1 NOVEL METAL | ON- EXCHANGED PHOSPHORUS- VANADI UM COMPOUND AND SOLERVACKD )
CATALYST USI NG THE COVPOUND BACKGROUND OF THE | NVENTION Field of the~~“~ "’ -
| nvention: 5 This invention relates to a novel netal i on-]g(%nged
phosphor us-vanadi um oxi de and to a solid acid catal yst which contains this
phosphor us-vanadi um oxi de. Mre particuljarly, this novel

phosphoer us-vanadi um oxi de i s a conpound which exhibits a specific d val ue
(lattice spacing, A). This 10 conpound nanifests the qualities of a solid
acid and, owing to the acid qualities, can be used as a catal yst.
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qualities as the state of oxidatl otr?ng?r)\ t he cgn |grﬁlr0§toi on and consequently
have various cF¥8tdloktthgcfuyestigmd find vari ous applications owing to
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phorus-vanadium oxide is a compound which
exhibits a specific d value (lattice spacing, A). This
10 compound manifests the qualities of a solid acid and, owing
to the acid qualities, can be used as a catalyst.
Description of the Prior Art:
Various studies have been heretofore made concerning
the phosphorus-vanadium oxides and physical properties and
16 uses of these oxides have been simultanecusly explored for the
sake of development. The phosphorus-vanadium compounds are
specific in such qualities as the state of oxidation and the
configuration and consequently have various crystal structures
and find various applications owing to these structures., It
20 is well known that the catalytically effective component of
phosphorus-vanadium oxides is divanadyl pyrophosphate, a
crystalline oxide which has the composition of (VO),P;0,. This
divanadyl pyrophosphate is obtained by synthesizing its
precursor, vanadyl hydrogen  orthophosphate hydrate
25 (VOHPO,.nH,0), and thermally dehydrating this precursor. It
is also known that the vanadyl hydrogen orthophosphate hydrate
as the precursor is an interlayer compound which is formed by
the hydrogen bondage of opposed VOHPO, layers through the medium
of water molecules intervening therebetween.
30 It is widely known that phosphorus-vanadium compounds
generally form an effective catalyst for gas~phase oxidaticn
of such hydrocarbons as butane, butene, and butadiene which

have four carbon atoms (hereinafter referred to briefly as "C4



25 (VOHPO err][err][err][err]O, and thermally dehydrating this precursor.
It is also known that the vanadyl hydrogen orthophosphate hydrate as the
precursor is an interlayer conpound which is forned by the hydrogen bondage
of opposed VOHPO4 | ayers through the nmedi um of water nol ecul es intervening
t her ebet ween. 30 It is wdely gRnown that phosphorus-vanadi um
conpounds generally forman effective catal yst for gas-phase oxidation of
such hydrocarbons as butane, butene, and butadi ene whi ch have four carbon
atons (hereinafter referred to briefly as "C4 2 hydrocarbons[err]).
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phosphor us-van um oxi d have been”published (JP-A-53-61, 58
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ever been mades3-a. 35y Bsebesir-a-d4e00pbund and JP-A-57-111,219).

Reports on phosphorus-vanadium oxides are published in

various articles of literature besides the patent publications
10 mentioned above. B. K. Hodnett. ed., Catalysts Teday, Vol. 1,
No. 5 (1987), for example, carries a detail report.

No attempt has ever been made to synthesize a compound
having a divalent metal c¢ation exchanged for the H' ion which
intervenes between the opposed layers of the vanadyl hydrogen

15 orthophosphate hydrate, a precursor of a phosphorus-vanadium
oxide.

It is well known that the phosphorus~vanadium compound
having such a plane structure as illustrated in the form of
a model in Fig. 1, e.g¢g. a vanadyl hydrogen orthophosphate

20 hydrate, VOHPO,, is a layer compound which results from the
" hydrogen bondage through the medium of constitution water
intervening between the VOHPO, layeré as shown in Fig. 2. The
interlayer distance is generally 5.70 A, BAbsolutely no case
of having this interlayer proton exchanged with other metal

25 cation has been known to date.

An object of this invention, therefore, is to provide
a novel phosphorus-~vanadium compound.

Another object of this invention is to provide a novel
phosphorus-vanadium compound which is obtained by the exchange

30 of a proton present between opposed layers in the layer
structure of a phosphorus-vanadium compound with a metal ion
and a method for the production thexeof.

Yet another object of this invention is to provide a



having a divalent netal cation exchanged for the Herr] ion which

I ntervenes between the opposed | ayers of the vanadyl hydrogen 15

ort hophosphat e hydrate, a precursor of a phosphorus-vanadiumoxide. It is
wel | known that the phosphorus-vanadi um conpound havi ng such a pl ane
structure as illustrated in the formof s nodel in Fig. 1, e. g. a vanadyl
hydr ogen ort hophosphate 20 hydrate, VOHPO[err], is a |ayer conpound which
results fromthe hydrogen bondage through the nedi um of constitution water
i nt erveni ng between the VCHPC{err] Iayers as shown in Fig. 2. The

I nterlayer distanc Sr nera ¢ A Absol utel y no case of having this
i nterl ayer prot’b‘h a SRHEF nmet al cation has been known to
date. An object of thlPsS fumzheltumnectth@rfeftbne mserttxiopr ovi te proavk] a
phosphor us-vana fgg_gg n
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exchange 30 of léﬁ%r@ﬁnpresent bet ween opposed | ayers in the | ayer
structure ofg a phosphor us-vanadgmag@noeurgk Winvenarset al i on and a net hod

tor the production thereof Yet another object of this invention is to
provi de a 3" he objects mentioned above are accomplished by the
following items, (1) - (8).
(1) A metal ion-exchanged phosphorus-vanadium
compound obtained by treating vanadyl hydrogen orthophosphate
10 hydrate represented by the formula (1)
VOHPOq*nH,0 (1)
wherein n fulfills the expression, 0 = n = 2.0, with an
aqueous divalent metal salt solution thereby effecting the
exchange of H' present between the layers of the vanadyl
15 hydrogen orthophosphate hydrate and drying the resultant ion
exchanger.
(2) A compound according to Item (1) above, wherein the
interlayer distance is in the range of 7.0 to 8.2 A.
(3) A metal ion~exchanged phosphorus—-vanadium
20 compound obtained by treating vanadyl hydrogen orthophosphate
hydrate represented by the formula (1}
VCOHPO, +nH,0 (1}
wherein n fulfills the expression, 0 = n £ 2.0, with an
aqueous divalent metal salt solution thereby effecting the
25 oxchange of H' present between the layers of the vanadyl
hydrogen orthophosphate hydrate, drying the resultant ion
exchanger, and calcining the dried ion exchanger.
(4) A compound according to Item (1) or Item (3} above,
wherein the divalent metal is at least one member selected from
30 the group consisting of cobalt, nickel, copper, zinc, manganese,
iron, magnesium, palladium, platinum, and germanium.
(5} A method according to Item (1) or Item (3) above,
wherein the drying is carried out at a temperature in the range



novel solid acid catalyst. A further object of this invention is to provide
a catal yst appropriate for gas-phase partial oxidation of a hydrocarbon. 5
SUMVARY OF THE | NVENTI ON The obj ects mentioned above are acconplished by
the following itens, (1) - (8). (1) A netal ion-exchanged
phosphor us- vanadi um conpound obt ai ned by treating vanadyl hydrogen

ort hophosphate 10 hydrate represented by the fornula (1)

VOHP err][err]nH err] O (1) wherein n fulfills the
expression, O [err] n [err] 2.0, with an agueous divalent netal salt

sol ution there\lgq]effgcti n th,?: exchange of Herr] present between the
| ayers of the &é?l g dr-ogen orthophosphate hydrate and drying the

resul tant ion exchanges) (2) méthedpavocrdireorih ntdro {I)emuheredhovhe

wherein the interlayer.distance_is.in.th nge. of 7.0 2 A (3 A
nmetal ion- exc%é\éagzbﬂ%s’psn(??ﬁg}%%noél& t‘}& %e ¢S e?)ﬁ%ao%%t g?/%%%ca&%x%‘r eating
vanadyl hydr ogamdeirt Anpdwitilzdng ayxtrspihereept es drmpdryurehdnf thenutaagel)
VOHPO4 nHZO5 350° 600 ° 1) wherein n fulfills the expression, 0 [err]
n[err] 2.0, vm%ﬁw 58 aaﬁeous i‘'val ent nmetal salt solution thereby effecting
the 26 exchange of H{@rrRA pokstohtbiysiedormnhd dfhpenata)f ivheexchraded

phosphorus-vanadium compound set forth in any of Items (1) -
(6).

