The invent%ﬁr“el ates to a process for the transformation of 4701340-3
Vanadi um Phosphorus M xed Oxi de catal yst precursor into the actl @\?I yst
for the production of maleic anhydride and to a process for the prod i on

of mal ei ¢ anhydride applying such an activated catal yst. Ml eic anhydride
Is a very inportant internediate for manufacturing unsaturated pol yester
resins or a versatile internediate for pﬂoducing phar maceuti cal s and '
agrochem cal s. Nunerous catalysts based on a vanadlun1/ phosphorus m xed
oxi de subst antfi@ich : vl : b pdaia(h 6 : 5

malainy : i c < te¥efor e known to prepare the
active catal yst speC| es through a rrultlstep procedure which conprises: a)
synthesis of a vanadyl hydrogen phosphate as precursor by contacting
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transf or mat i one ®protdiefor tRpebductioyndr pgieis amk}asi@mip@urgrsemmvateﬂt@tame active
cat al yst subst ant, | aI lX cont ai nj ng vanadyl  pyrophosphat e b%/ Hgl nation and
finally c) agéf rigletls %@%%%mf“‘?jw&‘é‘?telﬁéﬁ@f’\‘ fu yrgegpolyesiehe of

the most crit Ir&ﬁis o§£ il kAR i SRR RIS aRd iGehsideRtnat | on

procedure i.e. the transtornation of the vanadyl hydrogen phosphate
precursor i nt Nutremuscatilyses basedainysvanadits { phesphorisynisesioxide substpnsiedly anithe

pyrophosphate. form of vanadyl pyrophosphate are disclosed in the prior art as being useful for the
conversion of different organic feed stock to maleic anhydride.
In general it is therefore known to prepare the active catalyst species through a multistep
procedure which comprises:
a) synthesis of a vanadyl hydrogén phosphate as precursor by contacting V-containing
compounds, phospherus containing oompoundé and optionally proxﬁoter component
containing comipounds under conditions sufficierit to reduce the pentavalent vanadium to
the tetravalent vanadium h
b) transformation of the vanadyl hydrogen phosphate precursor info the active catalyst
substantiélly coﬁmining vanadyl pyrophosphate by calcination and finally

¢) ageing the active catalyst under reaction conditions.

One of the most critical steps in the catalyét preparation is the calcination procedure i.e. the
transformation of the vanadyl hydrogen phosphate precursor into the-active catalyst
. substantially containing vanadyl pyrophosphate. '

US patent 5 137 860 discloses a process for the transformation of a vanadium / phosphorus
mixed oxide oxidation catalyst precursor into the active catalyst for the partial oxidatioh of
non aromatic hydrocarbons to maleic anhydride. The calcination of the precursox: material
is performed By a three-stage heat treatment comprising a) an initial heat up stage and an
atmosphere selected from air, steam, inert gas and mixtures thereof, b) a rapid heat up stage

at a programmed heat-up rate in a molecular oxygen / steam containing atmosphere and ¢)



US patent 5 137 860 discloses a process for the transformation of a
vanadi um / phosphorus m xed oxi de oxi dation catal yst precursor into the
active catalyst for the partial oxidation of non aromati c hydrocarbons to
mal ei ¢ anhydride. The cal cination of the precursor material is perfornmed by
a three-stage heat treatnent conprising a) an initial heat up stage and an
atnosphere selected fromair, steam iners _gas and m xtures thereof, b) a
rapi d heat up stage at a programmed heat-up rate in a nol ecul ar oxygen /

st eam cont ai ni NgmahOEHPEihing¥thg€, )irst in a molecular oxygen / stcam conlaining atmosphere
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I nvention therefore is to avoid this di sadvantages of the state of the art
catal ytic syst &isianer Afshesprgltiseysigm i nproved process for the transformation

of a Vanadi umggResfiRY giseMinRikidthdSroedd B a¥oill Y B Heed MR daliSrakt | Ve
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catal yst for the” production o el ¢ anhydride. Another o this
i nvention is tertprtalytickystemend & providewr impoyyed pedcess dorftivy traasforation ofree

conver si on of n tic.hydracarbon to mal ei nhydr i oeStill
anot her obj ect %ﬁﬁﬂﬁgﬁg’% sil\g%et{gx‘?%cagﬂ‘ggﬁ’%msé’ﬁl %‘ﬁ%? Séﬂa%ﬁﬁég’éihef or the
preparati on obrodidiidh 6f Ralkiy ditiydde. The obj ectives and advantages of the

I nvention were achieved with the new process for the transformation of a

Vanadi um Phos pHAapther abjesiad thisdnwentionis 40 provides eatalyss with ppfireal performance inethe

conversion of a tion aromatic hydrocarbon to maleic anhydride.

| Still another object of the invention is to provide an improved process for the preparation
of maleic anhydride. _
“The objectives and advantages of the invention were achieved with the new process for the
transformation of a Vanadium/Phosphorus Mixed Oxide catdlyst precursor into the active
catalyst. according to claim 1, with thg catalyst obfainable by the inventive transformation

" process according to claim 12 and with the process for the preparation of maleic anhydride

applying the catalyst transformed according to the instant invention according to claim 13.

