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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)
(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.

Backaround Art

Molybdenum-based precipitates are usefﬁl 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
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
large number of propositions have been made as to the

compositions of such catalysts and the preparation



} processes thereof. Generally, it is known that a nolybdenum based
precipitate can be formed by allowing an oxoacid ion containing the
elenent Ato exist in an aqueous solution of a nolybdate and aci di fying
the 5 solution. However, Conventional processes for the preparation of a
Aol ybdenum based precipitate may fail to yield a nol ybdenum based
precipitate having a sufficiently high purity and a desired average

particle dianeter. 10 Moreover, nost of the,conventiona% Q{ggesses for thé
prepar at | on pfocesméybukenesbasGERRERIBY t ot 17 KNCBACEP with the
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a nunber of propositions have _conventi I THRAS iy tthd he net hod of
washi ng a ZQQHﬁpyﬁdéﬁ&HF58§e8fpFeEPgWFggg%!%gggsg?: g%ﬁ%%%tional met hods
for washi ng a nol ybdenum based precipitate are disadvantageous in that
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particle dianete sed solid catalyst is an inportant

Factor 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 procipitate 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.

Oon 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 determnes the pore distribution and other properties of the
solid catalyst and hence contributes greatly to its performance such as
datalytic activity and selectivity. Nevertheless, there have been few 5
reports which disclose a nethod for washing a nolybdenum based precipitate
éfficiently while suppressing a change in the average particle dianeter

t hereof. Moreover, nost of the conventional nethod for 10 washing a

nol ybdenum based precipitate are concerned wth theﬁaas?bgg of a
nol ybdenum batddhpdetiepintines tdenPerei AdssRePBELPR02AB AF'FE el enents. Few
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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 é 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



nmol ybdenum based precipitate, wash it conveniently with good workability,
and t hereby obtain a nol ybdenum based precipitate having a high purity and
a desired average particle dianmeter. A further object of the present
invention is to wash a nol ybdenum based precipitate 5 containing three or
frore netallic elements in a suitable manner. Disclosure of the Invention
In order to acconplish the above objects, the 10 present invention provides
a process §@pat h8rRaBRALRY!, 0BndOtharBb§ChBta 8hca CROL ghaemgn-abasehst

mol ybdenunmand an element A (in which A is at |east one el enent of

phosphor usppadiphigarieC havling Ar Gghspuritydang: at desiredtasveepgef adj usting
the pHof a flurd 15 m xture containing the constituents of the precipitate
to 6.5 or passichet deapeeeencenofunthet kathjeatetad thwnpmaenit and filtering
the crude precipitate so forned; and the second step of dissolving the
crude precipiveatdon2Gsi noagasbus awiybdenpumdpasednpreasPprrb® the resulting
solution to 6.5 or less, and filtering the precipitate so fornmed. It is

pr ef er dbl econarindnigs et oy norgt medadidienelepentfeini astuitabland the
second step, at |east one of 25 the crude precipitate obtained in the
first stepman@e®he precipitate obtained in the second step is washed with 4

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 mgtal
compound, and filtering the crude precipitate so formed;
and
the second step of dissolving the crude precipitate
20 in agueous ammonia, adjusting the pH of the resulting
solution to 6.5 or less, and filtering the precipitate
so formed. '
It is preferable that, subsequeptly 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




an acid aqueous solution having a pH of 6.5 or less and containing not
tess than 0.01 nole/L of amoniumroot. Mreover, the present invention
provides a process for the preparation of a precipitate which includes the
5 step of washing a precipitate containing at |east nol ybdenum and an
élement A (in which Ais at |east one elenment of phosphorus and arsenic)
with an acid aqueous solution, wherein the acid agqueous solution has a pH

of 6.5 or dreseiand 8 BS1M@lionehavignaOpflofobesLlopf 1edd amaoni um
root. Furthernore, the present invention provides a process for the

prepar at i ot A ninigy hdenueskasedn 030al melleyepoesamnedity tdetf ol | ow ng
general fornmula (1): 15 AAMObVCCudDQYf Z90h (1) wherein Ais at |east one

el enent of phowreEFaeBNtheameient Rnventtionepsbvddesebepentessl ected from
the group consisting of antinony, bisnmuth, germanium zirconi um
tellurium o vwdre meparatiensiolfi @ pre2@ptitaget whiahdibolodesYthe at | east
one el enent selected fromthe group consisting of iron, zinc, chrom um
magnesi @m sten ffWashingate precipiidiate pentainigal rtukeasteri um and
| anthanum Z is at | east one elenent selected fromthe group consisting of
pot assi um MAiykAsnmh AR a0 &diementa 4 § innwhiehr Ands at g?BSEOOB? bis
equal to ]jglement 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 A,Mo,V.Cu,D.Y.Z.0, (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

26 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,




cisintherange of 0 to 3, dis in the range of 0 to 3, 5 e is in the
range of 0 to 3, f isin the range of O to 3, and his the atomc ratio of
oxygen required to neet the valence of each elenent, the process
including: the first step of adjusting the pH of a fluid 5 m xture
ceont ai ning at | east nol ybdenum and the element A to 6.5 or less in the
presence of an alkali netal conpound, and filtering the crude precipitate
so formed; o hg Secemd TaReobrdipseel ¥i,ng §BeifrvHe PaRgePbEapetoi H, aqueous
amoni a, adjusting the pHof the resulting 10 solution to 6.5 or |ess, and
filtering R By ¢ Rihedta®onsSe frﬁﬂ:f.’fadbfaaﬂlvggéﬁ sbghipbdptepneetgthbe
catalyst fromthe precipitate. 15 Best e for Carrying Qut the Invention
Preferred emilediceerifs ealcht k4 anedsgntthenpedtess Wwhtludbageescri bed

her ei nbel ow. The preparation process of the present invention includes at

| east a first ak fissoretey apf ddyjusttdngO thier pH stfep, fdufiduid m xture is
prepared by dispersing a nolybdenum based in water and addi ng an al kal

met al  Bonpdwitchreheoata@iningr edf fleastt melpbdefiumhandethet ehgmentuhd ni xture
is adjusted to 6.5 or less, and the crude precipitate so fornmed is
col | ected B 6.1 oxt il@ss |im Hhe presensedost ap, adkadiumesali s prepared by

addi ng aqueous anmonia to the crude precipitate obtained in the
compound, and filtering the crude precipitate so formed;

the second step of dissolving the grude 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 forned is collected by filtration. 5 As a result of

I ntensive investigations on the preparation of a nolybdenum based
precipitate, the present inventors have found that the above-described
process permts a nol ybdenum based precipitate having a high purity and a

desired avef@ager Patdp Cartl H B3 BFidd th *&%uaféng%@'b%&kxter eRaredn th good
wor kabi lity and, noreover, the above-described process can be suitably

appl i ed to Thergdeper Atiln g o rele/ hdpnumibasediuRieai Rkt aiguseatai ni ng
three or nore netallic elenents. Al though the reason therefor is not

clearly know,6.55%1 tless prasdirie tgriicipitakd 89 #skieat iko 6.5 or less in
t he presence of ammoniumroot, the desirable precipitation of a

nmol ybdenumdakleet oedpop nili daration.achi eved in a state which mnimnmzes the
enbednent of inpurities and the like. 20 No particular limtation is

pl aced én the tAdpeaocfesulie obl imtersiwd dyscksirigeitionst ent ¢hehi ch t he
present invention is applicable, so long as the precipitate contains at

| east nol yRESRAR AP P | RMkybdgriun-hlaiseld precdpitakeasthene el ement

sel ected from phosphorus and 25 arsenic). Exanples thereof include salts

formed by tHHeES IR AT Dfhaveh dicdmneh dihpadcitdienabrig-AsFgBdbAEm as t he

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 piesumed 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 elenent and the elenent A as the central elenent, with an
element z (in which Zis at |east one elenent selected fromthe group
consi sting of potassium rubidiumand cesiunm, and m xtures containing
such "acids. 5 As the basic structures of heteropolyacids, the Keggin and
Silverton structures in which the ratio of the central elenent to the
coordinating elenent is 1:12, the Dawson structure in which the ratio is
2: 18, the chuwsligmtistg witememt andhithle elemeati B &8 €hé, cantrabe 10 |i ke
are known. Such heteropol yacids nmay be prepared, for exanple, by

aci di fyi ng edremantaorsitdolan iedemenenizai(innghachokybdatt heastinowxoaci d i on
containing the elenent A so as to precipitate a heteropolyacid. In order
to prepar e danany @sdiepiEd from &he ggoupecehenehing5of, pat@ssianm, of t he
het eropol yacid nmay readily be formed by precipitating the heteropolyacid
in the preddiidigh ands gesiugy)od dedd M3y tyrssoronhginingnpwchdaeids he

el ement _Z. Since the nol ybdenum based precipitate_obtai ned by

t he. prePar at i orPridt@ Ragkc HEystawes ofnhekersrodiacads20thegh purity and

2 Jeo 20 RISl R WSl dareten, 8, 1ol ybuenun baged 2ol 1 gatalvet
char ot o | S SR er RS RLRAY B4 Bl Bfkhedc8 SXaBLE B 2900 one
Lpeggfegreﬁﬁﬁﬁ DR 'stuctide it w%i%ﬂ'¥RSGQEE&83iSd2?f§9'¥ﬁé may be
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. 1In
order to prepare a heteropolyacid containing the element
156 2, a 2 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 nol ybdenum based precipitate having a desired average
particle dianmeter according to a process including the aforesaid first and
second steps, and subjecting the nol ybdenum based precipitate to a 5
subsequent step for enhancing its catalytic performance (for exanple,
adding thereto one or nore netallic elements depending on the reaction
systen). Exanples of the nol ybdenum based solid catalyst include." .

nol ybdenunthagedpaatingyat folgpdenentbdsed phreciptavel havbggganeral formul a
(1): A MbV,CUdD, YiZ A (1) wherein Ais at |east one el enment of phosphorus
and arsenides iDeds azerhgaspasheckbedbaneser eatedrding) thea groagssonsi sting
of antinony, bismuth, germanium 15 zirconium tellurium silver, selenium
silicon, timedsdingatiebefonesyiisfarsteand secorlesbapssepddted fromthe
group consisting of iron, zinc, chromum nmagnesium tantalum nanganese,
cobal t, basuphecgding tihve m@éybdﬁnumdbaaﬁdhnnaqipztaEeat0|éast one el enent

selected 20 fromthe group consisting gota55|un1 rubi diumand cesium a
is in the Sah§eayeny. §t@§ éorbenbaeqaag igs1patalytic; BeFﬁ@rWéﬁﬁé of 0to
3, dis in the range_of * is in the range of 0 is in the

range of 0 (f0¥3exagpden ?gdﬂﬁé EPSH?EOrQP?OOBme§§g@ﬁtPéngred to neet the

25 val ence q%ﬂ%%%h %gpenglng on the reaction system).