{8) A catalyst for gas—phase partial oxidation of a

10 hydrocarbon, formed of a metal ion-exchanged phosphorus-
vanadium compound set forth in any of Items (1) - (6).

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a model plan view illustrating the structure
of wvanadyl hydrogen orthophosphate hydrate.

15 Fig. 2 is a model diagram illustrating a cross section
of the structural diagram shown in Fig. 1.

Fig. 3 1s a model diagram illustrating the structure
of vanadyl hydrogen orthophosphate hydrate and the cross-
sectional structure of an ion exchanger thereof.

20 Fig. 4 is an X-ray diffraction chart illustrating one
example of a metal ion-exchanged phosphoruts~vanadiun compound
according to this invention.

Fig. 5 is an X-ray diffraction chart illustrating
another example of the metal ion-exchanged phosphorus—-vanadium

25 compound according to this invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The metal ion-exchanged phosphorus-vanadium compound
in accordance with this invention is obtained by causing a
vanadium compound to react with a phosphorus compound thereby

30 forming vanadyl hydrogen orthophosphate hydrate represented
by the formula (1)

VOHPQ, *nH;0 (1)

wherein n fulfills the expression, 0 = n £ 2.0, treating the



hydr ogen ort hophosphate hydrate, drying the resultant ion exchanger, and
calcining the dried ion exchanger. (4) A conpound according to Item (1) or
Item (3) above, wherein the divalent netal is at |east one nenber sel ected
from30 the group consistingof cobalt, nickel, copper, zinc, manganese,

I ron, magnesium palladium platinum afhd germanium (5) A nethod according
to ltem (1) or Item (3) above, wherein the drying is carried out at a
tenperature in the range 4 of 15[err] to 250 [err]C. (6) A nethod
according to Item (3), wherein the calcination is carried out in the

f hyd d ' t t
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hydr ocar bon, fornmed nmetal 1 0n-exchang phosphor us- r%egorrpound
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1 is a nodels pl@pR i ey ibhUsidabiyBs, WhenStddielsdk9, is further calcined.
The interlayer distance of the metal ion-exchanged
phosphorous-vanadium compound in accordance with the present
invention is 7.0- 8.2 A, preferably 7.1- 8.1 A
The method for the production of the metal ion~exchanged
10 phosphorus-vanadium compound according to this invention will
be described in detail below.

For the purpose of this production, this invention
permits adoption of any method which is capable of obtaining
a product exhibiting a specific X-~ray diffraction spectrum

15 which will be described afterward. The typical methods
available for the production are known in the following type
kinds, depending on the water content of the vanadyl hydrogen
orthophosphate hydrate (VOHPO,-nH,0}. First, the raw
materials to be used for the preparation of the catalyst will

20 be explained.

The vanadium source may be any of the vanadium compounds
which are generally adopted for the production of
phosphorus—vanadium oxides. As typical examples of the
vanadium compounds, pentavalent, tetravalent, or trivalent

25 vanadium-containing compounds such as vanadium pentoxide,
metavanadates, and wvanadium oxyhalogenides may be cited.
Among other vanadium compounds mentioned above, wvanadium
pentoxide proves particularly advantageous.

The phosphorus source, similarly to the vanadium source,

30 may be any of the phosphorus compounds which are generally
adopted for the production of phosphorus~vanadium oxides. As
typical examples of the phosphorus compounds, orthophosphoric
acid, pyrophosphoric acid, phosphorous acid, polyphosphoric



of vanadyl hydrogen orthophosphate hydrate. 15 Fig. 2 is a node
diagramillustrating a cross section of the structural diagram shown in

Fig. 1. Fig. 3 is a nodel diagramillustrating the structure of vanadyl

hydr ogen ort hophosphate hydrate and the cross- sectional structure of an

I on exchanger thereof. 20 Fig. g8 is an X-ray diffraction chart
illustrating one exanple of a netal ion-exchanged phosphorus-vanadi um
conmpound according to this invention. Fig. 5is an X-ray diffraction chart
il lustrating another exanple of the netal ion-exchanged phosphorus-vanadi um
25 conpound according o thiaﬂinventionu DESCRI PTI THE PREFERRED

EMBODI MENT The ¥t PROSRARGLY RFTOSAER UBRY AT thfCe onfBORE Pther
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to react with a%pg\;é%o QL-US ~GPIM ugg%%)(&fe ; 30 form ng vanadyl hydrogen

ort hophosphat e hydrate represented ofmula (1)
VOHPJ er r] [ er r | ¥e§had Lofor preparation (1) wherein n fulfills the

expression, g [err] nnh@ﬁéil%o%psebses'tr&)wﬂbe expYRAYY| THIEO9EM
or t hophosphat e h%/dr ate with an agueous
of H.O0 in a compound is represented by a specific amount for

the sake of convenience.
The method 1 for preparation comprises causing a
vanadium compound to react with a phosphorus compound in an
10  aqueous organic solvent thereby forming vanadyl hydrogen
orthophosphate hydrate such as, for example, VOHPQO,+0.5H,0,
combining the vanadyl hydrogen oxthophosphate hydrate with
distilled water and further with an alkali salt, then adjusting
the pH value of the resultant mixture to 5 - 7, filtering and
15 cleaning the mixture, and treating the cleaned mixture with
an aqueous metal salt solution thereby effecting required ion
exchange. Then, the resultant ion exchanger is dried and the
dried ion exchanger such as, for example, VOM, sPO; is calcined
when necessary. More specifically, the preparation is carried
20 out by the following procedure.

(1) Step of reaction of vanadium compound with
phosphorus compound

This step obtains vanadyl hydrogen orthophosphate
hydrate such as, for example, VOHPQ:+0.5H;0 by the reaction of

25 a vanadium compound with a phosphorus compound in an aqueous
solvent or organic solvent.

The aqueous solvent or organic solvent for the reaction
of the vanadium compound with the phosphorus compound is
required to combine the functions of a reducing agent for

80 reducing the pentavalent vanadium compound and of a reaction
solvent. Any of the aqueous organic solvents combining these
functions can be used. As typical examples of these organic

solvents, aliphatic alcohols such as isopropancl, 2-butanol,



di valent nmetal salt solution thereby effecting the exchange of Herr]
present between the |ayers of the vanadyl hydrogen orthophosphate hydrate
and drying the resultant ion exchanger. 5 The dried ion exchanger, when
necessary, is further calcined. The interlayer distance of the netal

i on- exchanged phosphor ous-vanadi um conpound in accordance wth the present
i nvention is 7.0- 8.2 A preferably 7.1- 8.1 A The nethod for the
production of the netal ion-exchanged 10 phosphorus-vanadi um conpound
according to this invention will be described in detail below For the
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vanadi um conpoundpha PENLA¥GAENY, T a t 1334 Bdtno18) dntll MA@k c 2 dehydes
vanadi um cont ai ni ng, conpounds such as vanadi u nef ayanadat es,

ent.oxi de,
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are used either singly or together in a mixed state. Further,

10 when the reaction of the vanadium compound with the phosphorous
compound is carried out in the aqueous solvent, concentrated
hydrochloric acid, hydrazine or hydroxylamine may be used as
a reducing agent which can reduce the pentavalent vanadium to
tetravalent vanadium compound.

15 The ratio of the amounts of the phosphorus source and
the vanadium source to be used is properly in the range of 0.9/1
- 1.2/1, preferably 0.95/1 - 1.1/1 as phosphorus/vanadium
(atomic ratio}.

The reaction of the wvanadium compound with the

20 phosphorus compound carried out in the solvent mentioned above
at a temperature in the range of 60° - 150°C, preferably 80°
- 140 °C, for a period in the range of 2 - 24 hours, preferably
4 - 12 hours produces the vanadyl hydrogen orthophosphate
hydrate.

25 (2) Step for pH adjustment

This step comprises combining the produced vanadyl
hydrogen orthophosphate hydrate with distilled water and
further with an alkali salt, then adjusting the pH value of
the resultant mixture to 5 - 7, preferably 6 - 7, and filtering

30 and cleaning the mixture.

The pH adjustment is effected generally with an alkali
solution. The vanadyl hydrogen orthophosphate hydrate and
distilled water added thereto are together stirred thoroughly.



Anong ot her vanadi um conpounds nenti oned above, vanadi um pent oxi de proves
particul arly advant ageous. The phosphorus source, simlarly to the vanadi um
source, 30 nay be any of the phosphorus conpounds which are generally
adopted for the production of phosphorus-vanadi um oxi des. As typi cal
exanpl es of the phosphorus conpounds, ogthophosphoric acid, pyrophosphoric
aci d, phosphorous aci d, pol yphosphoric 6 acid, and phosphorus pentoxi de
may be cited. Anong ot her phosphorus conmpounds nenti oned above,
orthophosphoric acid proves particularly advantageous. Method 1 for
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nydroven or shoigsalets By e HE LGk Bhofig Further wth an
filtering and {3 Step for metal ion exchange

This step comprises combining the washed precipitate
with distilled water and subjecting the resultant mixture to
a treatment with an aqueous metal salt solution to effect the

10 ion exchange.

