
SPECIFICATION  METHOD FOR MANUFACTURING METHACRYLIC ACID TECHNICAL FIELD
This invention relates to a method for manufacturing  methacrylic acid by
vapor phase catalytic oxidation of  methacrolein with molecular oxygen in
the presence of a solid  oxidation catalyst using a fixed bed tube type
reactor.  BACKGROUND ART There have been many suggestions of catalysts
which are  used in manufacturing methacrylic acid by a vapor phase
catalytic oxidation reaction of methacrolein (this vapor phase  catalytic
oxidation reaction will be referred to merely as  "oxidation reaction,"
unless otherwise specified hereinafter).  These suggestions are mainly
related to elements constituting  the catalysts and a ratio of the
elements. The oxidation reaction causes heat accumulation in a  catalyst
bed because this reaction is an exothermic reaction.  Locally abnormal high
temperature zones resulting from  excessive heat accumulation are known as
hot spots, in which  yields are reduced by the excessive oxidation
reaction. Thus,  when conducting the oxidation reaction on an industrial
scale,  occurrence of the hot spots is a significant problem, and
particularly in the case where a concentration of methacrolein  in a raw
material gas is increased in order to increase  productivity, the hot spots
tend to easily occur, so that the  reaction conditions are required to be
largely restricted under 



.4 the present circumstances. Therefore, it is very important to control
the temperature  at the hot spot section for producing methacrylic acid in
high  yield on an industrial scale. In addition, especially in case  of
using a molybdenum containing solid oxidation catalyst, it  is important to
prevent the occurrence of the hot spots because  the molybdenum moiety is
easy to be sublimated. Several suggestions have been made as for a method
for  controlling the temperature at the hot spot section. For  example,
Japanese Patent Application Laid-Open No. 4-210937  discloses a method in
which a plurality of catalysts having  different activities are filled in
such a manner that their  activities become gradually higher from an inlet
side for a raw  material gas toward an outlet side, then the raw material
gas  containing methaclorein and oxygen is flown through this  catalyst
bed. Japanese Patent Application Laid-Open No. 8- 92154 discloses a method
in which, when acrolein is subjected  to vapor phase oxidation using a
multi-tube type fixed bed  reactor provided with a heat medium bath to
produce acrylic acid,  a flow of the heat medium is controlled so that the
temperature  of the heat medium bath is raised by 2 to 10C between the
inlet  section and the outlet section. However, these methods are only for
the purpose of  decreasing the temperature of the hot spot section, and are
the  methods which merely reduce a temperature difference (AT)  between the
heat medium bath and the catalyst bed in one hot  



spot section to some extent. That is, according to these 2  methods, heat
generation caused by oxidation reaction has not  been actively controlled
within the catalyst bed, so that, for  example when a methacrolein
concentration is further increased  in order to increase productivity, heat
generation at the hot  spot section becomes remarkable. Hence, the reaction
conditions are still required to be largely restricted. That  is, under the
present circumstances, the yield of methacrylic  acid which is industrially
acceptable has not been obtained when  a concentration of methacrolein is
increased to a level which  is industrially acceptable. DISCLOSURE OF THE
INVENTION Therefore, an object of the present invention is to provide  a
method for manufacturing methacrylic acid by vapor phase  catalytic
oxidation of methacrolein with molecular oxygen in  the presence of a solid
oxidation catalyst in a fixed bed tube  type reactor, wherein metharylic
acid is manufactured in a  higher yield. The present invention is a method
for manufacturing  methacrylic acid characterized in that methacrylic acid
is  synthesized by filling a solid oxidation catalyst into a fixed  bed
tube type reactor provided with a heat medium bath and by  flowing a raw
material gas containing methacrolein and oxygen  through the catalyst bed
and the catalyst bed does not have any  sections in which a temperature
difference between the heat  