Examples of the molybdenum-based solid catalyst
includé molybdenum-based catalysts represented by the

10 following general formula (1):

A,Mo,V.Cu,D,Y,% .0, (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, £ 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,




From the viewpoint of catalytic efficiency, 9 handleability during washing,
and the |like, the average particle dianeter of the nol ybdenum based
Pprecipitate is preferably not less than 1 ,umand nore preferably not
|l ess than 3 ,um and is preferably not greater than 100 5 gm and nore
preferably not greater than 70 ,um Specific exanples of the

nol ybdenum based catal yst include a catalyst for the production of
met hacryl i harflshbl #the Mg AASHE nedt ahMt theOXiKal i @ReOhverByBacr ol ei n,
a catalyst for the production of methyl 10 tert-butyl ether by the

et heri fi catpayt infl e shidnedier @ theemddyddenandbaseadt prygatipieatehgs
production of nethacrylic acid by the dehydrogenation of isobutyric acid.
In the firgrefemhly trhe: dlesse-thescrli hed qndosnse fmrefefallye tepar ati on of
a nol ybdenum based catal yst, a nol ybdenum based cat al yst havi ng been used
for any of lesg ithen rkaemj oand(asspreférabkyl nat agreaisad el ") may be
used as the raw material for a nolybdenum based precipitate. In such a
case, adSusedMpingdoaerenpaesedaRdycnetl gseatposeharet7¥iMp-has been reduced
as aresult of long-termuse my be recovered, purified according to the
process for theSPeebhidterampies G| hrialrbseswa-based Frtalysitn
accordance with the present invention, and then replenpished with one or

more necessHSt # 19atalysh difgnidie pregductions °50§‘§itblaﬁr¥giﬁr epare a

reactlvatEKLcid 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



nol ybdenum based cat al yst or a nol ybdenum based catal yst 10 havi ng
different reaction characteristics and other characteristics as conpared
with that before being recovered. The first step of the present invention
is usually 5 carried out by dispersing a solid containing the

tonstituents of a nol ybdenum based precipitate in water and then addi ng an
al kali nmetal conmpound thereto. Although no particular Iimtation is placed

on the amjuiigy d¥HfRIraddtdedadtion @At RA 1SR ids S| GPndP amount as to

pernmt the resulting mxture to be handled as a slurry. Usually, water is

used in an amErHYtefistdics la@STonpirel RAMh Bha®Isefefe feeingy mass of the
solid containing the constituents. The anount of alkali netal conpound

added i s predaradrded.such that the pH of the 15 resulting mxture will not
| ess than 8, nore preferably not less than 8.5, and not greater than 12.
No particul ar Thenfiatstorstiep ppladade praedent yiverdtioe isl kabaligt al
conpound used for this purpose. However, exanples thereof include sodium
hydroxi de, qrotzissl wmt2®yhydspense,ng esisehild drand atien #mgl Blveli um hydr ogen
carbonate. Anong others, sodium hydroxide is preferred. The alkali netal
conmpound mESPTHEL e s & Ive malydenum-hasesk preeipitate oln (wakes
preformed aqueous solution. After the addition of the al kali netal

conpound, t3d ?ﬂ?qn%QQkﬂg|%9[ﬂ%ﬁ%ﬁ%ﬂﬂ%F%&ﬂﬁmeﬂuQﬁrﬁkﬁ%ﬁ%@n1ned time in

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
26 mixture is preferably kept for a predetermined time in

order to dissolve the metallic elements present in the

11



order to dissolve the netallic elenents present in the 11 solid containing
the constituents of the nol ybdenum based precipitate. The keeping tine
preferably ranges from 0.5 hour to 24 hours, and the keeping tenperature
preferably ranges fromroomtenperature to 90C. 5 Al though the m xture may
be allowed to remain stationary, it is preferably kept with stirring.
Thereafter, if the mxture contains any insoluble residue, it is

bref erably dEIRY bt g A Rcis YhiBne T BAhe holAleddlf. 1 of LI o

m Xxture is a to 'ess tion an acli d. The aci ds

whi ch can s agidarkd giiddie PUTRASReaD Rl RIRUSHIBRL AL UGEnuy  example,

hydrochloric acid, nitric acid and su C nong~ot hers,

hydrochl or i fraiei @, AnbuY ttd @ 2¢dhrslS aHE theiRldfithg Aldnfierdt@ed ust ment,
the mxture is preferably kept for a predeternlnedg%lne in order to forma

crude pregysiatablylheankRepifient irdomdn eadlturdeanrgedcam 0.5 hour to 24
hours, and the keeping tenperature 20 preferably ranges fromroom

t enper abur AltthAfh thd hasgiurtehenay Heurad Iomed & cldenitich tocdeenary ,
stationary, it is preferably kept with stirring. On the basis of

conposi ti onidl inginefleraiy Xeapty widilf fotdatramefry, it is presuned that the
princi pal 25 conponent of the crude precipitate thus obtained

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 suifuric
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 90°C.

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



conpri ses,
whi ch the

whi ch t he
the Keggi

preci pitat

pref erabl eeflematid qeSQUr,CHIRSs

anmoni um r

ol e, nor emixehereablfy anelo 4l dd Heqy I Bfpe Ak aedpdby 46 Batsg14 han 40

nol es, per
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particul ar
root, so |

10

15

20

25

for exanple, a so-called Dawson-type 12 heteropol yacid salt
A ratio of the central elenent (e.g., phosphorus) to nol ybdenumis
2:18, or a mxture of a so-called Keggin-type heteropolyacid salt
ratio of the central element (e.g., 5 phosphorus) to nol ybdenum

i-s 1:12, and a Dawson-type heteropolyacid. In this case, the proportion of
n-type heteropol yacid salt becones higher as the adjusted pHis

| overed. \Wheteropd1yaeunt saf1t hit ehitl@ENteie ISt SETEAST &ML to

e the hetéropolyacid as a salt of the element Z, 1t Is

in

in

| Hnto RSy B fim t 05 PH Blj Ust rent so that

oot will preferably be present in an anount of not |ess than 0.5

nole of the elenment A. The presence of ammoniumroot permts a
| ar ger anodnt whfichhéhehetadriapal fy adiel et txel pelament afedgas an ammoni um
salt, so that the recovery of nolybdenum and the elenent A contained in
the crudle phespporaisd dan nedvihdemonedis As: 2D, tdred sardends axd-taypeni um r oot
t he recovery of nDI¥QQenun1and t he el ement A beconmes hi gher.

hetgrepelyacis .pl dved

§ chseyypdeopropestiom of dheanmoni um

No

ong as it is_soluble. Exanples thereof include agueous amoni a,

amoni um 25€gAR8-tyee heksrianalnacid sakd herpresimigheoms cthe

adjusted pH is lowered.

Where the amount of the element Z is not sufficient
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
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
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
chloride, ammonium nitrate and ammonium carbonate.

The_residual fluid from which the molybdenum-based

13




The residual fluid fromwhich the nol ybdenum based 13 precipitate formed in
t he second step has been separated contains a |arge anount of ammoni um
root. Although this residual fluid may be discarded, it can be used as the
source of anmoni umroot which is added to the m xture of 5 the first step.
This provides an econom cally desirable process because no additional
fresh source of anmonium root is required. Wiere the constituents of the

preci pi t atpréaip Leetét forRragt iANenel 8BBBhdSBLept Rdsf heBht BeparaERd
consisting of 10 potassium rubidiumand cesium the at |east one el ement

sel ect ed feamtdixes gi OLPr§ONSSthBJo8f apMbASEMUFboEUDI Al tiidRdlel ©1esd um i s
substantially renoved, if necessary, prior to the first step. Mire

speci f i caltesidweaknfilupd anay hbei dieodededseiaf canSbehasédnakl yhabt ai ned
nol ybdenum based precipitate, it nmay be desirable that the element Z is
present irseuete ofinmumesiaem roopl whiéth abseddedl hosthk mighaee of is
preferable to renove all or part of the element Z from the m xture prior
to itsSpH &g uEirehtstep 6. Sloks |peavides Tan seeayomicakly mbes Bkl e f or
exanpl e, by causing Z ions to becone adsorbed to a cation-exchange resin.
The renm\BYORST Hee@resenho zaddipienalabrgsbasphsgeonf pmmepiumo pH
adjustnent to 6,5 or less. In this case, it is especially preferable to
add amoniifRt ob? S@IXLELed- 25 recover nol ybdenum and the el enent A

efficiently. . _ .
Y- 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



The crude precipitate formed by pH adjustnent is 14 separated fromthe
residual fluid by a suitable solid- Iiquid separation technique. No
particular limtation is placed on the solid-liquid separation technigue
enpl oyed, and any common techni ques such as filtration 5 and
centrifugation may be enployed. For this purpose, there may be used any of
various common apparatus such as pressure filters, vacuumfilters, filter

presses ands%%%ée%f% §ﬁe9af@§%§1§all e béﬁfao,%iséa%%t ;fd—‘*de

precipitate i n the above-descri ] manner 1's redi'ssol ved by

addingaquenye1 drEBRAfat 166 ot eendlipfe. AG! B6IRIERIRS! 31A8KARIona0% N DY

adding an acid so as to adjust t f th solution to 6.5 or less. No

particul ar id npladé®@on Sthd! SEELH.OM ddEd Séééaera‘ﬁidrhﬁ:édﬂiﬁ‘qﬁ ecipitate to
whi ch 15 aqueous ammni a is added, and the crude precipitate may be either

in adry stailoyed ) @ndednyp!Edimon htechimities s eql S iargmt ibradded may
be such that it can dissolve the crude precipitate. However, it is
pref erabl e and agentaifwgst domomy be emfsliowed anBoit thds2putrpogieye a pH of 8
or greater. Aqueous ammonia may be added directly to the crude
preci pi t at ethete enaptbealsed any icf possidis domtins Epperaths guate
precipitate in water and then add aqueous ammoni a thereto. The acid used
for the purfosRredspre abilsenentvasyumef iliersnme ids s preasasahd.n t he
first step, or nmay be different
centrifugal separators.
In the second step, the crude precipitate obtained
10 in the above-described manner is redissolved by adding
agueous 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
16 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 adjdstment may be the same as

