
Title: VANADIUM/PHOSPHORUS MIXED OXIDE CATALYST PRECURSOR Abstract: A
process for the preparation of a vanadium/phosphorus mixed oxide catalyst
precursor is described, comprising the  reaction of a vanadium source in
selected organic media in the presence of a phosphorus source. The organic
medium comprises:  (a) isobutyl alcohol or a mixture of isobutyl alcohol
and benzyl alcohol and (b) a polyol in the weight ratio (a) to (b) of 99:1
to 5:95. After its activation, the vanadium/phosphorus mixed oxide catalyst
precursor is an excellent catalyst in the conversion of  non-aromatic
hydrocarbons like n-butane to maleic anhydride. 



29 November 2003 WO 00/72963 1  Vanadium/Phosphorus Mixed Oxide Catalyst
Precursor PCT/EP00/04939 The invention relates to a process for the
production of a vanadium/phosphorus mixed oxide  catalyst precursor, its
transformation into the active catalyst and a process for the production  5
of maleic anhydride using this catalyst. Maleic anhydride is a well known
and versatile intermediate for manufacturing unsaturated  polyester resins,
pharmaceuticals or agrochemicals. It is usually produced by catalytic
partial  oxidation of aromatic (e. g., benzene) or non-aromatic (e. g.,
n-butane) hydrocarbons. 10 The main component of the active catalyst in the
oxidation of non-aromatic hydrocarbons like  n-butane to maleic anhydride
is vanadyl pyrophosphate, (VO)2P207, which as a rule is  obtained by
thermal treatment of vanadyl acid orthophosphate hemihydrate of the formula
(VO)HP04.0.5H20, acting as catalyst precursor. Both vanadyl pyrophosphate
and vanadyl 15 acid orthophosphate hemihydrate may, if desired, be
accompanied by a promoter element  selected from the groups IA, IB, IIA,
IIB, IIIA, IIIIB, IVA, IVB, VA, VB, VIA, VIB and  VIIIA of the periodic
table of elements, or mixtures of such elements. Methods for preparing the
precursor compound conventionally involve reducing a pentavalent  vanadium
compound under conditions which will provide vanadium in a tetravalent
state 20 (average oxidation number +IV). Prior art knows a great many
different procedures, which however in general involve the use  of vanadium
pentoxide (V205) as a source of pentavalent vanadium and orthophosphoric
acid  (H3PO4) as the phosphorus source (see e.g. US-A-S 137 860 or EP-A-0
804 963). 25 As a reducing agent in principle any inorganic or organic
compound containing elements  which are able to act as a redox couple
possessing an oxidation potential suitable for this kind  of reaction may
be suitably applied. The most common reducing agent is hydrogen chloride in
aqueous solution. 



Also favourably applied are organic media like primary or secondary
aliphatic alcohols or 30 aromatic alcohols such as benzyl alcohol as these
compounds seem to at least in part dissolve  the reactants and thereby
facilitate the redox reaction. 29 November 2003 WO 00/72963 PCT/EP00/04939
2  The most preferred organic reducing agent is isobutyl alcohol as
isobutyl alcohol combines  optimal characteristics such as (i) a boiling
point of 108 C at atmospheric pressure, (ii)  dissolution of the vanadium
alcoholates formed from V205, thus favouring a complete redox reaction in
the liquid phase and (iii) achieving a redox potential for the couples
isobutyl 5 alcohol/isobutyraldebyde and isobutyl alcohol/isobutyric acid
suitable to let the alcohol act as  reducing agent. The tetravalent
vanadium reacts with phosphoric acid (H3PO4) and leads to  precipitation of
the precursor vanadyl acid orthophosphate hemihydrate of the formula
(VO)HP04.0.5H20. The precipitate is usually washed with isobutyl alcohol
and subsequently  dried. 10 A major disadvantage of the conventional method
as described above is that even after drying  the..precursor contains some
percent. of organic compounds. from the organic reaction medium,  compounds
which are supposedly either (i) strongly adsorbed at the solid surface, and
therefore not easily removable by the washing and drying treatment, or (ii)
physically trapped  15 in between the crystals of the precursor, or (iii)
physically or chemically trapped  ("intercalated") in the crystalline
structure of the precursor. It has been found that this percentage of
organic compound which remains trapped in the  precursor is a fundamental
parameter which can adversely affect the performance  characteristics of
the active catalyst obtained after the thermal treatment. 20 The object of
the present invention therefore was to provide a method for controlling the
carbon content in a vanadium/phosphorus mixed oxide catalyst precursor and
accordingly to  