medium bath and the catalyst bed (LT=catalyst bed temperature  - heat
medium bath temperature) exceeds 35C and two or more 3 high temperature
zones in which each AT thereof is 15 to 35  C are provided. Best Mode for
Carrying Out the Invention  According to the present invention, a reaction
for  synthesizing methacrylic acid is carried out using a fixed bed  tube
type reactor provided with a heat medium bath. Although  there are no
limitations on the heat medium used herein, molten  salts containing
potassium nitrate and sodium nitrite are  typically employed. There are
also no limitations on the tube  type reactor, but on an industrial scale,
it is preferable to  use a multi-tube type reactor provided with several
thousands  to several ten thousands of reaction tubes each of which has  an
inner diameter of 20 to 30 mm and each of which is surrounded  by a heat
medium bath. In the present invention, the solid oxidation catalyst used
herein is not particularly restricted as long as the catalyst  is a solid
catalyst for use in this oxidation reaction. Phosphorus and molybdenum
containing composite oxides or the  like which are previously known can be
used, and the composite  oxides represented by the following formula (1)
are preferred:  MOaPbCucVdXQYfOg (1) In the formula (1), Mo, P, Cu, V and 0
represent molybdenum,  phosphorus, copper, vanadium, and oxygen,
respectively, X  represents at least one element selected from a group
consisting  



of iron, cobalt, nickel, zinc, magnesium, calcium, strontium,  barium,
titanium, chromium, tungsten, manganese, silver, boron,  silicon, tin,
lead, arsenic, antimony, bismuth, niobium, 4 tantalum, zirconium, indium,
sulfur, selenium, tellurium,  lanthanum, and cerium, and Y represents at
least one element  selected from a group consisting of potassium, rubidium,
cesium,  and thallium. In the above formula (1), a, b, c, d, e. f, and  g
represent atomic ratios of the respective elements. When  a=12, 0.1:rb~--3,
0.01~-.c:53, 0.01:5d:r.3, O~-.e:r.3, 0.01:5f.-s-3, and g is an  atomic
ratio of oxygen which is required to satisfy a valence  of the above
described each component. Particularly  preferable atomic ratios of the
respective elements are 0.2  :r.b:r.2, 0.04:rc:51, O.h-.d:52, O:ge.!-.2,
and 0.!-.f:52, when a=12. A method for preparing a catalyst used in the
present  invention is not particularly limited, and the previously
well-known various methods can be used unless the components  thereof
extremely unevenly distributed within a catalyst. . Raw materials used for
preparing the catalyst are not  particularly limited, and nitrates,
carbonates, acetates,  ammonium salts, oxides, halides or the like of each
element can  be employed in combination. For example, ammonium
paramolybdate, molybdenum trioxide, molybdic acid, molybdenum  chloride or
the like can be used as a raw material formolybdenum. Although a catalyst
used in the present invention may be  carrier-free, it is possible to use a
catalyst supported on an  inactive carrier such as silica, alumina,
silica-alumina, or  



silicon carbide, or a catalyst diluted by these carriers. In the present
invention, a catalyst bed means a space  section containing at least a
catalyst within a reaction tube  of a fixed bed tube type reactor. That is,
a catalyst bed is 5 not only a space which is f illed only with a catalyst
but also  a space section in which the catalyst is diluted with the
inactive carrier or the like. However, space sections at both  ends of the
reaction tube into which no substance is filled or  space sections into
which only inactive carriers or the like  are filled are not included to
the catalyst bed,, because these  sections substantially do not contain any
catalysts. In the present invention, when synthesizing methacrylic  acid by
filling a solid oxidation catalyst into a fixed bed tube  type reactor
provided with a heat medium bath and by flowing  a raw material gas
containing methacrolein and oxygen through  the catalyst bed, it is
important to provide two or more high  temperature zones within the
catalyst bed in which the temperature difference between the heat medium
bath and the  catalyst bed (AT) is 15 to 350C. A smaller maximum value of
AT in the catalyst bed is preferred, and the maximum value A  T should be
not larger than 350C because if a value of AT becomes  too larger, an
excessive oxidation reaction causes a reduction  in selectivity, which
leads to a reduction of the yields, and  there is also a possibility of
degradation and alteration of  the catalyst property due to thermal load.
An oxidation  reaction in the present invention is an exothermic reaction,



