Title: VANADI UM PHOSPHORUS M XED OXI DE CATALYST PRECURSCR Abstract: A
process for the preparation of a vanadi uni phosphorus m xetp xiethberc@bal yst
precursor is described, conprising the reaction of a vanadi um source in
sel ected ory@fieg29tedi a in the presence of a phosphorus sGTEEIHRE or ganic
medi um conprises: (a) isobutyl alcohol or a mxture of isobutyl alcohol

and benzyl__al cohol and (b)_ a | yol .in Hkﬁ_wei ht ratio (a) to (b) of 99:1
to 5:95. AY%W‘WT@haﬂIhW%&M&?,H?}%%Q%{ﬁgﬁ fFPR8sphor us ni xed oxi de catal yst
Ergcur so[) is an excellent catalyst in the conversion of non-aromatic
ydrocarbons |ike n-butane to nmalei c anhydride. 2
00/ 72963 The invention relates to a process for the production of a vana lunl}llgt\{c?sgggr{xs r%?x?: 0>\(/}Qe

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 {(¢. g., n-butane) hydrocarbons.

10
The main component of the active catalyst in the oxidation of non-aromatic hydrocarbons ike

~p<butane to maleic anhydride is vanadyl pyrophosphate, (VO),P,0,, which as a rule is

obtained by thermal treatment of vanadyl acid orthophosphate hemihydrate of the formula
(VO)HPO,-0.5H,0, 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, lIA, IIB, IIIA, IIIB, 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 (V,0;) as a source of pentavalent vanadium and orthophosphoric acid
(H,PO,) as the phosphorus source (see e.g. US-A-5 137 860 or EP-A-0 804 963).

25  As areducing agent in principle any inorganic or organic compound confaining 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.
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conventional ly involve reducing a pentaval ent vanadi um conpound under

condi ti ongltigfhi ch will provide vanadiumin a tetraval ent state 20 (average
oxi dat j,on nunber +IV). Prior art knows a great many different procedures,
whi ch however in general involve the use of vanadi um pentoxide (V205) as a
sour ce of Amajoadmhdantagaefabl comventidnad medtiwdhe dgfenbddnbavd id thaf #RP@AYr diginghe
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al cohol's or 30 aromafic al cohols such as %enzyl al cohol as these conpounds
seem t o at(“ipterestated?) ip slxet cryftaliing) spractuselpd the@seetesat. s and thereby facilitate the

redox r eaci{ Illa(s) %éenzfgmhpfﬂgtrm E;ez%&(?z?ge 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 resuits 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 I.

The invention comprises reducing a source of vanadium in the presence of a phosphorus
30  source in an organic medium which comprises

(a) isobutyl alcoho! or a mixture of isobutyl alcohol and benzyl alcohol and

{b) a polyol

in the weight ratio of 99:1 to 5:95.



WO 00/ 72963 PCT/ EPO0O/ 04939 2 The nost preferred organic reducing agent is
i sobutyl al cohol as isobutyl alcohol conbines optinal chaEHeteatbeSINES such,
as (i) a boiling point of 108 C at atnospheric pressure, (l_l i di ssol ution
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The t et r ayalvesis marsadiuya reacts with phosphoric acid (H3PO4) and | eads to
precipitation of the precursor vanadyl acid orthophosphate hem hydrate of

the formula (VO HPO4.0.5H20. The precipitate is usually washed with

i sobutyl  akgah@le gensinbs & eiuamldny or shntaeslent VanaBivimidiipodid may Bhimtied.of t he
conventional nethod as described above is that even f%%(r)( igﬁ?.
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therefore was to provide a nethod for controlling the carbon content in a :
- vanadi-unt BhdapesivkAepin ek pae taatumjop g Wgkflsor and accordingly to