The inventive process comprises the transformation of a catalyst precursor represented by

the formula -
(VOHPO x: HZO MemPPOy I

wherein Me is at least one promoter element sclcctc_d from the group consisting elements
from Group IA, IB, ITA, IIB, IlIA, IlIB, IVA, IVB, VA, VB, VIA, VIB AND VIIIA of the
Periodic table of elements or mixtures thereof,

a is a number of from about 0,3 to about 0,7,

m is a number of from about 0 to about 0,3,



catal yst according to claim1l, wth the catal yst obtainable by the
inventive transformation process according to claim12 and with the
process for the preparation of naleic anhydride applying the catalyst
transforned according to the instant invention according to claim13.

The inventive process conprises the transformati on of a catal yst precursor

represented by the formula o, (VOHPO err]la Herr]O
Me[err]P[err]derr] I wherein Me is at |east one pronoter

el ement selected fraomthe grou sisting elenents fromGoup IA IB, IIA
1B, [11A, | PE214pper phjen apau %a{}wﬁfs B AND VII1A of the Periodic table

of eI ement s owa&esﬁme%@&mi of o}y g%cﬁ n@ccEHethSrsé?tfsfyf tﬁ@@léﬂ@@:@&ux@m@nt&@f About
0,7, mis a nunmber of from about 0 to about

3 p i s a nupbmentppresenom about O to about 0 3 and y corresponds to the

o O YRR RAFRAAN ERSA B el ence 1 eauLrenents of
(VO [err]Plerr]err] Me[err]Plerr]derr] I
(VO),P,0, Me, P, O It

wherein m, p and y are as defined above which process comprises conducting in a fluidized =~

bed the steps: .

a) an initial heating of the precursor to a temperature not to exceed about 250°C

b) a further heating under super atmospheric pressure from about 200°C to a temperature of

from at least 380°C to 600°C,

¢) maintaining the temperature reached at stage b) under super atmospheric pressure and

d) cooling the activated catalyst .

The term "Periodic table of elements" as empiqyed herein, refers to the Periodic table of
elements published in Rémpp Chemie Lexikon 9.ed, Georg Thieme Verlag, Stuttgart,
‘volume 4, page 3285.

Me has the prefcmble meaning of lithium, zn'comum, tltamum, iron or niobium or of
mixtures of these elements,

a préferably is a number of about 0,5

m prefe;ably is a number of from about 0 to about 0,1 and

p preferably is a number of from about 0,1 to 0,2. .

The phosphorus to vanadium- or P/V-atomic ratio therefore is expediently in-the range of
from about 1 to 1,3, preferably of from about {,1 to about 1,2.

Catalyst precursor materials suitable for the use in the process of the instant inven_tion are
those known in the art e.g. from US patent 4 594 433, US patent 5 137 860 or US patent 4
668 652.

The preparation of the precursors accordingly is including reaction of the vanadium

component, the phosphorus component and optionally the promoter component in either



wherein m p and y are as defined above which process conprises conducting
in a fluidized bed the steps: a) an initial heating of the precursor to a
tenperature not to exceed about 250[err]C b) a further heating under super
at nospheric pressure from about 200[err]C to a tenperature of fromat |east
380[err]C to 600[err]C, ¢) maintaining the tenperature reached at stage b)
under super atnospheric pressure and d) gooling the activated catal yst.

The term "Periodic table of elenents" as enployed herein, refers to the
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about 1,1 to gelyre. 1, 2. Catal yst precursor materials suitable for the use
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vanadium dioxide, vanadium pentoxide or vanadium oxytribromide. Vanadium pentoxide

is the preferred compound. -

Examples of the phosphorus compound, although not limitiﬁg, are phosphorus acid or

phosphoric acid.

Depending of thie valence of the vanadium compound the reaction can either be conducted

under non-oxidising conditions or under reducing conditions in order to reduce a-

pentavalent vanadium compound to the tetravalent form. '

The catalyst precursor once prepared, recovered and dried is in view of its activation

treatment in the fluidized bed according to the invention preferably formed into defined

structures with dcﬁﬁed properties as to atttitiqn resistance or mechanical properties. Such

- procedures in general include a wet gnndmg process of the dried precursor to a particle

size of less than 10 pum, preferably less than 3 um. Additives may be adc_ied at this stage to

improve resistance to attrition following the disclosure of e.g. US patent 4 511 670.

Following this previous art a recovery step e.g. by spray drying, calcining, additional

grinding in presence of a controlled amount of an'acid, typically of phosphoric acid and a

finally recovering and forming of the precursor material by e.g. spray drying may follow.

Preferably the precursor is collected in & spherical shape, which form is most suitable for

its use in a fluidized bed reactor.

