reacted at 290 * C. The
resul™s$ are n Table 5. COVPARATI VE EXAMPLE 18 30 In Exarrpl e 22, the

catalyst (1-7 QQ he\Gthiyst - h EXefnple 52130 WGy Jtedt he
catal yst (- ﬁfé rsnb’)%géf% %.assfaaa"svmd el e et Yhin, 2l d
was oxi dgf iy gasko ‘is I’IC acid:oxygen:steam:nitrogen = 5.0: 100 10.0:75.0 (volume ratios)

was introduced at a space veloc1ty of 2.000 hr~! and reacted at 290 °C.
The results are shown in Table 5.

COMPARATIVE EXAMPLE 18
30
In Example 22, the catalyst (I-7) obtained in Comparative Example 3 was used instead of the catalyst (I-
3). Otherwise in the same way as in Example 22, isobutyrc acid was oxidatively dehydrogenated.
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4045 50 55 18 EP O 415 347 Bl [err] The results are shown in Table 5.
EP 0 416 347 Bl EXAMPLE 23 8,830 g of anmoni um paranol ybdate and 531.4 g of
ammoni um nmet avadanate were added to %P 4415848 BIf heat ed dei oni zed water,
and the m xture was stirred to forma solution. 5 Arseni ous acid
(123.7) and 523.8 g of phosphoric acid (85 % by weight) were taken into the
sol uti on. ThenTh‘?lreF‘f'tfé’P§h?3‘F‘"hﬁb!elsc acid (specific gravity 1.38) and 812.3 g
of cesiumnitrate were added to 5 liters of deionized water. The m xture
was heated and stirred to prepare a slurry (a). In the above slurry (a),

t he armount of phosphoric acid8pas changed to 624.7 g and otherw se, a

sl urw/(b) was prepared in th&]sane way ad above. 1,600 m' of a pelletized
carrier (outer dianeter ﬁm’n dva 19 length of 6.0 nmm) conposed of silicon
carbide was put in a staigl esg|st elgdr um having an inside capacity of 20
liters and could be neated exi#rnally. It was pre-heated to 120 to [err]le
the drumwvygs rotated, th@® slukty (a) and then the slurry (b) were
successively sprayed ontd the carrier to forma depositegd |ayer. The
carrier having this depo?i‘tetd ayer fornmed was calcined for 3 hours at 400
[err]under an air cur r enty t%f rma catal ytically ac&i v@} substance |ayer to
obtain a catalyst (1). 1 Tke amount of the catgl cad | ywactive
substancegsof the cataly | dgpoggted (as oxides; } @rqnafter) was
20 g per 100 m of the c&ri 15 After the drying andgcgal ining of the
slurry (a), the conposition®flthe oxides (atomc ratio excluding oxygen;
the sanme hereinafter) was as follows: [err] After the drying and
calcination of the slurry (b)-é t he conposition of the oxides was as
follows: 29 [err]grhe catalyst (1) in an anpbunt of 1,500 m was
filled in a steel reactogp havtj g“Bn ¢ nner dianeter of 25,4 mm and

i sobutyl ene was cat al ytlﬂall xi¥i Z8d in the vapor phasg in the presence
of a Mo- Co- W Fe oxi de- t ti-conponent catalyst &hd]the resulting
gaseous myxture having t e fo OW ng conposition was il ofuc&¥, and
oxi di zed at a reaction t@hperature of 300 * C and a sgtg I &ity of 1,200
[err] (STP). The 254 esuPtsgirg shown i n Tabl @]6. ’rij"'
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Conposi fion of the gaseous mixture subjected to oxidation Methacrolein

3.5 (vol 9% 30 | sobut yl ene
0.04 Methacrylic acid + acetic aci dEP 0812347Btam
20 Oxygen 9 G hers (mainly nitrogen) 67.22
35 EXAVPLE 24 40 The proportions of isobutylene and the other conponent

(mainly ni tﬁxﬁﬁg'rﬁ A n the gaseous mxture to be subjected to the oxi datlon
reaction wer e, edtQ 080 and 67.18 %b vol unme.

the oxi dat | prf !tk b@ﬁ:ﬁaﬁ% gm@asvgg;,on reder P g g o ©
The results F?mo%f@c' ﬁnrﬁ&s m%ﬁ hﬁ@e.%‘ﬁk agﬁ{gto%ed&:'iutén

examige th I.On
of the unrerh fgad‘,}at%pq d Vi 'tr 3, the gaseous o'

i xture havin N 4 bbb HiRF I8! hé’El'ﬁ sbh%ﬁ %nﬁar@ %217 bram& Bifioris& aShuAg e
reaction oyt vl pRpSedVRSthe SRR waiab Bodv8a aé@mbfyaS.sau&éAa cafH6E Puidh@iindt? S mm Rt
of i sobu{oyh@a@ of B.0nthe) coMpdIarsrQliieintabiad wad plit il SANES dRelltrunt hevig WA side capacity

i ncreased, d beiitéhe BNdERGIA bb ealAlsktginklly. Mass préheatod W12y 165200k €.. WHilE M8 diu Was rotated,
results, i Sheshme s atDiFer thadluriyl{s) wamt sitogssively praysd Sntu e \carfiéradiorn & GeposiaaBes. t O
t he reacti on Terndired lavisg this dbusitedriagesiage waeeeidned for B houwd@ 400 NC undeoarsaidrrent
process ando fosn g tatdlytivdllp actise substenveiayarit@bbtaired catajyst (1). EXAMPLE 25 I n Exanpl e 23,
a cat al yst ( 2Jhevwarsouplr of pthe calalytically hastiwasubstenggs efsthe reallysin(fh deposited daspaxides) csame

i nst ead of heisinaf®p wasel0 etrpiz $Q9 whefr the caniar, ARY the dyying and icplgjoing Ricthe lupry ¢3). the
havi ng a n compesitioni¢f heeoxides (@pmig f?ﬁ'ﬁﬁx"&ldﬂ@ﬁgﬂw e sanafipreinaliRg wes enfolagh- hol e

