
EP 0 539 878 B1 Description This invention relates to a method for the
production of phthalic anhydride by the vapor-phase oxidation of a mixture
of ortho-xylene with naphthalene. More particularly, it relates to a method
for the production of phthalic anhydride by 5  catalytic vapor-phase
oxidation effected by introducing a mixture of ortho-xylene with
naphthalene and a molecular oxygen-containing gas into a shell-and-tube
type fixed-bed reactor packed with a specific catalyst. A, Description of
the Prior Art: to     As a means of producing phthalic anhydride from the
mixture of ortho-xylene with naphthalene as a raw material, a method which,
for example, uses a catalyst based on a vanadium-titanium dioxide composite
(JP-A-58&74675) has been known to the art. The method disclosed in this
patent publication comprises using a catalyst for oxidation of ortho-
xylene until the catalyst has been deactivated through aging and then
introducing naphthalene into the site of oxidation in proportion to the
degree of deactivation. This introduction of naphthalene is effected
particularly after the reaction of is  ortho-xylene only has continued for
50 months. This method remains inexecutable for a considerable time until
the feed of the mixed raw material is able to start. Further, it does not
allow selection of a mixing ratio of raw materials which is economically
advantageous in the light of the existing situation of the supply of raw
materials. This method cannot generally be embodied because it does not
define the catalyst in terms of such factors as chemical composition. An
actual case of successful production of phthalic anhydride from a mixture
of ortho-xylene and naphthalene of a 20  freely selected ratio is reported
in "Aromatics," Vol. 38, Nos. 9-10, pages 12-18 (1985). Again in this case,
however, the production is performed after the reaction exclusively of
naphthalene has been continued for one year. The report has no
mentionofthepossibility of this method being performed from the outsetof
the reaction. It offers no detailed description of the catalyst to be used
in the method and, therefore, does not allow identification of the
catalyst. US-A-4,879,387 is known to have disclosed a catalyst composition
and a method for the use thereof. It discloses a as  catalyst for the
oxidation of naphthalene and also discloses working examples using a 50/50
mixture of ortho- xylenelnaphthalene (Examples 3 and 27). It further
discloses working examples for effecting a reaction solely of naph- thalene
with the same catalyst as already used for a reaction solely of
ortho-xylene (Examples 26 and 10). Though this patent publication does
contain a mention, to the effect that, naphthalene and ortho-xylene may be
used as a mixed raw material, it does not show any measures which cope with
changes in the hot spot (the spot of the highest heat in the 90  catalyst
bed) which occur in the use of the mixed raw material resulting from the
difference in the mixing ratio. The inventor of US-A-4,879,387 mentioned
above, relating to the production of phthalic anhydride by the use of a
mixed raw material, offers a detailed description of a method for mixing
the raw material in JP-A-1 -190677. This patent publication, however, shows
no restriction regarding the catalyst A review of the working examples
cited in this patent publication leads to an inference that the method
disclosed is usable with all the mixing ratios ranging from 100% of 36
ortho-xylene to 100% of naphthalene. The yields of produced phthalic
anhydride indicated in these working examples, however, are considerably
lower than those indicated in the working examples cited in US-A-4,879,387.
As shown above, the catalyst which is usable for all mixing ratios must be
capable of coping with changes in the mixing ratio by sacrificing yield or
product as compared with a catalyst which is optimized for the mixed raw
material having a fixed mixing ratio. 40     We have so far studied and
developed catalysts for the production of phthalic anhydride by the
oxidation of ortho- xylene and/or naphthalene (JP-A-56-73543,
JP-A-56-78635, and JP-A-57-105241) to realize high productivity (high load
,_J and high selectivity) and long catalyst service life in a limited range
of mixing ratios. When the conventional catalyst is used, the mixing ratio
of the components of the mixed raw material mentioned above is limited to a
narrow range. When the mixing ratio deviates from this range, the
production entails numerous 45 problems relating to the yield of phthalic
anhydride produced, the quality of the product, and the service life of the
catalyst. These problems are prominent particularly when the reaction of
oxidation is carried out with a catalyst which is favorable for the
oxidation of naphthalene and the proportion of ortho-xylene in the mixing
ratio of ortho-xylene to naphthalene is not less than 50% or when the
reaction is carried out with a catalyst which is favorable for the
oxidation of ortho-xylene and the proportion of ortho-xylene in the mixing
ratio of ortho-xylene to naphthalene is not more than 50%9 so
Specifically when the reaction is carried out with a catalyst which is
favorable for the oxidation of naphthalene and the proportion of
ortho-xylene in the mixing ratio of ortho-xylene with naphthalene is not
less than 50%, the amount of 



phthalide, a substance conductive to adverse effects in the quality of the
product, and which is generated in the reaction, increases notably.
Conversely, when the reaction is carried out with a catalyst which is
favorable for the oxidation of ortho-xylene and s5  the proportion of
ortho-xylene in the mixing ratio of ortho-xylene to naphthalene is not more
than 50%, the reaction temperature must be lowered to ensure a high yield
of the reaction. Again in this case, the amount of naphthoquinone, a
substance detrimental to the quality of the product and known to be
generated, is increased. When the reaction tem- perature is heightened for
the purpose of repressing the occurrence of this mischievous substance, the
yield of phthalic anhydride is impaired and an abnormal hot spot occurs in
the frontal part of the catalyst bed and produces an adverse 2    EP 0 539
878 B1 effect on the service life of the catalyst. Theseproblems are liable
to gain furtherprominencewhenthecatalystis exposed to a high load. An
object of this invention, therefore, is to provide a novel method for the
production of phthalic anhydride by vapor- phase oxidation of a mixture of
ortho-xylene with naphthalene. 5      Another object of this invention is
to provide a method which produces phthalic anhydride of high quality from
a mixture comprising of ortho-xylene and naphthalene in a widely variable
ratio over a long period even when the load exerted on the raw material is
high and also provide a catalyst composition useful for the execution of
the method. SUMMARY OF THE INVENTION 10 *        These objects are
accomplished by a method for the production of phthalic anhydride by the
catalytic vapor-phase oxidation of a mixture of ortho-xylene and
naphthalene with a molecular oxygen-containing gas by the use of a shell-
and-tube type fixed-bed reactor, which method comprises packing in the
reactor a former-stage catalyst in a bed height of 15 to 85% by volume of
the total catalyst bed height from the raw material gas inlet side and a
latter-stage catalyst 15  in a bed height of 85 to 15% by volume of the
total catalyst bed height from the raw material gas outlet side in the form
of superposed layers, the former-stage catalyst being obtained by
supporting a catalytic substance on an inactive carrier at a rate in the
range between 5 and 20 g/100 ml, the catalytic substance comprising 1 to 20
parts by weight of vanadium oxide as V206 and 99 to 80 parts by weight of a
porous anatase type titanium dioxide as 11O2 having particle diameters
substantially in the range between 0.4 and 0.7 jIm and a specific surface
area (BET surface area) in the range between 20 10 and 60 mn2g and further
incorporating therein, based on 100 parts by weight of the total amount of
the two components mentioned above, 0.01 to 1 part by weight of niobium as
Nb2O5, 0.2 to 1.2 parts by weight of phosphorus as P2Q5, 0.5 to 5 parts by
weight of antimony as Sb2O3, and 0.3 to 1.2 parts by weight of at least one
member selected from the group consisting of potassium, cesium, rubidium,
and thallium as oxide and the latter-stage catalyst being obtained by using
as a catalytic substance the aforementioned at least one member selected
from the group consisting of potassium, 25  cesium, rubidium, and thallium
of the former-stage catalyst substance in an amount in the range between 17
and 63% by weight as oxide based on the amount of the one member in the
former-stage catalyst and subsequently feeding the reaction vessel with the
mixture of ortho-xylene and naphthalene and the molecular oxygen-containing
gas at a tem- perature in the range between 3000 and 4500C. In accordance
with the method contemplated by this invention, the otherwise possible
occurrence of abnormal hot 3o  spots can be prevented over a wide range of
mixing ratios of ortho-xylene to naphthalene by dividing the catalyst bed
proportionately to the bed height ratio as described above and adjusting
the activity of the catalyst by fixing the ratio of the content of the
component selected from among potassium, cesium, rubidium, and thallium in
the latter-stage catalyst to that in the former-stage catalyst in a range
between 17 and 63% (hereinafter referred to "alkali ratios. This method
allows phthalic anhydride to be produced stably without sacrificing high
productivity from a mixture 36 comprising of ortho-xylene and naphthalene
in a widely variable ratio. If the situation of supply of raw materials is
notably varied, therefore, this method enables phthalic anhydride of high
quality to be obtained inexpensively. As described above, the method of
this invention deserves to be called a highly useful method for the
production of phthalic anhydride. 



