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1 TITLE OF THE I NVENTI ON Parti cul ate porous

ammoxi dati on catal yst BACKGROUND OF THE | NVENTI ON 5
Field of the Invention The present invention relates
to a particul ate po- rous amoxi dati on catal yst which
can be advantageously wused in Qyoducing acrylonitrile
or methacrylonitrile by reacting propyl ene, isobutene
or tert-butyl alcohol 10 with nol ecul ar oxygen and
amonia in a fluidized-bed reactor. Mre

particularly, the preB&8BLE] @FeBUEoBRNVENTEONCer ned with
a particul ate porous ammoxi dation cata- |yst which
conpri ses a Rerhicekpte Bagousspmmeyldatipar Cak@Ys§
supported thereon the netal oxide, wherein the 15
netal oxide contains at least two el enents sel ected

fromthe group consisting of nolybdenu bi snut h,

iron, vanadium a@ﬁ95§§bgﬂﬁﬂgﬂuﬂﬂﬁn£ﬁﬁﬁﬂﬂlﬁﬂun] t he

catal yst _ having a particle dianmeter distribution
mher@é&iﬁh&ﬁ_éﬁﬁuﬁéﬂﬁﬂiééﬁhlyst particles having a

particle dianmeter 20 of from5 to._ 200 mis from90 to

100 % by WEPgRESSeRLsdRVERTINR RETRHE DTS e RAL L ate Po-

nd havi n i i i i i
20? e r\%&su a erdeat i%lnS tcrallt%l{l.tyls n W\M}.ecrhelcnax{ ee Cal.'I val,r?% ala.t_é;/eeously

used in producing acrylonitrile or methacrylonitrile by
reacting propylene, isobutene or tert-butyl alcohol
with molecular oxygen and ammonia in a fluidized-bed
reactor. More particularly, the present invention is
concerned with a particulate porous ammoxidation cata-
lyst which comprises a metal oxide and a silica carrier
having supported thereon the metal oxide, wherein the
metal oxide contains at least two elements selected
from the group consisting of molybdenum, bismuth, iron,
vanadium, antimony, tellurium and niobjium, the catalyst
having a particle diameter distribution wherein the
amount of catalyst particles having a particle diameter
of from 5 to 200 pm is from 90 to 100 % by weight,
based on the weight of the catalyst, and having a pore
distribution wherein the cumulative pore volume of
pores having a pore diameter of 80 A or less is not
more than 20 %, based on the total pore volume of the

catalyst, and the cumulative pore volume of pores hav-
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pores having a pore dianeter of 80 A or less is not

nmore than 20 % based on the total pore volune of the

25 catalyst, and the cunul ati ve pore vol unme of pores

hav 2 ing a pore dianeter of 1,000 A or nore is not

nore than 20 1, based on the total pore volune of the
catalyst. The present inventior2zis al so concerned

with a method for efficiently producing this

catal yst. The ammobxida 5 tion catal yst of the present

i nverhigom @oiriehidiamedter orfl \i HIQGh Zaqy viaxe j s not more than
produci ng the desired product but "also high attrition

resi @lafce balsed weedhen tt@dmanre lung Hf the catalyst.
Therefore, the catalyst of the present in- vention is
advaffbgg@sesent tpaentien halsq gongerped ovite & method
present invention is used for performng a cata- lytic
ammipéaﬁiféﬁcéﬁ“ﬁrlﬁp)ﬂré?%%c#%kﬁh’é}@%‘?&%ﬁ- ey |ammoxida-
al cohal in a fluidized-bed reactor, acrylonitrile,  or

met h&dPp Ghitedivisd dn the RTsRRd Jé%‘é%%//l‘?‘h fRHpits not
yield. 15 Prior Art It has been well kno to oduc

acr yPaAYt Pilied Gt ivditiady IRRATYTARE b?b‘ea TR i Brogpet but

propyl.ene, .i soby- tene or_ tert-butyl .al cohol, nangl _
b T OBIEPOR ISR BIGTIG N GRS L TGO Do Ted (SR g yFommer
al cohql__wi t h .nol ecul ar . _oxyg and.a la.. A nugﬁgr .
of pl’:&&‘}_s§Ic§lﬁave&§8§ﬁf°ﬁ§qe%\?ﬁ e é‘%t otfo_télaet yesﬁesnt i
for ler% t'irc]mt r}L% % ﬂtda%'eotdsor!i.n()fttpz{'l.o,pyvh?&?’tl’léotpérq:gffst of
or tert-butyl "al"cohol-
the present invention is used for performing a cata-
lytic ammoxidation of propylene, isobutene or tert-
butyl alcohol in a fluidized-bed reactor, acrylonitrile

or methacrylonitrile can be produced stably in high

vield.

Prior Art

It has been well known to produce acrylonitrile or
methacrylonitrile by ammoxidation of propylene, isobu-
tene or tert-butyl alcohol, namely, a reaction of pro-
pvlene, iscobutene or tert-butyl alcchol with molecular
oxygen and ammonia. A number of proposals have been
made with respect to catalysts for use in the ammoxida-
tion of propylene, isobutene or tert-butyl alcohol.
For example, Examined Japanese Patent Application Pub-

lication No. Sho 38-17967 proposes an oxide catalyst
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For exanpl e, Exam ned Japanese Patent Application Pub

25 lication No. Sho 38-17967 proposes an oxide

catal yst 3 containing nol ybdenum bisnuth and iron,

and Exam ned Japanese Patent Application Publication

No. Sho 38- 19111 proposes an oxi de catal yst

containing antinony and iron. Rurther, various

i nprovenents have been pro 5 posed with respect to

t hese amoxi dati on catal ysts. A nunber of proposals )
have dsedtraimaideg e iyhsteavam arb i stk and | P atan§ skxpgined
changi ng the conposition thereof, and such proposals

have ‘amangsutRakens: Anplima kv At it ior Nat oFhet 38-
performance. However, there 10 have not been nade nman

pr opd<fdi sl Ry anffHes AP Xff Gat alkis brratad R g pyn timony
changhgg t he ph£§ical structure of the catalyst. As
exanfk gfothr | SRTARLTHoVaFERLS dEXoVesETtF been pro-
proposal s, there can be nentioned Exam ped, Japane

ot GRS N ICHR (TP BRIHY | (Oat TP NG Gyt o) gaalySts .
o0l oena K ek S mponnarh diave bad fags £ cwprove an
i c AP AR S e bh e Ui thi "B o ton

No! S 7 ot A R S ot ol gt €8 £8 e an-
b1 St of, PRy COBE AARAES Y D fier, there

wher @ fe LR P Ind e SEanF P A S Sis LIS eOfin ammoxi-

silica carrier, average pore ditaneter, tota pore

vol ungy aih REH IV BY FAE MER the physical structure of
the catalyst. As examples of prior art documents dis-
closing such proposals, there can be mentioned Examined
Japanese Patent Application Publication No. Sho 57-
56373 (corresponding to U.S. Patent No. 4,264,476)
which discloses a catalyst for ammoxidation of propyl-
ene, containing molybdenum, bismuth, iron, cobalt and
zirconium as essential components, and Unexamined Japa-
nese Patent Application Laid-Open Specification No. Sho
57-75147 which discloses a catalyst for ammoxidation of
propylene, containing molybdenum, bismuth and antimony
as essential components, wherein, in each of these
catalysts, the amount of silica carrier, average pore

diameter, total pore volume and specific surface area

are, respectively, in specific ranges.
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25 are, respectively, in specific ranges. 4 Each of

t he above-nentioned two patent docunents (in which it

is attenpted to inprove the catal yst per- formance by
changi ng the physical structure of the catalyst)

di scl oses a catal yst (having a specific 5 physical
structure) for use in producing &acrylonitrile in a

fluidi zed-bed reactor. However, there are no dis-

cl osures about the pore distributions of the catalysts

i n these Bagchpaiferthed@abwventmeniQuoridie oidaratentd, documents
proposal s paying attention to 10 the pore

di st didlputibdiehofl tart soxéiteemptted v | inpuevdedre oatielyst per-
the follow ng patent docunments. Unexam ned Japanese

Pat eformgpidec $vi erangiigiaOddre SPers i¢ahtsomaiure Spp the
57-119837 discloses a catalyst for use in the oxi-

dat | 6@ tGLYSt JoldesaIdae s & iSAIRBEIL r ERYBRY Aheperhiic

the 15 catalyst has an average pore dianeter of 2,000
A or Physi€al sEtnatves )) £ e Pat aodppine AFenlonitrile
Lai d- Open __Specification No. Sho 58-113141 .

( cor i8s FokdiiGitze e FeEmyy - dHoMeySSs dheTScdge no dis-
for producing nethac- rolein.. Caim3 of this 1gﬁltent

docufrdREIFeSc ANPAE tHhey DRFS Y RAPEE19ns f (RS Grbalysts

of pqre havinC a _di,anete smal |l er than 100 A is not

nor elphzﬁefe% g“k?a?é’(}:eg& t‘{?é:u“%?ﬂtfsa’ce area of the

et G R B tabeR il Ty smpion o

CaL B! e WSS SOIEIE S MOURIEE! Bive veen
made in the following patent documents. Unexamined
Japanese Patent Application Laid-Open Specification No.
Sho 57-119837 discloses a catalyst for use in the oxi-
dation of an olefin in a fixed-bed reactor, wherein the
catalyst has an average pore diameter of 2,000 A or
more. Unexamined Japanese Patent Applicatjion Laid-Open
Specification No. Sho 58-113141 (corresponding to GB
2030885A) discloses a process for producing methac-
rolein. Claim 3 of this patent document describes that
the cumulative surface area of pores having a diameter
smaller than 100 A is not more than 3 %, based on the
surface area of the catalyst. International patent ap-
plication publication No. W003/039744 discloses a metal

oxide catalyst for use in the commercial production of

acrolein or acrylic acid by oxidation of propylene,



10

15

20

25

5 wherein the physical structure (including the pore

dis- tribution) of the catalyst is specified in

detail. However, none of these oxide catalysts can be

used in a fluidized-bed reactor. Specifically, in the

5 above-nenti oned Unexam ned Japanese Pat ent

Application Laid-Open Specificagion No. Sho

57-119837, claim1 de- scribes that the catalyst is

for use in a fixed-bed re- actor. Further, the

cat alwrsirenin tthe piageinta osti®dt urdacifdl @FeR8JehPO0p6re dis-
radius as large as 2,000 A or nore 10 and, hence, it

i s pressinedidatoff hehe atat ggsexis bépecipbed in detail.
mechani cal strength. Also, the catalyst of this

pat ent dodiawevern,s rameextfi Utiese notitbsl quiodledts ecdn,be used
a cylinder-shaped article having a dianmeter of 4 nm

and &n |t dfzdd-dad tend@om i Speltd fieraldilng  in the

exanpl es) and, 15 hence, it is presuned that the .
cat alapsavesmrdiiongsbdinexXamiirgid yJapdne s Ratent Application
apparent_that the catalyst disclosed in this patent
docukéid -CffotSose ifslamtiiora NG| (Bhit Z&H-bedBIactbaim 1 de-
The above-nenti oned Unexam ned Japanese Patent

Appl SEFERSE (Hiad Ghen ctedistodks dipNgis@oish fixed-bed re-
58-113141 di scl oses a process_for produci ng nethac-

r ol T SFher EPﬁtPﬁEvnﬁg@ EptrdAELi 6F ithisoPadsadi osyment

Fbme¥pr, in the working exanpl es of this patent docu-
ment Pogh &P AVE TR ST M A AS (1RFEaH 4109 Apr more

tain%%dgsh%n%glle% havin %W%%P ter of 4.8 nmand, 25

hencé, it 18 “Fppar-ert c )éheFﬁQRﬁ%¥§FI§FQ%blts
poor mechanical strength. Also, the catalyst of this
patent document is an extrusion-molded product (e.g., a
cylinder-shaped article having a diameter of 4 mm and a
length of from 4 to 8 mm in the working examples) and,
hence, it is presumed that the catalyst exhibits poor
fluidity. Therefore, it is apparent that the catalyst
disclosed in this patent document cannot be used in a
fluidized-bed reactor. The above-mentioned Unexamined
Japanese Patent Application Laid-Open Specification No.
Sho 58-113141 discloses a process for producing methac-
rolein, wherein the mode of reaction is not specified.
However, in the working examples of this patent docu-
ment, there is a description that the catalyst is ob-
tained as a pellet having a diameter of 4.8 mm and,

hence, it is apparent that the catalyst proposed in



this patent docunent exhibits poor fluidity and is for

use in a fixed-bed reactor. Therefore, this catal yst

cannot be used in a fluidized-bed reactor. In the

above-nmentioned international patent application publ

5 cation No. WO03/039744, the node of reaction is not

speci fi ed; however, the catal ysts proposed in this pat-

ent docunent has a pore distribution wherein the cunu-

| ative pore volune of pores having a pore dianeter of

fromtbis paténm idecasendr gxhdidinst doess filhamd 2y %ndOis for

based on the total pore volune of the catalyst. That

i s, ukse hat rofdkedobes awicigra | Fhgeedpaept ¢hiiss catalyst

great in the pore distribution of this catalyst and,

henceannpt be psedurnd at fduidhizedodiedl ystaahdy bi Io the

poor me- chanical strength. Further, in the working

exanpbeyveomensiphed pgatemnaddompdntoatiendr afxslication publi-

description that a particulate catalyst precursor is

5 pel | EBt2e8 Na-t HEO3Y83M74# .a thgbmedehnfh npaciameiemot

of 5 Mmand a height of 4 mMmm Therefore, it is .

pr esGREEIERGH: t Revexeal. ydhe ertidiiss paspadad din ythis pat-

and, hence, it is -apparent that 20 _the catal yst,

pr opBBEJAPRUPRNE Hafeft PASEURdFtTiPUtdon yhesgin the cumu-

fixeg-bed reactor and cannot be used in a flu- _.

i di zeB HER PBEEt YPLURGr PhePOTESCRAYR Y & RO MigRpter of
j 3,397,153 and Ex- am ned Japanese Patent _Applicatian

Publ FEQF BnliNbC hehm 38 254326'&'3( &6r redpdFdishd e 3% %

10 E?gggéggﬁbPﬁbgggh%%ﬁaiggggn_Egl%%%sgé7%%éﬁé%lé%?%%fa That
is, the ratio of pores having a large diameter is great
in the pore distribution of this catalyst and, hence,
it is presumed that this catalyst exhibits poor me-
chanical strength. Further, in the working examples of
this patent document, there is a description that a
particulate catalyst precursor is pelletized in the
form of a tablet having a diameter of 5 mm and a height
of 4 mm. Therefore, it is presumed that the catalyst
exhibits poor fluidity and, hence, it is apparent that
the catalyst proposed in this patent document is for
use in a fixed-bed reactor and cannot be used in a flu-
idized-bed reactor.

Further, each of U.S. Patent No. 3,397,153 and Ex-

amined Japanese Patent Application Publication No. Hei

2-47264 (corresponding to U.S. Patent No. 4,590,173 and
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tered catal yst having a | ow density, which is prepared
using a silica raw material which is a mxture of two
silica sols of different average silica particle diane

5 ters. In any of these two patent docunents, there is

no di scl osure about the data of the pore distribution

of the catalyst. In the fornmer gf the two patent docu-
nments, it is intended to inprove the econony of the
catalyst by inparting a |l ow density to the catal yst.

10 | EPt 108 5I38TH7¢) @i stdiesteso ap atrende sdodore i duding a sin-
in- tended to i nprove the nmechanical strength of an

oxi déerest glay<tl yednthaiviingy sadtowngiens ity i ieireh ngs gprepared
| ow den- sity to the catalyst. In these two patent
documsing, a tstiddeaamawnnadegdrilpmwindied sisggegtixigitdant two
there is any 15 rel ationship between the pore

di st siBdciaosodis efcaifferent average \Widlitafpatipicle diame-
desi red product obtained us- ing the catal yst, and

t her #€&Be nbnsapyesfi bRssabbue BAtenki d@cgalpartﬁst there is
exhi biting an inproved yield of the de- sired product.

20 ARP Bf-SchesEsry &kodndihec dpiay ofs thes @amse Jlrﬁefrlélbutlon
|nabove is still unsatisfactory in respect of th

yi el 8 &het ra@tadysted BPOBHEth#ﬂ%FePSrEhel t’cwﬁaé’aﬁé‘é‘ﬁ docu-
desired, to dev elogta catal yst which can be

advaWFﬁ&@ou%F 18sé: Pﬁephéoaﬁﬁgfqmﬁlqﬁ?(ﬁc%HQH%MQ§u$he

SOOUFRTRE b LaBArRY gl By UL

nEth28r¥hgnigE%£r o%ntge %&%bb%t% %d%g%%mén s, %& is in-
tended to improve theé mechanical strength of an oxide
catalyst containing antimony, by imparting a low den-
sity to the catalyst. In these two patent documents,
there are no descriptions suggesting that there is any
relationship between the pore distribution of a cata-
lyst and the yield of the desired product obtained us-
ing the catalyst, and there are no suggestions about an
oxide catalyst exhibiting an improved vield of the de-
sired product.

Any of the conventicnal catalysts described here-
inabove is still unsatisfactory in respect of the yield
of the desired product. Therefore, it has been desired
to develop a catalyst which can be advantageously used
in the ammoxidation of propylene, isobutene or tert-

butyl alcohol in a fluidized-bed reactor, so that acry-
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Summary of the Invention 5 In this situation, the
present inventors have nmade extensive and intensive
studies with a viewtoward solving the
above-nenti oned problens of the prior art,
specifically toward devel opi ng an excel |l ent catal yst
for use in the commercial produaion of acrylonitrile
10 or nmethacrylonitrile by reacting propyl ene,

i sobutene or tert-butyl alcohol wth nol ecul ar oxygen
and dmrdriizile rpra rie thatizelde et leactar  bavhekabhy t bpoduced
catal yst can produce acrylonitrile or

met hady \lieh tvlidldstably in high yield. As a result,
it has unexpectedly been 15 found that, in a
particul ate catalyst for use in the fluidized-bed

ammoxi dati on of propylene, isobutene or tert-butyl

al cohol , when the cu%ﬂmﬂﬂEﬂe_ﬁaEEEMéEH&E_éﬁ_

smal | -di aneter pores having a pore dianeter of 80 A

| ess doesIﬁbth@ﬁxﬁ%i%??ﬁﬂ&mfﬁn?rﬂﬁﬁﬁ?nqtﬁPYﬁﬂ%ﬁﬁ%th%%e made
20 hibits a high yield of the desjred product, and

when e"tﬁ?é‘%d’rﬁﬂ%‘%ﬂé“’ﬁ‘d}%l%lecﬁs |t ige- i?;h‘éﬁ%‘t’erard

ore av- i a pore dianmeter of 1,000
hot  &edvape dhe, ?V%-fﬁeghfgﬂeonﬁq?@%%ﬁla%%w%a S opELSE art,

on t rres et il CoAE TR kel ent "Sitaryet
founq:. tzh%t Wheq: ! he c:.af&ﬁ:t LF(.‘E'I‘E'IOOI{] (9% g r}élonitrile

catalyst |s Soht' TS SO as 151 speci T

t h
e AU Ll g o8 A bcone
h'ghdftﬂéﬂfiyﬁﬂ§¥”é¥éyﬂﬁi‘%lfﬂ]ﬁéﬁggﬂfhfrﬁkygen and ammonia

in a fluidized-bed reactor, wherein the catalyst can
produce acrylonitrile or methacrylonitrile stably in
high yield. As a result, it has unexpectedly been
found that, in a particulate catalyst for use in the
fluidized-bed ammoxidation of propylene, isobutene or
tert-butyl alcohol, when the cumulative pore volume of
small-diameter pores having a pore diameter of 80 A or
less does not exceed a specific range, the catalyst ex-
hibits a high yield of the desired product, and when
the‘cumulative pore volume of large-diameter pores hav-
ing a pore diameter of 1,000 A or more does not exceed
a specific range, the catalyst particles exhibit a high
attrition resistance. Further, based on these findings,

the present inventors have also found that, when the
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5 catalyst suitable for commercial use as a

fluidized-bed catalyst. Based on these findings, the
present inven- tion has been conpleted. Accordingly,

it is an object of the present inven- tion to provide

a particul ate porous amoxi dation cata- 10 |yst for

use in the production of acryloftrile or

nmet hacrylonitrile by perform ng anmoxi dati on of

propyl - ene, isobutene or tert-butyl alcohol in a

fl ui dAo&sd-Betr ¥udeionr ofvered tpket chd atgrtrekhedi @ as to
not only high activity in producing the desired .

prod LISt MeG T Hiefienenton Fhei e b@dtes hherhiblits
used on a comercial_ scale, so that acrylonitrile or

net h&Qly [BHEY 3 |Telealy Hepewted nete k4 of ythe fipghred product,
yield. It is anqther object of the present invention

to ﬁ’r‘ﬂ’viad'esoa et FI TR SR PG IR TR T PRYeRS the
20 cat al yst. is.still another object of the nt

t. It | sel
i nveRR RISt ¢ HHRR e P MAMRERGH bR AP PIEP8 ea-vea
Doy SRR ired PSP §O1 thess BETALISS DRERASRASYGinven-

THE II}_I\(/)E I(]\Ibleoen Icnoo e asdgect of the present
i nvertioh,"AHh& e SHRAEEY a particul ate porous

ammoxi dat iA o%i%l fiog isusai%r Hi)e'f)%c&duocf he n%resent inven-

acrylonitrile or Hacryl oni 'ea

prOp%L%Qﬁtd HE P éf%fd&%gﬁg éﬂfﬁﬁgﬂ%ﬁhg%#&htion cata-

mol ecul ar ox gen and armonia I n a fluid zed-be

reachQfst for use in the production of acrylonitrile or
methacrylonitrile by performing ammoxidation of propyl-
ene, isobutene or tert-butyl alcohol in a fluidized-bed
reactor, wherein the catalyst exhibits not only high
activity in producing the desired product, but also
high attrition resistance when used on a commercial
scale, so that acrylonitrile or methacrylonitrile can
be obtained stably in high yield.

It is another object of the present invention to
provide a method for producing the above-mentioned
catalyst.