provide a superior catalyst precursor which, when activated, leads to
superior results in the  conversion of a non-aromatic hydrocarbon to maleic
anhydride. 25 It was found that the objectives could be achieved with a new
process for the preparation of a  vanadium/phosphorus mixed oxide catalyst
precursor according to claim 1. The invention comprises reducing a source
of vanadium in the presence of a phosphorus  30 source in an organic medium
which comprises (a) isobutyl alcohol or a mixture of isobutyl alcohol and
benzyl alcohol and  (b) a polyol in the weight ratio of 99:1 to 5:95. 29
November 2003 WO 00/72963 PCT/EP00/04939 3  In a mixture of isobutyl
alcohol and benzyl alcohol the benzyl alcohol content is as a rule between
5 and 50 wt.%. As a source of vanadium a tetravalent or pentavalent
vanadium compound may be applied. 5 Representative examples, although not
limiting, are vanadium tetrachloride (VCl4), vanadium  oxytribromide
(VOBr3), vanadium pentoxide (V205), vanadyl phosphate (VOP04-n H20) and
vanadium tetraoxide (V204). Vanadium pentoxide is the preferred vanadium
source. As mentioned above, the vanadium source may, if desired, be
accompanied by promoter  elements selected from the groups IA, IB, IIA,
IIB, IiIA, IIIIB, IVA, IVB, VA, VB, VIA, VIB  to and VIIIA of the periodic
table of elements, or mixtures thereof. Preferred promoter elements are
selected from the group consisting of zirconium, bismuth,  lithium,
molybdenum, boron, zinc, titanium, iron and nickel. Orthophosphoric acid
(H3PO4) is the preferred phosphorus source. 15 Isobutyl alcohol is the
preferred component (a). Polyols which can be used as the component (b) are
expediently C2-6 aliphatic polyols,  



preferably C2,-alkanediols such as 1,2-ethanediol, l,2-propanediol,
1,3-propanediol, 20 1,2-butanediol, 1,3-butanediol, 1,4-butanediol,
2,3-butanediol, 1,2-pentanediol, 1,3-pentane- diol, 1,4-pentanediol,
1,5-pentanediol, 2,3-pentanediol, 2,4-pentanediol, 1,2-hexanediol,
1,3-hexanediol, 1,4-hexanediol, 1,5-hexanediol, 1,6-hexanediol,
2,3-hexanediol, 2,4- hexanediol, 2,5-hexanediol and 3,4-hexanediol. 25 Most
preferred polyols are the C2-A-alkanediols 1,2-ethanediol, 1,3-propanediol
and  1,4-butanediol. The preferred mixture of alcohols contains 5 to 30
mol% of polyol with repect to isobutyl  alcohol. 30 As a rule the vanadium
source together with the phosphorus source is suspended in the  organic
medium and the mixture is kept under agitation at a temperature of
expediently 90 C  to 200 C, preferably 100 C to 150 C over a period of I h
to 24 h. 29 November 2003  WO 00/72963 PCT/EP00/04939 4  The ratio of
vanadium source to phosphorus source is conveniently such that the P/V
atomic  ratio is in the range of 1:1 to 1.3:1, preferably 1.1:1 to 1.2:1.
As a rule after the reduction the precursor vanadyl acid orthophosphate
hemihydrate of the  5 formula (VO)HPO4-0.5H20 is formed which is filtered,
washed and subsequently dried at a  temperature of expediently 120 C to 200
C. Due to the reduction treatment according to the invention the carbon
content of the precursor  can be controlled in the range of 0.7 wt.% to
15.0 wt.%, preferably in the range of 0.7 wt.% to  IO 4 wt.%. It has been
found that best results are obtained with catalyst precursors which, after
an  additional thermal treatment at about 300 C for about 3 hours in air
have a residual carbon  content of 0.7 wt.% to 3 wt.%, most preferably 0.8
wt.% to 1.5 wt.%. 15 Once prepared the precursor can in view of its fu ther
activation treatment be formed into  