25 that used in the first step, or may be different

therefrom. This acid may be selected according to the

15



therefrom This ac id may be selected according to the 15 i ntended use of

t he nol ybdenum based precipitate.- After pH adjustnent, the solution is
preferably kept for a period of time ranging fromO0.5 hour to 24 hours.
The keeping tenperature preferably ranges fromroomb5 tenperature to 90C.
Moreover, the solution is preferably kept wwth stirring. Simlarly to the
first step, the precipitate formed in the second step is separated from

t he resi dudntidnded uye dfsuiHabic ldrdm-sised RRYigitatelechntgre. 10
Subsequently to the first step, the crude precipitate obtained in the
first steppHs aorjefsameity, tieshmd wdidn ais prefagbdgukeptl foiroa havi ng a pH
of 6.5 or less and containing not |less than 0.01 nole/L of anmoniumroot.
15 Mor eovelpersigiss efudniniey tangimy sBoond & dmpunt e 24 douwist.at Bhebt ai ned i n
the second step is preferably washed with an acid aqueous sol ution having
a pH of 6. keepingedenparadomeaipieferadilyt esmgdsarfron0xooml e/ L of ammoni um
root. 20 By enploying this washing nethod, a change in the average
particl® ditempesatdrre fe M fhdelorepustd the e2eitie® Huri ng washi ng can

be suppressed, and th nol ybdenum based precipitate can be conveniently
washed Wi megf@&@%&yr S‘ﬁﬂq i"%/%}:lbvisttﬂe‘iﬁlr&usi ng any significant 25 alteration

in the SOlid-lié&ﬂ{a§¥¥¥”€giéﬂEF¥{¥§¥té€§bfﬁthe 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.

156 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




the washing fluid and the precipitate. Thus, there can 16 be obtained a
nmol ybdenum based precipitate having a desired average particle dianeter
Mor eover, there can be obtained a nol ybdenum based precipitate having a
sufficiently high purity. Furthernore, even a 5 nol ybdenum based
precipitate containing three or nore netallic elenents may al so be
conveniently be washed w th good workability. In order to suppress a
change in tHe abtariagel Padlybdeminibaised prethpitakybdagiinybased
precipitate 10 during washing to a full degree, the concentration of
amoni um r glEsiined hveasEge gauraded es diameters hawb teopeef etladatey dxn not | ess
than 0.01 nole/L, nore preferably not |less than 0.05 nole/L, and nost

pr ef er abl y heotobtesined lramalybderium-based Plreciipitiatei haviogt ai ned in the
nol ybdenum based crude precipitate and precipitate include, for exanple,

excess anMfifiaisntlandigh pard tyoot Furbhermoee, sevénra salts forned from
the alkali nmetal conpound added and the acid used for pH adjustnment. The
conponeft s M Ysevashaged wr egitidatec congniging thsepnpsnBeseuse of the

preci pitate conpound. Accordingly, it is preferable to select a washing
fluid sui t&ﬁ?ﬁﬂdbﬁdﬁ%ﬁé t"ﬁ'g’ 3150e R GonYENARATLIY| BB WAEhedt the
precipitate.. Fronkﬁghis i.nt., of view, the washing fluid used in the 25
present i nvk Q"E%%ﬁpi Y-for exanple, at |east

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 preseﬁt invention may comprise, for example, at least

one aqueous solution selected from the group consisting

17




one aqueous solution selected fromthe group consisting 17 of an aqueous
sol ution of ammoniumnnitrate, an aqueous solution of ammoni um chloride,
and an aqueous solution of amonium sulfate. No particular limtation is
pl aced on the washing 5 nethod. Usabl e washi ng nmethods include, for
exanpl e, dispersion washing in which the crude precipitate or the
precipitate is dispersed in a washing fluid and this dispersion is then
subj ect ed taf snl iatpdesis dalrfaod o ammond upa s agateasBnngqueowsi ch a
washing fluid is passed 10 through the crude precipitate or the precipitate
in the forsnloftiorakie. amiion inas lhigriae ,bandaan aduevusatoduttienper at ure
ranging fromOC to 90C. However, with consideration for the solubility of
t he precipiafatammondiuwn mrlfaot.ors, it is preferable to enploy a tenperature
15 ranging fromroomtenperature to 50C. No particular limtation is

pl aced on the Natpantiewbar rlideltalrien gis gilecedd omhéher ewishiimgt e af t er
washi ng, and the may be either in a wet state or in a dry state. By

enpl oyi Ag MRL eVgabde vaghdaghmaghadshbaclude, Por cex@@ppeeci pitate and
the precipitate can be nade hi ghl pure w thout causing a substanti al

change in tHERRRT e WHHHNT i@ aibdird &he raudsr Prepeeifatsl PF, thee rate of
changs | WRGHEIAHE, BRLELE S TR S il Biudg pEChRLat e berore

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 0°C to 90°C. However, with
consideration for the solubility of the precipitate and
other factors, it is preferable to employ a temperature

16 ranging from room temperature to 50°C. 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 cﬁahge 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



than 50% nore preferably not greater than 40% and nost 18 preferably not
greater than 30% Moreover, the rate of change in the average particle

di aneter of the precipitate before and after washing can preferably be
reduced to not greater than 50% nore 5 preferably not greater than 40%
and nost preferably not greater than 30% The term"rate of change in
average particle dianeter" as used herein neans a val ue defined by 100 x
lr-r'j/r iprdietably sndthgreadreagehaar Bi0gl.e di aneter 10 before washi ng and
r' is the average particle dianeter after washing. By enploying the
above- descri bedMaredvery, Mdtehathte lf changst iof thiel eviewmageopaakaedei n t he
washed precjpitate obtained by washing the precipitate obtained in the 15
second st efligmietReiadk iy edipitese befese gndanétert waphdngocanl e, nore
preferably not greater than 0.05 nole, and nost preferably not greater
than 0.03 mAeLerahky ke esucsede to aptngraatesr bagr 508hemM@BBunt of sodi um
containgd in the washed precipitate obtained by washing the precipitate

obt ai ned i RH dal; g et rpitdedr 40y Bed, Bggterrederablygheht er t han

0. 10 nol e, nor ref.erah) y not greater than 0.05 nole, and nost preferably
not greatergrte}‘?gcﬁeolb%?"ng " per nole of the element A 25 One exanpl e of

the nol ybde””mﬂ?ée@eﬂﬁ e-@;ﬂlé ebtte change in average particle

diameterf as used herein means a value defined by 100 x
|r-x'|/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



washed in the above-descri bed steps conprises a 19 precipitate obtai ned by
recovering a nol ybdenum based catal yst having been used for any of various
reactions (also referred to as "used catalyst”) and formng it into a
precipitate according to a suitable procedure. 5 In such a case, a used

imol ybdenum based cat al yst whose activity has been reduced as a result of

| ong-termuse nay be recovered, forned into a precipitate, and washed
according to the nethod of fhe present invention. Thereafter, it may be

repl eni shedPRFERPERALEr OhbRENad Db JeRIAYST Y A Ml Yhdari-Pasedus, it is
ol ybdenum GALRIVEE: ARYES BESR JTtrd TeTBrATY do i Ot HEAAORSt i s and
Aot her | exatareborbrfzPea OItaL Pedd Ll e Mo 08 Hiln YasiiACaR s ot 1
Pone B oxoiirg  poffetipPLaes adthi iy d B s EUA D IS B0 Y e

as requig edypnaggcRdhUshiay gh@sﬁ%ﬁvﬁy%@e@gﬂgg t&tﬁdlgrstquh%rsel ess. After

a mol ybdenum based precipitate desired average particle diameter
i s preparedadegQitynNfast Ped eredved des cs 1 hed, Wasdy b idaash waem! ybdenum

based catal yst may be prepared by subjecting the 25 nol'ybdenum based

preci pitat emahy BeSHESE6GHESd, SEGBNédinto 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 haQing 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




enhancing its catalytic activity (for exanple, adding 20 thereto one or
nore netallic el ements depending on the reaction system). The
above-descri bed washing nethod 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 limted thereto. That is, the above- described washing nethod can be

applied to recipitate containing at | east | ybdenum and. t he 10

o brent A Sl S PronerEo ReFaldds: RLRMERLE ABPERRBIpPROERE | nvent i on

i's nmore ful l.ai \th reference to the follow ng specific exanples.
However, t %égiﬁgkgﬁgﬁﬂgﬁgfe not to be construed to limt the scope of the

: on. ) i al i | ahl: d f high
Invention. As tghd EaﬁlTJ\f‘é" ibed %@ﬁ%ﬁ glg&ﬁxﬁ‘éﬁk leﬁzaBﬁ% ‘fgtrs or hig

purity were use ess ot herw se speci ytical methodsS The

quant | tat | wheApalzptiss ofr GARSGIER. BrATBNpEoclpiLAPLeGULaThotagncar i ed

out by ICP em ssion 20 spectronmetry (using h-frequency asna

Em ssiop SPRCIFIGSRORItep adldy 28l prBeSpAduaBt 8BealiReampautaet ured by
Ni ppon Jarrell-Ash Co., Ltd.), atom c absorption spectronetry (using

SAS7500, naedomt wiesp byHSREYker, | D6t isinedtse | tdexrst &b CtliQpBi©gr aphy
(using DX-AQR211, 25 manufactured by Ni ppon Dionex Co., Ltd.), and the
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,
thése 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




Kj el dahl nethod. 21 The average particle diameter of a precipitate was
by neasuring its particle size distribution wth an SK LASER

det er m ned

M CRON S| ZER PRO- 7000 (nmanufactured by Seishin Enterprise Co.

