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METHOD FOR REGENERATING HETEROPOLYACID 

CATALYST AND METHOD FOR PRODUCING METH­

ACRYLIC ACID 

ffechnical field t.o which the invention belongs] 

5 This invention relates to a method for regenerating 

heteropolyacid catalyst and method for producing met:Iiacrylic acid. 

More particularly, the invention relates to a method for regenerating 

heteropolyacid catalyst whose activity has been deteriorated due to, 

for example, prolonged use for ~talytic vapor phase oxidation reac-

10 tion; and also to a method for producing methacrylic acid through 

vapor phase oxidation or vapor phase oxidative dehydrogenation of 

methacrolein, isobutyl aldehyde and/or isobutyric acid in the presence 

of the regenerated heteropolyacid catalyst. 

15 [Prior Art] 

Heretofore, ·heteropolyacid catalyst whose chief compo­

nent is a heteropolyacid composed of molybdophosphoric acid (phos­

phorus-molybdenum) or molybdovanadophosphoric acid (phosphorus­

molybdenum-vanadium), or a salt thereof has been used for producing 

20 methacrylic acid through vapor phase oxidation of methacrolein, iso­

butyl aldehyde or isobutyric acid and the like. 

It is normal for industrial scale vapor phase oxidation 

reaction to· be conducted continuously over a prolonged period, and 

durmg which the catalyst used in the reaction is subject to severe 

25 thermal load. This induces undesirable physical and chemical changes 

in the catalyst and consequently deterioration of the catalyst pro­

gresses to gradually render continuation of the reaction difficult. 

Hence the deteriorated catalyst must be taken out of the reaction 

tube after a prescribed period of time and a newly prepared catalyst, 

30 be re-filled. The cost of the catalyst in that occasion incurs a heavy 

economical burden. This situation is same for production of meth-
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acrylic acid through vapor phase oxidation of methacrolein, iso­

butylaldehyde or isobutyric acid and the like, using a heteropolyacid 

catalyst. 

It is therefore generally important from economical stand-

5 point to regenerate the catalyst whose activity is reduced, and vari­

ous proposals have been made for regeneration of deteriorated 

heteropolyacid catalyst. For example, Official Gazetf'.e of Patent 

Publication Hei 4(1992)-50062Bl-JP describes a method for regenerat­

ing deteriorated catalyst by a treatment with a nitrogen-containing 

10 heterocyclic compound such as pyridine. Also Official Gazette of 

Patent Publication Hei 7(1995}-20552Bl-JP (~ U.S. Patent No. 

4,814,305) teaches a method of regenerating the deteriorated catalyst 

which contains phosphorus, molybdenum and alkali metal, by a treat­

ment with an aqueous solution containing aqueous ammonia, amine 

15 and the like, followed by drying and calcination. 

However, the cause of deterioration of heteropolyacid 

catalyst has not yet been made clear. Above-referenced Official 

Gazettes also contain no concrete disclosure about the cause of the 

deterioration. The invention of Hei 4-50062B 1-JP, therefore, judges 

20 the end of its regeneration treatment by conducting the following 

three measurements of the regenerated catalyst: (1) X-ray diffrac­

tion measurement - as for deteriorated catalyst, diffraction lines 

attributable to molybdenum trioxide are found, which are not found 

with the same catalyst before deterioration (fresh catalyst). The 

25 regeneration is judged to be complete, when such diffraction lines 

disappear as the result of the regeneration treatment and the X-ray 

diffraction chart which is the same to that of the fresh catalyst is 

· obtained; (2) BET specific surface area measurement - a deterio­

rated catalyst has a specific surface area reduced to about 60% of that 

30 of the fresh catalyst. When it recovers to approximately the same 

level to that of the fresh catalyst as the result of the regeneration 
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treatment, the treatment is judged to have been completed; and (3) 

activity level measurement - when a deteriorated catalyst comes to 

show equivalent performance in the reaction to that of the fresh 

catalyst in consequence of the regeneration treatment, the treatment 

5 is deemed to be complete. The invention ofHei 7-20552Bl-JP (=U.S. 

10. 

Patent No. 4,814,305) also confirms completion of the regeneration 

based on similar measurements as above. 

[Pmb1ems to be solved by the invention] 

As above, reduction in the costs for catalyst notably con-

tributes to cut down the production costs, and development of a ne"'.' 

regeneration method which can substantially improve those hereto.; 

fore known methods is in demand. Thus, as to heteropolyacid cata­

lyst also a method for regenerating deteriorated catalyst with high 

15 efficiency is desired, which enables the deteriorated catalyst to 

exhibit approximately equivalent activity to that of the fresh catalyst 

and furthermore to maintain that activity for a long period. 

