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WD 2005/ 025742 PCT/ EP2004/ 010336 N obi um doped
vanadi um phosphorus m xed oxi de catal yst The invention
WO 0080242 0 a process for the production of a PCTI/EP2004/010336

vanadi um phosphorus m xed oxi de catal yst containing

ni obi um (Nb) as pronoter, to be used as the catal ysts

for the production of 5 maleic anhydride by selective
Niobiuaddped vanadium/phosplerus nHzed oxide gatalysbt ai nabl e by sai d

process, and a process for the production of maleic

anhydride utilizing said catalyst. Ml eic anhydride is

The inPeritidh|rekiee s adstdeese fordhi [ptoduatien wEdi ainadiinypHokghorus mixed oxide
manuf act ure of unsaturated polyester resins, '

chem cal .
catalys} pRRERIREGIIRLEEM (DD gt BFAERRIEH 1% hel el asdhy arialpsts zi?r, {he production of

i Y LU B TSP chily BB L procs

and a pimfesﬁfoo teet predubfiof ef nlejic amliydtldmet)hitnygjsand: eathlysts. The

MR T RN o s
polyest{ehfé'sﬂfs Z8dmiQf ididriRidR&hs "bﬁ%tedlf)l anH‘t@trﬂWdPofﬁﬁHPﬁl&ﬁﬁ&ce%ﬁcals and

catal yst for the oxidation of non-aromatic
agrochbtylihatsc Hrib pm;lubackby partlbhmad@mmfrmd)mat@c éen by Genagac)i g non-aromatic

vanad hosphat e VO 2P2 h is .0btajned
(e g % ﬁ'é RB?H hg o pe e%’f#} tﬁlg 'gﬁ%gtbqg%tné HE prQQénce ofa
heteroéb%%tﬂ%@fa@sﬁ inh fixBe, fﬁﬁdh%ﬂ @r riddr te¥edddR4. 0. 5H20, acting

as catal yst precursor. Met hods. f or preparing the

The maite eompesient o b caighit Ifgr they exidations @fi diopgrematic hydrocarbons like
t d
vt P R BB EL (£OBF L PR Sl by

thermaOXItfiaatmei’m Rfnbenadyl) @it biteopheaphiaton hefnitydeate of the formula
tetraval ent  vanadi um wi th phosphoric acid. Prior art

(VO)HEEs 0 3Hs ) ackingAssatehst BIREWSocedur es for this
Metho@% foqgf %ﬁhﬁ th fegﬂrsle{‘ccgﬁlgﬁﬁ&l{all& Neve réd'il@ing %Opéﬁ%aféﬁt vanadium

as a source of vanadi um (see
compoanay und& Eoﬂcﬁﬁor%@/hmhdwﬂllzewrawﬂé)m&@ﬁuml jn aHetievgen state (average

PR NN HRES TR M TN A

Prior af¥ RRcritR8 the thfélgﬁ‘ﬂ'br@céd@l%é%ﬁﬂuﬁﬁ@b&aﬁblk evHEH HPdeyiel 1nvolve the
secondary a hati c al cohols or aromatic al cohols such

use ofasanadnmutpjtntoa deofbOshrd heowye ol mdnum (srec-gobS 12860 and

ep oSSR CEEREP AT, sk BRI Hhfh BBl T e s

menticnB& forftRyRULdHG of CorpVE aldoaded afeaﬂgdm@fedmlhg media like primary or
formation of tetraval ent vanadi um . whi CE i S rea
f

d

secondayyt plinhatie plsehols onatomatis alcobalsiseh gy isohwtyhpleghal é&§ tbgnzyl alcohol.
f

rhe e G CEOBEA LR NG LM, LA il et

redox \zhmadydlstmutﬂu@favbom@ammatpéeth eaddxywaettwl with fbenation of tetravalent
nodi f

vanadipm,, *qqg §r Be@ﬁfg Iklltﬁnghospﬁg{? o é{ %i)l }g%e%l}l%irt eVanadyl acid
orthophé/s?hate:flgm%dré(@of Me%rtﬁﬂlmyi{%l 0 8\HQ® the periodic

el"enents, or of mxtures of such
Both vanadyl pyrophosphate and vanadyl acid orthophosphate hemihydrate may be modified by

addition of a promoter element selected from the groups IA, IB, IIA, IIB, IlIA, TIIB, IVA, IVB,
VA, VB, VIA, VIB and VIIIA of the periodic table of elements, or of mixtures of such

elements.

Patent literature claims that the catalytic performance of vanadyl pyrophosphate can be

substantially improved by addition of these elements. An exhaustive review of the promoters
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el enents. Patent literature clains that the catal ytic
performance of vanadyl pyrophosphate can be
weemsoztei al |y i nproved by addition of these ePEEP1084/010336
An exhaustive review of the pronoters CONFI RVATI ON
COPY WD 2005/ 025742 PCT/ EP20@4/ 010336 2 reported in
the literature and of their role has been reported by
report&d dn thdulitetvturg sind of Al roleCatsdicen repb@ed byA2.). Hu®Ringamd Appl. Catal.,

1991,{# l?i%%anggl{;]%@?g.%uré{&zl dtall | E%%Bar t | o gtflyC%t\Ztyf(gsPoncelet et al.,

Eds)S%legpﬁlse%@rts%ie@kaénm&%amp199ls tpF’Ilo “art mentions

ni obi Um anong t he pronmoters tha rove the catalytic
Prior par monmc@ogmm amoag hty propyatesp Hb%tplhaftrevdaﬂle eatadytic performance of

vanady P YighBorta olf PP iR sT S BBhe SASRRIy 37,

1. I. Mgstiirg CtRiLt (@atalVTahg, N6, DS aIB3aG3B©CU¢Spreﬁ tat& NO&nENH in an aqueous
treat the precipitate with benzyl al coho refl ux.

