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SUMMARY OF THE INVENTION
55

An object of the present invention is to provide a method of making an iron-antimony-phosphorus-
containing catalyst for oxidation (including normal oxidation reactions, oxidative dehydrogenation and
ammoxidation), which is excellent in catalytic activity as well as in catalyst strength.
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difficult to renove the deposit Further, the operability during the
preparation of the catalyst is poorEpdm&ygipl e, the catalyst readily
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whi ch i s excet bentooi n catal ytic activity as well as in catalyst strength. 2
EP 0404529 Bi= Atdi0her obj ect of the present invention is to provide a
nmetihod @ nekF Adp ¥n i ron- anti nony- phosphorus- containing catal yst for

oxi dati on, v B Ban be produced with good reproducibility. Still another
obj ect of tHe& bdlent invention is to provide a nethod of naking an

i ron-anti noMy= O ¥8phor us- cont aining catalyst for oxidation, which is
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at ! east one( Cgéaemﬁasa.&&eemﬁauwmaefaﬁd %@L@.dseaa,»sﬁt I ng of LI Na, K, Rb,
Sr, Ba, Sc, VY, La, Ce, Pr, Nd, Sm Th, U, Ti, Zr, Hf, Nb,
Ta Cr I\/hDEﬂaLEDCl‘aiescMPndﬂJOFﬂhE INVENTIGN, |1, Pt, CQu, Ag, Au, Zn, Cd, Hg, 15
Al, Ga, s$n, TI, Ge, Sn and Pb; R represent at I east one el enent sel ected
from t he grouwpthe osalyss inadechythe Bsthodof thBipreSent imveitiohesach conliponant oftFe, $h anld,P rausaised h
each i s anblatdedincthe mbgeciefired faldve ensiron antintonste miis bb preSent i akbyStattine=forin. in0thé3&boR)
d = 0 to 1®rmula, Qis preferably at least one element selected from the group consisting of Li, Na, K, Rb, Cs, Mg,
b Ca, La, Ce, Ti, Zr, Nb, Ta, Cr, Mn, Re, Co, Ni, Cu, Ag, Zn, Al, Sn and Pb; R is preferably at least one
i 40 selement selected from the group consisting of B, Bi, and Te; b is preferably 10 to 60, and ¢ is preferably 3
to 20. When the ratio of the Fe component is lower than the above-described lower limit, catalyst activity is
lowered, while when the ratio is higher than the upper limit, the selectivity of the desired product is lowered.
When the ratio of the Sb component is lower than the above-described lower limit, the selectivity of the
desired product is lowered, while when the ratio is higher than the upper limit, catalyst activity is lowered
45 and physical properties become poor. When the ratio of the P component is lower than the above-described
lower limit, the selectivity of the desired product is lowered, while when the ratio is higher than the upper
limit, catalyst activity is lowered and a deterioration in physical properties due to the formation of antimony
phosphate is found. Also, various problems occur on the production of catalysts. For example, the catalyst
adheres during the calcination of the catalyst to cause a caking. Further, when crystalline iron antimonate is
50 not found in the catalyst, the yield of the desired product is low and the physical propsrties of the catalyst
become poor, for example, catalyst strength is lowered even when the ratios of Fe, Sb and P components
are in the range defined above.
Several iron antimonates such as FeSbOs, FeSb20s, FeSb20s and FeSbs 042 are known, and FeSbO,
is generally known. The invention includes any known iron antimonate, but the iron antimonate in the
s5 catalyst of the present invention preferably includes FeSbOs. The structure of iron antimonate is known by
X-ray diffraction data as described, for example, in J. Korinth, P. Royen, Z. anorg. allg. Chem. 340, 146-157
{1965).




e= 0to 15 f= 0tol0 h= 0 to 300 g is the number of oxygen atons as
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above-nmenti oned conponents; the atomc ratio of P/Fe is at least 0.3; the
atomic ratio of P/Sb is at least 0.1; and the atomic ratio of P/ X is at
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is generally 0.5 to 50 ho rs It is preferred that the phosphorus compound is mixed with the crystalline iron
antimonate prepared in the manner described above. When the phosphorus compound is present from the
start of the reaction of the iron compound with the antimony compound in an aqueous slurry to prepare the
iron antimonate, the iron antimonate is not formed, even when the reaction mixture is treated under

45 predetermined conditions (pH, temperature, etc.). This is because the phosphorus compound prevents the
reaction for the formation of the iron antimonate from proceeding. When a slurry containing no iron
antimonate is used as mentioned above, the slurry is liable to form precipitates, and operability is poor. For
example, large amounts of deposits are formed in the chamber during spray drying, and there is a difficulty
in preparing a catalyst excellent in activity and strength with good reproducibility, as shown in Comparative

s0 Examples 1 and 7 described hereinafter. Accordingly in the method of the present invention, the iron
antimonate must be present in the slurry containing catalyst components.

Examples of a material for the phosphorus component include orthophosphoric acid, condensed
phosphoric acid, phosphorus pentoxide, diammonium hydrogenphosphate, ammonium dihydrogen-
phosphate and ammonium phosphate.

55 Silica sol can be advantageously used as the raw material for silica carrier. However, white carbon,
fumed silica or silica hydrogel can be used as a part or all of the raw material.

When elements represented by X, Q and R in the empirical formula are introduced as optional
components into the catalyst, the starting materials of these elements are used in the form of nitrates,
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ant i mony t P§TER0F 4d ratigg,irp OMtet roxi de, antinony pentox- 35 ide, antinonic

acid, pol yin% t pRgl é zé }%E !SOdI um anti nonate, potassium anti nonate, antinony
tri chI orj d entachloride. It can easily be confirmed by X-ray
d'f”aC“O“ 5 St 7 thd Bfowirlg B ThE 3RS orgshic’ BmBEifla Ur R bnmdrie
o Tt er | gl o e A Pt B e g St mh@ﬁiﬁw"éﬂugf

slurry conihalda{awa @erhg' 3 9 _mCEHAPRS! Mekgift NtHerédh baing 140y, RGLRA Waéksird wad @tmospheric
prepar at i Opregduret he iron antinonate. The calcination is

50 The conversion of the starting organic compound and the yield and selectivity of the desired product in
the examples and comparative examples were determined by the following definitions.

Weight (g) of carbon in starting

. compound consumed by reaction
Conversion (%) = x 100
Weight (g) of carbon in starting

compound fed

55




40 generally carried out at a tenperature of 200 to [err] , preferably 550
to 900 * Cin air. The calcinatiopgpioissegpgenerally 0.5 to 50 hours. It is
preferred that the phosphorus conmpound is nixed with the crystalline iron
antinonate prepared in the manner described above. Wen the phosphorus

conpound is present fromthe start., o hegr ion, of the iron conpound
with the antinony conpound i ﬁgﬁgé@ Lg§£§$f§°igygrepare the iron
antinonate, the iyjieidaniy)ran reaggoon

mxture is treated under 45 meb,gletetmmﬂ carbioni bms (pH, tenperature,
etc,). ®This is because the phetarbing compound fedvents the reaction for
the\LOrmatlon of the iron antinonate from proceedi ng. Wien a slurry
containing no iron antinonate i used as rrentl oned, above, the slurry is
liable to formprecipitates, &S y ox For exanple, |arge

amount g of faqr EXCT Y ‘ T dr yin and
there iﬁjs a %P%Ect‘] tyylan“?reméj,gm-_a(g)itofyei:wﬁeihegtaralagt%‘v??g and
strength with good reproduci bédmpyundscohigumed nbfgorpactione 50 Exanples 1
and 7 described hereinafter. Accordingly in the nethod of the present
invention, the iron antinonate nust be present in the slurry containing