It is still another object of the present inven-

tion to provide a method for producing acrylonitrile or

methacrylonitrile by using the above-mentioned catalyst.

DETAILED DESCRIPTION OF THE INVENTION
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the catalyst conprising a netal oxide and a silica

carrier having supported thereon the netal oxide,

wherein the silica carrier is present in an anount of

10 from20 to 80 % by wei ght, based on the total

wei ght of the netal oxide and the silica carrier and
wherein the netal oxide containggat |east two

el enents selected fromthe group consisting of

nol ybdenum bisnmuth, iron, vanadium antinony,

telluri ummandmd cipeet 15F tiee cpb@byst Hevéngidn, there is
particle dianeter distribu- tion wherein the anount of

cat alprsiviphed i | s heou gt @ pPeshs chemok daRt £6nofatadPst for
5to 200 pmis from90 to 100 % by wei ght, based on

t he wedeghiin girddiecivad adgsglonbtdi PO dhemethatyglonitrile by
having a pore distribution wherein the cunul ative

por e nedamsn@fppupEkehay i igpupene dr-tanetentpl 8Dcdhol

or less is not nore than 20 % based on the total

por e widlhump Igcuar catydestandnanmdeiguiml a- fluvédipedebed
vol ume of pores having a pore dianeter of 25 1,000 A

or mare@di®Pmot nore than 20 % based on the to 11 tal

pore vol une of the catalyst. In another aspect of the
present i rifentqadiplasiereomnisingg | aldeetaheekbie fard a silica
produci ng the above-nmentioned catalyst, which

conplGaddsiers Ry SHPRATF trlcthrreedy B¢ Jretdl nexidee
contain- ing conmpounds of at |east two el enents

sel e8P Fitbhng HeblghGt POt St HHPBESARE yheRngmount of
blsn%&%m|£6Nko\§E ¥ by weight, based on the total weight of

the metal oxide and the silica carrier and wherein the
metal oxide contains at least two elements selected
from the group consisting of molybdenum, bismuth, iron,
vanadium, antimony, tellurium and niobium,

the catalyst having a particle diameter distribu-
tion wherein the amount of catalyst particles having a
particle diameter of from 5 to 200 pm is from 90 to
100 % by weight, based on the weight of the catalyst,
and

the catalyst having a pore distribution wherein
the cumulative pore volume of pores having a pore di-
ameter of 80 A or less is not more than 20 %, based on
the total pore volume of the catalyst, and the cumula-
tive pore volume of pores having a pore diameter of

1,000 A or more is not more than 20 %, based on the to-
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nadi um antinony, tellurium and niobi um and cont ai ni ng

a silicaraw material, 10 the silica raw materi al
conprising 40 to 100 % by weight of (i) at |east one
silica sol having an average primary silica particle

di ameter of from20 to 100 nm and 60 to 0O % by wei ght

of (ii) at least one silica sol lhaving an average

primary silica particle dianeter of 15 from5 nmto

| ess than 20 nm wherein the total weight of the at

| easttadheraie icalwed ¢f )thadcabalystieast one silica

sol (ii) is 100 % by wei ght, each % by weight of a

silica smIQxﬁﬁﬁfhﬁﬁw%ﬁﬁﬁQF|¢ﬁt%¢%spﬁ?s?%E th%%Fl%P there
silica contained in the silica sol, 20 spray in ]
t he ddudHRYIIRE niteetRed nfox ulPJéO@’éclPﬂeE%%yaBB%iﬁr%eﬁtmned
dried catal yst precursor, and calcining the dried

cat alSAa ¥ Eeurddtch { FRIFRBLS@Bt ai ni ng t he

above-nentioned_catalyst. In still another ect of .
the pr eserﬁr‘?‘fﬁ@'ﬂg a‘ﬁSe‘?‘h%rEa‘f’@%F%’&%ﬂ%dmgxﬁ%fﬁoﬁc’ntam'
for producin Ptri or thacg l o tr%lg,f
conpri™d fgPH r%ﬁyi Vgoﬁ teRe % lected' from

tert-hutyl al h I th d 0|
in o %Y%i%@o%%asj’r“%m%? ST%SYP%@ ovBEERaEH OiEgn . va-
catal 33415 FQ&tlasé%tla? f 9ngﬁngn8f gﬁlaﬁegﬁatcontalnlng

m, %
i nvent1OR, tne ess ures an varl

prefef fldldl%%ol%y x{{'g{‘éf'iﬁ,the present |nvent| on are

enuner a
the silica raw material comprising 40 te 100 ¥ by

weight of (i) at least one silica sol having an average
primary silica particle diameter of from 20 to 100 nm
and 60 to 0 % by weight of (ii) at least one silica sol
having an average primary silica particle diaméter of
from 5 nm to less than 20 nm, wherein the total wéight
of the at least one silica sol (i) and the at least one
silica sol (ii) is 100 % by weight, each % by weight of
a silica sol being expressed in terms of the weight of
silica contained in the silica sol,

spray drying the agueous raw material mixture to
thereby obtain a dried catalyst precursor, and

calcining the dried catalyst precursor, thereby
obtaining the above-mentioned catalyst.

In still another aspect of the present invention,

there is provided a method for producing acrylonitrile
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10 1. A particul ate porous amoxi dati on catal yst for

use in producing acrylonitrile or nmethacrylonitrile

by re- acting propyl ene, isobutene or tert-butyl

al cohol with nolecul ar oxygen and amonia in a

fluidi zed-bed reactor, the catal yst conprising a netal

oxide and a silica 15 carrier having supported

thereon the netal oxide, wherein the silica carrier

is present in an anount of from20 to 80 % by wei ght,

bas e@romeltihe drgtlain iveiidlet, cfomprhiesimed ateasdideg PRAEENE,

silica carrier and wherein the netal oxide contains

at | easibuttemeelcemmareirs -$eltadt ed Ahdlk on thanqkesiplar oxygen

consi sting of nolybdenum bisnuth, iron, vanadi um

ant i mmdy antrelnier iimmaafd uiidizafnbath ety sts g i Hie fbove-

particle dianeter distribu- tion wherein the anount of

cat amesit iaretd cladzailydti.ng a particle dianeter of from

5to0 200 mis from90 to 25 100 % by wei ght, based on

the weight of the catalyst, 13 and the catal yst

having a pore distribution wherein the cunul ative 5

pore vol uF®rofeaser apdeRstandingf dihe IeRSeD Hr IBHeHron.

or less is not nore than 20 % _based on 5 the tqéal ai-

por e thS! HARSOT ke LoAtHTRYT anthFAREOLURTEISTTVE FO7S

vol ume of pores having a pore dianeter of 1 OOE

mor e Med tipefhe MEEF Y AN RRELD AT RS CTS eé&?élow.

vol une of the catalyst. 10 2. The particul ate porous

anmoxi dation catalyst ac- cording to item1 above,

mher%hn tQFﬁE%égcu Aégaﬂé%ous ammoxidation catalyst for use
in producing acrylonitrile or methacrylonitrile by re-
acting propylene, isobutene or tert-butyl alcohol with
molecular oxygen and ammonia in a fluidized-bhed reactor,

the catalyst comprising a metal oxide and a silica
carrier having supported thereon the metal oxide,
wherein the silica carrier is present in an amount of
from 20 to 80 % by weight, based on the total weight of
the metal oxide and the silica carrier and wherein the
metal oxide contains at least two elements selected
from the group consisting of molybdenum, bismuth, iron,
vanadium, antimony, tellurium and niobium,
the catalyst having a particle diameter distribu-

tion wherein the amount of catalyst particles having a

particle diameter of from 5 to 200 pm is from 90 to

100 $ by weight, based on the weight of the catalyst,
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represented by the following formula (1):

Mol 2Bi aFebCcDaEeFf GgOn (1) 15 wherein: Cis at |east

one el enent selected fromthe group consisting of

ni ckel, cobalt, nmanganese, zinc, magnesium cal cium
strontiumand barium 20 Dis at |east one el enent

sel ected fromthe group consisting of chrom um

tungsten, vanadi um niobium boron, alum num

gallium indium phos- phorus, antinony and tellurium

E isaald | east one el enent selected fromthe 25 group
consisting of rare earth elenents; 14 F is at |east

one el enenhes eadatlans f hamime a groogp Elatsidhunionfwherein
ruthenium rhodium palla- dium osmum iridium and

pl at ithemecuBulatitve qmne ordlumie mhtPees e ARGLEY ofn PPee di-
5 group consisting of sodium potassium rubidium and

cesi @metexd of &9 A om less fis qaghdnorerihan 20 %, based on
respectively, the atomc ratios of bismuth (Bi), iron

(Fe) the tptalfpozre gadnme@fgdhg yatakrssi vand othe cumula-
atons of 10 nol ybdenum (Md), wherein: a is from0.05

to 7;iqgippquyﬁqymptq;-gores having a pore diameter of

1,000 A or more is not more than 20 %, based on the to-

tal pore veolume of the catalyst.

2. The particulate porous ammoxidation catalyst ac-
cording to item 1 above, wherein the metal oxide is

represented by the following formula (1):

MO]_zBiaFechDdEeFngon {1 )

wherein:

C is at least one element selected from the

group consisting of nickel, cobalt, manganese,
zinc, magnesium, calcium, strontium and barium;

D is at least one element selected from the

group consisting of chromium, tungsten, vanadium,
niobium, boron, aluminum, gallium, indium, phos-
phorus, antimony and tellurium;

E is at least one element selected from the

group consisting of rare earth elements;



cis fromOto 12, 15 d is fromO to 5 e is fromO
to5 f isfrom0Oto 0.2, gis from0.01 to 5, and n
is the nunber of oxygen atons required 20 to satisfy
t he val ence requirenents of the other conponent
el enents present. 3. The particul ate porous
anmoxi dati on catal yst ac- cording to item1 or 2
above, wherein the silica car- 25 rier is produced
froma silica raw material conprising 15 40 to 100 %
by wei ght Fofis(iat dkealsgasineord egienitc #eselctethvirmgn dihe
average primary silica particle dianmeter of from 20
to 100 nmgaeep6@ons iG tentgy ofeimyithesivg i rhadiymggralla-
one silica sol having an average primary silica 5
particl e dilamet esmdfunt,r gmigiivm ©ed FdatiPai20 nm
wherein the total weight of the at | east one silica
sol (i) &ndstlkE dedsdasmeprdefignte sedgcad Efram 15t o
by weight, each % by weight of a silica sol being ex-.
5 pressed i ATEEPnEoHs istdngeiofh S o ug .| ipéﬁtacso?ﬁlﬁ?ﬂe‘g“‘?’rfilum
10 the silica sol. 4. A nethod for producing the
catal yst &nd C&MPM:aF®Fe, which conprises: providing
an aqueous raw material m xture contain- 15 ing.
SoHvehe

conpounds Zof Pat Grefst &g rel% Mt & SH%ectEFR the
group conglsting TR YRAGIUM, & B AL (MY, ¢, b,
E, F, G and oxygen (0), relative to 12 atoms of
10 molybdenum (Mo),
whexrein:
a is from 0.05 to 7,
b is from 0.1 to 7,
¢ is from 0 to 12,
15 d is from 0 to 5,
e is from 0 to 5,
f is from 0 to 0.2,
f g is from 0.01 to 5, and
n is the number of oxygen atoms required
20 to satisfy the valence requirements of

the other component elements present.

3. The particulate porous ammoxidation catalyst ac-
cording to item 1 oxr 2 above, wherein the silica car-

25 rier is produced from a silica raw material comprising
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nadi um antinony, tellurium and niobi um and cont ai ni ng

a silicaraw material, the silica raw materi al

conprising 40 to 100 % by 20 weight of (i) at | east

one silica sol having an average primary silica

particle dianmeter of from20 to 100 nm and 60 to 0 %

by weight of (ii) at |east one si$ica sol having an
average primary silica particle diameter of from5 nm

to less than 20 nm wherein the total weight 25 of the

at | edsttoona it ima walght Jofinfii het atebshsoneneilfca sol
silica sol (ii) is 100 % by wei ght, each % by wei ght

of aeasidrigarsdvdamey pxinasyesilicacpastdflendiameter of
wei ght of silica contained in the silica sol, spray

dryi iyame Gadgueo®0 rrw aned 6@ atond x¥ ube veigBtt afr éby) at
obtain a dried catal yst precursor, and calcining the

dri edesttalors grleoea sepl haeir®yambrvehaag PRémary silica
catalyst of item1 above. 5. The method according to

i t emRRTEb A diametier (¢ fOoMcal P nke i YRSEoRPRAPs4S AM.
prelimnary calcination and a final calcination, .
wher &heneie ging i tatak ywelghkt naf | Bae &t pesrfbrakg gilica sol
tenperature in the range of from150 to 430 C an Bhg
final{idalahdhort 195t FMRcSH G2 $hpbidd uté 7R by
the range of from450 to 750 C. _15 6,. A nethod for
promﬂﬁﬁﬁfﬁﬂxﬁﬂQﬂﬂﬁr?YeF?ﬁngtﬂgc?ygl%bﬁ?tF??eP31ng ex-
conprising reactin ropyl.ene, isobutene. ot . .
tert HﬁﬁiﬁedalJ&bh%?lq'(}é)t#)n’blF%c‘ﬁ?*a?hgx?/geﬁlgﬁﬁaaﬁﬁ%EF%HEd 1
'n the silica sol.

4, A method for producing the cataiyst of item 1
above, which comprises:

providing an aqueous raw material mixture contain-
ing compounds of at least two elements selected from
the group consisting of molybdenum, bismuth, iron, va-
nadium, antimony, tellurium and niobium and containing
a silica raw material,

the silica raw material comprising 40 to 100 % by
weight of (i) at least one silica sol having an average
primary silica particle diameter of from 20 to 100 nm
and 60 to 0 % by weight of (ii) at least one silica sol
having an average primary silica particle diameter of
from 5 nm to less than 20 nm, wherein the total weight

of the at least one silica sol (i) and the at least one
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a fluidized-bed reactor using the catal yst of any one
20 of itens 1 to 3 above. 7. A nethod for producing
acrylonitrile or methacry- lonitrile, conprising
reacting propyl ene, isobutene or tert-butyl alcoho
wi th nol ecul ar oxygen and ammonia in 25 a
fluidized-bed reactor using theléatal yst produced by
17 the nmethod of item4 or 5 above. Hereinbel ow, the
present invention is described in detail. 5 The )
cat akysticaf sbhe (pidsdst 100véntivoweiighd .pgach i% Pyvamelight of
por ous ammoxi dation catalyst conprising a netal oxide
and a siliica sadr beingaexpyessssodnedeme dorthenaeight of
nmetal oxide, wherein the silica carrier is present in
an astdacaotontedn2d s sheushlins L. 10 based on
the total weight of the netal oxide and the  silica
carrier aftTalieAsYANShELGeREMNEONISIE 2¥oMadierd &t Mipddyie to
two el enments selected fromthe group consisting _o
nol ysbenehy Bbdmitha drded iY$h BRRGUTHRF - 38
l'urium and niobium The catal yst has a particle diane
15 ter di§ﬁﬂFBBﬂP6ntﬁﬁe§€Pﬁdtﬁ@?%l&ﬁﬁ 5 QEﬁ%ﬂﬂﬁnéhereby
parti- cles having a particle dianmeter of fromb5 to
200 Bl‘?ltia&nlf‘rgoﬁfngocla&af@@t%%y W& H 299%€%d on t he
wei ght of the catalyst, and the catal yst has also a
pore distribution wherein the cunul ative pore vol une
of pqres vin 0 _pore.di ter..qf I LS
o thastel REEAY T Y B G e

not r sed o ot al  pore vol une

the %%&%E%%kio%ﬁ%&ﬂy%ises a preliminary calcination and a
final calcination, wherein the preliminary calcination
is performed at a temperature in the range of from 150

to 430 °C and the final calcination is performed at a

temperature in the range of from 450 to 750 °C.

6. A method for producing acrylonitrile or methacry-
lonitrile, comprising reacting propylene, isobutene or
tert-butyl alcohol with molecular oxygen and ammonia in
a fluidized-bed reactor using the catalyst of any one

of items 1 to 3 above.

7. A method for producing acrylonitrile or methacry-
lonitrile, comprising reacting propylene, isobutene or
tert-butyl alcohol with molecular oxygen and ammonia in

a fluidized-bed reactor using the catalyst produced by
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cunul ati ve pore volune of pores having a pore di aneter

of 1,000 A or nore is not nore than 20 % based on the
total pore volune of the catalyst. 25 It is preferred

that, in the particulate porous 18 anmoxidation

catal yst of the present invention, the netal oxide
supported on the silica carrier 1% repre- sented by

the following fornula (1): 5 M12Bi aFebCcDdEeFf GgOn

(1) wherein: Cis at |least one elenent selected from

the theupe tordistiilgemwf4 ndckel abevdal t, nmanganese,

10 zinc, magnesium calcium strontiumand barium D

is at | east one elenment selected fromthe group

consi sting of chromium tungsten, vanadium niobium . .
boron, al digrrinbefkswi uihe prgseRpt phpgenphepyis described in
antinony and tellurium 15 E is at |east one el enent

sel edeth¥¥omthe group consisting of rare earth

el ements; F is at |east one elenent selected fromthe

group consthe ertakystiteentien PFaseR it PpsPELongt§nf PAT-
osmum iridiumand platinum 20 Gis at |east one,

of ool CRLA ER {RRF P B RN GF bR CERLPLY g CBPPEGARAS 2
pot assi u rubi dium and cesium and a, b, ¢, d, e .f,

g and"§it3} 0X388 R | 3 F YL LERCORT R cPPAYLPYs SEPPOTted
biSnuéﬁ%éé%&’tﬂéqgeégf)éxgéeFlwherein the silica cérrier is
present in an amount of from 20 to 80 % by weight,

based on the total weight of the metal oxide and the
silica carrier and wherein the metal oxide contains at
least two elements selected from the group consisting
of molybdenum, bismuth, iren, wvanadium, antimony, tel-
lurium and niobium. The catalyst has a particle diame-
ter distribution wherein the amount of catalyst parti-
cles having a particle diameter of from 5 to 200 pm is
from 90 to 100 % by weight, based on the weight of the
catalyst, and the catalyst has also a pore distribution
wherein the cumulative pore volume of pores having a
pore diameter of 80 A or less is not more than 20 %,
based on the total pore volume of the catalyst, and the
cumulative pore volume of pores having a pore diameter
of 1,000 A or more is not more than 20 %, based on the

total pore volume of the catalyst.

It is preferred that, in the particulate porous
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25 E, F, G and oxygen (0), relative to 12 atons of 19

nmol ybdenum (Mo), wherein: ais from0.05to 7, bis
from0.1to 7, 5cis fromOto 12, dis fromO to 5,

eis fromOto5 f isfromOto 0.2, gis fromO0.01

to 5, and 10 n is the nunber of oxygen atons required

to satisfy the val ence requirenea8s of the other
conmponent el enments present. In the fornula (1) above,

it is preferred that: Cis at |east one el ement

sel ecemuiokidatihn gebapysdtnoflshei presgndf imverdiion, the
(Ni), cobalt (Co), zinc (Zn), manga- nese (M) and
magneseted (ML deEsippartedaon &he shddcat cexrdereds repre-
fromthe group con- sisting of |anthanum (La), cerium
(Ce), sprEs€obynthm febipwang fesmpdkruml(Nd); 20 Gis

at | east one elenent selected fromthe group con-
sisting of potassium (K), rubidium (Rb) and cesium

(Cs); and the follow ng conditions are satisfiega- a

is fromO0.1 to Moi1:BdaFepScRafeReBsln t 0 3,

wherein:

C is at least one element selected from the
group consisting of nickel, cobalt, manganese,
zinc, magnesium, calcium, strontium and barium;
D is at least one element selected from the
group consisting of chromium, tungsten, vanadium,
nicbium, boron, aluminum, gallium, indium, phos-
phorus, antimony and tellurium;

E-is at least one element selected from the
group consisting of rare earth elements;

F is at least one element selected from the
group consisting of ruthenium, rhodium, palla-
dium, osmium, iridium and platinum;

G is at least one element selected from the
group consisting of scodium, potassium, rubidium
and cesium; and

a, b, ¢, d, e, £f, g and n are, respectively, the
atomic ratios of bismuth (Bi), iron (Fe), C, D,

E, F., G and oxygen {(0), relative to 12 atoms of
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20 cis from5to 10, eis from0.05to 2, and g is
fromO0.05 to 1.0. Further, when the netal oxide in the
catal yst of 5 the present invention is represented by
the formula (1) above, it is nore preferred that the
metal oxide is represented by the follow ng formnula
(2) or (3). M12(Bil _iCei)kFe, NggRrOn (2) wherein:
10 Mb, Bi, Ce, Fe and Ni represent nolybdenum bis-
mut h, cerium iron and nickel, respectively; Qis at
| east one nellsRIEnwel (@ci)ed fromthe group consisting
of magnesiumand zinc; R is at |east one el enent
sel ected from trer¥hirgr oup consi sting of potassium
rubi diumand ce- sium and k, 2, m q, r and n are,
respectively, tehels dimom @ .10l itas Df the total of
bi smuth (Bi) and cerium (Ce), iron (Fe), nickel (N),
Q R and 20 oxyygers (fom rlellattiove’ to 12 at ons of
nol ybdenum (M), wherein: k =0.5to0 2, 2 =0.1to
3, 26 m= 4 tod @s Zrom 0 to 12,
d is from 0 to 5,
e is from 0 to 5,
f is from 0 to 0.2,
g is from 0.01 to 5, and
n is the number of oxygen atoms required
to satisfy the valence requirements of
the other component elements present.
In the formula (1) above, it is preferred that:
C is at least one element selected from the group con-
sisting of nickel (Ni), cobalt (Co}, zinc (Zn}, manga-
nese (Mn) and magnesium (Mg);
E is at least one element selected from the group con-
sisting of lanthanum (La), cerium (Ce), praseodymium
{Pr) and neodymium (Nd);
G is at least one element selected from the group con-
sisting of potassium (K), rubidium (Rb) and cesium
(Cs); and
the following conditions are satisfied:

a is from 0.1 to 3,

b is from 0.1 to 3,



g=0to3, r =0.01to 0.5 i =0.6to 0.8 wherein i
is the atomc ratio of cerium relative to the total
5 of bismuth and cerium and n is the nunber of oxygen
atons required to satisfy the val ence requirenents of
t he ot her conponent el enents present. 10

Mb12Bi hFepNi $Tt Rr XxOn (3) wherepsp: Mo, Bi, Fe and Ni
represent nol ybdenum bisnmuth, iron and nickel,
respectively; T is at |east one el enent selected from
the 15 group consd stidg ®ftehr®m um and indium R is
at | east one elenent selected fromthe group

consi sting of potiossfrdm ¢ uds didm arghde- sium X is
at | east one el enent selected fromthe 20 group

consi sting of manganesem OEERess UMO zi nc, cerium

sodi um and phosphorus; and h, p, s, t, r, x and n are,
respecti vefyrthdre, whem the ate sl obxbiesnim htidi gatalpat of
(Fe), nickel (N), T, R X and oxygen (0), relative
to 12the -pRéseme fiventybolehsinrépbgse®Redwber tha: fhrmula (1)
01 té%é%e, it is more preferred that the metal oxide is
represented by the following formula (2) or (3).
Moz {Bi;.sCe; ) xFeNiyQqR:0n (2)
wherein:
Mo, Bi, Ce, Fe and Ni represent molybdenum, bis-
muth, cerium, iron and nickel, respectively:
Q is at least one element selected from the
group consisting of magnesium and zinc;
R is at least one element selected from the
group consisting of potassium, rubidium and ce-
sium; and
k, £, m, g, r and n are, respectively, the
atomic ratios of the total of bismuth (Bi) and
cerium (Ce), iron (Fe), nickel (Ni), Q, R and
oxygen (0), relative to 12 atoms of molybdenum

(Mo),

wherein:

A
1]

0.5 to 2,

£ =0.1 to 3,

4 to 10,

3
I
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p=01to3 s=41to1l0, 5t =0.1to0 2, r =0.01
to 0.5, x =01to 3, and n is the nunber of oxygen
atons required to satisfy the val ence requirenments of
10 the other conponent elenments present. The catal yst
of the present invention has a parti- cle dianeter

di stribution wherein the amount §f cata- |yst
particles having a particle dianeter of from5 to 15
200 pmis from90 to 100 % by wei ght, based on the

wei ght of the gptalysto Ithen the amount of catal yst
particles having a particle dianeter of from5 to 200
pinis less than9Q@ %bwove ght, based on the wei ght
of the catalyst, there is a problemin that the
amount of 20 snpld glianss @. satwlardipal ti€l ase havbmic
a particle di- aneter of |less than 5 pm and the anount
of large- di amatadriccaifaloatiyngr trellaasiavidI0tide total
particle diameter of |arger than 200 pm becone too

| arge, renderi g poemutithearfd wedtitym Ofaridhe cat al yst
and hence | eading to poor 25 results of the reaction.
23 Wth respeat itso tiHee muberdich raxdpgdromnioimd heequat ped
| yst of the present invention, the catalyst has a pore
di stribution wter siatisfy dveulvatlieneeparegyudotamentod of

pores having a pore dianeter of 80 A or less is not
the other component elements present.