The resultant precipitate is added to the aqueous
solution of a metal salt and then heated at a temperature in
the range of 60° - 100°C, preferably 80° - 100 °C, for a period
in the range of 5 -60 hours, preferably 15 - 60 hours, to induce

15 an jon- exchange reaction as required. The metal salts
available for this treatment include nitrates, carbonates, and
organic acid salts. Preferably, divalent metal salts of such
organic acids as acetic acid are used. The metal is
appropriately used in an amount in the range of 0.5 - 5 mols

20 per mol of the VOHPO,+0.5H;0. As typical examples of the
divalent metal, cobalt, nickel, copper, zinc, manganese, iron,
magnesium, palladium, platinum, and germanium may be'cited.
Among other divalent metals mentioned above, cobalt, nickel,
copper, and zinc prove particularly advantageous. These

256 divalent metals may be used either singly or in the form of
a mixture of two or more members. The product of the ion-
exchange reaction is filtered and washed to remove the excess
metal salt.

(4) Step for drying

30 This step comprises drying the precipitate consequently
obtained. The precipitate is dried in the stream of an inert
gas or in the current of air at a temperature in the range of
150° -~ 250°C, preferably 180° - 220 °C, for a period in the



15 cleaning the mxture, and treating the cleaned m xture with an aqueous
netal salt solution thereby effecting,required i on exchange. Then, the
resultant ion exchanger is dried and the dried ion exchanger such as, for
exanple, VOMerr][err]PdJerr] is calcined when necessary. Mre
specifically, the preparation is carried 20 out by the follow ng
procedure. (1) Step of reaction of vanadi um conpound w th phosphorus
conpound This step obtains vanadyl hydrogen orthophosphate hydrate such as,
for exanple, VOHPQ err][err]O 5H err] O by the reaction of 25 a vanadi um

conpound with a phosphogus ound in_an ueous | vent or ani c

sol vent. The aq’&g‘?ﬂfso of’v"eﬁlgqg?ourér'gaﬁ?{:ersa& e f8§q'f°ﬁl Sre%%pggglgfaq he
vanadi um conpoufish ekthader SIOSHNOEUS examnpbe MOMIPD, r(ehel ¢ atn rapcesdiie t he
functions of a reducin ent. for 30 _reduci.n he t aval.ent . yanadi um
conpound and ofaa'?ui’“gﬂ'giag%’agblﬁv’erhtt%eAﬁV%ef Otfhg‘(gque@‘ﬁsg’o‘?ﬁe |r8b¥§5ln€‘gnts
conbi ni ng t hese~f@Qufctd ons can be used. As typical exanples of these organic

sol vents, alj phatic al(g?h(gé:%f)sggp %ﬁél Qpigpanol , 2-butanol, 7
an ntanol;

i sobut anol, 2-pentanol, " sopent a aromatic al cohols such as benzyl
al cohol , met hyl benzyl TAi&obsR AMPEERgs bedbsining the dried precipitate

after the step for drying. This step is performed optionally.
The dried ion exchanger such as, for example, VOM, sPO;,
is pulverized or molded and then calcined in the stream of an
10 inert gas or in the stream of a hydrocarbon gas such as butane,
preferably in the stream of a mixed gas of hydrocarbon gas with
air, at a temperature in the range of 350° - 600°C, preferably
400° - 600 °C, for a period in the approximate range of 5 -
24 hours, preferably 10 - 20 hours. A concentration of
15 hydrocarbon gas is in the range of 0.5 - 10% by volume,
preferably 5 - 10% by volume calculated, as butane to total
¢f the hydrocarbon gas and air.
Now, Method 2 for preparation will be explained. The
content of the water of crystallization, H0, in a compound is
20 represented by a specific amount for the sake of convenience.
The method 2 for preparation comprises refluxing a vanadium
compound and a phosphorus compound in an aqueous solvent
thereby forming VOPQ,+2.0H.0, reducing the produced o-
VOP0O,+2.0H,0 further in an organic solvent thereby producing
25 avanadyl hydrogen orthophosphate hydrate such as, for example,
VoHPO,+1.5H;0, and treating this compound with an aqueocus
solution of ametal salt thereby inducing an ion exchange. This
preparation is carried out more specifically by the following
procedure.
30 (1) Step for reaction of vanadium compound with
phosphorus compound
This step comprises refluxing a vanadium compound and
a phosphorus compound in an aqueous solvent thereby forming



al cohol, and et hyl benzyl al cohol; and aromatic al dehydes such as

benzal dehyde, tol ual dehyde, di nmethyl benzal dehyde, and 5 ani sal dehyde may
be cited. As the organic solvent, aqueous organic solvent is preferable.
It is allowable to use aliphatic al cohols, aromatic al cohols, and aromatic
al dehydes as suitably m xed. Preferablyy isobutanol and benzyl al cohol are
used either singly or together in a mxed state. Further, 10 when the
reaction of the vanadi um conpound with the phosphorous conpound is carried
out in the aqueous sol vent, concentrated hydrochloric acid, hydrazine or
hydr oxyl am ne may be used as a reduci ng agent which can reduce the

pent aval ent v L?nbééstetravalent vanadi um conpound. 15 The
rati o of the anounts ‘t he phosphorus source and the vanadi um source to be
used is properly inThReratimpgef dthepagpunts pfHrhe ghospherid poored/and 1.1/1

as phosphor us¢NARahy Mt 3bRREE, L8k Bhosaﬁ@rdsef%hwﬂmawﬁaza&@fﬁ;um
0 hosph

compound with the 2 p phor'us conpound carried out in the solvént
menti oned abo¥® Ht ther &apes AfuPélin 13 RR§ESHILINO[ 4 17 L9750 err] C,
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distilled matg¥ éﬂld— 100°C, preferably 80° ~ 100 °C, for a period in the
‘range of 2 - 12 hours, preferably 6 - 10 hours.
10 (2) Step for reducing VOPQ,+2.0H,0
This step comprises reducing the a-VOPQ,+2.0H,0 obtained
at the step mentioned above in an organic solvent thereby
obtaining VOHPO.-1.5H;0. The solvents usable for reducing
VOPO,+2.0H,0 include such l1-alkanols as 1-propanol, l-butanol,
1§ and i-pentanol. preferably l-butanol. The VOHPO,+1.5H,0 is
obtained by treating VOPOs+2.0H,0 in the solvent mentioned above
at a temperature in the range of 60° - 150°C, preferably 80°
- 110 °C, for a period in the range of 2 - 24 hours, preferably
8 - 12 hours.
20 (3) Step for metal ion exchange
This step comprises treating the VOHPO,+1.5H;0 having
such a structure as shown in Fig. 3 with the aqueous solution
of ametal salt thereby inducing an ion--exchange reaction. The
ion-exchange reaction is carried out by combining the produced
25 VOHPO4-1.5H,0 with the aqueous solution of a metal salt and
refluxing the resultant nmixture at a temperature in the range
of 60° - 100°C, preferably 80° - 100 °C, for a period in the
range of 5 - 60 hours, preferably 15 - 60 hours. The metal salts
available for this treatment include nitrates, sulfates,
30 carbonates, and organic acid salts. Preferably, divalent
metal salts of such organic acids as acetic acid are used.
Appropriately, the metal is used in an amount in the range of
0.5~ Smols, preferably 3 - 5mols per mol of the VOHPO,-0.5H,0.



further with an alkali salt, then adjusting the pH value of the resultant
mxture to 5 - 7, preferably 6 - 7, and filtering 30 and cleaning the

m xture. The pH adjustnent is effected generally with an al kali sol ution.
The vanadyl hydrogen orthophosphate hydrate and distilled water added
thereto are together stirred thoroughly11 8 The resultant m xture, by
gradual addition of the aqueous solution of such alkali as sodi um hydroxi de
or potassi um hydroxi de, has the pH val ue thereof adjusted to 5-7,
preferably 6 - 7 . After the pH adjustnent, the precipitate is inmediately
5 separated by filtration and thoroughly cleaned. (3) Step for netal ion

exchange This & rfﬁtﬁ: ki : recipliate wt
distilled wat élr%I a%gggagj é‘ectl r%%g?ﬁ}é ffﬁelgu 1{%%%?%%@&%@% %ggéliéi’r er%ﬁ“llf‘gﬂt w th an
aqueous net al SPRPErsEALICT AInganedd ctron [mag@siion. Préhadigm, Ml inesyl t ant