Accordingly, therefore, one of the objects of the present 

invention is to provide a method for regenerating a deteriorated 

20 heteropolyacid catalyst to one having the same composition with that 

of the fresh catalyst. 

Another object of the invention is to provide a method for 

regenerating a deteriorated heteropolyacid catalyst to one having a 

different composition from that of the starting fresh catalyst, i.e., a 

25 method for preparing a new heteropolyacid catalyst, using the deteri­

orated heteropolyacid catalyst as the starting material. 

Still other object of the invention is to provide a method . 

for preparing methacrylic acid through catalytic vapor phase oxida­

tion of methacrolein, isobutylaldehyde and/or isobutyric acid, using 

30 the catalyst which is regenerated by either of the above methods. 
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[Means t.o solve the problems] 

We have found that the causes for deterioration of hetero-. 

polyacid catalysts after prolonged use are: (1) of the components 

constituting them, particularly those heteropolyacid-constituting 

5 components such as phosphorus, molybdenum and vanadium scatter 

and are lost, and in consequence composition notably changes from 

that of the fresh catalyst; (2) specific surface area is reduced; and (3) 

a part of the heteropolyacid structure is collapsed. We have accord­

ingly pursued studies on replenishment of the scattered and lost 

10 heteropolyacid-constituting elements into the deteriorated catalyst, 

to discover that the disappeared heteropolyacid-constituting ele­

ments can be effectively replenished by treating the deteriorated 

catalyst in the presence of a nitrogen.containing heterocyclic com­

pound under the conditions wherein ammonium ions and nitrate 

15 anions are present at a specific ratio; that the so obtained regener­

ated h~teropolyacid catalyst has approximately the same specific 

surface area to that of the fresh catalyst; that X-ray diffraction chart 

of the regenerated heteropolyacid catalyst is approximately the same 

to that of the fresh catalyst, indicating recovery of the collapsed 

20 heteropolyacid structure; and that a catalyst, which is deteriorated 

because of partial collapse of its heteropolyacid structure under 

excessive thermal load although retaining its composition unaffected, 

can also exhibit the catalytic performance and have the structure 

regenerated by a similar treatment. The present invention is com-

25 pleted based on these discoveries. 

Thus, according to the invention, as a method for regener­

ating a deteriorated catalyst whose activity attributable to a hetero­

polyacid catalyst containing heteropolyacid composed of molybdo­

phosphoric acid and/or molybdovanadophosphoric acid or salt(s) 

30 thereof is reduced, a method is provided which is characterized by 

mixing the deteriorated catalyst with a nitrogen-containing hetero-
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cyclic compound under such conditions that ammonium ions and 

nitrate anions are present at such a ratio that the total amount of the 

ammonium ions present per mol of the total amount of the nitrate 

anions does not exceed 1. 7 mols, drying the mixture and calcining the 

5 same. 

According to the invention, furthermore, a method for 

preparation ofmethacrylic acid through catalytic vapor phase oxida­

tion of methacrolein, isobutyl aldehyde and/or isobutyric acid is 

provided, said method being characterized by use of a catalyst which 

10 is regenerated by the above-described method. 

The regeneration method of the invention is useful for 

regenerating heteropolyacid catalysts whose activity has been deteri­

orated for various reasons. In particular, the method is conveniently 

used for regenerating heteropolyacid catalysts whose activity has 

15 been deteriorated by use over a prolonged period. 

[Embodiment.a of the invention] 

The regeneration method of the invention is applicable to 

any deteriorated catalysts so long as they originate from heteropoly-

20 acid catalysts useful for vapor phase oxidation reaction of organic 

compounds. Whereas, the method is preferably applied for regener­

ating deteriorated catalysts originating from heteropolyacid catalysts 

which were used in vapor phase oxidation of unsaturated aldehydes 

(in particular, methacrolein, isobutyl aldehyde and/or isobutyric acid) 

25 for producing corresponding unsaturated carboxylic acids (in particu­

lar, methacrylic acid). 

The heteropolyacid catalysts which are referred to in the 

invention contain a heteropolyacid whose essential constituent ele­

ments are phosphorus-molybdenum, or phosphorus-molybdenum-

30 vanadium, or a salt of such an acid. In particular, those hetero­

polyacid catalysts to which the regeneration method of the invention 
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is most conveniently applicable are expressed by the following for­

mula (I): 

(I) 

(wherein Mo, V, P and 0 are molybdenum, vanadium, 

phosphorus and oxygen, respectively; X stands for at least 

one element selected from the group consisting of potas-

sium, rubidium, cesium and thallium; Y is at least an ele­

ment selected from the group consisting of alkaline earth 

metals, copper, silver, arsenic, antimony, bismuth, iron, 

cobalt, nickel, chromium, manganese, tungsten, zirconium, 

niobium, titanium, zinc, tin, selenium, tellurium, germa-

nium, palladium, rhodium, rare earth elements and silicon; 

and suffixes a, b, c, d, e and f denote atomic ratios of the 

respective elements, where when bis 12, a, c, d and e each 

is a value not more than 3 but not including 0 (zero), and f 

is a value determined by valencies and atomic ratios of 

those elements other than oxygen). 