provi de a superior catal yst precursor which, when activated, |leads to )
superior results in the conversion of a non-aromatic hydrocarbon to nal eic
anhydr i de OrtB&pHospheais afid (A Oy Hathempradersidjphespho@s sedtH d be achi eved with a new
process for the preparation of a vanadi um phosphorus m xed oxi de cat al yst
pr ecur'or accor di ng to claim11. The invention conprises reducing a source

of vanadi wabithl dikthopiks esqiefer«iicomppirms@hor us

Polyols which can be used as the component (b) are expediently C, ¢ aliphatic polyols,
preferably C,_c-alkanediols such as 1,2-ethanediol, 1,2-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 polycﬁs are the C,_,-alkanediols 1,2-ethanediol, I,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 1 hto 24 h.



30 source in an organic nedi um which conprises (a) isobutyl alcohol or a

m xture of isobutyl alcohol and benzyl al cohol and (b) a9%¥vwmberi20} he
wei'ght rati OWBPOJ%Q gal 10 5:95. 29 Novenber 2003 WO 00/ 72963 -Rehioess9/ 04939 3
In a m xture of 1sobutyl al cohol and benzyl al cohol the benzyl al cohol
content is as a rule between 5 and 50 w4. % As a source of vanadi um a

t et r aval entThedatip eﬁ{ramﬁhmrsbumatmaﬁbmhom ammwid corevgnibst]lyequph thadthe B/V atomic

Represent ati.ve exanples,..: are vanadiumtetrachl oride

(Vd 4), vaﬁﬁari}mthegg%eﬁfﬁr g’ PV@%?@ vlatﬁ;{% ‘im pent oxi de (V205), vanady!
phosphate (VOP04-n H20) and vanadi um t et raoxi de (V204). Vanadi um pent oxi de
is the preferred vanadi um source. As nenti ongd above, the vanadi um source

may, if dedfq8de afiis heredichamibegrasyrson gRprbacid erthapbpsphate Apmibydiaterdf 81 t he
groups { A, fohﬁura'(iré)me B. 5}'{ o lé\forhieh b»%ch|1§/ﬁ1teréd/%asﬁé&,an&/§ﬁbsé({uénﬂy\{ir@d 2 and

VIII A of the periodic tab |'e of elenents, or mxtures thereof. Preferred

pr onot er elempentuse effeapestiantly 1891°¢ to0Re group consisting of zirconium

bi snmuth, lithium nolybdenum boron, zinc, titanium iron and nickel.
Orthophosphori c acid (H3PO4) is the pref erred phosphorus source. 15

| sobutyl aDgotodahe ieﬂudtibe trpatertaracecddiogtqmnmnt(ca)the @oﬂ:cylcdostemrdfdtc pr:fa:rursbe used
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20 1, 21put aped ol , 1,3 but anedi ol, 1, 4-butanediol, 2,3-butanediol,

1,2-pentanedio|, 1, 3- pent ane- diol, 1,4-pentanedio|, 1,5-pentanedio|,
2, 3-pent anedi ol , 2, 4-pentanediol, 1,2-hexanediol, 1, 3-hexanediol,

1, 4-hex anielq h%é bge% fo%nrl' %@%pﬂemm a;e &M%ﬁrp&a@lyst %egm&ﬁ@(@ﬂfcﬁ“a@&r an> 4-

“hexanedio exanedi ol ‘and "3, 4- hexanedi ol . Most  preferred pol yol s
are the Cadaitmhidhekbiemimen atbhaidareifor abﬂ@%@{ﬂaneurhere zoigefdual carbon

L opraned LS8 ohpl s tains 5 to 30 nol % of
pol yol wi t 7S Egb%f({]?{)lp'{/oetsgb t/sflmos)t(preferab?}ro gkrv% /h‘f?) 155 &PHt

15

Once prepared the precursor can in view of its further 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 appiication 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 (¢) 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.