Reated at a o atmERL Al R0 LTl ing) ofnlB fLraat BEALICE
80[err] - 100TERtipreds gpovenectokalt/n Rifkedanororrs 288 Bbnesprpref erably
15 - 60 ho8rs par®ibnUaes; d8vartihgedls . XGRABAA vaBant nRRafs nadd [€dy The
metal salts either singly or in the form of a mixture of two or more members.
The product of the ion-exchange reaction is filtered and washed
to remove the excess metal salt.
{4) Step for drying
10 This step comprises drying the ion exchanger obtained
in the form of a precipitate. The precipitate is dried in the
stream of an inert gas such as nitrogen or in a stream of air
at a temperature in the range of 150° - 250°C, preferably 180°
- 220 °C, for a period in the range of 5 - 24 hours, preferably
15 12 - 20 hours to obtain VOMPO,. In this formula, m is a
numerical value in the range of 0.01 - 0.5, preferably 0.1 -
0.5.
{5) Step for calcination
This step comprises calcining the dried precipitate.
20 It is carriedout optionally. The dried ion exchanger such as,
for example, VOM,P0,, is pulverized or molded and then calcined
in the stream of an inert gas or in the stream of a hydrocarbon
gas such as butane, preferably in the stream of a mixed gas
of hydrocarbon gas with air, at a temperature in the range of
25 350° - 600°C, preferably 400 - 500 °C, for a period in the
approximate range of 5 - 24 hours, preferably 10 - 20 hours.
. A concentration of hydrocarbon gas is in the range of 0.5 -
10% by volumes, preferably 5 - 10% by volume calculated as
butane to total of the hydrocarbon gas and air.
30 By the steps mentioned above, the vanadium-phosphorus
oxide of this invention is obtained.
When the metal ion-exchanged phosphorus-vanadium
compound obtained by the method 1 for preparation or the method



avai lable for this treatnent include nitrates, carbonates, and organic acid
salts. Preferably, divalent netal salts of such organic acids as acetic
acid are used. The netal 1is appropriately used in an anount in the range
of 0.5 - 5 nols 20 per nol of the VOHP( err]0.5H err] O  As typi cal
exanpl es of the divalent netal, cobalti2nickel, copper, zinc, manganese,

I ron, magnesium palladium platinum and germani um may be cited. Anong

ot her divalent netals nentioned above, cobalt, nickel, copper, and zinc
prove particul arly advantageous. These 25 divalent netals may be used
either singly or in the formof a mxture of two or nore nenbers. The
product of tHé fioonpraperiakihge neaidonesh abgveiila eped asnd Gddhest+ dheenove t he

excess netal SaldoundPanBePBsdPhs Hoxhdd i3G specific fobh.S TheSibIANY | S€s
drying the pr emptpolu?at enconsse ue?nt l'y obtlal nglc?le The precipitate | gBdrl ed in

t he stream of¢3hb¢ ﬁéF’El%jja@u‘blmltﬂi‘etW@SSH?‘? ehtd ‘B?ld&lnf; &g a Asehgdcature in the
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represents a andheryaaic sabsanicest fech angeraphife(and fatty acpdefadtabl y 0.1
may be cited. Further, the molding may be carried out in the
presence of fibexrs of an inorganic substance. The catalyst of
this invention for gas-phase oxidation can be used either

10 singly or can be used as molded together with such a carrier
as silica, alumina, titania, silicon carbide, or ceramic
substance or deposited on such a carrier. It has noparticular
limit to impose as to shape. It can be molded in the form of
powder, spheres, cylinders, arcs, or saddles by such known

15 methods as tableting or extrusion molding.

As typical examples of the catalytic gas-phase
oxidation reaction, the reactions for the production of maleic
anhydride by the oxidation of butane, the production of
methacrolein and methacrylic acid by the oxidation of isobutane,

20 the production of methacrylic acid by the oxidation of
methacrolein, the production of acrylonitrile by the
ammoxidation of propane, and the production of methacrylic acid
by the oxydehydrogenation of isobutyric acidmay be cited, The
catalyst can be particularly used for the selective oxidation

26 of normal butane into maleic anhydride in the presence of
molecular oxygen.

Now, this invention will be described moxe specifically
below with reference to working examples.

Example 1

30 In100ml of distilledwater, 6.0 g of VOHPO,-0.5H,0 which

was prepared by the reaction of vanadium pentoxide (V,0s} in
" iscbutanol with 99% oxthophosphoric acid at 80°C was stirred.
The resultant mixture was adjusted to pH 6.5by gradual addition



- 0.5. 5 (5) Step for calcination This step conprises cal cining
the dried precipitate after the step for drying. This step is perforned
optionally. The dried ion exchanger such as, for exanple,
VOMerr].[err]Perr], is pulverized or nolded and then calcined in the
streamof an 10 inert gas or in the stizeam of a hydrocarbon gas such as
butane, preferably in the streamof a m xed gas of hydrocarbon gas with
air, at a tenperature in the range of 350[err] - 600[err]C, preferably
400[err] - 600 [err]C, for a period in the approxi mate range of 5 - 24
hours, preferably 10 - 20 hours. A concentration of 15 hydrocarbon gas is
in the range of 0.5 - 10% by volune, preferably 5 - 10% by vol une

cal cul at ed, aéfbé&iad_lfhéoﬁst pt@lm@f/mb@r%imﬁahb@fma@% aﬂﬂu@ld’n Nﬂ% Met hod
2 for preparatLon
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for the sake @émmmeeac&bdlﬁMNrst hoth i bmecmmazeamdmsomnpblfsm
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sol vent thereggggolfsm %wjétaf]ﬁ %)ﬁnﬁ; err %HQ ﬁ%ﬁﬁ’ﬁ et pr oduced
a- VOP( erf] [ewéthi{nenrefnliw ahe#0ihfan wrgwm‘, s’ma/eaflmmﬂ sbytwreduci ng
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carried out MpLeuSReEhib§A] ¥ DorddiCot UdgW B0 200°C for 3 hours. The
dried mixture was confirmed to be a divalent cobalt ion
10  exchanger of VOM,.sPOs. The cobalt ion exchanger thus obtained
was calcined in the stream of air-mixed gas having a normal
butane concentration of 2.0 vol$ at 480°C for 12 hours.

The X-ray diffraction spectrum of a dry mass of the
produced cobalt ion-exchanged phosphorus-vanadium oxide

16  (VOCoo.5P0s} was found to have such main peaks as shown in Table
1., The X-ray diffraction spectrum of VOHPO+1.5HK.,0 was also
shown in Table 1 for reference. Further, lattice constants of
VOHPO,+1.5H,0 and the cobalt ion-exchanged phosphorous-
vanadium oxide are shown in Table 2. The X~ray diffraction

20 chart of this compound was as shown in Fig. 4. '

The X-ray diffraction spectrum of a sintered mass of
the cobalt-exchanged phosphorus-vanadium oxide {(VOC0.5P0s) was
found to have such main peaks as shown in Table 3.

Example 2

25 VOHPO4+1.5H,0 was prepared by refluxing wvanadium
pentoxide {V,0s) and 85% orthophosphoric acid indistilled water
to form VOPO«+2.0H,0 and refluxing the produced coumpound in
1-butanol at 110°C. In 250 ml of an aqueous 0.2 mol/liter
divalent cobalt acetate solution, 6.0 ¢ of the (VOHPO;+1,5H.0)

30 was refluxed at 80°C for 48 hours. The mixture resulting from
the reflux was filtered and washed to remove excess metal ions.
The cleaned mixture was dried overnight at room temperature.
It was further dried in a stream of argon at 200°C for 3 hours.



‘procedure. 30 (1) Step for reaction of vanadi um conpound with
phosphorus conpound This step conprises refluxing a vanadi um conpound and a

phosphorus conmpound in an aqueous sol vent thereby form ng 10

VOPO err][err][err] OHerr]0 The ratio of the amobunts of the phosphorus
source and the vanadi um source, i.e. jphosphorus/vanadium (atomc ratio), is
in the range of 5/1 - 12/1, preferably 7/1 - 10/1. 5 The

VOPO err][err]20H err] O can be obtained by adding the vanadi um source and

t he phosphorus source to distilled water and refluxing the resultant

m xture at a tenperature in the range of 60[err] - 100[err]C, preferably
80[err] h- 100 [rais] riddrmiktpeei ods i fodmie toamge aokliZalent? cobul 8, iphef erably
6 - 10 hours.

