
40 DESCRIPTION  PROCESSES FOR THE PREPARATION OF A PRECIPITATE AND A
CATALYST Technical Field This invention relates to a process for the
preparation of precipitates containing at least  molybdenum and an element
A (in which A is at least one  element selected from phosphorus and
arsenic) 10 (hereinafter also referred to as "molybdenum-based
precipitates"). More particularly, it relates to a  process for the
preparation of molybdenum-based  catalysts useful for various reactions. 5
Background Art  Molybdenum-based precipitates are useful as raw materials
for molybdenum-based solid catalysts used, for.  example, in the production
of methyl tert-butyl ether by  the etherification of isobutene and
methanol, the 20 production of methacrylic acid by the dehydrogenation of
isobutyric acid, and the production of methacrylic acid  by the vapor phase
catalytic oxidation of methacrolein,  and active investigations are being
carried on for purposes of industrial production. In the prior art, a  25
large number of propositions have been made as to the  compositions of such
catalysts and the preparation 15 



} processes thereof. Generally, it is known that a  molybdenum-based
precipitate can be formed by allowing  an oxoacid ion containing the
element A to exist in an  aqueous solution of a molybdate and acidifying
the 5 solution. However, Conventional processes for the preparation  of a
molybdenum-based precipitate may fail to yield a  molybdenum-based
precipitate having a sufficiently high  purity and a desired average
particle diameter. 10 Moreover, most of the conventional processes for the
preparation of a molybdenum-based precipitate are  concerned with the
preparation of a molybdenum-based  precipitate containing one or two
metallic elements. Few reports have been made of a process which can also
15 be suitably applied to the preparation of a molybdenum- based
precipitate containing three or more metallic  elements. On the other hand,
a number of propositions have  conventionally been made as to the method of
washing a  20 molybdenum-based precipitate. However, conventional methods
for washing a molybdenum-based precipitate are  disadvantageous in that
impurities cannot be fully  removed or a considerable change in average
particle  diameter may occurs during washing. 25 In particular, the average
particle diameter of a  molybdenum-based solid catalyst is an important
factor 



2 4 which determines the pore distribution and other  properties of the
solid catalyst and hence contributes  greatly to its performance such as
catalytic activity  and selectivity. Nevertheless, there have been few 5
reports which disclose a method for washing a  molybdenum-based precipitate
efficiently while  suppressing a change in the average particle diameter
thereof. Moreover, most of the conventional method for 10 washing a
molybdenum-based precipitate are concerned  with the washing of a
molybdenum-based precipitate  containing one or two metallic elements. Few
reports  have been made of a method which can also be suitably  applied to
the washing of a molybdenum-based precipitate 15 containing three or more
metallic elements. In view of the above-described circumstances, an  object
of the present invention is to provide a process  which permits a
molybdenum-based precipitate having a  high purity and a desired average
particle diameter to 20 be conveniently prepared with good workability, and
which can be suitably applied to the washing of a  molybdenum-based
precipitate containing three or more  metallic elements. Another object of
the present invention is to 25 suppress a change in the average particle
diameter of a  



molybdenum-based precipitate, wash it conveniently with good workability,
and thereby obtain a molybdenum-based  precipitate having a high purity and
a desired average  particle diameter. A further object of the present
invention is to wash a molybdenum-based precipitate 5 containing three or
more metallic elements in a suitable  manner. Disclosure of the Invention
In order to accomplish the above objects, the 10 present invention provides
a process for the preparation  of a precipitate containing at least
molybdenum and an  element A (in which A is at least one element of
phosphorus and arsenic), the process including: the first step of adjusting
the pH of a fluid 15 mixture containing the constituents of the precipitate
to 6.5 or less in the presence of an alkali metal  compound, and filtering
the crude precipitate so formed; and the second step of dissolving the
crude precipitate  20 in aqueous ammonia, adjusting the pH of the resulting
solution to 6.5 or less, and filtering the precipitate  so formed. It is
preferable that, subsequently to at least one  of the first step and the
second step, at least one of  25 the crude precipitate obtained in the
first step and the precipitate obtained in the second step is washed with 4



an acid aqueous solution having a pH of 6.5 or less and  containing not
less than 0.01 mole/L of ammonium root. Moreover, the present invention
provides a process  for the preparation of a precipitate which includes the
5 step of washing a precipitate containing at least molybdenum and an
element A (in which A is at least one  element of phosphorus and arsenic)
with an acid aqueous  solution, wherein the acid aqueous solution has a pH
of  6.5 or less and contains not less than 0.01 mole/L of  10 ammonium
root. Furthermore, the present invention provides a  process for the
preparation of a molybdenum-based  catalyst represented by the following
general formula (1): 15 AAMObVCCudDQYfZ9Oh (1) wherein A is at least one
element of phosphorus and  arsenic, D is at least one element selected from
the  group consisting of antimony, bismuth, germanium,  zirconium,
tellurium, silver, selenium, silicon, 20 tungsten and boron, Y is at least
one element selected  from the group consisting of iron, zinc, chromium,
magnesium, tantalum, manganese, cobalt, barium, gallium,  cerium and
lanthanum, Z is at least one element selected  from the group consisting of
potassium, rubidium and 25 cesium, a is in the range of 0.5 to 3, b is
equal to 12,  



c is in the range of 0 to 3, d is in the range of 0 to 3, 5 e is in the
range of 0 to 3, f is in the range of 0 to 3,  and h is the atomic ratio of
oxygen required to meet the  valence of each element, the process
including: the first step of adjusting the pH of a fluid 5 mixture
containing at least molybdenum and the element A  to 6.5 or less in the
presence of an alkali metal  compound, and filtering the crude precipitate
so formed; the second step of dissolving the crude precipitate  in aqueous
ammonia, adjusting the pH of the resulting  10 solution to 6.5 or less, and
filtering the precipitate  so formed; and the step of preparing the
catalyst from the  precipitate. 15 Best Mode for Carrying Out the Invention
Preferred embodiments of the present invention will  be described
hereinbelow. The preparation process of the present invention  includes at
least a first and a second step. In the 20 first step, a fluid mixture is
prepared by dispersing a  molybdenum-based in water and adding an alkali
metal  compound thereto. Thereafter, the pH of the resulting  fluid mixture
is adjusted to 6.5 or less, and the crude  precipitate so formed is
collected by filtration. In 25 the second step, a solution is prepared by
adding  aqueous ammonia to the crude precipitate obtained in the 



6 first step and dissolving the crude precipitate therein.  Thereafter, the
pH of the resulting solution is adjusted.  to 6.5 or less, and the
precipitate so formed is collected by filtration. 5 As a result of
intensive investigations on the  preparation of a molybdenum-based
precipitate, the  present inventors have found that the above-described
process permits a molybdenum-based precipitate having a  high purity and a
desired average particle diameter to 10 be conveniently prepared with good
workability and,  moreover, the above-described process can be suitably
applied to the preparation of a molybdenum-based  precipitate containing
three or more metallic elements. Although the reason therefor is not
clearly known,  15 it is presumed that, by pH adjustment to 6.5 or less in
the presence of ammonium root, the desirable  precipitation of a
molybdenum-based compound can be  achieved in a state which minimizes the
embedment of  impurities and the like. 20 No particular limitation is
placed on the type of  the molybdenum-based precipitate to which the
present  invention is applicable, so long as the precipitate  contains at
least molybdenum and an element A (in which  A is at least one element
selected from phosphorus and 25 arsenic). Examples thereof include salts
formed by the  combination of a heteropolyacid having molybdenum as the 