cat al yst congpvinasst sondiizaweteas faibwsa nmat eri al for the phosphorus conponent

i ncl ude or tHh@apimosigdtior ofenethanall, condensed phosphoric aci d, phosphorus

pent oxi de, Cdiffesrasair/methdngics dgdmgimoB phat e, anmoni um di hydr ogen- phosphat e and
ammoni um pibismetherel =33 (mo/mdfi | | ca sol can be advant ageously used as the raw
mat eri al f &) Ammokidatiorcefpropdene However, white carbon, fumed silica or silica
hydrog# céh “B‘eaww%llﬁ"a‘p%ﬁ(me‘fmoall of the raw material. Wen el enents
représent e&'”bf?’%/'e"Q'ahbl("F?"t“H)the empirical fornula are introduced as

opt i onal cé"ﬂﬁﬂ‘ﬁ\? ofts9PH9M8 catal yst, the starting materials of these
el enent s a g pin IﬁoTJZ%E‘B gimali t r at es, 4 EP 0 404 529 B1 carbonat es,
sul fat es, ‘3&’#’8%5 % or other conpounds. The catal yst made by the

met hod? of.r t}grsqreleehe Ry ention can be used for fixed bed and fluidi zed bed
reactors—e&ﬁﬂ—a—gcaél;ﬁy# for use in the fixed bed is to be produced, an
aqueous SAM{JHXBS%%%QEQI ng the crystalline 5 iron antinonate, the
phosphorus conpound and other materials for other catalyst conponents is

dried gr driRtedins catisd Hf decority 16 8 rhetiol|dedcRSbd TR iTEd:t iMBtholisStoBYriliefic Bitayfieans

of pel | etdrgdking CatlystEAThdribh! GYanamit)€8) LR, 6/81-8 Y7, & QBI-ASW toft ridiRd Kdr Wlidl caaphiched
is to be ducrpyetstsit 1s preferred that the aqueous solution or slurry is

spray- dri edattritlod 164sIT%§ RWas Gqidiminedisd thgo@lidwing fedula. The spray drying of the
slurry can be carried out by using any conventional spray drier such as a
rotaryssdi sc type, high-pressure nozzle type or wo-fl uid nozzle 10 type
drier. Fluidized bed calgieef{@ismMnéss uggfj & B9l on. The
above-descri bed net hod of making the catal yst CsAsuitable for use in the
producti on of a catalyst for the fluidized bed in particular, and a

alyst excellent in activity as well as in strength can be obtained with
goo r@pr"ﬂﬁﬁt‘f‘l bi llt{ The cata st made by the net hod of the present

i ti As= 19 8 gefjod ©
e T oD T i
A m xed gag of e§ 2 &rlgmlosrt%%%gstcorrpound oxygen and optionally anmonia

ina nR' ar Jﬂ%t th& wa \ﬁ It 59 g. The higher the attrition resistance of the catalyst, that is, the
higher the strength of the catalyst, the smaller the value of attrition loss (%) R.

EXAMPLE 1
50 A catalyst having the empirical formula
Fo13Sb25Ps Og45(Si02)s0
was prepared in the following manner.
65 () 273.5 g of antimony trioxide powder was weighed.
() 420 ml of nitric acid (specific gravity: 1.38) was mixed with 530 ml of water, the mixture was heated

and 54.5 g of electrolytic iron powder was added portionwise thereto to dissolve it.
(ll) 1354 g of silica sol (20 wt% SiOz) was weighed.
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pound: oxygen: ammonia = 1:0.3 to 15: 0.5 to 7 is passed through a reactor
packed with the catal yst at a tenpepas 49452081200 to [err]. Contact tine is
preferably 0.05 to 20 seconds, and reaction pressure is preferably
atmospheric pressure to 2 kg/[err] G 20 The reaction may be carried
out in the fi x@d abdkd) imthisforder were adtiot tedll) while stiring well. TiheckbH-of thelyeigurp wagrdivsted A e.
The cat al ystbyrpddiag eyeoniggwathd of the present invention displays excellent
per f or mance whatp 'auiine plimt whe heatedph 8§ Srwith siringfon nougeny dr ogenat i on or
ammoxi dat i on oF hey H‘l tee &'Hﬁ’p‘{ﬂirﬁiﬁ""gﬂcﬁ*! Xy diffeectompty W&r‘t‘?& qund ggt,dystalline iron

al cohol &, aI - Vg tltute (ﬁrorrat I ¢ hydr ocar bons.

Par f-cul arl 'Phos ati u Iu con fr resent Ifi nVon grltr(r%\rc}na{tes

su tavle {5k ﬂ% m‘Lﬁ f e o ﬁhu@’%ﬂ ok g s
|

of Oxyg%l/ rés% lc ﬂzghcl ial ter ‘1‘5%7

mol ar rati gy g r.xb@ honesﬁcﬁﬁ xo Ao

reaction tenperature is 3 err contact time 1s O. to 20 seconds and

reacti on pegapieE® i s at rmspherl C pressure to 2 kg/[err] G It is difficult

to obtain a catalyst having satisfactory good strength with good

reproduas bi | iA sataygt Havingdthe Siveshhpiraicibrmina tab @t df Gtie datalystoe Exdghp® 10vkis Plapared in the

wher ei n t hioligirgayenoeri ¢ conponent and t he anti nony conponent are present

from the st al)e7a8 g ofi acfimyy &riogidecpowdérrvas weighedescri bed in JP-A-1-1 71640

(cor r espondi (B9t gEhifewio odrpte Wag weighedubl i cati on No. 323, 129A1). In

convent i onal pfilowasdrorougithempxed ity () and thefmixtire wessgalsingd at 550 14 forong hour jandh 680 1
e (chandged V\';P"t # heyse 381 9 atep vag pdded therelo %ﬂétthQ/MXWeaMf peshed a3 byl milldy 8 jwet

e cat al RreeessHpictShawrsit  vel y greatly varied. Hence the process has a

serr ous probl eM‘W"P\ '“r?%éﬁ"ﬂ’ vE el"@b‘?‘??oﬁ!c’F By 1dififagtompley g foyas deppd ahgedalingy I at
vari ous pro trial oduction scale, for exanple,

| ar ge am)unt é 8%; a“g if"fﬁ‘?i'g' he wall of the spray drier and
operan iy . s 'ﬁl pzqf%ifidg i AR Sl il wgh%rg 1y } 3 as
according EJI% obﬁ&‘ th& By IIHE &?éntnm%%rﬁ;? hbrus %o

product i oncg or{ .arv yp$ 8 by using REroldtCHR ypd ears‘mr.evwesre 'fl 'éﬁﬁeﬁéi e

i n greater pRiadia veeagé particR§ dRinflRf: @bduP 50 Eﬁw Pbaichl 8208 ¥EFP b RsurdVai 4001 C RP SRR -
are not t 0aRBhénUNBA0- B9 3dows.i M ting the |nvent|on In any way. Unless

otherwi se indicated, all parts, percent and ratios are by weight. Test for
Activity obExAmeiEldyst 45 Activity test was carried out in the follow ng
manner. The starting organic conpound, air and anmoni a were passed through
t he cat aé yst Acmtilysithadnd theierghiriceldorineld r eact or (the i nner dianmeter of the
fluidized zone of the catalyst being 2.5 cmand the hei ght thereof being 40
cm) . React FopShrfegbsfueOuatSismospheri c pressure. 50 The conversi on of
the starting organi c conpound and the yield and selectivity of the desired
pr duct i nWashereRazed i the same Mmapnshpain Fpanrle &exaep! thal eaphrol apmeniyimetaypnpdate a3che
f ol Towi rffy EFR¥FTaripl fey¥cand ppn épg'rﬂt’a("gaﬁ therraw, matgiihfor Gu wasdissplypg injpyre water @d3pdpdiafigh
(% the additep SLATHM B I Y9&d by reaction

T g R x 100 Weight (g) of carbon in starting

conpound fgé@%'iE—"

45 A catalyst having the empirical formula
Fes Sbzs P13 Mo0g.3Vp.3Mgs Cuz20gs.15(S102)s0

was prepared in the same manner as in Example 1 except that each of ammonium paramolybdate as the

s0 raw material for Mo, ammonium metavanadate as the raw material for V, magnesium nitrate as the raw
material for Mg and copper nitrate as the raw material for Cu was dissolved in pure water and added after
the addition of antimony trioxide.