VOPQ err][err] [%“'gF}PT’?‘ﬁII[ of £ ?@"Hﬁ’lgté)e‘g t 18%: 8&%%%%@‘9?’@@@5‘9%?{%&-%%% r]

[err].OH err] Oiabtai gedeat blfe sirminedt igasedhabioge a nnammak gbntensol vent
ety o Ovonq PR HRtEh 18 % ol bo PELRY Thbhc e 391 Glle2 usab @ or
ry=2: ’ :

reduci ng VOP(Q €r err i'nclude such 1-al kanol s as 1-propanol,
1-butanol, 85 and 1-ThenXaray difpragtdépabspect oyt @l driephpass of the

VOHPQ err] [ err bloQbd&d M Lebabe ORbaLSesthadiel! §aldsploMFPChRsd1ud ebklaOH err] O
'n the sol vent rrggé;fprg)(‘a)d w%go%%nd to have such main peaks as shown in Table

1. The X-ray diffraction chart of this compound was as shown

in Fig. 5.

10 The X~ray diffraction spectrum of a sintered mass of
the produced cobalt-exchanged phosphorus-vanadium oxide
{(VOCo0,.sPQ¢) was found to have such main peaks as shown in Table
5 .

Example 3

15 In 100 ml of distilled water, 6.0 gof VOHPO,+0.5H,0 which
was prepared by the reaction of vanadium pentoxide (V;0s} in
2-butanol with 99% orthophosphoric acid at 80°C was stirred.
The resultant mixture was adjusted to pH 6.5 by gradual addition
of an acqueous 1.0 mol/liter sodium hydroxide solution. The

20 mixture was immediately filtered and repeatedly washed to
remove excess sodium ions. This precipitate and 250 ml of an
aqueocus 0.2 mol/liter divalent nickel acetate solution were
together refluxed at 90°C for 55 hours. The refluxed mixture
was filtered and washed to remove excess metal ions. The

25 cleaned mixture was dried overnight at room temperature and
further dried in a stream of argon at 200°C for 3 hours. The
dried mixture was confirmed to be a divalent nickel ion
exchanger of VOM, sPO¢. The nickel ion exchanger thus obtained
was calcined in the steam of air-“mixed gas having a normal butane

30 concentration of 2.0 vol$ at 460°C for 12 hours.

The X-ray diffraction spectrum of a dry mass of the
produced nickel ion-exchanged phosphorus-vanadium oxide
(VONig. sPO:) was found to have such main peaks as shown in Table



at a tenperature in the range of 60[err] - 150[err]C, preferably 80[err] -
110 [err]C, for a period in the range of 2 - 24 hours, preferably 8 - 12
hours. 20 (3) Step for netal ion exchange This step conprises
treating the VOHP(J err] 1. 5H err] O having such a structure as shown in Fig.
3 with the aqueous solution of a netal ;galt thereby inducing an

| on- - exchange reaction. The ion-exchange reaction is carried out by

conmbi ning the produced 25 VOHPJ err]-1.5H err]O with the aqueous sol ution
of a netal salt and refluxing the resultant m xture at a tenperature in the
range of 60[err] - 100[err]C, preferably 80[err] - 100 [err]C_for a period
in the range of. 5 - Igittlicar scopsiedndr afy 1tdhe @gockelr siomheexghagigesal t s

avai |l abl e for ﬁﬂﬂs’ﬁhb'}:@é&%adiiﬁﬁl SRRl 8h6dn SUkhBIESz, 30 carbonates,
and organic acid Salts. Preferably, divalent netal salts of such organic

aci ds as acetic aci dThe X Us¥d Il APATHPNabREGETWRT b tSHintpged deass Rfan
amount in the frngeciadl @xbhahged Phodphoirak abhyadi ubroxige PFONDS. HO,) was

eV POl oot | Lt okl o KL h i SepiPaf e TR Fagl e dvalent |
plati num and Epamgeei am may be cited. Anong other divalent netals
advant ageous. - Theoe CONER Lt ile B REPBEStcRy Poflifumy PRddim™ Y
pentoxide (V,0s) and 858 orthophosphoricacid indistilledwater
to form VOPO4+2.0H:0 and refluxing the produced compound in
10 1-butanol at 110°C. In 250 ml of an aqueocus 0.2 mol/liter
divalent nickel acetate solution, 6.0 g of the (VOHPO,-1.5H,0)
was refluxed at 85°C for 60 hours. The mixture resulting from
the reflux was filtered and washed to remove excess metal ions.
The cleaned mixture was dried overnight at room temperature.
15 It was further dried in a stream of argon at 200°C for 3 hours.
This dried mixture was found to be a divalent nickel ion
exchanger of (VOM,.sPO;) . The nickel ion exchanger was calcined
in a stream of air-mixed g¢gas having a normal butane
concentration of 2.0 vol% at 480°C for 12 hours.
20 The X-ray diffraction spectrum of a dried mass of the
produced nickel-exchanged phosphorus-vanadium oxide
{(VOCo00.5P0s) was found to have such main peaks as shown in Table
1.
The X-ray diffraction spectrum of a sintered mass of
25 the produced nickel-exchanged phosphorus~vanadium oxide
(VOCop.sP0;} was found to have such main peaks as shown in Table
3.
Example 5
In100ml of distilled water, 6.0 g of VOHPO,+0.5H,0 which
30 was prepared by the reaction of vanadium pentoxide (V;0s) in
2-butanol with 99% orthophosphoric acid at 80°C was stirred.
The resultant mixture was adjusted to pH 6.5 by gradual addition
of an aqueous 1.0 mol/liter sodium hydroxide solution. The



either singly or in the formof a mxture of two or nore nenbers. The
product of the ion-exchange reaction is filtered and washed to renove the
excess netal salt. (4) Step for drying 10 This step conpri ses
drying the ion exchanger obtained in the formof a precipitate. The
precipitate is dried in the streamof @@ inert gas such as nitrogen or in a
streamof air at a tenperature in the range of 150[err] - 250[err]C,
preferably 1800 - 220 [err]C, for a period in the range of 5 - 24 hours,
preferably 15 12 - 20 hours to obtain VOW(err]. In this fornula, mis a
nunerical value in the range of 0.01 - 0.5, preferably 0.1 - 0.5. (5) Step
for cal ci nati onmippterstwgs compdistsl e diiditerad and wmwepeagegidcvashed o 20 It

is carried out pptbaNakddss sHAGuAiRE .| OfhRXEREEGATa8E Gh S50 Tl o8XAIP! €,
VOMerr]POerr], 1s pulverized or mpl ded and then cal ci ned .in the stream of

an inert gas or2@eede Ger Balk diter Ry FBRPRRSCetate S0 ki gRavere
preferably in thegstnaanreefwadhied gasoObshysliRcarnenrettuidd RiRtdre at a

[orTTC for S bRt obLt bere SAApHBRIHALES PRRGHSOFRELSE HFCROLTGNS pr PG abl y.
10 - 20 hours. Al&asERrtikahi®waaf dbyed epairheghoast irdohNtdrpRra@lge &d 0.5 - -
10% by vol unes, _preferably 5 - 10% by vol une cal qul at ed as .butane to total
of the hydrocar BEFERER déﬁéddinr.a sige of argoByaa’f %réos‘%e‘%§ ﬁrﬂ?ﬂqrc?nedm%?oove,
t he vanadi um phaspédrmbxture was confirmed to be a divalent copper ion
exchanger of VOMy.sp04. The copper ion exchanger thus obtained
10 was calcined in the steamof air-mixed gas having a normal butane
concentration of 2.0 vol% at 480°C for 12 hours.
The X-ray diffraction spectrum of a dry mass of the
produced copper ion-exchanged phosphorus-vanadium oxide
{(VONi,.sP0O4) was found to have such main peaks as shown in Table
16 1. Lattice constant of the copper ion-exchanged
phosphorous-vanadium oxide is shown in Table 2.
Example 6
VOHPQ,+1.5H.0 was prepared by refluxing wvanadium
pentoxide (V,05) and 85% oxthophosphoricacid indistilledwater
20 to form VOPQ:2.0H0 and refluxing the produced compound in
l-butanol at 110°C. In 250 ml of an aqueous 0.2 mol/liter
divalent zinc acetate solution, 6.0 g of the (VOHPO,~1.5H,0)
was refluxed at 80°C for 30 hours. The nixture resulting from
the reflux was filtered and washed to remove excess metal ions.
25 The cleaned mixture was dried overnight at room temperature.
It was further dried in a stream of argon at 200°C for 3 hours.
This dried mixture was found to be a divalent zinc ion exchanger
of (VOMo.,PO(). The zinc ion exchanger was calcined in a stream
of air-mixed gas having a normal butane concentration of 2.0
30 vol% at 480°C for 12 hours.
The X~ray diffraction spectrum of a dried mass of the
produced zinc-exchanged phosphorus~vanadium oxide (VOZng,PO4)
was found to have such main peaks as shown in Table 1. Lattice