solutiqy and éxeaﬁﬂysrmaoz}eﬁat@ Bt bragyl glcola& tat weflwd Thﬁ sold product obtained is

sctivefi SR AE A {EPEbAh Bt ofidiRle 3 i iR The Nb modified

catalyatstshweinvt oy highbreadvieity, the desttrssudts arobbtainaé doif ldgh prghoter concentrations
prom)&e _pcentrations 10 (atomic ratio V/Nb = 4).
(atomie raoY/NpT 8k de Qiveira, et al. (Catal. Today, 2000,

2.P. dﬂ"ﬂe% G4 ORI R P Stcﬁ %d%/ﬁ Qo06.e11 7’—1 86 bé&?ﬁé YPO precursor in

al co and |ntro uce NbPO4 | ust be ore enuc eati
isobuiyl akcahtzida}ad inteodiico NbRO it pélateethe madeatydr@ftvanadm @cid orthophosphate

.,cat al yst cur sor iva |nt r under
hemit 3¢l e, ALt iedspis Satet Bidng FeshoF phdf e AR fiinosphere. The
additibh &f Nbhok el Hhe &hd RqhRATTd 1ShcH dtaMaYy ﬁ&fdcrﬁlﬁﬁaﬁ(‘cﬂ%&éatalyst from

the catalyst from 15 120 hours to 40 hours. A higher

120 hgensity ¢ your§ Adyigher aetivityris rapertpd Endheproswtes gagalyst compared with the
non-p%’tﬁgt%ﬁ %gta s{ Ii%ets{lt% ul[%e[}e PR3 3?& holgi[x g¥ 3‘[ L %%%é tk ?%Hg (t{a%omw ratio
or R ek &6

are repor i ons
V/aneasup V/Nb 6.4). 3. AM Duarte de Farlas et al. (J
2002, 208, 238- 2462 solubilize Nb ethoxide in

3. A %d%\eél’gﬂ de; Fagatort an@/. Useak 2092, 208 Sty sebbiize b "etfoxide into
isobuf)i GRBLEL Mu%g% EPQ rEduith lg‘:%eﬁ{ %S%re QQHé ‘N‘Brmodlﬁgd -Elé'ﬁlyst precursor.

ctivation recu or med unde
The actimatioroof dhan qbretcunsns is ‘Pphefodedpnndeptreattivat ahlylston(saff henNib promoted

catalysf{at gt e OB 198ba S Pegitor iy itpire TORL e gfpromoted VPO

catalySt, %@veb&a&e tahotLige tthMi thé/ sél@ctIthbe %eﬁ&@%ﬂﬁ&&fﬁie‘ i8 0P improved by
i nproved by Nb-doping. 4. R Higgins, Hut chi ngs

Nb-dqpi)®e.Pat ent 4, 147, 661 (1979) assi gned to ICI Ltd.)
4. R. iEPRL S5 Brutchings (US Patent 4,147,661 (1979), assigned to ICI Ltd.) prepare the

Nb promoted catalyst in isobutyl alcohol using hydrogen chloride gas as reducing agent. The
patent uses high amounts of promoter (atomic ratio V/Nb = 14) and performs the activation in
the reaction tube in the presence of the reaction mixture air/n-butane.

To summarise, in the prior art, the positive effect of Nb is achieved using high amounts of
promoter (low V/Nb atomic ratios: refs. 1, 2 and 4) and/or when the thermal treatment of the
precursor, to transform it into vanadyl pyrophosphate, is done inside the reactor, with a mixture
of n-butane/air (refs. 1, 2, 3 and 4). This implies a period of activation of the catalyst during
which the conversion of n-butane and the yield of maleic anhydride are far from the optimal

values and which is detrimental for commercial applications. Moreover, in the prior art the
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25 Nb pronoted catal yst in isobutyl alcohol using
hydr ogen chl ori de gas as reduci ng agent. The patent
waiz@s/oti7gh anounts of pronoter (atomic ratio WEDER20041)10336
and perforns the activation'in the reaction tube in
the presence of the reaction3mixture air/n-butane. To
sunmarise, in the prior art, the positive effect of Nb
positives effetti e/ &b deping rbsulfs innpumre astive patalyst.ebut( pesicwlalp when low

tom g rati f nd 4 nd/ of . when t.he

amoufl 3F N orf pisdilietr ) B sPieefiviBt0speR A idtlS Belifbrows

We hhabe oo foimdagit aPUsRRBOSERALSth b HeNRtil iy idteht Btalyst and on its
reactor, with a mxture of n-butane/air (refs. 1, 3

selectiyifd t@)malgisi anhydridel e be Patnined bmfpr@mt)ﬁl%theo\ﬁP@fcatah@t with very low
amouﬁtgt "i"l%s frél%&sﬂ%ra gff‘fgct;lﬁ ﬁ)?/ap fned B & en%l#l%g emgt§9&‘ﬁgpreparatlon

of the\paédiﬁﬁ)raﬁth Apeetfid thertied] tie@ishabf the hreoarsse td:tr@isform it into the active
plications. Nbreover, in the prior art the WD

catalyzbwé@mwlmmha@i@e 59 ptranis ratso indbe proparagipp gaktugs hagan optimal
value %ﬁ%ﬂ] u{ gﬁ#ﬁ&%f fhe AniRLE oKD 'a&&ecf a[h%'p’f?ﬁaratﬁ) f the Precursor is done