Mo1;BinFepNi TR X0, (3)
wherein:
Mo, Bi, Fe and Ni represent molybdenum, bismuth,
iron and nickel, respectively;
T is at least one element selected from the
group consisting of chromium and indium;
R is at least one element selected from the
group consisting of potassium, rubidium and ce-
sium;
X is at least one element selected from the
group consisting of manganese, magnesium, zinc,
cerium, sodium and phosphorus; and
h, p, s, t, r, x and n are, respectively, the
atomic ratios of bismuth (Bi), iron (Fe), nickel
(Ni), T, R, X and oxygen (0), relative to 12 at-

oms of molybdenum (Mo),
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5 nore than 20 % based on the total pore vol une of
the catalyst, and the cunul ati ve pore vol une of pores
hav- ing a pore diameter of 1,000 A or nore is not
nore than 20 % based on the total pore volune of the
catalyst. It is nore preferred that the catalyst has a
pore 10 distribution wherein thg,cunulative pore

vol une of pores having a pore dianeter of 80 A or
less is not nore than 15 % nore advant ageously not
nore than 10 %whd@sae. on the total pore volune of the
catalyst. Also, it is nore preferred that the

cunul ati ve porer wolaye #f 35 pores having a pore

di ameter of 1,000 A or nore is not nore than 15 %
nore advant agequsd Yo 1ottty e than 10 % based on the
total pore volune of the catalyst. Wen the cunul ative
pore vol une of speres ttmviitng a pore dianeter of 80 A
or less is nore than 20 % based 20 on the total pore
vol une of the dat=alOyst ,td Ik, catal yst poses a problem
inthat the yield of the desired prod- uct (i.e.,
acrylonitrile aor =mét.HHcrtd dni%.ril e) beconmes |ow. On
the ot her hand, when the cumnul ative pore vol- une of
pores havi ng a*per & dicardet @ndf 1,000 A or nore 25 is
nore than 20 % based on the total pore volune of 24
the catal yst, & gSoiihemnambegs afh ovegent e cmigt rigquwinred
resi stance of the catal yst becones poor and, hence,
the catalyst @é’nﬁé’ttléé’l e ¥adgmiost seandinemeritgh of
attrition resistance which renders the catal yst

suitabl e for c&hesoRed Qompoaent, elipents maEdant -
i mpossible to stably

The catalyst of the présent invention has a parti-
cle diameter distribution wherein the amount of cata-
lyst particles having a particle diameter of from 5 to
200 pum is from 90 to 100 % by weight, based on the
weight of the catalyst. When the amount of catalyst
particles having a particle diameter of from 5 to 200
um is less than 90 % by weight, based on the weight of
the catalyst, there is a problem in that the amount of
small-diameter catalyst particles having a particle di-
ameter of less than 5 um and the amount of large-
diameter catalyst particles having a particle diameter
of larger than 200 um become too large} rendering poor
the fluidity of the catalyst and hence leading to pooxr

results of the reaction.
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produce the desired product. The reason why the yield

of the desired product becones | ow when the cunul ative

pore vol une of pores having a pore dianeter of 80 A or

less is nore than 20 % based on the total pore volune

10 of the catal yst, has not yet been el uci dated.

However, it is presuned that, ip3zthe small-di aneter

pores having a pore dianeter of 80 A or less, the
residence tinme of the reaction product in the pores

of the catwitistrdpecomes tlo® pong, disusivnaeebar afi BBe cata-
deconposition of the 15 reaction product, leading to a

| oweriygt obf ttiee ypedgewt imbhentlbsni etherodualysW hhs a pore
respect to the nmethod for neasuring the pore

di st rdistriomioiom wagadimstthe heveudatikaoporeonwvdome of

ti onal nethods, such as the gas adsorption nethod and

20 t eomess avyiporasport rgianetneveof 80eAresullessofis not
meas- uring are different fromnethod to nmethod. In

t he prare sdmn et iased hen ntlhgutehaht pofret ielpoeeof the
distribu- tion of the catalyst is perforned by the

mer c 3L plrs ¥ osamet ke ysumglanive Pore-vobome( pEagderes hav-
nanme; manufac 25 tured and sol d by, Shimadzu
CormﬂﬂﬂlﬁwPOQEHQ&Smeﬁ%% of 1n%9%u$y°50$@§9n%ﬁr9°ﬁeaﬁ§e than
a nethod in which an external pressure is apglle
forC@Qnﬁxnﬁ%ﬁ§4nQPt¥RPFER%E#l?Pr%h%°%%T%I9§t h?hﬁatalYSt-
anount of nercu forced into the pores is recorded

in terms oft &% L?%t‘ief RFTeRTRA phRAt 5t1§%r‘é35%b¥?édhas a pore

o1 RS I SR i R L D52 208 o

pores having a pore diameter of 80 A or less is not
more than 15 %, more advantageocusly not more than 10 %,
based on the total pore volume of the catalyst. Also,
it is more preferred that the cumulative pore volume of
pores having a pore diameter of 1,000 A or more is not
more than 15 %, more advantageously not more than 10 %,
based on the total pore volume of the catalyst.

When the cumulative pore volume of pores having a
pore diameter of 80 A or less is more than 20 %, based
on the total pore volume of the catalyst, the catalyst
poses a problem in that the yield of the desired prod-
uct (i.e., acrylonitrile or methacryleonitrile) becomes
low. On the other hand, when the cumulative pore vol-
ume of pores having a pore diameter of 1,000 A or more

is more than 20 %, based on the total pore volume of
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tion for obtaining the pore distribution of the cata-

lyst, it is assuned that pores have a cylindrica

shape. A cunul ative pore volune with respect to the

pore di 10 aneters neasured is obtained by the nercury
porosinmetry and plotted to obtain a cumul ative pore
distribution curve which is usedaas prinmary data. The

curmul ative pore distribution curve relative to the

pore diameters neasured is differentiated with the

pore thaneaeal{yet]lSaoptablen dirfikesenhi ghaforde attrition
distribution. The differen- tial pore distribution is

pl ot teelshgaanseé bhether eadalyamebecpmes8 pbetrchydobh@mnwe, the
a differential pore distribu- tion curve, which is the

So- cataralpstecdhsbdbti bxhibnt aSpatibkifaaltbyilvh@aigh attrition
nmeasurenent of the pore distribution 20 is perforned

as foreépistafcd8 vbifh4rgndéra sheccatplybaf stidable for com-
catalyst) is charged into a dilatoneter, and the

di | atroeeceali gsdegassthabtsihghacomesudmpospibdet tat stably
the internal pressure of the dilatoneter becones 6. 67

Pa orpredyce Stheecdeshred, predugty i Bhehewegeeniwhy the yvield
25 dilatoneter. Then, the dil atoneter containing the

26 S@%cth%nd%ﬂﬁrﬁérﬁnﬁ9uﬁ§ peaewmasi Aoynwhenothgyeumudative
the autoclave, the external pressure of the
d|Iaﬁ%ﬁ%@eY°1§meg@ﬁdBﬁFP§ PﬂEFESsédPPFGnﬂQPW6§SHePFC30 A or
pressure to 413 MPa. The level of the nmercury_in

di | atthet ets i BoBe FhgRedO afid P@%@F‘d@& £§e| F°Eé‘&oﬁ’€§e volume
| ower e nder pres-_sure. The pore str bution i

o Tedti LRI EnahBBstPE FAE PEGBI e3PoHdcer, Hovever,

(nanEJy érSPééﬁﬁed that, in the small-diameter pores having

a pore diameter of 80 A or less, the residence time of
the reaction product in the pores of the catalyst be-
comes too long, thus accelerating deéomposition of the
reaction product, leading to a lowering of the yield of
the desired product.

With respect to the method for measuring the pore
distribution of a catalyst, there are known conven-
tional methods, such as the gas adsorption method and
the mercury porosimetry; however, the results of meas-
uring are different from method to method. In the pre-
sent invention, the measurement of the pore distribu-
tion of the catalyst is performed by the mercury po-
rosimetry using "Auto Pore-%200" (trade name; manufac-

tured and sold by Shimadzu Corporation, Japan). The
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changes in anount of nercury forced into the pores of

the catalyst) in terns of a function of the pressure

10 applied. In the present invention, when perform ng

the nmeasurenment of the pore distribution of the

catalyst by the nmercury porosinetry nmethod, the

interstices between the catalysisparticles are

neasured as pores having a 15 pore dianeter in the

range of fromtens of thousands to hundreds of

t housmnclaury pdweseimsiery imedie Pprmsendédi tn webthoan external
the term"total pore volune" neans the cunula- tive

por e v aseredfiPpaamsl hadi gy Bopos anereney einbd tBe0POres in
A or less.. 20 In the cunul ative pore distribution
curvethelatakyst o the porenti ahetercunegatoreed asto the
obt ai ned by the above-nentioned nercury porosinetry,

t he qumdatisaeqgoréed gdnnesois pof es flavehigoa pdrthe pres-
di ameter of 80 A or less is calculated as the

cunulsutey eagmwiiediolamt. dfaed por ekhhawvfegerad pokke pore dis-
dianmeter in the range of fromthe 27 lower limt of

meas UreidaHiiqrabfuttiso ggtalyso IS ebtrined. cutfulde walcula-
pore volume of pores having a pore di- aneter of 1,000

A or Tiare for ot nkng Hsetmér%m*érlww%o?% the cata-
vol une of pores having a pore dianeter in the 5 r

of friofity, 0o D IFPULR thakRPHeR, Nere i‘o?}iiLlnBBFgal shape.
volume is calcul ated as the cunul ative pore,  vo] une

por e<* FHAHGR B fRoRPTS ARYERS i Ehet FERGET of © f BT peflg ai-

| over Ieltrgz:ts orrieanseuarsé'I elns?ncgb%gll?égogy'%he mercury porosimetry

and plotted to obtain a cumulative pore distribution
curve which is used as primary data. The cumulative
pore distribution curve relative to the pore diameters
measured is differentiated with the pore diameter to
obtain a differential pore distribution. The differen-
tial pore distribution is plotted against the pore di-
ameter, to thereby obtain a differential pore distribu-
tion curve, which is the so-called pore distribution.
Specifically, the measurement of the pore distribution
is performed as follows. 0.3 to 0.4 g of a specimen
{of the catalyst) is charged into a dilatometer, and
the dilatometer is degassed using a vacuum pump so that
the internal pressure of the dilatometer becomes 6.67
Pa or less. Subseguently, mercury is charged into the

dilatometer. Then, the dilatometer containing the
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Wth respect to the neasures for controlling the 10

pore distribution of the catal yst of the present

inven- tion, the pore distribution can be controlled

by, for exanple, any of the follow ng nethods: a

method in which there is changed the particle

di ameter of a sil- ica sol as a sglica raw materi al

(i.e., the average 15 primary silica particle

dianmeter); a nethod in which the ratios of the silica
carriepeflerieind M¥réerpr es peAtednihha@ncavbyatavar.e In the
changed; a nethod in which the calcination

t enpesat dic Bavs, Ctiawgedtefnakt pedskarehoththe Bimadtometer is
silicais used as a part of the silica raw nate 20
rial;geadual et increasabi €hoinhathekphertnt pergdure to 413
aqueous slurry of raw materials of the catal yst

(1. e MPaguaies lewamil neft erhalmemrodry edn i she@rdvlatdmeder is
as to contain a fine particul ate substance which is
deconpozched am@nrebordedi asait hecemtenpeweatrede unidiech pres-
is equal to or 25 | ower than the cal cination

t enpesarer e Thendparee Slapribwigion sisubgaseredt fream the
spray drying and a calcination. In the case of the

met hothamgewki Eh the pevel deEt mesguryn(nameile &ara ybe

is controlled by changing the ratios of the silica
carri%ﬁa%mﬂsn%@aﬁm%&¥ﬁe°gr@%EﬁPrYnf?ﬁéeéaiﬂtQ thet pores of
when the ratio of the netal oxide _is increased, the

por e Het¢2tRtY SR ofnt hermat af yat frackpprt e the prgpsure
the ratio of large-dianeter pores is increased. 1In

the R %the method in which the pore distribu-

tion of the, cglal ysled S CONLRLI ST, PUnENanaL RYhl8 o 2he
measurement of the pore distribution of the catalyst by
the mercury porosimetry method, the interstices between
the catalyst particles are measured as pores having a
pore diameter in the range of from tens of thousands to
hundreds of thousands A. Therefore, in the present in-
venticn, the term “total pore volume” means the cumula-
tive pore volume of pores having a pore diameter of
5,000 A or less.

In the cumulative pore distribution curve relative
to the pore diameters measured, as obtained by the
above-mentioned mercury porosimetry, the cumulative
pore volume of pores having a pore diameter of 80 A or
less is calculated as the cumulative pore volume of

pores having a pore diameter in the range of from the
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10 cination tenperature, when the cal cination

tenperature is increased, the pore distribution of

the catalyst is shifted so that the ratio of

| arge-di aneter pores is increased. Further, in the

case of the nmethod in which the pore distribution of

the catalyst is controlled by 15 usi ng an aqueous

slurry of raw naterials of the cata- lyst (i.e.,

aqueous raw material mxture) containing a fine

part i baweat el mutbis t@h ase adiicémest degboposadl &) when8o &, and
burnt in air at a tenperature which is equal to or

| owerthdaruninia tciate i prate ono lempeofit poxes thevingeapppere di-
20 ticul ate substance forns voids when being burnt and

de- composedf ahdihed vaor deore eis e¢aleglapbedsasf thhecumula-
cata- lyst. Therefore, it is preferred that the fine

par - tivelpoze subotes cet deores neavind t acPaneecdiamesar in the
mate- rial mxture has a size in the range of from 100

to 25rangeA fran a RRAMEAagRoRP yA poFharsoorey, el total
that the 29 fine particul ate substance is nmade of an

or garterergieluns 4 s e ke keed ¢ Fheveunutatiygepore volume
after being burnt. (As exanples of such fine

part i%ﬁjmrée%dtﬁs‘fm@,,m%?&a@%%elﬁeﬁw oh@Rdg 8| from
of a crystalline cellulose hav 5 i ng excell ent

di sperl§ prIfeYy %W%t%ﬁ RERP A e behRl 2 - P Bt of

POl Yoty e en WABLSSRES he Sach,ola e, IELIC {0y ene

P2 e OBy Olof 5 LA 0L 89, B HhdCBreb Bt mven-

mzﬂn%{%g'z%HLtgg}é“ﬁ{g%&{ﬁﬁtfgwtégﬁlﬁQQCSHErBQEdeB§Z for
example, any of the_following methods: a method in
whicﬁ there is changed the particle diameter of a sil-
ica s0l as a silica raw material (i.e., the average
primary silica particle diameter): a method in which
the ratios of the silica carrier and metal oxide pre-
sent in the catalyst are changed; a method in which the
calcination temperature is changed; a method in which a
fumed silica is used as a part of the silica raw mate-
rial; and a method in which the below-mentioned aqueous
slurry of raw materials of the catalyst (i.e.. aqueous
raw material mixture) is provided so as to contain a
fine particulate substance which is decomposable when
burnt in air at a temperature which is equal to or

lower than the calcination temperature, and the slurxry



10

tribution by enploying a funmed silica as a part of the
silica raw material, explanations are nade below in
connection with the nmethod for producing the catal yst

of the present invention. It should be noted that the

15 nmeasures for satisfying the requirenments concerning

the physical structure (i.e., td pore distribution)

of the catalyst of the present invention are not

limted to the aforenentioned exanpl es of nethods,

but disy smbgeceded ccan SeFaahPiTgiad @nd ongcakcipgtion.  In
requirenents con 20 cerning the physical structure

(i . ethet kagsorod dibet methagd jigh)wivich h‘é‘%aﬂ%?s@lﬁr%hétlon
present invention are satisfied. Generally, it is

i npoofarhe: ieat ad yad dly sonbanied bntehar@ing i thenrghios of
attrition resistance which renders 25 the catal yst

sui t &blee sidd ceomaaidien ansk metpk recjie BeeseRhtin the cata-
i nvention, the nmeasurenent of the attrition reS|f

t anc &¥&ft tﬂ’@e@at’f&eysltaﬁ-"so S et REHiR bR e AFT RS ed

the nethod described in "Test t hod, for nthetl
FI ui Fher Ro%en GichiRdon Afe ﬁ“%ﬁ%ﬁé?ﬁdl f?ad so

5 6/31-4m 1/ 5 af t ferred
ot hidot, c‘)r?ﬁ(’é)e&eéngr RS BB e

t th ttrit £ di d-

cat Al e, Fas ‘{’%Qﬂie@aﬁtf S athg'r#ﬁ%g 4P8frivu-
t t f t.

(57 558 BEGE oy S ool oo ok ATHE e <o

Wh'C%lné%f§ﬁ'H&Hﬁé@éﬁd?%f‘%ﬁéﬂ”iﬁhféﬁiE&ﬁhtlon temperature
is increased, the pore distribution of the catalyst is
shifted so that the ratio of large-diameter pores is
increased. Further, in the case of the method in which
the pore distribution of the catalyst is controlled by
using an agqueous slurry of raw materials of the cata-
lyst (i.e., agueous raw material mixture) containing a
fine particulate substance which is decomposable when
burnt in air at a temperature which is equal to or
lower than the calcination temperature, the fine par-
ticulate substance forms voids when being burnt and de-
composed, and the voids are left as pores of the cata-
lyst. Therefore, it is preferred that the fine par-
ticulate substance contained in the agueous raw mate-
rial mixture has a size in the range.of from 100 to

1,000 A, more advantageously 200 to 500 A, and that the
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attrition loss (%9 =B/ (CGA x 100 wherein: Ais

the weight (g) of the catalyst which is lost 15 by
attrition in the period of fromO hour point to 5

hour point after the start of the attrition re-

si stance test; B is, according to the ordinary ACC

nmet hod, the weight (g) of the c&alyst which is | ost

by attri- 20 tion in the period of from5 hour point

to 20 hour point after the start of the attrition

resi stisife @antelqulafmesrdys tance his ﬁﬁ@@%n‘?fl Me%%ﬂlc mate-
this Bis defined as the weight (g) of the cataly

whi cirdial whisth Hoes thok | paY 4 w*eE%t?%da%FeFrBﬁmg burnt.
hour 25 point to 120 hour point after the start of th

at 3125 ra%apl o9 E SR P%ﬁl@%@t%h%“%wﬂ?es' there
(g) of the catalyst used in the attrition resi iay

t est .CAMAE MRNEENET A 3%hi oF 13 %W%WHH’%nC?i gigpe hav-

57 %or less, it is judged that the catalyst a
sat - J?%?r d?:’f"cﬁﬂ%f‘% R& FrJr‘?’rJo%tlfe%ns‘f%ﬁ%’é Wﬁic’ﬁ “mfcroemul-

{ﬁgdgéts%ﬁ% C h Sltgﬁrieg ﬂl%zneﬁqs r: aeac 053

o L ! aV'wseazi;frfasf%&eéréo%f&seﬁ%guﬁ%ﬂew

ot her, cargﬂeer g jtaléian?é@dfag S@ﬁ% % 185 S?l as a silica
bt hae? T

cell erﬂg n I'ngre net al  oxi de
raw material (i.e., the average primary silica particle

diameter) and the method for controlling the pore dis-
tribution by employing a fumed silica as a part of the
silica raw material, explanations are made below in
connection with the method for producing the catalyst
of the present invention. It should be noted that the
measures for satisfying the requirements qoncerning the
physical structure (i.e., the pore distribution) of the
catalyst of the present invention are not limited to
the aforementioned examples of methods, but any meas-
ures can be employved as long as the requirements con-
cerning the physical structure (i.e., the pore distri-
bution) of the catalyst of the present invention are
satisfied.