EXAMPLE 5

55
A catalyst having the empirical formula

Fo11Sb2s P15 M0 sWp 2Mnz2Co1 0111.4(S102)s0



EP 0 404 529 Bl Weight (g) of carbon in desired product forned Yield (%

- . EP 0 404 529 B1 , x 100 Weight (g) of
carbon in 6 _ starting conmpound fed Weight (Qg)
of carbon in desired product fornmed 10 Selectivity (9 =

x 100 Weight (g) of carbon in starting conpound consuned by reaction 15
Acti vi t y wae prbparasiiol ittiei same mawnee asis Exarileohiexcept tat pachwk aroraeniughpaamolybdaieseidihe
[err] (f ey mstedsl foy Meearmmenim paraturgstgtass theopy nfatorislfor by mangenese-niatq jLFPBN?%m )
(2) AmmoxistbalifesrMosndmobalyftietecas 3 raw mpterigl for Cp aas digsolypq i RyTeqFiRr apfbadtiedafipr,
(ol / nel )he[aéﬂlﬂq"{%?'wwmyéﬂ‘é“dﬁ 1.1 (mol/mol) (3) Amoxidation of isobutene
[ery] (fed ag air)/isobutene = 2.3 (nol/nol) [err]/isobutene = 1.2
gerI{m)![ Mt_fgr Strength of Catalyst Attrition resistance test 30

e test was carried out according to the nmethod described in Test Methods
g?glsz1rgt rﬁ}’?‘ga'%éf%ﬁvm {%86@'5%@%' g‘]’[;Cat alyst, American Cyanamid Co. Ltd.

-4 m, \ | | - kno est.~et hod for fluid catalytic cracking

cat al yst s.‘awg%?‘l Q}I\%ﬁkp@ > %}ab”égik‘/;a% deternined by the follow ng fornula. 35
Attrition.cl %ﬁ%ed e sele manhe?ad In Eximpi®9 ofdpt thid B5cRi of arfimonium pafithdlybtiaté @9 thef
catal yst LOSCLEN G0, thd BB bbEISbdP0y8EdRY Métalichth fowtstwi MALIBED 2Bt raw
Vi ght ,5( Gatdpibs 16ro6rR lsikEit nitdShs 1Y ra indtbrial 8N AG] hloM@MEnitRes dsbe @iv riferibicior Gr anflt er
t he | aps quffoniti QRerunT Ffatdas e af maferial for Co\Wak Gissolved) pr snépendetian meé witercand edded st .
45  Thaterttesdddmérsof emm@mciieaieni th C = 50 g. The higher the attrition
resi stance of the catalyst, that is, the higher the strength of the
cat al yst . ExaANBLERl | er the value of attrition loss (%9 R

: 20

N A catalyst having the empirical formula

Fe12Sb20Ps M0 5Bi1.0Pbg.1074.2(Si02)s0

25 was prepared in the same manner as in Example 1 except that each of ammonium paramolybdate as the
raw material for Mo, bismuth nitrate as the raw material for Bi and lead nitrate as the raw material for Pb
was dissolved or suspended in pure water and added after the addition of antimony trioxide.

EXAMPLE 8
30
A catalyst having the empirical formula

Fe13Sb4oP10Vp.5M0p.1Zns BosNag.1Lip.10120.9(SiO2)60
s5 was prepared in the same manner as in Example 1 except that each of ammonium metavanadate as the
raw material for V, ammonium.paramolybdate as the raw material for Mo, zinc nitrate as the raw material for

Zn, boric anhydride as the raw material for B, sodium nitrate as the raw material for Na and lithium nitrate
as the raw material for Li was dissolved in pure water and added after the addition of antimony trioxide.

M w0 EXAMPLEQ
A catalyst having the empirical formula
Fes Sb1s P7M0y.1Vo.3Al2 Ko 2Bip5061.4(Si02)30
was prepared in the same manner as in Example 1 except that each of ammonium paramolybdate as the
raw material for Mo, ammonium metavanadate as the raw material for V, aluminum nitrate as the raw
material for Al, potassium nitrate as the raw material for K and bismuth nitrate as the raw material for Bi was

dissolved or suspended in pure water and added after the addition of antimony trioxide.
50

EXAMPLE 10
A catalyst having the empirical formula

55 [FeySbi1oP20Ti1Lag5083.25(Si02)s0

was prepared in the same manner as in Example 1 except that each of titanium dioxide as the raw material
for Ti, and lathanum nitrate as the raw material for La was dissoived or suspended in pure water and added

8



IEXAIVPLE 1 50 A catal yst having the enpirical forrmula [err] was prepared
in the followi ng manner. 55 (1) EP0M0d 5g9@ft anti nony trioxi de powder was
wei ghed. (11) 420 mM of nitric acid (specific gravity: 1.38) was mxed with
530 mM of water, the m xture was heated and 54.5 g of electrolytic iron

powder wasaftacttieaddiiion ofiaptimany tioxi¢eer et 0 to dissolve it. (I11) 1354 g of silica
sol (20 wt%!err]) was weighed. 6 - EP 0 404 529 Bl (111) and (I) in this
order wer Ho (1) while stirring well. The pH of the m xture was

adjusted to addi ng 15% ammoni a water. The resulting slurry was heated

gt ”\g‘zrr]s | M"é‘é’?‘r"?‘?'ﬁ herqmeingalfIM®  The solid in the sl urry was exani ned
y ray tr found that crystalline iron 5

anti monat e#%h{b’aﬁ&‘%;gf}ﬁ?a%hg?"(% %of phosphoric acid (85 wt% was wei ghed.
Phosphori c %C,Ir%ﬁ&hﬁ thw@ﬁn@ﬂ%a Gp EARRIUGEME il S Yt b ool Biate 48 e
crystal L ing ifd itrktD s b ¥dwhReniPRr ZNSHIAKRMYoxRIE b 1he thw! idteridl
hour. The Qél@ ﬂ@%@ﬂ\‘dt@ﬂéﬁ |fdt“'|§ Bish @A tnitvats 128 Ghel @ nfatolial tick| Bi wa€ dissoRBd or

anti nmonat esus o BYD AAEILERd GAEE QYR the 3lkioh BEantimriy@bxigalr ri er material was
spray-dried by 10 using a rotary disc type spray drier. The resulting fine

spherical prampielies (average particle diameter: about 50 [err]) were
calcinedsaft [err] for 2 hours, at [err] for 3 hours and then at [err]
for 3 hours. Ax¥élyRibaviiy thdempiricaldormalk al yst havi ng the sane enpirical formula
as that of the catalyst of Exanple 1 was prepared in the follow ng manner.
(1) 273.5 Gero%bciheMaanlayCuePiafSi@o powder was wei ghed. (I1) 394.4 g of ferric
nitrate was wei ghed. (1) was thoroughly mxed with (I1) and the m xture was
calici nedo awa nsvna%edﬂwetbﬁ@"wwmaam at [err] 20 for 2 hours 381 g of
wat®f was adll@8B-% ¢ efastimeny Yigxide,was yelghet o was crushe n & e
process for 5150 pielectighac geinrd"aSﬁd dofl do ﬁﬂ%ﬁéﬁ % °°'“°' oly
di ffractorret‘?'ymé"ﬂdh?'?'“ g"‘ﬁﬂ[ﬂ? QE; (:r'grl' FHEY 3’ ?5’3 571 g of
"I@?