al cohol. 30 As a rul e the vanadi um source together with the phosphorus
source i s suspended in the organic nmediumand the m xtur® Nevckbépt200hder .
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1.3:1, pre to'1.2:1. rule after the reduction the

precur sor pregeddgldesecibell inEPHOPRE4P6RL e henmi hydrate of the 5 fornula

(VO HPO4-0.5H20 is formed which is filtered, washed and subsequently dried
at a tenperature of expediently 120 Cto 200 C. Due to the reduction

t r eat ment Iaansrd prederted etnhedimentahe¢ aatinatidneomarisathectaps efit of t he precursor
can be confrolled.in the range of .0.7 Ww,%to 15 0 w.% preferably in the
range of 033{7 wESHEnB 40C PR REFCUEROT fPM AT [FIRRTAER o Rfﬁ‘?f’“ﬁgg‘ﬂ ISFE’S‘ETF'%% are
obtai ned w th eaawuysto Wigalibsygebiéidied &f t er an additional thernal
treatment at about 300 C for .about 3 hours in air have a residual carbon
cont ent of(bd. 7 kggping 3t §2id pigealejpatiop SMRSFAEr ably 0.8 wt.%to 1.5 w.% 15

Once prepagpd tfﬂﬁlepli@ﬂﬁgé 80 pre€Afnd atll @pREurddr $n fitod A& 18 LhViadtddan treat ment
be formed into defined structures with defined properties. Such procedures

may incl ude wetengperaiere afabost W0 °6padific particle size, the addition of
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YO (Eig h aggé.p%%e)at Ié %ﬂéxhzﬁi@n Ee%@:L ?‘a:glﬁ'@

conveni ent eri cal ape for instance is nobst suitable for
the application of the catalyst in a fluidized bed. The further
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art, but idneR864 éf nod2ardnitic k@oarhipato hilcidbalkidappl yi ng tenperatures of up
to 600 C. More in detail, these processes may involve: (a) an initial

heati ng of the precursor to a tenperature not to exceed 250 C
15 Such processes are well known in the art, e. g. from US-A-4 594 433, US-A-5 137 860 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, ,; 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 foliowing 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



(b) a further heat treatnment from about 200 Cto at |least 380 Cto 600 C at
the maximum 30 (c) nmintaining the tenperature of stage {bjoeuder mogertain
time and (d)_cqoli the activated catal yst, thereby naintaini

i ndi vi dual | y“?”ﬂ%’%ﬁgl ed atnosphere in all steps. 29 Novetﬁgyr&%ﬁ%g WO

00/ 72963 PCTI EP00104939 5 In a preferred enmbodi ment, the activation of the
precursor s aceonplisheg gsi Qgytdre procedure described in EP-A-0 804 963.
In a nore %?E gﬁ?éd enbodinent,ofﬂe activation conprises the steps of 5 (a)
heat i ng t h€incateakangile:pr eBUs sor from room tenperature to a precal ci nation

t enper at ur f .about 30 kn air or oxygen-depleted air (b) keeping at
sai d preca?%?ﬁ%f?%n tenpgﬁgggge, (c) further heating the precalcined
cat al yst poOeaitempérature: ni 40BJE00 Wp to a calcination tenperature of about
550 C and 10 (d) keeping gag'ysaid calcination tenperature. After. the.

t r ansf or maPrEENPHER" | t he?? Y80 ve. catal yst . the. catal yst is. ready to be
appl i ed fopxydehlowcayer si/ain of non-aromati c hydrocarbons to nal eic
anhydride. 15 Such processes are well known in the art, e. g. fromUS-A-4
594 433, UBopedgre;37 860 or US-A-4 668 652. In general the non-aromatic

hydr ocarbog, | #nGO0KE! fale bl HEYOSAI kAN MINIBDEARAIIRIG vadls at 2

tenperature fromabout 320 Cto 500 C to nal eic anhydride. The non-aromatic
20 hydr ocastixting the aeaipes iHigh ¢taybanetoptentelpteicton masbdlgstrgtand calibmtdd dittoganrdawhs,