Such heteropolyacid catalyst can be prepared by processes well 

known in the art. 

The characteristic feature of the invention resides in 

mixing such a deteriorated catalyst with a nitrogen-containing hetero-

25 cyclic compound under the conditions that ammonium ions and 

nitrate anions are present at such ratios that the total amount of the 

ammonium ions does not exceed 1. 7 mols per mol of the total amount 

of the nitrate anions (i.e., at a molar ratio of total amount of ammo­

nium ions/total amount of the nitrate anions< 1.7), preferably at a 

30 ratio between 0.01and1.7 mols, inter .alia, between 0.1and1.6 mols. 

By the treatment comprising the characteristic step, partially col­

lapsed heteropolyacid structure due to, for example, excessive ther-
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mal load is regenerated, and consequently the deteriorated catalyst 

regains its catalytic performance (cf. Example 9 which appears later). 

Where the total amount of the ammonium ions per mol of the total 

amount of the nitrate anions exceeds 1.7 mols, satisfactory regenera-

5 tion effect cannot be accomplished. 

According to the regeneration method of the present 

invention, it is also preferred that the total amount of the ammonium 

ions per 12 mols of the molybdenum atoms should not exceed 15 mols, 

more conveniently lies within the range of0.1-15 mols, intfil:aJia, in 

10 the range of2-14 mols. Therefore, in a preferred embodiment of the 

present invention, a deteriorated catalyst and a nitrogen-containing 

heterocyclic compound are mixed under such conditions that ammo­

nium ions and nitrate anions are present in the mixture at such a 

ratio that-the total amount of the ammonium ions per mol of the total 

15 amount of the nitrate anions does not exceed 1. 7 mols (preferably 

0.01-1.7 mols, i.Wm:Dlia, 0.1-1.6 mols) and said total amount of the 

ammonium ions per 12 mols of the molybdenum atoms does not 

exceed 15 mols (in particular, 0.1-15 mols, imfil: a.J.ia, 2-14 mols). 

According to the regeneration method of the invention, 

20 furthermore, it is preferred to concurrently mix, in the occasion of 

mixing a deteriorated catalyst with a nitrogen-containing heterocyclic 

compound, compounds containing the constituent elements of the 

original catalyst and/or a compound or compounds containing the 

element(s) other than those constituent elements of the original 

25 catalyst. Use of those compounds containing the constituent ele­

ments of the original heteropolyacid catalyst enables to regenerate 

the deteriorated catalyst, whose constituent elements have scattered 

and lost, to a heteropolyacid catalyst having the identical composition 

with that of the original heteropolyacid catalyst. Whereas, use of 

30 those compounds containing the constituent elements of the original 

catalyst and a compound or compound~ containing element(s) other 
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than those constituting the original catalyst; or use of the latter 

compound alone enables to regenerate the deteriorated hetero­

polyacid catalyst to a catalyst having a different composition from 

that of the original heteropolyacid catalyst. In the latter embodiment 

5 of the regeneration method, a heteropolyacid catalyst having a com­

position different from that of the deteriorated heteropolyacid cata­

lyst is prepared anew. 

Methods for causing presence of nitrate anions and ammo­

nium ions in the mixture at such ratios that the total amount of the 

10 ammonium ions per mol of the total amount of the nitrate anions does 

not exceed 1._7 mols are subject to no critical limitation, but it can be 

achieved by various methods. For example, as a source for ammo­

nium ion supply, ammonium nitrate, ammonium carbonate, ammo­

nium bicarbonate, ammonium acetate and the like may be used, or for 

15 supplementing a certain element, an ammonium salt of said element 

may be newly added. 

Hereinafter the regeneration method of the invention is 

explained, referring to examples of mixing a deteriorated catalyst and 

a nitrogen-containing heterocyclic compound, concurrently with 

20 compounds containing the constituent elements of the original 

heteropolyacid catalyst and/or a compound or compounds containing 

element(s) other than those constituting the original heteropolyacid 

catalyst. 

One of the embodiments of the regeneration method of the 

25 invention ("regeneration process A" which is described in the follow­

ing) uses compounds containing the same constituent elements to 

those of the original heteropolyacid catalyst, according to which the 

deteriorated heteropolyacid catalyst is regenerated to the one having 

the same composition to that of the original heteropolyacid catalyst. 