I irqn pawder: or
I;(Z)rgeg. I I I "E } B? §|‘I’ 20 eegggéjsra]d)mga; mgl ghed. 25 (IV)
cont ai ni ng t omu ate dissol i %' ﬁué%é
c}f gm IE) Hﬂ ate’ vg od 53 UisSondB T 18 rﬁdeln'p&%xn&é)l
(rr1). Phosp |6na c?d ereto and the m xture was
thoroughly sidyoh2{ o ‘%spl' %J@ @85 Mg%.ghapt ai ned aqueous slurry containing
the cryspall 'ﬂﬁa 51 Qi) wab hdde® ﬂﬁﬁ@lfontrl?@tep RESpRNMF S sof BSHAML Sbsatjaéhtiy, T (¥) dnd @Y in
carrier maiRf drédr weid addeR tidvetdnd & mddturb b WGordughl sifedl fol DS®odrype spray drier.
The resul ti nagliddde amRbid (16 M%) was added thersto with stirring to adjust the pH of the mixture to 2, and
the mixture was heated at 100°C for 4 hours.
it was found that crystalline iron antimonate was formed in the heat-treated slurry. Phosphoric acid (VI)
35 was added thereto and the slurry was thoroughly stirred for 1 hour and spray-dried by using a rotary disc
type spray drier. The resulting fine spherical particles (average particle diameter: about 50 i) were calcined
at 200° C for 2 hours and at 500 *C for 2 hours.

COMPARATIVE EXAMPLE 1

A catalyst having the same empirical formula as that of the catalyst of Example 1 was prepared in the
following manner.
(1) 273.5 g of antimony trioxide was weighed.
(i) 420 ml of nitric acid (specific gravity: 1.38) was mixed with 530 ml of pure water and the mixture was
45 heated to 80° C. 54.5 g of electrolytic iron powder was added portionwise thereto and dissolved therein.
(1) 1354 g of silica sol (20 wt% SiO2) was weighed.
(IV) 52.0 g of phosphoric acid (85 wi%) was weighed.
(), (IV) and (1) in this order were added to (Ii). The mixture was thoroughly stirred and heat-treated at
100°*C for one hour. Solids in the slurry were examined by X-ray diffractometry and it was found that iron
50 antimonate was not formed. Further, when the slurry was left to stand, antimony trioxide powder was
immediately precipitated. While stirring the slurry, it was spray-dried by using a rotary disc type spray drier.
A large amount of the slurry was deposited on the wall of the spray drier in comparison with Example 1.
The deposit adhered firmly to the wall so that there was a difficulty in removing the deposit. The resulting
fine spherical particles (average particle diameter: about 50 L) were calcined at 200°C for 2 hours, at
85 400 °C for 3 hours and then at 800 *C for 3 hours.
It was found that crystalline iron antimonate was present in the calcined catalyst. However, the catalyst
strength was low and the yield of the desired product (hydrogen cyanide) was also low in comparison with
the catalyst of Example 1 wherein the iron antimonate was formed in the slurry before spray drying.



30 particles (average particle dianeter: about 50 [err]) were cal ci ned at
[err] for 2 hours, at [err] foreBolBpas2eBnd then at [err] for 3 hours.
EXAMPLE 3 35 "A catalyst having the enpirical formula [err] was prepared
in the sane manner as in Exanple 1 except that each of ammoni um

met avanadGOMPABATIVIE EXMMPLE 23w mat erial for V and copper nitrate as the raw
material for Cu was dissolved in pure water and added after the addition of

ant i m)ny L r?‘ (99(‘?'}% ha‘EﬂAﬂPEﬂ“ﬁ °‘2I‘EP°S' fon &8 thatroh P tYEN A1 et T IBiFFSPERT M 8P rul a

[err] vva n to sa ﬂ.lggr as in Exanple 1 except that each of
ammoni f Ig |rn Y ﬁ&aﬁﬁeg iw material for M, ammonium

nmet ‘awanada "%x' i“)‘ag)gvel rragnesi umnitrate as the raw

mat eri al il g raw material for Cu was dissol ved
i n pure Wa a.)agﬁgaﬁ 4 g’iﬁ% S N e eﬁ.ﬂmmwa%wdmwsuhsa oxi de. EXAMPLE 5

55 Ac Mdr{ﬁht rglﬁanﬁmafe'vﬁ@ hot! 16HmBd Indnd fB5iiBhg Slurry. TS sy ARé spréaddd byas
prepar ed dmgg Ritary AR tyBREYIE dridS The YesultiRg RheSspheredl palidles! (Bdfage périitie0diantiBrBbu M
par anol ylygal) GresScaidiied B 200TBLIGH 2 Adurs, @t 400BC 1GITRGUS.EAdAAYNA BOQT RE 8 hags.lThe I aw
mat eri al résafting/\éatdiRN gad Saminad by dtray aiffrabibRetiyaatid Mewaa! fould thead lirodVBntiaionate @b hdt
nitrate asmeie raw material for Co was dissolved in pure water and added
after # the addition of antinony trioxide. EXAMPLE 6 A catal yst having the
enpi ri calCOMPARATIME EBAMFIERY was prepared in the same manner as in Example 1
except that each of ammoni um par anol ybdate as the raw material for M, the
pr oduct obtépﬂ@wwinaﬂﬁemﬂﬁ%mmaal lic tin powder with nitric acid as the
raw 15 material for silver nitrate as the raw material for Ag,

chromi ?RmFﬁi‘fﬁ%@ﬁ“&&”%ﬁ@‘%ﬂﬁ'%ﬁ’er| al for O and amoniumceriumnitrate as
the™aw material , . was di ved or ded in ur e ter and added
b or -t o aapeh Mo b i SERPE § eant GRRRP oot KR of havi ng ¢ he
empi ri cal o\ IHHJe ExampLE 4

25

A catalyst having the empirical formula
Sb2s P15 M0g sWo.2Mn2 Co1 Ogs 6(SiO2)s0
s0 was prepared in the same way as in Example 5 except that the Fe component was omitted.