Compliance with this invention allows repression of the occurrence of
phthalide due to the use of ortho-xylene in a proportion of not less than
50% and the occurrence of naphthoquinone due to the use of ortho-xylene in
a proportion 40  of not less than 50% and ensures the production of
phthalic anhydride in a high yield. 1BRIEF DESCRIPTION OF THE DRAWING Fig.
1 is graph showing the relationship between height ratio (%) of
latter-stage catalyst and alkali and/or thallium 45  ratio of latter-stage
catalyst/former-stage catalyst. DESCRIPTION OF THE PREFERRED EMBODIMENTS
Now, this invention will be described more specifically below. 50     When
a shell-and-tube type fixed-bed reaction vessel prepared for use is to be
packed with a catalyst, a former- stage catalyst is packed in a bed height
of 15 to 85% preferably 20 to 80% of the total catalyst bed height from the
raw material gas inlet side and a latter-stage in a bed height of 85 to
15%, preferably 80 to 20% of the total catalyst bed height from the raw
material gas outlet side. When these bed heights for the two stages of
catalyst deviate from the respectively defined ranges mentioned 5s  above,
the load is exerted exclusively on one of the two catalysts and the
allowable mixing ratio of ortho-xylene and naphthalene is limited to a
narrow range. The catalytic substances to be used in this invention will be
described below. Besides vanadium oxide, the source of vanadium oxide can
be suitably selected from among such compounds as ammonium salts, nitrates,
sulfates, halides, organic acid salts, and hydroxides which are converted
by heating into cor- responding oxides. The anatase type titanium dioxide
to be used herein have particle diameters substantially in the 3    EP 0
539 878 B1 range between 0.4 and 0.7 gim, preferably between 0.45 and 0.6
gim. The specific surface area, i.e. BET (Brunauer- Emmet-Teller) surface
area, of the titanium dioxide is in the range between 10 and 60 m2Ig,
preferably between 15 and 40 mR/g. The produced catalyst is deficient in
activity if the specific surface area of the anatase type titanium dioxide
is less than 10 M21g. The catalyst suffers from inferior durability and
from an early decline in yield if this specific surface s  area exceeds 60
m2/g. The titanium dioxide endowed with these properties is produced by a
method known as the sulfuric acid solution method. It is produced by
treating ilmenite (FeOTiO2) with sulfuric acid. Specifically, it is
produced by carrying out this treatment with sulfuric acid of a
concentration lower than that of sulfuric acid used in the sulfuric acid
solidification method, generally of the order of 70 to 80%, then
hydrolyzing the product of this treatment at a temperature in the region 10
of 1500C under increased pressure, and further calcining the resultant
hydrolyzate. Owing to the particular nature of the ore used as the source
therefor, the titanium dioxide to be used in this invention may possibly
contain such extraneous constituents as iron, zinc, aluminum, manganese,
chromium, calcium, and lead. So long as the total content of these
extraneous constituents is not more than 0.5% by weight as oxide, based on
the amount of titanium oxide (T102), these constituents do not pose any
problem from the standpoint of catalytic performance. 15     As respects
the contents of vanadium oxide and anatase type titanium dioxide in the
former-stage catalyst, this catalyst is required to have a vanadium oxide
content in the range between 1 and 20 parts by weight, preferably between 2
and 15 parts by weight, as V206 and an anatase type titanium dioxide
content in the range between 99 and 80 parts by weight, preferably between
98 and 85 parts by weight, as TiO2. The content of niobium is in the range
between 0.01 and 1 part by weight, preferably between 0.015 andO.8 part 20
by weight, as Nb2O5 based on the total amount of vanadium oxide and
titanium dioxide taken as 100 parts by weight. The content of phosphorus is
in the range between 0.2 and 1.2 parts by weight, preferably between 0.25
and 1 part by weight, as P2P5 based on the total amount of vanadium oxide
and titanium dioxide taken as 100 parts by weight. The content of antimony
is in the range between 0.5 and 5 parts by weight, preferably between 1 and
4 parts by weight, as Sb203 based on the total amount of vanadium oxide and
titanium dioxide taken as 100 parts by weight. 25     The content of at
least one member selected from the group consisting of potassium, cesium,
rubidium, and thallium is in the range between 0.3 and 1.2 parts by weight,
preferably between 0.4 and 1.1 parts by weight, as relevant oxide 



(K20, Cs20, Rb2O and/or Tl20) based on the total amount of vanadium oxide
and titanium dioxide taken as 100 parts by weight. For the inactive carrier
to be effectively used in the present invention, it is important that it
should maintain stability for a long time at a temperature sufficiently
higher than the calcination temperature of the catalyst and the 3o
temperature to be assumed by the catalyst during the reaction for the
production of phthalic anhydride and that the inactive carrier should not
react with the catalytic component. In this sense, it is preferable to use
a porous carrier having an alumina (Al203) content of not more than 10% by
weight and a silicon carbide (SiC) content of not less than 80% by weight.
It is more preferable to use as the inactive carrier a porous carrier
having an alumina (AJ203) content of not more than 5% by weight and a
silicon carbide (SiC) content of not less than 95% by weight and possessing
an apparent n5  porosity in the range between 15 and 40%, preferably
between 3 and 12%. As a typical inactive carrier, the result of
self-sintering silicon carbide (SiC) powder having a purity of not less
than 98% can be cited. But this invention does not particularly
discriminate against heat-resistant inorganic inactive carriers of a
particular shape. The carrier is only required to have an average particle
diameter in the range between 2 and 15 mm, preferably between 3 and 12 mm.