referably n-butane., The conversi on, can take pl ace j fixed bed or a
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foll ow ng exanples are given by way of illustration only and are not
construed as to in any way limt the invention. 25 Exanples: In the
fol | owi ng-exanpl es,” tthe carbon content was determ ned by conbustion in pure

oxygen atcll gl tEIRRLABK FrbiRiwibl L AP PR piRisaf)briok 980k 9egjescr i bed

bel ow and 1on O

15 Into a three-necked I-1 flask fitted with thermometer, mechanical stirrer and packed glass
distillation cblumn with reflux condenser and water separator (cf. example 5), were introduced
8.20 g of V,0; and 10.1 g of H,PO, (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 a.t 300 °C for 6 h, heated in N, up to 550 °C (heating rate 1 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.%.



30 carbon dioxide forned by infrared anal ysis. Apparatus: ELTRA 900CS
Measuring range: 0. 001-100 wt. % C 29 Novenber 2003 WO 00/ 722988ember 2003

PCT/ EPOO/ 04939 6 Sensitivity: 0.0001 wt.% C Tine per sanple: 90 s Sanple
size: 0.1.0xbog206ven tenperature: 400-1500 C 5 Oxygen PEFERYINRY 5 06 nmin.
Oxygen flow rate: 4 I/mn Procedure: The furnace was heated up to 1330 C
and oxygen flow was opened 10 minutes before starting the analysis. High
car bon corftemparaétctamplods sel ected and calibrated with standard 10

sanpl es havi ng known carbon content. The sanple size used was 150 10 ng.
Comparative Exanple 1 (follow ng exanple 1 (conparison) of EP-A 0 804 963)
15 I nto a THepepandekeithd précuidonsks dineredesplited in prpprmive sxammle bivahibe al

stirrer and packed glass, distil.lati I ' CAGPfeiR3er and

wat er sepégﬂ'@ﬂﬁr‘%‘? YRR g5 1%31%)39 %g?é%%ﬁ%‘%\%a‘r@{%ﬁ%ﬂ%ﬁ‘ V205 ‘and 10.1 g
of H3PQ ((APR%ing usnesEesi°d to 18D °Glat oheatisptatr ofl4 mdohol (99%). The

m xture was_then kept und itatiQn and heated 4p f d ft at

t hese condpt fusther hepigpe fg*’“f’l ?éol'oggtoé%% o‘g S 15(?3#’ e‘;@h%ﬁS'{ecgl)Ig #?dg}rdn‘,!rﬂZd- br own
to dark greeg apReit oFtB&Ah to 20 bright blue. The m xture was cooled to

roomtenperature, then filtered and wash%d with a #)gr(gg excess of isobutyl
al cohol . Thkisebpame! ieratReiC it the pmspRpsPhge 23 555 PHIT2 | The car bon

content of ' iAh beftB10WAEre 8 Bitrblon(70/4 h6l) &flsiclm\(B0s td1pfor 3 heat ed
in air by (ﬁﬁegtgﬁhﬁ'gﬁd#%gpmﬁﬁggdnqqterrpe?ya@urree to 66%( C h_)eati ng rate 25 1

K/ mi n) jo t hencéodihg ired mBOGe of Hitspzed ahd sthrsm aleratef R K{fpint 0 550 C (heating rate
i Kfmin) and finally left at 550 C for 6 h. After the precal cination step
(in air at 300 C), the residual carbon content was 0.5 wt.% 29 Novenber

Comparative Example 3

15 The prépa:ation 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

4.1] g of V,0, and 5.11 g of H;PO, (100%) were suspended in 37.5 ml of a mixture of

1,2-ethanediol/isobutyl 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

isobuty] 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 precaicination
30 treatment in air at 300 °C the amount of residual carbon was 1.2 wt.%.