i nner di anet eMoeProdipfifrolfas used. The co osition of the catalytically
active subst afftesthp 39’@9 a'Eﬂ‘ °a[°HFt§’" e%ﬁ'%ﬁ“ﬂfgt(b) § comppesiton &f the,prides was g5 feliowsipl e 1,

and t he ?Qm)unrmé 13144 sb, | ct| subst nces wa,
o the carti ol Sti,;fl wgaqz kil d o dEh
nas used 'ﬁe - %1 mn gﬁ%ﬁomg m,;a%n
The
reaction, rJéh%Qn gqtab,gg | n he I‘ESLﬂat S ar shovvn ngtrz;
6. Met hacrof ein 3 5 (%by vol une) isobutyl ene
0. 08 Met haCI’yI ic acid + reeette—aetd 0—24 SLC(IIII 20
10 Mﬂon of the gaseous mlxture subjected to oxugatlon
Methacrolein 3.5 (vol %)
30 isobutylene 0.04
Methacrylic acid + acetic acid 0.24
Steam 20
Oxygen 9
Others (mainly nitrogen) 67.22
35
EXAMPLE 24
b o The proportions of isobutylene and the other component (mainly nitrogen) in the gaseous mixture to be

subjected to the oxidation reaction were changed to 0.08 % by volume and 87.18 % by volume. Otherwise,
the oxidation reaction was carried out in the same way as in Example 23. The results were shown in Table
6.

Example 24 was carried out in order to examine the influence of the catalyst used in the later-stage
reaction of the unreacted isobutuylene. As compared with Example 23, the gaseous mixture having an
increased unreacted isobutylene content in the pre-stage reaction outlet gas was used.

With the catalyst (1), even when the. amount of isobutylene in the methacrolein-containing gaseous
mixture was increased, the decrease in activity was relatively small. From this results, is understood that the
catalyst (1) was very stable to changes to the reaction conditions in the pre-srage reaction in the continuous
50 process and is suitable as a commercial catalyst.

EXAMPLE 25

In Example 23, a catalyst (2) was prepared in the same way as in Example 1 except that instead of the
pelletized carrier, 1,600 ml of a ring-like carrier having a n outer diameter of 6 mm, a length of 5 mm, and a
through-hole inner diameter of 3 mm) was used. :

The composition of the catalytically active substance layer of this catalyst (2) was the same as in
Example 1, and the amount of the catalytically active substances was 20 g per 100 ml of the carrier.

&5
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O hers (mainly nitrogen) 67.18 Fromthe results of Exanple 25, when the
shape of the carrier was changed froma pellet to a ring-like shape, it can
be understood that when a double dep&EPiG 448 34aPEIr as in the catalyst (2) is
used, the decrease 15 in activity by the remaining isobutylene is

consi der abl y supﬁressed EXAMPLE 26 Ammoni um nol ybdate (4, 770) was

di ssol ved in_ 14 e follgwing. e cafalysd (2) wegyused insig %fr“é& ealyst 3 Ghes "sttaégg%sasha"'“g
or t ho- phosphp ifiliowng gveage orf Fompesifion,was, uspd ’W‘Fe'dtfe GHisetiop re we§ farged, o @s in
vanadi um penF’@R‘PB@ WO regfit P SPoW R TRRRE i ng and stirring, water was

evvapor at ed t obtain a yel low conplex This conplex was added to the
react\_on preC| pitate of theg Mnlms'ph‘orus, nol ybd5naﬂ%©mmtme)and arseni c.
Finally, a solution of 126} 3sobutdénepot assi unm hgdﬂﬁ&l de in 1,350 m of water
to prepare a slurry (c). | nMethacnicagd raacelispedf |t B84slurry (gq), the anpunts
of copper nitrate and pot ag$edm hydr oxi de used| ®8re 25 charjged to 54.4 g
and 189.5,g, respectively. @¥®pwi se by the safre®nethod as gbove to prepare
a slurry (d) In Exanpl e 23] hers (mginlynitréoeplyy i ot 8288 posed of lal pha- al uni na
(having an outer dianmeter of 6 mMm a length 4 nmand a inner dianmeter of 3
m) was used i nPedneiel resiilts toh Exapple| 261 whas the Ghape ioihe cdriiar 9is thamged lirom raypelfet Jo aving-like
t hen t he sl ushape, (tcthn beeunderstoaCiba Svhared gouble derdsited dhyer(@s lirethe\caalyst (2)is Libed, therdecrdase
of the catal intaciivity bythaeimainieg Bibutyiend istcansidersbiyieyppessedd i n t he catal yst (3)
was 20 g per 100 ml of the carrier. After drying and cal cination of the
slurry (c), EXMRIE®Bosition of the oxides was as follows: [err] After
dryirng and cal cination of the slurr t he corrp05|t|on of the oxides vvas
as follows: [eryymogiym m°'VP‘|’?§"I@éEP)HFS‘¥??E"’QS'd’E water. { he cat al yst 3) wa
used,*and# he éﬁ?ﬂdﬂéﬁ'\f 8ﬁ9 %%t@ﬁ.’bﬁ“‘%&@%?ﬁ?ﬂfﬂaea Wai:f" "F°H withd 3§% 32008 g o