Typical examples of suitable catalyst shapes are spheres, pellets,
cylinders, and rings. 40     Thestarting materials for the components, i.e.
vanadium, niobium, phosphorus, antimony, potassium, cesium, rubid- ium, and
thallium, which are used in the preparation of the catalyst of this
invention are not limited to the oxides of KJ  relevant components
represented by the formulas V205, Nb2O5, P206, Sb2O3, K0, Cs20, Rb2O, and
1102 but may be suitably selected from such substances as ammonium salts,
nitrates, sulfates, halides, organic acid salts, and hydroxides of the
relevant metals which are converted by heating into the oxides cited above
or oxides resembling them. 46     The method for supporting the
catalytically active substance on the inactive carrier is not particularly
restricted. The method which comprises placing a specific volume of the
inactive carrier in an externally heatable rotary drum and keeping the
carrier rotating in the drum at a temperature in the range between 200 and
30000 while spraying a slurry containing the catalytically active substance
onto the carrier in motion thereby supporting the sprayed substance on the
carrier is most convenient. In this case, though the amount of the
catalytically active substance to be supported on the 50  inactive carrier
is variable with the size and shape of the inactive carrier particles to be
used, it is preferable that it is in the range between 3 and 30 g,
preferably between 5 and 20 g, per 100 ml of the inactive carrierwherethe
inactive carrier is in the form of spheres or cylinders. Afterthe
catalytically active substance has been supported on the heat-resistant
inactive carrier as described above, the resultant catalyst composite is
calined under a current of air at a temperature in the range between 450
and 7000C, 6s preferably between 5000 and 6000C, for a period in the range
between 2 to 10 hours, preferably between 4 and 8 hours, to produce a
catalyst required at by this invention. The latter-stage catalyst to be
used in this invention is identical to the former-stage catalyst except
that the content of at least one component selected from the group
consisting of potassium, cesium, rubidium, and thallium accounts for a
proportion in the range between 17 and 63% by weight, preferably between 20
and 60% by weight, based on the 4    EP 0 539 878 B1 amount of the same
component used in the former-stage catalyst. The activity of the
latter-stage catalyst becomes predominant if this content is less than 17%
by weight, whereas the activity of the former-stage catalyst becomes pre-
dominant if the content is not less than 63% by weight. In either case, the
mixing ratio of ortho-xylene and naphthalene is limited to a narrow range.
a      Further, the relationship between a layer height ratio (%) of
latter-stage catalyst and weight ratio (%) of an alkali component of K, Cs,
Rb and/or 1l as oxide in the latter-stage catalyst to the alkali component
of K, Cs, Rb and/or TI as oxide in the former-stage catalyst is as
mentioned above and it can be illustrated in a graph in Fig. 1, by the
range which satisfies the following formulas: 10
20 g y 5 60 and 20 5 x 5 80 with 0.5x s y sx + 20 



15 wherein x is a layer height ratio (Yo) of latter-stage catalyst and y is
a weight ratio (%) of the component of K, Cs, Rb and/or TI as oxide in the
latter-stage catalyst to the component of K, Cs, Rb and/or TI as an oxide
in the former-stage catalyst. These relationship can be illustrated by a
shaded potion of the graph in Fig. 1. Now, the method contemplated by this
invention for the production of phthalic anhydride will be shown below. 20
The catalytic vapor-phase oxidation of the mixture of ortho-xylene and
naphthalene with a molecular oxygen-con- taining gas by the use of the
catalyst described above for the production of phthalic anhydride can be
carried out under the following reaction conditions. A tube having an
inside diameter in the range between 15 and 40 mm, preferably between 15
and 27 mm, is packed with the catalyst to a height in the range between 1
and 5 m, preferably between 1.5 and 3 m. In this case, the height ratio of
the former-stage catalyst to the latter-state catalyst is in the range
between 15 25  :85 and 85: 15, preferably between 20 :80 and 80 :20. The
reaction tube is kept heated with a heat transfer medium at a temperature
in the range between 3000 and 4000C, preferably between 3300 and 3800C, and
the raw material or the mixture of ortho-xylene and naphthalene can be
passed accompanied by air or a gas containing Sto21% by volume of molecular
oxygen at a concentration in the range between 5 and 70 g of raw
material/Nm3 1)in case of air, and between 5 and 120 g of raw material/Nm3
in case of the molecular so  oxygen-containing gas, through the reaction
tube at a space velocity in the range between 1,000 and 6,000 hr-1 (STP;
standard temperature pressure), preferably between 1,000 and 4,000 hr-1
(STP). The weight ratio of ortho-xylene to naphthalene in the raw material
gas is in the range between 1:99 and 99: 1 , preferably 5:95 and 95: 5,
most preferably 10 :90 and 90: 10. Now, this invention will be described
more specifically below with reference to working examples. 35 Preparation
of Catalyst Catalyst preparation 1 40     An aqueous titanium sulfate
solution was obtained by mixing ilmenite and 80% concentrated sulfuric
acid, causing them to react thoroughly with each other, and then diluting
the product of reaction with water. Iron pieces were added as a reducing
agent to the aqueous solution to induce reduction of the iron content in
the ilmenite into ferrous ions. The resultant mixture was cooled and
ferrous sulfate was precipitated and separated. Steam heated to 1500C was
blown into the resultant aqueous titanium sulfate solution to bring about
precipitation of hydrated titanium dioxide The precip- 4S  itate separated
was washed with water, washed with an acid, washed again with water, and
calcined under a current air stream at a temperature of 800CC for 4 hours.
The solid resulting from the calcination was pulverized with a jet air
stream to obtain porous anatase type titanium dioxide having an average
particle diameter of about 0.5 Ptm and a BET specific surface area of 22
m2Ig. An aqueous oxalic acid solution obtained by dissolving 250 g of
oxalic acid in 6,400 ml of deionized waterand 121.87 50  g of ammonium
metavanadate, 9.21 g of ammonium dihydrogen phosphate, 15.41 g of niobium
chloride, 20.38 g of cesium sulfate, 0.79 g of potassium sulfate, and 37.89
g of antimony trioxide were added thereto and thoroughly stirred. 1,800 g
of the above mentioned titanium dioxide (TiO2) were added to the resultant
solution and this suspension was stirred by an emulsifying machine to
prepare a catalyst slurry. In an externally heatable rotary furnace of
stainless steel measuring 35 cm in diameter and 80 cm in length, 2,000 5w
ml of a self-sintered SiC carrier in the form of spheres 6 mm in diameter
and having an apparent porosity of 35% and a purity of 98.5 % was preheated
to a temperature in the range between 200 and 2500C. To the carrier,
rotated in a rotary furnace, the catalyst slurry mentioned above was
sprayed to support the catalytically active substance on the I)Nm3: cubic
meter at a temperature of 00C under a pressure of 1 atom ("Normal
conditions) 5    EP 0 539 878 B1 V     b carrier at a rate of 8.0 g/l1 00
ml of carrier. Then, the catalyst composite consequently obtained was
calcined with air in 



an electric furnace at a temperature of 5600C for 6 hours. The catalyst
thus produced is designated as catalyst (A) hereinafter. 5  Catalyst
preparation 2 A catalyst (B) was produced by following the procedure used
for the production of the catalyst (A), except that the amount of cesium
sulfate was changed to 13.86 g. 10 Catalyst preparation 3 A catalyst (C)
was produced by following the procedure used for the production of the
catalyst (A), except that the amount of cesium sulfate was changed to 13.04
g. 15  Catalyst preparation 4 A catalyst (D) was produced by following the
procedure used for the production of the catalyst (A), except that the
amount of cesium sulfate was changed to 10.60 g. 2o  Catalyst preparation 5
A catalyst (E) was produced by following the procedure used for the
production of the catalyst (A), except that the amount of cesium sulfate
was changed to 7.34 g and that of potassium sulfate to 0.39 g. 25  Catalyst
preparation 6 A catalyst (F) was produced by following the procedure used
for the production of the catalyst (E), except that the amount of cesium
sulfate was changed to 6.33 g. 3o  Catalyst preparation 7 A catalyst (G)
was produced by following the procecure used for the production of the
catalyst (E), except that the amount of cesium sulfate was changed to 5.71
g. 35  Catalyst preparation 8 A catalyst (H) was produced by following the
procedure used for the production of the catalyst (E), except that the
amount of cesium sulfate was changed to 5.30 g. 40  Catalyst preparation 9
A catalyst (1) was produced by following the procedure used for the
production of the catalyst (E), except that the amount of cesium sulfate
was changed to 4.08 g. 45  Catalyst preparation 10 A catalyst (J) was
produced by following the procedure used for the production of the catalyst
(A), except that the amount of cesium sulfate was changed to 2.04 g and
that of potassium sulfate to 0.20 g. 5o  Catalyst preparation 11 An aqueous
titanium sulfate solution was obtained by mixing ilmenite and 80%
concentrated sulfuric acid, causing them to react thoroughly with each
other, and diluting the product of this reaction with water. Iron pieces
were added as a reducing agent to the aqueous solution to induce reduction
of the iron content in the ilmenite into ferrous ions. The 55  resultant
mixture was cooled and ferrous sulfate was a precipitated and separated.