The transformation of the precursor material as defined by general formula [ into the active

catalyst in general comprises four steps, which are conducting in a fluidized bed the steps:

a) an initial heating of the precursor (0 a temperature not to exceed about 250°C



4 aqueous or organic nedium Organic reaction nedia such as for instance
a primary and a secondary al cohol or m xtures thereof are usually
preferred. Most preferred is isobutyl alcohol or benzyl al cohol or

m xtures thereof. Depending on the preparation conditions the alcohol may
remain trapped or intercalated to a remarkable content in the precursor
structure. Al though well known in the arg the vanadi um conponent of the
precursor may be obtained froma trival ent,’ tetravalent or a pentaval ent

vanadi um congound. Representative exanples, althou t o Linti are
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pent oxi de or A AMHastmsexyhcodrrom de. Vanadi um pentoxide is the preferred
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precursor is coll'ected. in a spherical shape, which formis npst suitable
for its usepreferably from dbout@ODad " tedmsr as a reisduinathe vhaleehascnf of the
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Within the initial heat up stage a) the precursor is heated in a conventional atmosphere e.g. .

like air, steam, inert gas or mixtures thereof , under aﬁnosphcxic pressure or super
atmospheric pressure and at any convenient heat up rate to a temperature not to exceed
about 250°C.

Superatmospheric pressure in the following is expressed as absolute pressure.

In a preferred embodiment the precursor is heated in air under super aunosphéric pressure
of at least 1,1 bar, more preferable 2 bat to 3 bar, at a heat up rate of about 1°C / minute to
5°C / minute to a temperature not to exceed about 200°C.

Within the activation stages b) and ¢) super atmospheric pressure is a mandatory parameter
which surprisingly has the effect to further improve the performance of the catalytic
system. Expediently super atmospheric pressure in these stages of at least 1,1 bar,

preferably of from about 2 to about 3 bar is applied.

Stage b) comprises a further heat up stage where the temperature. reached in stage b is
further increased of from about 200°C to a temperature of at least 380°C to not to exceed
about 600°C, preferably from about 200°C to about 400°C to 450°C, at a controlled heat



catal yst in general conprises four steps, which are conducting in a
f1uidi zed bed the steps: a) an initial heating of the precursor to a
tenperature not to exceed about 250[err]C

5 b) a further heating under super atnospheric pressure from about
200[err]C to a tenperature of fromat |east 380[err]C to 600[err]C, c)
mai ntai ning the tenperature reached at stage b) under super atnospheric
pressure and d) cooling the activated catfaFyst. According to the

i nvention the transformation into the actiye .catalyst takes pl.ace in a
f1uidi zed bed"RR%Hn @s%%@a@ ‘éﬁ‘f’i"{t‘cwa%%”dﬁh‘ﬁi%ﬁ“’é%‘hg iaBéwE”’%H‘i"é;ﬂ'PJé‘I"?“éW opti mal
fluidization gfschtes hedindkiwat bed. Such conditions are preferably expressed
with the superficial velocity which is defined as the volunme of gaseous
feed at the chrncdigetiy ahepeypaeiaobiremabeyt B4 Suy miruyhigiaboud Ae° Carinue porietably

expressed in g@d“%§doﬁbg§{/:‘ﬁég{t%l°»%ﬁg“tgyc;‘lﬂ?‘“é%%" \Q/ﬁgﬁar ea of the catal yst bed

expressed in njerr superticia ocity expressed in s
[err] The sup€lditradsphere adcosary Yor smgeiBLiak bomaditios bBekypan oa ani eygen @htainigm about
0,01 ne[err] to Q,5, nms[err], .preferably from about 0O, mg[err] to 0,2 ns
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into the actiyg zg%a}va&meé!i’&x?'géa, e 8b%l§)j@mrﬁﬁg§cfdﬂéblysioat9%%b}%%rﬁ ecur sor

is heated in a conventional atnosphere e.’g. Ii air, steam inert gas or
m xt ur es t herefefeamdertiulatedasBaPhand the hatagessioerbgasr super at mospheric pressure

and at any cogveni heat up.rat.e to e r t about
2500 orr] ¢ SupbrREeshiRh sbrbELE Art ol ERAGh, frofifby ' R BERR"00
absol ut e pr esstisgen or a noble gas like helium or argon may be applied.

. Within the isotliermal stage c) thé temperature reached in stage b) is maintained over at
least 0,5 hours, pref;:rably for a period of 1 to 5 hours in a controlled atmosphere and under
the fluidized bed and pressure conditions as described hetein before.
The atmosphere necessary for stage c) is a composition of steam and of an inett gas and if .
necessary of oXygen or an oxygen conﬁining gas, expediently containiﬂg 10 to 80 % by
volume, preferably 30 to 70 % by volume of sieém (calculated as HO) and 0 to 20 % by
volume, preferably 2 to 10.% by volume of oxygen and the balance inert gas.

The source of oxygen can either be air or molecular oxygen, preferably air. As inert gas

nitrogen or a noble gas like hetium or argon may be applied.

Within'the cooling stage d) the now activated catalyst is brought to ambient temperature.
Although the conditions are not critical it is preferred to perform this stage in an inert
atmosphere and under the fluidized bed and pressure conditions as described herein before.

The cooling rate preferably should not exceed 5°C / minute.

After this transformation performed according to the invention the catalyst is ready to be
applied for the conversion of non aromatic hydrocarbons to maleic anhydride. Surprisingly
and this is a further important aspect of the invention the catalyst needs no further ageing
under process conditions. The catalyst exhibits immediate activity and selectivity right

from the beginning of the conversion providing excellent yields of maleic anhydride.