\ﬁqul d stur orate Q;}a a yellow

Eﬁggﬁgr |2(5: afq %@'ﬁ gd%%[ 6, ﬁwﬁfq rus, (molygd@grg p%qr and

amoni um nol §,r5 (ﬁl na a lﬁﬂyg{ ai)é?:?' h&e rox1 e m ma Ogd‘ water to pr@'ﬁe a tv.',ePen
* i

of 936.2 g o | ok
582.6 ¢ o? Lhaﬁ%tﬁﬁyﬁilatpate anadq.!L 9 ant| rmny pent OXI vet

powder were ad@?ﬂxanﬁie%' b Yin e%%p&h%hl% aﬂ:ﬁmnl%ﬁavﬂaggn%teﬁélérﬂéﬁr(‘of 8 mm, a
anhydri de angngk$# nn A0 infe? ARMbETBF S k) W ubdl iRetdaa ot h8 IpSllefded LarrierV\ElisEthe Wardy (c)
added to obt gidnhéh |é uwny (d) Vo) sucdeSsivel) Qlepds@an DIbIWRB, A fthel dhtoum! df ifeYcalallicallyt &five
amount of s@angubErtys @PBSIEKINGR caRFstEd) MY ped 10EMKbf the chdigier Wi se in the same
way as above, afé&lddingyand talcinatich dpthe piaied), e coartigiton df the bxidesWas aPiBllows:

spheri cal car r iMoi2PaGuskEKY: Asps. out er di ameter of 6 nm conposed of silicon

car bi de was Aaiteedrying sadxaltination biibe gatyl (@i the cunposiiioniobthe oxded wadas fglows:ry (e) and
t hen t he sl urr MoifPpCusifsieVidsrecessi vel y baked and deposited. Qtherwise in the
same way as i n irSeathpl the catalyshi2); deeialyst (3)Avps wsed, gnd dhsagxigation Bepction way gasriegaytiintthe
of the cat al §ameovay leginfxampie2Ss Thegpaftvae phepein Tgblpdsited in the catal yst (4)
was 20 g per 100 nl _of the carrier. After the drying and cal cination of the
slurry (e), FWPd-Sr?ﬁosition of the oxi des was as fO||OWS' [err] After

dr yl 9; ac\ga cal % |le Et{o(s)p oric acldh (§5 g"fr Eag/ac‘de fo atn r;tezue(c:n(:)s oP? ution of gg&aogf oftant?noglﬁm gn%ﬁybtyawties
10

as foflo liters of deionized water, and an aqueous solution of 836.2 g of cesium nitrate in 3.6 liters of water
was added. Furthermoe, 582.6 g of bismuth nitrate and 194.3 g of antimony pentoxide both as a powder
were added.
Finally an aqueous solution of 120.1 g of chromic anhydnde and 133.2 g of selenium dioxide in 3.6 liters of
45 water was added to obfain a slurry (e). In the preparation of the slurry (e), the amount of antimony
pentoxide was changed to 19.4 g. Otherwise in the same way as above, a slurry (f) was prepared as above.
In Example 23, a spherical carrier having an outer diameter of 6 mm composed of silicon carbide was
used instead of the pelletized carrier, and the slurry (e) and then the slurry (f) were successively baked and
deposited. Otherwise in the same way as in Example 23, a catalyst (4) was prepared.
50 The amount of the catalytically active substance layer deposited in the catalyst (4) was 20 g per 100 m!
of the carrier. After the drying and calcination of the slurry (), the composition of the oxides was as follows:
Mo12P2 Bio_sSbo,sCSz,ocrogseo,s.
Aiter drying and calcination of the slurry (f), the composition of the oxides was as follows:
Mo12P2 BioﬁSba_osCSz,ocr 055605
] Subsequently, in the same way as in Example 25, the oxidation reaction was carried out by using the
catalyst (4) instead of the catalyst (2).
The results are shown in Table 7.
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55° Subsequently, in the same way as in Exanple 25, the oxidation
reaction was carried out by using the catalyst (4) instead of the catal yst
(2). The results are shown in Tabl cEF0 425347 BEP 0 415 347 Bl EXAMPLE 28

Mol ybdenum tri oxi de (4,802 g), 252.8 g of vanadi um pent oxi de, 44.2 g of
copper oxide, 44.4 g of iron oxide, 41.9 g of tin oxide and 320.5 g of 85 %
ort ho- phosFOMPEE #i d were di spersed |n 40 liters of 5 deionized vvater

The di spersion vvas st rred

f‘ﬁr abou ours and 5 9
pot assi um f},\{gv frég p o-%T- phiori a| pers 4% |or;rc$
boi | i.ng for |s rs‘on "ed ,ng 'L“q § 8 otsgsium _

e
a I

xnde

slurr\y/( )d ﬂe b ,ﬁf’ﬁ‘

were change Vhrilom erﬁJxHB G & -pm?h

Then, in ;g:ghgn 5 gg,— gﬂg,msgr " feyter dianmeter o

a length of STHER) in O3 rihgMfic8 86rar YiviRg ekl Bt6r d#dnﬁfa%ﬁémma%namofsmwd

of silicgn waighhsls .rwa.sd.biﬁa& dt B hRfR GorifosddN@ siBdn EktlideOfasCidbd inStad ditfle Philetidel

(9) and t hegnibd @hes blurfy {g) brid) thiEthe R Q@ WeteVaikbobsehRR Odepbshsl, ard1ih thé) sdnitewdyodsEin

way as in Exangd 23, 2 3atalyst Ghwa pyephred.5) was prepared. The ampbunt of the

cat al yti cal | yTtscivioure ofs#hé sitdyticag attive bubstarcad ialthesdatalySt)(5)\was 206 per 10@ mi A cahrieof

t he car ri erAfierdrginy and caicinegiorent the Glatry (gh dttei compasitiort 41 ghekidesrwas @gjlollowshe

conposi tison oMois Py iexClFDesBae. as fol | ows: 15 [err] After

dryi ng and Afted dryingzanf geicirgtiont di heslunry th) thelepmpasitien of thepsidestwag as followshe oxi des was

as foll ows: @Pﬂefmﬁe&aﬁﬂozﬁmﬁ"ot he catal yst (5) was used instead of the

cat al yst (5&) Except thah the catelvelAB) Was W%E‘F‘P%“é@e fatplysy @iihecsams qxjdatiop ApacfieREsgpyt .