Steam heated to 1500 C was blown into the aqueous titanium sulfate solution
consequently obtained to bring about precipitation of hydrated titanium
dioxide. The separated precipitate was washed with water, washed with an
acid, and washed again with water and the cleaned precipitate was calcined
under a current of air at a temperature of 7000C for 4 hours. The solid
product of this calcination 6    EP 0 539 878 BI was pulverized with a jet
air stream, to produce a porous anatase type titanium dioxide having an
average particle size of about 0.45 jim and a BET specific surface area of
33 m2/g. An aqueous oxalic acid solution obtained by dissolving 520 g of
oxalic acid in 6,400 ml of deionized water and 257.27 g of ammonium
metavanadate, 12.97 g of ammonium dihydrogen phosphate, 16.26 g of niobium
chloride, 28.53 g of 5  cesium sulfate, 1.18 g of potassium sulfate, 0.72 g
of rubidium sulfate, and 40.00 g of antimony trioxide were added thereto
and were thoroughly stirred. The above mentioned 1,800 g of 1102 added to
the resaltant solution and this suspension was stirred by an emulsifying
machine, to produce a catalyst slurry. In an externally heated rotary
furnace 



y,   of stainless steel measuring 35 cm in diameter and 80 cm in length,
2,000 ml of a self-sintered SiC carrier in the form of spheres 6 mm in
diameter having an apparent porosity of 35% and a purity of 98.5 % by
weight were preheated to a 10  temperature In the range between 200 and
2500C. The carrier was kept rotating in the furnace and the catalyst slurry
was sprayed thereon to support the catalytically active substance at a rate
of 8.0 g/100 ml of carrier. Thereafter, the resultant catalyst composite
was calcined with air in an electric furnace at a temperature of 560C for 6
hours. The catalyst consequently produce is designated as Catalyst (K)
hereinafter. is  Catalyst preparation 12 A catalyst (L) was produced by
following the procedure used for the production of the catalyst (K), except
that the amount of cesium sulfate was changed to 16.30 g, that of potassium
sulfate to 0.39 g, and that of rubidium sulfate to 0.36 g. 20 Catalyst
preparation 13 A catalyst (M) was produced by following the procedure used
for the production of the catalyst (K), except that the amount of cesium
sulfate was changed to 8.15 g, that of potassium sulfate to 0.20 g, and
that of rubidium sulfate to 0.12 g. 25 Catalyst preparation 14 A catalyst
(N) was produced by following the procedure used for the production of the
catalyst (M), except that the amount of cesium sulfate was changed to 4.08
g. 30 Catalyst preparation 15 An aqueous titanium sulfate solution was
obtained by mixing ilmenite and 80% concentrated sulfuric acid, causing
them to react thoroughly with each other, and then diluting the product of
this reaction with water. Iron pieces were added 35  as a reducing agent to
the aqueous solution to induce reduction of the iron contents in the
ilmenite into ferrous ions. The resultant mixture was cooled and ferrous
sulfate was precipitated and separated. Steam heated to 1500C was blown
into the aqueous titanium sulfate solution consequently obtained to bring
about precipitation of hydrated titanium dioxide. The separated precipitate
was washed with water, washed with an acid, and washed again with water and
the cleaned precipitate was calcined under a current of air at a
temperature of 8000C for 4 hours. The calcined precipitate was 40
pulverized with a jet air stream to produce a porous anatase type titanium
dioxide having an average particle diameter of about 0.5 gm and a BET
specific surface area of 22 M2ig. An aqueous oxalic acid solution obtained
bydissolving 250 g of oxalic acid in 6,400 ml of deionizedwaterand 121.87 g
of ammonium metavanadate, 9.21 g of ammonium dihydrogen phosphate, 15.41 g
of niobium chloride, &15 g of cesium sulfate, 6.00 g of thallium nitrate,
and 37.89 g of antimony trioxide were added thereto and were thoroughly 45
stirred. The above mentioned 1,800 g of the titanium dioxide (TI02) were
added to the resultant solution and this sus- pension was stirred by an
emulsifying machine to produce a catalyst slurry. In an externally heatable
rotary furnace of stainless steel measuring 35 cm in diameter and 80 cm in
length, 2,000 ml of a self-sintered SiC carrier in the form of spheres
having an apparent porosity of 35% and a purity of 98.5 % by weight was
preheated to a temperature in the range between 200 and 2506C. The carrier
was kept rotating in the rotary 5o  furnace and the catalyst slurry was
sprayed thereon to support the catalytically active substance at a ratio of
8.0 g/100 ml of carrier. Thereafter, the resultant catalyst composite was
calcined with air in an electric furnace at a temperature of 560C for 6
hours. The catalyst thus obtained is designated as Catalyst (0)
hereinafter. Catalyst preparation 16 55 A catalyst (P) was produced by
following the procedure used for the production of the catalyst (0), except
that the amount of cesium sulfate was changed to 4.08 g and that of
thallium nitrate to 3.00 g. 7    EP 0 539 878 BI 



The compositions of the catalysts (A) to (P) are collectively shown in
Table 1 and Table 2, as divided into former- stage catalysts and
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Oxidation reaction Example 1 5      In a reaction tube of iron, 25 mm
inside diameter and 3 m in length immersed in a molten salt bath, first the
catalyst (I) was packed as a latter-stage catalyst to a height of 0.5 m in
the raw material gas outlet part and then the catalyst (A) was packed as a
former-stage catalyst to a height of 2.0 m in the raw material gas inlet
part. A mixture comprising ortho-xylene and naphthalene in a weight ratioof
1 :1 was mixed with a synthetic gas containing of 21% by volume of oxygen
and 79% by volume of nitrogen in a ratio of 70 g(Nm3 (synthetic gas) to
produce a mixed 1o  gas. The mixed gas was introduced at a space velocity
(SB) of 3,000 hr-1 (STP) into the reaction vessel immersed in the molten
salt bath maintained at a temperature of 360 'C through the upper inlet
thereof to perform oxidation of the mixture of ortho-xylene and
naphthalene. The reaction temperature was adjusted so as to keep the
amounts of the by-products phthalide and naphthoquinone producted
respectively below 0.1% by weight and 0.3% by weight and the yield of
phthalic anhydride was determined. i1  Then, the mixing ratio of
ortho-xylene to naphthalene was set at 1:9 or 9: 1 and the ratio of the
mixture to the synthetic gas was set at 70 g/Nm3. The reaction temperature
was adjusted so as to keep the amounts of the by-products phthalide and
naphthoquinone produced respectively below 0.1% by weight and 0.3% by
weight and the yield of produced phthalic anhydride was determined. 20
Example 2 - In the same reaction tube as used in Example 1, first the
catalyst (H) was packed as a latter-stage catalyst to a \@>  height of 1.0
m in the raw material gas outlet part and then the catalyst (B) was packed
as a former-stage catalyst to a height of 1.5 m in the raw material gas
inlet part. Under the same reaction conditions in the same procedure as
used in 25  Example 1, the reaction was carried out to determine the yield
of produced phthalic anhydride with the mixing ratio of ortho-xylene to
naphthalene fixed at 1: 1, 1: 9, and 9: 1. Then, the reaction was continued
for 1 year with the mixing ratio of ortho-xylene to naphthalene fixed at 1:
1 to conduct the same determination at intervals of three months. Example 3
s0 In the same reaction tube as used in Example 1, first the catalyst (G)
was packed as a latter-stage catalyst to a height of 1.25 m in the raw