Generally, it is important that a catalyst exhibit

satisfactorily high attrition resistance which renders

the catalyst suitable for commercial use. In the pre-
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wi thout inpairing the selectivity of the catalyst for

the desired product and serve to inpart a high attri

15 tion resistance to the catalyst. Thus, silica is

suit- able for use as the carrier in the catal yst of

the pre- sent invention. The anount of silica carrier
isinthe range of from20 to & % by wei ght,

preferably from30 to 70 % by weight, nore preferably
from40 to 60 % by 20 wei ght, based on the total

wei gisterdf itrheemieiad, dticddeneandranentidf chheaarttreition resis-
Wth respect to the raw material for producing the

car r itemaeo clupper tcatiwneon isheenfeamedi te apcohdance with
cata- lyst of the present invention, oxide sols, such

as at2® methnd dsdcribed rigonitesblMebiod fon Bxnthetic
sol, may be 32 wused in conbination with a silica sol

VWhen Foudid Saafdkingn|Gahalsister tArgrican | ¢ranamidjgo., Ltd.
used in conbination wth a silica sol, the amunt of

oxi dé /Sdi4- other (hewrginpifien elerred $HPREY ofst hACC
oxide is preferably 5 10 % by meiq?t or less, nore

pr ef @1ebad™s) oL GhkidghtIenntalelss ke Ao t Rethrfghtr de-
of the carrier in the catalyst. As an inEurit 13,th8

oi | | CATTHN NG FIR AHFLHION (Ra8 15hRAnEe erF of Fopidized-bed

produci ng the catal yst, of the pre- 10 sent jnpventiqn .
Eher SRLAIIRE rfith (4R oLl UHR it & PRI G SRRCR 189 o Tt attri-
aluninun1preseq§ as_ an.inpurity jn the §£Iica sol.is

pr ef &P QM VP IoH BTG &5 Ui T 2f ytho phegent Inven-
| ess,tiroenl aitsI \fneec-{s%rleo iar} q:rgsrn?sf osf lﬁl%é)nap{ffgfén loss which
is defined by the following formula:

attrition loss (%) = B / (C-A} x 100
wherein: |
A is the weight (g) of the catalyst which is lost
by attrition in the periocd of from 0 hour point to
5 hour point after the start of the attrition re-
sistance test;
B is, according to the ordinary ACC method, the
weight (g) of the catalyst which is lost by attri-
tion in the pericd of f£rom 5 hour point to 20 hour
point after the start of the attrition resistance
test; however, in the present invention, this B is
defined as the weight (g} of the catalyst which is
lost by attrition in the period of from 5 hour

point to 120 hour point after the start of the at-



in the silica sol. The alum num content of the silica

15 sol may be zero; however, even when the atomc

ratio of alum numpresent in the silica sol is nuch

|l ess than 0.02, relative to 100 atons of silicon

present in the silica sol, no further inprovenent can

be achieved in the performance gf the catal yst, as
conpared to the 20 case where the atomic ratio of

al um num present as an inpurity in the silica sol is
0.02, rel atiyeiba $0Qidtaneestaktsi kingon present in

the silica sol. Various nethods are known for

produci ng @ skl tha welight v@)Yyofhit@l RURiahYstWRisEl 1i% the
for use in various application 25 fields, such as the
fields of abtabtashveekostpnbesBeBg.33 the surface of

a sem conductor, a raw material for a quartz fiber,

and a carrWeenf bheacaahadlyyst exhobiexaan phteritabhodess of
for producing a high purity silica sol containing

only antextréaeby stalik gndgetl ahaal thiendatalgstahas a sat-
inmpurity are disclosed in Unexam ned Japanese Patent

Appl i tafaohorily- Bhgh Speritioat resiNtancBhahf@h renders the
127216, Sho 61-158810, Sho 63-285112, Hei 4-231319 and

Hei 5°®85F1BstanditabiinédriapmmeseiRat ese.Application
Publ i cati on No. Sho 55-10534. The anount of al um num

10 presentlasthe ¢capatysy ¢f thej bresestl ipumnbaéon, silica
measured by the | CP (inductively coupled plasm)

eni sstdn$pecest FRecepyrigricnavinpgssnppented thereon the
satisfy the physical struc- ture requirenents (pore
distrW%ﬁﬂfoﬂ?l ?.trﬁg%ﬁﬁ%ﬂy%tinherently inert, differing

from other carrier materials, and can serve as an ex-
cellent binder for the ingredients of the metal oxide
without impairing the selectivity of the catalyst for
the desired product and serve to impart a high attri-
tion resistance to the catalyst. Thus, silica is suit-
able for use as the carrier in the catalyst of the pre-
sent invention. The amount of silica carrier is in the
range of from 20 to 80 % by weight, preferably from 30
to 70 ¥ by weight, more preferably from 40 to 60 % by
weight, based on the total weight of the metal oxide
and the silica carrier.

With respect to the raw material for producing the
carrier to support thereon the metal oxide in the cata-
lyst of the present invention, oxide sols, such as a

titania sol, a zirconia sol and a tin oxide sol, may be
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15 of the present invention by changing the particle

di ameter of the silica sol as the silica raw materi al
(i.e., the average prinmary silica particle dianeter),

it is especially effective to produce the silica car-

rier froma silica raw material conprising 40 to 100 8

20 by weight of (i) at |east onessilica sol having an

av- erage primary silica partlcle di aneter of from 20

to 100 nmand 60 to O % by weight of (ii) at |east

one &kklCansebmbankafdoANwdtdr adaiAkidaIb 1S | Whdn such oxide
particle dianeter of from5 nmto | ess than 20 nm

wher esoli B¢ 3bhket ahaweaglt 19kat ke 1at ol e@%ld ARe drddiGRation
sol (i) and the 34 at least one silica sol (ii) is

100 %hyhwei ghilicaaebi% thy wwboght of @xSidd GaIY®) other
bei ng expressed in terns of the weight of silica

cont athed &nstheécai kbtaiaokeribent the akilwasis greferably
silica sol (i) has an average primary 5 silica

parti ¢Petdbmumetéghtf ofkr des20 moreoplrefertabay 40 3 mWW weight
the anmount of at |east one silica sol (i) is pref-
erabl 9ri heshe bangd oh thenwB@ght ®F0tUebyaweiight in the
based on the total weight of the at |east one silica

sol (fytak@sthe at |east one silica sol (ii), each %

by 10 weight of a silica sol being expressed in terns

of the megﬁh@noimﬂpriﬁﬁ ¢pnthenedligat gelsubsedaasolthe sil-
Wien the at |east one silica sol (i) has an average

pri net§2sFRY mehephpli EPE Brafucéndother 6atadvsh oF the pre-

| ess than 60 n the ambunt of at | east one silica
sol (§?nFslbygg }aﬁkythere can be mentioned aluminum. The

atomic ratio of aluminum present as an impurity in the
silica sol is preferably 0.04 or less, more preferably
0.02 or less, relative to 100 atoms of silicon present
in the silica socl. The aluminum content of the silica
sol may be zero; however, even when the atomic ratio of
aluminum present in the silica sol is much less than
0.02, relative to 100 atoms of silicon present in the
silica sol, no further improvement can be achieved in
the performance of the catalyst, as compared to the
case where the atomic ratio of aluminum present as an
impurity in the silica sol is 0.02, relative to 100 at-
oms of silicon present in the silica sol. Various
methods are known for producing a silica sol of very
high purity, which is for use in various application

tfields, such as the fields of an abrasive for polishing



10

15

20

25

15 in the range of from60 % by weight to | ess than 80

% by weight, based on the total weight of the at

| east one silica sol (i) and the at | east one silica

sol (ii), each %by weight of a silica sol being
expressed in ternms of the weight of silica contained

in the silica 20 sol. Wen the a3l east one silica sol

(i) has an aver- age primary silica particle dianeter

of from60 to 100 nm the anmount of at |east one

sili cthsdufface SoPr&£fsei @bhdutfiot Nearsagematetiom 46r a
% by weight to less than 60 % by wei ght, based on the

t ot alqueedightf ibet heawd R5carepbér ofer Salt&Pabpht (i )Fandexam-
the at |least one silica 35 sol (ii), each % by weight

of a mid,) aeeisdddefon Exedptbsges high epuBioy &bkica sol
wei ght of silica contained in the silica sol. Wth
respemntaining ainlyast exerandly i swasD| aount (GAvahgminum
an average primary silica particle 5 dianeter of from

5 nmas dresiEnpumsit Y Carer) distkosedr hyelngramimgdsispanese
particle dianeter is preferably in the range of from

7 to PEemh ApplirabidrerLabhdipahefpécificaniendddst oSho 60-
satisfy the physical structure requirenents (pore

di st rﬁ%ﬁﬁllﬁa-n)Shqcﬁb'flﬁﬂﬁl%atﬁpfys@oiaﬁhb?prféfslané 231319 and
invention b loying a fumed silica as a part of the
silided aw 1 i @nd Exafﬂlsn%ﬁ efapanese Watent yhgplication
silica _having an average %ﬁ mary silica particle

i andiHL G R | F150 31834 oien Ao Bpominun

from10 to 50 %aé{ \ %g%]tn based 15 on the vvelg 1 ome(_:1sur

the SHGIERTAT A HRIEEHY 3P iheSilica sol car be ed
by the ICP (inductively coupled plasma) emission spec-
troscopy.

When it is intended to satisfy the physical struc-

ture reqguirements (pore distribution) of the catalyst
of the present invention by changing the particle di-
ameter of the silica sol as the silica raw material
(i.e., the average primary silica particle diameter),
it is especially effective to produce the silica car-
rier from a silica raw material comprising 40 to 100 %
by weight of (i) at least one silica sol having an av-
erage primary silica particle diameter of from 20 to
100 nm and 60 to 0 % by weight of (ii) at least one
silica sol having an average primary silica particle
diameter of from 5 nm to less than 20 nm, wherein the

total weight of the at least one silica sol (i) and the
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catal yst of the present invention. The average primary
silica particle dianmeter of the funed silica is nore
preferably in the range of from10 to 20 nm The

amount of fumed silica is nore preferably in the range

20 of from20 to 40 % by wei ght, based on the wei ght

of the silica carrier present imgthe catalyst of the

pre- sent invention. The average primary silica

particle dianmeter of the silica sol or funed silica

can bt nesessir eshdys B1i@d cohvedi ) onal 108t BoBy 9Uthhas each %
the BET nethod or the 36 electron mcroscopy. In the
presery wengnt i @h,a tdiel hva meohgeejmgnaxyressedain terms of
particle dianeter of the silica sol or funed silica

i s nedsureiidgiyt tde BElloetdontaimedeiy the sklhod sol. When
based on the BET adsorption isotherm5 (i.e., the

Br undues -ahmiktas Tednersbdbor psobn{ i sobasran . average primary
Specifically, in the neasurenent of the average

pri mfFddiicH |pagt ke i ¢laneemertrfoéma2@i hmchosbesst hban 40
silica sol is heated at a tenperature in the range of
from™M®0 the gmpand f @t teashponrateilheaweodr (A3 dihepref-
di sper 10 sion nmediumof the silica sol, to thereby

obt aidFaR}Y e The (78 ofTHerIgnt &9 ned 599 aby welght,
particles are caused to adsorb nitrogen gas to

sat utissh ot e itperdwight #f the gbiteastrepensilica

and then the tenperature of the re-, sultant_nitrogen
gas- r@%ii%ﬂqiéhfgﬁﬁt%%ﬂ%% e fhl 42 \ SR kd(4H) roBRFh ¥ by

TP S S A5 LB e o L e ene
weight of silica contained in the silica sol. When the
at least one silica seol (i} has an average primary sil-
ica particle diameter of from 40 nm to less than 60 nm,
the amount of at least one silica sol (i) is preferably
in the range of from 60 % by weight to less than 80 %
by weight, based on the total weight of the at least
one silica sol (i) and the at least one silica sol (ii),
each % by weight of a silica sol being expressed in
terms of the weight of silica contained in the silica
sol. When the at least one silica sol (i) has an aver-
age primary silica particle diameter of from 60 to 100
nm, the amount of at least one silica sol (i) is pref-
erably in the range of from 40 % by weight to less than
60 % by weight, based on the total weight of the at

least one silica sol (i) and the at least one silica
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of desorbed nitrogen gas is neasured. Fromthe neas-

ured anount of desorbed nitrogen gas, the specific

sur- face area (S) (nR/g) of the particles is

cal cul ated. 20 For calculation of the average primary
silica particle dianeter, it is assuned that all

primary silica parti- cles are spherical and have the

same dianeter (D) (nm) and that the specific gravity

(p) of the silica parti- cles (i.e., anorphous silica)
preseantl i (iiihe sAdh ch bylwebght @f 22 Fheisé| $edh being ex-
particle dianeter (D) (nn) can be 37 calcul ated by

t he efesgatkntn orens cwintke Wwevahtiof nsiliépaesentgined in
the nunber of primary silica particles per g of

pri mdihe FikieR peki cMdh nespest3 to the (@F Leapt7/oneg sil-
xn 5S=4xnx(Dx 10-9/2)2 x n, and therefore,

D = 6®oFaed piig) AWPEinefanAvea e REBAFprsilica particle
controlling the pore 10 distribution of a catal st to

sat | SFAMSE IR fgm %tl?‘&c*%%rjeeﬁ"%q‘é}??‘én%?lt%mbf e average
catakyst of the present invention, is a nethod in

whi c P i IRmhRARF tifele pf&jrft“i“’c?%r dtanreieptPineln the
S|I|ca sol silica raw ma- terial (i.e., the

aver g %gr‘t;‘xg'?ﬂc%" tH1e di 15 aneter).

e g 85" Ao LAt ) s

[t DUTHEHAE i A
of the catalyst of the present invention by employing a
fumed silica as a part of the silica raw material, it
is preferred that a fumed silica having an average pri-
mary silica particle diameter of from 5 to 30 nm is
used in an amount of from 10 to 50 % by weight, based
on the weight of the silica carrier present in the
catalyst of the present invention. The average primary
silica particle diameter of the fumed silica is more
preferably in the range of from 10 to 20 nm. The
amount of fumed silica is more preferably in the range
of from 20 to 40 % by weight, based on the weight of
the silica carrier present in the catalyst of the pre-
sent invention.

The average primary silica particle diameter of

the silica sol or fumed silica can be measured by a

conventional method, such as the BET method or the
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catalyst for use in a fluidized-bed reactor exhibits
20 high strength. Therefore, conventionally, there has
been generally used, as a silica raw material, a
silica sol having an average primary silica particle
di ameter of 10-odd nm When such silica sol is used
as a silica raw material for pr?ﬁucing a silica
carrier, a problem 25 arises in at the cunul ative
pore vol une of pores hav 38 ing a pore dianmeter of 80

A Or d BSSt PSR OHBEr HBESpY Nan 3G JpRasEek Ot 108 8l the av-

pore volune of the resultant catalyst and, hence, the

cat a!élﬁégéioﬁﬁirﬁé&%séliiﬁéd bELL180YSECahe BEEUBEUEBe silica
requi renents of the catalyst of the 5 present

i nverdd Pror Guhde oiheta hagdnedbeRe@nby ©ne BRITl nE&hod,
sol is used as a silica raw material for produc- ing a

si | i ceamelly | €ie e PHOR| BaLEd | 68Sth8 BRAt adbBrpti6ASEsotherm
where the average primary silica particle dianeter is

rel atiaved y, stied | Briif€u€orEhmét v eTeDIL 8rvalyoepeiodlisotherm).
pores having a pore dianeter of 80 A or less is likely

to besparefidanl ) 24 tiasateamsutdeehdt 6F pheecaverdge primary
of the resultant catalyst. In addition, when only one

si | i caillksigla ipavsedl asdtansetecacf aav shlbcaakolor the silica
produc- ing a silica carrier, another problemarises

in thEl 15 hepkedt oz aheenpehatuver dgethei mangesofi €aom 100
particle di- aneter is relatively large, the

cunultet i34 pér soveisute eofapporeds Hid Mptepas the disper-
dianeter of 1,000 A or nore is likely to be nore than

20 %SIREsSESH Hef thal shbkea $9l unko otherebyesbtaint silica

catal yst. That is, the physi .
particles. The obtained silica particles are caused to

adsorb nitrogen gas to saturation at the temperature of
a liquid nitrogen, and then the temperature of the re-
sultant nitrogen gas-adsorbed silica particles is ele-
vated to room temperature, to thereby cause desorption
of nitrogen gas from the silica particles. The amount
of desorbed nitrogen gas 1s measured. From the meas-
ured amount of desorbed nitrogen gas, the specific sur-
face area (S) (m?’/g) of the particles is calculated.
For calculation of the average primary silica particle
diameter, it is assumed that all primary silica parti-
cles are spherical and have the same diameter (D} (nm)
and that the specific gravity (p) of the silica parti-
cles (i.e., amorphous silica) present in the silica sol

is 2.2. The silica particle diameter (D) (nm) can be
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20 cal structure requirenents of the catalyst of the
pre- sent invention cannot be easily satisfied in the
ab- sence of the know edge of the present invention.
Therefore, by using the nmethods disclosed in the prior
art docunents, it is substantially inpossible to
obtain 25 a catal yst which satisgyes the physical
structure re 39 quirenments of the catal yst of the
present invention. Hereinbel ow, explanations are nade
i n dejdidul¥ted ey nehdobeiow-pentiohag Fbemoabal yehepkin n
the present 5 invention. The catal yst of the present
i nventdmre Samt Hetlod f humbeendfyppindugedibycaf particles per g
exanpl e, a method for produc- ing the catalyst of the
preseni pmveaty o livia cparbieles)ses: 10 providing an
aqueous raw material m xture contai n- ing conpounds of
at | east tpwe- of Arentss xsdlbecd ad fyant % he, gr oup

consi sting of nolybdenum bi snuth iron, va- nadium
ant i nony, 8 et 4t umxand ni Al "G afidx cont ai ni ng a
silica raw material, 15 the silica raw materi al

conpri si ngamd tlvall@fpﬂ/@by wei ght of (i) at |east one
silica sol having an average primary silica particle
diameter d¥ from®D x PAHDO nm and 60 to 0 % by wei ght
of (ii) at least one silica sol having an average
primary silica particle dianeter of 20 from5 nmto

| ess than 20 nm wherein the total weig

he a
| east one &M% %%feﬂ}v%rfﬂe?ﬁ%rﬁtfPEaanBﬁgl&mg the pore
distribution of a catalyst to satisfy the physical

structure requirements of the catalyst of the present
invention, is a method in which there is changed the
particle diameter of the silica sol as a silica raw ma-
terial (i.e., the average primary silica particle gi-
ameter). Generally, when the diameter of the silica
particles of a silica sol used for producing a catalyst
is increased, the strength of the catalyst tends to be
lowered. However, it is desired that a commercial
catalyst for use in a fluidized-bed reactor exhibits
high strength. Therefore, conventiconally, there has
been generally used, as a silica raw material, a silica
sol having an average primary silica particle diameter
of 10-o0dd nm. When such silica sol is used as a silica
raw material for producing a silica carrier, a problem

arises in that the cumulative pore volume of pores hav-
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silica sol (ii) is 100 % by wei ght, each % by wei ght

of a silica sol being expressed in terns of the

wei ght of silica contained in the silica sol, 25

spray drying the aqueous raw material m xture to 40

thereby obtain a dried catal yst precursor, and

calcining the dried catal yst preggrsor, thereby

obtai ning the catalyst of the present invention. 5

This method for producing the catalyst of the pre-

sent imyentpore | didescsr befl 80 Hedbai lesFhveovnbsdmboe than
produci ng the catal yst of the present invention com

pri sed the vaddedvemotist eppstabt perd 1yobiimer ofi thagresultant
aqueous raw material mxture (i.e., aqueous raw mate

10 ricdtaiypdturends dpenee j orhastepialesepdols vdtspanysfy the
dry- ing the aqueous raw material mxture to thereby

obt aiphysichl estoxt tiystrepyeireneantsi of. thergabglyst of the
step), and step (3) of calcining the dried catalyst

pr ecleageny jinventidri n&n dhestodipler Hammk heys enlky one
described 15 hereinbelow in detail. Step (1) (aqueous

raw ridilekdanl sl xduresed eptratsbhicatepy materepl (fpr produc-
an aqueous slurry of raw materials of the catal

(i .e.inhfuctsiFRFPIRERT al 2 rRERRIYY 251905 piRpH géﬁ in a
In the raw materials, each of the elepnents (which are

to bé’qsﬁ:d'frtﬁﬁedt‘gbel%‘f%rﬁ‘% R:‘é%moﬂ‘?%tﬁlléﬁﬁhpaﬁglcm diameter
nol ybdenum bi snut h, iron, nickel

zi nc g R 1 A Ui Ks o‘?ff’i“ﬂﬂ%t’o‘é?lﬂ‘ﬁ?ecﬁ%ﬁ’f‘ﬁn?f

pores having a pore diameter of 80 A or less is likely
to be more than 20 %, based on the total pore volume of
the resultant catalyst. In addition, when only one
silica sol is used as a silica raw material for produc-
ing a silica carrier, another problem arises in that,
in a case where the average primary silica particle di-
ameter is relatively large, the cumulative pore volume
of pores having a pore diameter of 1,000 A or more is
likely to be more than 20 %, based on the total pore
volume of the resultant catalyst. That is, the physi-
cal structure requirements of the catalyst of the pre-
sent invention cannot be easily satisfied in the ab-
sence of the knowledge of the present invention.
Therefore, by using the methods disclosed in the prior
art documents, it is substantially impossible to obtain

a catalyst which satisfies the physical structure re-
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tungsten, vanadi um niobium boron, alum num gallium

25 indium at |east one rare earth el enent,

phosphorus, 41 antinony, tellurium sodium

pot assium rubidiumand cesium may be present in the
formof an ammoniumsalt, a nitrate, a chloride, a

sul fate, an organic acid salt agg/or an inorganic

acid, which are soluble in water or 5 nitric acid.
Especially, it is preferred that each of nolybdenum

t ungsgeiréndnvanadli thei §atgaegstNokhehkobesehtainvention.
amoni um salt; that each of bismuth, iron, nickel

cobal t, manganese, zinc, nmagnesium cal cium

strontium barium chromum alumnum gallium

i ndi um atHérebhbdlowheekple&nadibischesenbdesadi détail on
potassium rubidiumand cesium is used in the form

of a thé redéehodnfiot hato@achngothai ohitadyshoodnthe present
phosphorus and telluriumis used in the formof an

I nor gamventbenl. Further, with respect to the source

of antinony used as a raw material of the 15 catal yst,

an ant i noriffhex¢ateatysit bef ativanpageent| gnuestiionOcan be effi-
these raw materials of the catalyst, with re- spect to
thosecx%nwlmumw¢@m@e@abyngfp@oﬂxsmp&bh|atmethodwdp@rproduc-
(e.g., sources of antinony and niobium, it is

pr ef eW%dtlwlafFat@lY%t ?5 the, PERBSRLr ARVERLAPNal ¥hick com-
20 dissolved in water in the presence of a

wat erPse¥eHi e chel ati ng agent, such as citric acid,

oxalic acid, tar- taric acid or droge er oxi de.