7 coordinating element and the element A as the central  element, with an
element z (in which Z is at least one  element selected from the group
consisting of potassium,  rubidium and cesium), and mixtures containing
such acids. 5 As the basic structures of heteropolyacids, the  Keggin and
Silverton structures in which the ratio of  the central element to the
coordinating element is 1:12,  the Dawson structure in which the ratio is
2:18, the  Anderson structure in which the ratio is 1:6, and the 10 like
are known. Such heteropolyacids may be prepared,  for example, by
acidifying an aqueous solution  containing a molybdate and an oxoacid ion
containing the  element A so as to precipitate a heteropolyacid. In  order
to prepare a heteropolyacid containing the element 15 Z, a Z salt of the
heteropolyacid may readily be formed  by precipitating the heteropolyacid
in the presence of a  Z ion produced by dissolving a compound of the
element Z. Since the molybdenum-based precipitate obtained by
the.preparation process of the present invention has a  20 high purity and
a desired average particle diameter, a molybdenum-based solid catalyst
(also referred to as  ,'molybdenum-based catalyst") having good
characteristics  may be prepared as required, for example, by adding one
or more metallic elements to the molybdenum-based 25 precipitate obtained
in the present invention. That is, a molybdenum-based catalyst may be
prepared 



8 by preparing a molybdenum-based precipitate having a  desired average
particle diameter according to a process  including the aforesaid first and
second steps, and  subjecting the molybdenum-based precipitate to a 5
subsequent step for enhancing its catalytic performance  (for example,
adding thereto one or more metallic  elements depending on the reaction
system). Examples of the molybdenum-based solid catalyst  include
molybdenum-based catalysts represented by the  10 following general formula
(1): A,MobV,CUdD,YiZ A (1) wherein A is at least one element of phosphorus
and  arsenic, D is at least one element selected from the  group consisting
of antimony, bismuth, germanium, 15 zirconium, tellurium, silver, selenium,
silicon,  tungsten and boron, Y is at least one element selected  from the
group consisting of iron, zinc, chromium,  magnesium, tantalum, manganese,
cobalt, barium, gallium,  cerium and lanthanum, Z is at least one element
selected 20 from the group consisting of potassium, rubidium and  cesium, a
is in the range of 0.5 to 3, b is equal to 12,  * is in the range of 0 to
3, d is in the range of 0 to 3,  * is in the range of 0 to 3, f is in the
range of 0 to 3,  and h is the atomic ratio of oxygen required to meet the
25 valence of each element. 



From the viewpoint of catalytic efficiency, 9 handleability during washing,
and the like, the average  particle diameter of the molybdenum-based
precipitate is  preferably not less than 1 ,um and more preferably not
less than 3 ,um, and is preferably not greater than 100 5 gm and more
preferably not greater than 70 ,um.  Specific examples of the
molybdenum-based catalyst  include a catalyst for the production of
methacrylic  acid by the vapor phase catalytic oxidation of  methacrolein,
a catalyst for the production of methyl 10 tert-butyl ether by the
etherification of isobutene and  methanol, and a catalyst for the
production of  methacrylic acid by the dehydrogenation of isobutyric  acid.
In the first step of the above-described process for  15 the preparation of
a molybdenum-based catalyst, a  molybdenum-based catalyst having been used
for any of  various reactions (also referred to as "used catalyst")  may be
used as the raw material for a molybdenum-based  precipitate. In such a
case, a used molybdenum-based 20 catalyst whose activity has been reduced
as a result of  long-term use may be recovered, purified according to  the
process for the preparation of a molybdenum-based  precipitate in
accordance with the present invention,  and then replenished with one or
more necessary metallic 25 elements. Thus, it is possible to prepare a
reactivated  



molybdenum-based catalyst or a molybdenum-based catalyst 10 having
different reaction characteristics and other  characteristics as compared
with that before being  recovered. The first step of the present invention
is usually  5 carried out by dispersing a solid containing the
constituents of a molybdenum-based precipitate in water  and then adding an
alkali metal compound thereto.  Although no particular limitation is placed
on the  amount of water added, it should be used in such an 10 amount as to
permit the resulting mixture to be handled  as a slurry. Usually, water is
used in an amount of not  less than 1 part by mass per part by mass of the
solid  containing the constituents. The amount of alkali metal  compound
added is preferably such that the pH of the 15 resulting mixture will not
less than 8, more preferably  not less than 8.5, and not greater than 12.
No  particular limitation is placed on the type of the  alkali metal
compound used for this purpose. However,  examples thereof include sodium
hydroxide, potassium 20 hydroxide, cesium hydroxide and sodium hydrogen
carbonate. Among others, sodium hydroxide is preferred.  The alkali metal
compound may be added to the mixture,  in the form of a solid or a
preformed aqueous solution. After the addition of the alkali metal
compound, the  25 mixture is preferably kept for a predetermined time in  



order to dissolve the metallic elements present in the 11 solid containing
the constituents of the molybdenum- based precipitate. The keeping time
preferably ranges  from 0.5 hour to 24 hours, and the keeping temperature
preferably ranges from room temperature to 90C. 5 Although the mixture may
be allowed to remain stationary,  it is preferably kept with stirring.
Thereafter, if the mixture contains any insoluble  residue, it is
preferably removed by filtration or other  means. 10 Then, the pH of this
mixture is adjusted to 6.5 or  less by the addition of an acid. The acids
which can be  added for the purpose of pH adjustment include, for  example,
hydrochloric acid, nitric acid and sulfuric  acid. Among others,
hydrochloric acid and nitric acid  15 are preferred. After pH adjustment,
the mixture is preferably kept  for a predetermined time in order to form a
crude  precipitate. The keeping time preferably ranges from  0.5 hour to 24
hours, and the keeping temperature 20 preferably ranges from room
temperature to 90C. Although the mixture may be allowed to remain
stationary,  it is preferably kept with stirring. On the basis of
compositional analysis and X-ray  diffractometry, it is presumed that the
principal 25 component of the crude precipitate thus obtained  



comprises, for example, a so-called Dawson-type 12 heteropolyacid salt in
which the ratio of the central  element (e.g., phosphorus) to molybdenum is
2:18, or a  mixture of a so-called Keggin-type heteropolyacid salt  in
which the ratio of the central element (e.g., 5 phosphorus) to molybdenum
is 1:12, and a Dawson-type  heteropolyacid. In this case, the proportion of
the  Keggin-type heteropolyacid salt becomes higher as the  adjusted pH is
lowered. Where the amount of the element Z is not sufficient  10 to
precipitate the heteropolyacid as a salt of the  element Z, it is
preferable to add a source of ammonium  root prior to pH adjustment so that
ammonium root will  preferably be present in an amount of not less than 0.5
mole, more preferably not less than 3 moles, and not 15 greater than 40
moles, per mole of the element A. The  presence of ammonium root permits a
larger amount of the  heteropolyacids to be precipitated as an ammonium
salt,  so that the recovery of molybdenum and the element A  contained in
the crude precipitate can be improved. As 20 the amount of ammonium root
increases, the recovery of  molybdenum and the element A becomes higher. No
particular limitation is placed on the type of  the source of ammonium
root, so long as it is soluble.  Examples thereof include aqueous ammonia,
ammonium 25 chloride, ammonium nitrate and ammonium carbonate. 



The residual fluid from which the molybdenum-based 13 precipitate formed in
the second step has been separated  contains a large amount of ammonium
root. Although this  residual fluid may be discarded, it can be used as the
source of ammonium root which is added to the mixture of 5 the first step.
This provides an economically desirable  process because no additional
fresh source of ammonium  root is required. Where the constituents of the
precipitate include at  least one element selected from the group
consisting of  10 potassium, rubidium and cesium, the at least one element
selected from the group consisting of potassium, rubidium and cesium is
substantially removed, if  necessary, prior to the first step. More
specifically, depending on the intended use of  15 the finally obtained
molybdenum-based precipitate, it  may be desirable that the element Z is
present in small  amounts or completely absent. In such a case, it is
preferable to remove all or part of the element Z from  the mixture prior
to its pH adjustment to 6.5 or less. 20 This may be accomplished, for
example, by causing Z ions  to become adsorbed to a cation-exchange resin.
The  removal of the element Z is preferably carried out prior  to pH
adjustment to 6.5 or less. In this case, it is  especially preferable to
add ammonium root so as to 25 recover molybdenum and the element A
efficiently.  