The result @pRle EhwARcarmief oph Theresults org shownips[ableio | n the slurry (a) of
rﬁ’#‘u\l\”? Igggeal yst preparation scale was decreased to half, and 272.3

g of r|u was used instead of cesiumnitrate Clherwise a slurry

(1) was prepaped Lo the Seafalyst §s ot RJﬁeﬁ’n%ré% Ny Of
e oy Gl S ik e

to 20.6
carrier havi ﬂgmeeﬂ?ep%ﬁoﬂ fﬂb a (grth mo@nt rsdf‘ncla@iﬂ gﬁchbaﬁum ﬁtr%en@ Qﬁgﬂﬁéﬁg 26’é g

al pha- al umga , F3diivelySt €a T the pelletized carrier conposed
silicon carbiflgn i |E§a?ﬁp|e a peltbtR&d Sdridk I(Bavibd lan A0 GikkRdter df e, Hrlédbth( M)G Yy
successi velgmppsd dig he@luminh Vs o8 Bnstead of té palBEESd \B&tver asmdaedExfamBArecame Birst,
cat al ystso( Ghe sy (ParIRREnEEs sIde() waPsudtessifelyl dapostiad. Dirgivise sih thy s@fid wayeas in Example
subst ances 28)a datalysiqe)iwab pepareteposi t ed was 20 g per 100 ml of the carrier.
After dryi ng Hwedcroaitof thatatavicaly attive substancey in(the) gatalybisiepasigaiogs 20 @rpeo 100t ri@f the
oxi des was casierf Aftsk dryieg and calcination of the slurry (i), the composition of the oxides was as follows:
Mo12P4.09V1.00Bg5ASg 3.
36 After dryng and calcination of the slurry (j), the composition of the oxides was as follows:

Mo 2Py 09V1.09Bag.8AS.1.

Subsequently, by using the catalyst (6) instead of the catalyst (2), and otherwise, an oxidation reaction
was carried out as in Example 25.

The results are shown in Table 7.

EXAMPLE 30

In Example 23, together with 812.3 g of cesium nitrate, 130.7 g of germanium oxide, 222.7 g of
Zirconium nitrate and 121.3 g of cobalt nitrate were added. Otherwise, in the same way as in Example 23, a
45 slurry (k) was prepared.
in the preparation of the slurry (k), the amount of cesium nitrate and zirconium nitrate were changed to
1,218.5 g and 334.1 g Otherwise, in the same way as above, a slurry (I) was prepared.
Then in Example 23, a ring-like carrier composed of alpha-alumina (having an outer diameter of 6 mm,
a length of 5 mm, and an inner diameter of 3 mm) was used instead of the pelletized carrier. An operation
so of first depositing the slurry (k) and then an operation of depositing a slurry () were each repeated twice.
Otherwiss, in the same way as in Example 23, a catalyst (7) was prepared.
The amount of the catalytically active substances in this catalyst (7) deposited was 20 g per 100 ml of
the carrier. After drying and calcination of the slurry (k), the composition of the oxides was as follows:
Mo12P1 00ASg.3V1.00C81.0G00.5Zr0.2C00.1.
s5 Aifter drying and calcination of the slurry (1), the composition of the oxides was as follows:
Mo12P109AS0.3V1.09CS1.5G60.3Zr03C00.1.
In the same way as in Example 25, the same oxidation reaction as in Example 25 was carried out
except that the catalyst (7) was used instead of the catalyst (2).
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[err] 35 After dryng and cal cination of the slurry (j), the conposition of
the oxides was as follows: [err] Subsequently, by using the catal yst (6)

i nstead of the catalyst (2), and ot hEPW4d®&34aB10xi dati on reacti on was
carried out as in Exanple 25. The results are shown in Table 7. 40 EXAMPLE
30 In Exanple 23, together with 812.3 g of cesiumnitrate, 130.7 g of

ger mani um oxi o &he rosybs are 8‘°HF inZiaplg Enj um nitrate and 121.3 g of cobalt nitrate

wer e added. a&Apﬁ[% in the sane way as in Exanple 23, a 45 slurry (k)
was prepare e preparatlon of the slurry (k), the anmount of cesium

nitrate agd zi lnc‘&m\m& %Jsaég Ui GBgd ii aa%esé nam@@ﬂdg%% i vt
Q herwi se, '%r Qﬁ &ngsmnﬁmﬁ r()ﬁ Exa Iurry
Exanpl e 23, e carrier conpose um na avi ng an outer
di aneter of 6 me éa?dii&{ & 16 siry'{), tﬁbn&ino@ﬁls bﬂﬂﬁﬁonﬂhﬁﬂ&&ﬁﬁadﬁ%@ rangahbse/\frate @ d
instead of tiiGellfilale@oboRiid weld dhbrfdod 10A433.8 BEI5BB g QRd 563,99, robhekfiiely (BIRMRISd, it dahe
slurry (kjo ang, atgm.q(@mag)pepaﬁdl on of depositing a slurry (1) were each
repeated tw CeTheh)ihEkampie2s, b Pelloti:ed Saige (hadilg Souten dienatBindf 8 mh anba RAGHAGABSHMY of)
was prepar edilicdaiamisdwasnisedihstédd@f tha pelletidotl cartidr yof slicbn vaebidel Bisst, atRcREry (M) dnlt thdn the
cat al yst ( 7)slaig g)sveree shcvaasiveBOdeposiiad ol h carrierawics. ((Bheowisel b @atalyshi(8) avas greparerjasaind
cal ci nati on Exbmplé@3.s|l urry (k), the conposition of the oxides was as

fol l ows: f[serr] TGamount of thacatelyticelly \prtivg suhstdnaos Inchencatalysi(Slofas R per 190 my of(thg carriehe
conposi ti on After thedryipg andeoglcipation pfdhef shiny G the Sermropitiqnrof tha @xides wes efplions i n

Exanpl e 25, t hMogRieAsgeVnd@hotomsMnedlioei on as in Exanple 25 was carried out
except that ’tfﬁ'é‘g%%'aﬂ’ §'Lt’lt°c§"? tignd “Hl§lé'ﬂy {rh dreccampasition ﬂéhed’é'f’%ﬂ Wpg s foligws:- 22 EP
0 415 347 Bl THaw Pyres %% n _Table 7.