In a preferred enbodi ment the precursor is heated in air under super .

at nospheric pressure of at least 1,1 bar, nore preferable 2 bat to 3 bar,
at a heat up rate of about 1[err]C/ mnute to 5[err]C/ mnute to a
tenperature not to exceed about 200[err]C. Wthin the activation stages
b) and c) super atnospheric pressure is a mandatory paraneter which
surprisingly has the effect to further inprove the performance of the

catal ytic system Expediently super atnospfieric pressure in these stages of
at least 1,1 bar, preferably of fromabout 2 to about 3 bar is applied.
Stage b) conprises a further heat up stage where the tenperature reached in
stage b is furkdWbcchdTerf B@&RArSibn b RALARALUS h2PQh B0k E raRicanhRiBSsalHr € of at
| east 380[err]C to not to exceed about 600[err]C, preferably from about
200[err]C to tin theaft egrfran U6 pasg[4ex9f 183, Ust patent D 7860 loedS hadent 4 668

6 up rate, gﬂ.a defined at nosphere and under the fluidized bed and
pressure conditions as described herein before. Expediently a heat up
rate of from kalgentral thelpeatom@lid hydfrasarben i corademed with peyped &6 an ovygenit e,

preferably of fromabout 1[err [ mnute to_about 49% Y nute is

sel ected.  THERiVRSSBHE AL %@é&?@a%ﬁiﬁq 8@%5@ 8i‘%m51L"8 g’%‘ii"t ﬂ)"ﬂ_’%‘f oxygen
or an oxygen £&ndtRIhRdBerbotl aexp@ier@ sl el frodD s sadbleddr ubl@aid €xpedi ent |y
containing 1 to 20 % by volu referably 2 to 10 % by vol ulre & oxygen,

e,
10 to 80 % byhydiscarhen orprigtues @meyg Blystpsefereeddeyspearban isra-butgne. Thefaed gas il cul at ed
as Herr]O ' j.nert an either be
air or nol ec%grr& Ig%“g%%me?’%grgé’Jf&el;‘%BFg‘gngr’?%“?ﬁﬁfﬁﬁ%%ggﬁétg g’%ﬁ%n or a noble
gas |ike hel icontininggag preferably dhchating b rtid.oxygen to hydrocarbon as a rule of from 15:1

to 1:1.

The conversion can take place in a fixed bed or fluidized bed reactor, but in particular is
performed in a fluidized bed reactor. |

The following examples are given by way of illustration only and are not construed as
limiting since various modifications within the spirit of'the invention are apparent to those -

skilled in the art from this description.



Wthin the isothermal stage c) the tenperature reached in stage b) is
nmai nt ai ned over at |east 0,5 hours, preferably for a period of 1 to 5
hours in a controll ed atnosphere and under the fluidized bed and pressure
conditions as described herein before. The atnosphere necessary for stage
c) is a conposition of steamand of an inert gas and if necessary of
oxygen or an oxygen containing gas, expediently containing 10 to 80 % by
vol une, preferably 30 to 70 % by vol ume 8f “steam (cal culated as Herr]O
and 0 to 20 %by ,volune, preferably 2 to 10 % by vol ume of oxygen and the

bal ance i nert Js:s The source of oxygen can either be air or nolecul ar
oxygen, preferably air. As inert gas nitrogen or a noble gas |ike helium
or argon may be appli ed. Wthin the cooling stage d) the now acti vated

catal yst is Hfxguytie I {compabisemt tenperature. Al though the conditions are
not critical it is preferred to performthis stage in an inert atnosphere
and under the, fluidized bed and pressure conditions as described herein

before. The (600 inie-deoked P4sR] edpadilyys sivey| ftcdobitte MRBRSnEEre et anicalnbtittere.
After this transformation perfornmed according to the invention the catalyst
is ready to igdass distillatien packed columa srtharfuxnendmmsersnd Beamblarkewgrderaalehaiés t o

mal ei ¢ anhydr.j | singly,a thing J r | s t. t. of
the inventi oﬁﬁ%gwggg (§7°'s ﬂgoeeffg&ﬁ%ndpd l??t%(zﬁﬁa%dlei(ﬁlg@@hgg? ?’%{“g’%e‘% gﬁﬁ%ﬁt to
condi tions. Tefuxaal ey atsuspshidn 4f326 ot i QL B 1000 mliof jsobunghob Blskadly ¥ddey (ini ght
fromthe beginni n% of the conversion pr vi di ng excellent yields of maleic
anhydri de. about [ hour). -

During addition of the V.0, a quantity of isobutanol equal to thalt added with VoOg is |
distilled thus removing from the reaction mixture the water that forms during the reaction.
At the end of the addition of V,0; the reflux is continued for another two hours, thus
separating further reaction water. The slurry is cooled and the blue solid is filtered and
dried at 140°C. In this manner.thc V-P-O complex oxide precursor of the catalyst is
obtained. The catalyst precursor once prepared is formed into a structure with defined

| properties of attrition resistance by spray drying as described in U.S. Patent 4,654,425
(cxémple ). . . .