The crude precipitate formed by pH adjustment is 14 separated from the
residual fluid by a suitable solid- liquid separation technique. No
particular limitation  is placed on the solid-liquid separation technique
employed, and any common techniques such as filtration  5 and
centrifugation may be employed. For this purpose,  there may be used any of
various common apparatus such  as pressure filters, vacuum filters, filter
presses and,  centrifugal separators. In the second step, the crude
precipitate obtained  10 in the above-described manner is redissolved by
adding  aqueous ammonia thereto. Then, a precipitate is formed  again by
adding an acid so as to adjust the pH of the  solution to 6.5 or less. No
particular limitation is  placed on the state of the crude precipitate to
which 15 aqueous ammonia is added, and the crude precipitate may  be either
in a dry state or in a wet state. The amount of aqueous ammonia added may
be such that  it can dissolve the crude precipitate. However, it is
preferable to add aqueous ammonia in such an amount as 20 to give a pH of 8
or greater. Aqueous ammonia may be  added directly to the crude
precipitate. Alternatively,  it is possible to disperse the crude
precipitate in  water and then add aqueous ammonia thereto. The acid  used
for the purpose of pH adjustment may be the same as 25 that used in the
first step, or may be different  



therefrom. This ac id may be selected according to the 15 intended use of
the molybdenum-based precipitate.- After  pH adjustment, the solution is
preferably kept for a  period of time ranging from 0.5 hour to 24 hours.
The  keeping temperature preferably ranges from room 5 temperature to 90C.
Moreover, the solution is  preferably kept with stirring. Similarly to the
first step, the precipitate formed  in the second step is separated from
the residual fluid  by a suitable solid-liquid separation technique. 10
Subsequently to the first step, the crude  precipitate obtained in the
first step is preferably  washed with an acid aqueous solution having a pH
of 6.5  or less and containing not less than 0.01 mole/L of  ammonium root.
15 Moreover, subsequently to the second step, the  precipitate obtained in
the second step is preferably  washed with an acid aqueous solution having
a pH of 6.5  or less and containing not less than 0.01 mole/L of  ammonium
root. 20 By employing this washing method, a change in the  average
particle diameter of the molybdenum-based  precipitate during washing can
be suppressed, and the  molybdenum-based precipitate can be conveniently
washed  with good workability without causing any significant 25 alteration
in the solid-liquid separation properties of  



the washing fluid and the precipitate. Thus, there can 16 be obtained a
molybdenum-based precipitate having a  desired average particle diameter.
Moreover, there can  be obtained a molybdenum-based precipitate having a
sufficiently high purity. Furthermore, even a 5 molybdenum-based
precipitate containing three or more  metallic elements may also be
conveniently be washed  with good workability. In order to suppress a
change in the average  particle diameter of the molybdenum-based
precipitate  10 during washing to a full degree, the concentration of
ammonium root in the acid aqueous solution should  preferably be not less
than 0.01 mole/L, more preferably  not less than 0.05 mole/L, and most
preferably not less  than 0.1 mole/L. 15 The impurities contained in the
molybdenum-based  crude precipitate and precipitate include, for example,
excess ammonium root and nitrate root, chlorine, sulfur,  salts formed from
the alkali metal compound added and  the acid used for pH adjustment. The
components in 20 question may differ according to the intended use of the
precipitate compound. Accordingly, it is preferable to  select a washing
fluid suitably according to the  intended use and solubility of the
precipitate. From  this point of view, the washing fluid used in the 25
present invention may comprise, for example, at least  



one aqueous solution selected from the group consisting 17 of an aqueous
solution of ammonium nitrate, an aqueous  solution of ammonium chloride,
and an aqueous solution  of ammonium sulfate. No particular limitation is
placed on the washing  5 method. Usable washing methods include, for
example,  dispersion washing in which the crude precipitate or the
precipitate is dispersed in a washing fluid and this  dispersion is then
subjected to solid-liquid separation,  and passage washing in which a
washing fluid is passed 10 through the crude precipitate or the precipitate
in the  form of a cake. The washing may be carried out at a  temperature
ranging from 0C to 90C. However, with  consideration for the solubility of
the precipitate and other factors, it is preferable to employ a temperature
15 ranging from room temperature to 50C. No particular  limitation is
placed on the state of the crude  precipitate and the precipitate after
washing, and they  may be either in a wet state or in a dry state. By
employing the above-described washing method, the  20 crude precipitate and
the precipitate can be made highly  pure without causing a substantial
change in the average  particle diameter thereof. Specifically, the rate of
change in the average  particle diameter of the crude precipitate before
and  25 after washing can preferably be reduced to not greater 



than 50%, more preferably not greater than 40%, and most 18 preferably not
greater than 30%. Moreover, the rate of change in the average particle
diameter of the precipitate before and after washing can  preferably be
reduced to not greater than 50%, more 5 preferably not greater than 40%,
and most preferably not  greater than 30%. The term "rate of change in
average particle  diameter" as used herein means a value defined by 100 x
Ir-r'j/r in which r is the average particle diameter 10 before washing and
r' is the average particle diameter  after washing. By employing the
above-described washing method, the  amount of chlorine contained in the
washed precipitate  obtained by washing the precipitate obtained in the 15
second step can preferably be reduced to not greater  than 0.10 mole, more
preferably not greater than 0.05  mole, and most preferably not greater
than 0.03 mole,  per mole of the element A. Moreover, the amount of sodium
contained in the 20 washed precipitate obtained by washing the precipitate
obtained in the second step can preferably be reduced to  not greater than
0.10 mole, more preferably not greater  than 0.05 mole, and most preferably
not greater than 0.03 mole, per mole of the element A. 25 One example of
the molybdenum-based precipitate  



washed in the above-described steps comprises a 19 precipitate obtained by
recovering a molybdenum-based  catalyst having been used for any of various
reactions  (also referred to as "used catalyst") and forming it  into a
precipitate according to a suitable procedure. 5 In such a case, a used
molybdenum-based catalyst whose  activity has been reduced as a result of
long-term use  may be recovered, formed into a precipitate, and washed
according to the method of the present invention. Thereafter, it may be
replenished with one or more 10 necessary metallic elements. Thus, it is
possible to  prepare a reactivated molybdenum-based catalyst or a
molybdenum-based catalyst having different reaction  characteristics and
other characteristics as compared  with that before being recovered. 15
Another example of the molybdenum-based precipitate  comprises a
precipitate obtained by preparing a solution  containing at least molybdate
ion, an oxoacid ion  containing the element A, and other metallic acid ions
as required, and adjusting the pH of the solution to 6.5  20 or less. After
a molybdenum-based precipitate having a  desired average particle diameter
is prepared according  to the above-described washing method, a molybdenum-
based catalyst may be prepared by subjecting the 25 molybdenum-based
precipitate to a subsequent step for  



enhancing its catalytic activity (for example, adding 20 thereto one or
more metallic elements depending on the  reaction system). The
above-described washing method is suitable for  the purpose of washing the
crude precipitate obtained in  5 the first step and the precipitate
obtained in the second step. However, it is to be understood that its  use
is not limited thereto. That is, the above- described washing method can be
applied to any  precipitate containing at least molybdenum and the 10
element A, irrespective of its preparation process.  The present invention
is more fully explained with  reference to the following specific examples.
However,  these examples are not to be construed to limit the  scope of the
invention. As to the reagents, 15 commercially available products of high
purity were used  unless otherwise specified. Analytical methods The
quantitative analysis of constituent elements  (or molecules) was carried
out by ICP emission 20 spectrometry (using CID High-frequency Plasma
Emission  Spectroscopic Analyzer, IRIS Advantage IP, manufactured  by
Nippon Jarrell-Ash Co., Ltd.), atomic absorption  spectrometry (using
SAS7500, manufactured by Seiko  Instruments Inc.), ion chromatography
(using DX-AQ2211, 25 manufactured by Nippon Dionex Co., Ltd.), and the  