23, 199, 5% of A1 *H'E!? St 0 S AR 2% et Bl

of nt<kel ni'tf resu areé_.ownm tpgether with 812.3 g of cesium nltrate

Qtherw se in t%‘ é‘ o# S-‘gs&% zﬂsSJr hé X.trmn biCvaY te lNQre
t he prepar atddg& eth lﬁ“ﬁth éf;q
Manganese,gni L 1 aligy ens'lut'ri} %) taé%%&hé e‘é\ﬁrﬁ%nﬁﬁagﬂﬁ an)?égs%a arg:l’ sﬂver
358.8 g and v%regchaﬁg%é BY g 2251 & B5M &eespécmveiwgméms inffle saikbiwas @s Sold, &Y
(n) was prepik ) wadstbpardd "Exanpl e 3 a pelletized carrier (having an
outer diameter T) 6 mMmmand a length of 6 mm) of silica-alunmina was used
i nst ead of tbewmpetszeti zed carrier of silicon carbide. First, the slurry (m
and t hen #he
In Example 23, instead of the pellstized carrier, a ring-like carrier composed of silica-alumina (an
outside diameter of 6 mm, a length of 5 mm, a through-hole inside diameter of 3 mm) was used. First, the
slurry {0) and then the slurry (p) were successively deposited each three times. Otherwise Example 23 was
carried out in the same way to prepare a catalyst (9).
35 The amount of the catalytically active substances deposited in the catalyst (9) was 20 g per 100 ml of
the carrier. After drying and calcination of the slurry (o), the composition of the oxides was as follows:
Mo12P4.09AS0.3V1.00C51.0We 5ZN0.2A00.1-
After drying and calcination of the slurry (p) the composition of the oxides was as follows:-
o Mo12Ps,09A80.3V1.09C81.90W0.5ZNp.2A00.05-
XM«' 40 Subssquently, an oxidation reaction was carried out in the same way as in Example 25 except that the
catalyst (9) was used instead of the catalyst (2).
The results are shown in Table 7.

EXAMPLE 33

In Example 23, §55.0 g of thallium nitrate, 166.1 g of niobium pentoxide, 441.0 g of strontium nitrate
and 96.0 g of palladium nitrate were added together with 812.3 g of cesium nitrarte. Otherwise, a slurry (q)
was prepared as in Example 23.

In the preparation of the slurry (q). The amounts of arsenious acid, thallilum niirate and strontium nitrate

s0 were changed to 825 g, 721.5 g and 617.4 g, respectively. Otherwise, a slurry (r) was prepared.

Then, in Example 23, instead of the pelletized carrier, a spherical carrier of silicon carbide {(outer
diameter 6 mm) was used. Firtst, the slurry (q) was deposited and then the slurry (r) was deposited each.
three times. Otherwise, as in Example 23, a catalyst (10) was prepared.

The amount of the catalytically active substances in the catalyst (10) deposited was 20 g per 100 ml of

56 the carrier. After the drying and calcining of the slurry (g), the composition of the oxides was as follows:

Mo12P;.00AS0.3V1.06C81.0 Tlo.5Sr0.sNbo sPdy.1-

After drying and calcining of the slurry S{r), the composition of the oxides was as follows:
Mo12P4 09AS0.2V1.00CS1.0Tl0.8Sr0.7Nbg 3Py 1-
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slurry (n) were successively deposited on the carrier twice. Ctherwise, a
catal yst (8) was prepared as in Exanple 23. 15 The anpunt of the
catal ytically active substances i nEPH4164ZBIst (8) was 20 g per 100 m of
the carrier. After the drying and calci nation of the slurry (m, the

conposi ti on of the OX|des was as rr] After the dr

cal ci naat i o ﬁﬂEﬂi E? as 'fsﬁ‘é' E‘B ‘7"3%15 ) gy pidggion t'%g@s cpcried out
fol | ows: - f‘é rs]am?Uayas'" ) a.'thPB‘ﬁ"'PéE? PBH Carried out in the sane
way as in 25 except that the catalyst (8) was used instead of the
catal yst, ( e results are shown in Table 7. In Exanple 23, 562.8 g of

ammojum t U”G?bétn 2%;, 073 Pt rddiditim FHrdid, %@a %tjcalﬁlmgmﬂaté)&ndstsb\(%rof Mokl rat%er €
added t 0ge} )5 badll EBet gmr?’sfb of%S‘s?tJrﬂJﬁﬁré?é #inB SAniYd ey as HSEXEdMnpie TP &}ryz

a slurry (g)wadrplegpar ed. I'n the preparation of the slurry (o), the
amount s of = C@thel ploptirdtibibfine Wltmﬁddﬁlg o rabi®un figats bidVlciumi ritafivRrd ¥iaied to
changed 14 0558.0Qdad 8935 g, andbotHengss 8 Slurdot) dvas)prefafIe b bankl way abbites.Wi se, in the
same was as aheaiy @, Examplb 23, rayring{lle céRter (avirgan @dter diatAddrloEs dtn, 30ength dES At bred ah3,

I nst ead of inhén diametbl o 3i rare)compdsed 6fr silican darbitg-was kised dristond efrthecgaiigtioadchrriaf. The slurry

si lica-al u@) sl them tteudhaiyd® whresetessivaly dépositerl on thesa gpiiriers fby Fepaatingathe deposition

t hr ough- hobperationsthrde tirksa@iberwise, if th@same)wayasin [Fzample 33; a eatalyst (' wab prepapedt 0) and

t hen t hes s| uiThs/aniqynt afghesatgivticelly active siitptankep insihe eathlvetieh) denerited wes b per Whoe ofi se
Exanpl e 23thegdriecarried out in the sane way to pr egar e a catal ést (9). 35