Wth respliOYHAHPRR 2@PEOUGHFE SPABI Eagure contain-

DTt ¥ g el Slnad ok SaP" SLELECHLE0 LIRERYE LG e2%ed £rom
the group consisting of molybdenum, bismuth, iron, wva-
nadium, antimony, tellurium and niobium and containing
a silica raw material,

the silica raw material comprising 40 to 100 % by

weight of (i) at least one silica sol having an average
primary silica particle diameter of from 20 to 100 nm
and 60 to 0 % by weight of (ii) at least one silica sol
having an average primary silica particle diameter of
from 5 nm to less than 20 nm, wherein the total weight
of the at least one silica sol (i) and the at least one
silica sol (ii} is 100 % by weight, each % by weight of
a silica sol being expressed in terms of the weight of
silica contained in the silica sol,

spray drying the agueous raw material mixture to
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25 bility of niobic acid by the nethod as described in

Un 42 exam ned Japanese Patent Application Laid-Open
Specifi- cation No. Hei 11-47598; specifically, it is
preferred to use niobic acid in the formof a niobic
acid -containing aqueous m xture which contains

ni obic acid, 5 a dicarboxylic acgd (e.g. oxalic acid)

and anmonia, wherein the nolar ratio (dicarboxylic
acid/No nolar ra- tio) of the dicarboxylic acid to the

ni obithea®bd igbtdiey B difidd WAUaADYsSt iprddersangeand

froml to 4 and the nolar ratio (ammoni a/ No nol ar

rati o) of daieiammyithd @rikd datalivet pmatursdr | eftsreby
of niobiumis 2 or less. Diantinony trioxide has poor

sol ukidtdininyg waleercatddwesterof ditentpmassnt rimoxenei amn

be dissolved in water by a nethod in which a m xture

of diantinony trioxide and anmoni um nmetavanadate or a

m xture of diantinony 15 trioxide, amoni um

met avanad&thd same thmdb fiomppaidarding -tidatagtaky siddel tle pre-
wat er, and the resultant aqueous m x- ture is heated

at a searpdmatemrtdiam itshdleasarjdest i gintg0il C tThe method for
boiling point (the boiling point is generally about

100 @rodnaime dhe e@talysh afgudvuPreient olnvent g com-
silica raw material used in the nethod of the present

i nveigest dhepfedd@wid @ it el -alSLaP of 1} Hf preskRing an
invention is a silica raw material conprising 40 to

100 ABPORS FRW FRrYgYLal Mieddrond § 1 BHYSPUS ERY fjate-

an average primary silica particle di aneter_ of
riafgmf%ture'%reparatf%n step), step {2) of spray dry-

ing the agqueous raw material mixture to thereby obtain
a dried catalyst precursor (i.e., drying step). and
step (3) of calcining the dried catalyst precursor
(i.e., calcination step). These steps are described
hereinbelow in detail.

Step (1) (aqﬁeous raw material mixture preparation
step)

In step (1), an aqueous slurry of raw materials of
the catalyst (i.e., agueous raw material mixture) is
prepared. In the raw materials, each of the elements
(which are to be incorporated into the catalyst), such
as molybdenum, bismuth, iron, nickel, cobalt, manganese,
zinc, magnesium, calcium, strontium, barium, chromium,
tungsten, wvanadium, nicbium, boron, aluminum, gallium,

indium, at least one rare earth element, phosphorus,
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25 from 20 to 100 nmand 60 to O % by weight of (ii)

at 43 |east one silica sol having an average prinmary
silica particle diameter of from5 nmto | ess than 20

nm wherein the total weight of the at |east one

silica sol (i) and the at |east one silica sol (ii)

is 100 % by 5 weight, each % by 4aei ght of a silica sol

bei ng ex- pressed in terns of the weight of silica
contained in the silica sol. The aqueous slurry of

raw gRftQniodhys ale ke i, a-sddisim,(ipctassidieoUusubdddium and
material m xture) can be pre- 10 pared, for exanple,

as f Qedsawsn, Adye®ids pIRIgdntons afheaPodm WH St taémmdnium salt,
nol ybdenum tungsten and the |like are added to a

si | i @and@raftehi ¢h ohloxrisid, A suElMatat eramlgrgdmiodeld salt
a silica sol-containing agueous m xture. On the other

hand andi/foratads ioforaEndc canjibneticd ementsoIhthle . &n ,water or
bi smut h, iron, nickel, cobalt, manganese, zinc,

magnesitoriic @alid.unEspecaalilym ibadsupreferamdirhhat each of
alum- num gallium indium at |east one rare earth

el emewtlybdeaaimumtupgsdssi @nd rvasiaflivm gl wesd vy the form
di ssolved in water or aqueous nitric acid. The

r esulofamn aqresdsingGaddl utihet iesagudedl Rbsmweh, iron, nickel,
above-nentioned silica sol- containing aqueous i

m xt Gedalihe MR SORESE sidinte MRERS Iy GpiEigm paFirontium,
of the silica raw material, or it is intended to

pr e p&E&E iR h CHFOFEYEc Iy SR, infighucsstisleast
raw material m xture _is prepared as foll ows,

25 o
aqueSRE SIS RGTHR SLeMfifdd S99 i PURRR D arAledlum and

cesium, is used in the form of a nitrate; and that each
of niobium, boron, phosphorus and tellurium is used in
the form of an inorganic acid. Further, with respect
to the source of antimony used as a raw material of the
catalyst, an antimony oxide can be advantageocusly used.

Of these raw materials of the catalyst, with re-
spect to those raw materials having pecor solubility in
water (e.g., sources of antimony and niobium), it is
preferred that, prior to use, these raw materials are
dissolved in water in the presence of a water-soluble
chelating agent, such as citric acid, oxalic acid, tar-
taric acid or hydrogen peroxide.

With respect to niocobic acid, which has poor solu-
bility in water, it is preferred to improve the solu-

bility of niobic acid by the method as described in Un-
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44 silica sol to obtain an aqueous silica m xture,

and then phosphoric acid is added to the aqueous

silica mxture, followed by addition of sources of

ot her com ponent elenments, to thereby obtain an

aqueous raw mate 5 rial m xture. The order of m xing

of the raw materials may be chagged. Wth respect to

t he sources of conponent el enents, which have poor
solubility in water, these sources can be used after

appr opramal abg pap&aearengartbﬁtahgpeléatﬁaﬁt iL@A@d open Specifi-
treatnment for inproving the solubility thereof. Step

(2) (dayiog Nbeplelinlstaps568), shbeidqueaouy,raw¥ is preferred
material m xture ob- tained in step (1) above is

subj etbedseonspbay deydngn thé Fermhefehynébbdicnacid
spherical dried particles (i.e., a dried catalyst
precurgeniaimhrgspgagodsymhgtofet RkRichqueataindwniobic acid,
material m xture can be conducted by a con- ventiona

met hodl ¢berrbdxyléaphoydd(engt hexadimeacidl) and ammonia,
production of a catal yst. Exanples of such nethods in

20 clwRereinctie i nodari vatket hddicanboxplphaseiflyNy molar ra-
nozzl e nethod and a high pressure nozzle nethod. O

t heseti®) @fnthefdhaarbexybinodcid bteptbeahliipbic acid in
preferred Wth respect to a heat source for drying,

it is ?ﬁ%ﬁeﬁfe@l?%luﬂsksa%@ Whe criangs @@eﬁrﬁ@aﬂeﬁobﬁ and the

st ea n electric 25 heater or the |like. The
tenp eF%ﬁl?héa§%?%§aﬂm9eW°k5; ratio) of the ammonia to

the niobic acid in terms of niobium is 2 or less.
Diantimony trioxide has poor solubility in water.
However, diantimony trioxide can be dissolved in water
by a method in which a mixture of diantimony trioxide
and ammonium metavanadate or a mixture of diantimony
trioxide, ammonium metavanadate and ammonium paramolyb-
date, is added to water, and the resultant aqueous mix-
ture is heated at a temperature in the range of from 80
°C to the boiling point (the bolling point is generally
about 100 °C) to thereby obtain an aqueous solution.
The silica raw material used in the method of the
present invention for producing the catalyst of the
present invention is a silica raw material comprising
40 to 100 % by weight of (i) at least one silica sol
having an average primary silica particle diameter of

from 20 to 100 nm and 60 to 0 % by weight of (ii) at
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at an inlet thereof is from 100 to 400 C, preferably

from 150 to 300 C, and the tenperature of the spray

dryer at an outlet thereof is from100 to 170 C, pref-
erably from120 to 150 C. 5 Step (3) (calcination

step) In step (3), the dried particles (i.e., a dried

catal yst precursor) obtained in ggep (2) above are

cal- cined to thereby obtain a desired catal yst. If
desired, the dried catalyst precursor may be first

subj end sk tend Os Bl Pe&! 661 NRaYiKG £hnNatkeBgeWBrehalky silica
optional) in an oxygen-containing atnosphere (e.g.

ai r) mridbapdtaneter eodf £F6mnt 150 to 488sCthan 3@ nm,

m nutes to 10 hours, before performng a final

cal ciwledredm | thantokyhewveiglott af nthg atnhepber enéesfdlica sol
air) at a tenperature in 15 the range of from450 to

750 Gi)preickridie yat rbeasd00ohe s¥DOcE, sddr (1100i20100 % by
hours. The prelimnary calcination is optionally

per f oreieghf oreadke puvposeight bof na ngidieansolubeing ex-
nitrates derived fromthe amoni umsalts and ni -

tr at araswmf an rigrmsitef | the veighheofasilysa. contahiped in
20 prelimnary calcination, if explosive burning of
amo-thit @whkida s8ek- occurs, problens may be caused in

that a distortion or cracklng of the catal yst occurs,

thus im JAIe iaraoRs (S UHERY yohrkpatmaterbals eaf sthnceata-
of the catalyst Ther ef ore, burning of anmoni um

nit r ST | s1 IS5 pATHR IR %?%VW%‘/t%?l%lrréPéW’&%PyCPBV\Pe pre-

t enper at For 46 the cal cination, a kiln, such as
a roﬁﬁﬁf || rzf§qu e, as follows. Aqueous solutions of

ammonium salts of molybdenum, tungsten and the like are
added to a silica sol (which is a silica raw material)
to obtain a silica sol-containing aqueous mixture. On
the other hand, nitrates of cother component elements
(i.e., bismuth, iron, nickel, cobalt, manganese, zinc,
magnesium, calcium, strontium, barium, chromium, alumi-
num, galliuvm, indium, at least one rare earth element,
sodium, potassium, rubidium and cesium) are dissolved
in water or aqueous nitric acid. The resultant aquecus
solution is added to the above-mentioned silica sol-
containing aqueous mixture. When a fumed silica is em-
ployed as a part of the silica raw material, or it is
intended.to prepare a phosphorus-containing catalyst,

an aqueous raw material mixture is prepared as follows.

An agueous suspension of fumed silica is added to a
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nel kiln or a nuffle kiln, can be used. Hereinbel ow,

an explanation is nmade with respect to the

nmeasur enent of the particle dianeter distribu- 5 tion

of the thus obtained catalyst. The "particle di aneter

di stribution"” is data of the weight percentages of

groups of catalyst particles whejgin the groups re-
spectively have different specific ranges of particle

di aneter, based on the weight of the catalyst. In the

10 preseida i sWENES Obbtahe aosqnesest sofiitaempatuiel eand

di- aneter distribution is perfornmed by the follow ng

met hotherA sheyehdbyt Ndecdd "eShad@e@ ©d 2RO ayGevnsfstiica
tured and sol d by Buckbee-Mears, U . S.A) (upper sieve)

I S plraethos, af 61 Pywedayy ngdditesh sfzeoafcbs. ofi éthar com-
15 factured and sold by Buckbee-Mears, U S. A ) (|ower

Si evgoneamid elemertyerto stigoebdedbtaiier ahhaghenes raw mate-
si eve having a nesh size of 5 dun. A specinmen of the

cat alndAl peitiwtes Thed ntrdeduced moiking hef upperray gvaeterials
and the upper and | ower sieves are shaken, thereby ef

20 f eway riee schangedhi ng of the catal yst particles. The

catal yst particles which remained on the | ower sieve
(havi ng a Widsh msreqt B njheyrsounken ofit componer jhedements,
The thus obtained weight of the catal yst particles

whi c Wi ete drehes bt Lt evEn i abieyi debesy sauargss can
wei ght of the catalyst particles introduced onto the

47 {persed dfetenmpPrTepriatetunpeFierning fie above-

multiplied by 100. The resultant g[oduct i's obtained
as t ntioned treatment for improving the solubility

thereof.
Step (2) (drying step)

In step (2), the agueocus raw material mixture ob-
tained in step (1) above is subjected to spray drying,
to thereby obtain spherical dried particles (i.e.., a
dried catalyst precursor). The spray drying of the
agueous raw material mixture can be conducted by a con-
ventional method generally employed in the commerbial
production of a catalyst. Examples of such methods in-
clude a centrifugation method, a two-phase flow nozzle
method and a high pressure nozzle method. Of these, a
centrifugation method is especially preferred. With
respect to a heat source for drying, it is preferred to
use alr which has been heated by steam, an electric

heater or the like. The temperature of the spray dryer
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amount (% by wei ght) of catalyst particles having a
particle dianmeter of from5 to 200 Fun, based on the 5 .
wei ght of the catalyst. In the present invention, the
amount of catalyst particles having a particle

diameter of from5 to 200 pmis in the range of from
90 to 100 % by weight, based ongighe weight of the

catal yst. The excellent catal yst of the present

i nvention 10 can be produced by the sinple nethod as

descrabednheneeti babeuss Jherkbws 10bt 2bnadocatal YskrRtaniy
the present in- vention can be used for producing

acryl ppomribe €6 300t hacrat@Nihé i tEmPYr&€8FLI B8 the spray
propyl ene, isobutene or tert-butyl alcohol wth

ol ecikper oaygen eadlafMentaeoSitherahoyeomRBt 19Bedc, presr-
ammoxi dation reaction is conducted in a fluidized-bed

reacterabPy opybene20i sobusenec. tert-butyl al cohol and

amoni a used in the present in- vention need not be of

a verytep gh3puttaychbomatiey beeph a commercial grade.

As a source of nol ecul ar oxygen, 20 air is usually

pref erred. ItGagtemvi B, abhé ndrtedepankyeclgen(toat ent dried

such as a gaseous mixture of air and oxygen, is also

usabl@tatrshePresaRsonl i optatned dn, sthp (@) kBhpve are cal-

ratios,  of propylene, isobutene or tert-butyl alco- ho

. amforief : teptletehy ehyain asdgsicedasedad ysaw 25f desired,

nate[éals for the ammoxidation are generally in the 48

rangett dried etalysy precurseromay peefiFabl yubjected to

0.9to 1.§bi l.6to 212; The reaction tenperature may

be froM S50V 50 € 1otratam (whrich, 4800Pbigpale. in an
oxygen-containing atmosphere (e.g., air) at a tempera-
ture of from 150 to 430 °C for 30 minutes to 10 hours,
before performing a final calcination in an oxygen-
containing atmosphere (e.g., air) at a temperature in
the range of from 450 to 750 °C, preferably from 500 to
700 °C, for 1 to 20 hours. The preliminary calcination
is optionally performed for the purpose of burning am-
monium nitrates derived from the ammonium salts and ni-
trates used as raw materials for the catalyst. In the
preliminary calcination, if explosive burning of ammo-
nium nitrates occurs, problems may be caused in that a
distortion or cracking of the catalyst occurs, thus im-
pairing the fluidity and attrition resistance of the

catalyst. Therefore, burning of ammonium nitrates is

performed slowly at a relatively low temperature. For
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The reaction may usual ly be conducted under a pressure

5 of from atnospheric pressure to 0.3 MPa. The tine of
contact (contact tinme) between a gaseous m xture of

raw materials and the catalyst may be from0.5 to 20
(secg/cc), preferably from1l to 10 (secg/cc). In the
present invention, the contact t4ge is de- 10 fined by

the following fornula: contact tine (secg/cc) = (WF)

X 273/ (273 + T) x P/0.10 wherein: Wrepresents the

wei ghthe Qalafiddiei arpt &l Weiln 15swch egs esendsatpekilow a tun-
rate (Ncc/sec) of the gase- ous raw material m xture

in thendkiial ot a enfX¥Xe kilmf ngan Tbe epsedent s t he
reaction tenperature (C), and P represents the

reacti on plreessiorbel(dvRa)an 2xplanBEIM MEDEFER WHRRYIdpect
QUT THE | NVENTI ON Her ei nbel ow, the present invention

wi || tee the memdumamant mof ethietpartivie didmetarediptribu-
the follow ng Exanples and Conparative Exanpl es,

whi chigiouwfd the thas durgined@dcatalysi ¢ i e hoagoipele di-
of the present inven- tion. In the follow ng Exanpl es

and @ffaEmtdistBaipley’ i3 fabares cike dfehghkrpercentages
distribution of a catalyst was neasured usin

a
siev@ﬁ'gﬁ@ygq(g£|ﬁﬁtq4ﬁ§;ﬁgﬁﬁﬁ%ﬁ%ﬁﬁ wherein ghe groups re-

spectively have differenit specific ranges of particle
diameter, based on the weight of the catalyst. In the
present invention, the measurement of the particle d4di-
ameter distribution is performed by the fellowing
method. A sieve having a mesh size of 200 um (manufac-
tured and sold by Buckbee-Mears, U.S.A.} (upper sieve)
is placed on a sieve having a mesh size of 5 um (manu-
factured and solé by Buckbee-Mears, U.S.A.) (lower
sieve), and a receiver is provided under the lower
sieve having a mesh size of 5 um. A specimen of the
catalyst particles is introduced onto the upper sieve,
and the upper and lower sieves are shaken, thereby ef-
fecting a screening of the catalyst particles. The
catalyst particles which remained on the lower sieve
(having a mesh size of 5 um)} are taken out and weighed.
The thus obtained weight of the catalyst particles
which remained on the lower sieve is divided by the

weight of the catalyst particles introduced onto the
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10 of the particle dianmeter distribution was perforned

by the follow ng nethod. A sieve having a nesh size

of 200 pm (manufactured and sold by Buckbee- Mears,

U S.A) (upper sieve) was placed on a sieve having a

mesh size of 5 pm (manufactured and sold by

Buckbee- Mears, 15 U . S. A) (lower4sieve), and a

recei ver was provided un- der the |lower sieve having a

mesh size of 5 pm A specinen of the catal yst

par t iwpesr vaseva] racd celde onésultaet ugpetisnevis mpdtiplied
the upper and | ower sieves were shaken, thereby

ef f edty N @. sAhee miewp Idfantthpmetwtty sis 2 pEined|&s. the

The catal yst particles which remained on the | ower

si evearjdavi nft abyesdightp of Sapajyakrpartkehesohaving a
wei ghed. The thus obtai ned weight of the cata- |yst

par t i maesi ahe chiareerbenedf ofiroheS | boek08i pue hased on the

di vi ded by the weight of the catalyst particles intro

25 duesiglhtof t tlee uppealsitve Itarfdhe resenit thnfention, the
quotient 50 was multiplied by 100. The resul tant )

pr oduowRts @b- cabaheet aBar hEChABUREViNgh REF§hF}eodiameter
catal yst parti- cles having a particle dianeter of

fr om®E tHromos pte, 20pawedi®nie hEhQergpge oLt fgom 20 to 100 3
catalyst. It was found that, 5 with respect t

cat al BB t%ebBREi nRASER PRetERANBLERT Qfid Eﬁnﬁﬁgﬁiﬁgg'

Exanpl es, the anobunt of catalyst parti- cles having a..

particle dﬁ%ﬁmﬁ%ﬁe%ie??oﬁ?gai%séoggph#ﬁa Te36h Wngentlon

1 9 NS5 SRLTE VL O0L SLrblE GRLRLYCho PbE A0 e

and yi&%é%&@?d‘ﬁﬁg éﬂﬁgtggﬁgghéém%£€§&§éé 5% the present in-
vention can be used for producing acrylonitrile or
methacrylonitrile by reacting propylene, isobutene or
tert-butyl alcochol with molecular oxygen and ammonia.
The above-mentioned ammoxidation reaction is conducted
in a fluidized-bed reactor. Propylene, isobutene,
tert-butyl alcohol and ammonia used in the present in-
vention need not be of a very high purity but may be of
a commercial grade. As a source of molecular oxygen,
air is usually preferred. Gas having an increased oxy-
gen content such as a gaseous mixture of air and oxygen,
is also usable. In the ammoxidation reaction, the mo-
lar ratios of propylene, isobutene or tert-butyl alco-

hol : ammonia : molecular oxygen used as gaseous raw

materials for the ammoxidation are generally in the
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the reaction are defined as follows: Conversion (% =

(nol e of propylene reacted) / 15 (nole of propyl ene

fed) x 100 Yield of acrylonitrile (%9 = (nole of

acryloni- trile formed) / (nole of propylene fed) x

100 20 A Pyrex gl ass fluidized-bed reactor tube having

an inner dianeter of 25 mm was yYged as a reaction

appara- tus. The reaction pressure (P) was nmaintai ned

at 0.15 MPa, and the anount (W of a catalyst charged

in theang€asrol was.d40tb016Q@ g. 1Thetbl awar,apeefieratilya 1
gaseous 25 raw material m xture introduced into the
reactorowes 513 250.60t450.Bcc/Biee feactbonstehpéhature may
value as neasured in the normal state (0 C, 1 atm),

and tbhe rfeaat3e0 tbeppor &t urpréferabsy nBramatoedtat 500 °C.
430 C. In the present invention, the contact tine is

de- 5The neeabyibvhemapl hevehdyf dbenvoaductedaondemm@a pressure
(secg/cc) = (WF) x 273/ (273 + T) x P/0.10 wherein:

W reprEsEnem ahmosphghtic( gresturke toalalBy#Pa.10The time of
represents the flow rate (Ncc/sec) of the gase- ous

raw neektéat ftanteeti himge hetwgenspavaseQus mixture of raw
atm, T represents the reaction tenperature %C), and

P repretenialshandehbei 6atplESSuMaY( RRafroms 0.5 to 20

{sec'g/cc), preferably from 1 to 10 (sec'g/cc).