Kjeldahl method. 21 The average particle diameter of a precipitate was
determined by measuring its particle size distribution  with an SK LASER
MICRON SIZER PRO-7000 (manufactured by  Seishin Enterprise Co., Ltd.) and
finding a particle 5 diameter at which the cumulative frequency was equal
to  50%. Example 1 (a) Use of a molybdenum-based catalyst: A tubular
reactor was charged with a catalyst containing 34.54  10 parts by mass of
molybdenum, 0.93 part by mass of phosphorus, 1.41 parts by mass of
potassium, 0.76 part  by mass of vanadium, and 0.57 part by mass of copper
and  having the composition of P1Mo12K1.2V0.5CU0.3, exclusive of  oxygen
(the same shall apply hereinafter). Then, a 15 gaseous mixture composed of
5% by volume of methacrolein,  10% by volume of oxygen, 30% by volume of
water vapor,  and 55% by volume of nitrogen was reacted for 2,000 hours
under reaction conditions including a reaction  temperature of 2700C and a
contact time of 3.6 seconds.  20 (b) Removal of potassium: After completion
of the reaction, the catalyst was removed from the tubular  reactor, and 91
parts by mass of this used catalyst was  dispersed in 400 parts by mass of
pure water. After  89.2 parts by mass of a 45% aqueous solution of sodium
25 hydroxide was added thereto and the resulting mixture  



was stirred for 2 hours, the residue was filtered off. 22 The filtrate was
freed of potassium by passing it  through a strongly acid Na-type
styrene-based ion- exchange resin (Amberlite IR-120B, manufactured by
Organo Corp.) at a space velocity (SV) of 1. 5 (c) First step: After the pH
of the effluent fluid  was adjusted to 8.9 by the addition of 29.9 parts by
mass of 36% hydrochloric acid, 19.25 parts by mass of  ammonium chloride
(i.e., 12.0 moles of ammonium root per  mole of phosphorus) was added
thereto. Then, 84.1 parts 10 by mass of 36% hydrochloric acid was added
thereto, with  stirring, so as to adjust the pH of the mixture to 1.0.  As
the pH became lower by the addition of hydrochloric  acid, a crude
precipitate was formed. When the pH of  the mixture reached 1.0, it was in
the form of a slurry. 15 Thereafter, the slurry was kept at room
temperature for  2 hours with stirring. The resulting slurry containing
the crude precipitate was filtered with a Nutsche type  vacuum filter to
obtain a wet crude precipitate. (d) Washing step: The wet crude precipitate
thus  20 obtained was dispersed in 2 parts by mass of a 2%  aqueous
solution of ammonium nitrate (having a pH of 5.2  at room temperature and
containing 0.25 mole/L of  ammonium root) and kept in the dispersed state
for 5  minutes. The dispersion was filtered again with a 25 Nutsche type
vacuum filter to obtain 120.5 parts by mass  



of a wet crude precipitate. 23 (e) Second step: The wet crude precipitate
thus  obtained was added to 500 parts by mass of pure water.  After 71.1
parts by mass of 25% aqueous ammonia was  added thereto, the resulting
mixture was kept for 10 5 minutes with stirring. Initially, the mixture was
in  the form of a slurry, but became a perfect solution  after 5 minutes.
At that time, its pH was 8.6. Then,  after the temperature of the solution
was raised to 70'C,  99.8 parts by mass of 36% hydrochloric acid was added
10 thereto so as to adjust the pH of the mixture to 5.0.  This mixture was
kept at 800C for 3 hours with stirring  to form a precipitate. After the
slurry containing the  precipitate was cooled to room temperature, it was
filtered to obtain a wet precipitate. 15 (f) Washing step: Next, the wet
precipitate was  dispersed in and washed with 2 parts by mass of a 2%
aqueous solution of ammonium nitrate (having a pH of 5.2  at room
temperature and containing 0.25 mole/L of  ammonium root). After this
procedure was repeated twice, 20 the dispersion was filtered. Finally,
110.5 parts by  mass of a wet precipitate was obtained. This wet
precipitate contained 30.55 par ts by mass (12 atm.%) of  molybdenum, 0.90
part by mass (1.1 atm.%) of phosphorus,  and 0.61 part by mass (0.45 atm.%)
of vanadium; 11.51 25 moles of ammonium root per mole of phosphorus; and  



impurities such as 0.01 mole of sodium and 0.02 mole of 24 chlorine, per
mole of phosphorus. When the wet precipitate was dispersed in the  filtrate
from which the wet precipitate had been  separated in 11(e) Second step",
and used for the 5 measurement of its average particle diameter, it was
found to be 11.5 gm. From the above-described results, it has been found
that, by employing a process including the first and  second step in
accordance with the present invention, a 10 molybdenum-based precipitate
containing three or more  metallic elements and having good characteristics
can be  prepared with good workability. Moreover, it has been found that a
molybdenum-based  precipitate can also be satisfactorily prepared when the
15 potassium contained in the above molybdenum-based precipitate is
replaced by sodium.  Example 2 125.1 parts by mass of a wet precipitate was
obtained in the same manner as described in Example 1,  20 (a) to (d). This
wet precipitate contained 32.54 parts by mass of molybdenum, 0.91 parts by
mass of phosphorus,  and 0.66 part by mass of vanadium; 10.71 moles of
ammonium root per mole of phosphorus; and impurities  such as 0.21 mole of
sodium and 0.15 mole of chlorine,  25 per mole of phosphorus. 



Subsequently, without carrying out the second step, 25 the wet precipitate
was dispersed in and washed with a  2% aqueous solution of ammonium
nitrate. This procedure  was repeated three times (a total of four times,
including the step of (d)]. For the respective washing 5 steps, the amount
of residual sodium per mole of  phosphorus decreased to 0.13 mole, 0.11
mole and 0.11  mole. However, no appreciable decrease in residual  sodium
was noted in and after the third washing step.  Similarly, the amount of
residual chlorine per mole of 10 phosphorus decreased to 0.12 mole, 0.09
mole and 0.09  mole. However, no appreciable decrease in residual  chlorine
was noted in and after the third washing step. Example 3 (a) Use of a
molybdenum-based catalyst: A tubular  15 reactor was charged with a
catalyst containing 34.54  parts by mass of molybdenum, 0.93 part by mass
of  phosphorus, 1.41 parts by mass of potassium, 0.76 part  by mass of
vanadium, 0.57 part by mass of copper, and  1.12 parts by mass of arsenic,
and having the 20 composition of PIMo12VO.5AsO.5CUO.3Kj.2 Then, a gaseous
mixture composed of 5% by volume of methacrolein, 10% by  volume of oxygen,
30% by volume of water vapor, and 55%  by volume of nitrogen was reacted
for 2,000 hours under  reaction conditions including a reaction temperature
of  25 270'C and a contact time of 3.6 seconds. 