The activation was performed aécording to comparative example 1.



WO 00/ 72963 7 Conparative Exanple 2 PCTI EPOO 04939 The preparati on of the
precursor was done as described in conparative exanple 1,2bWNoventber 200Ber mal
treatment wag according to the procedure of exanple -A-0 804
963: 5 (a) e@?’?ﬁé inair from25 Cto 180 C at a heatinlg?’[(r?gaf)tog&g 4 K/imn
(b) further heating from180 C to 425 Cgin a mxture of air (70%vol) and
st eam (30%¥mbaratitk FRampRri4 ng rate of 1.5 Kimn (c) isothernal step at 425
Cin the sane atnosphere as in step (b), for 2 h (d) isothermal step at 425
Cin an atnosphere of nitrogen (70% vol) and steam (30%vol) for 3 h 10
(e) coolingydHmad p%&&&é@siﬁfexﬁhéié@%@ cAHREl §i:6M AL efecp@foral2-ethardShidl N-
Conparative Exanple 3 15 The preparation of the precursor was done as
descri bed bengroplipeadavith/enadalephd. 1, but the isobutyl al cohol was repl aced
by 35.5 - j i o : bon

cont entof PE A SpARRIELRor 1ol 2B B GRLEL Y AR Rl of

pr ocedur e fided apavmtof vebaxam.€wl%. 20 Exanple 1 4.11 g of V205 and 5.11 ¢
of H3P04 ( 000/?. wer e sus endﬁdcin.?ﬂ.ghem %ﬁma g@:xtur% of 1

1, 2- et hanedISoFHYAGR §13 PELTTRSH A7-or s B AR A0 I RL CHIRA A & WP % Ept  under
agitation and heated 25 up to reflux, and left at these conditions for 6 h.
The color of the m xture changed fromred- brown to dark green and then
finally to bright blue. The m xture was cooled to roomtenperature, then
filtergd ?gg, shed with a |arge excess of isobutyl alcohol. The solid was
then dried 1nair at 125 C for 5 h. The dried catal yst precursor had a
carbon content of 2.3 wt.% while after the precalcination 30 treatnent in

i t 30 i % i vati
per 1 or mod b oy oy s 1081 P Ruy oA RE sl ul R e FIBWE Y0 00172963

PCT/ EPO0/ 043 ppanediol/isobutyl 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 cxémple 1 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



Conpar ative Exanple 4 The same procedure as in exanple 1 was carried out,

with the exception of 1,2-ethanediol being replaced with2%o¥ezyberl08bhol . 5

The dried catal yst precursor hat a carbon content of 1.6 w.% while after
precal ci natwWemoi8e residual armpunt of carbon was 0.4 wFPOHEFPKE493L vati on
was performed according to the procedurge of conparative exanple 1. t o
Exanple 2_,. 8 thg of V205 and 10.07 g 'of H3P04 (100% were suspended in 75
m of a mitPWPEDf 1, 3-propanedi oVi sobutyl al cohol (20/80 v/v). The

m xture was kept under agitation and heated up to reflux, and left at

nese Coni Lo, LT & o TNy Se O B PRSP LT o0, 12

e mXxture was cool ed

to room tqFmﬁitﬂ{cuibﬂiso&hﬂralcf)hdmm/aﬂv/apdama:{fwd with a | arge excess of
i sobutyl al cohol. The solid was then dried . in ajir . at 125 C for .5 h. The
i ity

dried Sat dihydredsatalyit BISFUrFpsdade eatPPuRIERTR EPEECRIRIPROLE o

precal ci ngtd Q0 4h&int WESI fuad, anount of carbon was 1.8 wt.% 20 The
activation was performed according to the procedure of conparative exanple
1. Exanpl &hgagibatiprewps nsecfotmpdacestdiag tagomparatiypexepglfdat ed, but as reduci ng
agent 37.5 m of a mxture of 1,4-butanediol/isobutyl alcohol (20/80 v/v)
was chosen. The dried catal yst precursor had a carbon content of 1.6 wt. %
while after precalcination the residual amunt of carbon was 1.1 wt.% The
activation, was rformed according to the procedure of conparative exanple
1. 30 ¥9 I‘@W@r%‘gf 2003 WD 00172963 PCT/ EPOO/ 04939 9 Exanple 4 The
procedure of exanple |I was repeated, but as reducing agent 37.5 nml of a