The material recovered from spray drying was loaded in stainless steel baskets, and putin a
forced-ventilation oven. An atmosphere of N, was maintained in the oven during the
calcination and the precursor was heated at a programmed heating rate of about 9 °C/min
from room temperature to 5S50°C At 550°C, the catalyst was kept under isothermal
conditions for Sh, followed by cooling down to room temperature. This procedure is

referred to as the standard procedure of calcination.
Example 2 (comparison)

This example illustrates the transformation of a vanadium phosphoru$ oxide precursor
prepared according t0 Example 1 into an active catalyst in accordance with the procedure
described in Example 3 Part D of US Patent 5,137,860.

The material recovered from spray drying was loaded into a stainless steel tray and placed
in a box oven. The precursor was heated with the hydrothermal treatment according to the

following procedure:



7 The process for the conversion of non aromatic hydrocarbons to naleic
anhydride is well known in the art e.g. fromUS patent 4 594 433, US
patent 5 137 860 or US patent 4 668 652. In general the non aromatic
hydrocarbon is converted with oxygen or an oxygen containing gas at a
tenperature from about 320[err]C to 500[err]C to mal ei c anhydri de. The non
aromat-i ¢ hydrocarbon is expediently selected.froma saturated or
unsaturated CJerr] to Cerr] hydrocarboﬂ or m xtures thereof Most

preferred hydr QE%,?%O& E) f,—sk&lh]a,d@rewi{I'}L'Qoe%)&%gofg&shcgégpg%%cg rul e conposed of a

m xture of the ocar bon and of t n or ox cont ai ni ng gas,
preferably air bhdiinnd 86°C as 425X ygen niaulydt at a7bablvAsaml kitdne (25%MopMylf: 1
to 1:1. The conversion can take place in a fixed bed or fluidized bed
reactor, but i R9sEAREUREP! +C/mBrforned in a fluidized bed reactor. The

fol | owi g exanb sl G 12 8% W@ lard hHBLL A0 AP}, and are not

construed as Imting since various no rTons wthih the spirit of the
i nventi on are dpipathenial step 4 HRSE is kittogad(SOVntaheand rstearh (80%hibth, Sorditgcr i pt i on.
8 Exanpl e 1 (conpari son)

Example 3 (comparison)

The procedure hereinafter described is referred to as the hydrothermal method of
calcination in a fluid bed at atmospheric pressure. The procedure consists of a thermal
treatment in the presence of steam. The treatment was carried out at temperatures not
higher than 450°C. The material mwv&ed from spray drying was loaded in stainless steel
fluid bed reactor and treated at atmosphetic pres.sure with the hydrothermal treatment
according to the following procedure: |
2 from 25°C to 180°C in air in 40'
b) from 180°C to 425°C in é mixture of air (27vol%) and steam (73%vol) at a programmed
rate of 1.5°C/min; . -
c) isothermal step at 425°C with the same mixture as above for 2 h;
d) isothermal step at 425°C in nitrogen (27%vol) and steam (73%vol), for 3 h;

e) cooling in a mixture of nitrogen and steam.
Example 4 (invenﬁoﬁ)

The procedure hereinafter described is referred to as the hydrothermal method of
calcination in a fluid bed under pressure. The procedure consists of a thermal treatment in
the presence of steam. The treatment was carried out at temperatures not higher than
450°C. The material recovered from spray drying was loaded in stainless 'steel fluid bed
reactor and treated with the hydrothermal treatment under pressure (3 bar) and maintaining
a superficial velocity of 0.03 ms™ according to the following procedure:

a) from 25°C to 180°C in air, at a programmed rate of 4°C/min;



Into a three-necked flask, capacity 5 litres, fitted with thernoneter,
mechani cal stirrer, glass distillation packed colum with reflux condenser
and Dean- Stark water separator, are introduced 2 litres of isobutanol and
404 g of Herr]PJerr] (100%. The m xture is brought to reflux and then a
suspension of 326 g of V[err]Jerr] in 1000 m of isobutanol is slowy
added (in about 1 hour). During additi,gn of the V[err](Jerr], a quantity
of isobutanol equal to that added with \]/'Pel'"r']qerr] is distilled thus
renoving fromthe reaction mxture the water that forns during the
reaction. At bk HemeAB06T ta HES4dd tai BYXieEe f é‘t’r(]7@$’°é?lﬁ]a“f‘h‘écaﬂéﬁg(i}ﬁ"ql)s’ al a
continued for I rs;. thus separating further reaction water.
The slurry isp@g%hgﬁdeﬁ%gg{ﬂ%’ﬁ@e solidis filtered and dried at