defined structures with defined properties. Such procedures may include wet
grinding to a  specific particle size, the addition of additives to improve
attrition resistance, and the  formation of a convenient shape. 20 A
spherical shape for instance is most suitable for the application of the
catalyst in a fluidized bed. The further transformation of the so formed
precursor into the active catalyst can be  performed following a great
number of activation processes known in the art, but in general 25 include
a heat treatment applying temperatures of up to 600 C. More in detail,
these processes may involve: (a) an initial heating of the precursor to a
temperature not to exceed 250 C (b) a further heat treatment from about 200
C to at least 380 C to 600 C at the  maximum 30 (c) maintaining the
temperature of stage (b) over a certain time and (d) cooling the activated
catalyst, thereby maintaining an individually controlled atmosphere  in all
steps. 29 November 2003  WO 00/72963 PCTIEP00104939 5  In a preferred
embodiment, the activation of the precursor is accomplished using the
procedure described in EP-A-0 804 963. In a more preferred embodiment, the
activation comprises the steps of 5 (a) heating the catalyst precursor from
room temperature to a precalcination temperature  of about 300 C in air or
oxygen-depleted air (b) keeping at said precalcination temperature, (c)
further heating the precalcined catalyst precursor in nitrogen up to a
calcination  temperature of about 550 C and 10 (d) keeping at said
calcination temperature. After. the. transformation into ..the..
active.catalyst.the.catalyst is. ready to be applied for. the  conversion
of non-aromatic hydrocarbons to maleic anhydride. 



15 Such processes are well known in the art, e. g. from US-A-4 594 433,
US-A-S 137 860 or  US-A-4 668 652. In general the non-aromatic hydrocarbon
is converted with oxygen or an oxygen containing  gas at a temperature from
about 320 C to 500 C to maleic anhydride. The non-aromatic 20 hydrocarbon
is expediently selected from aliphatic C,p hydrocarbons, preferably
n-butane.  The conversion can take place in a fixed bed or a fluidized bed
reactor but preferably in a  fluidized bed reactor. The following examples
are given by way of illustration only and are  not construed as to in any
way limit the invention. 25 Examples: In the following examples, the carbon
content was determined by combustion in pure oxygen  at high temperature
using the apparatus and procedure described below and detection of the  30
carbon dioxide formed by infrared analysis. Apparatus:ELTRA 900CS Measuring
range:0.001-100 wt.% C 29 November 2003 WO 00/72963 PCT/EP00/04939 6
Sensitivity: 0.0001 wt.% C  Time per sample: 90 s Sample size: 0.1.0.5 g
Oven temperature: 400-1500 C  5 Oxygen purity: 99.5 % min.  Oxygen flow
rate: 4 I/min Procedure:  The furnace was heated up to 1330 C and oxygen
flow was opened 10 minutes before  starting the analysis. High carbon
content detector was selected and calibrated with standard 10 samples
having known carbon content. The sample size used was 150  10 mg.
Comparative Example 1 (following example 1 (comparison) of EP-A 0 804 963) 



15 Into a three-necked 1-1 flask fitted with thermometer, mechanical
stirrer and packed glass  distillation column with reflux condenser and
water separator (cf example 5), were introduced  8.209 of V205 and 10.1 g
of H3PO4 (100%), suspended in 75 ml of isobutyl alcohol (99%+).  The
mixture was then kept under agitation and heated up to reflux and left at
these conditions  for 6 h. The colour of the mixture changed from red-brown
to dark green and then finally to 20 bright blue. The mixture was cooled to
room temperature, then filtered and washed with a large excess of  isobutyl
alcohol. The solid was then dried in air at 125 C for 5 h. The carbon
content of the  dried precipitate was 0.6 wt.%. The solid was then treated
in air by heating from room temperature to 300 C (heating rate  25 1
K/min), then left at 300 C for 6 h, heated in N2 up to 550 C (heating rate
i K/min) and  finally left at 550 C for 6 h. After the precalcination step
(in air at 300 C), the residual  carbon content was 0.5 wt.%. 29 November
2003 WO 00/72963 7  Comparative Example 2 PCTIEPOO/04939 The preparation of
the precursor was done as described in comparative example 1, but the
thermal treatment was done according to the procedure of example 4 of
EP-A-0 804 963:  5 (a) heating in air from 25 C to 180 C at a heating rate
of 4 K/min (b) further heating from 180 C to 425 C in a mixture of air (70%
vol) and steam (30% vol)  at a heating rate of 1.5 Klmin (c) isothermal
step at 425 C in the same atmosphere as in step (b), for 2 h (d) isothermal
step at 425 C in an atmosphere of nitrogen (70% vol) and steam (30% vol)
for 3 h  10 (e) cooling in a mixture of nitrogen and steam at a rate of -2
K/min. Comparative Example 3 15 The preparation of the precursor was done
as described in comparative example 1, but the  isobutyl alcohol was
replaced by 35.5g of 1,3-propanediol. 