30 Whereas, the other embodiment of the regeneration method of the 

· invention ("regeneration process B" which is described later) uses 
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compounds containing the same constituent elements to those of the 

original heteropolyacid catalyst and a compound or compounds 

containing element(s) other than those constituting the original 

heteropolyacid catalyst, or uses the latter compound alone, according 

5 to which the deteriorated catalyst is regenerated to a heteropolyacid 

catalyst having a composition different from that of the original 

heteropolyacid catalyst as aforesaid. 

Regeneration process A 

Both a fresh catalyst and the same catalyst after deterio-

10 ration are subjected to compositional analysis by means of X-ray 

fluorescence diffractiometry, to cal~te the amounts of the constitu­

ent elements (e.g., phosphorus and molybdenum, or phosphorus, 

molybdenum and vanadium) which have been scattered away and lost 

to cause the deterioration. Then the deteriorated catalyst is treated 

15 with the compounds containing the lost constituent elements of the 

amounts necessary to replenish the loss, ie., of the amounts neces­

sary for obtaining an identical composition (identical constituent 

elements and their constituting ratio) with that of the fresh catalyst, 

and also a nitrogen-containing heterocyclic compound in the presence 

20 · of ammonium ions and nitrate anions. 

As typical examples of nitrogen-containing heterocyclic 

compound, pyridine, piperidine, piperazine, pyrimidine, isoquinoline 

and derivatives of the those compounds (alkyl-substituted deriva­

tives) may be named. These compounds are preferably used in the 

25 form of inorganic salts thereof, such as nitrate, sulfate~ chloride and 

the like (cf. Hei 4(1992)-50062Bl-JP). The use rate of such a nitrogen­

containing heterocyclic compound can be suitably selected within a 

range of 1-50% by weight of the deteriorated catalyst. 

As the compounds containing the lost constituent ele-

30 ments, those raw materials which are conventionally used for prepa­

ration of heteropolyacid containing phosphorus and molybdenum, or 
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containing phosphorus, molybdenum and vanadium, such as those in 

the form of salts or oxides, can be used. For example, as phosphorus­

containing raw materials, phosphoric acid, ammonium phosphate and 

the like may be used; as molybdenum-containing raw materials, 

5 ammonium molybdate, molybdenum trioxide, molybdic acid and the 

like; and as vanadium-containing compounds, ammonium metavana­

date and the like. The use rates of those compounds containing_ the 

lost constituent elements are suitably determined depending on the 

lost amounts of the constituent elements so as to replenish the lost 

10 elements and provide a regenerated catalyst having identical compo­

sition with that of the fresh catalyst. 

The treatment of a deteriorated catalyst with above­

described nitrogen-containing heterocyclic compound and compounds 

containing the lost constituent elements comprises preparing a 

15 mixture of the deteriorated catalyst, nitrogen-containing heterocyclic 
compound and compounds containing the lost constituent elements in 

the presence of ammonium ions and nitrate anions, drying the mix­

ture and calcining the same. More specifically, the treatment com­

prises, for example, dispersing a deteriorated catalyst in water, 
20 adding a nitrogen-containing heterocyclic compound and compounds 

containing the lost constituent elements thereto, adjusting the 

amounts of ammonium ions and nitrate anions, thereafter concentrat­

ing the mixture under stirring, drying the concentrate at tempera­
tures ranging 100-300'C, normally optionally shaping the dried prod-

25 uct and calcining the same at temperatures ranging 200-600'C. In 

that occasion, the drying may be followed by calcination in an inert 

gas such as nitrogen at 200-600'C, and further in air at 100-400'C, 

following the process described in Hei 4-50062B 1-JP. 

According to the above regeneration process A, a deterio-

30 rated catalyst can be regenerated to a catalyst having identical 

composition with that of the fresh catalyst. This regenerated catalyst 
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has approximately the same specific surface area to that of the fresh 

catalyst as shown in later given working examples, and exhibits 

approximately same physical properties as verified by the absence of 

the diffraction lines attributable to molybdenum trioxide in its X-ray 

5 diffraction chart. 

Moreover, according to the regeneration process A, be­

sides regenerating a deteriorated catalyst to one having identical 

composition with that of the fresh catalyst as above, it is also possible 

to regenerate to a catalyst formed of same constituent elements to 

10 those of the fresh catalyst but at different ratios (atomic ratios). The 

regeneration process A also encompasses such embodiments. 

Regeneration process B 

In regeneration process B, a deteriorated catalyst is 

treated with a nitrogen-containing heterocyclic compound, compounds 

15 containing the constituent elements of the original catalyst and a 

compound(s) containing element(s) other than the constituent ele­

ments of the original catalyst; or with a nitrogen-containing hetero­

cyclic compound and a compound(s) containing element(s) other than 

the constituent elements of the original catalyst. According to this 

20 process, the deteriorated catalyst is regenerated to a catalyst of a 

composition (constituent elements) differing from that of the original 

catalyst. 