material gas outlet part and then the catalyst (C) was packed as a
former-stage catalyst to a height of 1.25 m in the raw material gas inlet
part Under the same reaction conditions in the same procedure as used in
Example 1, the reaction was carried out to determine the yield of produced
phthalic anhydride with the mixing ratio 35  of ortho-xylene to naphthalene
fixed at 1: 1, 1: 9, and 9: 1. Example 4 In the same reaction tube as used
in Example 1  first the catalyst (F) was packed as a latter-stage catalyst
to a 40  height of 2.0 m in the raw material gas outlet part and then the
catalyst (D) was packed as a former-stage catalyst to a height of 0.5 m in
the raw material gas inlet part. Under the same reaction conditions in the
same procedure as used in K>  Example 1, the reaction was carried out to
determine the yield of produced phthalic anhydride with the mixing ratio of
ortho-xylene to naphthalene fixed at 1: 1, 1: 9, and 9: 1. 



45  Control 1 Inthesame reaction tube as used in Example 1, first the
catalyst(l) was packed asa latter-stage catalysttoa height of 0.25 m in the
raw material gas outlet part and then the catalyst (A) was packed as a
former-stage catalyst to a height of 2.25 m in the raw material gas inlet
part. Under the same reaction conditions in the same procedure as used in
5o  Example 1, the reaction was carried out to determine the yield of
produced phthalic anhydride with the mixing ratio of ortho-xylene to
naphthalene fixed at 1: 1, 1: 9, and 9: 1. Control 2 55    In the same
reaction tube as used in Example 1, first the catalyst (J) was packed as a
latter-stage catalyst to a height of 0.5 m in the raw material gas outlet
part and then the catalyst (A) was packed as a former-stage catalyst to a
height of 2.0 m in the raw material gas inlet part. Under the same reaction
conditions in the same procedure as used in Example 1, the reaction was
carried out to determine the yield of produced phthalic anhydride with the
mixing ratio of ortho-xylene to naphthalene fixed at 1: 1 1: 9, and 9: 1.
10    EP 0 539 878 B1 Control 3 In the same reaction tube as used in
Example 1, first the catalyst (F) was packed as a latter-stage catalyst to
a height of 2.25 m in the raw material gas outlet part and then the
catalyst (D) was packed as a former-stage catalyst to 5  a height of 0.25 m
in the raw material gas inlet part. Under the same reaction conditions in
the same procedure as used in Example 1, the reaction was carried out to
determine the yield of phthalic anhydride with the mixing ratio of ortho-
xylene to naphthalene fixed at 1: 1, 1: 9, and 9: 1. Control 4 10 In the
same reaction tube as used in Example 1, first the catalyst (E) was packed
as a latter-stage catalyst to a height of 2.0 m in the raw material gas
outlet part and then the catalyst (D) was packed as a former-stage catalyst
to a height of 0.5 m in the raw material gas inlet part. Under the same
reaction conditions in the same procedure as used in Example 1, the
reaction was carried out to determine the yield of produced phthalic
anhydride with the mixing ratio of 15  ortho-xylene to naphthalene fixed at
1: 13 1: 9, and 9: 1. Example 5 In the same reaction tube as used in
Example 1, first the catalyst (P) was packed as a latter-stage catalyst to
a 20 height of 1.25 m in the raw material gas outlet part and then the
catalyst (0) was packed as a former-stage catalyst to a height of 1.25 m in
the raw material gas inlet part. Under the same reaction conditions in the
same procedure as used in Example 1, the reaction was carried out to
determine the yield of produced phthalic anhydride with the mixing ratio of
ortho-xylene to naphthalene fixed at 1: 1, 1:9, and 9: 1. 25 Example 6 In
the same reaction tube as used in Example 1, first the catalyst (P) was
packed as a latter-stage catalyst to a height of 0.5 m in the raw material
gas outlet part and then the catalyst (0) was packed as a former-stage
catalyst to a height of 2.0 m in the raw material gas inlet part. Under the
same reaction conditions in the same procedure as used in 3o  Example 1,
the reaction was carried out to determine the yield of produced phthalic
anhydride with the mixing ratio of ortho-xylene to naphthalene fixed at 1:
1, 1: 9, and 9: 1. Example 7 35     In the same reaction tube as used in
Example 1, first the catalyst (I) was packed as a latter-stage catalystto a
height of 2.0 m in the raw material gas outlet part and then the catalyst
(A) was packed as a former-stage catalyst to a height of 0.5 m in the raw
material gas inlet part. Underthe same reaction conditions in the same
procedure as used in Example 1, the reaction was carried out to determine
the yield of produced phthalic anhydride with the mixing ratio of
ortho-xylene to naphthalene fixed at 1: 1, 1: 9, and 9: 1. 40 



45 50 55    EP 0 539 878 BI The results of the oxidation reaction in
Examples 1 to 7 and Controls I to 4 are shown in Table 3. The conditions of
the reaction performed with an oxygen content of 21% by volume are
indicated as Reaction Conditions 1 in the table. 10    a  h    , a    oO
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In a reaction tube of iron, 25 mm inside diameter and 3 m in length
immersed in a molter salt bath, first the catalyst (M) was packed as a
latter-stage catalyst to a height of 0.5 m in the raw material gas outlet
part and then the catalyst a   (K) was packed as a former-stage catalyst to
a height of 2.0 m in the raw material gas inlet part. A mixture comprising
ortho-xylene and naphthalene in a ratio of 1: 1 was mixed with a synthetic
gas containing 10% by volume of oxygen, 10% by volume of steam, and 80% by
weight volume of nitrogen in a ratio of 85 g/Nm3 (synthetic gas) to produce
a V~,   mixed gas. This mixed gas was introduced at a space velocity (SV)
of 2,500 hrl (STP) into the reaction tube immersed in the molten salt bath
kept at a temperature of 355C through the upper inlet thereof to perform
oxidation reaction of 1o  the mixture of ortho-xylene and naphthalene. With
the reaction temperature adjusted so as to keep the amounts of the
by-products phthalide and naphthoquinone produced respectively belowO.1%
byweightand 0.3% byweight; the reaction was carried out to determine the
yield of produced phthalic anhydride. Then, the mixing ratio of
ortho-xylene to naph- thalene was fixed at 1: 9 or 9: 1 and the ratio of
the mixture to the synthetic gas was fixed at 85 gfNm3. With the reaction
temperature adjusted so as to keep the amounts of by-produced phthalide and
naphthoquinone respectively below 0.1% 15  by weight and 0.3% by weight,
the reaction was carried out to determine the yield of produced phthalic
anhydride. Example 9 In the same reaction tube as used in Example 8, first
the catalyst (L) was packed as a latter-stage catalyst to a 20  height of
1.25 m in the raw material gas outlet part and then the catalyst (K) was
packed as a former-stage catalyst to a height of 1.25 m in the raw material
gas inlet part. Under the same reaction conditions in the same procedure as
used in Example 8, the reaction was carried out to determine the yield of
phthalic anhydride with the mixing ratio of ortho- xylene to naphthalene
fixed at 1: 1, 1: 9, and 9: 1. Then the reaction was continued for 1 year
with the mixing ratio of ortho-xylene to naphthalene fixed at 1: 1 to
conduct the same determination at intervals of 3 months. 25 Control 5 In
the same reaction tube as used in Example 8, first the catalyst (M) was
packed as a latter-stage catalyst to a height of 0.25 m in the raw material
gas outlet part and then the catalyst (K) was packed as a former-stage
catalyst to so  a height of 2.25 m in the raw material gas inlet part.