'ow anounts sdised
in or@)uc tﬂr&ahuml cﬁ'ctultableycdmpcbmi(m cavaidingl thed asé of Iﬂahgerous and corrosive

e .now found, t hat a itive effec
reducwgt%eaﬁ q{kﬁﬁfggt 11 1pqpie fsmlai a%aé?rgﬁé ?falSHHctiqns A hurther advantage
of thé;r?xleﬁﬁﬁ liNben¥ioh @s Bt BleCthafY Feafiert I ﬂk@p&ewbpﬁﬂumfom it into the

moting the VPO catal yst with very amount s of
actlvel\ltataljfﬂevq;n@dylt pyxreplafsphate 1$ Qenfmmdnelﬁsﬁy th@ mtacmrngo ﬁlat the catalyst,
e 3568 B30 SRR e oS T Bl 2 R

Accoidir®f the Prdsénti invedtibh %@p&bwﬁor caatbeladSanty) %@@ﬁb"prepared following the
pyrophosphate. The P/V atonmic ratio in't presar ation

proceﬁqlrmdmi@hqun the nefsnt spplicatjen WO 072963 d-onzd SipeAdon of
wO 0&)%9%{@[&'&5139 f oﬂgjgce%g qgtdthe-gr@g]i')ﬁﬁ (B?Biata Lm{élﬁ)'s%horus mixed oxide
I's Sul

précur sor

catalysOpRoaisbt inwhit¥icthel Iré@cidg&g&ﬁﬁobﬁaxﬁdhmgrmuhe predence of a phosphorus
corrosive 10 reduci ng]éagents i ke HC @th requjr
source 8 APPTEARE dRedivE WHICk SRBPFisRs: (aAsobri @iqohe Oléa\}%’ﬁf“é?; af isobutyl

f [ t t
alcoh%lfarﬁhﬁnﬁxélgagﬁi}g% raﬂ%‘[ gﬁﬁté g&g?lzlrn r%ﬁ@(ve é?]l? roz{tfbe(am gb? 0899188195, Most
prefercat pd)lye]ls avathedyy 4- aiyaquhﬂs bRadtleariediobelr,2-propadediol, 51 ;3e|pxopanedlol and
the rea so that t |l yst,. en.lo d.int .
1a-bypeddaEhSprergiitilt Pfakohae Eyins SJ8POORALR BRsTy gpfh respect
to ISOB]]&?] Mespo1begi nning.  According to the present
i nvention the precursor can be advantageously prepared

WO 00612063 thabthocsibistpisctrsse et 4 Ve, gaatn some percent of

organf‘cD g%rﬁc a&nla pflr%rgetg /czr%a?n%{ réac?lon e}nésdl{fmAthuthQ 99{ Zzgs%??i‘emoved This

he prepara

perceMaga @ Witaho Spnpowslswiiell roxaiie trapptdiliny stie preeaisos & a iftmdamental
whi ch_ t he reduc:| n ent of vanadium in the presence
paramser awhigh scenomﬁwegfoa&% the perfprmngs iharasieistics b fhepactive catalyst

obtanlfég(%% gl‘f%sthéaxﬁ%:aé hre tend lvggn%f@@ ar(]:ﬁfs‘ﬂ fﬂeﬂ{oﬁ 10f caonrgrglhng the carbon
conteiltrintahemwhghphdspmoms haedtaxidebdatadfst peactirsoo 1r601ﬁ6r tolsetide a superior
catalyst precursor which, when activated, leads to superior results in the conversion of non-
aromatic hydrocarbons to maleic anhydride.

We have now discovered that it is possible to further improve the performance of the catalyst
by adding small amounts of Nb compounds or salts to the mixture for the preparation of the

catalyst precursor, which mixture includes a vanadium source, a phosphorus source, an organic
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20 preferred polyols are the C2 4-al kanedi ol s
1, 2-ethanediol, 1, 2-propanediol, 1,3-propanediol and
wazebsoes7anedi ol . The preferred m xture of al coP@I/BP2004/010336
contains 5 to 30 nol % of polyol with respect to
i sobutyl al cohol. WO 00/72963 discl oses that the
catal yst precursor, even after drying, contains sone
mediupecapahle afacting ganisolveonpuoladsiutingmagbiie and gandditive selected from the

L. di ich i t il Thi 5
eroup (ERSBHEBGE T5PBr YATS BE RSB RRIH (Frkde fborh diafnent of the
precurk®y i RErrRURKM 1S B ﬂr&eﬁcééﬁ&@@ﬂﬁ@él@éwﬁ% a3 de@lire¥ith Ay 163t described
positively affect the performance characteristics of

in EP 018684 68 iAle(agsigraditetLong®t ai ned after the thernal

EP 0 é@%‘%ﬁ‘gﬁ feﬁahve%s)ﬁg %/81%%1%12 ﬁwtce gcﬁ hagﬁpgflﬁ%%[?v%%og %llowing the steps of:

a) VRiiadi heating of oed15ly 6 ptechrsof i feten GadraltvsherBes 0 § @mpefature not to
order to provide a superior catalyst precursor which,

weraged beuf 208JC, | eads to superior results in the

. ) . | o
b) SREE Blhendif HiperluRUTRL Serti RARBANIIODCH Hlefiwerature of
t frofattidest 380PC av60a $@& performance of the catal yst by

adding smaJ| anmounts of Nh conpounds or salts to.the
) ninginiigingdhe f%pe&t@f?a%qhﬁg At g988 émderaﬁugrﬂsﬁgpospﬁﬁenc pressure and
d) PESS & actiVatddtatlydur e i ncludes a vanadi um source, a
phosphorus source, an organi c WO 2005/ 025742
When Pa@TérEPpae4lcibiias Gteplat 3 tond 304165 bhis calcirmtivh ragd astivation procedure,