As examples of compounds containing elements other than 

the constituent elements of the original catalyst, those containing the 

25 metal elements constituting heteropolyacid salts in general, e.g., 

those containing such metal elements as alkali metals, alkaline earth 

metals, copper, silver, arsenic, antimony, bismuth, iron, cobalt, nickel, 

chromium, manganese, tungsten, zirconium, niobium, titanium, zinc, 

tin, selenium, tellurium, germanium, palladium, rhodium, rare earth 

30 elements, silicon, and the like. These compounds can be used in the 

form of nitrates, carbonates, sulfates, chlorides, hydroxides, oxides 
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and the like. 

The regeneration process B can be practiced in the manner 

similar to the regeneration process A, except the point that the above 

compound(s) containing element(s) other than the constituents of the 

5 original catalyst is used. That is, a mixture of a deteriorated catalyst, 

a nitrogen-containing heterocyclic compound, compounds containing 

the constituent elements of the original catalyst and a compound(s) 

containing element(s) other than the constituent elements of the 

original catalyst; or a mixture of a deteriorated catalyst, a nitrogen-

10 containing heterocyclic compound and a compound(s) containing 

element(s) other than the constituent elements of the original cata­

lyst; is prepared in the presence of ammonium ions and nitrate 

anions, said mixture then being dried and calcined. The use rates of 

the compounds containing the constituent elements of the original 

15 catalyst and/or the compound(s) containing the element(s) other than 

the constituent elements of the original catalyst can be suitably 

determined depending on the intended composition of the regener­

ated catalyst. 

Regenerated catalysts obtainable through the regeneration 

20 method of the invention exhibit similar catalytic performance to that 

of the original catalysts, and· are conveniently used, either by itself or 

as mixed with fresh catalyst, in vapor phase oxidation reaction of 

organic compounds, in particular, in methacrylic acid-forming reac­

tion by vapor phase oxidation of methacrolein, isobutyl aldehyde 

25 and/or isobutyric acid. 

[Effect of the mvention] 

According to the regeneration method of the invention, 

regenerated catalysts which exhibit markedly higher catalytic activity 

30 and, if necessary, physical properties approximately equivalent to 

those of fresh catalysts are obtained, as compared to those regener-
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ated catalysts obtained by conventional regeneration method compris­

ing treating a deteriorate~ catalyst with a nitrogen-containing hetero­

cyclic compound alone or the one comprising replenishing a deterio­

rated catalyst with its decreased constituent elements in the absence 

5 of a nitrogen-containing heterocyclic compound. 

[Examples] 

10 

15 

20 

25 

Hereinafter the present invention is explained more 

specifically, referring to working Examples, wherein the conversio~ 

selectivity and one-pass yield have the following definitions. 

Example 1 

Conversion (mol %) = 

(mol number of reacted methacrolein) I 

(mol number of supplied methacrolein) x 100 

Selectivity (mol %) = 

(mol number of formed methacrylic acid) I 

(mol number of reacted methacrolein) x. 100 

One-pass yield (mol %) = 
(mol number of formed methacrylic acid) I 

(mol number of supplied methacrolein) x 100 

(Catalyst preparation) 

To 2,800 ml of 60°C water, 1,236 g of ammonium para­

molybdate and 68.2 g of ammonium matavanadate were dissolved and 

stirred, followed by further addition ·of 280 g of pyridine and 87.4 g of 

phosphoric acid (85%), and a solution of 770 g of nitric acid (65%), 

136.4 g of cesium nitrate and 14.1 g of copper nitrate as dissolved in 

30 1,000 ml of water, by the order stated. This aqueous mixture was 

concentrated under heating and stirring, and the resulting clay-like 
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substance was molded into columns of each 5 mm in diameter and 6 

mm in height, which were dried at 120'C for 15 hours and calcined in 

a gaseous nitrogen stream at 430'C for 4 hours, and then in an air 

stream at 400'C for 2 hours. The composition of so obtained catalyst 

5 was given an X-ray fluorescence analysis to be found as, in terms of 

atomic ratios of the metal elements excluding oxygen, P : Mo : V : Cu : 

Cs= 1.3 : 12 : 1 : 0.1 : 1.2. Upon X-ray diffraction (per cathode Cu­

Ka) measurement, the catalyst was found to be composed mainly of 

molybdovanadophosphoric acid and its partial metal salt. The BET 

10 specific surface area of the catalyst and presence or absence of X-ray 

diffraction lines attributable to molybdenum trioxide (MoO 3) in its 

diffraction chart are indicated in Table 1. 