Under the same reaction conditions in the same procedure as used in Example
8, the reaction was carried out with the mixing ratio of ortho-xylene to
naphthalene fixed at 1: 1, 1: 9, and 9: 1 to determine the yield of
produced phthalic anhydride. Control 6 35 In the same reaction tube as used
in Example 8, first the catalyst (N) was packed as a latter-stage catalyst
to a height of 0.50 m in the raw material gas outlet part and then the
catalyst (K) was packed as a former-stage catalyst to a height of 2.0 m in
the raw material gas inlet part. Under the same reaction conditions in the
same procedure as used in Example 8, the reaction was carried out with the
mixing ratio of ortho-xylene to naphthalene fixed at 1: 1, 1: 9, and 40 9:1
to determine the yield of produced phthalic anhydride. The results of the
test obtained in Examples 8 and 9 and Controls 5 and 6 are shown in Table
4. The conditions of the reaction performed with the oxygen content fixed
at 10% by volume are indicated as Reaction Conditions 2 in the 45 50 55 13
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c   L  M   S 1. A method for the production of phthalic anhydride by the
catalytic vapor-phase oxidation of a mixture of ortho-xylene and
naphthalene with a molecular oxygen-containing gas by the use of a
shell-and-tube type fixed-bed reactor, 5      which method comprises
packing in said reactor a former-stage catalyst in a bed height of 15 to
85% by volume of the total catalyst bed height from the raw material gas
inlet side and a latter-stage catalyst in a bed height of 85 to 15% by
volume of the total catalyst bed height from the raw material gas outlet
side in the form of superposed layers, said former-stage catalyst being
obtained by supporting a catalyst substance on an inactive carrier at a
ratio in the range between 5 and 20 g/100 ml, said catalytic substance
comprising 1 to 20 parts by weight of vanadium oxide 10     as V206 and 99
to 80 parts by weight of a porous anatase type titanium dioxide as TiO2
having particle diameters substantially in the range between 0.4 and 0.7 pm
and a.specific surface area (BET surface area) in the range between 10 and
60 m2/g and further incorporating therein, based on 100 parts by weight of
the total amount of said two components, 0.01 to 1 parts by weight of
niobium as Nb2M5, 0.2 to 1.2 parts by weight of phosphorus as P205, 0.5 to
5 parts by weight of antimony as Sb2O3, and 0.3 to 1.2 parts by weight of
at least one member selected from ts    the group consisting of potassium,
cesium, rubidium, and thallium as oxide and said latter-stage catalyst
being obtained by using a composition identical to theformer-stage catalyst
except that the content of at least one member selected from the group
consisting of potassium, cesium, rubidium and thallium accounts for a
proportion in the range between 17 and 63% by weight as oxide based on the
amount of said one member in said former-stage 



catalyst and subsequently feeding said reaction vessel with said mixture of
ortho-xylene and naphthalene and said 20     molecular oxygen-containing
gas at a temperature in the range between 3000 and 4500. 2. A method
according to claim 1, wherein said inactive carrier is a porous carrier
having an alumina (A1203) content of not more than 10% by weight and a
silicon carbide (SiC) content of not less than 80% by weight. 25  3. A
method according to claim 2, wherein said inactive carrier is a porous
carrier having an apparent porosity in the range between 15 and 40%. 4. A
method according to claim 1, wherein the weight ratio of ortho-xylene to
naphthalene in said raw material gas is in the range between 1: 99 and 99:
1. so 5. A method according to claim 1, wherein the amount of said at least
one member selected from the group consisting of potassium, cesium,
rubidium, and thallium as oxide in said latter-stage catalyst is in the
range between 20 and 60 % by weight, based on the amount of the same
component in said former-stage catalyst. 35  6. A method according to claim
1, wherein the height ratio of said former-stage catalyst to said
latter-stage catalyst is in the range between 20: 80 and 80: 20. 7. A
method according to claim 2, wherein said inactive carrier has an alumina
content of not more than 5% by weight and a silicon carbide content of not
less than 95% by weight. 40 8. A method according to claim 1. wherein the
reaction is carried out at a temperature in the range between 3000 and
4000C at a space velocity in the range between 1,000 and 6,000 hr-1. 9. A
method according to claim 1, wherein the reaction is carried out at a
temperature in the range between 330 and 46     3800C at a space velocity
in the range between 1,000 and 4,000 hr-1. 10. A method according to claim
1, wherein the specific surface area of said anatase type titanium oxide is
in the range between 15 and 40 m2/g. so  11. A method according to claim 2,
wherein vanadium oxide accounts for a proportion in the range between 2 and
15 parts by weight as V205 and anatase type titanium dioxide for a
proportion in the range between 98 and 85 parts by weight as TiO2 and,
based on the total amount of vanadium oxide and titanium dioxide taken as
100 parts by weight, niobium accounts for a proportion in the range between
0.015 and 0.8 partsbyweight as Nb2OM , phosphorus for a proportion in the
range between 0.25 and 1 parts by weight as P05, antimony for a proportion
in the range 66     between 1 and 4 parts by weight as Sb2O3, and said at
least one component selected from the group consisting of potassium,
cesium, rubidium, and thallium for a proportion in the range between 0.4
and 1.1 parts by weight as oxide. 12. A method according to claim 1,