Ltd.) and

finding a particle 5 dianeter at which the cunul ative frequency was equal
to 50% Exanple 1 (a) Use of a nol ybdenum based catal yst: A tubul ar
reactor was charged with a catalyst containing 34.54 10 parts by nass of

nmol ybdenum
pot assi um

0.93 part by mass of.ﬁgosphorus 1.41 parts by mass of
0. 76T R&r RVeR3IGERIAT bEcC

fAtARRR e RE G‘H’F%lrﬂl %S of copper

d h f Ple 2K1 2 l,usi f
(the same SREPFORETR it ifaiind Lo, ﬁcﬁse G0 QO AN A mosed of

vat of v aportiBh SFLIECHRE ol 5?%%53158- °3§%%2%Fa?°°°%l’%ydo Y hours.

wat er vapor,
under react

incer oot ore 0ok o 911 (B ﬁiaﬁltai %ép&@ig‘é.um e?728§p?2§. on
par 8 by sk AT el S R R 55 S ) s of

pure water

25 hydroxi de was added thereto and the resulting m xture

10

15

20

25

Example 1
(a) Use of a molybdenum-based catalyst: A tubular

reactor was charged with a catélyst 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, and 0.57 part by mass of copper and
having the composition of P,Mo,,K, ,V,Cu,;, exclusive of
oxyden (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,
and 55% by volume of nitrogen was reacted for 2,000
hours under reaction conditions including a reaction
temperature of 270°C and a contact time of 3.6 seconds.
(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
hydroxide was added thereto and the resulting mixture

was stirred for 2 hours, the residue was filtered off.

22

.sgfdter 89.2 parts by mass of a 45% aqueous sol ution of sodium



was stirred for 2 hours, the residue was filtered off. 22 The filtrate was
freed of potassiumby passing it through a strongly acid Na-type
styrene-based i on- exchange resin (Anberlite |IR-120B, nanufactured 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 ammoni um chl ori de
(i.e., 12.0 nmol es of amoniumroot per nole of phosphorus) was added

thereto. THRER, Tadtrake was)FuRednpls Retasehyl Mo @RI dd d was added

t heret o, V\n’&hgopg&é%r %n%’f’ﬁ%%a/a%‘{iro%ﬁj. utsﬁﬂﬁghe I-%%‘Cgah%m&g%re to 1.0. As
the pH bec d ' ] = ; crude
precipitatgx\gﬁgf(r%rned.. V\Qnth chHQJ{ tiq m Xt ur reackéggbl.o, it was in
the form of*a §fdrry &8 eea'?%tlee, R equ r"%f‘%h‘faq@ﬁe ¥ oom

t enper at ur uns Wt | 1ring. . the r | t] slurry containing

t he crude gf&%ﬁ‘& 'E%g{}g) é—wf ia{]t%degc#’ v‘\%?lhocal ut'sche Cff;gle' vacuum filter to
obtain wet crde @aneG i £. x ' Tl r .precipitate
Thuo 2D obt ai riod aded SRedsE Atks'iTY B D Rne' S eilsyt SIR I S

S0l ut i on olia8TERuATEN LoRles d Y ik Sl b de A4, g GaRdLTRer ature and

containing 0.25 nole/L of amoniumroot) an rsed state

for 5 mnphes. oEhsedi IRADHL i fddier et AdRighmid by mass\gsche type
vacuum filter to obtain 120.5 parts by nass

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.
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of a wet crude precipitate. 23 (e) Second step: The wet crude precipitate
thus obtained was added to 500 parts by nmass of pure water. After 71.1
parts by nmass of 25% aqueous amoni a was added thereto, the resulting

m xture was kept for 10 5 mnutes with stirring. Initially, the m xture was
I'n the formof a slurry, but becane a perfect solution after 5 m nutes.
At that tinme, its pHwas 8.6. Then, after the tenperature of the solution
was raised to 7 arts dr.oc ¢ ,aci d was added

'C .99, dgf 36% h | '
10 thereto so aQe)[os%cEﬁ t‘%‘ﬁ%’p m%"?‘%ecrﬁ eur%‘yefcol%ﬂif’%éﬁﬂ%s m xture was

ept at BOQK .0 ch NAW S 81464 0 L0 P, PLEChRLLALG oA ter the

slurry containing precipitate nperature, it was
filtered tqbai | R e f mg§p'n : t, the wet
preci pitat g\ was %?p r sren_%'r ﬁ:&t %#Q\A/a%%é%s%\n%% p%r%ﬁ%@%m@%éof a 2%
aqueous soldddeR e HTBNI LB NP €1 441 Ruse AL KSpE £8E 00M
tenperature and containing 0.25 nole/L o anmonium root). After this

procedupe WaHutRREatAth toM 68 i rd. t e idiiHans] ahe\ddidddderdd i nal |y,
110.5 parts by mass of a wet precipitate was obtai ned. This wet

preci pi t at eheofcaimest 30. Sumpey, tvubybédste (4 patfedd €b1utbbybdenum 0. 90
part by mass (1.1 atm % of phosphorus, and 0.61 part by nass (0.45 atm %
of vanadi umftElr 5l iihumdses aft amsEnitine,oditspeH mas f6 phatehgr us; and
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 80°C 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 pafts 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
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i mpurities such as 0.01 nole of sodiumand 0.02 nole of 24 chlorine, per
nmol e of phosphorus. Wen the wet precipitate was dispersed in the filtrate
fromwhich the wet precipitate had been separated in 11(e) Second step"”,
and used for the 5 neasurenent of its average particle dianeter, it was
found to be 11.5 gm Fromthe above-described results, it has been found
that, by enploying a process including the first and second step in

d ' | ' | ybd based ci pitat
contai ni ng (prestae HBERHhLe HF RASHNGE. T havi ng good charact er st cs
can be prepar egnght ngogdevgrkabhiilve WL S@¥SherddaNaz dgen found that a

nol ybdenum based precipita can so be satistactorily prepared when the
15 pot assi upi £ephekNedonwhDeh 2DRY &80 Peseh P pitate is
repl aced by sodium Exanple 2 125.1 parts mass of a wet precipitate was

obtai ned inséperats® IRNNEE) aSedGndsBEsh | nafxagd® for ik (a) to (d). This
wet precipitate contained 32.54 parts by mass of nol ybdenum 0.91 parts by

mass of fphasphsunemenandf0i6é pastady passidle Valnambted, 1 &adol es of
ammoni um r oot per nol e of phosphorus; and inpurities such as 0.21 nole of
sodi um and fodldnbbebef 1thboume, 25 per nole of phosphorus.
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
16 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,
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Subsequently, wi thout carrying out the second step, 25 the wet precipitate
was dispersed in and washed with a 2% aqueous sol ution of ammoni um
nitrate. This procedure was repeated three tines (a total of four tines,
including the step of (d)]. For the respective washing 5 steps, the anount
of residual sodiumper nole of phosphorus decreased to 0.13 nole, 0.11
nole and 0.11 nole. However, no appreciable decrease in residual sodium
was not ed | gnd frer the tF ird _wa amount of

"esi dual ci o) AeCpbrerPEchre Uth‘géf)R%JFl SERE LTI i . 0. 09
was noted i 1t aRdnaFEe, ?ﬁ“%n”ﬁf%ﬁ?ﬁg&ﬁtrﬁlpf‘—jl‘?%eeas“"fm% FEedlng o o e
nDIybdenun%@géegegggggasﬁhréetE?ﬂ%gr i§°£ y%%ﬁﬁu ﬂﬁ% ged with a

catal yst contai ni parts 93 part by nass

of phOSphOih'éluélﬂ& BRE! StBY 8?5%1?‘] pcﬁﬁs%ﬂéﬂré&p@:ﬂﬁé waldhif@ss of
vanadi um 0.57 part by nass of copper, and 1.12 parts by mass of arsenic,

and havisng $bep2) thapambuhenodf r&k M2V edeeh 64 Biie 2ofhen, a gaseous
m xt ure conposed of 5% by vol une of nethacrolein, 10% by volunme of oxygen,

30% by vol upkosphoatier deepeasedntio56% 3 bio Ve UOEL Dfmdlé r g0 VBl r eact ed
for 2,000 hours under reaction conditions including a reaction tenperature
of 25 270'md>hed dHaomtarc! no npmfedidblecisudrase 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 PMo,,V,.As,Cu,.K,,. 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,
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(b) First step: After conpletion of the reaction, 26 the catal yst was
renmoved fromthe tubular reactor, and 94 parts by nass of this used

catal yst was dispersed in 400 parts by mass of pure water. After 89.0
parts by mass of a 45% aqueous sol uti on of sodi um hydroxi de was 5 added
thereto and the resulting m xture was stirred for 1 hour, the residue was
filtered off. After 29.8 parts by nmass of 36% hydrochloric acid was added

th t { ' t. th H of . t l.ut i t.o 9.0, 28.90 ts b
s (1. o ths BARBTESE g bl TR Juie ot B e T8 o mined arount
f ph h ' [ hl,orid ded th to. Th
26,0 parts by BAELE0R ugae Por MRRY iR SHEE SR 30t & o
djust th ' , t hi ' t 600C
?ojr ug hour§4g\nb|t ﬁgg%'lgrelr) nlgcl.'yé;?fe?pﬁ?swm X 'urg%fmgr'gogﬁgagtegilr ogm

terrperaturemagg_g@safhgge£%&%@&uwﬁﬁﬁe§a%%%wgfdég,_r to obtain a

wet crude precipitate. (c I ng step: preC|pPFate t hus

obt ai neds wagadeaPEheLELb Nard PEd SréWn IBSy G180 %R 2 LIRS ot | on of
ammoniumnitrate (having a pH of 5.2 at Toomtenperature and containing