so that it is inevitable that a AT which is a certain degree  of magnitude
is produced. However, controlling the conditions  in such a manner that two
or more high temperature zones in which  each AT is 150C or more are
provided, it is possible to avoid  producing a locally abnormal high
temperature zone concentrated 6 in one region. As a matter of course, zones
each AT of which  is less than 15'C should exist among these respective
high  temperature zones. Methods for controlling the conditions in such a
manner  that two or more high temperature zones are provided are not
particularly limited and include, for example, such as a method  in which
catalysts are filled into respective reaction zones  provided by dividing a
space within a reaction tube into two  or more regions in its tube axial
direction and a length of each  reaction zone in its tube axial direction
is adjusted and the  catalytic activity per unit volume in each reaction
zone is  controlled. In this case, the methods for controlling the
catalytic activity per unit volume include, for example, such  as a method
for controlling a dilution ratio when the catalyst  is diluted with an
inactive carrier, and a method f or controlling  by using other catalysts
having different activities which are  obtained by modifying a catalyst
composition or a preparing  process thereof. It is preferable that the two
or more high temperature zones  in which each AT is within a range of 15 to
350C are provided  in a catalyst bed in such a manner that a distance
between a  



first high temperature zone and a second high temperature zone  f rom an
inlet side f or the raw material gas is 0. 2 to 0. 9 times  the overall
length of the catalyst bed, and particularly, it  is preferable that the
distance should be 0.25 to 0.8 times the  overall length of the catalyst
bed. A proportion of the  catalyst effectively acting in the whole catalyst
filled into 7 the reactor tends to increase as the ratio of the distance
between the high temperature zones to the overall length of the  catalyst
bed becomes smaller, whereas an yield of methacrylic  acid tends to be
higher and the possibility resulting in the  degradation and alteration of
the catalyst tends to be reduced  as the above described ratio becomes
larger. When there are  three or more high temperature zones, the distance
between the  two adjacent high temperature zones may be 0.2 to 0.9 times
the  overall length of the catalyst bed, and particularly 0.25 to  0.8
times the overall length thereof. The number of the high  temperature zones
is typically five or less, and practically  two or three are preferable.
And the distance between the high temperature zones  represents a distance
between the points at each of which the  AT is maximum in the high
temperature zone. A position of the first high temperature zone (a position
wherein the AT is maximum within this high temperature zone)  is preferable
at a distance of 0 to 0. 7 times the overall length  of the catalyst bed
from the inlet for the raw material gas,  and it is particularly preferable
at a distance of 0.1 to 0.5  



times the overall length of the catalyst bed from the above  described
inlet. usually, minute peaks and valleys can be seen on the A  T curve
which is in a tube axial direction, because of slightly  nonuniform
distribution of the filled catalyst. Hence, when  determining a range of
the high temperature zone, noise caused  by the peaks and valleys is
reduced by determining a mean A 8 T for the measured ATs around the certain
measurement position  within a range of 0.005 times, preferably 0.01 times,
the overall  length of the catalyst bed. Even if an exothermic peak which
satisfies a requirement of the high temperature zone is observed  at the
measured AT, in the case where the requirement of the  high temperature
zone is not satisfied when based on the mean  AT, the exothermic peak
should not be taken as the high temperature zone. In the present invention,
AT in the catalyst bed means  a difference between temperature at a certain
measurement  position within the catalyst bed and temperature of a heat
medium  bath around the position. Although there is a possibility of
nonuniform distribution of heat medium temperatures within the  heat medium
bath depending on, such as, a reactor configuration,  reaction conditions,
and a flowing state of the heat medium,  there is no problem in treating
the mean temperature of the heat  medium bath as a heat medium bath
temperature in the case where  a degree of the nonuniform distribution is
small. However, in  the case where the degree is not small, it is required
to  