.. solvent and reduci.n ent .. apd .an addi.tiye sel.ected
and.ixf BHEHE SRF dUpochindl SO0 ERFE oh sheaRGrioed B enhanced
activith OGP késpedt t0\the 88t Radalysh @hbm pfepatedtinGhé EBhc®bf NBE When thermal
precursor is carried out in the presence of steam

treatmgpis|oghir ilpoathpt desedbrdandithd Bed 96 Al lese eriployed. leqipositiveraiect of Nb
| ¢ i P |

oy A5 T OB AP Po B A 0 o

Accorflivig| towhé grestift iat@piondt is Sossiblé tol exipldie@tbiesgthefpobikiee effect of Nb on
catal yst precursor fromroomtenperature to a ., . L

the cafalytife paifomeangstofttie vanadyb@yERRGgePtsowhen fhe caleipptign and activation
[ i d o e f 0

e 4409 R SR TS LS5V BRI

activatkd cajalyshiwiten loadigl intvetht esaotor adxihitatsroptiotad data]ly’_[is paderniznce from the

under super at nospheri.c .pressyre and . d) cool i t he
very bigiaping; dHTEPRRLE & SRPCL AT GYLE IBral4p NPttt due to the
absencd 02D Peri Rl SBEIEmatidh sdCRHGHIG bOfhe %Qﬁly%f féi'siéfétthci?l;bactor (with loss of

procedure, and in particular steps b) , ) )
produdtisin) cnddto eatelytic merformandey conversidrapherlaptineedndjhe yield of maleic

s SRS SO L BRARRRES, 10 D caL v

As a source of vanadium, a tetravalent or pentavalent vanadium compound may be applied.

Representative examples, although not limiting, are vanadium tetrachloride (VCly), vanadium
oxytribromide (VOBr3), vanadium pentoxide (V,0s), vanadyl phosphate (VOPO4n HO) and
vanadium tetraoxide (V204). Vanadium pentoxide is the preferred vanadium source.

Niobium sources can be all the salts and compounds available, such as NbCls, Nb oxohydrate,
or Nb ammonium oxalate complex.

In addition to Nb, which is the promoter of choice of the present application, the precursor may
be accompanied by promoter elements selected from the groups IA, 1B, IIA, IIB, IIIA, IIIB,
IVA, IVB, VA, VB, VIA, VIB and VIIIA of the periodic table of elements, or mixtures thereof.
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15 treatnments other than that described in EP O 804
963 Al are enployed, the positive effect of Nb on
w@ 2008403374 per f ormance i s not observed, or, onPCTEP2004/010336
contrary, a negative effect is observed. According to
the present invention it is’possible to exploit at
best the positive effect of Nb on the catalytic
Preferredp edd isiomahponudter blemeatsaaty selpgted fhs phagwuphemsistieg of zirconium,

.Ci nat and atio treatnent, of th
bismuth ignigut Hhof BadRn dRken: 2iseRepkt Sl sfeb ot s e the
Orthoph&s%ﬁéh@ facidS@15P 8} 1sttﬁ@%)1%@erft@t h%%kﬁ)@u%ﬁiey st, when

ded into the reac exhi bits opti mal catalytic . )
The prefpecd mrmm@ sngdigm adiing hash gs Beglvent angl a Tedusingeagenls andgscribed in

nt It r- t th rj rie .
puten. ol O PN ARN ) SRS bl B Gy sy
alcohol a&ﬁtbérf&?'l glohd], hﬁtﬁ(h)ai Blysitin ItKESWd@ht faﬁor(&)at@t(b) of 99:1 ho 5:95. Most
product| on) and to catal i/tl c performances

preferred pelsrobs aredhe 63rz—4rallsaaxeaw@ hawthenedipl, di Zpiopanagiel; ¢.3-propanediol and
1 4-buta@éhh(¥fj r’[‘h@fp)r rﬁruk é of Abdifts ?&ﬁﬁﬁ 5hE 30 G190 )(og Svith respect

van fum a tetraval ent "or pent
to 1sobutszﬂadhulm conpound may be applied. Representative

B o I N S
suspendé/cﬂﬂ) zﬁﬁ@ hRREER ahd %%xﬂif@‘fb?l\@/ézﬂt uRAQ SRR 4t ¥ BB ferdture of 90

vanadi um t et r aoxi de Vanadi um
to 200 °@,enone(p1(¢éeralslytllﬁ)@ tprlé@ &couer a/mmdlmfrh std4de. Ni obi um

mhe g QLGRS ey SRR AR o s n e

rmgebew@grﬁgﬁ) cappkex. In addition to Nb, which is the
pronot er of choice of the present application, the
The ratip rof cyangdiuninggurc do Rhosphoaw SQures, i thenprenaratione pidis is preferably

oo oGS IRy L,y 115 o 1.1

When ethplolén®V /b arsinicsatiey lowiex than 90] bettee eésulty‘ﬁemﬁeﬁﬁ@ﬁ@ieﬂétmg with
PCT/ EP2004/ 010336 5 Preferred additi.ona

a ratio of yapAdisn, SEUICE| Oc PREFPRPYM oHECey Fistip theh ﬁé? g n@toalﬁc rafio in the
preparatﬁ)hrtﬁﬁﬁhfé% thdta gyg@nl 4 1. P-‘lum mol ybdenum boron, zinc,

tanium iron I cke Ot hophosphoric acid
After pl(ebiiiﬁéﬁaml thet precuserf ganadgll péid sptmphesphoter xseﬁlte'ﬁh@ washed and sub-

sequentlg q%@t%ég'eﬂltacteg&g@ggg P?gé@ ’t(?l %5)(? Iéa‘ﬁ]?éﬁ?ca cine %J’lat aatemperature

of 200 t@m peation WD 00/ 72963, conprises (a) isobutyl
al cohol or a m xture of isobutyl alcohol and benzyl