The dried catalyst precursor had a carbon content of 11.6 wt.%. The
activation was performed according to the procedure of comparative example
1. 20 Example 1 4.11 g of V205 and 5.11 g of H3P04 (100%) were suspended in
37.5 ml of a mixture of  1,2-ethanediollisobutyl alcohol (20/80 v/v). The
mixture was kept under agitation and heated 25 up to reflux, and left at
these conditions for 6 h. The color of the mixture changed from red- brown
to dark green and then finally to bright blue. The mixture was cooled to
room temperature, then filtered and washed with a large excess of  isobutyl
alcohol. The solid was then dried in air at 125 C for 5 h. The dried
catalyst precursor had a carbon content of 2.3 wt.%, while after the
precalcination  30 treatment in air at 300 C the amount of residual carbon
was 1.2 wt.%. The activation was performed according to comparative example
1. 29 November 2003  WO 00172963 PCT/EP00/04939 8 Comparative Example 4 The
same procedure as in example 1 was carried out, with the exception of
1,2-ethanediol  being replaced with benzyl alcohol. 5 The dried catalyst
precursor hat a carbon content of 1.6 wt.% while after precalcination the
residual amount of carbon was 0.4 wt.%. The activation was performed
according to the procedure of comparative example 1. t o Example 2 .. 8.20g
of V205 and 10.07 g of H3P04 (l00%) were suspended in 75 ml of a mixture of
I,3-propanedioVisobutyl alcohol (20/80 v/v). The mixture was kept under
agitation and heated  up to reflux, and left at these conditions for 6 h.
The color of the mixture changed from red 15 brown to dark green and then
finally to bright blue. The mixture was cooled to room temperature, then
filtered and washed with a large excess of  isobutyl alcohol. The solid was
then dried in air at 125 C for 5 h. 



The dried catalyst precursor had a carbon content of 2.8 wt.% while after
precalcination the  residual amount of carbon was 1.8 wt.%. 20 The
activation was performed according to the procedure of comparative example
1. Example 3 25 The procedure of example I was repeated, but as reducing
agent 37.5 ml of a mixture of  1,4-butanediol/isobutyl alcohol (20/80 v/v)
was chosen. The dried catalyst precursor had a carbon content of 1.6 wt.%
while after precalcination the  residual amount of carbon was 1.1 wt.%. The
activation was performed according to the procedure of comparative example
1. 30 29 November 2003  WO 00172963 PCT/EP00/04939 9 Example 4 The
procedure of example I was repeated, but as reducing agent 37.5 ml of a
mixture of  1,3-butanediol/isobutyl alcohol (20/80 v/v) was chosen. 5 The
dried catalyst precursor had a carbon content of 1.6 wt.% while after
precalcination the  residual amount was 1.4 wt.%. The activation was
performed according to comparative example 1. to Example 5 The procedure of
example 3 was repeated (using the apparatus described in comparative
example 1), but the water generated during the reaction was partially
removed by azeotropic  destillation. 15 The dried catalyst precursor had a
carbon content of 2.3 wt.% while after precalcination the  residual amount
was 1.5 wt.%. The activation was performed according to comparative example
2. 20 Catalytic tests The catalytic tests were performed at atmospheric
pressure in a fixed-bed stainless steel  laboratory reactor (length 25.4
cm, diameter 1.27 cm) loaded with 3 g of catalyst. The  



products were collected and absorbed in anhydrous acetone and analysed by
gas 25 chromatography. The performance of the catalyst was determined on
the basis of the percent  conversion of n-butane fed to the reactor
(together with oxygen and helium), the yield of  malefic anhydride
recovered in the absorber (MA yield) in % and the selectivity of the
conversion towards maleic anhydride (MA selectivity) in %. The following
conditions were maintained during the tests: 30 W/F (weight of
catalyst/total volumetric flow rate): 1.3 gs/ml feed composition: 1.7 %
n-butane, 17.2% 02, rest He  measurement: after 200-300 h time-on-strearn
(stable  catalytic performance). 29 November 2003 WO 00/72963 I0  The
results obtained for the various catalysts are summarised in table 1. Table
1. PCT/EPOO/04939 Example No.9 [C]Conversion [%]MA Yield [%]MA Selectivity
[%] 3609.86.465.3 38016.711.468.3 Comp.140026.317.265.4 42039.526.166.1
44053.832.961.2 36012.28.771.3 38018.012.468.9 Comp.240026.818.267.9
42039.625.564.4 44056.034.461.4 46071.540.356.4 3609.50.66.3 