140[ err] C. | nejtikutisermin®prat §156C WifB-1Rd aigphigturoasiadeveoezhy sor of the catal yst
is obtained. The catalyst precursor once prepared is forned into a
structure wi t® iephornalpicp st 6&3%? airogen (PYervoiaph steas (ebdomyhispray dryi ng
as descri bed | . . 4 jal recovered
from spray dr‘%)i%ﬁ(gm?ég Eﬁ%’gtgltecéﬁp%%g%na%ﬁlStecé@)%ggg}eo?m#é?ﬁge%g ?f%%8£AUt in a
forced-ventilation oven. An atnosphere aof N err] was maintained in the oven
during the calcination and the precursor was heated at a programmed
heating rate Bf2uMpa{inteqtion} |/ min fromroomtenperature to 550[err] C At
550[err] C, the catal yst was kept under isothermal conditions for 5h,
foll owed by cooling down to roomtenperature. This procedure is referred
to as the st ditdpraupvoesdisated af inexbhmpled] ¢xcept that tHesapapfical Zelpcionwas | son)
This exanple j|llusfrates the transformation of a vanadi um phosphorus oxi de
precur sor proe ©d according to Exanple 1 into an active catalyst in
accordance wth the procedure described in Exanple 3 Part D of US Patent
5,137,860. The material recovered fromspray drying was | oaded into a
stai nl ess st dixamiplag (iavedhtiphpced in a box oven. The precursor was heated
wi th the hydrothermal treatnent according to the. foll.owi ng procedure:

The precursor was treated as in example 4, except for the step d) which was carried out in a

miixture of nitrogen and steam for 6 h. -
Example 7 (invention)

The precursor was treated as in example 4, except that the amount of oxygen in feed was
4%vol. The activity test was performed as in Example 1 and the catalytic behaviour is

given in Table 1.
Testing of the activated catalysts in the conversion of n-butane to maleic anhydride:

The catalytic tests were done in a fluid bed pilot-plant, glass, plug-flow reactor at
atmospheric pressure, which was loaded with 500 ml of catalyst. The products were
collected and absorbed in water and analysed by means of gas chromatqgfaphy. The
performance of the catalysts was determined on the basis of the weight of butane fed to the
reactor, amount of maleic anhydride (MA) recovered in the wash-water (acidimetry) and
the amount of butane in the off gases during a specified period of time.

In order to provide a basis for comparison, the following conditions were maintained

during the activity tests:



9 a) from25[err]Cto 275[err]Cin air with no control of the heat-up
st age; b) from 180[err]C to 425[err]Cin a mxture of air (75nol % and

steam (25%ml ) at a programmed rate of 4[err]Cd m n; c) isothermal step
at 425[err]C with the sane m xture as above for 1 h; d) isothermal step
at 425[err]C in nitrogen (50%ml) and steam (50%wl), for 6 h;

Exanpl e 3 (conpari son) The procedure hereinafter described is referred

to as the hydrothermal nethod of cal cikhti'on in a fluid bed at
at nospheri c pr,§§a%qcmr;l' ‘?ur?:rﬂﬁ-%%‘r(f consists of a thernal treatment in
t he presence of steam e treatnment was carried out at tenperatures not

hi gher than 4m@Rwdrnc]conc. Thfeedidtversal recovered from spray drying was | oaded
in stainless steel fluid bed reactor and treated at atnospheric pressure
with the hydr dthewete ¥s 8bment according to the foll owi ng procedure: a)
from25[err]C [ 1Ll i-r in 40'; b) from180[err]C to 425[err]Cin
a mxture of gihfr%r %gv‘%{o%ﬁg'ogn?te'am (73%v0l) at a programred rate of

1. 5[ err] ¢ m nThe jeattsmt doeditiods aatl elge @iuld 20 eroriéd o thé folloerimaladleiv it FPoAS
above for 2 h; d) isothernal . t?f"’ at _425[err]C.in_nitrogen (27%ol) and

st eam (73 ol ¢ FEpemRuEe ab)‘”bé‘%o RonPRtase cPRYersion &F achigvedgan Heayieldeard

Exanple 4 (i ni@&?iivﬁ’ft)o maleic anhydride at this conversion.

Table:

catalyst according to | Temperature | MA yield MA
example: selectivity

1 (compaljison) _ 425 523 64.6

2 (comparison) 430 . 534 65.9.

3 (comparison) 415 551 8.0
4 420 . 575 71.0 |

5 425 579 705

6 ‘420 56.9 70.2

7 425 58.1 71.7




The procedure hereinafter described is referred to as the hydrothernal

nmet hod of calcination in a fluid bed under pressure. The procedure consists
of a thermal treatnment in the presence of steam The treatnent was carried
out at tenperatures not higher than 450[err]C. The material recovered from
spray drying was | oaded in stainless steel fluid bed reactor and treated
with the hydrothernmal treatnent under pressure (3 bar) and-—maintaining a

superficial velocity of 0.03 ns[err] accprdi'ng to the foll re:
a) from25[err]Cto 180[err]Cin air, at a programed rat ”%"?i l’
10 b) from (l@Okerr]C to 425[err]C|namxture of air 0" o

(30%vo0l); at a programmed rate of 1.5[err]C/ mn |sothermal step at
425[err]C with the sane m xture as above for 2 h; d) i sothernmal step at