The anount ofAfiYringapd¢ @E"&MW"@!E’N (§)ethsmﬂ°ame§ B &S wpeep fPllewE:he cat al yst
(9) was 20 ¢ 401000009 \rpo elprier. After dr and cal cinati on of the
slurry (o), %“l? F‘ﬂ 38 slycry fette 9\%@0(%{%‘?/1% P gides wpzsfpllongt of

out in thewassq. ej'" theca e 25 except that the catalyst (9) was used
i nstead of the ca aryst he results are shown in Table 7. EXAVPLE 33
45 In Exanpkfuptess255.0 g of thalliumnitrate, 166.1 g of niobium

pentOX|de 441.0 g of strontiumnitrate and 96.0 g of palladiumnitrate

were added t a@@bdbAim Wokile 8680 ), 827 g SHQBREIInPektbddel d 46388 bME5SH ortfio-SHosphbrit
(a) was prapkesladisd o sHKSETHH vted 3nd 1he bR RéscHR@BAErder Yotk idr R héiksd Then, 4161 g
The anount & cofumbdxiie) 370,129 ol potassiuinhtlatel andl 39.8 § bf @ovRIeH)Ebppériogitd wetsnadtiel koprépafe0
wer e changeslurtyqu)82. 5 g, 721.5 g and 617.4 g, respectively. Qherw se, a
slurry (r) wisthe pepsation of thd gty (Unthé&aaogpisesf 28iumioridé ersiccoprer tiide ysed Wb cizagbd
carrier, ato3dppgrndtd9 g Hthewise, ipthesarhe wayras@bavb.acklury ives prehaedet er 6 M) was
used. Firtst Thanhin Example P3.(apelietiaed chnion stnmnossdznf dlpbd-riumina-was yisert insteadirof thasicon
deposi ted eethide neliptizad catripreEirst, theislumpiul and then theslupry &drpyere sycgessively: dapasitpd pach thope
was pr elgsdrig@ps to prepare a catalyst (12) in the same way as in Example 23.
The amount of the catalytically active substances in the catalyst (12) deposited was 20 g per 100 ml of
the carrier. After drying and calcination fo the slurry (u), the composition of the oxides was as follows:
Mo12V1Py.5K15Cup 2Cep 5.
After drying and calcination of the slurry (v), the composition of the oxides was as follows:
\s 40 Mo12Vi P15K1.5Cuq.1Ceo.1.
Subsequently, an oxidation reaction was carried out in the same way as in Example 25 except that the
catalyst (12) was used instead of the catalyst (2).
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The anoint of the catalytically active substances in the catalyst (10)

deposited was 20 g per
calcining of the slurry (q),
[err) After drying and calcining of the slurry S(r),

oxi des was as foll ows:

(10) was used |Tr'?§f°é%lﬁaf?fs"
in the sane way as in Exanple 25. The results are shown in

carri ed out
Tabl e 7.

?"fféa’ n Lahlef-y

100 M of 55 the carrier.
t he comERse 81503471 t he oxi des was as fol | ows:

EP 0 415
st (2),

EXAMPLE 34 5 In Exanple 23, 307.2 g of

After the drying and

t he conposition of the
347 Bl Except that the catalyst
an oxi dation reaction was

rubidiumnitrate, 196.8 g

of calciumnitrate afjd I3574"g of rhodiumfitrate were added together with
812. 3 g of cesiumni{r@®. Olerpse, in thhe sane way as in Exzanple 23, a
slurry (s) was prepate %} )r§paﬁat#or of the slurry (s), the anmounts
of rubidiumnitrate . hi ©r ate Werje changed to 10 553.0 g and
393.6 g, and otherw lepared in the sanme way as above.
Then, in Byxanple 23,]a ring;likelcarrier (raV| ng an outer dianeter of 6 nm
a length of 5 mm and{an inngr i angt ek oa‘,\ rm& ose of silicon carbide
was used instead of 1h§- I’ge;;%z pdgcagr i 7 Th and then the
slurry (t) were succes%i pely pdeppsited on thesg ca |er§ by}_fepeatlng t he
deposi tion operation —o-herwisg, M way as i n Exanpl e
23, a catabyst (11) yas p.|§epar;§d 15 THe a unt of he talytically
active substances in|theg¢atalgst GL1R dEpcsm d wes 2089 peg 100 ng of the
carrier. After drying gcal vnatBonooofootre sgurr g (s)® the conposition of
t he oxi des was as foll R [err]|After the{dry@ng dc-aIC|n=at|on of the
slurry (t) the conppsigtion of the oxides Was &s f Io g)
[err] 590 datiaon fe |°on—-was carried_oyt i® th ‘wayB as in Exanpl e
25 e ept that the cat @ gt &) hag uKedRi st efjd 01;§3t hegcat & yst (2). The
results are shown in|T 7. 25| EXAMPLE 35 | yb tridxide (4,320 g),
227.4 g of vanadi um pemfoxideranyt—332; f gé %cﬁtho phogphoric acid
were addedgsto 15 lilfer$ of, watel, *"and t Me mx‘E’ureS/vas ﬁeate.d under refl ux
for 24 hours. Then, 131&; oL =raoum|ox~|ad€, 3¥9. 2g ofdpotadsiumnitrate
and 39.8 g of (powdef &gp}pp rak idmﬂddeé towrep‘gre ¥ aslurry
(u). I'n the prepargt ﬁﬁf.@ ugry '(u, {t hegano f cagium oxi de and
copper oxide used e tp 430 g and 19.9 Oc erwisse, in the sane
way as abewe, a slgir fy wasgp egared 2 é %
388 2 s | @ I
Bla. 5 g g
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Then, in Exanple 23, a pelletized carrier conposed of al pha-alum na was
used instead of the silicon carbide pelletized carrier. First, the slurry
(u) and then the slurry (v) were sEPI4153421B1 deposited each three 35 tines
to prepare a catalyst (12) in the same way as in Exanple 23. The anount of
the catalytically active substances in the catalyst (12) deposited was 20 g