In a prefgired eshbodiment; the prepm‘sgro\ranadwltaﬁéi m@hpsnhaﬁ v@n(b&)des@lbed by the

formula GO Styp iy SO Wkt AL Sp' ! AIHRT oBE Brprbicr cloment

selected ¥rotn RE® pouRELA] TRTUA, IIB4HbM,tIalB§ dval, .IV]BI;]UAQI’\&B e‘me CVIB and VIIIA
m xture of al cohols contains t%%o nmol % of 1?
of the pegadic tatde ef elemegts, obpfmiyturgp @g sih elements, a is a umBer of from 0.3 to

0.7, m is a number of from 0.004 to 0.017, p is a number of from 0.004 to 0.017 and y
corresponds to the amount of oxygen necessary to satisfy the valence requirements of all
elements present.

The precalcined precursor, prior to the activation treatment, may be formed into convenient
shapes for the final application. 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. Microspheres, which are most suitable for the application of the catalyst in a fluidized
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10 In a preferred enbodi ment, the vanadi um source,
together with the phosphorus source, is suspended in
W@ b®soegani ¢ nedi um and the mxture i s kept unBE&r/EP2004/010336
agitation at a tenperature of 90 to 200 C, nore
preferably 100 to 150 C ovef a period of 1 h to 24 h.
The rati o of niobiumsource to vanadi um source i s such
bed, cat batobtamsedViiNspray drying eaté¢soribad fon indtance imhifed, 684, 4&% For fixed bed

250: 1 nd6:1 15, The r.at, m t
reactorshp SHRBIF LRI ooy n o Bosied sBame D AT R oF Eciresion:
The furthef ftl%ﬁﬁ@hﬁatlmth& fcallcliRd Prburop M6 ﬂ‘ieazidti"}e 'c§taly‘§t fsgﬁrformed by

range of 1:1 t 1, nore preferably :
a heat tm@meahpirmjarn@ tsh/aNlde@rlbnd aén et § 884 P@nad, bh a(n) heajl,ng under super-

efter results are obtajned o er f o
amosplgicsreahie it it T iRoElaire REsihath HidmhadaldtiReth s c,
(b) malﬁfaﬁﬁhg th@tdngpdrmuieh@acmelﬁadt@ﬁ () At X biPeatindspHedic (paék8Ere and (c)

1tol 1. 20 After precipitation, the precursor

COOllng\ﬁhﬁ éthw agfivagedoeattlygh prmb@aé tregtmqnt i peaferahlysopstech aut outside the
e

caor 4 p A B LA Fyd LB Uy 5

The product30btainell nafierp aetixetlbﬁdh&snﬂﬁwstmﬂme tofiethpr actlves Ozitalyst vanadyl

o A AP PSSP, B P Bt ofon

arornat18 H%Qﬂﬂo){s%&a@%ﬁfé%%m%em&dngé sel ected from the
ups 1A TB, TIA TIB, TTIA TITB, VA [VB, VA VB,

Such pthdSses\ArB“mﬂdmdm 1Atlm‘art Ieeg déS 4;5194;&3B,aUSé 1617, 86De)lré}$t4;668 652.

The ngy- %r%p@tlcoilyéro% fgn,gu%lggg fa} Bﬁqt 10 Eb [ Ogorfs;)olgrr]eferably
n-butank Sis Fed WIRESxy2En bF Qﬂbeé&"cohﬁhngnQ bds ﬁﬁ@le Yeactd?! ﬁtedsiéﬁﬁ‘)@fature from

to the anount of oxygen necessary to satisfy t
about 33Q1epE°C, @@ducpemgomalm Bnh}’érldﬁents present . 30 The

The cor?vregsgﬁl}[é%%]? aec%lﬁ 1}%1215&0 Cglﬁl I%%%l{r&@t% agrefer?bl}/ a fluidized

bed reattof if usedl TEE mbmmhg @Rampls arepgleaeﬁym dtelustigion @alyaid are not
grinding to a speC|f| c particle size, the addition of
ConStm%fH%ﬁ t10|10@§}’t‘?‘@3’| %Fﬁ\?én‘éﬁmppt | on resi stance, and the

0
In the féfri’é S ﬁes gfe J%¥€dﬁ &ﬁ% e g%%%frgfd%nﬁege?g%%e‘ﬁmf&mbustmn
in pureioxygef Iatllhnghz mth%QﬁﬁgZEM@pEﬁﬂsEﬁﬂnﬁmb&iﬂeﬁﬁscrﬁed below and
. bed, . c obt ai spray, dryi.ng as described for
detecu"t“ﬁgtﬂé?lﬁaéb?%d@@ﬁfg %S“%l‘—lﬁ% PAYES bed reactors the
Apparaf@! al yst CEET’R%%UG‘SEC’ in the desired shape by
tabl etting or extrusion. The further transformation of

Measuringgapgecal 0i00edlQ9re@afsor into the active catalyst is

rfornmed treatnment simlar to that
SenSIt“P@Scrl bed 53@0%@“6“93%4 963 Al, by (a) heating under

Time p&aipie: 90 s

Sample size: 0.1-05¢

Oven temperature:  400-1500 °C

Oxygen purity: 99.5 % min.