oxide of this invention is obtained. Wen the netal i on- exchanged
phosphor us- vanadi um conpound obtai ned by the nethod 1 for preparation or

t he net hod 12 2 tor preparation nmentioned above is used as a catal yst,
t he conpound can be used as nolded in a specific form The nolding can be
carried out in the presence of a noldi aid. As typical exanples of the

nolding air to be effectively used herein, 5 inorganic substances such as
silica gel, alumna sol, and talc and organi c substances such as graphite
and fatty acid salts nmay be cited. Further, the nolding nay be carried out
in the presence of fibers of an inorganic substance. The cat.al ﬁﬁ of this
i nvention for gastphasd e ziac om-exahangedip SEhP R oxisle L ﬁ}éﬁvé’ df can be
used as rmldegr qu&her with such a carrier as silica, alumna, titania,
silicon carbide,”"or Ceram c substance or deposited on such a carrier. It
has no particular limt to inpose as to shape. It can be nolded in the
form of powder, spheres, cylinders, arcs, or saddles by such known 15

nmet hods as tableting or extrusion nolding. As typical exanples of the
catal yti c gas-phase oxidation reaction, the reactions for the production of
mal ei ¢ anhydride by the oxidation of butane, the production of



met hacrol ein and nmethacrylic acid by the oxidation of isobutane, 20 the
production of nethacrylic acid by the oxidation of nethacrolein, the
production of acrylonitrile by the amroxi dation of propane, and the
production of nethacrylic acid by the oxydehydrogenation of isobutyric acid
maybe cited. The catal yst can be partixallarly used for the selective

oxi dation 26 of nor putane into malei c anhydride in the presence of
nol ecul ar oxygen. Now, tfds iinventijonjw ljI ke desqgribednore specifically
below with reference fo @mrki%ex nplies.| BEtanpl e[l 30 In 100 m
of distilled water, 6/ 0 p of HPO & {11 ¢r | & 5HF ¢r® | & ywhi ch was prepared
by the reaction of vanadjtum penfoxijde](V205) in igobditapol with 99%
ort hophosphoric acid jat. 80l eir] € gtinred. Thelreguliant m xture was
adjusted to pH 6.5 by} gripdualf adldi §i on 13 off ap aquepus 1. O nol/liter
sodi um hydroxi de sol utiofs The m xfuré was iimedi atelly {iltered and
repeat edly washed to rem@&/ég ek)gc sslsgpdiumignsy Thisiprecipitate and 250 m
of an aqueous 0.2 nolylilger divalents ¢obalt aget age; Q ution were 5
together refluxed at BO[prr] € for 48 mours. The ref luxed m xture was
filtered and washed tO TETTDVE €XCESS fong-—— {Tn
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roomtenperature and further dried
3 hours. The dried m xture was
10 exchanger of

cl eaned m xture was dried overni ght at
in. a streamof argon at 200[err]C for
confirned to be a divalent cobalt ion
VOMerr].[err]PJerr]. The cobalt ion exchanger thus obtained was cal ci ned
in the stream of air-m xed gas having ajgornmal butane concentration of 2.0
vol % at 480[err]C for 12 hours. The X-ray diffraction spectrumof a dry
mass of the produced cobalt ion-exchanged phosphorus-vanadi um oxi de 16
(VOCo[err].[err]PJerr]) was found to have such main peaks as shown in
Table 1. The X-ray diffraction spectrumof VOHPQ err][err]1l.5H err] O was

al so shown in Table 1 for reference. Further, lattice constants of

VOHP( err].1.5H err] O and the cobalt ion-exchanged phosphorous- vanadi um
oxide are shown in Table 2. The X-ray fjfffd action 20 chart of this
conpound was as _shown in Fig. 4. The X—rav i ffraction spectrumof a

sintered nmass|ofidehe-£Lebalt - gychfanged phosphorjus- vapnadi umm oxi dg
(VOCo[ err][ert]. PCIerr]) was foupd to have sugh mai n peaks as shown

n
Tabl e 3. Exanp VOAPO errJrerrqir. s rTO[ was. prepargd by
refluxing vapadium Derff)om de (V] err]a‘éirr]) dnd %g}ort$cmhosﬁﬂorl c{acid
in distilled yo&ar 51;@ igﬁm VCPq err][ergd 2. OHjerr]and fefl uxiggg th

11%

pr Oduced Con-p \und l at |1' gnn| 110[ err}e_ !” 95“ rﬂ n‘f ah QqIIDnIIQ 0_ 2
mol /liter di v{amw stmeaISHancet atp sol Ttdon, 60 g ®oPet he 7.84
(VOHP err] [ el ‘%e”hﬁ) Nas-Tefuxed 4t 8Lr)?16[r]blur A8—totrp. The
m xture resul { Yoyt ref |bx wad'#31terdd arfd’hashed t o rPénove| excess
metal ions.  Jyogzn, ,eo,-1.5mH0 7.43 9.88 7.25
5 A factor showing the interlayer distance of the
phousphorous—-vanadium compound is hkl=1 in Table 1 and the
value of c axis about the lattice constant.
Table 3
NL Co
d value Strength d value Strength
(A) (A)

5.86 W 5.79 W

4.46 W 4.43 W~M

3.45 W 3.4 W~M

3.07 s 3.04 vs

2.95 w 2.89 W~M

2.57 Vs 2.55 W-M

2.14 W 2.12 w

10

Examples 7 - 10



The cl eaned m xture was dried overnight at roomtenperature. It was further

dried in a streamof argon at 200[err]C for 3 hours.
m xture was found to be a dival ent cobalt
(VOMerr].[err]PJerr]).
of air-m xed gas having a nornal
12 hours. 5
dried mass of the produced cobalt

(VOCo[ err]. [ err] PO ef¥jthedis qlounkekdapayde

480[err] C for

The cobalt

14 This dried

i on exchanger of

i on exchanger was calcined in a stream
but anggconcentrati on of 2.0 vol % at

The X-ray diffraction spectrumof a

i on- exchagd phosphor us-vanadi um oxi de
hy exiidabrk of fsbyana in

Table 1. The X-ray dpnid eaghd @BokPerdio "thicd ceQIPOHNT WS "3Se BIYOWRI N Fi g.

5. 10 The X-ray diffraction spectrumof a sintered mass of the
produced cobal¥fdReRadtdP PRBE phor us- vanadi um oxi de
{VOCo[err][err].PJ ecsdversasnf @ond) t=o (RaMper oEhmels of pedkae aonshass | N
Tabl e 3. anpl e 15. I n. 10 f..disti e . 0.9 _of
VOHPJ err ]E%[ 2’% ry] 5%6‘%%[%1}/ rn]uﬁb%i%%%nvc\’gg nlp’)‘r: epuatraél(? E%/Jiﬁ%ewrﬁéaéﬁcgﬁ 081’ $anadi um
pentoxide (V[éOB] Jerr]) in 2-butanol with 99% ort hophosphoric acid at 80C
was stirred. The resalqtagnt . mxt —@ﬂ:ﬂ e I
addi tion of an aqueg%gsle%&gv% /Hotqg\rl\aio |um§‘ky(gfr %Q}ge%lﬁgﬁﬁ??%%ﬁﬁgﬁg
anhydride/number of mols of butane consumed by reaction) x 100

Yield (mol%) = (Conversion Selectivity) x 100
10 A sample, 10 g in weight, of each metal ion-exchanged
vanadium-phosphorus oxides obtained in Example 1 and Examples
4 - 6 was molded in the form of pellets, 5 mm in diameter and
5 mm in height. A flow type reaction vessel was packed with
the pellets.