m xture of 1, 3-butanedi ol /i sobutyl alq_co ol (20/80Q v/v) .was chosen. 5 The
dri-ed cat ity Brocpiuse o XamplE 4 9vas rPsriEb Hsiog HeaRpargis qesgiiRt LR EVES t er

precal cin %&&r{?ﬂe tlﬂ‘g_ut thE RhELehe, 2148 BEn RS rehettbnWras Yartially 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.

206 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 collcc;ed 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
maleic 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 g-s/ml
feed composition: 1.7 % n-butane, 17.2% O,, rest He
measurement: after 200—300 h time-on-stream (stable

catalytic performance).



The activation was perfornmed according to conparative exanple 1.
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440 56.0 34.4 61.4

460 71.5 40.3 56.4

360 9.5 0.6 6.3

Comp. 3 380 30.5 2.1 6.9
400 40.6 2.3 5.7

420 43.6 3.6 8.3

360 11.1 7.5 68

380 17.1 11.7 68.5
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420 395 25.7 65
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400 423 29.7 70.2
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36020. 615%64 3 240047 633.971. 2 42059.138. 465. 0 29 Novenber 2003 WO

00/ 72963 TaBled @RV nued) 11 PCT/ EPO0/ 04939 Exanpl e No.3 [ Cl Conver si on
[ % MA Yi el T NeL | @CpLy 1]t Godvidsictbl98P | MA. 5. [06] | MA Selectivity %]
360 39.7 7738 70.0
3 370 51.9 36.0 694
400 72.5 446 615
420 842 443 52.6
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4 380 53.7 382 712
400 674 44.0 6523
420 753 423 T 568
360 0.1 28.1 70.1
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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.%.
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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 Fron1the7eﬁangles reported.
above it is clear that the best performance (i. e., the hi GheEteei 2PY i s
obtained for those catalysts (Ex. 3 and 4) which fulfil both the

requi rements of having a 5 carbon content in the precursor of 1 to 2 w.%
and a residual carbon content after pre- calcination at 300 Cin air of 0.8
to 1.5 w.% 29 Novenber 2003 Clains 12 1. A process for the preparation of
a vanadi un phosphorus ni xedoxi de catal ygt precursor conprising the
reaction ofcﬁmggdiun1pentoxide in an organic mediumin the presence of a 5
phosphorus source, characterised in that the organi c nedium conprises (a)

i sobutyl alcohol or a m xture of isobutyl alcohol and benzyl al cohol and

(b) a polyol i,n i 'y g -y . . The
process of L‘I 51%&':??5 féﬁgggl%%@hjé8{)41os'ﬁl]%rug@%h%ufglgxeﬂighgﬁgg%ﬁt&#g%géi d. 3.
The process ofompridzingthe reactidh ofivatadminpehioride rip orpanit medijun &f the preseoregdni C

medi um i s i sobut al coho] . t5 4.. The process of any .one of clains Ito 3,
wherein fhe pBP@F\Bl{“’q’55”3(“@%“&3“??5‘%&‘?%‘%‘35%‘1 r.mdgu.m Wﬁ”fﬁs ocess of claim 4,
wherei n the CidibabldaRdlicea Roluobf ikcbud] dedhoRinl dseglialbhol pidef er ably a

C. 4-al kanediol. 20 6. The process of anyone of clains Ito 5 wherein the
reaction takeé®)iPabe! at a tenperature

“in the weight ratio (a) to (b) of 99:1 to 5:95.
10 2. The process of claim 1, wherein the phosphorus source is phosphoric acid.