(Deterioration) 

A following deterioration-accelerating test was given to 750 

15 ml of above-obtained catalyst continuously for 5,000 hours. Upon 

analyzing the composition of the resultant deteriorated catalyst using 

X-ray fluorescence, the atomic ratios of the metal elements excluding 

oxygen were found to be: P: Mo: V: Cu: Cs= 1.10: 9.8: 0.98: 0.1: 

1.2, markedly differing from the composition of the fresh catalyst. 

20 According to X-ray diffractiometry thereof, strong diffraction lines 

attributable to molybdenum trioxide appeared in the vicinities of 26 = 

27.3, 12. 7, 23.3 and 25.6°, which were entirely absent in the diffraction 

chart of the fresh catalyst, indicating that the heteropolyacid struc­

ture was partially collapsed. The BET specific surface area of the 

25 deteriorated catalyst and the presence of X-ray diffraction lines 

attributable to molybdenum trioxide are indicated in Table 1. 

<Deterioration-accelerating test> 

750 Milliliters of above catalyst was filled in a stainless 

steel reaction tube of 25 mm in inner diameter. The tube was im-

30 mersed in a molten salt bath of 380°C, and through which a starting 

gaseous mixture of the composition: methacrolein : oxygen : nitro-
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gen : wat.er = 2 : 6 : 32 : 10 by volume ratio, was passed at a space 

velocity of 2,000 h-1 (STP) continuously for 5,000 hours. 

(Regeneration treatment) 

One-hundred (100) g of the deteriorated catalyst was 

5 dispersed in 200 ml of water and stirred at 70t. As the differences 

in components' quantities between the fresh catalyst and the deterio­

rated catalyst as determined by the X-ray fluorescence analysis, 22.2 

g of ammonium paramolybdate, 1.3 g of phosphoric acid (85%) and 

0.13 gofammonium metavanadate were added to the dispersion,· 

10 followed by addition of 40 g of ammonium nitrate, 15 g of pyridine and 

15 gofnitric acid (65%). The aqueous mixture was concentrated 

under stirring. The total amount of ammonium ions at the time of 

preparing the mixture was 10.67 mols per 12 mols of molybdenum 

atoms, and the total ammonium ions/total nitrate anions (molar ratio) 
15 was 0.93. Thus obtained clay-like substance was dried at 200t, 

molded into columns of each 5 mm in diameter and 6 mm in height, 

and which were dried at 200t and calcined in gaseous nitrogen 

stream at 430t for 3 hours, and then in an air stream at 400°C for 2 

hours. Whereupon a regenerated catalyst was obtained. An X-ray 

20 fluorescence analysis of the catalyst composition found that the 

atomic ratios of the metal elements excepting oxygen were: P : Mo : 

V : Cu : Cs = l.3 : 12 : 1 : 0.1 : 1.2. In the diffraction chart of this 

regenerated catalyst, the diffraction lines attributable to molybdenum 

trioxide which were seen in the chart of the deteriorated catalyst 

25 completely disappeared, and other diffraction lines identical with 

those of the fresh catalyst were indicated. The BET specific surface 

area and the presence or absence of the diffraction lines attributable 

to molybdenum trioxide are shown in Table 1. 

<Performance test> 

30 Fifty (50) ml of the regenerated catalyst was charged in a 

U-shaped stainless steel tube of25 mm in inner diameter, and the 
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tube was immersed in a 280°C molten salt bath. Through said tube a 

starting gaseous mixture of methacrolein : oxygen : nitrogen : water = 

1: 3: 36: 10 by volume ratio was passed at a space velocity of 1,000 

h -i (STP). The result was as shown in Table 1. 

From Table 1, it can be understood that the regenerated 

catalyst has approximately the same physical properties to those of 

the fresh catalyst, and that th~ former's catalytic performance also is 

approximately equivalent to that of the fresh catalyst. 

Example 2 

10 In the occasion of regeneration treatment in Example 1, 

the amount of the amm~nium nitrate was decreased from 40 g to 15 g, 

and otherwise the treatment of Example 1 was repeated. The amount 

of total ammonium ions at the time of preparing the mixture was, per 

12 mols of molybdenum atoms, 5.19 mols, and the total ammonium 

15 ions/total nitrate anions (molar ratio) was 0.87. The result was as 

shown in Table 1. 

Example 3 

In the occasion of regeneration treatment in Example 1, 

the amount of the ammonium nitrate was decreased from 40 g to. 5 g, 

20 and otherwise the treatment of Example 1 was repeated. The amount 

of total ammonium ions at the time of the mixture preparation was, 

per 12 mols of molybdenum atoms, 3.00 mols, and the total ammo­

nium ions/total nitrate anions (molar ratio) was 0.79. The result was 

as shown in Table 1. 