0. 25 nol e/ L1ohougymehée Ufes Ddhe wdsl KERierddd tder di ageesedosbaparter 5
m nutes. The dispersion was filtered to obtain 90 parts by nass of a wet
crude precibytmass 385 363} ISedoochkiei: adicl weis crddiel piteigd adoe alshus
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 60°C 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.
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obt ai ned was added to 500 parts by mass of pure water. 27 After 55.5 parts
by mass of 25% aqueous ammoni a was added thereto, the resulting m xture
was kept for 10 mnutes with stirring. At that tine, 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 mxture to 5.0, and this m xture was kept at 600C
for 3 hours with stirring. After this mxture was cooled to room

t enper at ur e, | iltered to obtai wet precipitate. (e). Washing step
The et pr cRFEFase- o HRETER BY ragee of 2t ARGl PriPriiay R ned w h 2

parts by ma 9 q S | f i ni t.r (having a pH of
5.2 at roo%a?gépgpéf%}:g’ ;ﬁtgé'c{)%%’%ﬁ%r% ]ﬁl)ﬁtgmn%&?? l%?ptaant\t"?%nill% root). This
procedur e t Mg s - Eingld Won 283 ts. f qawet
precipitatgﬁaggeggaggggi%%%fr*ﬁgé 3g{¥%¥§bfbleétéQéo a%ﬁgd821711 parts by

nmass (12 at@hém 0?8@'%@9@9“]9} Ras® PR 36PN bk R PaLf
phosphor us, 0. 56 part by mass (0.69 atm % potassium 0.36 part by nass

(0.34 atsn %ideédvenadetd) soags o ldd past sthy PSSt (the hditdd «f arsenic;

9.42 20 nol es of anmmonium root per nole of phosphorus; and inpurities such
as 0.01 nol 8.0f andi thiandiRt@Pe wae leépt cdd 0g0°0efopeB ABLEsOWithe conbi ned

anmount of phosphorus and arsenic. Wen the wet precipitate was di spersed
in the 25 $tlirrang.f ramerhitdhig e xtrirepmas picodied had rbean
temperature, it was filtered to obtain a wet preciéitate.
(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
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separated in "(d) Second step”, and used for the 28 neasurenent of its
average particle dianeter, it was found to be 16.2 /-tm Fromthe
above-described results, it has been found that, by enploying a process
including the first and 5 second step in accordance with the present
I-nvention, a nolybdenum based precipitate containing three or-nore
nmetallic elenents and having good characteristics can be prepared with

good wor kahj | i 0.(a) First step: .94 rts By mass of a used
cat al yst %‘%"‘.‘%@W&g fc%osrlrpaé's(ﬁ A%n pggttlﬁgg Sﬁag%ﬁﬁyelg &g  di sper sed
in 400 partg,bya r?;?%s%gllda_%gﬁm/ater. After 89.0 parts by mass of a 45%

aqueous sol ution ydr oxi de was added thereto and the resulting

mxture 15 was gion el fMove MUor il MEUAYS W8T Hals! 8ed Foln

Subsequent |y, in place of amoni umchloride, 640 parts by mass of the

filtrate obrmitlecsy Merdioyotepnd piRRcd inB1aMihg dneCeuratnang 11 mles of

anmoni um root per nole o e conbi ned. anount of phosphorus and arsenic 20

contai ngd igeddral stef iiah Hddrddmrd hatddeine pregbnthenvehklibaleh was added
thereto. Then, 51.2 parts by mass of 36% hydrochloric acid was added

t heret o so naxl tlderath-tseds ddpred igfi e Wortdwiaing th@eecabt mbre m xture
was kept at 600C for 3 hours with stirring. After this 25 m xture was
cool ed to matralleiperlemerd;s iandvdsaviingt eoed 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
156 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 60°C 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
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in the sane manner as in Exanple 3 to obtain a wet crude 29 precipitate.
(‘b) Washing step: Next, the wet crude precipitate was di spersed in and
washed with 2 parts by mass of a 2% aqueous solution of ammoniumnitrate
(having a pH of 5..2 5 at roomtenperature and containing 0.25 nole/L of
ammonium root). Thus, there was obtained 95 parts by nass of a wet crude
precipitate. (c) Second step: The wet crude precipitate thus obtained was
added to Sg@égwaiégénass of pure water. 10 After 57.5 parts by mass of
25% aqueous a nia was added thereto, the resulting m xture was kept for.

10 mnutes wt teh X L0 . & f %. hy. chloric

aci d was added ﬁ’ér%%%ﬁi;é,g agé-&?r%' ac}%}é[ ’IotatmaéS Vg{? m‘g pn;‘3e3;[/£ rlg:aﬁ(r)é)& 0, and
this mxtu gggy : SoW t o I terod his

m xture mgfis\é\% ed ts_oé’gr olﬁ%g&n&éﬁﬁée‘?%_%\%éﬁiﬂge é?so 0 tii 2nsga wet
preci pi t at gquedus&NtGict Pt difoNBlm PR ECEREL atRav 9%1@'6‘?%.2"’35

di spersed in and washed with 2 parts by mass of a 2% 20 agueous sol ution

of ammpi uRthiroon & dntpartdtthe PAh@fconaifing 0PM 4 afi®Es AL Us£ and cont ai ni ng
0.25 nole/L of ammoniumroot). This procedure was repeated twice. Finally,

89. 7 part s dmnoimisse dfoct wet TRG piHeadee wiRs obdididiedhs Piirktavgly precipitate
contai ned 25.34 parts by 25 mass (12 atm % of nol ybdenum 0.57 part by
mass (0. 84mass 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 60°C 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
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atm 9% of phosphorus, 0.56 part by mass (0.65 atm % of 30 potassium O0.38
part by mass (0.34 atm 9% of vanadium and 1.12 parts by nmass (0.68 atm% -
of arsenic; 9.31 noles of ammni umroot per nole of phosphorus; and

i mpurities such as 0.006 nole of sodiumand 0.02 nole of 5 chlorine, per
ol e of the conbi ned amobunt of phosphorus and arsenic. Wen the wet
precipitate was dispersed in the filtrate fromwhich the wet precipitate

had b d d d for th
of its averd %‘r%%fwé{‘%l# ﬁef'ﬁCQ“ RSG50 (0 HlnatBof beSh A 8Rad iU £ om 1 ho.
above- descid et [ £2Ubdees! by "RELCFE. 6810¢ 4 Nabs £’¥s$ﬁPJggy§”¥1a brocess

I ncl udi ng t e fir p'in accordance w e present

i nventi on, 118 kY GHﬂhHaESQtépgﬁf'Hb%é‘tcﬁffcﬁlgéé’%an 51 g or more

metal lic elements an aV|ng goo aracteri st prepared with

good wor kabigdd¥itiés hascrl 88 He6dsfRYDE &Paéo&mmfaﬁar@t@zqué ngi in the

second step can be used in the first step. 20 Exanple 5 95 parts mass of
a wet DBGCId?dI@:EﬂléViiSp@EtlﬁbI'édoflﬂhé@oﬁ@ﬂﬁe&%ﬂ@ﬁn@%ﬂ ?Hééé’t%’rﬁé‘ Exanpl e
3, (a) to (c). This wet precipitate contained 26.16 parts by nass of
nmol ybdenumartl Sarperiic by mass of phosphorus, 0.58 part 25 by nmass of
potassium 0.37 part by mass of vanadi um and

When the wet precipitate was dispersed in the

filtrate from which the wet precipitate had been
separated in "(c) Secdnd step”, and used for the

10 measurement of its average particle diameter, it was
found to be 17.8 um.

' 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
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1.12 parts by mass of arsenic; 9.51 noles of ammonium 31 root per nole of
phosphorus; and inpurities such as 1.20 noles of sodiumand 1.12 nol es of
chl orine, per nole of phosphorus. Subsequently, w thout carrying out the
second step, 5 the wet precipitate was di spersed in and washed with a 2%
aqueous solution of ammoniumnitrate. This procedure was repeated five
tinmes. When the finally obtained wet precipitate was anal yzed, the anounts

of 10 phospituddhdffe off LHgseREret i IR s PR el y.
Exanpl e 6 () &X ecp@résaﬂnnos% oLy tieunbasad s s p e%%nolé%fw parts

by mass of ammoni um paranol of anmoni um
netavammkuﬁhoégpb;hgg parts by mass of cesiumnitrate were dissolved in
300 parts by ss of pure water at 70C. After a solution prepared by

di ssol ving 3. 405 @B5bauBN: I SwetndRlt PROSPIRG! SyECifle Secdfuperds by mss

of pure water.was added thereto, 46.1 20 s by mass of 36% hydrochloric

aci d was adglesl wéerstecipot@te t Wasdii ishetded Pih And Readhed WietH & 2. 5, and

its tenperature was raised to 95C with stirring. Then, a solution
prepared by2%li spweousgsdldbiprrés Hymdombem of it opper Thiilsr précedut@ parts by
mass of pure water was 25 added thereto, and this m xture was concentrated
by 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) Preparatioh 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 70°C. 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 95°C 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
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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 tenperature. The resulting slurry containing a precipitate
was filtered with a Nutsche type vacuumb5 filter using No. 5C filter paper
(manuf actured by Advantech Japan Co., Ltd.) to obtain 62.5 parts by nmass
of a wet precipitate. This wet precipitate contained 30.15 parts by nass