425[err] C in nipoegefor (heQPmWBIMatidRar $ELAY6 f;?z@&@&lréprégamc@bwhc fému@ool ing in
a mxture of nitrogen and steamat a programred rate of 2[err]C/ mn.
Exanpl e 5 (i nvention) The precursor was treated as in exanple 4, except

that the superficial velocit YV&ﬁ-ﬁ’O‘i%'l%% ﬁgiﬁbry] ) Exaqu e 6 (invention)
wherein Me is at least one promoter element selected from the group consisting elements
from Group 1A, IB, IIA, IIB, IIIA, HIB, IVA, IVB, VA, VB, VIA, VIB AND VIIIA of the
Periodic table of elements or mixtures thereof,
a is a number of from about 0,3 to about 0,7,
m is a number of from about 0 to about 0,3
p is a number of from about .0 to about 0,3 and
y corresponds to the amount of oxygen necessary to satisfy the valence requirements of all

elements present
into an active catalyst represented by the formula

TV 0)2P207 Me, P, O I
wherein m, p and y are as defined above which process comprises conducting in a fluidized
bed the steps:

a) initial heating of the precursor to a temperature not to exceed about 250°C

b) further héating under super atmospheric pressure from about 200°C to temperature of
from at least 380°C to 600°C,

¢) maintaining the temperature reached at étagc b) under super atmospheric pressure and

d) cooling the activated cafalyst .

2. The process according to claim 1 characterised in that super atmospheric pressure is

maintained over all steps a), b), ¢) and d).

3. The process according to claims 1 or 2 characterised in that super atmospheric pressure

of at least 1,1 bar is applied.



The precursor was treated as in exanple 4, except for the step d) which was

carried out in a mxture of nitrogen and steamfor 6 h. Exanple 7

(i nvention) The precursor was treated as in exanple 4, except that the
anount of oxygen in feed was 4%ol. The activity test was perforned as in
Exanpl e | @nd the catarytic behaviour is given in Table 1. Testing of
the activat l 3 ] B | [ he conversion of n-butane to naleic anhydride:
The cat al ytlilENiEtiaHY mm&” ne in a fluid_bed pilot-plant, glass, plug-flow

reactor at atndspherfc ressure, which dés | oaded with 500 ml of catal yst.
The products were collected and absorbed in water and anal ysed by neans of

gas chronmat og hy. The performance of the catalysts was determ ned on the
basis of the W@K@W A0EEHCO FaHnt blot %@hﬁf@&d%{l%%ﬁ%ﬁww egfprgssure

anhydride ( Myr floRCAUEIBELr tdubbi¥es H@mg)‘}?&dﬂ (acidinetry) and the anmount of

butane in the off gases during a spe led period of time. In order to
provide a basis for conparison, the follow ng conditions were maintained
during the actjvity tests: React i on tenperagure: 360-440[err]C.
9 5. lI“hus px)(l)ccss according to claims 1 to 4 ¢ aractcgscdtm trir)gt t{lc hllzjrdxzcd beg(?s run V\Litl ]
a superficial velocity adjusted in the range of from about 0,01 ms o 0,5 ms 1

6. The process according to claims [ to 5 characterised in that step a) comprises initial

heating of the precursor to a témperature not to exceed 200°C.

7. The process according to claim 6 characterised in that step a) comprises initial heating of

the precursor in an atmosphere of air.

8. The process according to claims 1 to 7 chatacterised in that step b) comprises further
heating from about 200°C to about 400°C to 450°C applying a heat up rate of from about
0,1 °C / minute to 10°C / minute.

9. The process according to claim 7 characterised in that step b) comprises further heating
in an atmosphere composed of 1 to 20 % by volume of oxygen or of an oxygen containing

gas, of 10 to 80 % by volume of steam and of the balance inert gas.

10. Tk:\e process according to claims 1 to 9 characterised in that step ¢) comprises
mainthining the temperature reached: in stép b) in an atmosphere composed of 0 to 20 %
by volume of oxygen or of an oxygen containing gas, of 10 to 80 % by volume of steam

and of the balance inert gas.

11. The process according to claims 1 to 10 characterised in that step d) comprises cooling

the activated catalyst in an inert atmosphere at a rate not to exceed 5°C / minute,

12. Active catalyst represented by the formula
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n- Butane conc. in feed: 4 vol% Air flowrate: 75 N/h. Superficial
velocity: 0.03 ns The reaction conditions and the results are recorded. in
the following Table which reports the tenperature at which 81% n-butane
conversion is achieved, and the yield and selectivity to mal ei c anhydride

at t.h.l_s__C_O_mLe_l’_SJ_Q_D_____ Tabl e:

cording to Tenperature MA yield MA exanpl e:
sel ﬁﬁﬁmmm"""m onpari son) 425+ " 52.3 64. 6
(co 53. 4 65. 9 3 (conpari son)
415 (\/O)ggg)(;,Mcml’zp()y 4 ] 420
57.5 71. 0 5 425 57.9

70.5 6 420 56. 9 70. 2
7 wherein 42D and y are as defiro8 aBove obtainable b¥. the process of claims 1 to 11.