wherein a relationship between a layer height ratio (%) of latter-stage
catalyst and weight ratio (%) of at least one component selected from the
group consisting of potassium, cesium, 15    EP 0 539 878 B1
| I|||||| ||||| | 1|| )||| ||II * C   L  M S * rubidium, and thallium as an
oxide in the latter-stage catalyst to said at least one component in the
former-stage catalyst is in the range of the following formulas: 20 s y r
60 and 5 205 x ;80 with 0.5x  ys x+20 10     wherein x is a layer height
ratio (%) of latter-stage catalyst and y is a weight (%) ratio of the
component in the latter- stage catalyst/the component in the former-stage
catalyst. Patentanspr0che 15  1. Verfahren zur Herstellung von
Pthalsaureanhydrid durch katalytische Dampfphasenoxidation eines Gemischs
von ortho-Xylol und Naphthalin mit einem molekularen Sauerstoff
enthaltenden Gas unter Verwendung elnes Festbet- 



treaktors vom Mantel- und Rohrtyp, umfassend: Das Einfallen in diesen
Reaktor eines Katalysators der vorhergehenden Stufe in einer Betthohe von
15-85%, bez- ogen auf das Volumen der Gesamthohe des Katalysatorbetts, von
der Seite des Ausgangsmaterial-Gaseinlasses 20     her, und eines
Katalysators der spateren Stufe in einer Betthohe von 85-15%, bezogen auf
das Volumen der Gesa- mthohe des Katalysatorbetts, von der
Ausgangsmaterial- GasauslaBseite her, in Form von ibereinanderliegenden
Schichten, wobei der Katalysator der vorhergehenden Stufe erhalten wurde,
indem man eine Katalysatorsubstanz "-"     auf einen inaktiven Trager im
Verhaltnis im Bereich zwischen 5 und 20 g/100 ml aufbringt, wobei die
katalytische Substanz 1-20 Gewichtsteile Vanadiumoxid als V20 und 99-80
Gewichtsteile poroses Titandioxid vom Anatastyp 25     als 1102 mit
Teilchendurchmessern, die im wesentlichen im Bereich zwischen 0,4 und 0,7
gim liegen, und einer spezifischen Oberflache (BET-Oberflache) im Bereich
zwischen 10 und 60 m21g umfaBt, sowie ferner die Einarbe- itung von,
bezogen auf 100 Gewichtsteile der Gesamtmenge vorgenannter beiden
Komponenten, 0,01-1 Gewich- tsteil Niob als Nb205, 0,2-1,2 Gewichtsteilen
Phosphor als P205, 0,5-5 Gewichtsteilen Antimon als Sb2O3 und 0,3- 1,2
Gewichtsteilen von zumindest einer Verbindung, die aus der Gruppe
ausgewAhit wurde, welche aus Kalium, 90     Casium, Rubidium und Thallium
als Oxid besteht, wobei der Katalysator der spateren Stufe unter Verwendung
einer mit dem Katalysator der vorhergehenden Stufe identischen
Zusammensetzung, mit der Ausnahme erhalten wurde, daB der Gehalt an
zumindest einer Verbindung, ausgewAhlt aus der aus Kalium, Casium, Rubidium
und Thallium bestehenden Gruppe, einen Anteil im Bereich zwischen 17 und 63
Gewichts% als Oxid, bezogen auf die Menge dieser einen Verbindung in dem
Katalysator der vorhergehenden Stufe, ausmacht, sowie das anschlieBende
Bes- 35     chicken des Reaktionsgefasses mit diesem Gemisch aus
ortho-Xylol und Naphthalin und dem molekularen Sauer- stoff enthaltenden
Gas bei einer Temperatur im Bereich zwischen 3000 und 4500C. 2. Verfahren
gemaB Anspruch 1, bei dem der inaktive Trager ein porbser Trager mit einem
Gehalt an Aluminiumoxid (A1203) von nicht mehr als 10 Gew.% und einem
Gehalt an Siliciumcarbid (SiC) nicht weniger als 80 Gew.% ist. 40 3.
Verfahren gema13 Anspruch 2, bei dem der inaktive Trager ein poroser Trager
mit einer scheinbaren Porositat im Bereich zwischen 15 und 40% ist. 4.
Verfahren gemaB Anspruch 1, bei dem das Gewichtsverhaltnis ortho-Xylol zu
Naphthalin in dem Ausgangsmateri- 45     algas im Bereich zwischen 1:99 und
99:1 betragt. 5. Verfahren gema6 Anspruch 1, bei die Menge an der zumindest
einen Verbindung, ausgewahit aus der Gruppe, die aus Kalium, Casium,
Rubidium und Thallium besteht, als Oxid in dem Katalysator der spateren
Stufe im Bereich zwischen 20 und 60 Gew.%, bezogen auf die Menge der
gleichen Komponente in dem Katalysator der vorherge- 50     henden Stufe,
betragt. 6. Verfahren gemaB Anspruch 1, bei dem das Hbhenverhaltnis des
Katalysators der vorhergehenden Stufe zum Kata- lysator der spateren Stufe
im Bereich zwischen 20:80 und 80:20 liegt. 55  7. Verfahren gemaB Anspruch
2, bei dem der inaktive Trager ein Aluminiumoxidgehalt von nicht mehr als 5
Gew.% und einen Siliciumcarbidgehalt von nicht weniger als 95 Gew.%
aufweist. 8. Verfahren gemaB Anspruch 1, bei dem die Umsetzung bei einer
Temperatur im Bereich zwischen 300 und 4000C bei einer Raumgeschwindigkeit
im Bereich zwischen 1.000 und 6.000 hr-1 durchgefuhrt wird. 16    EP 0 539
878 B1                         I I!3IIII 111111 111111 J  l 11111 9.
Verfahren gem&B Anspruch 1, be! dem die Umsetzung bei einer Temperatur im
Bereich zwischen 3300 und 3800C be! einer Raumgeschwindigkeit im Bereich
zwischen 1.000 und 4.000 hOl durchgef0hrt wird. 10. Verfahren gem&B
Anspruch 1, bei dem die spezifische Oberflache des Titanoxids vom Anatastyp
im Bereich 5      zwischen 15 und 40 m2/g liegt. 11. Verfahren gemaB
Anspruch 2, bei dem Vanadiumoxid einen Anteil im Bereich zwischen 2 und 15
Gewichtsteilen als V205, und Titandioxid vom Anatastyp eonen Anteil im
Bereich zwischen 98 und 85 Gew.% als 7102 ausmachen, und, bezogen auf die
Gesamtmenge an Vanadiumoxid und Titandioxid, genommen als 100
Gewichtsteile, Niob 



10     einen Anteil im Bereich zwischen 0,015 und 0,8 Gewichtsteilen als
Nb.05, Phosphor einen Anteil im Bereich zwischen 0,25 und 1 Gewichtsteil
als P2P5, Antimon einen Anteil im Bereich zwischen 1 und 4 Gewichtsteilen
als Sb2O3, und die zumindest eine, aus der Gruppe ausgewahite Komponente,
die aus Kalium, Casium, Rubidium und Thallium besteht, einen Anteil im
Bereich zwischen 0,4 und 1,1 Gewichtsteilen als Oxid ausmachen. 15  12.