Oxygen flow rate: 4 L/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 samples

having known carbon content. The sample size used was 150 £+ 10 mg.
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5 atnospheric pressure and in a steam containing
at nosphere to a tenperature of 380 to 600 C, (b)
worionnzi7ai ng the tenperature reached in step (BOT/BEP20E4/010336

super at nospheric pressure and (c) cooling the thus

activated catalyst. This heaf treatnment is preferably

carried out outside the reactor used for the
Exam]pipdc(@(é’%@mnw’rfmim éﬁ@ anhydride, in a fluidized bed or

n_qve uct optain el._acti has .

Into atSﬁ & g‘%aic‘[%{}me ngg{n]e&& mee qnglcgi {’Iér @ﬂﬁ/ %13&1 ation column with
reflux FéMﬁdHﬁB&S&ﬁtﬁtv@t@{n depapatbBad¥re ttRRutapdSEsi fgnbﬂ VL8, 65 g of niobium

react or and ag plied for the conversion of non-

ammonjpraxslate hgidr detdberef $00% HsPQut@Ne atemimairatic=1.17) suspended in

16,7005 0 ' ye 26330 159F EROES 81 ¥EntarfiRt 0 20) s by ws ep

under Agtation Qﬁ&ﬁl'ba?tedlyljj’mcmﬂbﬁ randdeft @c tiede tomditians fob Bthaurlhe colour of
hydr ocar bons, 'E’ er abI n butane, is fed with oxygen
the migpregh ﬁ?Wng 8@t he reactor, at a
t f
The mpRiER/E] éé"’%ﬁﬁ%ﬁ o R 230t 1300 s AR ORHSEHSEA lcohol
Then the fsokiédwizedriat 2 FI0A@iané drbexdcinehat 300 °Gr dhercallon eontent in the

f.lui dized be eagtor is used. The foll owi ng exanpl es
precalcp @F%Wrwsaaévgf}i | lustration only and are not

The soﬁa%{srtﬁaﬁs@%ea %ﬂp nhe¥ dprdy- &ry‘iﬁgestéﬁth%r%ejrt] g{b typfeat f€idized bed

| owi ng exanpl es, the car bon content

Spherephmmssicafcnha@lm@p@nwlmb@fb@ 4:65&3%% on 20 in pure

xygen at .hi h te ure pparat u nd
The s 30, lcielp; EelBingfial Holfudd Brd BRGHHhed 08 Jpgrte 4 of
EP08dios3 da. forned by infrared anal ysis. Apparatus: ELTRA

90005 Measuring range: 0.001-100 wt% C Sensitivity:

0.0001 wt% C 25 Tine per sanple: 90 s Sanple size:

0.1-0.5 g Oven tenperature: 400-1500 C Oxygen

purity: 99.5 % mn. Oxygen flowrate: 4 L/mn 30
Examlﬂeac{é’d\bbmodewmﬁmm@)ce was heated up to 1330 C and

gen S ope es befor rting..the
The Pra??élPEFs?’Is]]‘:XW h LurB N %ﬁﬁ%@ﬁ \ﬁa&gﬁgpéew@am ammonium
oxalat@@gre(iééd *qfh%tc%dﬂ édﬁteﬂt e %ﬂeéﬂ&ﬁé@ﬁrecﬁ@ﬂﬂ \W& #g‘ Q\W%

carbon content. e sanple size used 0 ng.
The soli® v2:60b¢r0 Steipad WiﬂT hEPR@OahdospdB38rying steps to get the typical fluidized bed

sphere shape as described in Example 1 of US 4,654,425.
The solid was calcined in a hydrothermal fluidized bed as described in Example 4 of
EP 0 804 963 Al.

Example 3 (V/Nb atomic ratio 120)

The procedure of Example 1 was followed with the exception that 87 g of niobium ammonium
oxalate were used. The carbon content of the precalcined precursor was 1.7 wt%.

The solid was then shaped with milling and spray-drying steps to get the typical fluidized bed
sphere shape as described in Example 1 of US 4,654,425.

The solid was calcined in a hydrothermal fluidized bed as described in Example 4 of
EP 0 804 963 Al.
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7 Exanple 1 (V/Nb atomic ratio 160) Into a 30 L
reactor fitted with thernmoneter, nechanical stirrer
wapahsdeei | | ati on columm with reflux condensePCERP2004/010336
wat er separator, were introduced 1,968 g of V205, 65 g
of ni obi um ammoni um oxal até and 2,484 g of 100% H3PO4
(P/V atomic ratio = 1.17) suspended in 5 16,700 g of a
ComparativielEzamplé kéthb) al cohol and 1, 4- but anedi ol
under on a

The profiirg ot EXETPIEG | e Tl et rpity 118 el i e a0 Ry agmonium

oxalate Wa¥Sed. The caﬂiog%n&ht oft A8 pric¥lcited prdtande dak 1 B t%
red-brown to |ight green. The m xture was cooled to