Comp. 338030.52.16.9 40040.62.35.7 42043.63.68.3 36011.17.568
38017.111.768.5 Comp. 44Q026.517.566.2 42039.525.765 44055.135.063.5
36016.712.172.2 138034.924.068.7 40042.329.770.2 42047.230.464.5
36020.615.374.3 240047.633.971.2 42059.138.465.0 29 November 2003 WO
00/72963 Table 1 (continued) 11 PCT/EP00/04939 Example No.3 [C]Conversion
[%]MA Yield [%]MA Selectivity [%] 36039.727.870.0 337051.936.069.4
40072.544.661.5 42084.244.352.6 36026.018.772.1 438053.738.271.2
40067.444.065.3 42075.342.856.8 



36040.128.170.1 537857.339.769.3 40072.945.061.8 42085.345.253.0 From the
examples reported above it is clear that the best performance (i. e., the
highest yield  is obtained for those catalysts (Ex. 3 and 4) which fulfil
both the requirements of having a 5 carbon content in the precursor of 1 to
2 wt.%, and a residual carbon content after pre- calcination at 300 C in
air of 0.8 to 1.5 wt.%. 29 November 2003 Claims 12 1. A process for the
preparation of a vanadium/phosphorus mixedoxide catalyst precursor
comprising the reaction of vanadium pentoxide in an organic medium in the
presence of a 5 phosphorus source, characterised in that the organic medium
comprises (a) isobutyl alcohol or a mixture of isobutyl alcohol and benzyl
alcohol and  (b) a polyol in the weight ratio (a) to (b) of 99:1 to 5:95. t
0 2. The process of claim 1, wherein the phosphorus source is phosphoric
acid. 3. The process of claim I or 2, wherein the component (a) of the
organic medium is isobutyl  alcohol. t5 4. The process of any one of claims
Ito 3, wherein the polyol is a CC-6 aliphatic polyol. 5. The process of
claim 4, wherein the C.2 a aliphatic polyol is a G e-alkanediol, preferably
a  C.4-alkanediol. 20 6. The process of anyone of claims Ito 5, wherein the
reaction takes place at a temperature  of 90 C to 200 C. 7. A
vanadium/phosphorus mixed oxide catalyst precursor, obtained from a process
according to any one of claims 1 to 6 and having a carbon content in the
range of 0.7 wt.%  25 to 15 wt.%. 8. The vanadiurnlphosphorus muted oxide
catalyst precursor of claim'7, wherein after an  



additional treatment at 300 C for 3 hours in air the carbon content is
between 0.7 wt.%  and 3 wt.%. 3D 9. The vanadium/phosphorus mixed oxide
catalyst precursor of claim 8, wherein the carbon  content is between 0.8
wt.% and 1.5 wt %. AMENDED SHEET 29 November 2003 13  10. A process for the
transformation of the catalyst precursor of claim 7 into an active catalyst
for the production of maleic anhydride, which process comprises a heat
treatment-of the  catalyst precursor at temperatures of up to 600 C. 5 11.
The.process of claim 10 wherein the heat treatment comprises the steps of
(a) heating the catalyst precursor from room temperature to a
precalcination temperature  of about 300 C in air or oxygen-depleted air
(b) keeping at said precalcination temperature, (c) further heating the
precalcined catalyst precursor in nitrogen up to a calcination  l0
.................... temperature of about 550 C and (d) keeping at said
calcination temperature. 12. An active catalyst for the production of
maleic anhydride, obtained by the process of  claim 10 or 11. is 13. A
process for the production of maleic anhydride, which comprises converting
a feeding  gas comprising a non-aromatic hydrocarbon having at least 4
carbon atoms and oxygen in  the presence of the active catalyst of claim 12
at a temperature from 320 C to 500 C. 20 ' 14. The process of claim 13
wherein the non-aromatic hydrocarbon is n-butane. AMENDED SHEET 