COMPARATIVE EXAMPLE 5

A catalyst having the empirical formula
Fes1Sbzs MOo,sWo,gan Coy 013,5(Si02)50
was prepared in the same way as in Example 5§ except that the P component was omitted.

e 40 COMPARATIVE EXAMPLE 6

A catalyst (having the same composition as that of the catalyst of Example 12) having the empirical
formula

45 Foe13Sbzs P10Mo0g.1Vo5CU2 090.05(SiO2)e0

was prepared in the following manner.
() 286.7 g of antimony trioxide was weighed.
(1) 15 g of electrolytic copper was added to 420 ml of nitric acid (specific gravity: 1.38) and completely
50 dissolved therein. The resulting copper nitrate solution was diluted with 530 m! of pure water. 57.1 g of
electrolytic iron powder was added thereto and dissolved therein.
() 1418.3 g of silica sol (20 wi% SiO2) was weighed.
(IV) 1.39 g of ammonium paramolybdate was dissolved in 50 ml of pure water.
(V) 46 g of ammonium metavanadate was dissolved in a mixed solution of 15 ml of 35% hydrogen
55 peroxide solution and 50 mi of water.
(V1) 90.7 g of phosphoric acid (85 wi%) was weighed.
Silica sol (lll) was added to the iron nifrate - copper nitrate solution (lf). Subsequently, (I), (IV), (V) and
(V) in that order were added thereto and the mixture was thoroughly stirred and heated at 100 C for one

10



[ERR] 25 was prepared in the same manner as in Exanple 1 except that each
of ammoni um par anol ybdate as the r gprowie208®1 for Mo, bisnmuth nitrate as
the raw naterial for Bi and lead nitrate as the raw material for Pb was

di ssol ved or suspended in pure water and added after the addition of

ant i nony  thout ivwge fourkhalvpiEarymante/was aetdprned intbe resuling Hime it Fiyry yes srsmpdiied in
[ERR] 35 #weasvesfienplmanderiby using.a totre disp-lyprsoray ey Theresiing fing parficias fverage parfclec
of ammoni uﬂ?’?ﬁéﬁ’eﬁ?&‘ﬁéﬂﬁ% E°’a§a"i"??€ o 200" Grépr & hpust a'\d(ﬁr’(\? C%ﬁﬂ?ﬁ'ﬁ'ﬁ]"ﬁﬁ'&ﬂﬁ‘f’%ﬁﬁt e
as the rawn RS nc n trat as hepth c

hydri & TP"h?s' Vﬁ r§°’"§°8 o
ARSI e gst*'"f o

am§ ever IOI"I
f

vvat er and gacglg‘oﬂ iron ag’lhmonate for se‘gij ég
cat al yst hé’wl 13 iﬁﬂ rrepztalhree |n t e sarre

S o pfaéenempn.b U RAAIFRI Y RS Gt I

Manner gg 1N abdbl y. |t -IP’ﬁSQH&erét

raw materigl, o,taq{f , ammoni um et avanadate as the raw material for

al um num ni t FrRd Sctidfy tdstcor 8 \batBipdtesbtaied inCExamples PRL1129Ad CoMpaiativedixEmMés 1ttb$ weW
mat eri al fggrr.eﬁoatnd bismuth nitrate as the raw material for Bi was dissol ved
or suspended in pure water and added after the addition of antinony
trioxides 50 EXAMPLE 10 A catal yst having the enpirical formula [ERR] was
prepared in the sane manner as in Exanple 1 except that each of titanium
dioxide as the raw material for Ti, and lathanumnitrate as the raw
material for La was dissolved or suspended in pure water and added EP O
404 529 Bl after the addition of antinony trioxide. EXAMPLE 11 5 A
catal.ys®® having the enpirical formula [ERR] was prepared in the same nanner
as\i‘ﬁ Exanpl e 1 except that each of ammoni um paranol ybdate as the io raw
material for Mo, zirconiumoxynitrate as the raw material for Zr, and

rheni um oxide as the raw material for Re, boric acid as the raw materi al
for B, tggsnuth nitrate as the raw material for Bi was dissol ved or
suspendéd in pure water and added after the addition of antinony trioxide.
EXAMPLE 12 15

30

35

50

56
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A catal yst having the enpirical formula [ERR] 20 was prepared in the the
followi ng manner. (1) 286.7 g of EM®#OMOS29 BY i oxi de was wei ghed. (I1) 15.0 g
of electrolytic copper was added to 40 m of nitric acid (specific gravity:
1.38) and conpl etely dissolved therein. The resulting copper nitrate

sol uti on wa'®e ssplsEEashown if T801-ni of pure water. 57.1 g of electrolytic iron
powder was added thereto to dissolve it in said solution. 25 (rrr) 1418.3
g of silica sol (20 wt% $ O2) was wei ghed. (1V) 1.39 g of ammoni um

paranp] ybdate was wei gitegl®ard di seokvedei n 40 ™ ofe puke water. (V) 4.6 ¢
of ammoni um et avanadatipi®as® wei ghe® an® dissol¥eddn 5 m of 35% hydrogen
per®%i de sol uti on and F'm of pure water. (VI) 90.4 g of phosphoric acid
(85 W% was weighed. 230 gSilica sol (I11) wad &fded §o the iron nitrate
- copper nitrate sol Y&igl=(133 2 Subgequgnt 1y, (¥, g2VE3IRd (V) in that
order ere added theflt’ofand 2 Re i Rt ure wels t hbZoutyhl g $¥irred for 0.5
hour. Aqueous anmoni g&(’ wt"*’/g was added theret®awigh Stirring to adjust
the pH of the m xturgst®n]2, and the m xture vvas.hea}ed_.at [err] for 4
hours. It was found HB#¥cry&ssal l4ng iren antinpaatmwdsa formed in the
heat-treated slurry.3# Bh@gc &id () B wedsadgied Stshereto and the

sl urryswas t horoughl rrad for 1 hour and sptay-%iri & by using a rotary

di sc type spray dri e resulting fine sphergal Particles (average
BYR0 §2rrlq werencal€inefati e~ for 2 hours and
.0

#don S
il

£
Na

o

particle dianeter: &3~

at [err] for 2 hour |\t BEXAMPLE & 40§A ca‘ﬁalg,,a havi ng the sane

enpirical formula as '# f8¥he catal yst of Ex',ﬁﬁpl‘b:."lﬂwas prepared in the

f okl o ng manner. (I 257T_5 g of antinony trioxi 8¢ whs weighed. (11) 420 m
e

1¢ldPf Con

of nitric acid (specgfi grayity:':19.38)=:was‘2rrix'ed withe530 m of pure water
and the nixture was 45 8¥*=héated To™[erf] ."54.% g bf lectrolytic iron
powder was added por§i qhwi se thereto and dissolved therein. (Il11) 1354 g of
silicggsol (20 wt% [ rid dgwas weighad. &1 V)n52.4 g f @hosphoric acid (85
W% was wei ghed. (I1§1)28%1W an (F) im thts order*were added to (I1). The
m xture was thorojgh yss irred and heat-treated at [err] for one hour.

i

Solids in the slugryswerg exam ned By Xsraysdifiraciomeiry and it was found
that iron 50 ant at edwas® not Yofmed™ Further, when<the slurry was |eft
to stamd, antinmony tTi oxX¥fde powder was i mediately precipitated. Wile
stirring the slurry, itdgas spray-dried by using a rotary disc type spray
drier. A large anount §Gatheg sl urry, was, deppsited gqn the wall of the spray
drier in conparison wetd®Exa@ml e 1. The deposit adhered firmy to the wall
so that there was a di f&%culty in renoving the deposit. The resulting fine
spherisal particles (gvesage particle dianeter: about 50 [err]) were
calcined at [err] for §% aurs, ate 58§ [8rr]=2 for 3 hours and then at [err]
for 3 hours. It was f8M&&Stat crysfal | fne Tron“antT nofate was present in

t he cal ci ned catal yst. wever, the catalyst strength was | ow and the yield
ofU,-he desired producE¥ ydrgogen gygni dg) was agso gowg n "conpari son with
the cdfal yst of Exanpké ~werei f_tfMle i Pon Antifonate Wag formed in the

slurry before spray dr)ﬁ ng. 2 o . e -
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9 ' EP 0 404 529 Bl COVPARATI VE EXAMPLE 2 A catal yst having the sane
conposition as that of the catal ysigpqfsdpgdgmdie 1 was prepared in the

foll owi ng manner. 5 (1) 273.5 g of antinony trioxide was wei ghed. (I1)
77.9 g of iron trioxide was weighed. (I11) 1354 g of silica sol (20 W%
[err]) was weighed. (1V) 52.0 g o jphosphoric acid (85 wt% was wei ghed.
(1), (11) and (1V) in order were 8 zedato tl 1193 arkd the m xture was

t horoughly stirred. 10 It was $dpnd®thal iron anti nonate was not formed
inthe resulting slurry. The slurfy was spray-dried by using a rotary disc
type spréay drier. The resulting|4® spherical partickBes (average particle
di aket er: about 50 [err]) were faE@anel at[er}] Forf2 hours, at [err]
for 3 hours and then at [err] f _3,5 “hotirs.*The® resul t i@ng cat al yst was

exam ned by X-ray diffractonmetr§¥8and it was found that iron antinobnate was
not forned. 15 COVPARATI VE EXA