per 100 ml of the carrrer.JATter drying and calctnatrom fo tig slurry (u),
t he conposition t_ﬁ t he oxghes was as follows: [err] After dryiing and
cal cination of t gtﬂtyﬁ vy t"ae Tonpsiki 0] off tie oXi dep yaw as
fol l-ows:s 40 8l [&ri8 Sufsefue@ | @ aR 0¥ dagi o rea(gl on was
carri-€d out in t|@ESs as in Exarrpl e 25 except that the catial yst (12)
was used i nstead 5 347 Bl The
results are sho .10 EP0415347 Bl [err] EXAI\/PLE 3 By using
t he catal yst (1) che neExanpl e 2; & CaRt i wUOWS react:?m wns carried
out formd, 000 hq@: thsgre@ tigpn @ ampl e~£5] Bhe initial
reaction initiat ture was adjus'ltgedto ?100%%[err obtain
al nost the sane gh 80 - = aftor 4000 hours from the
initiation of the r@ctlon, it was sufficient to raise the rehct on
tenperature by [lergla Thée| eact ion 5esu,|ts,af4.er~4 QD0 Jougrs YyerE as
fol | ows? React i cgyg er a3jurg: gr@ 28 vy ERSO 4:15,347,;5101\/09 hagkpl ein
conversi on: 84. 4 g thacgyl?c sePec viPy: P86 = g
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EXAMPLE 36

By using the catalyst (1) obtained in Example 23, a continuous reaction was carried out for 4,000 hours
under the same condition as in Example 25. The initial reaction initiation temperature was adjusted to 300
55 °C. To obtain almost the same methacrolein conversion after 4,000 hours from the initiation of the reaction,
it was sufficient to raise the reaction temperature by 7 *C. The reaction results after 4,000 hours were as
follows:
Reaction temperature: 307 *C
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EXAVPLE 37 5 By using the catalyst (1) obtained in Exanple 23,

i sobutyl al dehyde was oxi datively dehydrogenated. Specifically, 1,500 m of
the catalyst (1) was filled in a st def 04803474 Bh t ube having a di aneter of
25.4 mm and a gaseous m xture conposed of

i sobutyl al dehyde: oxygen: st earmg ni frogen = 5.0:12.5:10.0:22.5 (by vol une
rati o) was intﬂq@ﬂ? g‘%’g’f"e Sepatel velocity of 800 [err] (STP). The reaction
was carried outoat e seloptly “ature of 290 * C. The results are shown in
Table 8. EXMRLBLES By using the catalyst (1) obtained in Exanple 23,

i sobutyrig acid was oxidatively dehydrogenated. 15 Specifically, 1,500

n of-the cat agyiing thblcatdPst (f) bbthifdd in &aﬁpﬁbﬁ%cb&tﬁﬂéﬁhﬁfe Wi Whidbvely cghﬁi%gr%’fed.o f
25.4 mm and agidaf@MiS,500 mi SHtRs SitalysB@PWAYAIbE inS 5t6b1 PAMBR ubs hEAHY! d1dibrh &I R 2524
5. 0: 10. 0: 10.nih, dad @ da¥edlis!MRtuFeddomPosod@B isbiitylaliohyds!&@§bnitlean®rbdh 85992 9§0.0:30 59b
2,000 [err] voiad)atio)owd int>agde@ @t alspate veIBING 'oR BOU B—O(STPER Thd red&lior? tras Barddal &Qaﬂé
60 55 27 10 tdnipefdtudslds 2804C. Blie rblats Bi@ Shdwinsn Fable sshown in Table 9. [err] 15
[err] 25 [err] 40 EP 0 415 347 B1 Cains 1. A catalyst for the
producti on d@&XAMetE®RECrylic acid conposed of an inert carrier and a
catalytically active substance | ayer deposited on the carrier, the
catal ytical | y Bycusing gheatalyst {in oltainedyroFxatmplp 28 isobutysic acid we oxidatively dehydrogenated.
15 Specifically, 1,500 ml of the catalyst (1) was filled in a steel reactor having a diameter of 25.4 mm, and
a gaseous mixture of isobutyric acid:oxygen:steam:nitrogen = 5.0:10.0:10.0:75.0 (volume ratio) was intro-
duced at a space velocity of 2,000 hr=! (STP), and reacted at a temperature of 290 *C.
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sﬁ%&'ifit surface area: 1 to 20:[e'r'r] pore volume: 0.1 to T W/g pore”

di aneter distribution: a pore dianeter in the range of 1t
20 to 70 % 55 a pore di anet erER @4t&#7Bihge of 0.5 mmmm(lmmm ml
m cronmeter not nore than 20 % a pore dianeter in the range o eSS
than 0.5 mcrorreters 20 to 70 %(vol ume proportions based on the total pore
vol unes). 29 a“"’PatentansprUche : Katal ysator zur Herstellung von
Met hacryl saur d a s i rte Tra
abgeschi edenéh % )Esﬁor@ﬁﬁé) agi en@cg}necria ; %‘?y%ané‘&%
ayer r ief, ce g ?omﬁosed of
gekennzel cpnet,ox emed fo tlsc I'ven Substanz aus
Oxi dép,der” f ol gen en BT ITe anABdCeDfQ< (1) worin Mo fUr
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ausgewf hlt aus MEPIA%" I?ﬁg"onrwAntl non, GCermani um Wsnut, Zirkon, Cer und
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3. Katalysator zur Herstellung von Methacryl esure, dadurch gekennzel_chnet_,
daB di e Schi &ht Thgsptalyst for the production of methacrylic acid accordmg to claim 3 in which the catalytically active

substance layers of the multilayer structures are formed by mixing compounds containing elemntal

components of the oxides represented by formula (l) in claim 1, as required heating them to prepare a

slurry or a solution, and in spraying the slurry or solution onto the inert carrier, at least two slurries or
, solutions having different compositions are prepared in advance, and successively sprayed onto the
\/ inert carrier.