In the present invention, the contact time is de-
fined by the following formula:

contact time (sec-g/cc) = (W/F) x 273/(273 + T) x

P/0.10

wherein:

W represents the weight (g) of the catalyst,

F represents the flow rate (Ncc/sec) of the gase-

ous raw material mixture in the normal state (0 °C,

1 atm), |

T represents the reaction temperature (°C), and

P represents the reaction pressure (MPa).




10

15

20

25

The conposition of the gaseous raw material mx- ture
introduced into the reactor was as follows: propyl ene

/| ammonia / air =1/ 1.25/ 8.0 to 10.0 (1.6 to 2.0

in ternms of nolecul ar oxygen). 20 For the eval uation

of the attrition resistance of the catalysts obtained

in the Exanpl es and Conparative 4¥xanpl es, the

attrition |l oss of each of the catal ysts was neasured

in accordance with the ACC nethod. The 25 attrition

| oss is defiBedrbyobRerDal CarRRIGNGOOWT SHESZNVENTION
attrition loss (9 =B/ (GA x 100 wherein: Ais

t he wei ghtHer@inelidie, citialmysdésert cinventbest wbyl be de- .
attrition in the period of fromO hour point 5to 5

hour guoiitedfiremdie ddatl ofithereferén¢cento the following
resistance test; Bis the weight (g) of the catal yst

whi clEsimnglest ardy Ganparabive nExdanphesi odhdehf shpnbd not be
hour point to 120 hour point after the start of the

at t ricarsttiwend rassi bimbicng ethe seebp<€ ¢£ the RER§ARL({pven-
of the catalyst used in the attrition resistance

t est .tMfren t he catalyst exhibits an attrition |oss of

7 %or less, it is judged that the catalyst has a sa

15 i sf actlay ithe Hahlening (Framples s%%ﬁc%omnﬁsﬁt?gﬁdﬁ?‘emples'

the catalyst suitable for commercial use
the particle diameter distribution of a catalyst was

measured using a sieve. Specifically, the measurement
of the particle diameter distribution was performed by
the following method. A sieve having a mesh size of
200 pm (manufactured and sold by Buckbee-Mears, U.S.A.)
(upper sieve) was placed on a sieve having a mesh size
of 5 um (manufactured and sold by Buckbee-Mears,
U.S.A.) (lower sieve)}, and a receiver was provided un-
der the lower sieve having a mesh size of 5 pm. A
specimen of the catalyst particles was introduced onto
the upper sieve, and the upper and lower sieves were
shaken, thereby effecting a screening of the catalyst
particles. The catalyst particles which remained on
the lower sieve (having a mesh size of 5 um) were taken
out and weighed. The thus obtained weight of the cata-
lyst particles which remained on the lower sieve was
divided by the weight of the catalyst particles intro-

duced onto the upper sieve, and the resultant quotient
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Exanple 1 An ammoxi dati on catal yst conprised of a

nmetal ox- 20 ide supported on a silica carrier which

was present in an amount of 50 % by wei ght, based on

the total weight of the netal oxide and the silica

carrier, wherein the netal oxide had a netal

conposition represented by the &grnula: 25
Mb12Bi 0. 45Ceo0. 90Fel. aN 2. 0Co3. 0N92 OKO. 09Rb0. 05 53

was prepared as follows. 42.2 g of bisnmuth nitrate

[ Bi (N@B¥3mbHR{H1id8. byglio0f. CPhéupegultah€e product was ob-

Ce(NOB) 3. 6H2Q), 140.5 g of iron ni- trate

Fe( NE8)lBe@HRS) thd 1amdungtof $nbgkek ighttnalod Tatalyst parti-

Ni (NCB) 2. 6H2QJ, 168.8 g of cobalt nitrate

Co( NeBe2. bat2hg &9pargiefienagameitem bift Faloth 5 to 200 pm,
My(NO3) 2. 6H20], 1.76 g of potassiumnitrate [ KNO3]

nd tas#Aed gonf thabwdightniofr ahe [CREEIR]stwer & tdwasolfivethd that,

in 405.3 g of a 16.6 % by wei ght aqueous nitric acid

sol u WBthivespaet tesallasatsdyetsonbhadneddda tthhe Examples

1,666.7 g of an aqueous silica sol having an S 02

cont efd ofompags bjve wekanplead fheaemeags pifi watplyst parti-

silica particle dianmeter of 22 nm to obtain a

m xt upEes T@avmgtdnusaubiaﬂ-ﬁedlamakem efwdsoaddedoa 200 pum was

sol utjon of 409.4 g of annnnlun1ga 15 ranol ybdat e
(Nma%%%zcﬁmmhtn Boged gnoth@qwedghtto oft kbeepptalyst.

obtaln an aqueous raw material m xture. The thus

obt ai ned aqueous raw material mxture was fed to a

?ﬁ;allel fié”%ﬁé“ﬁ%éﬁgfgsdéXé”@o%BQ%é%&%Z E&gm%qg%h the con-

[
[
[
[
[
a

version and yield used for evaluating the results of

the reaction are defined as follows:

Conversion (%) = {mole of propylene reacted) /

(mole of propylene fed) x 100

Yield of acrylonitrile (%) = (mole of acryloni-

trile formed) / (mole of propylene fed) x 100

A Pyrex glass fluidized-bed reactor tube having an
inner diameter of 25 mm was used as a reaction appara-
tus. The reaction pressure (P) was maintained at 0.15
MPa, and the amount (W) of a catalyst charged in the
reactor was 40 to 60 g. The flow rate (F) of a gaseous

raw material mixture introduced intc the reactor was
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aqueous raw material m xture was atom zed by neans of

a 20 sprayer having a dish type rotor disposed above

the central portion of a dryer of the spray-drying

appara- tus, and dried while maintaining the inlet
tenperature of the dryer at about 250 C and the

outlet tenperature of the dryer-.at about 140 C, to
thereby obtain parti 25 cles (i.e., a dried catal yst
precursor). The dried 54 catalyst precursor was

subj egs@dt 04 60 PEL f SB[ ¥nCRErmSi Bt kAB WAlak! aishmdRsured
electric kiln at 350 C for 1 hour and then subjected

to a finehe cabehaBt seatén(airc,at 58R)¢,f ahd2 theur®action
thereby obtaining a catalyst. 5 Wth respect to the

obt ai f@fh P4 BhYS! (TR WBISHAEntABAEAOkL! B8opELE

distribution was perforned. As a re- sult, it was

found t hatT: hehe upid eén v eipeeet Yoh Umehef copoaes hamends de-
a pore dianeter of 80 A or less was 0.005 cc/g, the

cumul &tne@ Ppereheof ohkowingofesmhasikng a pore 10

di anmeter of 1,000 A or nore was 0.012 cc/g, and the

to- tal parenvattneimd (tdee -cpted yst (WAF)0x2823¢¢Lg3 + T) x
That is, the cunulative pore volunme of pores having a
pore di amf@rl®f 80 A or less was 2.2 % and the

cunul ative pore volune of pores having a pore

di amet er ofhear@Po: A 15 or nore was 5.2 % each based

on the total pore volune of the catalyst. Using 50 %

of the obt¥hiFRRFesgRTS sthe afehgbx(aa-ofi bher éégt‘iiléfﬁ

of propyl ene was conducted. The contact tine_in _the

ammoxi dat i orF $RERIS S wilke 4£ oY skRt g/ tlgc/sec) of the gase-

ous raw material mixture in the normal state (0 °C,
1 atm),
T represents the reaction temperature (°C}, and

P represents the reaction pressure (MPa).

The composition of the gaseous raw material mix-
ture introduced into the reactor was as follows:
propylene / ammonia / air = 1 / 1.25 / 8.0 to 10.0

(1.6 to 2.0 in terms of molecular oxygen}.

For the evaluation of the attrition resistance of
the catalysts obtained in the Examples and Comparative
Examples, the attrition loss of each of the catalysts
was measured in accordance with the ACC method. The

attrition loss is defined by the following formula:
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20 Results of the reaction were evaluated 24 hours

after the start of the reaction. As a result, it was

found that the conversion of propylene was 99.0 %

and the yield of acrylonitrile was 84.0 % 50 g of

the obtained catal yst was subjected to an 25

attrition resistance test in accgrdance with the ACC

55 method. As a result, the catalyst exhibited an

attri- tion loss (% of 5.7 % The conposition of the

cata- |ystagngithenpreddcikon=cengi ticans ko dde

catal yst are shown in Table 1. The pore distribution

and attritwbarBinesi stance (in terns of the attrition

loss (9%9) of the catalyst, and the results of the
amoxi dat i oA ieatheoweight $bh0wWofi nhéaklatadyst which is lost
Conparative Exanple 1 10 An ammoxi dati on catal yst was
prepared i nbyubttahtiohalihythkepsaiedretn&rons d hour point
Exanpl e 1, except that 1,666.7 g of an aqueous silica

sol having & 8ibouropeinénafier3@he Isyamt gt thed srtrition
average primary silica particle diameter of 12 nm was

used al one B8sastapceatestraw material and that the

final calcination tenperature was 590 C. Wth respect

to the obtaPned EB?aW?%ﬂhta(ﬁéa§ﬁréhenﬁﬁﬁadﬁsﬂhemﬂaﬂeJs lost
di stribution was perforne are- sult, it was

f ound t hat ?ﬁeaEEﬁﬁF%?PvéanFé peraRE 6f Fopodedour point

havi ng a po% f ﬁneter of .80 A _or less was 0.058
cc/g, the ctfufaliReuporeinb) akEess ther 8darky ofg the attri-

pore tion resistance test:; and
C is the weight (g) of the catalyst used in the
attrition resistance test.
When the catalyst exhibits an attrition loss of
7 % or less, it is judged that the catalyst has a sat-
isfactorily high attrition resistance which renders the

catalyst suitable for commercial use.

Example 1

An ammoxidation catalyst comprised of a metal ox-
ide supported on a silica carrier which was present in
an amount of 50 % by weight, based on the total weight
of the metal oxide and the silica carrier, wherein the
metal oxide had a metal composition represented by the

formala:

Mo1,Big, 45Ceg . 9oFes gNiz oCo3, oMYg2. ¢Ko.09Rbg. g5
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di ameter of 1,000 A or nore was 0.001 cc/g, and the
to- tal pore volune of the catal yst was 0.220 cc/g.
That is, the cumul ative pore vol une of pores having a
pore 25 dianeter of 80 A or less was 26.4 % and the
cunul ati ve 56 pore volunme of pores having a pore
diameter of 1,000 A or nore was:Q.5 % each based on
the total pore volune of the catalyst. Using 50 g of
the obtained catal yst, an ammoxida- 5 tion reaction of
propylragepwapaceaduet ed11bh@ .contact tine in the
anmoxi dation reaction was 3.7 (secg/cc). Results of

the reactigp vege %VQELH%%H 44 thayes [@flt(@:bs)%%@;z@t]ar t75.5 g
of the reaction. As aresult, it was found hat

Conveb§|EEr@Emphgﬁth%e[W%QN%E)}G%&O?nlebeS §0o¥i @h®n ni-
of acrylonitrile was 82 0 g of the obtained

cat al yshtwas reymogsl-ed,b0, an12akt gi bEoAicReiShakeate
test in accordance with the ACC nethod. As a result,

the cahaliwet)exhLdlt edeansayt 6£- cbbant! assre¥e of 2.9

% The conposition of the cata 15 lyst and the

pr odu¢to@NOG PRBHLOPNS9HOL hefcmkghygstiumr aitshaen in

Table 1. The pore distribution and attrition

resi s{Hpg¢HOG ) yretigohs dDf 76he aft potesnilmssifpleoff KNEg] and
catal yst, and the results of the anmmoxi dation reaction

are shodA gnofappeidiupo ndsmpdeat ROt apre diagolved in

annDX|dat|on catal yst was prepared in substan-
05.3 g of a 16.6 % by weight aqueous nitric acid solu-

tion. The resultant solution was added to 1,666.7 g of
an aqueous silica sol having an SiQ; content of 30 % by
weight and an average primary silica particle diameter
of 22 nm, to obtain a mixture. To the thus cobtained
mixture was added a solution of 409.4 g of ammonium pa-
ramolybdate [ (NH,)s;M0;0,4,°4H,0] in 824.7 g of water, to
thereby obtain an agqueous raw material mixture. The
thus obtained aqueocus raw material mixture was fed to a
parallel flow type spray-drying apparatus, in which the
aqueous raw material mixture was atomized by means of a
sprayer having a dish type rotor disposed above the
central peortion of a dryer of the spray-drying appara-
tus, and dried while maintaining the inlet temperature
of the dryer at about 250 °C and the outlet temperature
of the dryer at about 140 °C, to thereby obtain parti-

cles (i.e., a dried catalyst precursor). The dried
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tially the sane manner as in Exanple 1, except that

1,666.7 g of an aqueous silica sol having an Si 02 con

25 tent of 30 % by wei ght and an average primary

silica 57 particle dianmeter of 86 nmwas used al one

as a silica raw material and that the fina

calcination tenperature was 550:¢ Wth respect to

the obtained catal yst, a nmeasure- 5 nment of the pore

di stribution was perforned. As a re- sult, it was
foundcébalysbepedgukabvRaRosapyeee® &b ap@&e:aihﬁ\ﬂd&g; cal-
a pore dianeter of 80 A or less was 0.000 <cc/g, the

cunul gL h¥€18A" enVak ¥NEnOhnpRIesthaY RA 1% RY 850 °C for 1

di aneter of 1,000 A or nore was 0.271 cc/g, and the to

10 t ahoporandother sobibetedt abyat fuazl0cidi4it@itdon in air
That is, the cumul ative pore volune of pores having a

pore atli aget & £ir 8D Howrs | eBise @Sy OoPt Y4 nang hheatalyst.
cunul ati ve pore volunme of pores having a pore

di aneter ofitth Of@spechbrtovtRewabt@dfinéd¥catadlystiasad measure -
the total pore volunme 15 of the catalyst. Using 50 g

of tHeenbtaf ntdecporeydistambaniori vas peodorewct.i oAs a re-
of propyl ene was conducted. The contact tine in the
ammox$eht i oht reast fonndathatothsecymuydptiviRe pyires voflume of
the reaction were evaluated 24 hours after 20 the

st ar tP@¥e s hpaytngt a oporasdaamesgrt ofi 80uwds ofodsgs Magm 0.005
t he conversion of ylene was 99.1 % and the_ yield

of ac??l%an??I%u%B§agﬂvs pPTS0Vgleme: RE BPTESNPGVing a pore

catalgst was subjected 0 an
iameter of 1,000 or more was 0.0i2 cc/g, and the to-

tal pore wvolume of the catalyst was 0.232 cc/g. That
is, the cumulative pore volume of pores having a pore
diameter of 80 A or less was 2.2 %, and the cumulative
pore volume of pores having a pore diameter of 1,000 A
or more was 5.2 %, each based on the total pore volume
of the catalyst.

Using 50 g of the obtained catalyst, an ammoxida-
tion reaction of propylene was conducted. The contact
time in the ammoxidation reaction was 4.3 (sec-g/cc}.
Results of the reaction were evaluated 24 hours after
the start of the reaction. As a result, it was found
that the conversion of propylene was 99.0 %, and the
yvield of acrylonitrile was 84.0 %.

50 g of the obtained catalyst was subjected to an

attrition resistance test in accordance with the ACC




10

15

20

25

attrition resistance test in accordance with the ACC
25 method. As a result, the catal yst exhibited an
attri 58 tion loss (% as high as 7.18 % as neasured
in the pe- riod of from5 hour point to 20 hour point
after the start of the attrition resistance test.
Therefore, the attrition resistgnce test was
di sconti nued 20 hours af 5 ter the start of the
attrition resistance test. The conposition of the
cat alpesthand tale apreduait 0f HeOREtra N e Ao it an attri-
catal yst are shown in Table 1. The pore distribution
and atidr tisyk resj damer (4 n e edifpdditici tdd i cata-
loss (9%9) of the catalyst, and the results of 10 the
amMmoXiy £ HeRs ipedaid el S aydhd Dt lews efgr txa@nphealyst are
An ammoxi dation catal yst conprised of a netal ox- ide
Supp@toah Gih arsbild CA. Cahe @orehidds tiEduriesednd atthiition
an amount of 50 % by wei ght, based on the total weight
of theairttdnaxide; argrmdeoBitheataritbsn bese( ) ) hef the
nmetal oxide had a netal conposition represented by the
f or mdatalyct2Biand BReoresuiBfeiof B SammddPdabikon. reaction
09Rbo . 0,9 20 was prepared as follows. 833.3 g of an
aque@re slawma isolTdtale Y- an S102 content of 30 % by
wei ght and an average primary silica particle
di aneter of 86 nmwas mixed with 833.3 g of an
aqueous silica soI haV| ng an Si 2 content of 30 % by

: HARERE brimary silica particle

An ammoxidation catalyst was prepared in substan-
tially the same manner as in Example 1, except that
1,666.7 g of an aquecous silica sol having an SiO,; con-
tent of 30 % by weight and an average primary silica
particle diameter of 12 nm was used alone as a silica
raw material and that the final calcination téemperature
was 590 °C.

With respect to the obtained catalyst, a measure-
ment of the pore distribution was performed. As a re-
sult, it was found that the cumulative pore volume of
pores having a pore diameter of 80 A or less was 0.058
cc/g, the cumulative pore volume of pores having a pore
diameter of 1,000 A or more was 0.001 cc/g, and the to-
tal pore volume of the catalyst was 0.220 c¢/g. That
is, the cumulative pore volume of pores having a pore

diameter of 80 A or less was 26.4 %, and the cumulative
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59 of 12 nm to thereby obtain a silica raw materi al .

56.0 g of bisnuth nitrate [Bi (N0O3)3.5H201, 62.7 g of

ce- riumnitrate [Ce(N03)3.6H20Q, 140.0 g of iron

nitrate [Fe(N03)3.9H20], 278.0 g of nickel nitrate 5

[Nl (NO3)2.6H20], 98.7 g of magnesiumnitrate

[ MU(NO3) 2. 6H20], 1.75 g of potassium nitrate [ KNGO3]

and 1.42 g of rubidiumnitrate %—QbNGSJ wer e di ssol ved

in 404.7 g of a 16.6 % by wei ght aqueous nitric acid

sol u- $f@nvoﬂﬁﬁhr§fr+$f@§ ﬁgbﬂﬁ?oﬁ ﬁ@§eaggﬁﬂekgrt69 1,000 A

above 10 obtained silica raw maferial to obtain a

m xt e.mde #4§ & Nyisy ObfAtNeHagbdt YhethBSt8€d%dpBre volume
solution of 407.9 g of ammoni um par anol ybdat e

[(Nl—ldaﬁl\gyé)waﬂiggtl n 821.6 g of water, to thereby

obtai n an aqueous raw material mxture. The thus

obt ai ned agwEyISSd y FRtBié dbFaxnd® tatL1y8E,f 8l hmdxida-
parallel flow type spray-drying appa- ratus, in which

t he m@@eammt@flpfoﬂxéwéew&@s@ﬁaﬁm:éad bphe contact
means of a sprayer having a dish type rotor disposed

above {he f&néﬂe,alarm%ﬂ@atpénaré&&@ioﬁfwasez 7. (sec'g/cc).
spray-dryi ng apparatus, and dried while maintaining

the 20duled dfnytes aremetﬂfmtdnerelrgealaataaoan BbOr€ after
and the outlet tenperature of the dryer at about 140

C, tothe heraby obtthe peatitdées (As @ resullfedit was found
catal yst pre- cursor). The dried catal yst precursor

was stiftectleal converpien i of neryprhénendasol?i A &irand the
an electric kiln at 25 350 C for 1 hour and then

subj etk tof A9rnkentbreleceas 82.4 3.

50 g of the obtained catalyst was subjected to an
attrition resistance test in accordance with the ACC
method. As a result, the catalyst exhibited an attri-
ticn loss (%) of 2.9 %¥. The composition of the cata-
lyst and the production conditions for the catalyst are
shown in Table 1. The pore distribution and attrition
resistance {in terms of the attrition loss (%)) of the
catalyst, and the results of the ammoxidation reaction

are shown in Table 2.

Comparative Example 2

An ammoxidation catalyst was prepared in substan-
tially the same manner as in Example 1, except that
1,666.7 g of an aqueous silica sol having an Si0O,; con-

tent of 30 % by weight and an average primary silica
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nation in air at 590 C for 2 hours, thereby obtaining

a catalyst. Wth respect to the obtained catal yst, a
neasure- nent of the pore distribution was perforned.