25 Example 4 

In the occasion of regeneration treatment in Example 1, no 

nitric acid was added (nitric acid = 0 g), and the amount of the ammo­

nium nitrate was decreased from 40 g to 20 g. Otherwise the treat­

ment of Example 1 was repeated. The amount of total ammonium 

30 ions at the time of mixture preparation was, per 12 mols of molybde­

num atoms, 6.29 mols, and the total ammonium ions/total nitrate 
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anions (molar ratio) was 1.43. The result was as shown in Table 1. 

Example 5 

The regeneration treatment in Example 3 was repeated 

except that the amount of nitric acid was increased from 15 g to 55 g. 

5 The amount of total ammonium ions at the time of the mixture 

preparation was, per 12 mols of molybdenum atoms, 3.00 mols, and 

the total ammonium ions/total nitrate anions (mo~ ratio) was 0.27. 

The result was as shown in Table 1. 

Example 6 

10 The regeneration treatment in Example 1 was repeated 

except that 22.1 g of ammonium paramolybd~te was replaced with 

18.1 g of molybdenum trioxide. The amount of total ammonium ions 

at the time of mixture preparation was, per 12 mols of molybdenum 

atoms, 8.78 mols, and the total ammonium ions/total nitrate anions 

15 (molar ratio) was 0.77. The result was as shown in Table 1. 

Examples 7-8 

The regeneration treatment in Example 1 was repeated, 

except that the pyridine was changed to equal amount of piperidine or 

piperazine, respectively. The results were as shown in Table 1. 

20 Example 9 

(Thermal degradation) 

The fresh catalyst as obtained in Example 1 was further 

calcined in air at 650t for 2 hours. The composition of thus obtained 

thermally degraded catalyst as determined by X-ray fluorescence 

25 analysis was, in terms of the atomic ratios of the metal elements 

excepting oxygen, P: Mo: V: Cu: Cs= 1.3: 12: 1: 0.1: 1.2, which 

was same to that of the fresh catalyst. However, according to the 

result of X-ray diffractiometry, d:iiiraction lines attributable to molyb­

denum trioxide appeared, indicating that a part of the heteropolyacid 

30 structure was collapsed. The BET specific surface area of the ther­

mally degraded catalyst and presence or absence of the X-ray diffrac-
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tion lines attributable to molybdenum trioxide were indicated in Table 

1. 

(Regeneration treatment) 

The regeneration treatment of Example 1 was repeated 

5 except that 100 g of the above thermally degraded catalyst was used 

instead of 100 g of the deteriorated catalyst and none of ammonium 

paramolybdate, phosphoric acid and ammonium metavanadate was 

added. The total amount of ammonium anions at the time of the 

mixture preparation was, per 12 mols of molybdnum atoms, 10.56, 

10 and the total ammonium ions/total nitrate anions (molar ratio) was 

0. 76. The result was as shown in Table 1. 

Comparative Example 1 

The regeneration treatment of Example 9 was repeated 

except that the 40 g of ammonium nitrate was replaced by 40 g of 

15 ammonium acetate. The amount of total ammonium ions at the time 

of the mixture preparation was, per 12 mols of molybdnum atoms, 

10.96, and the total ammonium ions/total nitrate anions (molar ratio) 

was 3~36. 

Comparative Example 2 

20 The regeneration treatment of Example 9 was repeated 

except that the addition of pyridine was omitted. The amount of total 

ammonium ions at the time of the mixture preparation was, per 12 

mols of molybdnum atoms, 10.56 mols, and the total ammonium 

ions/total nitrate anions (molar ratio) was 0. 76. 



TABLE 1 

NH4IM012 NH4 /N08 Methacro-
molar molar lein con-
ratio ratio version 

(mol %) 

Example 1 
fresh catalyst - - 88.7 
deteriorated catalyst - - 35.6 
regenerated catalyst 10.67 0.93 89.2 
Example 2 5.19 0.87 89.0 
Example 3 3.00 0.79 88.1 
Example 4 6.29 1.43 88.5 
Example 5 3.00 0.27 89.0 
Example 6 8.78 0.77 88.6 
Example 7 10.67 0.93 88.2 
Example 8 10.67 0.93 88.9 
Example 9 
thermally degraded catalyst - - 19.8 
regenerated catalyst 10.56 0.76 88.9 
Comparative Example 1 10.96 3.36 92.3 
Comparative Example 2 10.56 0.76 23.5 

Methacrylic Methacrylic 
acid selec- acid one-
tivity pass yield 

(mol %) (mol %) 