5. The catalyst for the production of methacrylic acid according to claim 3 in which the catalytically active
substance layers having a multilayer structure are formed by mixing compounds of elemental compo-
nents of the oxides represented by formula (I) in claim 1, as required, heating them to prepare slurries

45 or solutions, and in spraying slurries or solutions on the inert carrier, at least two or more slurries or
solutions having different compositions are prepared in advance, and these slurries or solutions are
successively sprayed repeatedly on the inert carirer.

8. The catalyst for the production of methacrylic acid accordig to claim 3 in which the catalytically active
50 substances of a multilayer structure have the following properties
specific surface area: 1 to 20 m2/jg,
pore volume: 0.1 to 1 mlig
pore diameter distribution:
a pore diameter in the range of 1 to 10 micrometers: 20 to 70 %
65 a pore diameter in the range of 0.5 to less than 1 micrometer not more than 20 %
a pore diameter in the range of 0.1 fo less than 0.5 micrometers 20 to 70 %
(volume proportions based on the total pore volumes).
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4. Katalysator zur Herstellung von Methacrylsiure nach Anspruch 3, dadurch gekennzelchnet, da8 die
Schichten der katalytisch aktiven Substanz der Mehrschichtstrukturen dadurch hergestellt worden sind,
daB Verbindungen, die die Elementarkomponenten der Oxide gem#B Formel (I) in Anspruch 1
\_/ @ enthalten, erforderlichenfalls unter Erhitzen vermischt werden, um eine Aufschiimmung oder eine
Lésung herzustellen, und da8 die Aufschiimmung oder L&sung auf den inerten Tréger aufgespriiht
wird, wobei mindestens zwei Aufschiimmungen oder L8sungen mit unterschiedlichen Zusammenset-
zungen im voraus hergestellt werden und nacheinander auf den inerten Triiger aufgespriiht werden.

45 B&. Katalysator zur Herstellung von Methacryisiure nach Anspruch 3, dadurch gekennzelchnet, da8 die
Schichten der katalytisch aktiven Substanz mit Mehrschichtstruktur dadurch hergestellt worden sind,
daB Verbindungen, die die Elementarkomponenten der Oxide gem#i8 Forme! () in Anspruch 1
enthalten, erforderlichenfalls unter Erhitzen vermischt werden, um Aufschliimmungen oder L&sungen
herzustellen, und daB die Aufschiimmungen oder L&sungen auf den inerten Triger aufgespriiht

50 werden, wobei mindestens zwei oder mehr Aufschiimmungen oder L&sungen mit unterschiedlichen
Zusammensetzungen im voraus hergestellt werden und nacheinander wiederholt auf den inerten Tréger
aufgespriiht werden.

6. Katalysator zur Herstellung von Methacrylsiure nach Anspruch 3, dadurch gekennzeichnet, dag die
85 katalytisch aktiven Substanzen der Mehrschichistrukturen die folgenden Eigenschaften aufweisen:
spezifische Oberflidche: 1 bis 20 m%/g
Porenvolumen: 0,1 bis 1 ml/g
Verteilung des Porendurchmessers:
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45 la revendication 1, en les chauffant de la maniére nécessaire pour préparer une bouillie ou une solution
et en pulvérisant 1a bouillie ou la solution sur le support inerte, au moins deux bouillies ou solutions
ayant des compositions dlfférentes sont préparees par avance et sont pulvérisées successivement sur
le support inerte.

s0 5. Catalyseur pour la production de I'acide méthacrylique selon la revendication 3, selon lequel les
couches de substance catalytiquement active ayant une structure multicouches sont formées par
mélange de composés de composants élémentaires des oxydes représentés par la formule (l) dans la
revendication 1, en les chauffant de la maniére nécessaire pour préparer des bouillies ou des solutions
ot on pulvérisant les bouillies ou les solutions sur le support inerte, au moins deux ou plus de deux

65 bouillies ou solutions ayant des compositions différentes sont préparées par avance, st ces bouillies ou
solutions sont pulvérisées successivement, de fagon répétitive, sur le support inerte.

31



* €T L M S 6 Catalyseur pour la production de |™acide ndthacrylique
selon la revendication 3, solon |oquel |es substance m |mct Ive
a structure nulticouche ont |es prd&R041534781 vant es: mmm““m’“ﬁ

surface sp6ciflque: 1 & 20 n2/g Vol une de pores: 0,1 &*1 iful § 5"
D|str|but|on du di anhtre des pores: dianetre des pores dans |e domaine de 1 °

A 10 rn: s%"cﬂ° nﬁt?’%d“&‘{?g l,agge ngthacryliguey seien Hée igation B, $8lon Heauglcles
urm = |nfer| eﬁ’ St@ fg:r gt' ughe oft los PEORFAIERSUMRNSS S 1 3 npi ns de
0,5rm 20 a 709 33\9‘@ sf’ §pé\9 ?‘l?m f8&Pasees sur le volune total des
por e§) ;‘0 20 2% |ut dudla tr Isgloreg6 32 .

diamétre des pores dans le domainede 12 10 um : 20 4 70 %
diamétre des pores dans le domaine de 0,5 & moins de 1 um = inférieur & 20 %
diamétre des pores dans le domaine de 0,1 & moins de 0,5 um : 20 & 70 %
{proportions volumiques basées sur le volume total des pores).
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