12 at f bd 0.81 t. b 1. tm 9 h h , 1.03
bart e by maEP At S JOTUEY PRk k- OTDSLBATESEy FAESNEBESR8 atm) of
di 0 0.18 atm ¢ f ;1.2 I f
;mn: 3m r oo p%?é)crr%?%{%‘$é/d ﬁr}?ﬁ p#%ar ?‘,u%gyd |ar§gtfrq°§1%§ge°;?u5ﬁ°§'sml). (1asmc))l es of
hl ori h h ; ' LRk di d
Che fi1tr atemirarde fn IR Fetna BT Uiy TEBELRIRTRG HO° [ oheurement

of IS avergugi Pardic! fadl A deq ki tiPS WML BBl Gabdl (D) Washing

of the nol ybdenum based precipitate: e precipit t hus obt ai ned was

di spersed ifi ZdanisingNPy J@sHi1derd p%‘?e%q%%%ﬁf%@tlﬂﬂéanb‘irf ammoni um
nitrate (i.e., an aqueous solution préepared by dissolving “reagent grade

amoni um nigdwdet eSdeipdm Bl £ TARE.S" to WHtEiMad .3 Ridr@ls By2 malss’ 00m
tenperature and-contained 0.25 nole/L of ammoniumroot) and kept in the
di spersed 2f 4 atet fpredipitutes. Thienwethprpeepiiphtat eonained
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 um.
(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
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collected by filtration with a Nutsche type vacuum 33 filter. This

di spersi on washi ng procedure was repeated tw ce. Wen the precipitate
havi ng been washed twi ce was dispersed in the filtrate obtained in the
first washing step, and used for the neasurenent of its 5 particle

di aneter, the average particle dianeter was found to be 15.5 gm(with a
rate of change in average particle dianeter of 14.4% . The anount of

chl ori at ai ned Jj,0. t he. | i 0..10 I I f
shosphor us. L33 EFom TS Abthinitn Maba' iy mree P B dentedtdy (nat,
b hi ] b 4.0.t at it ' | uti
naving a pHESECE e e O M GG Rledinay g en BRI o/ L of
ammoni um [ 0ghs dt8BePSEAi Phlehe PIPEBALO! dofa BlLEN, CHROGELILY aver age 15

particle dianeter before and arter washing, and contains only snal

anmounts of {ashdHal stapyrahdcased* foP! €nd MeddEfemenlSr Wass obt ai ned under
the sanme conditions as enployed in Exanple 6. This precipitate was washed

20 twices i npaxectiy Ghame8sE, "BRBCAvEFadd FXAPT Fe Gaiscest wdwt a 0.5%
aqueous solution of ammoniumnitrate (having a pH of 5.6 at room

t enper at ur efanddcoot beni g5 0.G6 (withhe/al refteafohamgeodthn) avesageed as the
washing fluid. After washing, the anount of chlorine contained in the 25
wet preci pi partinde 0idBetereofpels nbtp. ofThEhesmmrtusf 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
156 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
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When the precipitate was dispersed in the filtrate 34 obtained in the first
washi ng step, and used for the nmeasurenment of its average particle
dianeter, it was found to be 14.1 am(with a rate of change in average
particle dianmeter of 22.1%. 5 Fromthe above-described results, it has
been found that, by washing a nol ybdenum based precipitate with an acid
aqueous solution having a pH of 6.5 or less and containing not |ess than

0.01 nmole/L ' h | i gh h
'n average 96%25‘?2#5 "Hhentiest St T At oS ont aine
I |1 I t A t at
obt %i nea unieriikanghe 67 RF: st fRS S B AT IS I e ¢ "
| pitat h 5t Ex |
6, except t ﬁﬁ’?ﬁ%ﬁ‘?é e L A T AR B SR B R e Bt haching, -

the amount ghrehLOLi AEamOPLAI BED I M4 e wWet precipitate was 0.14 nole per
mol e of phosphorus, but the average particle diameter of the precipitate

was 4.5 20 um (wirbf ehéaasoe& §83888pbA ANEHPLS pf«Ulh&é eo&é@r?&gfd of
75.19% . This caused an extrene degradation in lterability and the

passage of thetprbgi washiggi atfol dﬂi@erﬁdrhiﬁﬁé@d %ﬁéﬁiﬁﬁta@(&ﬁﬁhﬁ& 25 (a)
Preparation of a nol ybdenum based precipitate:

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 precipifate into
the filtrate occurred.

Example 9
25 (a) Preparation of a molybdenum-based precipitate:

63.52 parts by mass of ammonium paramblybdate, and 7.61
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63.52 parts by mass of ammoni um par anvol ybdate, and 7.61 35 parts by mass of
cesiumnitrate were added to 300 parts by nmass 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 anmonia (i.e., 34.2 5 noles of amoni um
rr-oot per nole of phosphorus) added thereto with stirring, followed by
heating to 35C. Then, 109.1 parts by mass of 36% hydrochloric acid was

~added dropwi se thereto so_as to adjust the pHof the mxture to 2.0.
After pH adP¥EHReRY MIFR O g5 ! trahe ezaf’éieﬁo&&% P35S ri ng and

h I : |t i I Y .cont ai nj
;_r H o tat PhaBSEF P SPUEE Wratee, B J ﬁ;%eﬁﬂ%‘%?ﬂﬁ&t?& ﬁoilg%
ilter pa e c : : obtain :
parts bs ﬁ:é#g?“%%%y%r(g%%?fg&ggﬁm%%{}hﬁ Slrltes%?g'ﬁlzl?g%gy\ivas di sper sed
inthe fil tf@!?gé’?&é" Olpééh_tc% Jdd S&qp{]éd&sf Unlnfh S §R;. ANd 321&,5.%0' for the
nmeasurenent of its particle dianeter, e average particle dianmeter was

found tg bepdied oﬂ”&mﬂ'diﬂfmﬂ\efootprﬁéf Rid 1R %f‘iﬂfd@zj ud) FHIE S by mass
(12 atm) of 20 nol ybdenum 0.93 part by mass (1.0 atm ) of phosphorus,

and 5.11 pathéréyo massch (Sefrofing,) 1X8edd By helt iy @ 3BCANMPREYM r oot
per nole of phosphorus; and inpurities such as-0.20 nole of chlorine per

nmol e of phob@PMol usartdH)by\ards 1013 6heryitodidorin based wysecididate: 25
The precipitate thus obtained was dispersed in 2 parts

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
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by mass of a 2% aqueous solution of amoniumnitrate 36 (having a pH of 5.2
at roomtenperature and containing 0.25 nole/L of ammoniumroot). After
this dispersion was stirred for 5 mnutes, the precipitate was coll ected
by filtration with a Nutsche type vacuumfilter. This 5 washing procedure
was repeated tw ce. Wen the precipitate having been washed was di spersed
in the filtrate obtained in the first washing step, and used for the
measur enent,.of .its aveyrage p%rticle di aneter, i found.tq be 10.1 /-tm
A 5% 5o %

(with a rat @B HE LT 5Gom SPRPEr Bt S 00, CONCEANING Thi s
i pitat i d Q11 [ | h h . Fromth
P beve teac e Hlal oF it Eooly = At RLCERIS" GiencteThh"
ove- eSS . | . | f
005 orlC s S ANR (P lse mitelal 2 1A B-BHBIALBOLAL 20113 @ PH ©

the preci pigyats 1SHoMS kA th S "N%ts_c‘ﬁ%afﬂgﬁle;Qsa%}iilﬁﬁaﬁlt%ﬁf.t | ?hﬁsdi amet er

before and after washing, and contains anounts of residua

i npuri t bes wadstAfy $ritedird RaQCHRIpeakedayiekt ai pradnupder the sane

conditions as enployed in Exanple 9. This precipitate was washed tw ce in
exact |y t hersanp itateehadd nigh beedTiag hed %&%eﬂtisgb&%bda ih @¥eaqueous

solution of ammoniumnitrate (having a pH of 5.4 at roomtenperature and
cont ai ni ng AilltYrdte mitelined immohe Eirseowprshdnguseepas anide usashi ng 1 ui d.
for the measurement of its average particle diameter, it
was found to be 10.1 um (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 Exaﬁple 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



When the wet precipitate having been washed was 37 di spersed in the
filtrate obtained in the first washing step, and used for the neasurenent
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 anount of chlorine
¢ontained in the precipitate was 0.10 nole per nole of phosphorus. From

t he above-described results, it has been found that, by washing a

hayi. f
e T e
the preci pidabe shoys,onl ved: séﬁg*}aegmgﬁ?ﬁe gfe;%geaveg gecl e dianeter

before and a washi ng, ‘and contains —o0n anpun r esi dual

| mpuri ti es. 'pax emfoyedﬂ&%rf&'@é%aﬁ%l SStSbIBé" geg ynage wﬂ}? g ane

condi tions anpl e precipitate was washed twice in

exact |y | oS00 MOAgd LA NP oSt FAFEDA1ahDRELPUEC 1HAREY S used

as the washing fluid. ter e anount | ori ne contained in

the 20 precin taficunRSoP. Bl oPl e p@éni@i&‘e@flf?h@ﬁah FeeipdRdtet hgsaver age
particle dianmeter of the precipitate was 2. Lm(with a rate of change

in average Pard imdke dexmaicle of ﬁﬁbéﬁﬁorﬂbe tlnES required for
precipitation after dispersion washing and for the filtration of washing
25 fluid were abooh tlkea dboes-desgeibad cespated Wikt hash®deen 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
um (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
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case in which a 2% aqueous solution of ammoniumnitrate 38 was used as the
washing fluid, and the passage of the precipitate into the filtrate
occurred. Exanple 12 A precipitate was obtai ned under the sanme conditions
5 as enployed in Exanple 9. This precipitate was washed tw ce in exactly
the sane manner as in Exanple 9, except that a 1% aqueous sol ution of
nitric acid was used as the washing fluid. After washing, the anmount of
chl orine contained in the ipitate was 0.13 nole per 10 pole o

pre \ f
phosphor us ¥38n 1555 a5, &3S ine I i dnaind the PH2S39cPhi thee was 4.2
am (with a_rate af change i average particle dianmeter of 63.5%. In this
case, the p[freé:@Tpd'ittag:tee ]1%’326) 33&% eﬁellqgr%tg%rocf?q?é‘? bility and the passage of
the precipitate into the fiItrategg&HrigdHB Exanple 13 (a) Use of a

nol ybdenum based catal yst: A tubul r was charged with a catal yst

i ning 34. &St 0
contai ning 34. 5 pRats o dTes, O 0Bl YbACONL: O RS B3RE B¥aRSSoRL

phosphorus, 1. y mass of . pot y mass of

vanadi up ad dhpl 6 t-nbmmgﬁé)fg.cormr ?% i \ﬂar&t‘ﬁeswmpeﬁtion of
Pll\/b12K122V05501p(l;1. : exlcl usi ve of oxyger? theCl ame shall apply

her ei naf t erjuicENGh ekactaSe e Hamtd! it tdP 05€di Rf ERIMPYe Vo UBRCEHt
nmet hacrol ein, 10% by vol une of oxygen, 30% by vol une of water vapor, 25
and 55% by thelture 1&f atjudogesolticadethiorid, 8004 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 um (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 P,Mo,,K,,V,Cu,;, 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
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hours under reaction conditions including a reaction 39 tenperature of
2700C and a contact tinme of 3.6 seconds. (b) Preparation of a

nol ybdenum based precipitate: After conpletion of the reaction, the

catal yst was renoved fromthe tubular reactor, and 91 parts by mass 5 of
this used catal yst was di spersed in 400 parts by mass of pure water. After
89.0 parts by mass of a 45% aqueous sol ution of sodi um hydroxi de was added

thereto a'?:derr{ﬂ&arf d% 756t UhE ga%fﬁ}:%\'érte%iin%r o RO slifas.esi due was

filtered off. "The filtrate was free potassi um by passing it through

a strongly aci o iNa-p ré@i/dr?n@fbélsﬂglirﬂaéﬁ‘ifﬁbﬁﬂgédrF§E81ﬁf'ﬁp€&i te
| R-120B, manufactured by Organo Corp.)” at a space velocity (SV) of 1.