(b) First step: After completion of the reaction, 26 the catalyst was
removed from the tubular reactor, and  94 parts by mass of this used
catalyst was dispersed in  400 parts by mass of pure water. After 89.0
parts by  mass of a 45% aqueous solution of sodium hydroxide was 5 added
thereto and the resulting mixture was stirred for  1 hour, the residue was
filtered off. After 29.8 parts  by mass of 36% hydrochloric acid was added
thereto so as  to adjust the pH of the solution to 9.0, 28.90 parts by
mass (i.e., 12.0 moles of ammonium root per mole of the 10 combined amount
of phosphorus and arsenic) of ammonium  chloride was added thereto. Then,
48.0 parts by mass of  36% hydrochloric acid was added thereto so as to
adjust  the pH of the mixture to 5.0, and this mixture was kept  at 600C
for 3 hours with stirring. After this mixture 15 was cooled to room
temperature, it was filtered with a  Nutsche type vacuum filter to obtain a
wet crude  precipitate. (c) Washing step: The wet crude precipitate thus
obtained was dispersed in 2 parts by mass of a 2% 20 aqueous solution of
ammonium nitrate (having a pH of 5.2  at room temperature and containing
0.25 mole/L of  ammonium root) and kept in the dispersed state for 5
minutes. The dispersion was filtered to obtain 90 parts  by mass of a wet
crude precipitate. 25 (d) Second step: The wet crude precipitate thus  



obtained was added to 500 parts by mass of pure water. 27 After 55.5 parts
by mass of 25% aqueous ammonia was  added thereto, the resulting mixture
was kept for 10  minutes with stirring. At that time, its pH was 8.7.
Then, 78.1 parts by mass of 36% hydrochloric acid was 5 added thereto so as
to adjust the pH of the mixture to  5.0, and this mixture was kept at 600C
for 3 hours with  stirring. After this mixture was cooled to room
temperature, it was filtered to obtain a wet precipitate. (e) Washing step:
The wet precipitate thus obtained  10 was dispersed in and washed with 2
parts by mass of a 2%  aqueous solution of ammonium nitrate (having a pH of
5.2  at room temperature and containing 0.25 mole/L of ammonium root). This
procedure was repeated twice.  Finally, 83 parts by mass of a wet
precipitate was 15 obtained. This wet precipitate contained 24.11 parts by
mass (12 atm.%) of molybdenum, 0.56 part by mass (0.86  atm.%) of
phosphorus, 0.56 part by mass (0.69 atm.%) of  potassium, 0.36 part by mass
(0.34 atm.%) of vanadium,  and 1.12 parts by mass (0.71 atm.%) of arsenic;
9.42 20 moles of ammonium root per mole of phosphorus; and  impurities such
as 0.01 mole of sodium and 0.02 mole of  chlorine, per mole of the combined
amount of phosphorus  and arsenic. When the wet precipitate was dispersed
in the  25 filtrate from which the wet precipitate had been  



separated in "(d) Second step", and used for the 28 measurement of its
average particle diameter, it was  found to be 16.2 /-tm. From the
above-described results, it has been found  that, by employing a process
including the first and 5 second step in accordance with the present
invention, a  molybdenum-based precipitate containing three or more
metallic elements and having good characteristics can be  prepared with
good workability. Example 4 10 (a) First step: 94 parts by mass of a used
catalyst  having the same composition as that of Example 3 was  dispersed
in 400 parts by mass of pure water. After  89.0 parts by mass of a 45%
aqueous solution of sodium  hydroxide was added thereto and the resulting
mixture 15 was stirred for 1 hour, the residue was filtered off.
Subsequently, in place of ammonium chloride, 640 parts  by mass of the
filtrate obtained in the second step of  Example 3 (containing 11 moles of
ammonium root per mole  of the combined amount of phosphorus and arsenic 20
contained in the solution prior to the addition of the  filtrate) was added
thereto. Then, 51.2 parts by mass  of 36% hydrochloric acid was added
thereto so as to  adjust the pH of the mixture to 5.0, and this mixture
was kept at 600C for 3 hours with stirring. After this 25 mixture was
cooled to room temperature, it was filtered  



in the same manner as in Example 3 to obtain a wet crude 29 precipitate.
(b) Washing step: Next, the wet crude precipitate was dispersed in and
washed with 2 parts by mass of a 2%  aqueous solution of ammonium nitrate
(having a pH of 5..2  5 at room temperature and containing 0.25 mole/L of
ammonium root). Thus, there was obtained 95 parts by  mass of a wet crude
precipitate. (c) Second step: The wet crude precipitate thus  obtained was
added to 500 parts by mass of pure water.  10 After 57.5 parts by mass of
25% aqueous ammonia was added thereto, the resulting mixture was kept for
10  minutes with stirring. Then, 78.1 parts by mass of 36%  hydrochloric
acid was added thereto so as to adjust the  pH of the mixture to 5.0, and
this mixture was kept at 15 600C for 3 hours with stirring. After this
mixture was  cooled to room temperature, it was filtered to obtain a  wet
precipitate. (d) Washing step: The wet precipitate thus obtained  was
dispersed in and washed with 2 parts by mass of a 2%  20 aqueous solution
of ammonium nitrate (having a pH of 5.2  at room temperature and containing
0.25 mole/L of ammonium root). This procedure was repeated twice.  Finally,
89.7 parts by mass of a wet precipitate was  obtained. This wet precipitate
contained 25.34 parts by 25 mass (12 atm.%) of molybdenum, 0.57 part by
mass (0.84  



atm.%) of phosphorus, 0.56 part by mass (0.65 atm.%) of 30 potassium, 0.38
part by mass (0.34 atm.%) of vanadium,  and 1.12 parts by mass (0.68 atm.%)
of arsenic; 9.31  moles of ammonium root per mole of phosphorus; and
impurities such as 0.006 mole of sodium and 0.02 mole of 5 chlorine, per
mole of the combined amount of phosphorus  and arsenic. When the wet
precipitate was dispersed in the  filtrate from which the wet precipitate
had been  separated in 11(c) Second step", and used for the 10 measurement
of its average particle diameter, it was  found to be 17.8 /-tm. From the
above-described results, it has been found  that, by employing a process
including the first and  second step in accordance with the present
invention, a 15 molybdenum-based precipitate containing three or more
metallic elements and having good characteristics can be  prepared with
good workability. It has also been found that the filtrate obtained in  the
second step can be used in the first step. 20 Example 5 95 parts by mass of
a wet precipitate was obtained  in the same manner as described in Example
3, (a) to (c).  This wet precipitate contained 26.16 parts by mass of
molybdenum, 0.57 part by mass of phosphorus, 0.58 part 25 by mass of
potassium, 0.37 part by mass of vanadium, and  



1.12 parts by mass of arsenic; 9.51 moles of ammonium 31 root per mole of
phosphorus; and impurities such as 1.20  moles of sodium and 1.12 moles of
chlorine, per mole of  phosphorus. Subsequently, without carrying out the
second step,  5 the wet precipitate was dispersed in and washed with a  2%
aqueous solution of ammonium nitrate. This procedure  was repeated five
times. When the finally obtained wet  precipitate was analyzed, the amounts
of residual sodium  and residual chlorine per mole of the combined amount
of 10 phosphorus and arsenic were 0.06 mole and 0.05 mole,  respectively.
Example 6 (a) Preparation of a molybdenum-based precipitate:  63.62 parts
by mass of ammonium paramolybdate, 1.05 15 parts by mass of ammonium
metavanadate, and 7.61 parts  by mass of cesium nitrate were dissolved in
300 parts by  mass of pure water at 70C. After a solution prepared by
dissolving 3.46 parts by mass of 85% phosphoric acid in  10 parts by mass
of pure water.was added thereto, 46.1 20 parts by mass of 36% hydrochloric
acid was added thereto  so as to adjust the pH of the mixture to 2.5, and
its  temperature was raised to 95C with stirring. Then, a  solution
prepared by dissolving 1.45 parts by mass of  copper nitrate in 10 parts by
mass of pure water was 25 added thereto, and this mixture was concentrated
by  