88.3 78.3 
48.5 17.3 
88.0 78.5 

88.0 78.3 

88.7 78.1 

88.9 78.7 

88.3 78.6 

88.5 78.4 

88.5 78.1 

88.0 78.2 

42.1 8.3 
88.1 78.3 

53.4 49.3 

39.5 9.3 

BETspeci-
fie surface 
area 

(m2/g) 

5.0 
1.7 
5.2 

5.1 

5.0 

4.9 

5.1 

5.3 

5.2 

5.0 

1.9 
5.0 

4.3 

2.8 

Mo03 
on 
XRD 

no 
yes 
no 

no 

no 

no 

no 

no 

no 

no 

yes 
no 

no 

no 

"""" l;,O 
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Example 10 

The regeneration treatment of Example 1 was repeated 

except that the silver nitrate was added simultaneously with the­

ammonium metavanadate, to make the P : Mo : V : Cu : Cs : Ag ratios 

5 1.3: 12.: 1: 0.1: 1.2: 0.1. The result was as shown in Table 2. 

Example 11 

The regeneration treatment of Example 1 was repeated 

except that zirconyl oxynitrate was added simultaneously with the 

ammonium metavanadate, to make the P : Mo : V : Cu : Cs : Zr ratios 

10 1.3: 12: 1: 0.1: 1.2: 0.1. The result was as shown in Table 2. 

Example 12 

The regeneration treatment of Example 1 was repeated 

except that zinc oxide was added simultaneously with the ammonium 

metavanadate, to make the P : Mo : V : Cu : Cs : Zn ratios 1.3 : 12 : 1 : 

15 0.1 : 1.2 : 0.1. The result was as shown in Table 2. 

Referential Examples 1-3 

Catalysts were prepared in the identical manner with 

Example 1, except that the silver nitrate, zirconyl oxynitrate and zinc 

oxide, respectively, was added after addition to the aqueous solution 

20 of cesium nitrate and copper nitrate. Thus formed catalysts had 

identical compositions with those of the catalysts obtained in Exam­

ples 10, 11and12, respectively. The results were as shown in Table 2. 



TABLE2 

NH4 /Mo12 NH4 /N03 Methacro-
molar molar lein con-
ratio ratio version 

(mol %) 

Example 10 10.67 0.92 89.6 

Referential Example 1 - - 89.5 

Example 11 10.67 0.91 91.6 

Referential Example 2 - - 92.0 

Example 12 10.67 0.93 85.1 

Referential Example 3 - - 84.8 

Methacrylic Methacrylic 
acid selec- acid one-
tivity pass yield 
(mol %) (mol %) 

86.6 77.6 

86.4 77.3 

83.2 76.2 

83.1 76.5 

88.5 .75.3 

88.7 75.2 

BETspeci· 
fie surface 
area 

(m2/g) 

4.8 

4.9 

5.1 

5.1 

5.0 

4.9 

Mo03 
on 
XRD 

no 

no 

no 

no 

no 

no ~ 

"'"" 

., 

,; 
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Claims: 

1. A method for regenerating a deteriorated catalyst of 
reduced activity, said catalyst originating from a heteropolyacid 
catalyst containing heteropolyacid formed of molybdophosphoric acid 
and/or molybdovanadophosphoric acid, or a salt thereof, said method 
comprising mixing the deteriorated catalyst with a nitrogen-contain­
ing heterocyclic compound under such conditions that ammonium ions 
and nitrate anions are present at such ratios as the amount of total 
ammonium ions per mol of total nitrate anions does not exceed 1. 7 
mols, drying the resulting mixture and calcining the same. 
2. A method according to Claim 1, in which the deteriorated 
catalyst and a nitrogen-containing heterocyclic compound are mixed 
under such conditions that ammonium ions and nitrate anions are 
present at such ratios as the amount of total ammonium ions per mol 
of total nitrate anions does not exceed 1. 7 mols and as the amount of 
total ammonium ions per 12 mols of molybdnum atoms does not 
exceed 15 mols. 

3. A method according to Claim 1 or 2, in which the deterio-
rated catalyst and a nitrogen-containing heterocyclic compound are 
mixed also with the compounds which contain the constituent ele­
ments of the heteropolyacid catalyst and/or a compound or com­
pounds which contain an element or elements other than the constitu­
ent elements of the heteropolyacid catalyst. 

4. A method according to any one of Claims 1-3, in which the 
nitrogen-containing heterocyclic compound is selected from the group 
consisting of pyridine, piperidine, piperazine, pyrimidine, isoquinoline 
and their derivatives. 

5. A method for preparation of methacrylic acid through 
catalytic vapor phase oxidation ofmethacrolein; isobutyl aldehyde 
and/or isobutyric acid, the method being characterized in that it uses 
as the catalyst one which is regenerated by any of the methods ac-
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cording to Claims 1 to 4. 

Hllllll 111111 11111 f 111111 1111 
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