determine AT by measuring the heat medium temperature at each  position.
Further, methods for measuring temperatures in the  catalyst bed include,
for example, a method in which, prior to  filling a catalyst, protective
tubes are placed in the tube type  reactor and a thermocouple is inserted
into the respective  protective tubes to measure the temperatures at the
respective  positions during reaction. In this method, a position to place
9 the protective tube is preferably a center of a section which  is normal
to the tube axial direction of the reaction tube, and  a length of the
protective tube is required to be longer than  that of the catalyst bed.
This method is preferable because  the temperatures at any positions
within-the catalyst bed can  be conveniently measured. In addition, in case
of using a  multi-tube type reactor which is industrially employed, it is
actually impossible to measure the temperatures of the catalyst  beds of
all reaction tubes, so that some of the reaction tubes  which represent the
entire reactor will be actually subjected  to this measurement. In practice
of the present invention, a concentration of  methacrolein in a raw
material gas can be varied within a wide  range, but it is appropriate to
be in a range of 1 to 20 volume  and particularly preferable to be in a
range of 3 to 8 volume It is economically advantageous to use air as a
source of  oxygen, but air enriched with pure oxygen may be used if
necessary. A concentration of oxygen in the raw material gas  



is preferably 0. 3 to 4 moles relative to one mole of methacrolein,
particularly it is preferable to be 0.4 to 3 moles. The raw  material gas
may contain a little amount of impurities such as  lower saturated
hydrocarbyl aldehyde which do not substantially  influence on a primary
reaction and may also be diluted by adding  inactive gases such as
nitrogen, steam, and carbon dioxide. A reaction pressure for oxidation
reaction can be varied  from an atmospheric pressure to several
atmospheres. The heat  medium bath temperature which is a reaction
temperature is 10 preferable 230 to 4500C, and particularly preferable 250
to 400  OC. A space velocity of a raw material gas is preferable 300 to
3000 hr-', and particularly preferable 500 to 2000 hr-'.  Examr)les The
present invention will now be further described in  detail by examples. In
the examples and comparative examples,  "part(s)" means part(s) by  weight.
A composition of a catalyst  was determined from the charged amounts of raw
materials of  catalyst components. As a heat medium of a reactor, a molten
salt composed of 50 mass % of patassium nitrate and 50 mass %  of sodium
nitrite was used. An analysis of reaction raw  materials and products was
carried out by gas chromatography. In addition, a conversion of
methacrolein, a selectivity  of produced methacrylic acid, and a one-pass
yield of  methacrylic acid are respectively defined as follows.  Conversion
of methacrolein (%) = (B/A) x 100 Selectivity of methacrylic acid (%) =
(C/B) x 100  



One-pass yield of methacrylic acid (%) = (C/A) x 100  In the above
definitions, A is the number of moles of supplied  methacrolein, B is the
number of moles of reacted methacrolein,  and C is the number of moles of
produced methacrylic acid.  [Example 1] 100 parts of ammonium
paramolybdate, 2. 8 parts of ammonium  metavanadate, and 9.2 parts of
cesium nitrate were dissolved  into 300 parts of pure water. A solution of
8.2 parts of 85  mass % phosphoric acid in 10 parts of pure water and a
solution  of 1.1 parts of telluric acid in 10 parts of pure water were
added to above solution with stirring, and temperature was  raised to 95'C
with stirring. Then, a solution of 3.4 parts  of copper nitrate, 7.6 parts
of ferric nitrate, 1.4 parts of  zinc nitrate, and 1.8 parts of magnesium
nitrate in 80 parts  of pure water was added. Further, this mixture was
stirred for  15 minutes at 1000C, and an obtained slurry was dried using a
spray dryer. Two parts of graphite were added to 100 parts of the  obtained
dried substance and mixed with each other, then pressed  into ring tablets
which were 5 mm in outer diameter, 2 mm in  inner diameter, and 3 mm in
length by using a tabletting machine.  The tablets were calcined at 3800C
for 5 hours while flowing  air, then a catalyst 1 was obtained. The
composition of the  catalyst 1, represented by an atomic ratio excluding
oxygen,  was as follows: M012P1.5C"O. 3VO. 5FeO. 4TeO.jMgO.j5ZnO.jCsj 