As are- 5 sult, it was found that the cunul ative pore

vol ume of pores having a pore dianeter of 80 A or |ess

was 0.014 cc/g, the cumulative pore vol ume of pores

having a pore dianeter of 1,000 A or nore was 0.004

cc/g, and the to- tal pore volune of the catal yst was

0. 225pset gcldhatah@tes, obEhesCHmUlaLi M8eROBE oe! Wae 205 11ica
pores having a pore dianeter of 80 A or less was 6.2

% andawheaterubat axa tpatetiel 8ARadf cROEGSatavnN@Gemperature
pore diameter of 1,000 A or nore was 1.8 % each

basedvas $he t®ial pore volume of the catalyst. 15

Using 50 g of the obtained catal yst, an ammobxi da- tion
reacti on dfithopgspeetwas tbadobtetinedheatabyati at meBsure-
in the ammoxi dation reaction was 4.6 (secg/cc).

Resulnenbfof heheepotreodiskribetabnaved fdriiopmedaftk®s a re-
the start of the reaction. As a result, it was found

20 t henlt heitomaer Epondofthptopheenemndat@9e2ptreandlume of
the vyield of acrylonitrile was 84.2 % 50 g of the

obt aiPREEE haV{yBY daBoSabfbtemeter oofin80aht pit less was 0.000
resistance test in accordance with the ACC nethod. As

a restf{9. tHee capmpyati¥]hporecuohnmat ofi PoEesi BAVApgsa pore
(%9 of 5.2 % The conposition of the cata 61 [|yst and
the;ﬂ%ﬁﬂﬁﬁ?%ﬁp%o%d?3$o§s°¥omo¥ﬁewéﬁt3#93@ gFég. and the to-

tal pore volume of the catalyst was 0.354 cc/g. That
is, the cumulative pore volume of pores having a pore
diameter of 80 A or less was 0.0 %, and the cumulative
pore volume of pores having a pore diameter of 1,000 A
or more was 76.6 %, each based on the total pore volume
of the catalyst.

Using 50 g of the obtained catalyst, an ammoxida-
tion reaction of propylene was conducted. The contact
time in the ammoxidation reaction was 3.9 (sec'g/cc).
Results of the reaction were evaluated 24 hours after
the start of the reaction. As a result, it was found
that the conversion of propylene was 99.1 %, and the
yield of acrylonitrile was 84.5 %.

50 g of the obtained catalyst was subjected to an
éttrition resistance test in accordance with the ACC

method. As a result, the catalyst exhibited an attri-
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shown in Table 1. The pore distribution and attrition
resistance (in terns of the attrition loss (%) of the
catal yst, and the results of the amoxi dation reaction

5 are shown in Table 2. Conparative Exanple 3 An

amoxi dati on catal yst was prepared in substan- tially

the sane manner as in Exanple 2,5&xcept that 10

1,250.0 g of an aqueous silica sol having an Si 02 con

tent of 30 % by wei ght and an average primary silica

part ittlen dicgmet €F) ofs Seigin @S’ rr;r@(e% aF tReagpredgips the pe-
an aqueous silica sol having an Si02 content of 30 %

by weiqphtofarftrem ReewgePpii bty 49| ReUrpRPERE| giter the
di aneter 15 of 12 nm to thereby obtain a silica ra
mat erg ATt (ofarerey, 2t HELFRER (keSS TARSE Festsi |THer<fRe. the

ool Giat TR CCARER EIRFE YRSt Sves A TareRErEpBoR ), Bours af-
the obtained catal yst, a neasure- 20 nent of th BT € mp o
di St QT TR SEAT Hevt oFREd T K61 5LPA- TERLE LaPPeuREt -
f d that th lati I f nayi .
. pore BT off ghon Gr ErLEs! vatdotBn PP BaRg LB, Béna -
| ati I f havi ng.
di anEtHnGEAE GHRE ACBFARYPE GES TRTED B0/ 0oodsa tne 1D POTe
25 tal, | 89
That SRV CaRe, APERERLEh LELsfREREEO SR Koo of the

haviqth?Q [ & 9ggg9{§290£f89?é Qétéﬁﬁétwaﬁng-Zh%?réﬁﬁlts of

the cuhulatTve ~pore volune of pores having a pore

diam%ﬁ% émm3x£ﬁgkfbn reaction are shown in Table 2.

Example 2

An ammoxidation catalyst comprised of a metal ox-
ide supported on a silica carrier which was present in
an amount of 50 $ by weight, based on the total weight
of the metal oxide and the silica carrier, wherein the
metal oxide had a metal composition represented by the
formula:

Mo12Bij ¢Ceq.7sFe1.gNis. oMg2.0Ko.09Rbo. 05
was prepared as follows.

833.3 g of an aqueous silica sol having an SiO;
content of 30 % by weight and an average primary silica
particle diameter of 86 nm was mixed with 833.3 g of an

agueous silica sol having an SiO, content of 30 % by

weight and an average primary silica particle diameter
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or nore was 52.6 % each based on the total pore

volume 5 of the catalyst. Using 50 g of the obtained
catal yst, an anmoxida- tion reaction of propylene was
conducted. The contact tinme in the anmoxidation

reaction was 4.2 (sec-g/cc). Results of the reaction
were eval uated 24 hours after 10sghe start of the
reaction. As a result, it was found that the

conversion of propylene was 99.2 % and the vyield of
acrylahnilz e, was BdeDeBy 6Dtgiofat héldbbaraedmaterial.
catal yst was subjected to an attrition resistance

t est 36). Acg avHlapTemitth hnibeaLECIBLINOR) N6H,0NS 62.7 g of ce-
result, the catalyst exhibited an attri tion loss (%

of 15 uonifieatconpos( N0, 6H,0he Tad a0 & yst bnchthetrate
production conditions for the catalyst are shown in

Tabl € Fle (Ring ;p2H 0 Idi sS2178 butg oof anikcleél rnttoate

resistance (in terns of the attrition loss (%) of the
20 cdlihad (pd5) 206HLGIhe F&sUld oD fmddree simm xin tiat & be

reaction are shown in Table 2. Exanple 3 An

amoXiMBEN@) 206H A1 ly.stl chny iskdofass iwt atibrat@5[K¥es;] and
supported on a silica carrier which was present in 63
an anout Sfo5oruBive; yhtrabasbRPHAs ! Heexot disselyed in
of the netal oxide and the silica carrier, wherein the

met al4Bxi 0 I & Tt &l * cBRpBeighbnafiBpPEs eRtEF Gy aCRE solu-
f la: 5 : .
Mo 128 s r FPES RS AN S AP MR DRAIEGLO the above-

obtained silica raw material to obtain a mixture. To
the thus obtained mixture was added a solution of 407.9
g of ammonium paramolybdate [(NHy)gM0;054°4H,0] in 821.6
g of water, to thereby obtain an agueous raw material
mixture. The thus obtained agueocus raw material mix-
ture was fed to a parallel flow type spray-drying appa-
ratus, in which the agueous raw material mixture was
atomized by means of a sprayer having a dish type rotor
disposed above the central portion of a dryer of the
spray-drying apparatus. and dried while maintaining the
inlet temperature of the dryer at about 250 °C and the
outlet temperature of the dryer at about 140 °C, to
thereby obtain particles (i.e., a dried catalyst pre-
cursor). The dried catalyst precursor was subjected to

a preliminary calcination in air in an electric kiln at

350 °C for 1 hour and then subjected to a final calci-
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was prepared as follows. 833.3 g of an aqueous silica
sol having an S 02 content of 30 % by wei ght and an
average primary silica particle dianeter of 58 nm was
mxed with 1,250.0 g of 10 an aqueous silica sol
havi ng an 5102 content of 20 % by weight and an
average primary silica particle gij anmeter of 8 nm to
thereby obtain a silica raw material. 27.6 g of

bi smuth nitrate [Bi (NO3)3.5H20], 5.68 g of praseo-

dym watiidd ate Jir @OPHIL,°c3% ok @ GouiesQdWwHeHBbY td£ining
15 [ Nd(N33) 3. 6H20], 153.3 g of iron nitrate

[ Fe( MO A2 . 297.9 g of nickel nitrate
[Nl (NGB)2.6H2Q), 118.5 g of zinc nitrate

[ Zn( NCB) 2 WaH2Orespest ¢oofthmtassimaicatakyst [ khN@B¢asure-
and 1.48 g of cesiumnitrate [CsNC3] were dissolved

in 40@®nt gphfthe @ Bistmidyhtommas uperfortedri (s a re-
acid solution. The resultant solution was added to

t he shdvte- ddt alaredQind cdhatvihmtewnmalatbvepere wolume of
m xture. To the thus obtained m xture vvas added a so-

| ut | MPIES IV ing aofpcmﬁrrﬂrﬁmﬁmaqﬁ% ter less was 0.014
[(NH4)6I\/b7@4 4H2Q_ in 809.6 of water, to thereby

ob- Z5/t%i Fhdn caiau@arsweawcrrm SFP M Of (RRreT htéaYh%g a pore
ob 64 tained agueous raw material m xture was

to
a parddmatar Qo 4% ﬁs;ﬂ%))“‘?ﬁ‘?/l‘f%s a?)p%‘?‘ht%/gf nand “the to-

\Qll;l ch th%araeg%egus raw materl ﬁ%%u‘%%\goa?%% cc;g That

dlqused bove t he 5 central tion of a dry. t

Spr ay-Sdr Yy ¢ RS e o pE T e g Pore

the Icfllam<=.-.t o%r%turﬁe or less was 6.2 %, and the cumulative
pore volume of pores having a pore diameter of 1,000 A
or more was 1.8 %, each based on the total pore volume
of the catalyst.

Using 50 g of the obtained catalyst, an ammoxida-
tion reaction of propylene was conducted. The contact
time in the ammoxidation reaction was 4.6 (sec'g/cc).
Results of the reaction were evaluated 24 hours after
the start of the reaction. As a result, it was found
that the conversion of propylene was 99.2 %, and the
vield of acrylonitrile was 84.2 %.

50 g of the obtained catalyst was subjected to an
attrition resistance test in accordance with the ACC
method. As a result, the catalyst exhibited an attri-

tion loss (%) of 5.2 %. The composition of the cata-
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of the dryer at about 250 C and the outlet tenperature

of the dryer at about 140 C, to thereby obtain parti-

cles (i.e., a dried catalyst precursor). The dried 10

catal yst precursor was subjected to.a prelimnary cal -
cination in air in an electric kiln at 350 C for 1

hour and then subjected to a fingg calcination in air

at 580 C for 2 hours, thereby obtaining a catalyst.

Wth respect to the obtained catal yst, a neasure- 15

ment 1¢fstt koot ditdidiutorncovedi pooderfied. the eatelyst are
sult, it was found that the cunul ati ve pore vol une of

por eshivawn righ Tgidree 1di afbeecpoafe &1 sA mibuidsm wael RO2R2ition
cc/g, the cunul ative pore volune of pores having a

por e regiigtergre dfinl GO0A off e catesi Viomolesst g *anhdof the
the to 20 tal pore volune of the catal yst was 0. 237

cc/ g cafgdtysti,s andhghaumesuite ebrehe ohmmexbfapbpesreaction
having a pore dianeter of 80 A or less was 9.3 % and

t he e@meulsiaowre impdladimldme of pores having a pore

di aneter of 1,000 A or nore was 3.8 % each based on

the total pore volune 25 of the catalyst. 65 Using

50 g of the obtained catal yst, an amoxida tion

r eacComPagiatirven HXamP 183 conduct ed. The contact tinme

in the ammoxi dati on reaction was 4.1 /cc

Resul ts oftft REMAIAEto? ‘Mé%“’et%%éf %’@ 1R gpbstan-

5 the st tﬁt&ﬁthe reacti on. v@% uI t vvase ﬁ“@ﬁat

t hat () Siksiin &aW%ﬁ%njen 5 SHG°Phe

yie'ﬁ,%%&?ﬂ”@ JEtJﬂléadgghs sfalca s¢l having an 5102 con-
tent of 30 % by weight and an average primary silica
particle diameter of 86 nm was mixed with 416.7 g of an
agqueous silica sol having an SiO, content of 30 % by
weight and an average primary silica particle diameter
of 12 nm, to thereby obtain a éilica raw material
(namely, the ratios of these two silica sols were
changed as shown in Table 1), and that the final calci-
nation temperature was 570 °C.

With respect to the obitained catalyst, a measure-
ment of the pore distribution was performed. As a re-
sult, it was found that the cumulative pore volume of
pores having a pore diameter of 80 A or less was 0.002
cc/g, the cumulative pore volume of pores having a pore

diameter of 1,000 A or more was 0.152 cc/g, and the to-

tal pore volume of the catalyst was 0.289 cc/g. That
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50 g of the obtained catal yst was subjected to an

attrition resistance test in accordance with the ACC

10 nethod. As a result, the catal yst exhibited an

attri tion loss (%9 of 4.8 % The conposition of the

cata- lyst and the production conditions for the

catal yst are shown in Table 1. ghe pore distribution

and attrition resistance (in terns of the attrition

loss (9%9) of the 15 catalyst, and the results of the
amoxislatilosn ¢emcladive apershosbune dAbper@s having a pore
Conparative Exanple 4 An ammoxi dati on catal yst was

pr epaitsaing res ubt &-A 20rt Lats ywahie0 sang, nandethascimulative
Exanpl e 3, except that 2,500.0 g of. an aqueous silica

sol ipnmemya&mmhCﬁfcpmresehaVDﬂQZQ pobg deaghtezndfad.000 A
average primary silica particle dianmeter of 8 nmwas

used @ omeraswas s32i¢ad, reaachubased| oanthehtotahepore volume
final calcination tenperature 25 was 610 C. 66 Wth
respexti thet¢rtalystned catal yst, a neasure nent of

the pore distribution was performed. As a re- sult, it

was fouijSKRQtiﬁa%u%%lE@@v@bb%%%e@o¢%h%lﬁ$t-péPeémmOX1da'
having a pore dianmeter of 80 A or |ess was 0.080

cc/ g, tige eeamtben vef poFerybeifevaf FBREYUCHEH ng %P contact
pore dianeter of 1,000 A or nore was 0.000 cc/ and

the tllme ain pohe WW@tl@her@a@‘aiystmemn gec-g/cc).
cclg |s the cunul ative pore v

o e O i renet fonale, SratudiEa’as Boses atter

and %H? %gpyé@lly the reaction. As a result, it was found

that the conversion of propylene was 99.2 %, and the
yield of acrylonitrile was 84.0 %.

50 g of the obtained catalyst was subjected to an
attrition resistance test in accordance with the ACC
method. As a result, the catalyst exhibited an attri-
tion loss (%) of 15.0 %. The composition of the cata-
lyst and the production conditions for the catalyst are
shown in Table 1. The pore distribution and attrition
resistance (in terms of the attrition loss (%)) of the
catalyst, and the results of the ammoxidation reaction

are shown in Table 2.

Example 3

An ammoxidation catalyst comprised of a metal ox-

ide supported on a silica carrier which was present in



10 pore volune of pores having a pore dianeter of
1,000 A or nore was 0.0 % each based on the total
pore volune of the catalyst. Using 50 g of the
obt ai ned catal yst, an ammoxi da- tion reaction of
propyl ene was conducted. The contact 15 tinme in the
anmoxi dati on reaction was 3.8 (sggg/cc). Results of
the reaction were evaluated 24 hours after the start
of the reaction. As a result, it was found that the
conversiampwit ol ehebyewe Dghtl, %pasnd chethgi eptadf weight
acrylonitrile was 81.9 % 20 50 g of the obtained
cat alofsttheametim] eztide tandnthat siliicancassisrangherein the
test in accordance with the ACC nethod. As a result,
t he deartdly sixidehind cal metad teompesbhippssepypsentedsby the
% The conposition of the cata- |yst and the
prodd@imhl&ondi ti ons for the catalyst are 25 shown in
Table 1. The pore distribution and attrition 67
5 resistanc#qeBio e . cilNdohe Falliist 4Ot . 1 Bs9s€99 Joaof t he
catal yst, and the results of the ammoxi dation reaction
are wWPIePHEaf 29 fLE9WFpl e 4 An ammoxi dati on
catal yst conprised of a nmetal ox- jde sug orted on a .
silica cafd®rd hith IMLHHLLEHtSTHcans AYipg 38 §40:
by wei ght, based on the total,K weight of the netal e
oxi PP 17 o RETPLIRe W orh Pretegenripary silica
oxi de had & I AlmSOIPOSE 158 SPEERELES BYthNE, 250.0 g ot
10 an aqueous silica sol having an Si0O, content of 20 % by
weight and an average primary silica particle diameter
of 8 nm, to thereby cobtain a silica raw material. 27.6
g of bismuth nitrate [Bi(NO3)3'5H0), 5.68 g of praseo-
dymium nitrate [Pr(NOs),], 39.1 g of neodymium nitrate
15 [NA({NO3)36H,0], 153.3 g of iron nitrate [Fe(NO;)39H,0],
297.9 g of nickel nitrate [Ni(NO3);'6H;0), 118.5 g of
zinc nitrate [Zn(NO5),6H,C]}, 1.54 g of potassium ni-
) trate [KNO3] and 1.48 g of cesium nitrate [CsNO3] were
dissolved in 403.1 g of a 16.6 % by weight aqueous ni-
20 tric acid sclution. The resultant solution was added
to the above-obtained silica raw material to cobtain a
mixture. To the thus obtained mixture was added a so-
lution of 401.9 g of ammonium paramolybdate
[ (NH,;)gM07054°4H,0] in 809.6 g of water, to thereby ob-

25 tain an agueocus raw material mixture. The thus ob-
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Mb12Bi 0. 3Ce0. 3Cr 0. 21n0. 2Fei . 2Ni 6. 2My2. sKo. 2 was

prepared as follows. 37.0 g of bisnuth nitrate

[Bi (N®B)3*5H20], 33.1 g 15 of ceriumnitrate

[Ce(NDXB) 3. 6H20, 20.3 g of chromium nitrate

(N33)3.9H20], 18.0 g of indiumnitrate

(NGB) 3.3H2Q, 123.2 g of iromgqpitrate

(NGB) 3.9H2Q], 458.1 g of nickel nitrate

i (NO3) 2. 6H20], 162.8 g of nmagnesiumnitrate
(I‘{ﬁ)rﬂacﬁlﬂﬂem Had dmgtefipbtetxPorei wasnfedate a paral-
[ KNO3] were dissolved in 417.7 g of a 16.6 % by

wei ghteldilenustype rspray+drebhat appardbes; einswhight the

sol ution was added to 1,166.7 g of an aqueous silica

sol reguemparEl Oea tentahtmitt3oe way acvgheednly maans of a
average primary silica particle dianeter of 12 nm 25

t o opHaver hiaNing.a TdishetYPRisrobeni Adgrasrtugboasthe

68 added a solution of 538.3 g of anmoni um

par ares iyt ol itien)sho2 09y eF2of the 15pBay1d5Ydpg appara-
water, to thereby ob- tain an aqueous raw materi al

m xt ures . B tdkedirhike erl nkabniRgd r Bie ndPLef afemperature
m xture was fed to a paral 5 |lel flow

spr ayRfryin faprarat ugeovh %\?l‘i’chct'ﬁ%d Bégeﬁﬂgl?’éwtemperature

material m xture was atom zed means. of a sgh{%er .
in parti-

havi ncgf a f}tﬁ ﬁfzf%ea*f ARYUH| %‘b%se%l abQvEREREDLY
t .
A T R R
f the d t _about 250
of tHe e FraBithof dteE AREIERERRLELCH, %?EE%*&?{’%? cal-
cles cgj etlon :gl'ilaezgrcflt)allsf lgé rlcrzslglin <::|r e3gbl e(.c.j for 1

hour and then subjected to a final calcination in air

&b 59

at 580 °C for 2 hours, thereby obtaining a catalyst.

With respect to the obtained catalyst, a measure-
ment of the pore distribution was performed. As a re-
sult, it was found that the cumulative pore voluﬁé of
pores having a pore diameter of 80 A or less was 0.022
cc/g, the cumulative pore volume of pores having a pore
diameter of 1,000 A or more was 0.009 cc/g, and the to-
tal pore volume of the catalyst was 0.237 cc/g. That
is, the cumulative pore volume of pores having a pore
diameter of 80 A or less was 9.3 %, and the cumulative
pore volume of pores having a pore diameter of 1,000 A
or more was 3.8 %, each based on the total pore volume

of the catalyst.
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catal yst precursor was subjected to a prelimnary cal -
cination in air in an electric kiln at 350 C for 1 15

hour and then subjected to a final calcination in air

at 560 C for 2 hours, thereby obtaining a catal yst.

Wth respect to the obtained catal yst, a neasure nent

of the pore distribution was perggrned. As a re- sult,

it was found that the cunul ati ve pore volune of 20

pores having a pore dianeter of 80 A or less was 0.020
cc/ g, the vsimgabdove pOrehgobbainkdperesalyaw NG ammoxida-
pore dianeter of 1,000 A or nore was 0.013 cc/g, and

t he tbiobarepotitonobfinpropylkaecatal yonhdmartedi.21the contact
cc/g. That is, the cumulative pore volune of pores

havi ngifepofietRe &nABRLAEtOEN8ReAct®iohesmswas, 19.(sdé g/cc) .
and the cunul ative 69 pore volune of pores having a

por e RBeswkterobftheObOaption were exaldaelh 2dadiours after
based on the total pore volune of the catalyst. Using

50 g bhetfhtapbt ef nehlecueacydon. arhAsnaoredults itowas found
reacti on of propyl ene was conducted. The contact tine

i n t hehakmbhe daenvarséaet PEnprapydene ¥a8sgPEc)L %, and the
Results of the reaction were eval uated 24 hours after

the sYhetdopfiaervyraeitshlesyag Bdsdi & it was found

that the conversion of propylene was 99.1 % and the

10 yield 0?0a%r?foﬁ??r?gEa%B§d82?§a@§5§OW§So§UPH@°tEd to an
obtai ned catal yst was subjected to an attritiaqgn

Cesi STRHELTL 81 TF F SEEBFEaREE Cwh PhapRer Aepcamstiy the AcC

a resully the catal yst gxhigiled g Al iihibitea an attri-
tion loss (%) of 4.8 %. The composition of the cata-
lyst and the production conditions for the catalyst are
shown in Table 1. The pore distribution and attrition
resistance {(in terms of the attrition loss (%)) of the
catalyst, and the results of the ammoxidation reaction

are shown in Table 2.