B.3 A catal yst having the enpirical
formul a0 [ERR] was prepared (3 sanesways as 4 n Exanple 5 except that
the Sb conmponent was omtted. 2 T&VE EXAMPLE &4 23 A catal yst having
the enpirical formula [ERR] 30 J88# prepared in the s way as in Exanple
S except that the Fe conponent 3@s.pnitted. COVPARATI YE EXAMPLE 5 A
cat al yst,gshaving the enpirical f®l&@.a 85 [ERR*twase prdépared in the sane way
as in Exanple 5 except that the|Pi&np8nent wad orﬁtté.d. 40 COVPARATI VE

conposition as tihat of the catalyst

i

EXANPLE 6 A catal yst (having t hé=8

of Exanple 12) having the enpirjcgl,formila 45 [ ERRI2 was prepared in the
follow ng manner. (1) 286.7 ¢ 85%8 mBny Eri ofi de:vvas‘.' wei ghed. (11) 15 ¢

of ;el-ectwol ytic copper was add 881220 m “of nitric gid (specific
gra\ri’ty: 1.38) and conpletely g 4
- 5 :;,ﬁ,a s = 2 3

eadl. - - - -

2

25

1)
(1)
(1)
Y

Table 1 (cont'd
i

30

Iron
Antimonate

Density in Catalyst Reaction
formed
L ]

The desired product of Xxamples 1 to 5 and 8 to 12 is hydragea cy
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60 di ssolved therein.. Thesresulting copper nitrate solution was diluted
with 530 ml of pure water. 57.1 Ogpb 404883 89! Ytic iron powder was added
thereto and di ssolved therein. (111) 1418.3 g of silica sol (20 wt % Si Q2)
was wei ghed. (1V) 1.39 g of amoni um par anol ybdate was di ssolved in 50 m
of pure water. (V) 4.6 g of eammoni um net avanadate was di ssolved in a m xed
solution of 15 m of 35% hyci el 55 & @eroxidessolution and 50 nl of
water. (V1) 90.7 g of phospRdZc-aci d<¥(8% w®) was Wei ghed. Silica sol
(11l1) was added to the irona&iltrate - copper nitrate solution (I1).
Subseq@ently, (1), (1V), (%3 nd.(VI) in that order werg added thereto and
t hewri xt ure was t hor oughl nﬁ r.regﬁend’ heat eel at*[el“r] Eor one 10 EP O
404 529 Bl hour. It was f hi'?r(ﬁﬁ antidona® e Was got formed in the
resulting slurry. The slu 'g'y; s&pray-dried in a convenmti onal manner by
usi ng rotary disc type Hpr drier. The resulting fing particles (average
particle dianmeter: about Qg rr] o el 6al cbned~ at 1200*'* C for 2 hours and
at [err] for 2 hours in #i§ gams granmger 8as #n Exanm e . 5 The
resul ting catal yst had th#&s; donposition as that of the catal yst of
Exanpl e 12. Further, the #al% CI natjon conditions of this anple were the
sanme ag those of Exanple Wa/i& K- Ray di ffﬁact-bon: ndi cated that iron
anti nonate was not forned. -tF zhegﬁrareé ghe gield of*t hé desired pr oduct
(hydrogen cyani de) was ver w |2h°corrpar| son with the datal yst of Exanple
1 wherein the catal yst was mepared by previously form the iron
anti nonate. 10 Accordgnl g2 i4 wil4 ke umdersatood tifat the presence of
eif_lr’@n antinonate in thg ca ) yst i & aff i nPortant Yactdr. The activity
tests of the catal ysts ob |ped in Exanples 1 to 12 and Lonparative

Exanples 1 to 6 were carr & gt o 15292530 35...40 455‘055 EP 0 404
529 B1 3 g

25

(1)
1)
{1)
)
1)
1)

Table 1 (cont'd
e
Pensity in Catalyst M_‘L_-n_ ﬂm_
formed
not formed
formed
not formed
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EXAMPLE 13
55

A catalyst having the same composition as that of the catalyst of Example 12 was prepared in the same
manner as in Example 12 with the exception of the following points.

14



The results are shown in Table 1. [ERR] 65~~~~~~~~~ EP 0 404 529 B1
10~~~~~~~~ 1 EP 0 404 529 B1 [ ERR] EP0404529B1 [ ERR]
EP 0 404 529 Bl A catalyst slurry in an anmount of 4 tinmes the am)unt of t he
slurry of Exanple 12 was prepared and divided into four portions.

portion t her &cfatalipissiymyfin an amauntefct Yreas tEpamdupt af dhe Sy of Fxamplep Waﬁmp@ad and
Anot her pofividegnintafaur| reftions; One iparkien theyeoforas lefbter stapdfor ?fbﬁ""ﬁ'ﬁ? a Féﬂay'gtefji I
anot her poMq'BhP‘W?g wegleft torstand fox one 'Pt')'ra"%"hﬁ'bfﬂ'@’ dé’fPR:l sf"h@ﬁ“‘ ?" s efifo o

remai ni ng %f (E"é&r §p'F3é‘i”Pd The samajnino pgtionw ‘a?"cs@’?g’d :W?e 5

resul tifg &f&% 5‘9'8 Fﬁﬁ‘@tebé fl E’?
wer d~cal ci ﬁ'gﬁj‘t L%ﬁ 5P9. G for 2 b hours and then at
[err] for ﬁ?s was? 'mﬁnﬁ Toymedin ol 4 elsr'r’g'rel%lP“r el (5¥"F?ed in all
t he sl urrlgémpﬁ{Aqg\pE SAMPYE §7 Yi ng. COVPARATI VE EXAMPLE 7 10 A catal yst
havi ng the—same composttron as that of the catal yst of Exanple 13 was
prepared in WGwfyel havinh B S3RBR6Mposkion aslthdiCor GrelcabilysPatExaRENY 13 Whd dORRET
was wei gheﬂuow{nbln)ﬁ@@a%o%g of el ec?ro | ytic copper v!\,/as added to 16%%55?3 of
nitric acid (3pe@igds antifhoayiriéxite pdwdeBvasiwsighdd conpl etely di ssol ved

t her ei n. Thaiy exoubtdf reibclRagip &bppadt twad iadded (b LIBBOD MI \bA Ritridi dcidit @pbcifit tgravid AB8)Thndof
pure water. cdaplelyissbivedl tharsin. Ofhy trésditing coppgronichts salgien aakddiltitet! Inith @120 @hak pure

di ssol ved t hetteei2g8.4 ) bl digctr@gic For payderfwas added themil and diSsolwedthéreinr | ) was wei ghed.
(1'V) 5.56 g (i Saasergof silica pel(20mifle BB hvas weigheddi ssol ved in 200 ml of pure

wat er. (V) 1Y) 85§g offammeniomipaiamelhdate aasidissolvedhin 200 miahpwewatern a ni xed sol uti on
of 60 m of Mb%hgef sgepniyy me"@vﬁﬂ%x@ﬁé‘ssﬂwqml%W'X%EP'%GD“MO B of\§itechydrogap )
362. 8 g2f rﬂ?%&gfﬂ'q‘@“%{@@ﬂo B‘S"‘WP“ was wei hed Silica sol (I II) was added
to The iron M '°Fﬁ"HB§ H‘@flﬁ?‘?’lﬁﬂ ; Subse uentl I I\/fmél
(V) and (V) SR ? Mas
added ther