A mixture of 370 mL of the catalyst. I and 130 mL of alumina  balls having
an outer diameter of 5 mm was filled into an inlet  part for a raw material
gas of a steel made fixed bed tube type  reactor having an inner diameter
of 25.4 mm which was provided  with a heat medium bath, and 1000 mL of the
catalyst 1 was filled  into an outlet part of the above described reactor.
In this  case, a length of the catalyst bed was 3005 mm. A raw material
gas consisting of 6.5 volume % of methacrolein, 11 volume % of  oxygen, 10
volume % of steam, and 72.5 volume % of nitrogen was  passed through this
catalyst bed at a space velocity of 1000  hr-' and at a reaction
temperature (a heat medium bath 12 temperature) of 290C. Upon measuring a
temperature of the catalyst bed in this  case, a first high temperature
zone in which a maximum  temperature point was 300 mm from an end of the
inlet side for  the raw material gas and a second high temperature zone in
which  a maximum temperature point was 1200 mm from the end of the inlet
side for the raw material gas were observed. That is, a ratio  of a
distance between the above two high temperature zones to  the length of the
catalyst bed was 0.30. In addition, AT at  the position of the maximum
temperature in the first high  temperature zone was 21C, and AT at the
position of the maximum  temperature in the second high temperature zone
was 19C.  Further, AT at a position 1000 mm from the end of the inlet  side
for the raw material gas was 12C. Table 1 shows analytical results for the
reaction products  



which were collected. [Comparative Example 1] A mixture of 620 mL of the
catalyst 1 and 130 mL of alumina  balls having an outer diameter of 5 mm
was filled into an inlet  part for a raw material gas of the same fixed bed
tube type  reactor as used in Example 1, and 750 mL of the catalyst 1 was
filled into an outlet part of this reactor. A length of the  catalyst bed
in this case was 3005 mm. The same raw material  gas as used in Example 1
was passed through this catalyst bed  under the same conditions. Then
measuring the temperature of the catalyst bed, only  one high temperature
zone was observed in which the maximum 13 temperature point was 400 mm from
the end of the inlet side for  the raw material gas. In addition, AT at the
maximum  temperature of this high temperature zone was 31'C. Table 1 shows
results of analysis of the reaction product.  [Comparative Example 2] 1500
mL of the catalyst 1 was filled into the same reactor  as used in Example
1. A length of the catalyst bed at this time  was 3005 mm. The same raw
material gas as used in Example 1  was passed through this catalyst bed
under the same conditions. Then measuring the temperature of the catalyst
bed, only  one high temperature zone was observed in which the maximum
temperature point was 200 mm from the end of the inlet side of  the raw
material gas. In addition, AT at the maximum temperature of this high
temperature zone was 400C. 



