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titanium sul fate was obtained by dilution with water. Iron pieces as

reduci ngCerpparaiveeaeplatided to this, and the iron content fromthe ilnenite
was réduced to ferrous ions; after coollnq ferrous sul fate was
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by Jet alT Streamto obtain anatase type titanium di oxi de ( hereinafter,
sonet i meg,, a,[alzed sinply titaniumoxide ) with an average particle size of
about O. ] and specific surface area of 22 nR2/g. 5 EP 0 522 871 B1
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ant i nonyshpemih @abléel € afdretitafien MdationGétidaii®able2) [ err]) were added and
stirred. To the obtained solution, 1,800 g of titanium oxi de was added, and
was sti réewalijvecwanipid 2 yi ng machine to prepare - 5 a catalyst slurry.
50
Catalyst G and catalyst H were prepared as in Example 1 ( preparation of catalyst ) except that 5.38 g
of silver nitrate was also added and 36.73 g of antimony trioxide was used instead of 45.91 g of antimony
pentoxide; the oxidation reaction was conducted as in Example 1 ( oxidation reaction ). The catalyst
characteristics of catalysts G and H are shown in Table 1 and results from oxidation reaction in Table 2.
§5 With respective to the catalysts E and G which were, respectively, obtained from the example 2 and
comparative example 2, difference between the crystal structures of antimony in the catalysts was
examined by X-ray diffraction analysis (XRD) using Cu-Ka.
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In a stainless steel rotary furnace of 35 cmdianeter and 80 cm.length

whi ch. can be heal ed from outside, 2,000 cnB of SiC self-sintered carrier of
spherical “formw'th di aneter of 6 rﬁnaﬁﬁz&mpﬁﬂrent porosity of 35 % was
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EP 0 522 871 Bl A nain conponent in Both catalysts E and Gis anatase type
[ERR] and, as seen in both Figs. '1 and 2, Targe peaks due to the anatase
type [errI were detected in X—rayEEiOfa“Zzaﬂ Bon anal yses of the catalysts E
and G Therefore, in order to investigate the difference between
five-valent antinony and three-valent antinony, 5 the neasurenent was
carried dﬁﬂmﬂﬁﬂﬁ_éﬂﬂﬁﬁ%ed det ecti on sensitivity in a region mhere a peak

e s a?eisf@ vsrt'%p;j“‘?:t A e
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(diffr %C%xﬁ f cegl te was sp% d in xla due
to tbe f f c¥t§| L 5}5' owh inCfabiéd °|§,

as due taq,, an the h unera val'ues i n pare eses |n
Table 3 represents re ative |ntenS|t|es of the peaks. 10 For

conpar i sogemge 4at al yst conposed of only vandi um and titani um was prepared
and, when neasure- nent was carried out in the region where the diffraction
angl e [err] citslyst M dndlcatiligst Noberd préptredtas irPExdfple 817|plbparation akcathi@t ) excyi Bacs1LoN
pent oxi dey 6f Sifid) mittate\Wess alsb Bddededhd aie &daiion ount OF. cesium Abilfalewad 2.72 d;itith oxiHatidnn

t he cat alrgationGvdsrpetidtined astin tExampky 1 { biidstiord@adtio] £ IThe catalysBichatastebticscof cathlgss Meak
appear ed aatl NJagg shbwrrin[Tebls ] amivesultstiodvheddajippadactioopeTablec. at [err] = [err] From

t hese ﬁacts and the data in 15 Table 3, antinony is thought to exist in a

state ne ti 4lerr] . As seen in Fig. 5, in the catalyst E in
whi ch antinDny pent oxi de éerr was used, a |l arge peak appeared at [err] =
[err] and of##yst Peat satalyshR wprepregareq as ip xa"!i’f?d’ ([peapprption of eatalysheaxeent Higt 3-044d

t he da;q a g: ﬁ""?’a’!}‘g}‘éf g;s%%ﬁqtiggg d i4§3‘t % lﬁé °’t:d"°$f'§§l wes yspd !5.'9@;?3?1: é;%&ﬁ:"ﬁ‘é?y‘gtor m
r { X :
[err ]°har2?5°"s“°s oGRS (Qcn éarfi'ﬂ“f'i ?’i‘féeséi‘sff@%t °xl9'11“t'°ﬂ & t&" E@v a} ent