Verfahren gemaB Anspruch 1, bei dem ein Verhaitnis zwischen einem
Schichthohenverhaltnis (%) des Kataysators der spAteren Stufe und dem
Gewichtsverhaltnis (%) von zumindest einer Komponente, ausgewahlt aus der
aus Kalium, Casium, Rubidium und Thallium bestehenden Gruppe, als Oxid in
dem Katalysator der spiteren Stufe zu dieser zumindest einen Verbindung in
dem Katalysator der vorhergehenden Stufe im Bereich folgender Formeln
liegt: 20 20 ey s60 und 20s5 x s 80 mit 25
0,5 x s y % x +20 worin x ein Schichthohonverhaltnis (%) des Katalysators
der spateren Stufe, und y ein Gewichtsprozentverhaltnis der Komponente in
dom Katalysator der spAteren Stufe zur Komponente in dom Katalysator der
vorhergehenden Stufe bedeuten. 30 Revendications 1. Procede de production
d'anhydride phtalique par oxydation catalytique en phase vapeur d'un
m6lange dortho- xylene et de naphtalene avec un gaz contenant de l'oxygene
mol6culaire par l'utilisation dun r6acteur a lit fixe de 3S    type gaine
et tubes, loquel proced6 comprend l'entassement dans ledit r6acteur d'un
catalyseur de premikre phase sur une hauteur de lit de 15 a 85% en volume
de la hauteur totals du lit de catalyseur du cotM de l'entree de gaz des
matibres premieres et d'un catalyseur de seconds phase sur une hauteur de
lit de 85 a 15% en volume de la hauteur totals du lit de catalyseur du cbte
de la sortie de gaz des matieres premieres sous forms de couches
superpos6es, ledit catalyseur de premiere phase 6tant obtenu en fixant une
substance catalytique sur un support 40    inactif a un taux dans
l'intervalle de 5 A 20 g/1 00 ml, ladite substance catalytique comprenant 1
A 20 parties on poids d'oxyde de vanadium sous forms de V205 et 99 A 80
parties en poids de dioxyde de titans poreux de type J.>       anatase sous
forme de TiO2 ayant des diamAtres de particules en substance dans
l'intervalle de 0,4 A 0,7 gm et une surface specifique (surface BET) dans
l'intervalle de 10 a 60 m2/g et incorporant en outre, sur base de 100
parties en poids de la quantite totale desdits deux composants, 0,01 A 1
partis en poids de niobium sous forme de 45     Nb205, 0,2 a 1,2 partie en
poids de phosphors sous forme do P205, 0,5 A 5 parties en poids d'antimoine
sous forme de Sb203 et 0,3 A 1,2 partie en poids d'au moins un 6l6ment
choisi parmi le groups constitu4 du potassium, du cesium, du rubidium et du
thallium sous forms d'oxyde et ledit catalyseur de seconds phase etant
obtenu en utilisant une composition identique A cello du catalyseur de
premiere phase & l'exception qu'il contient au moins un el6ment choisi
parmi le groups constitue par le potassium, le cesium, le rubidium et le
thallium dans une proportion dans 50    l'intervalle de 17 A 63% en poids
sous forms doxyde par rapport A la quantite dudit element dans ledit
catalyseur de premiere phase et subsequemment, I'alimentation du recipient
de la r6action avec ledit melange dortho-xylene et de naphtalene et dudit
gaz contenant de l'oxygene moleculaire A une temperature dans l'intervalle
de 3000 & 4500C. 55 2. Proc6de selon la revendication 1, dans lequel ledit
support inactif est un support poreux ayant une teneur en alumine (A1203)
non superieure A 10% en poids et uns teneur en carbure de silicium (Sic)
non inferieure A 80% en poids. 3. Procede selon la revendication 2, dans
lequel ledit support inactif est un support poreux ayant une porosite
appar- onte dans l'intervalle de 15 & 40%. 17    EP 0 539 878 B1* cI C
11 L 11 1S 4. Procede selon la revendication 1, dans lequel le rapport en
poids d'ortho-xylbne au naphtalene dans ledit gaz des 



matieres premieres est dans l'intervalle de 1:99 A 99:1. 5. Proc6de selon
la revendication 1, dans lequel la quantite d'au moins un el6ment choisi
dans le groups constitue 5      par le potassium, le cesium, le rubidium et
le thallium sous forme d'oxyde dans Is catalyseur de seconds phase set dans
lintervalle de 20 a 60% en poids, par rapport A laquantit6du meme composant
dans le catalyseurdepremilre phase. 6. Procede selon la revendication 1,
dans lequel le rapport de hauteur dudit catalyseur de premiere phase audit
cat- 10     alyseur de seconde phase est dans l'intervalle de 20:80 A
80:20. 7. Procede selon la revendication 2, dans lequel ledit support
inactif a une teneur en alumins non superieure a 5% en poids et une teneur
en carbure de silicium non inferieure A 95% en poids. 15  8. Proced6 selon
la revendication 1, dans Iequel la reaction est effectu6e A une temperature
dans lintervalle de 3000 A 400GC A une vitesse spatiale dans l'intervalle
de 1000 A 6000 h-1. 9. Proc6d6 selon la revendication 1, dans lequel la
r6action est effectuse A une temperature dans lintervalle de 3300 A 3800C A
une vitesse spatiale dans l'intervalle de 1000 A 4000 h-1. 20 10. Proced6
selon la revendication 1, dans Iequel la surface sp6cifique dudit oxyde de
titans de type anatase est dans rintervalle de 15 A 40 m2/g. 11. Proc6d6
selon la revendication 2, dans Isquel l'oxyde de vanadium compte pour une
proportion dans l'intervalle de 25     2 a 15 parties en poids sous forms
de V205 et le dioxyde de titans de type anatase pour une proportion dans
l'intervalle de 98 a 85 parties en poids sous forms de rTO2 et, par rapport
A la quantit6 totals d'oxyde de vanadium et de dioxyde de titane compt6e
comme 100 parties en poids, le niobium compte pour une proportion dans
l'intervalle de 0,015 A 0,8 parties en poids sous forms de Nb2O6, le
phosphors compte pour une proportion dans I'intervalle de 0,25 A 1 partie
en poids sous forms de P206, I'antimoine compte pour une proportion dans
l'intervalle de 1 A 4 90     parties en poids sous forms de Sb2O3, et ledit
au moins un element choisi dans le groups constitu6 du potassium, du
c6sium, du rubidium et du thallium pour une proportion dans l'intervalle de
0.4 A 1,1 partie en poids sous forms d'oxyde. 12. Proced eselon la
revendication 1, danslequel une relation entre un rapportde hauteurde
couche (%) du catalyseur 95     de seconds phase et le rapport en poids (%)
d'au moins un 6l6ment choisi dans le groups constitu6 du potassium, du
cesium, du rubidium et du thallium sous forms d'oxyde dans le catalyseur de
seconds phase audit au moins un el6ment dans le catalyseur de premibre
phase est dans l'intervalle des formules suivantes: 20 s y s 60 et 40 20 5
x E 80 avec 0,5 x s y s x + 20 45     dans lesquelles x est un rapport de
hauteur de couche (%O) du catalyseur de seconds phase et y est un rapport
en poids (%) de l'element dans le catalyseur de seconds phasell'element
dans le catalyssur de premibre phase. 50 55 18    