heating with stirring until the specific gravity of the 32 resulting slurry
reached 1.4. Thereafter, the heating  was discontinued and the slurry was
cooled to room  temperature. The resulting slurry containing a  precipitate
was filtered with a Nutsche type vacuum 5 filter using No. 5C filter paper
(manufactured by  Advantech Japan Co., Ltd.) to obtain 62.5 parts by mass
of a wet precipitate. This wet precipitate contained  30.15 parts by mass
(12 atm.) of molybdenum, 0.81 part  by mass (1.0 atm.%) of phosphorus, 1.03
parts by mass 10 (0.30 atm.) of cesium, 0.02 part by mass (0.015 atm.)  of
vanadium, and 0.30 part by mass (0.18 atm.%) of  copper; 1.2 moles of
ammonium root per mole of  phosphorus; and impurities such as 1.1 moles of
chlorine  per mole of phosphorus. When this precipitate was 15 dispersed in
the filtrate obtained in the filtration  step, and used for the measurement
of its average  particle diameter, it was found to be 18.1 am. (b) Washing
of the molybdenum-based precipitate:  The precipitate thus obtained was
dispersed in 2 parts  20 by mass of a 2% aqueous solution of ammonium
nitrate (i.e., an aqueous solution prepared by dissolving  reagent grade
ammonium nitrate powder in pure water,  which had a pH of 5.2 at room
temperature and-contained  0.25 mole/L of ammonium root) and kept in the
dispersed 25 state for 5 minutes. Then, the precipitate was  



collected by filtration with a Nutsche type vacuum 33 filter. This
dispersion washing procedure was repeated  twice. When the precipitate
having been washed twice  was dispersed in the filtrate obtained in the
first  washing step, and used for the measurement of its 5 particle
diameter, the average particle diameter was  found to be 15.5 gm (with a
rate of change in average  particle diameter of 14.4%). The amount of
chlorine  contained in the precipitate was 0.10 mole per mole of
phosphorus. 10 From the above-described results, it has been found  that,
by washing a molybdenum-based precipitate with an  acid aqueous solution
having a pH of 6.5 or less and  containing not less than 0.01 mole/L of
ammonium root,  the precipitate shows only a slight change in average 15
particle diameter before and after washing, and contains  only small
amounts of residual impurities. Example 7 A precipitate was obtained under
the same conditions  as employed in Example 6. This precipitate was washed
20 twice in exactly the same manner as in Example 6, except that a 0.5%
aqueous solution of ammonium nitrate (having  a pH of 5.6 at room
temperature and containing 0.06  mole/L of ammonium root) was used as the
washing fluid.  After washing, the amount of chlorine contained in the 25
wet precipitate was 0.10 mole per mole of phosphorus.  



When the precipitate was dispersed in the filtrate 34 obtained in the first
washing step, and used for the  measurement of its average particle
diameter, it was  found to be 14.1 am (with a rate of change in average
particle diameter of 22.1%). 5 From the above-described results, it has
been found  that, by washing a molybdenum-based precipitate with an  acid
aqueous solution having a pH of 6.5 or less and  containing not less than
0.01 mole/L of ammonium root,  the precipitate shows only a slight change
in average 10 particle diameter before and after washing, and contains
only small amounts of residual impurities. Example 8 A precipitate was
obtained under the same conditions  as employed in Example 6. This
precipitate was washed  15 twice in exactly the same manner as in Example
6, except that pure water was used as the washing fluid. After  washing,
the amount of chlorine contained in the wet  precipitate was 0.14 mole per
mole of phosphorus, but  the average particle diameter of the precipitate
was 4.5 20 um (with a rate of change in average particle diameter  of
75.1%). This caused an extreme degradation in  filterability and the
passage of the precipitate into  the filtrate occurred. Example 9 25 (a)
Preparation of a molybdenum-based precipitate:  



63.52 parts by mass of ammonium paramolybdate, and 7.61 35 parts by mass of
cesium nitrate were added to 300 parts  by mass of pure water, followed by
the addition of 3.46  parts by mass of 85% phosphoric acid. Subsequently,
70.2 parts by mass of 25% aqueous ammonia (i.e., 34.2  5 moles of ammonium
root per mole of phosphorus) added  thereto with stirring, followed by
heating to 35C. Then, 109.1 parts by mass of 36% hydrochloric acid was
added  dropwise thereto so as to adjust the pH of the mixture  to 2.0.
After pH adjustment, the mixture was kept for 2 10 hours with stirring and
then cooled to room temperature.  The resulting slurry containing a
precipitate was  filtered with a Nutsche type vacuum filter using No. 5C
filter paper (manufactured by Advantech Japan Co., Ltd.)  to obtain 110.5
parts by mass of a wet precipitate. 15 When this precipitate was dispersed
in the filtrate  obtained in the first filtration step, and used for the
measurement of its particle diameter, the average  particle diameter was
found to be 11.5 ,um. This wet  precipitate contained 33.91 parts by mass
(12 atm.) of 20 molybdenum, 0.93 part by mass (1.0 atm.) of phosphorus,
and 5.11 parts by mass (1.3 atm.) of cesium; 2.40 moles  of ammonium root
per mole of phosphorus; and impurities  such as-0.20 mole of chlorine per
mole of phosphorus. (b) Washing of the molybdenum-based precipitate:  25
The precipitate thus obtained was dispersed in 2 parts  



by mass of a 2% aqueous solution of ammonium nitrate 36 (having a pH of 5.2
at room temperature and containing  0.25 mole/L of ammonium root). After
this dispersion  was stirred for 5 minutes, the precipitate was collected
by filtration with a Nutsche type vacuum filter. This 5 washing procedure
was repeated twice. When the  precipitate having been washed was dispersed
in the  filtrate obtained in the first washing step, and used  for the
measurement of its average particle diameter, it  was found to be 10.1 /-tm
(with a rate of change in 10 average particle diameter of 12.2%). This
precipitate  contained 0.11 mole per mole of phosphorus. From the
above-described results, it has been found  that, by washing a
molybdenum-based precipitate with an  acid aqueous solution having a pH of
6.5 or less and 15 containing not less than 0.01 mole/L of ammonium root,
the precipitate shows only a slight change in average  particle diameter
before and after washing, and contains  only small amounts of residual
impurities. Example 10 20 A precipitate was obtained under the same
conditions  as employed in Example 9. This precipitate was washed  twice in
exactly the same manner as in Example 9, except  that a 1.0% aqueous
solution of ammonium nitrate (having  a pH of 5.4 at room temperature and
containing 0.13 25 mole/L of ammonium root) was used as the washing fluid.



When the wet precipitate having been washed was 37 dispersed in the
filtrate obtained in the first washing  step, and used for the measurement
of its average  particle diameter, it was found to be 9.8 Lm (with a  rate
of change in average particle diameter of 14.8%). 5 The amount of chlorine
contained in the precipitate was  0.10 mole per mole of phosphorus. From
the above-described results, it has been found  that, by washing a
molybdenum-based precipitate with an  acid aqueous solution having a pH of
6.5 or less and 10 containing not less than 0.01 mole/L of ammonium root,
the precipitate shows only a slight change in average  particle diameter
before and after washing, and contains  only small amounts of residual
impurities. Example 11 15 A precipitate was obtained under the same
conditions  as employed in Example 9. This precipitate was washed  twice in
exactly the same manner as in Example 9, except  that pure water was used
as the washing fluid. After  washing, the amount of chlorine contained in
the 20 precipitate was 0.18 mole per mole of phosphorus, and  the average
particle diameter of the precipitate was 2.2  /.Lm (with a rate of change
in average particle diameter  of 80.9%). The times required for
precipitation after  dispersion washing and for the filtration of washing
25 fluid were about ten times longer as compared with the  



case in which a 2% aqueous solution of ammonium nitrate 38 was used as the
washing fluid, and the passage of the  precipitate into the filtrate
occurred. Example 12 A precipitate was obtained under the same conditions
5 as employed in Example 9. This precipitate was washed  twice in exactly
the same manner as in Example 9, except  that a 1% aqueous solution of
nitric acid was used as  the washing fluid. After washing, the amount of
chlorine contained in the precipitate was 0.13 mole per 10 mole of
phosphorus, and the average particle diameter of  the precipitate was 4.2
am (with a rate of change in  average particle diameter of 63.5%). In this
case, the  precipitate had extremely poor filterability and the  passage of
the precipitate into the filtrate occurred. 15 Example 13 (a) Use of a
molybdenum-based catalyst: A tubular  reactor was charged with a catalyst
containing 34.54  parts by mass of molybdenum, 0.93 part by mass of
phosphorus, 1.41 parts by mass of.potassium, 0.76 part 20 by mass of
vanadium, and 0.57 part by mass of copper and  having the composition of
P1Mo12K122Vo55Cuo.3, exclusive of  oxygen (the same shall apply
hereinafter). Then, a  gaseous mixture composed of 5% by volume of
methacrolein,  10% by volume of oxygen, 30% by volume of water vapor, 25
and 55% by volume of nitrogen was reacted for 2,000  