15 an-butane concentrationof 1.5 vol$ was introduced at a spatial

A mixed gas comprising n-butane with air having

velocity of 2000 hr? into the reaction vessel to induce

gaseous-phase oxidation of n-butane. The results are shown in

Table 4.
Table 4
Example Catalyst Reaction Conversion | Selectivity($)
temperature (%)
{*c)

Example { Catalyst of 450 75 58
7 Bx.1 (Co)

Example | Catalyst of 450 80 52
8 Ex.4 ({Ni)

Example | Catalyst of 45Q 85 49
9 Ex.3 (Cu)

Bxample | Catalyst of 450 B8O S7
10 Ex.6 (2Zn)

20
Examples 11 - 14



20 mxture was imediately filtered and repeatedly washed to renove excess
sodiumions. This precipitate and 250 mM of an aqueous 0.2 nol/liter

di val ent ni ckel acetate solution were together refluxed at 90[err]C for 55
hours. The reffluxed m xture was filtered and washed to renpbve excess
metal ions. The 25 <cleaned m xture wag dried overnight at room
tenperature and further dried in a streamof argon at 200[err]C for 3
hours. The dried m xture was confirned to be a dival ent nickel ion
exchanger of VOMerr] [err]PJerr]. The nickel ion exchanger thus obtained

was calcined in the steam of air-m xed gas hawaﬁg no err ]mal but ane 30
concentration of 2.0 PY¥RtHgsis 4‘6@[@??‘}%‘?%@1&‘2 ulSthaGyY DG A1 ¥ act i on

spectrum of a d@ylms_smobft beoyaeduced ni ckel ion-exchanged

phosphor us-vanadi um oxjide (VON,[err].[err]RJerr]) was,found tq have such
mai n peaks as shown i ﬂlx‘?at'tﬁ"g‘ é%‘é’% Sh, LatgFE‘é%Jl)V&gﬁS?é# 3G'fe(1dt' HREFe ni ckel
i on exchanged @@bﬁﬁmh@usoy}mmii um OXI de is shown in Table 2. The X-ray
diffraction spectrum a sintered f the

ni ckel - excha gedphosp%8f‘u§ VAR dPe b P56 PEFPES (O PYERI R PP RS 5
found to have shyhremtiopéalsbeas oShowhs iof Babbee XedExantiie réaction) x
VOHPJ err] [err]iLoéH[ err]O was prepared by refluxing vanadium
Selectivity of methacrolein (molf) = (Number of mols
of formed methacrolein/number of mols of butane consumed by
10 reaction) x 100
Selectivity of methacrylic acid (mol%) = (Number of mols
of formed methacrylic acid/number of mols of butane consumed
by reaction) x 100
Yield (mol%) = (Conversion x Selectivity) x 100
i5 A sample, 10 g in weight, of each metal ion-exchanged
vanadium-phosphorus oxides obtained in Example 1 and Examples
4 - 6 was molded in the form of pellets, 5 mm in diameter and
5 mm in height. A flow type reaction vessel was packed with
the pellets. A mixed gas comprising l-butane and steam with
20 air having a l-butane concentration of 20 vol% and a steam
concentration of 10 vol% was introduced at a spatial velocity
of 2000 hr™ into the reaction vessel to induce gaseous-phase

oxidation of n-butane. The results are shown in Table 5.



pentoxide (V[err](err]) and 85% ort hophosphoric acid in distilledwater to
formVOPQerr][err].OH err]O and refluxing the produced conpound in 10
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ni ckel

at 110[err]C.
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The entire disclose of Japanese Patent Application Nos.

8-52001 and 8-52002 both filed on March 8,

1996 including

specification, claims, drawing and summary are incorporated

herein by reference in its entirety.



16 m xture was imediately filtered and repeatedly washed to renbve excess
sodi u Ipitate and 250 mM of an aqueous 0.2 nol/liter

di vaI @ ﬁi‘m‘g“ﬁe solution were together refluxed at 90[err]C for 55
hour rerl uxed m xture 5 was filtered and washed to renpbve excess

met aI |ons The cl eaned mi xture was dy3 ed overnight at roomtenperature
and further dried in a streamof argon at 200[err]C for 3 hours. The dried

m xture was confirnmed to be a dival ent co ﬂﬁéuﬁﬁ

VOVb. 5P] er MON &2 % N EXGHANGER %@P S‘@D Wael AR ned in

the steanof air-m xe§%%4® ASVPng? ane concentration of 2.0 vol %
at 480[err]C for 12 hours. The X-ray dlffractlon spectrumof a dry mass of

t he produced copper ion-exchanged phosphorus-vanadi um oxi de
(VONi[err].[err]PJerr]) was found to have such main peaks as shown in

Table 15 1. Vg—iﬂ"‘l‘ % of the copper ion-exchanged
phosphor ous- vanadi um OXI%% IS shown in Table 2. Exanple 6
VOHPO err] - 1. 5H err] O has Agtatddr Ep-1sy-chapges PH@SW%| UARsE oK@ RRound

(Merr]Qerr]) apt eRRESRN kI I Yirithd form
VOPg err][err]2.0H agrﬁg(ag&gﬁd@?efl uxi ngd?ﬁé@g?ggﬁﬂéed co%pgboétﬁtgglén%rgf}%anol

at 110[err]C. IrF ted by, thgud Aol /1iter
5 VOHPO, +nH,0 (1)
wherein n fulfills the expxession, 0 & n S 2.0, with an
aqueous divalent metal salt solution thereby effecting the
exchange of H present between the layers of said vanadyl
. hydrogen orthophosphate hydrate and drying the resultant ion
10  exchanger.
2. A compound according to claim 1, wherein the
interlayer distance is in the range of 7.0 to 8.2 A.
3. Ametal ion-exchanged phosphorus-vanadium compound
obtained by treating vanadyl hydrogen orthophosphate hydrate
15 represented by the formula (1)
VOHPO, -nH;0 (1)
wherein n fulfills the expression, 0 £ n & 2.0, with an

aqueous divalent metal salt solution thereby effecting the

exchange of H' present between the layers of said vanadyl
20 hydrogen orthophosphate hydrate, drying the resultant ion

exchanger, and calcining the dried ion exchanger.

4. A compound according to claim 1 or claim 3, wherein
said divalent metal is at least one member selected from the
group consisting of cobalt, nickel, copper, zinc, manganese,

25 iron, magnesium, palladium, platinum, and germanium.

5. A method according to claim 1 or claim 3, wherein
said drying is carried out at a temperature in the range of
150° to 250 °cC.

6. A method according to claim 3, wherein said

30 calcination is carried out in the presence of a hydracarbon
under an reducing atmosphere at a temperature in the range of
350° to 600 °cC.
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di val ent zinc acetate solution, 6.0 g of the (VOHPO err][err]1.5H err] O
was re1l C for 30 hours. The mixture resulting fromthe

refl ux [uun llf“"ﬁ%fﬂiﬂ washed to renove excess netal ions. 25 The cleaned
m xture*was d¥ried overnight at roomtenperature. It was further dried in a
stream of argon at 200[err]C for 3 hourg, This dried mxture was found to
be a divalent zinc ion exchanger of (VO\ﬁ). [err]Pd err]). The zinc ion
exchanger was calcined in a streamof air-m xed gas having a normal but ane

concentration of 2.0 80 avebPeficat8Py&r rdcenbaroda R@H&ﬁ iohDExdh
diffraction spectrumof a dried nmass of the produced zinc-exc an e

phosphor us- vanddi®§ B‘XY%’é’aP@@ZW[‘éﬁm}’oF%‘?rﬁqquéFFi})m\/\/a&Yf%ﬁélaW Have such
mai n peaks as ghown in Table 1. Lattice 17 constant of the zinc

I on- exchanged phOSphoéySAOge{t%?ygé t% tl.,ma gaseoub plzase2partia]18o>L1e<§arJion

6 of a hydrocarbon, formed of a metal ion-exchanged

phosphorus-vanadium compound set forth in any of claims 1 -
6.



19 Table 2 Lattice Const. (A ab : c

VOHPO err][err] 1- 5Herr]O 7.43 9. 62

7.97 VONi [err].[err]POerr] [err] 1. 5Herr] O 7.43 9.74
7.90 VOCO err].[err]PO[err] 1. 1.5Herr]O 7.43 9.78
7.84 VOCu[err][err]PO[err][err] 1. SH<¥r]O 7.43 9.70
7.31 VOZn[err][err]PJerr] 1. 5Herr]O 7.43 9. 88
7.25 5 A NONMMETAL ISNRWXCgANGEDEPHOSPHEERTSYEANADIM COMPEOUNDOAND t he

phousphor ous- vanadi ursciampacad CAThkYsT UsINGOIHE ToMprbuUNDe val ue of c axis

about the lattice constant. Table 3 Ni Co d val ue
Strength d val ue Strength (A) (A

5. 86 W 5.79 W 4. 46 wW

4.43 WM 3. 45 w 3.4 W M
3.07 8 3.04 VS 2. 95 w

2. 89 WM 2. 57 W M
S %4 w ) BBSTRACT OF ™R DISCL%UF% Svaml es 7 - 10

A metal ion-exchanged phosphorus-vanadium compound
obtained by treating vanadyl hydrogen orthophosphate hydrate
represented by the formula (1)

b VOHPO,-nH,;0 (1)
wherein n fulfills the expression, 0 = n & 2.0, with an
aqueous divalent metal salt solution thereby effecting the
exchange of H' present between the layers of said vanadyl
hydrogen orthophosphate hydrate, drying the resultant ion
10 exchanger, and if necessary calcining the dried ion exchanger,
a solid acid and a partial oxidation catalyst for hydrocarbons

containing the compound.