3. The process of claim 1 or 2, wherein the component (a) of the organic medivm is isobutyl
alcohol.

15 4. The process of any one of claims 1 to 3, wherein the polyol is a C,; aliphatic polyol.

5. The process of claim 4, wherein the C, , aliphatic polyol is a C, ;-alkanediol, preferably a
C,:;~alkanediol.

20 6. The process of any one of claims 1 to 5, wherein the reaction talies place at a temperature
of 90 °C to 200 °C.

7. A vanadium/phosphorus mixed oxide catalyst precursor, oblained 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 io 15 wt.%. '

8. The vanadium/phosphorus mixed oxide catalyst precursor of ¢laim 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.%.

30

5. The vanadiurrdphos])hom mixed oxide catalyst precursor of claim 8, wherein the carbon

content is between 0.8 wt.% and 1.5 wt.%.

AMENDED SHEET



of 90 Cto 200 C. 7. A vanadi um phosphorus m xed oxi de catal yst precursor,
obtai ned froma process according to any one of clains 1 to 6 and having a
carbon content in the range of 0.7 wt.% 25 to 15 wt. % 879The ,

vanadi ur nl phosphorus nuted oxide catal yst precursor of cl &l WY¥™PRHAP n
after an additional treatnment at 300 C for 3 hours in air the carbon
content is between 0.7 wt.% and 3 w.% 3D 9. The vanadi unf phosphor us

m xed oxi de catal yst precursor of claim8, wherein the carbon content is
between 0.8 wt.%and 1.5 wt % AMENDED SHEET 29 Novenber 2003 13 10. A
process for the transformation of the catal yst precursor of claim7 into an

active catal g.si priodss fohhe mﬂuﬁiﬂﬁﬂ of thé wﬂfjseﬁr&uﬁﬁmdraind'ﬁimdlﬂﬂiaﬂﬁe Pt S S f
conprises a heat treatnent-of the  .cat st precursor at tenperatures of up
to 600 C. 5 1 %@9%%%@% sBISAR. TRCRTOPAEF FPTTREIEES FBGRE TR BRI

conpri ses the cahRRPredfrsdra) ehpaitbBgoftupes sodteg| yst precursor fromroom
tenperature to a precalcination tenperature of about 300 Cin air or
oxygen-depl eted air (b) keeping at said precal cination tenperature, (c)
further Reat g LRBesPbESAh 0 Wakkeif Atk ER ESthHLs thdbidBh & 09€n Up to a
calcination | Oe%. . .s ........... ?. C %‘%ﬁ%@r at ur%ﬂosf abegtt 550 C and (d)
keepi ng at sai(e) heatingitheerrialypt preshsefepmapoem tenperaiyre to g piesalcirgbtretbypatirer t he
producti on of i I & the process of claim10 or 11.
is 13. A pr oceggéfgi(])éﬁtmtgégg%coﬁ?%h%gﬂagdaﬁgi ¢ anhydride, which conprises
converting a f(B)demeg at gradprecairination tagpeaateren- ar omat i ¢ hydr ocar bon havi ng at

| east 4 carbo 0% L, ang, en..i h esence of the actiye catalyst of

claim12 at aq¥)enper at ,r%tggg%ﬁcﬁgc@fsgpgéﬁsoan EbR ‘TQ‘.’aﬁ"‘E“é“a\é?’bcess of

cl-ai m13iowher ei nethpeeatront show$60 Caddy dr ocar bon i s n- but ane. AVENDED SHEET
(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,
15
13. A process for the production of maleic anhydride, which comprises converting a feeding
Bas 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 temperamire from 320 °C to 500 °C.

20 14, The process of claim 13 wherein the non-aromatic hydrocarbon is n-butane.

AMENDED SHEET