?rﬁve the
heat ed at %ﬂﬂ’ :aé?:o ion was | medl er\ srpgzgg: %gf Xr tw p lonsfyv(v&aq |‘,{l§§)$arﬂqwlr

hours and then spray-dried, and the other was left to stand for 3 hours and then spray-dried. The remaining
another portion was continuously heat-treated for 4 hours and then spray-dried. The resulting fine spherical
particles obtained by spray-drying each of these portions (average particle diameter: 50 L) were calcined at
200°C for 2 hours, at 500°C for 2 hours and then at 850°C for 3 hours. It was found that iron antimonate
30 was not formed in any of these slurry portions before spray drying.
The results of activity tests of the catalysts obtained in Example 13 and Comparative Example 7, are
shown in Table 2.
It is apparent from Table 2 that the activity and physical properties of the catalyst of Example 13 were
not significantly varied even when the standing time of the slurry before spray drying was changed. It will
35 be understood that according to the present invention, excellent catalysts can be industrially produced with
good reproducibility.
On the other hand, the catalyst of Comparative Example 7 was greatly affected by the standing time of
the slurry or the heat treating time in comparison with the catalyst of Example 13. In Comparative Example
;\/, 7, the vield of the desired product was lowered, and particularly, physical properties such as bulk density
40 and catalyst strength were deteriorated by a change in the standing time or the heat treatment time.
Accordingly, it was difficult to produce excellent catalysts industrially with good reproducibility. Further, it
was found that the process of Comparative Example 7 has disadvantages in that operability was poor. For
example, the slurry readily caused the formation of precipitates and large amounts of deposits were formed
on the wall of the spray drier during spray drying. Further, there were practical problems, since consider-
45 able amounts of catalyst parficles adhered to one another during calcination, caking was liable to be caused
in static calcination and a stable fluidized bed could not be formed in fluidized bed calcination due to
caking.
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55
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25 portions. One portion was inmediately spray-dried. One of another two
portions was left to stand for 2 gmoue4 s2eB1 hen spray-dried, and the other
was |eft to stand for 3 hours and then spray-dried. The remai ni ng anot her
portion was continuously heat-treated for 4 hours and then spray-dried. The
resulting fine spherical particles obtained by spray-drying each of these
portions (average particle d§ gneter: 50 [err]) were calcined at [err] for
2 hours, at [err] for 2 ho Eand;!then;at:-[erI forES,’.hoﬁrs. It was found
that iron antinonate 30 watMot forned in any of these slurry portions
before®spray drying. The results of activity tegts of the catalysts
obtaned in Exanple 13 a g:ﬁ) ara§i§\ﬁp Exaspine gi,,".ugare. shown in Table 2. It
is apparent from Tabl e Zgghﬁ% €he .a(itsl vt ya aigd -Eli\micalg p@operties of the
catal yst of Exanple 13 8é t sigfificantly v8ri ed even when the standing
time of the slurry befor =sg§( y drying was changed. It wll 35 be

under stood that accordi n@lst ci8he pEgseni igvent Een, exoel l.ent catal ysts can
be industrially producedq#i®hsl8oodsSepr &duRi 5 | E€y. &n $h& other hand, the
catal yst of Conparative arpfle 7 ®as greatly aff ect ed by the standing tine
of the slurry or the heag tu gtinggt.irre in conpgld son wWith the catal yst of

i

sio

Exanmpl g 13. In Conparati Bpl e3ENtIRe ¥i & d¥e& t e e red product was

| owered, and particul arl gl caﬁ%ﬂr oferti &s 3.@51 &s Dul*k density 40 and
catal yst strength were d té‘ugrateﬂ y a change”in the standing tinme or the

4

it

h

heat treatment tinme. Accord{$fiSy, #t wa® defficalt t& ptoduce excel | ent
catal ysts industrially withl$¥&d r@8proddciBilTty. Fufther,”it was found

t hat t#e process of Conpanglive Exanple 7 has di sadvantages in that
operability was poor. For 3 e, gthe & ugrygreadil g cquspd the formation
of precipitates and | arge3 Ats of deposrtstwere forn®Bd Bn the wall of
the spray drier during spl-'= rying. Further, there were practical

probl ens, since consider- bl e~amound ssofxcatal ygf garticles adhered to
one an®ther during Z%l cinat {ofl caRi ng was>l iabFe to™be™cdlsed in static

tdp

calcination and a stdble-flui ® zed bed could not be forned in fluidized bed

cal ci nati on due to c#king. £ 18 EP 8 4042529 Rl RERR) EP 0 404
529 Bl 5 : HER 1R T 3 Z[BRR] & Bordul a:
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1. A method for making an iron-antimony-phosphorus-containing metal oxide catalyst for catalytic oxida-
tion, comprising a crystalline iron antimonate, said catalyst being represented by the following empirical
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[err] 5 wherein X represents at | east one el enent s

group consisting of V, Mo and W Q@repoesmes at | east Olwmé' HUI mlad

fromthe group consisting of Li, Na, K Rb, Cs, Be,

La, Ce, Pr, Nd, Sm Th, U, Ti, Zr, H, No, Ta, Cr, I\/h Re, Co, N,

Pd, GCs, Ir, Pt, Cu, Ag, Au, Zn, Cd, Hg, A, Ga, In, TI, Ge, Sn and Pb, R

represents at |east one el endiny selected fromthe group consisting of B,

As, Bi, Se and Te; a, b, c, d:,-%, f3 'g aldh 8ach is @n at@ric ratio as

foIIovvs a= 5to015 I 5 tD 100°¢= 1% 0730 d"=D fo 10 e= Otol5 15
e%@ h 0 to 300 g is he nunber of oxygen atgns as determ ned

corre

ponding to the oxid red i.-conbl.nl Ry g.l%a, above- renti oned
Sgé

conponents; the atomc r P/F.§3-|$ gt degsts (S§3 Athe & onic ratio of
P/Sb is at least 0.1; an toniESratio of P/RA S at |east 1 when d>0;
but with the proviso that agal yst of the 20
excl uded; said nethod co
conprising a crystalline
conponent contained in s
X, Q Rand [err], said
after fsormation of the ir
provide a dry material; a
said netal oxide catal yst
step (c) said dried material
[err to [err] for fromO.
claim# or 2, wherein said,,
slurfy in the absence of safk
claimed in claim3, wherei®h

cal , formula [err] is

A9 th:e =Steps of o (a). prepasing a slurry

e &t i nﬁ)Bater. eﬂpﬁosalg,orug cgngonent and any
al ys& selected frémthe group consisting of