The solidovas t@n;ﬁélﬂmmweth milléng and speredryamgistepss toegpt whe typical fluidized bed

sphere Sy 4 dessfbf P sl d SCUSHER A on " cont ent i n the

The solid v@ﬁﬁ(balc@merde% [ egtfotteimaRSluldiZedMb¥d akhdeseeibéd iaBxample 4 of
then shaped with mlling and spray-drying steps to get
EP 0 80¢ R83t4/bi cal fluidi zed bed sphere shape as descri bed
in Exanple 1 of US 4,654,425. The solid was cal ci ned
in a hydrothermal fluidized bed as described in
Exanple 4 of EP 0 804 963 Al. 15 Exanple 2 (V/Nb

atom ¢ rat The pr.oced of Exanple 1 was
Compammeoﬁé %%f%& é@?céﬁt’%ume?@t 52 g of niobium

" The proRSHTRRBI HTExSNBlAl Svleloflows g detﬂ_lﬂl‘fe E}@Jegﬁl@n Qﬁ’ﬁtrﬁ{‘hogfmﬂ Bfmonium

precal ci ned precursor was 1.8 w % The solid was
oxalate Whemssmap@dovih 4-|butmedlohg'aalvad@bmoy thgrigacigr. Sthesrtion cgetent of the

i cal di,zed bed sphere shape as descri bed
precalmpeﬁie;géé Péwfsg;gﬁg;4 654, 425. The solid was cal ci ned
The soh'er@s fedrspaped fadh il dhdespred 510 22 dhd Hpical fluidized bed
nple 4 o?&[ 804gj963§bb§a 1E‘aﬁgExan'pl e&Q t/’yﬁ

sphere smtms:dqsanb@i mz@;ammg 1 85eH0PH435. Exanpl e 1 was
The sol1cP lvlf%’\%glc\{\ﬁedh 111 rhe érco?l?e%ngp tﬁﬁ]ﬁﬁ&e(ﬁ %e a%f dQs',? (%”Hé fE)ﬁ%neple 4 of

MonT U oxal at'e used e carbon con
EPosowgesaknlned precursor was 1.7 wt% The solid was then
shaped with mlling and spray-drying steps to get the
typical fluidized bed 30 sphere shape as described in
Exanple 1 of US 4,654,425. The solid was calcined in a
hydr ot hermal fl uidi zed bed as described in Exanple 4
Companidtive Example 3 (V/Nb atomic ratio 25)

The procedure of Example 1 was followed with the exception that 416 g of niobium ammonium
oxalate were used. The carbon content of the precalcined precursor was 2.0 wt%.

The solid was then shaped with milling and spray-drying steps to get the typical fluidized bed
sphere shape as described in Example 1 of US 4,654,425.

The solid was calcined in a hydrothermal fluidized bed as described in Example 4 of

EP 0 804 963 Al.

Example 4 (V/Nb atomic ratio 80, P/V=1.17)

The procedure of Example 1 was followed with the exception that 130 g of niobium ammonium
oxalate were used. The carbon content of the precalcined precursor was 1.8 wt%.

The solid was then shaped with milling and spray-drying steps to get the typical fluidized bed
sphere shape as described in Example 1 of US 4,654,425.
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EP 0804963 Al. WD 2005/ 025742 PCT/ EP2004/ 010336 8
Conparative Exanple 1 (no Nb) The procedure of Exanple
wa2was297e1 | owed with the exception that no ni oPCT/RP2004/010336
amoni um oxal ate was used. The carbon content of the
precal ci ned precursor was 198 wt% The solid was then
shaped with mlling and spray-drying steps to get the
The solig pwascaldingddiirz exd hipddthetmslp flaidizesh bpd aasdatesiad e Example 4 of
(ﬁéggg%ﬁ 1 of US 4,654,425. The solid was calcined in a

EPO038 ermal fluidized bed as described in Exanple 4
of EP O 804 963 Al. 10 Conparative Exanple 2 (no Nb,
no 1, 4-but anedi ol) The procedure of Exanple 1 was
followed with the exception that no niobi um ammoni um
xal s.used Aan 4- but anedi ol was | oaded into
Examp?%i(‘?)é@c‘fv}@’ﬁf”ﬁ%@ @aﬁﬁ%&%@ntent of the precalcined
The prdYe8trer SOExM@Se O Wayicowkh Svifio Hede0B8stidnN@at 3.08PebVHIIPD, (100%)

mlling and spray-drying steps to get the typical
were useflullefi casborbeantent 51 Hgipsecaloinrdmecssa ees 2 bwtyoi n Exanpl e

l.0of US 4 4 . Jhe l .cal ci [ . e
The soif, s My spipet MR mlR B2 $rb BRuaPGhiS et uupioat gidined bed
sphere §Hape BEPd€scBiB4d B3xaMple 20f O8asa4ive Exanple 3 (V/ Nb
atom c ratio 25) The procedure of Exanple 1 was,
The sofig] PanesalGieh it fre iesiolisreh Toflizeds bet Goofesiib] i Example 4 of
nyym oxal ate were used. The carbon content of the
EPOS(%:gegc%a)I\g'i ned precursor was 2.0 wt% The solid was then
shaped with mlling and spray-drying steps to get the
typical fluidized bed sphere shape as described in
Exanple 1 of US 4,654,425. 25 The solid was cal ci ned

Comparitife EXShpIdE ), 41puidizepd bed as described in _
Exanple 4°of "EP O 804 9635 Al. Exanple 4 (V/No atomc
The pracadiire of Example=l wag folloged With the exesptior that nex dnfpitanedioharss loaded

. follo with the ex tion.that 130 of . nikohjum
into the R e PR SRR PR B AR el e o SRTGE 1 e
The solid §&8 tlidnN@@dped QeHHling\@R shray-déyihg StBss Bdet the/gpichhRiidized bed

shaped wwth mlling and s ra%édr ing steps to get the
sphere mapﬁeadescnbp@;nz%wnmﬁ@l@b%e‘h 4thépe as described in

The soR32HRS Sateifld P & ’h?ér%ﬂfé%ﬁal fluidized bed as described in Example 4 of
EP 0 804 963 Al.