After the pitefr dtmpfddivtntof |thd Yescetbhstere ¢ot@1Psbywade addition of
29.0 parts by mass of 36% 15 hydrochloric acid, 19.25 parts by nmass of

amoni um  glimviede frdone. thel & Ubulhd €Sr&dcBdHPRand 9 DOpapes BP! RadHd
phosphorus) was added thereto. Then, 89.2 parts by nmass of 36%

hydr ochbor iof ahits wes=daddech iyt evas sdispet Seddinsd 00 hpapts oby thgssol uti on
to 1.0, and this solution 20 was kept at 250C for 3 hours with stirring.
The resul oihgpuleumateonnt diftiery 89 . eeintist dtye meass fafl teerdsk with a Nut sche
type vacuum filter using No. 5C filter paper (manufactured by Advantech
Japan Co., 3dugous Folapiigim oD sad pam thydyoride Was aad@edptkergteate. This
25 wet precipitate contained 31.91 parts by mass (12 atm %
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%
16 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 25°C 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
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of nol ybdenum 0.91 part by mass (1.1 atm % of 40 phosphorus, and 0. 66
part by mass (0.47 atm % of vanadium 5.52 noles of ammoni um root per
nol e of phosphorus; and inpurities such as 1.20 noles of chlorine and
1.13 nol es of sodium per nole of 5 phosphorus. Wen this precipitate was
dispersed in the filtrate obtained in the first filtration step, and used
for the neasurenent of its particle dianmeter, the average particle

di anmet er maﬁlfo nd to be .8,§€1 éc% \Washi ng of the nol ybdenum based
preci pi t at @POSRINOHRS 1 AR i 128 PTRLPLHIRaF Fetl whs Ry in 2 parts by

f 2% ti f ' itrat havi H of 5.2 at
aom ¢ erper AL Ga ot T OB, SBWIBIUR LEGF SRRb A fbt ). AT tor thi s
di ' ' . ' , | P t | lected 15 b
fi1tratt on RAGPEMH ol L ALLER, sdef ot LR Rl B0, Saching.

procedur e w45 Jd.S0RRAt tw £ ndVeD of hgoﬁjé‘%ﬂ Eéé@tﬁojé?véflg been washed was

dispersed in the filtrate obtarined Int t washing step, and used

fo LNCOTERHYGIRINa ! | WnBrpAILCILh ol ARLALe e ARrAYRR0S PARl Cl ©

di ameter was found to be 8.5 gm arate o ge in average particle

di ameter offih%3fe obitindY efh PR £i600t Al NEFa0idR M, Adnagidun and
0.10 nole of chlorine, per nole of phosphorus. Fromthe above-descri bed

results, itfdmxheaedairshe?d dhaits byaresdleod tam@tepetnen based
precipitate with an '
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 um (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
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aci d aqueous solution having a pH of 6.5 or less and 41 containing not |ess
than 0.01 nole/L of amoniumroot, the precipitate shows only a slight
change in average particle diameter before and after washing, and contains
only small arnmounts of residual inpurities. 5 Mreover, it has been found
that a nol ybdenum based precipitate can also be satisfactorily washed when
the potassium contained in the above nol ybdenum based precipitate is

repl aced by _sodium Exanple 14 10 A precipitaje s obtained under the sane
condi ti ons %8 %‘H}fggeﬁggnfﬁﬁ an 1@'.&%%;‘)@%}#@:6},%%“5‘10@% ted in the
same nmanner ' 1 o t g 29 ueQus | on of

anmoni um ni %ﬁ%t %Pewgisﬁﬁgg% %Cglacﬁ%y&giy Z&Jaéa]ql r}gqjs&{s‘—’b (ﬂ% ilgln a(ﬁec}‘léa;ﬁ%ni um

chloride (hgéllfﬁ'ﬂci‘ep&'i%sgﬂéwf’ké%fﬁe r&?&“éﬂ@ﬁrﬁééﬁﬁﬁ“%@ Y i 0. 37

nol e/ L of nmoni um r oot e wet precipltate having been washed was

di sper sed igni{eshal il #hSufblabpefed Mide ididsic{dd tration step, and used
for the neasurenent of 1its average particle dianmeter, it was found to be

8.5 ,u 20 m (W MBraotak¢ 9t BRaNBEehNfVRA 2ERaPaA thé]l Prdbmikicised 13.3%) .
The amount of sodiumcontained in this precipitate was 0.09 nole per nole

of phosphorpsecEpdtat8ecahonbsdelsersdeis fastdt Bly ivadtasd haaeh ftind  t hat
sodi um can be reduced by using an aqueous solution 25 of ammoni um
chloride. 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
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Exanpl e 15 42 A precipitate was obtai ned under the sanme conditions as

enpl oyed in Exanple 13. This precipitate was washed tw ce in exactly the
sanme manner as in Exanple 13, except that pure water was used as the
washing fluid. 5 Wien the wet precipitate having been washed was di spersed
In the filtrate obtained in the first filtration step, and used for the
measurenent of its average particle dianmeter, it was found to be 3.1 gm
(with a rate of change i.n avera ep%grtlcle dianeter of 10 68. 49 Thi s

precipitate conthi ipitateowe §8&Pﬁﬂ1u3ﬂar0tﬁe ﬁﬁE@ S?nﬂhF Ph%e, per
| f ph h
filterabilify %ﬁ‘ﬁ%&%ﬁf‘gg‘gg?ﬂs?- 3" prubl e ket by e ir“]:a[ poor
d. 1 i pitate:
oot al ot | SHTERTEC Xotdy EHEPRLAL ﬁa“%%fa oty e AR € 8505  hart by s
of _Phosphor uscept!Rradr barlYwHES? Bhs fE8HY g}mgﬁg vadBi R EPy Py, MRS of

arseni ¢ and av ng t conposition o was™ used for

2,000 hogr s yniAdehe UeLspRRoEIEHANNG0RHY! hOBT B3chBy Fyaapl e 13 89 parts

by mass of this used cat st “was di spers arts by mass of pure
wat er. Aft eqi@Ppedseadl tis b.)ie”ﬁiitrﬁi:eaof}@a((iﬁgéleQHStﬁ@| gitep of sodium

hydr oxi de was added 25 thereto and the resulting m xture was stirred for 3
filtration step, and used for the measurement of its
average particle diameter, it was found to be 3.1 um
(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 P,Mo,As, . Cs,, 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 maés 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
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hours, a small anpunt of undissolved matter was filtered 43 off to obtain a
honogeneous sol ution. 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 noles of amonium5 root per nole
of the conbi ned anmbunt of phosphorus and arsenic) was added thereto. Then,
56.7 parts by mass of 36@6hydroch|oric acid was added thereto so as to

adj ust the i on_.was kegt at 600C

th 1 t 4.0 t hj
P et e BHehospB $?ﬂ3 '%oiﬁn?%%?%‘q Cidny e ptrent B GE 20 S0 ¢
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atm% of cesium 9.52 noles of fum root per nole of phosphorus; and

impurities peeh perOndBe"BEetRé EHMBIAEE ZRowid Of TohdBPio@ls S um per

nol e of the conbined anbunt of phosphorus and arsenic.” Wien this
preci pi t at eangénid) swassgdded therétd! ratrpepht 8i6NgdphitshByf MaSE

filtration step, and used for the neasurenent of its partlcle di aneter,
t he aver ageopaBéichgddoankdeicvasid@Swd®uaddéd ieedSed sinas to
adjust the pH of the solution to 4.0, and this solution
was kept at 60°C 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:
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(b) Washing of the nol ybdenum based precipitate: 44 The precipitate thus
obt ai ned was dispersed in 2 parts by mass of a 2% aqueous sol ution of
ammoniumnitrate (having a pH of 5.2 at roomtenperature and contai ni ng
0.25 nole/L of ammoniumroot). After this dispersion 5 was stirred for 5
m nutes, the precipitate was collected by filtration with a Nutsche type
vacuum filter. This washing procedure was repeated tw ce. Wen the
preC|p|tat aV|n bee

d th Jtrat bt ai ned i
Phe i hrst vBOR REoeToEFatRa e (REA 1A (TP ALRRAAth A2 A o 1 clo |

di I d d b i th
rate of chabERE 0B A Léﬁ??e%v%a%%%oﬁq’as 063‘9%}51% WD pitare -

cont ai ned 0f e_of.s a | e hIor e of the
conbi ned arT{) ER{J ?LSE)%h%gp g?ugslga%dorgr sé%era Homd d & n(}j\?agin ESCJCI‘I bed
results, itgh oMRd hi d precipitate
with an ac?dggqﬁggﬁéisg u??%ﬁﬁ%aV|Ha¥§?pHggﬁ%gn§hxg ? EEQ gﬂ cont ai ni ng

not | ess t hgas OsPirfBhefér 06 AIRRELSM ROt régaﬁiﬁéﬂﬁ*%aé“édﬂfééﬂé&w only a
slight change in average particle dlaneter before and after washing, and

contains opyyfsIBrat 2ORURIEhO4 NEEsEhE typ@Urdduws. £ iBxaml eThisA
preci pitate was obtai ned under the sane conditions 25 as enployed in
Exanpl e 16.wddhingrpropedaie was weséeted 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 um (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