hours under reaction conditions including a reaction 39 temperature of
2700C and a contact time of 3.6 seconds.  (b) Preparation of a
molybdenum-based precipitate:  After completion of the reaction, the
catalyst was removed from the tubular reactor, and 91 parts by mass 5 of
this used catalyst was dispersed in 400 parts by mass  of pure water. After
89.0 parts by mass of a 45%  aqueous solution of sodium hydroxide was added
thereto  and the resulting mixture was stirred for 1 hour, the  residue was
filtered off. The filtrate was freed of 10 potassium by passing it through
a strongly acid Na-type  styrene-based ion-exchange resin (Amberlite
IR-120B,  manufactured by Organo Corp.) at a space velocity (SV)  of 1.
After the pH of the effluent fluid was adjusted  to 9.0 by the addition of
29.0 parts by mass of 36% 15 hydrochloric acid, 19.25 parts by mass of
ammonium  chloride (i.e., 12.0 moles of ammonium root per mole of
phosphorus) was added thereto. Then, 89.2 parts by mass  of 36%
hydrochloric acid was added thereto so as to adjust the pH of the solution
to 1.0, and this solution  20 was kept at 250C for 3 hours with stirring.
The  resulting slurry containing a precipitate was filtered  with a Nutsche
type vacuum filter using No. 5C filter  paper (manufactured by Advantech
Japan Co., Ltd.) to  obtain 125.5 parts by mass of a wet precipitate. This
25 wet precipitate contained 31.91 parts by mass (12 atm.%)  



of molybdenum, 0.91 part by mass (1.1 atm.%) of 40 phosphorus, and 0.66
part by mass (0.47 atm.%) of  vanadium; 5.52 moles of ammonium root per
mole of  phosphorus; and impurities such as 1.20 moles of  chlorine and
1.13 moles of sodium, per mole of 5 phosphorus. When this precipitate was
dispersed in the  filtrate obtained in the first filtration step, and used
for the measurement of its particle diameter, the  average particle
diameter was found to be 9.8,um. (c) Washing of the molybdenum-based
precipitate:  10 The precipitate thus obtained was dispersed in 2 parts  by
mass of a 2% aqueous solution of ammonium nitrate  (having a pH of 5.2 at
room temperature and containing  0.25 mole/L of ammonium root). After this
dispersion  was stirred for 5 minutes, the precipitate was collected 15 by
filtration with a Nutsche type vacuum filter. This  dispersion washing
procedure was repeated twice. When  the precipitate having been washed was
dispersed in the  filtrate obtained in the first washing step, and used
for the measurement of its particle diameter, the 20 average particle
diameter was found to be 8.5 gm (with  a rate of change in average particle
diameter of 13.3%).  This precipitate contained 0.10 mole of sodium and
0.10  mole of chlorine, per mole of phosphorus. From the above-described
results, it has been found  25 that, by washing a molybdenum-based
precipitate with an  



acid aqueous solution having a pH of 6.5 or less and 41 containing not less
than 0.01 mole/L of ammonium root,  the precipitate shows only a slight
change in average  particle diameter before and after washing, and contains
only small amounts of residual impurities. 5 Moreover, it has been found
that a molybdenum-based  precipitate can also be satisfactorily washed when
the  potassium contained in the above molybdenum-based  precipitate is
replaced by sodium. Example 14 10 A precipitate was obtained under the same
conditions  as employed in Example 13. This precipitate was washed  in the
same manner as in Example 13, except that the 2%  aqueous solution of
ammonium nitrate was replaced. by a  2% aqueous solution of ammonium
chloride (having a pH of 15 5.3 at room temperature and containing 0.37
mole/L of  ammonium root). When the wet precipitate having been  washed was
dispersed in the filtrate obtained in the  first filtration step, and used
for the measurement of  its average particle diameter, it was found to be
8.5 ,u 20 m (with a rate of change in average particle diameter of  13.3%).
The amount of sodium contained in this  precipitate was 0.09 mole per mole
of phosphorus. From the above-described results, it has been found  that
sodium can be reduced by using an aqueous solution  25 of ammonium
chloride. 



Example 15 42 A precipitate was obtained under the same conditions  as
employed in Example 13. This precipitate was washed  twice in exactly the
same manner as in Example 13,  except that pure water was used as the
washing fluid. 5 When the wet precipitate having been washed was  dispersed
in the filtrate obtained in the first  filtration step, and used for the
measurement of its  average particle diameter, it was found to be 3.1 gm
(with a rate of change in average particle diameter of 10 68.4%). This
precipitate contained 0.12 mole of sodium  and 0.16 mole of chlorine, per
mole of phosphorus.  After washing, the precipitate had extremely poor
filterability and the passage of the precipitate into the filtrate
occurred. 15 Example 16 (a) Preparation of a molybdenum-based precipitate:
A catalyst containing 34.54 parts by mass of molybdenum,  0.93 part by mass
of phosphorus, 5.18 parts by mass of  cesium, and 1.12 parts by mass of
arsenic and having the 20 composition of P1Mo12Aso.5Cs1.3 was used for
2,000 hours  under the same reaction conditions as in Example 13. 89  parts
by mass of this used catalyst was dispersed in 400  parts by mass of pure
water. After 89.0 parts by mass  of a 45% aqueous solution of sodium
hydroxide was added 25 thereto and the resulting mixture was stirred for 3



hours, a small amount of undissolved matter was filtered 43 off to obtain a
homogeneous solution. After the pH of  the solution was adjusted to 7.5 by
the addition of 33.5  parts by mass of 36% hydrochloric acid, 28.90 parts
by  mass of ammonium chloride (i.e., 12.0 moles of ammonium 5 root per mole
of the combined amount of phosphorus and  arsenic) was added thereto. Then,
56.7 parts by mass  of 36% hydrochloric acid was added thereto so as to
adjust the pH of the solution to 4.0, and this solution  was kept at 600C
for 3 hours with stirring. The 10 resulting slurry containing a precipitate
was filtered  with a Nutsche type vacuum filter using No. 5C filter  paper
(manufactured by Advantech Japan Co., Ltd.) to  obtain 78.5 parts by mass
of a wet precipitate. This  wet precipitate contained 26.95 parts by mass
(12 atm.%) 15 of molybdenum, 0.51 part by mass (0.71 atm.%) of  phosphorus,
1.12 parts by mass (0.64 atm.%) of  phosphorus, and 5.10 parts by mass (1.6
atm.%) of  cesium; 9.52 moles of ammonium root per mole of  phosphorus; and
impurities such as 0.93 mole of chlorine 20 and 0.76 mole of sodium, per
mole of the combined amount  of phosphorus and arsenic. When this
precipitate was  dispersed in the filtrate obtained in the first
filtration step, and used for the measurement of its  particle diameter,
the average particle diameter was 25 found to be 18.5 um. 