Table 1 shows results of analysis of the reaction product.  [Comparative
Example 31 13 7 0 mL of the catalyst 1 was filled into the same reactor  as
used in Example 1. A length of the catalyst bed at this time  was 2745 mm.
The same raw material gas as used in Example 1  was passed through this
catalyst bed under the same conditions. Then measuring the temperature of
the catalyst bed, only  one high temperature zone was observed in which the
maximum  temperature point was 200 mm from the end of the inl et side of
the raw material gas. In addition, AT at the maximum temperature of this
high temperature zone was 40'C. Table 1 shows results of analysis of the
reaction product. 14 [Comparative Example 4] A mixture of 220 mL of the
catalyst 1 and 130 mL of alumina  balls having an outer diameter of 5 mm.
was filled into an inlet  part for a raw material gas of the same reactor
as used in Example  1, and 1150 mL of the catalyst 1 was filled into an
outlet part  of this reactor. A length of the catalyst bed at this time was
3005 mm. The same raw material gas as used in Example 1 was  passed through
this catalyst bed under the same conditions. Upon measuring a temperature
of the catalyst bed at this  time, a first high temperature zone in which
the maximum  temperature point was 250 mm from an end of the inlet side for
the raw material gas and a second high temperature zone in which  the
maximum temperature point was 830 mm from the end of the  inlet side of the
raw material gas were observed. That is, a  



ratio of a distance between the above two high temperature zones  to the
length of the catalyst bed was 0. 19. In addition, A  T at the maximum
temperature of the f irst high temperature zone  was 160C, and AT at the
maximum temperature of the second high  temperature zone was 370C. Further,
AT at a position 700 mm  from the end of the inlet side of the raw material
gas was 10 0C. Table 1 shows results of analysis of the reaction product.
[Example 2] 100 parts of molybdenum trioxide, 3.2 parts of vanadium
pentaoxide, and 6. 7 parts of 8 5 mas s % phosphoric ac id were mixed  with
800 parts of pure water. After stirring this mixture for  three hours while
heating at reflux, 0.5 part of copper oxide, 15 0.7 part of boric acid, and
1.2 parts of germanium dioxide were  added to the mixture, then the mixture
was stirred again for  two hours while heating at ref lux. The obtained
slurry was  cooled to 50C, and a solution of 11.2 parts of cesium
bicarbonate in 30 parts of pure water was added to this slurry  and stirred
for 15 minutes. Then, a solution of 10 parts of  ammonium nitrate in 30
parts of pure water was added to the slurry  and further stirred for 15
minutes, and the obtained slurry  containing catalyst components was dried
using a spray dryer. Two parts of graphite were added to 100 parts of the
obtained dried substance and mixed with each other, then pressed  into ring
tablets which had an outer diameter of 5 mm, an inner  diameter of 2 mm,
and a length of 3 mm using a tabletting machine.  



The tablets were calcined at 380C for 5 hours while flowing  air, then a
catalyst 2 was obtained. The composition of the  catalyst 2 represented by
an atomic ratio, exclusive of oxygen, was M012P 1Cuo.1Vo .6Geo.2Ba.2C s i A
mixture of 150 mL of the catalyst 2 and 90 mL of alumina  balls having an
outer diameter of 5 mm was filled into an inlet  part for a raw material
gas of the same fixed bed tube type  reactor as used in Example 1, and a
mixture of 200 mL of the  catalyst 2 and 40 mL of alumina balls having an
outer diameter  of 5 mm was filled into a middle part of this reactor, and
1020  mL of the catalyst 2 was filled into an outlet part of this  reactor.
A length of the catalyst bed at this time was 3005  mm. The same raw
material gas as used in Example 1 was passed 11  16 through this catalyst
bed under the same conditions. Upon measuring a temperature of the catalyst
bed, a first  high temperature zone in which the maximum temperature point
was 180 mm from an end of the inlet side of the raw material  gas, a second
high temperature zone in which the maximum  temperature point was 620 mm
from the end of the inlet side of  the raw material gas, and a third high
temperature zone in which  the maximum temperature point was 1100 mm from
the end of the  inlet side of the raw material gas were observed. That is,
among  the above three adjacent high temperature zones, a ratio of a
distance between the first and the second high temperature zones  