13. Process for the production of maleic anhydride which comprises converting a feeding
gas composed of a non aromatic hydrocarbon and of oxygen or of an oxygen containing
gas in the presence of an active catalyst obtainable by the process of claims [ to {1 ata

ternperature of from about 320 °C to about 500°C.
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1. Process for the transformation of a catal yst precursor represented by

the formul a (VOHPO err] a Herr]O
Me[err]P[err]derr] I wherein Me is at | east one pronoter
el enent selected fromthe group consisting elenents from Goup IA 1B,
[TA 1B II1A 111B VA VB VA VB, VIA VIB AND VIIIA of the Periodic

table of elenments or mxtures thereof @gis a number of fromabout 0,3 to
about 0,7, mis a nunber of from about 8‘1'0 about 0,3 p is a number of

from about 0 Progksst FOR3TARITRANSPORERPION DR Qo VAADTOM) PHOE PRORDSN
necessary to makiedf pxibe CATANCST' PRECUIRIGIIANIG 1H AcoivfEehsapysgent

into an active catal ySioy e SHORETION B¢ MALE¥EAANHYDRIDE
(VOT[err]Plerr]Oerr]Me[err]Plerr]Jerr] |1

wherein m p and y are as defined above which process conprises conducting
in a fluidized bed the steps: a) initial heating of the precursor to a
tenperature not to exceed about 250[ &BBIBAGY further heating under super

at nospheri c pressure from about 200[err]C to a tenperature of fromat |east

380[err]C to 600[err]C,
A Vanadium/Phosphorous Mixed Oxide ¢atalyst precursor is transformed into the active

catalyst for the production of maleic anhydride.
The activation takes place in a fluidized bed and includes the steps
a) initial heating of the precursor |
b) further héating under superatmospheric pressure
¢) isothermal stage at superatmospheric pressure and finally
d) cooling the activated catalyst obtained.
Catalysts activated according this procedure show high performance in the conversion of
non aromatic hydrocarbons to malei¢ anhydride.
S
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c) maintaining the'tenperature reached at stage b) under super atnospheric
pressxire and d) cooling the activated catal yst. 2. The process according’
to claim1 characterised in that super atnospheric pressure i s naintained
over all steps a), b), c) and d). 3. The process accoyding to ctai-ns.L_or
2 characterised in that super atnospheric pressure of a ﬂéast' Eul BAEET S
appl i ed. 4. The process according to cl ai
charactcrised in that super atnospherig pressure of fro 2!.‘&1 @hpg@%tc
about 3 bar is applied. 5. The process according to cfl a
characterised in that the fluidized bed is run with a sjuperfircrat—vet

ty
: ‘ f ap 6 Th
P ovess. accér MGRED terarh g aod ' it ar v9ah el o el ds

initial heabrmgngfmka%a,p;@gmg%r fsQp@icienperature not to exceed 200[ err]C

5. The process according to claims 1 to 4 characterised in that the fluidized bed s run with

a superficial velocity adjusted in the range of from about 0,01 ms 0 0,5ms™.

6. The process according to claims I to 5 characterised in that step a) comprises initial

heating of the precursor to a temperature not to exceed 200°C.

7. The process according to claim 6 characterised in that step a) comprises initial heating of

the precursor in an atmosphere of air.

8. The process according to claims 1 to 7 characterised in that step b) comprises further
heating from about 200°C to about 400°C to 450°C applying a heat up rate of from about

0,1 °C / minute to 10°C / minute.

9. The process according to claim 7 characterised in that step b) comprises further heating
in an atmosphere composed of 1 to 20 % by volume of oxygen or of an oxygen containing

gas, of 10 to 80 % by volume of steam and of the balance inert gas.

10. The process according to claims 1 to 9 characterised in that step ¢) comprises
maintaining the temperature reached in stép b) in an atmosphere composed of 0 to 20 %
by volume of oxygen or of an oxygen containing gas, of 10 to 80 % by volume of steam

and of the balance inert gas.

-11. The process according to claims 1 to 10 characterised in that step d) comprises cooling

the activated catalyst in an inert atmosphere at a rate not to exceed 5°C / minute.



7. The proc'e*S?’E dccor di ng to claim®6 characterised in that step a) conprises
initial heating of the precursor in an at nmosphere of ai -
according to claims 1 to 7 characterised in that step b Fi@mqwqyiwﬁﬁe
heating from about 200[err]C to about 400[err]C to 450[jr
heat up rate of fromabout O0,1[err] C/ mnute to 10[erjr]
The process according to claim7 charagjerised in that |st
further heating in an atnmosphere conposed of 1 to 20 %

or of an oxygREcESS! FHRI TEE IPRANDFORMATION ©F oD Warxalntom /efiogbaaRyBNd of |he
bﬁl ancte '”eriéxﬁﬁﬁt%xxéﬁ dmﬁ@cmm chngm 6129 T : '
characterised in tha SoPFBMR ﬂtelﬂ@ﬁ gnperature reache
in step b) in an at m)éﬁiere corrposrergégf to 20 % by l\b/l‘gfurre of oxygen or of
an oxygen containing gas, of 10 to 80 % by volune of steam and of the

bal ance inert gas. 11. The process according to clainms | to 10

characterised in that step d) conpr BB8IRBEE i ng the activated catal yst in
an inert atnosphere at a rate not to exceed 5[err]C/ mnute.

A Vanadium/Phosphorous Mixed Oxide catalyst precursor is {ransformed into the active
catalyst for the production of maleic anhydride.

The activation takes place in a fluidized bed and includes the steps

a) initial heating of the precursor

b) further héating under superatmospheric pressure

c) isothermal stage at superatmospheric pressure and finally

d) cooling the activated catalyst oBtAined.

Catalysts activated according this procedure show high performance in the conversion of

non aromatic hydrocarbons to malei¢ anhydride.