Comparative Example 4

An ammoxidation catalyst was prepared in substan-
tially the same manner as in Example 3, except that
2,500.0 g of an aqueous silica sol having an Si0O; con-
tent of 20 % by weight and an average primary silica
particle diameter of 8 nm was used alcne as a silica

raw material and that the final calcination temperature

was 610 °C.
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tion loss (%9 of 3.5 % The conposition of the cata 15

| yst and the production conditions for the catalyst

are shown in Table 1. The pore distribution and

attrition resistance (in terns of the attrition |oss

(%9) of the catalyst, and the results of the

amoxi dation reaction are showggn Table 2. 20

Conpar ative Exanple 5 An ammoxi dati on catal yst was

prepared in substan- tially the sane manner as in

Exanpl e 4piexcerispelat tol the6 obtgitfedrvatmgilamts, S Ine@sure -
sol having an Si02 con 25 tent of 30 % by wei ght and

an avenagefprihesmppre ldict ributhart iwdse phrfmtesd of A a re-
nm was used alone as a silica raw material and that

t he bulal, dad eiasatficmmnd emzdr ather ecumdza tGiote Qo tvolume of
respect to the obtained catal yst, a neasure- 5 nent of

t he poresdihstviingutei ornsasiigeetemed. 86 A or-less twast0.0802
was found that the cunul ative pore volunme of pores

havi og/g .pdhe divavdieddvef DX eA vorlumss 9 ivperEHalaving a pore
cc/g, the cunul ative pore volune of pores having a

por e digmghereofofl . LOO0G AomoRs ¢vafmd PUDICeLY g, andhdthe to-
the to 10 tal pore volune of the catal yst was 0.213

cc/ gtath@ore yolpme @fmhhe icatapgaist W 14 peff 8. That
having a pore diameter of 80 A or |ess was 28.6 %

and fiffe &eulCATAIAtiysr @OFS VifdWe R ROTRY i MY 9ot Pore

di aneter of 1,000 A, or nore was 0.5 % _ each_  based on ,
t he F&F&etﬁngfV§pu$e°r less was 39.3 %, and the cumulative

pore volume of pores having a pore diameter of 1,000 A
or more was 0.0 %, each based on the total pore volume
of the catalyst.

Using 50 g of the obtained catalyst, an ammoxida-
tion reaction of propylene was conducted. The contact
time in the ammoxidation reaction was 3.8 (sec'g/cc).
Results of the reaction were evaluated 24 hours after
the start of the reaction. As a result, it was found
that the conversion of propylene was 99.1 %, and the
yvield of acrylonitrile was 81.9 %.

50 g of the obtained catalyst was subjected to an
attrition resistance test in accordance with the ACC
method. As a result, the catalyst exhibited an attri-
tion loss (%) of 1.5 %. The composition of the cata-
lyst and the production coﬁditions for the catalyst are

shown in Table 1. The pore distribution and attrition
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15 of the catalyst. Using 50 g of the obtained
catal yst, an ammoxi da- tion reaction of propyl ene was
conducted. The contact tinme in the anmoxidation
reaction was 3.9 (secg/cc). Results of the reaction
were eval uated 24 hours after 20 the start of the
reaction. As a result, it was fogpd that the
conversion of propylene was 99.0 % and the vyield of
acrylonitrile was 82.5 % 50 g of the obtained
cat al yssiv@aansgbj(eat edrine aff thiel EtitirdrifodSilsdisANCE)) of the
test in accordance with the ACC 25 nethod. As a
resul tatahgstat ahdsthexkrebuleg af ahler iamhbxildatidrosseaction
(%9 of 1.9 % The conposition of the cata- |yst and
t he papdushoen donf@ebillen2.for the catal yst are shown
in Table 1. The pore distribution and attrition
resistance (in terns of the attrition loss (%) of the
5 catalyst, and the results of the anmoxidation
react kgampaeed4shown in Table 2. 72 rororoo NOOO
0O00000g.Uri a'aUcoCOinmNao 'i ~0o a .r{
.{ "~ 'iAnt+amoxidationinaiplystyypomprioedDod 1§ mefal ox-
a) aa U4 b Cri b) ci b NHauU
ide supported on a silica carrier which was present in

an amount of 35 % by weight, based on the total weight
of the metal oxide and the silica carrier, wherein the
metal oxide had a metal composition represented by the
formula:

Mo12Big.3Cep, 3Crg,2Ing, 2Fe;, 53Nig, 2Mgs,5Kg, 2
was prepared as follows.

37.0 g of bismuth nitrate [Bi(NO3}3'5H,0}, 33.1 ¢
of cerium nitrate [Ce(NQ3)3°6H,0], 20.3 g of chromium
nitrate [Cr(NO3)3'9H,;0], 18.0 g of indium nitrate
[In(NO3)}3'3H,0], 123.2 g of iron nitrate [Fe(NO;3;)39H,0],
458.1 g of nickel nitrate [Ni(NO3);'6H,0]1, 162.8 g of
magnesium nitrate [Mg(NO3),'6H,0)] and 5.14 g of potas-
sium nitrate [KNO;] were dissolved in 417.7 g of a
l6.6 & by weight aqueous nitric acid solution. The re-
sultant solution was added to 1,166.7 g of an agqueous
silica sol having an $iQO; content of 30 % by weight and
an average primary silica particle diameter of 12 nm,

to obtain a mixture. To the thus obtained mixture was
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C EOO0O 1-1m(dcanCO~mm|t unll "+ N
OAO 't Incoo 111l oN'i N N Inll a 1C0 1Q0

1@l roowdPuZUMEc-.aCCCCoddnOCOECCDp)
crnNHNl1laOHHInl1, N'i HUEOCNN' .0O10

co NN.roro.ro QmV'1 ANggN'i cocoll 00 Il

NII 00'i .-yl 443 4r wNm'~1tm0OOOOOO
OIn0;OHOHO3 HNa) “~yas ,-1 LOto Ninin N

I n Maddded ya Ndlwadich o8 788 /8 iy . of Fankbnibud PavaBoDybdate
dP dP 0,0 ,fl .0 .0 AmwMLr) NN A Ix Ix 9 UUw

W W [QNHQso - M Ni{h D, 081 4) g\WF wdtér O £b Ghefkeby ob-

~O0 ", }JN1.1 NDb)
tain an aguecus raw material mixture. The thus ob-

tained agqueous raw material.mixture was fed to a paral-
lel flow type spray-drying apparatus, in which the
agueous raw material mixture was atomized by means of a
sprayer having a dish type rotor disposed above the
central portion of a dryer of the spray-drying appara-
tus, and dried while maintaining the inlet temperature
of the dryer at about 250 °C and the outlet temperature
of the dryer at about 140 °C, to thereby obtain parti-
cles (i.e., a dried catalyst precursor)}. 'The dried
catalyst precursor was subjected to a preliminary cal-
cination in air in an electric kiln at 350 °C for 1
hour and then subjected to a final calcination in air
at 560 °C for 2 hours, thereby obtaining a catalyst.
With respect to the obtained catalyst, a measure-
ment of the pore distribution was performed. As a re-
sult, it was found that the cumulative pore volume of
pores having a pore diameter of 80 A or less was 0.020
cc/g, the cumulative pore volume of pores having a pore
diameter of 1,000 A or more was 0.013 cc/g, and the to-
tal pore volume of the catalyst was 0.210 cc/g. That
is, the cumulative pore volume of pores having a pore

diameter of 80 A or less was 9.5 %, and the cumulative
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o

NNDb 11 N11 b aeaeaC C C-GCco Cla C la CO LI
(1 NNUNUNW OOIl Hr-1 "¢d r-1 O UUco Wto
Wy OoruNNNTfl .{U IAsy' 4D NNNN1.10) W
NENNCCMIfTE-PE+J EroUooob) U NNXI1
r oH @oxd orolurre rfe poes havinmg & gove zdfameter cofolLO00 A
(OraCO41) pH4 co COCOco NNk Uy NN NM V NN
b iJdr YhotePiwas 6.2 %, each based on the total pore volume

of the catalyst.

Using 50 g of the obtained catalyst, an ammoxida-
tion reaction of propylene was conducted. The contact
time in the ammoxidation reaction was 4.2 (sec'g/cc).
Results of fhe reaction were evaluated 24 hours after
the start of the reaction. As a result, it was found
that the conversion of propylene was 99.1 %, and the
vield of acrylonitrile was 84.5 %.

50 g of the obtained catalyst was subjected to an
attrition resistance test in accordance with the ACC
method. As a result, the catalyst exhibited an attri-
tion loss {%) of 3.5 %. The composition of the cata-
lyst and the production conditions for the catalyst are
shown in Table 1. The pore distribution and attrition
resistance (in terms of the attrition loss (%)) of the
catalyst, and the results of the ammoxidation reaction

are shown in Table 2.

Comparative Example 5

An ammoxidation catalyst was prepared in substan-
tially the same manner as in Example 4, except that
1,666.7 g of an agueous silica sol having an Si0O; con-

tent of 30 % by weight and an average primary silica
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particle diameter of 12 nm was used alone as a silica
raw material and that the final calcination temperature
was 600 °C.

With respect to the obtained catalyst, a measure-
ment of the pore distribution was performed. As a re-
sult, it was found that the cumulative pore volume of
pores having a pore diameter of 80 A or less was 0.061
cc/g, the cumulative pore volume of pores having a pore
diameter of 1,000 A or more was 0.001 cc/g, and the to-
tal pore volume of the catalyst was 0.213 cc/g. That
is, the cumulative pore volume of pores having a pore
diameter of 80 A or less was 28.6 %, and the cumulative
pore volume of pores having a pore diameter of 1,000 A
or more was 0.5 %, each based on the total pore volume
of the catalyst.

Using 50 g of the obtained catalyst, an ammoxida-~
tion reaction of propylene was conducted. The contact
time in the ammoxidation reaction was 3.9 (sec-'g/cc).
Results of the reaction were evaluated 24 hours after
the start of the reaction. As a result, it was found
that the conversion of propylene was 99.0 %, and the
yield of acrylonitrile was 82.5 %.

50 g of the obtained catalyst was subjected to an
attrition resistance test in accordance with the ACC

method. As a result, the catalyst exhibited an attri-
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tion loss (%) of 1.9 %. The composition of the cata-

lyst and the production conditions for the catalyst are
shown in Table 1. The pore distribution and attrition
resistance (in terms of the attrition loss (%)) of the
catalyst, and the results of the ammoxidation reaction

are shown in Table 2.
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the present invention is advantageous in that, when

the catalyst of the present invention is used for

perform ing a catalytic amoxi dation of propyl ene,

i sobutene or tert-butyl alcohol in a fluidized-bed

reactor, acry 10 lonitrile or nethacrylonitrile can be
produced stably in high yield. 7% CLAIMS 1. A

parti cul at e porous anmoxi dation catalyst for use in
produci ng acrylonitrile or nmethacrylonitrile by re- 5

acting propyl ene, i SONOUSTRINL tARRLDIARILEIYOhol W th

nmol ecul ar oxygen and amonia in a fluidized-bed

reactor, D damadridsticonpatailpgtacfiethke predenandngention
sil- ica carrier having supported thereon said netal

oxi deexhidbttei mosaddlygi high satiwveryi snppesducing dhe de-
anount of 10 from 20 to 80 % by wei ght, based on the

t ot al siwee@hprofluctabdtmeliab bipleadtgisdiod gelsisgance when
carrier and wherein said netal oxide contains at

| eastuse®d eheaepommercipdcsedleronTherefpoep the catalyst of
consi sting of nolybdenum bisnmuth, iron, vanadi um

ant i neRgy, PE%$¢@F|%ﬂVﬁﬁHlﬂFobFuﬁﬂVQBt§Sﬁ@u§aﬂ§Ii@ﬁt when the
havi ng a fartlcle di ameter distribu- tion wherein the
anourf2eA1lxat aPfsthpaPreerps hﬁVFﬁﬁlﬁn p&r tSePe for pexrform-
di aneter of from5 to 200 pmis from90 to_ 100 % b

vei ght29 pasedtahvthe G\Eﬁ“@ﬁ%defilgﬁu QEcRERPY. ne-an’r& %‘G‘tene or
said catalyst havj a.po tri_bution wherei

th
cam ST UeRbrL FLPaRA1bTR o8r LUREIERG Reforeaitor . aory-

lonitrile or methacrylonitrile can be produced stably

in high vyield.



ameter of 80 A or less is not nore than 20 % based on

the total pore volunme of said catalyst, and the

curmul a- tive pore volunme of pores having a pore

di ameter of 25 1,000 A or nore is not nore than 20 %

based on the to 76 tal pore volunme of said catal yst.

2. The particul ate porous amoxi 82t i on catal yst ac-

cording to claim1, wherein said netal oxide is repre-

5 sented by the following forrmula (1):

Mb12Bi aFebCcDdEeFt GgOn (1) whek®IMS 10 Cis at | east

one el enent selected fromthe group consisting of

ni ckel , cobalt, manganese, zinc, magnesi um cal cium
strontiumand barium D is at |east one el ement

sel ecled fAoRRrldcudpsgpreseyiss eimmg*didatiosnioahalyst for use
tungsten, vanadium 15 niobium boron, alum num

gal | i & PrRdugingpREesY LoRditdd leams mahhaary os1itFilanby re-
Eis at |east one _elenent selected fromthe group ]
consi 8FtARY0PFPRY &BEt A SEPEFEREs O1F teF tbutadstalsphol with
el enent _selected fromthe 20 group consisting of

r ut heRPURFULREdPEFICPaPRd. AP aodm dnflivdiddiand Hifg reactor,
platinum G is at |east one el enent selected fromthe .
group consPeEAnGA6R ¥EH GRPPRIEIRS Anfiotddi Grdme g @ sil-

063|ug%Fand 23,8 18 fﬂg%é%nag%id metal oxide,

respe V8F§F1FﬁéhaVigg %hp%br&bdg

wherein said silica céxrier is present in an amount of
from 20 to 80 % by weight, based on the total weight of
said metal oxide and said silica carrier and wherein
said metal oxide contains at least two elements se-
lected from the group consisting of molybdenum, bismuth,
iron, wvanadium, antimony, tellurium and niobium,

said catalyst having a particle diameter distribu-
tion wherein the amount of catalyst particles having a
particle diameter of from 5 to 200 um is from 90 to
100 % by weight, based on the weight of said catalyst,
and

sald catalyst having a pore distribution wherein
the cumulative pore volume of pores having a pore di-
ameter of 80 A or less is not more than 20 %, based on
the total pore volume of said catalyst, and the cumula-

tive pore volume of pores having a pore diameter of

1,000 A or more is not more than 20 %, based on the to-
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77 atomc ratios of bismuth (Bi), iron (Fe), C D

E, F, G and oxygen (0), relative to 12 atons of

nol ybdenum (M), wherein: 5 ais from0.05to 7, b

is from0.1to 7, cis fromOto 12, dis fromO to

5 eisfromOto5 10f is fromO to 0.2, gis from
0.01 to 5, and n is the nunber of6 oxygen atomns

required to satisfy the valence requirenents of the

ot her conponent el enents present. 15 3. The

partital gperpovolsmansdxsdbdi oatadyakyst ac- cording
toclaiml or 2, wherein said silica carrier is

produced froma silica raw material conprising 40 to

100 % by weight of (i) at I|east one silica sol having

20 aré averB@uye marnerylsid | perpas tamhexiidattebar catallyem ac-
20 to 100 nmand 60 to O % by weight of (ii) at | east

one @1dieg sk ¢tkaimgl arvhereitgespidmeyadi bxdde is repre-
particle dianmeter of from5 nmto | ess than 20 nm
wher i e DY okhe el tpwing Soirmuba [2ast one silica

sol (i) and 25 said at |east one silica sol (ii) is

100 % by wei ght, 78

MOlzBiaFechDdEeFngon (1)

wherein:

C 1s at least one element selected from the
group consisting of nickel, cobalt, manganese,
zinc, magnesium, calcium, strontium and barium;
D is at least one element selected from the
group consisting of chromium, tungsten, wvanadium,
niobium, boron, aluminum, gallium, indium, phos-
phorus, antimony and tellurium;

E is at least one element selected from the
group consisting of rare earth elements;

F is at least one element selected from the
group cpnsisting of ruthenium, rhodium, palla-
dium, osmium, iridium and platinum;

G is at least one element selected from the
group consisting of sodium, potassium, rubidium
and cesium; and

a, b, c, d, e, £, g and n are, respectively, the
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each % by weight of a silica sol being expressed in
ternms of the weight of silica contained in the silica
sol. 5 4. A nethod for producing the catal yst of claim
1, which conprises: providing an aqueous raw materi al
m xture contain- ing conpounds of at |east two

el enents sel ected from the group’consisting of

nol ybdenum bisnmuth, iron, va 10 nadium anti nony,
telluriumand niobiumand containing a silica raw
materi al , 8bowisi rathosawntnbtiemuah ¢Bapri srog 4@e)g C, D,
100 % by weight of (i) at |east one silica sol having
an aver ageE. pFi n@rgndi bkygepal ©) ¢l cedatinweeroofl 2f mdoms of
20 to 100 nm 15 and 60 to O % by weight of (ii) at

| east one Melyederwon (Maving an average primary silica
particle dianeter of from5 nmto | ess than 20 nm
wherein the tot¥rergi®yht of said at |east one silica
sol (i) and said at |east one silica sol (ii) is 100
% by wei ght, ea®hi®oHyoR0vRPgh® df a silica sol being
expressed in terns of the weight of silica contained
inthe silica sbli5sb¥a® Urdi®9 dai d aqueous raw
material mxture to thereby obtain a dried catalyst
precursor, and €csf FFPRL sBPdldri ed catal yst
precursor, ther Q%%éé obtaining the catalyst of claim
1. 79 5. The ret ot dFPg’to claim 4, wherein
Zﬁadac?!_ C|rmuécgg(¥¥gmlge§oasprel|n1nary cal ci nation

f is frem 0 to 0.2,

g is from 0.01 to 5, and

n is the number of oxygen atoms required
to satisfy the valence requirements of

the other component elements present.

3. The particulate porous ammoxidation catalyst ac-
cording to claim 1 or 2, wherein said silica carrier is
produced from a silica raw material comprising 40 to
100 % by weight of (i) at least one silica sol having
an average primary silica particle diameter of from 20
to 100 nm and 60 to 0 % by weight of (ii) at least one
silica sol having an average primary silica particle
diameter of from 5 nm to less than 20 nm, wherein the
total weight of said at least one silica sol (i) and

said at least one silica sol (ii) is 100 % by weight,
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nal cal cination, wherein said prelimnary calcination

5 is perforned at a tenperature in the range of from
150 to 430 C and said final calcination is perforned

at a tenperature in the range of from450 to 750 C

6. A nethod for producing acrylgnitrile or methacry-

10 lonitrile, conprising reacti propyl ene, isobutene
or tert-butyl alcohol wth nol ecul ar oxygen and

ammonia in a fluidized-bed reactor using the catalyst
of ampcdng bof weligihts of ta |Llikm HolA heithedetpressed in
produci ng acrylonitrile or nethacry- lonitrile,
conpriedmsg ofe ddve weighdpyiferd licmimanringd in the silica
tert-butyl alcohol w th nolecular oxygen and ammoni a

in &%Y-ui di zed-bed reactor using the catal yst

produced by the nmethod of claim4 or 5. 20 ABSTRACT A
parti cul at e porous anmoxi dation catalyst for use in
produ0|ng acrylonitrile or,. methacrylonitrile by re-

hoti g pr8peehed FOmbRrafucTng dhe RRYALE bbbl Chith 1.
nolecgﬁa% 0X %en and ammonia in a fluidized-bed

r eactor-c E&?ﬁgjst conprising a nmetal oxide and a
silica car- havi n% sup orted therean the net

oxi de, whBFEMTHOIPHo e Sad SoMaiTs ot wa%wrmontam-
el eMEbS CRERTLAL KM NE AOUR LU RLNG O cotea £rom

nol y num ~biI's |ron ana
tell [ t i a
(el | ERUBAN DR AT S e aéee?ﬂel*f’ CREShREh Lggn. va-

cat alugh yRAr GhehGHnd2Y e 13 AYn and niobium and containing

a silica raw material,

said silica raw material comprising 40 to 100 % by
weight of (i) at least one silica sol having an average
primary silica particle diameter of from 20 to 100 nm
and 60 to 0 % by weight of (ii) at least one silica sol
having an average primary silica particle diameter of
from 5 nm to less than 20 nm, wherein the total weight
of said at least one silica sol (i) and said at least
one silica sol (ii) is 100 % by weight, each % by
weight of a silica sol being expressed in terms of the
weight of silica contained in the silica sol,

spray drying said aqueous raw material mixture to
thereby obtain a dried catalyst precursor, and

calcining said dried catalyst precursor, thereby

obtaining the catalyst of claim 1.
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ticle diameter of from5 to 200 mis from90 to 100 %
by wei ght, based on the weight of the catal yst, and
having a pore distribution wherein the cumul ative pore
vol une of pores having a pore dianeter of 80 A or |ess
is not nore than 20 % based on_the total pore vol une
of the catal yst and wherein the Cunul ati ve pore vol une
of pores having a pore dianmeter of 1,000 A or nore is-
not nore than 20 % based on the total pore vol une of
the catalyst. A nmethod for efficiently producing this

cat ale/st : . . X .
. The method according to claim 4, wherein said cal-

cination comprises a preliminary calcination and a fi-
nal calcination, wherein said preliminary calcination
is performed at a temperature in the range of from 150
to 430 °C and said final calcination is performed at a

temperature in the range of from 450 to 750 °C.

6. A method for producing acrylonitrile or methacry-
lonitrile, comprising reacting propylene, isobutene or
tert-butyl alcohol with molecular oxygen and ammonia in
a fluidized-bed reactor using the catalyst of any oné

of claims 1 to 3.

7. A method for producing acrylonitrile or methacry-
lonitrile, comprising reacting propylene, isobutene or
tert-butyl alcohol with molecular oxygen and ammonia in
a fluidized-bed reactor using the catalyst produced by

the method of claim 4 or 5.