(b) Washing of the molybdenum-based precipitate: 44 The precipitate thus
obtained was dispersed in 2 parts  by mass of a 2% aqueous solution of
ammonium nitrate  (having a pH of 5.2 at room temperature and containing
0.25 mole/L of ammonium root). After this dispersion 5 was stirred for 5
minutes, the precipitate was collected  by filtration with a Nutsche type
vacuum filter. This  washing procedure was repeated twice. When the
precipitate having been washed was dispersed in the  filtrate obtained in
the first washing step, and used 10 for the measurement of its particle
diameter, the  average particle diameter was found to be 16.8 gm (with  a
rate of change in average particle diameter of 9.2%).  This precipitate
contained 0.06 mole of sodium and 0.05  mole of chlorine, per mole of the
combined amount of 15 phosphorus and arsenic. From the above-described
results, it has been found  that, by washing a molybdenum-based precipitate
with an  acid aqueous solution having a pH of 6.5 or less. and  containing
not less than 0.01 mole/L of ammonium root, 20 the precipitate shows only a
slight change in average  particle diameter before and after washing, and
contains  only small amounts of residual impurities. Example 17 A
precipitate was obtained under the same conditions  25 as employed in
Example 16. This precipitate was washed  



twice in the same manner as in Example 16, except that a 45 2% aqueous
solution of ammonium sulfate (having a pH of  6.0 at room temperature and
containing 0.30 mole/L of  ammonium root) was used as the washing fluid.
When the  wet precipitate having been washed was dispersed in the 5
filtrate obtained in the first filtration step, and used  for the
measurement of its average particle diameter, it  was found to be 15.5 ,am
(with a rate of change in  average particle diameter of 16.2%). This
precipitate  contained 0.07 mole of sodium and 0.05 mole of chlorine, 10
per mole of the combined amount of phosphorus and  arsenic. Example 18 A
precipitate was obtained under the same conditions  as employed in Example
16. This precipitate was washed  15 twice in the same manner as in Example
16, except that pure water was used as the washing fluid. The average
particle diameter of the precipitate was found to be 4.6  /.Lm (with a rate
of change in average particle diameter  of 75.1%). After washing, the
precipitate had extremely 20 poor filterability and the passage of the
precipitate  into the filtrate occurred. Exploitability in Industry It is
evident from the above description that, by  25 employing a preparation
process including at least the  first step of forming a crude precipitate
by pH 



46 adjustment to 6.5 or less in the presence of an alkali  metal compound
and the second step of dissolving the  crude precipitate in aqueous ammonia
and forming a  precipitate by pH adjustment to 6.5 or less, a 5
molybdenum-based precipitate having a high purity and a  desired average
particle diameter can be conveniently  prepared with good workability, even
when the  molybdenum-based precipitate contains three or more  metallic
elements. 10 Moreover, by washing a molybdenum-based precipitate  with an
acid aqueous solution having a pH of 6.5 or less  and containing not less
than 0.01 mole/L of ammonium root, a change in the average particle
diameter of the  molybdenum-based precipitate can be suppressed and, 15
moreover, the molybdenum-based precipitate can be  conveniently washed with
good workability. Thus, there  can be obtained a molybdenum-based
precipitate having a  high purity and a desired average particle diameter.
Furthermore, a molybdenum-based precipitate containing 20 three or more
metallic elements can also be washed  satisfactorily. 47 WHAT IS CLAIMED
IS: 1. A process for the preparation of a precipitate  containing at least
molybdenum and an element A (in  which A is at least one element of
phosphorus and 



5 arsenic), the process including: the first step of adjusting the pH of a
fluid  mixture containing the constituents of the precipitate  to 6.5 or
less in the presence of an alkali metal  compound, and filtering the crude
precipitate so formed;  10 and the second step of dissolving the crude
precipitate  in aqueous ammonia, adjusting the pH of the resulting
solution to 6.5 or less, and filtering the precipitate  so formed. 15 2. A
process for the preparation of a precipitate  .as claimed in claim 1
wherein, subsequently to at least  one of said first step and said second
step, at least  one of the crude precipitate obtained in said first step 20
and the precipitate obtained in said second step is  washed with an acid
aqueous solution having a pH of 6.5  or less and containing not less than
0.01 mole/L of  ammonium root. 25 3. A process for the preparation of a
precipitate  as claimed in claim 2 wherein the amount of chlorine 48
contained in the washed precipitate obtained by washing  the precipitate
obtained in said second step is not  greater than 0.10 mole per mole of the
element A. 5 4. A process for the preparation of a precipitate  as claimed
in claim 2 wherein the amount of sodium  



contained in the washed precipitate obtained by washing  the precipitate
obtained in said second step is not  greater than 0.10 mole per mole of the
element A. 10 5. A process for the preparation of a precipitate  as claimed
in claim 1 wherein, when the constituents of  the precipitate include at
least one element selected  from the group consisting of potassium,
rubidium and 15 cesium, the at least one element selected from the group
consisting of potassium, rubidium and cesium is  substantially removed
prior to said first step. 6. - A process for the preparation of a
precipitate  20 as claimed in claim 1 wherein the fluid mixture containing
the constituents of the precipitate is  prepared by providing a catalyst
containing at least  molybdenum, the element A and an element Z (in which Z
is at least one element selected from the group 25 consisting of potassium,
rubidium and cesium) and having  been used for the purpose of a reaction,
dispersing the 49 catalyst in water, and adding at least one of an alkali
metal compound and aqueous ammonia to the dispersion. 7. A process for the
preparation of a precipitate  5 as claimed in claim 6 wherein the catalyst
containing at least molybdenum, the element A and the element Z and  having
been used for the purpose of a reaction is a  catalyst for the production
of methacrylic acid by the  



vapor phase catalytic oxidation of methacrolein. 10 8. A process for the
preparation of a precipitate  which includes the step of washing a
precipitate  containing at least molybdenum and an element A (in  which A
is at least one element of phosphorus and 15 arsenic) with an acid aqueous
solution, wherein the acid  aqueous solution has a pH of 6.5 or less and
contains  not less than 0.01 mole/L of ammonium root. 9. A process for the
preparation of a precipitate  20 as claimed in claim 8 wherein the
precipitate is derived  from a catalyst containing at least molybdenum, the
element A and an element Z (in which Z is at least one  element selected
from the group consisting of potassium,  rubidium and cesium) and having
been used for the 25 purpose of a reaction. 50 10. A process for the
preparation of a precipitate  as claimed in claim 9 wherein the catalyst
containing at  least molybdenum, the element A and the element Z and
having been used for the purpose of a reaction is a 5 catalyst for the
production of methacrylic acid by the  vapor phase catalytic oxidation of
methacrolein. 11. A process for the preparation of a molybdenum- based
catalyst represented by the following general 10 formula (1):
A,MobVcCudDeYfZ9Oh (1) 



wherein A is at least one element of phosphorus and  arsenic, D is at least
one element selected from the  group consisting of antimony, bismuth,
germanium, 15 zirconium, tellurium, silver, selenium, silicon,  tungsten
and boron, Y is at least one element selected  from the group consisting of
iron, zinc, chromium,  magnesium, tantalum, manganese, cobalt, barium,
gallium,  cerium and lanthanum, Z is at least one element selected 20 from
the group consisting of potassium, rubidium and  cesium, a is in the range
of 0.5 to 3, b is equal to 12,  c is in the range of 0 to 3, d is in the
range of 0 to 3,  e is in the range of 0 to 3, f is in the range of 0 to 3,
and h is the atomic ratio of oxygen required to meet the  25 valence of
each element, the process including: the first step of adjusting the pH of
a fluid 51 mixture containing at least molybdenum and the element A  to 6.5
or less in the presence of an alkali metal  compound, and filtering the
crude precipitate so formed; the second step of dissolving the crude
precipitate  5 in aqueous ammonia, adjusting the pH of the resulting
solution to 6.5 or less, and filtering the precipitate  so formed; and the
step of preparing the catalyst from the  precipitate. 10 12. A process for
the preparation of a catalyst as  



claimed in claim 11 wherein, subsequently to at least  one of said first
step and said second step, at least  one of the crude precipitate obtained
in said first step 15 and the precipitate obtained in said second step is
washed with an acid aqueous solution having a pH of 6.5  or less and
containing not less than 0.01 mole/L of  ammonium root. 20 13. A process
for the preparation of a catalyst as  claimed in claim 11 wherein the
catalyst is a catalyst  for the production of methacrylic acid by the vapor
phase catalytic oxidation of methacrolein. 52 