to the length of the catalyst bed was 0.15, and a ratio of a  distance
between the second and the third high temperature zones  to the length of
the catalyst bed was 0.16. In addition, 0  T at the maximum temperature of
the first high temperature zone  was 16C, AT at the maximum temperature of
the second high  temperature zone was 18C, and AT at the maximum
temperature  of the third high temperature zone was 17C. Further, AT at  a
position 480 mm from the end of the inlet side for the raw  material gas
was 9C, and AT at a position 960 mm from the end  of the inlet side for the
raw material gas was 9C. Table 1 shows results of analysis of the reaction
product. 17 Table 1 Examples,Conversion ofSelectivity ofYield of Uni-flow
ComparativeMethacroleinMethacrylic acidMethacrylic acid Examples($)(%)(%)
Example 184.584.071.0 Comparative 85.781.970.2 Example 1 Comparative
87.978.168.6 Example 2 Comparative 87.378.368.4 Example 3 Comparative 



86.379.568.6 Example 4 Example 285.285.472.8 Industrial Applicability
According to the present invention, when synthesizing  methacrylic acid by
filling a solid oxidation catalyst into a  fixed bed tube type reactor
provided with a heat medium bath  and by flowing a raw material gas
containing methacrolein and  oxygen through the catalyst bed, methacrylic
acid can be  manufactured in high yields by providing two or more high
temperature zones in which each AT is 15 to 35C without  providing any
sections in which A Ts exceed 35C. Also, according to the present
invention, the yields are  further increased by providing a first high
temperature zone  and a second high temperature zone from an inlet side for
the  raw material gas in such a manner that a distance between these 18
high temperature zones is 0.2 to 0.9 times an overall length  of the
catalyst bed. Further, the yields are also increased by employing a
composite oxide represented by the above described formula (1)  as a solid
oxidation catalyst. 11  19 CLAIMS 1. A method for manufacturing methacrylic
acid, in which the  methacrylic acid is synthesized by using a fixed bed
tube type  



reactor provided with a catalyst bed into which a solid oxidation  catalyst
is filled and with a heat medium bath and by flowing  a raw material gas
containing methacrolein and oxygen through  said catalyst bed,
characterized in that the catalyst bed does not have any sections in which
a  temperature difference between the heat medium bath and the  catalyst
bed { A T = (catalyst bed temperature) - (heat medium  bath temperature) }
exceeds 3 5C and two or more high temperature  zones in which each AT is 15
to 35C are provided. 2. The method for manufacturing mathacrylic acid
according  to claim 1, characterized in that a distance between a first
high temperature zone and a second high temperature zone from  an inlet
side for the raw material gas is 0.2 to 0.9 times an  overall length of the
catalyst bed. 3. The method for manufacturing mathacrylic acid according
to claim 1 or 2, characterized in that said solid oxidation  catalyst is a
composite oxide represented by a following formula  (1): Mo,PbCuVdXGYfOg
wherein, Mo, P, Cu, V and 0 represent molybdenum, (1) phosphorus, copper,
vanadium, and oxygen, respectively, X 20 represents at least one element
selected from a group consisting  of iron, cobalt, nickel, zinc, magnesium,
calcium, strontium,  barium, titanium, chromium, tungsten, manganese,
silver, boron,  silicon, tin, lead, arsenic, antimony, bismuth, niobium,  



tantalum, zirconium, indium, sulfur, selenium, tellurium,  lanthanum, and
cerium, and Y represents at least one element  selected from a group
consisting of potassium, rubidium, cesium,  and thallium, wherein a, b, c,
d, e, f and g represent atomic  ratios of respective elements, and when
a=12, 0.1sbs3, 0.01  scs3, O.O1sds3, Oses3 and 0.O1sfs3, and g is an atomic
ratio  of oxygen which is required to satisfy a valence of said each
component. 4. The method for manufacturing mathacrylic acid according  to
any of claims 1 to 3, characterized in that AT and positions  of the high
temperature zones are controlled by adjusting a  catalytic activity per
unit volume within said catalyst bed. 21 