No drawing to accompany the abstract upon

publication.
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20 Synthesis of nal ei c anhydride by oxidation of n-butane The terns
"conversion, " "selectivity, " and "yield" are defined as foll ows.
Conversion (nmol % = (Nunber of nols of butane consuned 5 by
reacti on/ nunber of nols of butane fed to the reaction) x 100 Selectivity
(mol %9 = (Number of nols of formed mal ei ¢ anhydri de/ nunber of nols of

but ane consumed by reaction) x 100 Yilefd (rmol % = (Conversion Selectivity)
x 100 10 A sanple, 10 g in weight, of each netal ion--exchanged
vanadi um phosphorus oxi des obtained in Exanple 1 and Exanples 4 - 6 was
nol ded in the formof pellets, 5 nmin dianeter and 5 mmin height. A flow
type reaction vessel was packed w tytge |l etg. A m xed gas conpri sing
n-butane with air having 15 a n-bu ni dzgcent ation of 1.5 volt was

i ntroduced at a spati al ocity of 2000 hr[err] into the reaction vessel
to i nduce gaseous-pha Lon of n-butane. The results are shown in
Table 4. Table 4 Exa Cat al yst Reacti on Conver si on

. 1an
Sel ectivity(% tenpei) [&rr]

| e
ture

VOHPO4'0.5HzO
OV « PO O OH ®H,0 ® M*

VOHPO, * 0.5H,0

OV ¢ PO O @ OH ®H,0 @ M*



([érr]C) Exanpl e Cat al yst of 450 75 58 7 Ex. 1

(Co) Exanpl e Catal yst of 450 80 52 8 Ex.4 (N)
Exanpl e Cat al yst of 450 85 49 9 Ex.5 (Cu)
Exanpl e Cat al yst of 450 80 57 10 Ex. 6 (Zn) 20

Examples 11 - 14 21 Synthesis of nethacrolein and nethacrylic acid by
oxi dation of 1-butane The terns "conv ,on, " "selectivity, " and "yield
are defined as follows. 5 Co eﬁsion (mol 99 = (Nunber of nols of
but ane consumed by reaction/ nunber of nols of butane fed to the reaction) x
100 Sel ectivity of methacrolein (I =.,(Nunper of nols of fornmed

R G

nmet hacr ol ei n/ nunber of nols of bu su by 10 reaction) x 100

| 7.97A -]

25A >

7.90
~T.

VOM?Z*, ,PO, ¢ 1.5H,0
OV «P O O & OH ®H;0 @ M*



Selectivity of nmethacrylic acid (nmol % = (Nunmber of nols of forned

nmet hacrylic aci d/ nunber of nols of butane consunmed by reaction) x 100 Yield
(mol 99 = (Conversion x Selectivity) x 100 15 A sanple, 10 g in

wei ght, of each netal ion-exchanged vanadi um phosphorus oxi des obtained in
Exanple 1 and Exanples 4 - 6 was nolded in the formof pellets, 5 nmin
dianeter and 5 mMmmin height. A flom/t¥g84!eaction vessel was packed with
the pellets. .A m xed gas conprising 1l-butane and steamwi th 20 air having a
1- but ane concentration of 20 vol % and a steam concentration of 10 vol % was
introduced at a spatial velocity of 2000 hr[err] into the reaction vessel
to i nduce gaseous-phase oxidation of n-butane. The results are shown in

Tabl e 5. 22 Table 5 Exanpl e Cat al yst React i on Conver si on
Selectivity(% tenperature ([err]) Met hacr ol ein Met hacgylic
([err] O aci d Exanpl e Catal yst 450
15 11 375 1T EX. T (Co) Exanple Catal ®&st ~f 450
10 14 2.5 12 Ex.4 (N) vy

40.00

2 0

FIG.4

20.00

L

10.00

4.00K
o 2.00



Exanpl e Cat al yst of 450 17 19 4.0 13
Ex.5 (Cu) Exanple Catal yst of 450 19 10

1.5 14 Ex.6 (Zn) The entire disclose of Japanese Patent Application
Nos. 5 8-52001 and 8-52002 both filed on March 8, 1996 i ncl udi ng
specification, clains, drawing and summary are incorporated herein by
reference in its entirety. 23 NONA4VEBAL | ON- EXCHANGED

PHOSPHORUS- VANADI UM COMPOUND AND SCOLI D ACI D CATALYST USI NG THE COVPOUND
1111111 1212171 12121 11211 11 1111 WHAT IS CLAIMED IS: 1. Anet al

i on- exchanged phosphor us-vanadi um conpound obt ai ned by treating vanadyl
hydr ogen ort hophosphate hydrate represented by the fornmula (1) 5

VOHP err].nH err] O (1) wherein n fulfills the
expression, O [err] n [err] 2.0, with an aqueous dival ent netal | t
solution thereby effecting the exchange of H present & ayers of
said vanadyl hydroger| orthophosphate hydrate and drying the rgsiant ion
10 exchanger. SRVl
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2.« A conpound according to claim 1, wherein the interlayer di stance |s in
the range of 7.0 to 8.2 A 3. A net=a on- hanged-phosphe

co obt ai @EAR@HREM)Ma?PPhWWBQ%O prhosphate hydrate 15
re ed. by the formula (1) VOHPQ err] nHerr}.O (1)

wherdn n fulfills the expression, {0 [err] n [err]- “2.0, with an _agueous

dﬂ\E&(’EmFTEIEAMRAGCH utlon thereby effectl ng the exchange of H[err]

hydr at e, dry| ng the resul tant |on exchanger and caI cr ni ng the dr| ed i on
exchanger. 4. A corrpound according to claim 1 or cI ai m 3 wherein said
di val ent net aNQ¥ERMEEAETONEXGHANGEIS PHOSRHGR ANMADIAMD consi st ng of
cobal t, ni CE@MPOWIANBISQLIDMMYST USiNG THEMEQIE_@aI | adi um

pl ati num and germanium 5. A conpound according to claim1 or claimS3,
wherein said drying is carried out at a tenperature in the range of
150[err] to 250 [err]C. 6. A conpound according to claim 3, wherein
said 30 cal ci nathonretsl caon+edhongeiin phhepheamyesadiumy ‘I’W%’@é‘rit)on under

an 1educl ng, 3L IRANSY ¢:8kend YARRAF WyRrbeh rchBpAGsptatd Mt 0 600

represented by the formula (1} '

oo VOHPO-nH,0 ' (1)
wherein n fulfills the expression, 0 S n = 2.0, with an
aqueous divalent metal salt solution thereby effecting the '
exchange of W' present between the layers of said vanadylf:‘
hydrogen orthophosphate hydrate, drying the -resultant ion ,{
exchanger, and if necessary calcining the dried ion exchanger,
a solid acid and a partial oxidation catalyst for hydrocarbons !

containing the compound.

No drawing to accompany the abstract upon

publication.
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24 7. A solid

a
conpound set 6. 8. A catalyst for tghe;

gaseous- phase a hydrocarbon, formed"' of a
metal ion-ex anadi um conmpound set forth Antnasy of
clainms 1 - . 23

metal ion-exchanged Hﬁos‘bﬁm‘uts"-vg%adl um
1
of

NON METAL ION~EXCHANG:ED PHOSPHORUS-VANADIUM COMPOUND AND
SOLID ACID CATALYST USING THE COMPOUND

A DB L
WHAT IS CLAIMED IS:

1. Amnetal ion-exchanged phosphorus-vanadium compound
obtained by treating vanadyl hydrogen orthophosphate hydrate
represented by the formula (1)

5 VOHPO, +nH,0 (1
wherein n fulfills the expression, 0 S n S 2.0, with an
aqueous divalent metal salt solution thereby effecting the
exchange of H present between the layers of said vanadyl
hydrogen orthophosphate hydrate and drying the resultant ion
10 exchanger.

2. A compound according to claim 1, wherein the
interlayer distance is in the range of 7.0 to 8.2 A.

3. Ametal ion-exchanged phosphorus-vanadium compound
obtained by treating vanadyl hydrogen orthophosphate hydrate

18 represented by the formula (1)
VOHPO,; *nH>0 (1)
wherein n fulfills the expression, 0 = n S 2.0, with an
aqueous divalent metal salt solution thereby effecting the
exchange of H' present between the layers of said vanadyl
20 hydrogen orthophosphate hydrate, drying the resultant ion
exchanger, and calcining the dried ion exchanger.

4. A compound according to claim 1 or claim 3, wherein
said divalent metal is at least one member selected from the
group consisting of cobalt, nickel, copper, zinc, manganese,

25 iron, magnesium, palladium, platinum, and germanium.

5. A compound accerding to claim 1 or claim 3, wherein
said drying is carried out at a temperature in the range of
150° to 250 °c.

6. A compound according to claim 3, wherein said

30 calcination is carried out in the presence of a hydrocarbon

under an reducing atmosphere at a temperature in the range of
350° to 600 °c.