RNPrus ggnponent bei ag added to the slurry

% 4_~m)na§e' 255 2 g‘@{) dryEngisaid slurry to

calg;ﬂ.m ng shi @ dglkd H'aterl-al to provide

he me&fhod as claifred in claim1, wherein in

vcaleinedei rmaisr gt a eenpermture of from

210 'hours 30 3' “The Metfod”as claimed in

osphor us.,cq,rrpmegt 4° Tbe dret hod as

Y irdn anfiMn& eSis f&n®d ¥n said slurry
by heat- 35 treating ah n conmpound and an antinony conpound at a
tenperature of 40 to 150 C, rei n...sald..sl.urr has apH-of-at nost 7 prior
to sai & heat treatne 5. met hed asZcl%i fedSin clfai ™ or 2, wherein
said crystalline iro anti none®e is prepared in the absence of sald
phosphor us conponent #Hby t heeSt#®ps o,f. mxu.ng.an. I BON cqnpaun,d and an

anti nony 40 conmpound an cingng tRe i3 ule obt,;al gBeds 6. The nethod
as clagyred in claiml, wherel Tn step (b) said slurry is spray-dried to
formfine spherical parti clg$ and said galgineddry nptgrigl fromstep (c)
is a fluidized bed catal yst& ¥l Pat@nt anSpr&ci®@® £ Ei @ \VBrflhren zur
Herstel | ung eines Eisen, Anf'l" n und Phosphor enthal t enden

Met al | oxi d- Kat al ysators fUr Zkagal yti sche Oxi dationen, der kristallines

Ei senast i nonat enthalt, wobg?ﬁr d®nannfe KatZal Psator: d@rch die fol gende
Sumrenf or nel dar gest el I t w gé -
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1. A method for making an iron-antimony-phosphorus-containing metal oxide catalyst for catalytic oxida-
tion, comprising a crystalline iron antimonate, said catalyst being represented by the following empirical
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30 I':eaSb‘-deAj QeRf Og(Si @) h worin X zumi ndest ein Elenent, ausgew hlt aus
er Gruppe, die aus V, M und W begpyvos 529 B4n ndest ei :
ausgew hlt aus der Guppe, die aus U Na, K, Rb, Cs, BeTllmﬁ"mgl“H"”H“I
Sc, 66 Y. La, Ce, Pr, Nd, Sm Th, U, Ti, Zr, H, No, *Ta‘ ¢, "hS® Rg,
Co, N, Ru, Rwwui®d, OCs, Ir, Pt, Cu. Ag, Au, Zn, Cd, Hg, A, Ga, In, TI, GCe,
Sn und Pb besteht; R zum ndest ein Elenent, ausgew hit aus der G uppe, die

aus B, As, BiFe:SBPXQeAdSBIsteht; a, b, ¢, d, e, f, gund h jeweils ei nes
der fol genden At onver hi |l t ni sse 17 EP0404 529 Bl1

111111 F1 11 wherein )(_I_n_'@p@ﬁ§ at Jeastzong selected from the group congst
1 bhe 30, d= Q%%s.in Ieastoneelement%; fr H l*:_“a, B%ﬁ s,;%‘z
di e Anzahl e "

Kombi nat i on ‘%g E&Qﬁgﬁ)ﬁ Tl; o fb E mic e %.ql{ﬁ
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8. The method as claimed in claim 1 or 2, wherein said crystalline iron antimonate is prepared in a slurry
in the absence of said phosphorus component.

4, The method as claimed in claim 3, wherein said iron antimonate is formed in said slurry by heat-
35 treating an iron compound and an antimony compound at a temperature of 40 to 150° G, wherein said
slurry has a pH of at most 7 prior to said heat treatment.

5. The method as claimed in claim 1 or 2, wherein said crystalline iron antimonate is prepared in the
absence of said phosphorus component by the steps of mixing an iron compound and an antimony
40 compound and calcining the mixture obtained.

6. The method as claimed in claim 1, wherein in step (b) said slurry is spray-dried to form fine spherical
particles, and said calcined dry material from step (c) is a fluidized bed catalyst.

45 Patentanspriiche

1. Ein Verfahren zur Herstellung eines Eisen, Antimon und Phosphor enthaltenden Metalloxid-Katalysators
flr katalytische Oxidationen, der kristallines Eisenantimonat enth#lt, wobei der genannte Katalysator
durch die folgende Summenformel dargestellt wird:
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FeasbbPQXdQeRng(sioz)h

worin X zumindest ein Element, ausgew#hit aus der Gruppe, die aus V, Mo und W besteht; Q
zumindest ein Element, ausgew#hit aus der Gruppe, die aus Li, Na, K, Rb, Cs, Be, Mg, Ca, Sr, Ba, Sc,

65 Y, La, Ce, Pr, Nd, Sm, Th, U, Ti, Zr, Hf, Nb, Ta, Cr, Mn, Re, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu, Ag, Au,
Zn, Cd, Hg, Al, Ga, In, TI, Ge, Sn und Pb besteht; R zumindest ein Element, ausgewahit aus der
Gruppe, die aus B, As, Bi, Se und Te besteht; a, b, c, d, e, f, g und h jewsils eines der folgenden
Atomverhiltnisse
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5. Das Verfahren gem#8 den Ansprlichen 1 oder 2, worin das genannte kristalline Eisenantimonat in
85 Abwesenheit der genannten Phosphorkomponente durch die Stufen des Mischens einer Eisenverbin-
dung und siner Antimonverbindung und des Kalzinierens der erhaltenen Mischung hergestelit wird.

6. Das Verfahren gem#B Anspruch 1, worin in der Stufe (b) die genannte Aufschiimmung spriihgetrocknet
U wird, um feine sph#rische Teilchen zu bilden, und das genannte kalzinierte trockene Material von der
40 Stufe (c) ein FlieBbettkatalysator ist.

Revendications

1. Procédé de préparation d'un catalyseur d'oxyde métallique contenant du fer, de I'antimoine, du
45 phosphore pour une oxydation catalytique, comprenant un antimoniate de fer cristallin, ledit catalyseur
étant représenté par la formule empirique suivante :

FeaSthJQQ,RfOU(SiOz )h.

50 dans laquelle X représente au moins un élément choisi parmi Y, Mo et W; Q représente au moins un
élément choisi parmi Li, Na, K, Rb, Cs, Be, Mg, Ca, Sr, Ba, Sc, Y, La, Ce, Pr, Nd, Sm, Th, U, Ti, Zr, Hf,
Nb, Ta, Cr, Mn, Re, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu, Ag, Au, Zn, Cd, Hg, Al, Ga, In, Tl, Ge, Sn et Pb;
R représente au moins un élément choisi parmi B, As, Bi, Se st Te; a, b, ¢, d, e, f, g et h étant chacun
un rapport atomique défini comme suit :
55 a=5315
b=54100
c=1330
d=02a10
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20
(% 3. Procédé selon la revendication 1 ou 2, dans lequel on prépare ledit antimoniate de fer cristallin dans
une suspension en I"absence dudit constituant phosphore.

4. Procédé selon la revendication 3, dans lequel on forme ledit antimoniate de fer dans ladite solution en

25 traitant par chauffage un composé de fer et un composé d'antimoine a une température comprise entre

40 et 150° C, dans lequel ladite suspension a un pH qui est au plus égal & 7 avant ledit traitement par
chauffage.

6. Procédé selon la revendication 1 ou 2, dans lequel on prépare ledit antimoniate de fer cristallin en

80 I'absence dudit constituant phosphore par les étapes de mélange d'un composé de fer et d'un
composé d'antimoine et de calcination du mélange obtenu.

6. Procédé selon la revendication 1, dans lequel on s&che par pulvérisation ladite suspension dans I'étape

(b) pour former de fines particules sphériques, et ledit matériau sec calciné de I'étape (c) est un
35 catalyseur a lit fluidisé.

50
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