256 as employed in Example 16. This precipitate was washed

twice in the same manner as in Example 16, except that a
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twice in the sane manner as in Exanple 16, except that a 45 2% aqueous

sol ution of ammoni um sul fate (having a pH of 6.0 at roomtenperature and
containing 0.30 nole/L of anmmoniumroot) was used as the washing fl uid.
When the wet precipitate having been washed was di spersed in the 5
ffiltrate obtained in the first filtration step, and used for the
measurenent of its average particle dianeter, it was found to be 15.5 ,am

(with a rat % of cha e in. .avera article dianeter of 16.29% . This
preci pi tat & ch}q?FOWbP@géﬂg§ﬁépmnﬁgﬁ§a§eoshﬁﬁF€9o? BRI 8Fine, 10

| f nb f d | 8
breci pi taté ﬁéﬁgatggwa#“ﬂ BRAL ue B gegﬁﬁﬁfﬁﬁn RSBy RE Tn Bxanl e
16 Thi t h d 15 t th EXx |

except s 2“%1%3‘5&%55 SIS R LR Mo
partlcle diuge eéﬁ féE%éJ gt%%%n“@%s&ggggigOdggpérged/ hn%ﬁgnth arate

of change in a rag parti aneter er washi ng, the

preci pi sat & ihad-£0d [dHE]3 é@ﬂﬁPQm el b EaEXEtEXté d Eﬁéppaéﬁégﬁs8ﬁ the

precipitate into the filtrate occurre 0|ta 11ty in I'ndustry It is
evident frampd hﬂx@%tﬁ%ﬁf‘e’dtpwforitfsh%ber%e géreﬁeheyaﬂsmatm:ep%at I on

process including at least the first step of formng a crude precipitate
by pH was found to be 15.5 um (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
um (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
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46 adjustnent to 6.5 or less in the presence of an alkali netal conpound
and the second step of dissolving the crude precipitate in agueous ammoni a
and formng a precipitate by pH adjustnment to 6.5 or less, a 5

nol ybdenum based precipitate having a high purity and a desired average
particle dianmeter can be conveniently prepared with good workability, even
when the nol ybdenum based precipitate contains three or nore netallic

I ts. 10.) o b hi | yhd b d i pijtat ith
el apeol BHER CEY o BWUIIRE LA UG e
: i : | v i
di anet er o;m%ﬁéf ?r(tf))rp e&nua#}{aba%eed spercé)adgi%zftpe chtaﬁielﬁé:'ogllyplg‘rgegzg}aed and, 15
- , t I o) ' I hed with
Good vor kabi | 10y, DR R oh SR B dhg BRI L ed
pr eci pi { at epRaYipo e NbIbiPUd fuk tilhd WPy Iebaa\iRIAge particl e diamet er.

Furthernore, a nolybdenum'based precipitate containing 20 three or nore
netal | G el RIEFbdef@i-1Fd S hsrwigdiacht e HdwifRf te0Milgh phi A Tarl S £LLA MED
IS: 1. A process for the preparation of a precipitdte containing at |east
ol ybdenum desli sed edwsrage ddtic Mhidihnetier &fard erstcdertilanEn; of
phosphorus and

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.
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5 arsenic), the process including: the first step of adjusting the pH of a
fluid mxture containing the constituents of the precipitate to 6.5 or

l ess in the presence of an alkali nmetal compound, and filtering the crude
precipitate so forned; 10 and the second step of dissolving the crude
precipitate in aqueous ammoni a, adjusting the pH of the resulting

solution to 6.5 or less, and filtering the precipitate so forned. 15 2. A
process for ration of a precipitate .as claimed in claiml

wher ei n, sdﬁ&ggdgagﬁélﬁ%kbﬁsreast one of said first step and said second
step, at |east ;one t he, crud recipitate obtained in said fjirst step 20
and t he preci pi]t'at e o tpa’“lt})nceeassl' nﬁ%rgitfpes&%?%a%q%bor? P m%slﬁﬁﬁ%ﬂhagﬁ aci d

aqueous S°'ég’%ﬂlﬁ%ﬁiﬁ%ﬁ%ﬁﬂ‘?@@d%ﬁ S5 & doeﬁlqﬁ]eal{@ii'g(a t less than

0.01 mole/L o pr ocess e preparation of a

preci pi tat g 3% G ai'smﬁg 1R aGlt2ioHe? ARG o?%%rn\gg afrﬂ%aori ne 48

contained in the washed precipitate obtal ne precipitate

obt ai neq i m&RifiSSCHUNE PreRdss NHc1uHiqRf:er than 0.10 nole per nole of the
element A. 5 4. A process for the prepardation of a precipitate as clained

in claim2 wherghe tivestamsuey off &Pfisting 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 0.0l 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
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contained in the washed precipitate obtained by washing the precipitate
obtained in said second step is not greater than 0.10 nole per nole of the
elenent A 10 5. A process for the preparation of a precipitate as clained
in claiml wherein, when the constituents of the precipitate include at
l-east one el ement selected from the group consi sting of potassium

rubi diumand 15 cesium the at [east one el ement selected fromthe group

t f £ r ubi di,um and cesi substantially renoved
rior to SAtm R e Vgl BreciRiate et B by radp 50

precipitategp ([)prae%T c‘d ar‘c_%d Olbq__ cjtna%dnlilh vpaerdelseé he féyéred)v__'r_ndﬁg e cont ai ni ng

t he const|tuen hé pr ecl pi e 15 “Prepared y pr a catal yst

contai ni ng g%tedt%’iStthaJ}Pbyq%e cﬁler@ggrfo,}ﬁ%def&ngﬁ gngnt Z (in which Z

is at | east” one el ement selecteéz rom 5consi sting of potassium
rubi di um and cesiunm) and having been used for the purpose of a reaction,
di spersing the 49 catalyst in water, and adding at |east one of an alkal

metal cenmpound gnd Gy EgHkSCSHBIORG A ‘El@etﬁﬁeﬁbf}&’@iéhoaf & pReBipigatef or the
preparation of a precipitate 5 as clainmed in claim®6 wherein the catalyst

cont ai ni.ng ad dleAsteddlny kderinm2 kel @ireiie Ansént her eseaedh Z and havi ng
been used for the purpose of a reaction is a catalyst for the production
of met hacr yddntadagied by tthhe 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 2
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



vapor phase catal ytic oxidation of nmethacrolein. 10 8. A process for the
preparation of a precipitate which includes the step of washing a

preci pitate containing at |east nolybdenum and an el enment A (in which A
is at |least one elenent of phosphorus and 15 arsenic) with an aci d aqueous
solution, wherein the acid aqueous solution has a pH of 6.5 or | ess and
contains not less than 0.01 nole/L of ammoniumroot. 9. A process for the

preparation of .a precipitate 20 as. ¢lained n claim8 ere
preC|p|tat§4£? viey v qm%fﬂefQQHQHééﬁgc%%t g7 hgeRe ?gg ﬁgk9gaenun1 t he
el ement A %ct A & e nt Z IS a el enent sel ected

fromthe group c S §{rﬁb [ﬁﬁ%ﬁﬁﬁ%ﬂﬁmm??&ﬁd?%ﬁ#%%ggéﬁg?ﬁﬁioﬁnd havi ng

been used for the 25 purpose of a reaction. 50 10. A process for the
preparation of a precipitate as clainmed in claim9 wherein the catalyst

containing at  east Aulybdsaunof hens! EAERL-A-BN e oCLemRAp s ;aac@d

havi ng been used for t purpose of ar |on is a or the

product 5on f JEiik WH ©136ind d%ﬁ@feuyamé @Q@é get é{:ﬂ%éﬁn?ﬁ gion of

met hacrolein. 11. A process for the preparation o enu ased
cat al yst r apRacwAGHRedds, ftld Cé’!élﬂeﬂ@rl?r&kdehéoéﬂHhénéli and

A, MobVcCudDeYf Z90h (1)

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 precipitaté'
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.
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wherein Ais at |east one elenent of phosphorus and arsenic, Dis at |east
one el ement selected fromthe group consisting of antinony, bismnuth,
germanium 15 zirconium tellurium silver, selenium silicon, tungsten
and boron, Y is at |east one elenent selected fromthe group consisting of
iron, zinc, chromum magnesium tantalum nmanganese, cobalt, barium
gallium ceriumand lanthanum Z is at |east one elenent selected 20 from

t he group consi $ti ng Qf _pot assi rybidiumand . cesium a is in the range
of 0.5t0 3, b iﬂs)'equg‘I PEGCESS %’% & %HWW%P%%@@,C@H?W% t he

anse o 0,40 haifehS bt GRPE Hhedrabah el R RRE 250,00

and h is the atomc raiio of “oxygen e t

e Dy eadbend1 9688 Rul LU RIEhE Bl Bl SHEP dbnddkial ol N PH Of

a fluid 51 mxture containing at least no num an A to 6.5

or 1ess | n Ak oBE8ECubbadRoR! kALl pietBLe 62MRONAdCL3RY ikl bering the

crude precipitate so forned; the sec step of dissolving e crude

preci pi tat ecadalPsAESLUERENPPBUACtABLUST of syhki ng
solution to 6.5 %? | ess, angﬁ?iltgring tEem%FEE?E'FéteaEgg Fgrgé ; and the

step of prepapongphieeceiahygtitr emitiae ioR’ 8¢ RietAherol@ih2- A process for
the preparation of a catal yst as
11. A process for the preparation of a molybdenum-

based catalyst represented by the following general

10 formula (1):

A,Mo,V.Cu,D,Y,2 0, (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
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clainmed in claim11l 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 wi th an acid aqueous solution having a pH of 6.5 or |ess and
containing not less than 0.01 nole/L of ammoniumroot. 20 13. A process
for the preparation of a catalyst as <clainmed in claim1ll wherein the

cat al yst i%nfxﬁ@%é!&éﬁtaiﬁinhStpiggHEthefyggeﬁﬁﬁhgﬁ&ykhg aféfleRy Ahe vapor

phase catal ytic oxidation of “net hacroleln
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
156 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.
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