antinDny cont ai ni ng conpound as a antinDny source may be thought to be due
to [err] but if there is used [err] which was led from[err] by calcining
it bef%rehand at a tenperature of 700 ( no change in the surface area ),
the effect of ‘present invertion i's not attained and a catal yst of high
activity for a low tenperature reaction is only obtained. 25 Exanple 3
limenite and 80 % concentrated sulfuric acid were m xed and allowed to
react sufficiently, then the product was diluted with water to obtain an
aqueous solution of titaniumsulfate. Iron pieces were added as reducing
agent, and the iron content fromthe ilnenite was reduced to ferrous ions;
after cooling, ferrous 30 sulfate was precipitated and separated. Into the
obt ai ned aqueous solution of titaniumsulfate, steamheated to 150 C was
bl owmn, and hydrous titani um oxide was settled. It was washed with water,
pi ckl e®#, and washed again with water, and was calcined at [err] for 4 hours
in a passing air flow It was crushed by jet air stream and anatase type
titani umdioxide with specific surface area of 33 n2/g neasured by the BET
met hod and average particle size of about 0.45 [err] was obtained. 35 In
6,400 cc of deionized water, 900 g of oxalic acid was dissolved, and to
this aﬁueous sol ution, 408. 50 g of amoni um net avanadate, 10.30 g of
anmoni um di hydr ogen phosphate, 1722 g of niobiumchloride, 4.08 g of cesium
sulfate, 3.92 g of potassiumsulfate, and 52.93 g of antinony pentoxide
(average particle size: 20 un) were added and sufficiently stirred. To the
obt ai ngd solution, 1,800 g of titanium oxide (which was the above-obtai ned
anat ase type titanium di oxi de) was added, and the m xture was stirred by 40
enul sifying nachine to prepare a catalyst slurry. Using this slurry, the
catalytic active substance was supported as in Exanple 1 at a supporting
rate of 8.0 g per 100 cc of carrier, followed by calcining in passing air
in an @l ectric oven at [err] for 6 hours to prepare catalyst 1. Catal yst J
was prepared as for catalyst |, except that the anmount for use of ammoni um
di hydrogen 45 phosphate was 30.89 g. Oxidation reaction Into an iron
reaction tube of 25 mminside dianeter and 3 mlength imrersed in a nolten
salt bath kept 50 at [err], catalyst J was charged as second stage catal yst
to a M8ight of 1 m then catalyst | as first stage catalyst to a hei ght of
1.5 m naphthal ene which was m xed at a ratio of 85 [err] ( synthetic gas )
with synthetic gas conprising 10 % by vol une of oxygen 10 % by vol une of
steam and 80 % by vol une of nitrogen was introduced into the upper part of
the reaction tube at a space velocity of 2,500 [err] (STP ) to
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performthe oxidation. Results are shown in Table 2. 55 7 EP 0 522 871
Bl Conparative exanpl e 3 Catal yst K-and catalyst L were prepared as for
catalysts | ,and J in Exanple 3 (prepensa2spnBdf catal yst), except that 42.34
g of antinDny trioxide was used instead of 52.93 g of antinony pentoxide
and the 5 addition anmount of cesiumsulfate was 5.44 g; the oxidation
reaction was perforned as in Exanple 3 ( oxidation reaction ). The catal yst

characteristics gf caralysts_K and L| are Sh?ég}ln Thbl e L and| results from
oxi dation redcgl P P Egﬁgp 1 t Mandscatal ys{, N were
prepared as i{nS @*rpl @( p%%ar on%oé c%‘?l y§%s eXCEPt t hat 3%. 04 g of
si hver fitrate mas al so adfed ahd thge addjtion| amoupt of| cesi hm suBfate was
2.72 g; the d gtionjreacfion pas perforpred ag in Exanple 1 oxigation
reaction ). T d al yst ochag act ef iest |3:§ pf @al @ wsf M angl Nl are ghown in
Table 1 and reSli§us & [ @giokizia | dhsr H p&Rn m;g:l a_*gg l%@marabi ve
exanpl e_4 Cat ta ® pnd“chiAY (" P Né‘l‘? brepal 6d ap 1n Exanple 3 i
preparat|on qQf 8cateal ypt ), | except that 31} 04 g|lof s|lver|nitrate s al so
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1.
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55 -

A catalyst for producing phthalic anhydride by vapor phase catalytic oxidation of o-xylene and/or
naphthalene with molecular oxygen or gas containing molecular oxygen, having supported on a heat-
resistant inorganic carrier a catalytic active composition comprising [A] 1 to 20 parts by weight of
vanadium oxide as V20s and 99 to 80 parts by weight of anatase type titanium dioxide with specific
surface area of 10 to 60 m?/g as TiOz and [B], per 100 parts by total weight of [A], 0.01 to 1 part by
weight of niobium as Nb2Os, 0.05 to 2 parts by weight of at least one element selected from potassium,
cesium, rubidium and thallium as oxide, 0.2 to 1.2 parts by weight of phosphorus as P.0s, and 0.55 to
5.5 parts by weight as Sb20s of antimony obtained by using a five-valent antimony compound as an

antimony source.

A catalyst according to claim 1 wherein [B] also includes 0.05 to 2 parts by weight of silver as Ag20
per 100 parts by weight of [A].
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Claims
“ 1 A catalyst for producing phthalic anhydride by vapor phase catalytic oxidation of o-xylene and/or
naphthalene with molecular oxygen or gas containing molecular oxygen, having supported on a heat-
resistant inorganic carrier a catalytic active composition comprising [A] 1 to 20 parts by weight of
vanadium oxide as V20s and 99 to 80 parts by weight of anatase type titanium dioxide with specific
50 surface area of 10 to 60 m?/g as TiOz2 and [B], per 100 parts by total weight of [A], 0.01 to 1 part by
weight of niobium as Nb20s, 0.05 to 2 parts by weight of at least one element selected from potassium,
cesium, rubidium and thallium as oxide, 0.2 to 1.2 parts by weight of phosphorus as P20s, and 0.55 to
5.5 parts by weight as Sb20s of antimony obtained by using a five-valent antimony compound as an
antimony source.
% 2 A catalyst according to claim 1 wherein [B] also includes 0.05 to 2 parts by weight of silver as Ag2O

per 100 parts by weight of [A].
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