Comparative Example 5 (no hydrothermal treatment)

The procedure of Example 1 was followed. The carbon content of the precalcined precursor
was 1.8 wt%.

The solid was then shaped with milling and spray-drying steps to get the typical fluidized bed
sphere shape as described in Example 1 of US 4,654,425.

The solid was calcined according to the following procedure:

e npitrogen atmosphere

e 3 K/min

e final =550 °C, kept for 6 hours
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WO 2005/ 025742 PCT/ EP2004/ 010336 9 The solid was
calcined in a hydrothermal fluidized bed as descri bed
WO pookvzaTei e 4 of EP 0 804 963 Al. 5 Exanpl e 5PCWERED04/010336
atomc ratio 80, P/V=1.46) The procedure of Exanple 4
was followed with the excepldion that 3,092 g of H3P04
(100%9 were used. The carbon content of the
Fluidizpd bed kcatalgit esiscur sor was 2.0 wt % The solid was then

| d t th .
The caig 3R GHPPHF T Re Pl g oo LCERHEr S ERRRRIEF dag Yoo tesed in o
pilot m&élaf'l‘iﬁﬁf%e&- b@(l réd&ofluﬁ&‘} fdi’@t%llogvﬁlg_r&ﬁdﬁﬁ)hb .d was cal ci ned

in a hydrothermal fluidized bed as described in
o catalystimpded intothe ERtGr KO @63 Al . Conparative Exanple 4
) éno %}G\gg ediol) 15 The procedure of Exanple 1 was
o air o5 rdhied the exception that no 1,4-butanediol was
e nbitddgdy into the reactor. The carbon content of the
precal cined precursor was 0.5 w% The solid was then
shap@dol¥bth milling and spray-drying steps to get the
typ' fluidized bed sphere shape as described in
1 of US 4,654,425. The solid was calcined in a
o r I di zed bed as described in Exanple 4
pre%%%%B%P&?%%gy%S Al . Conparative Exanple 5 (no
The perfiprdrantéresfithe catalysts arsunifdrezegindeblade of Exanple 1 was
foll owed. The carbon content of the precal cined
precursor 25 was 1.8 wt% The solid was then shaped
Table M th mlling and spray-drying steps to get the typical
fluidized bed sphere sha as described in Fxample 1

Exannfle N5. 4, 65C]4 » ElonVersiao|% ]| WA Yieldcjwtte] pbEdmailagSelectivity [%]
tho 'Fnl l' nrocodiy - n v ooaon n+ oabnbaor o 20
LIS T P UUUUUUUUU L. ) LA >4 PII\/I A>3 =AY
3K/ ni n f‘i‘%l t = 580 C. képt for2% hourk wo . 67
20651025747, PCT/ EPZQS)L‘H' 016336 "‘%9 Frordzed—bed 64
Cat al ytfi c Tests:

3 397 81 91 66
Comp. 1 422 81 85 62
Comp. 2 424 80 79 59
Comp. 3 370 85 49 34

4 374 81 76 56

5 395 80 89 66
Comp. 4 412 80 86 64
Comp. 5 401 29 28 57

Examples 4 and 5 show that in the presence of Nb with a V/Nb atomic ratio lower than 100,
when the P/V atomic ratio in the preparation mixture is lower than the optimal one, the
performance of the catalyst is worse. In this case the performance of the catalyst can be
improved by feeding to the reactor, together with air and butane, small amounts of phosphorus
compounds such as organic phosphites or organic phosphates (this is a well known commercial
practice usually applied to keep constant in time the performance of the catalyst). During the
test of the catalyst of Example 4, after few days of non satisfactory performance, triethyl
phosphite was added to the reaction mixture fed to catalyst. After few days a yield of 86 wi%

was obtained at a temperature of 395 °C and at a conversion of butane of 80%.
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The catal ysts prepared in Exanples 1-5 and in
Conparative Exanples 1-5 were tested in a pilot netal
w0 bawsd2erl bed reactor under the foll owi ng conedT/ERP2984/010336
catal yst | oaded into the reactor 1000 cnB8 5 air flow
rate 556 NL/h n-butane feed o 4.3 vol% o0 65 g/h
pressure 3.0 bar (2.0 barg) 10 The performances of the
Exampdxm é}’/%@tm‘omtaaaﬁadﬂﬂrﬁwd@ed)n Table 1. Table 1 Exarrpl e

The preggiasiop, @? %’ﬁﬂ%i%%r\%‘? Prﬁxgaﬁﬁns%ﬁé’s Ryfelcineggprecursor.

The calgén Sdntbi @Q}i@%reéalél?lgd Brec@BoiOwas CORR%. 2 424 80 79 59
3 370 85 49 34 4 374 81 76 56 5 395 80 89 66

The prewnngied mmleespregwsmwamn@d vathiéle o,;fgramntg ngfermsiddatost.8x4.8 mm

ring tabj?tg rﬁﬂé 1 0 0¥V7 L at Lha ncpefgg e‘fﬁel gglf\}\%t ﬁ)f V\%et plfgf:@cg)teg [precursor were

activatddainl mydrathteﬁﬁalrtro@ﬂafoaé iheMing ﬁbmrle,onﬁtelnqwmmehammhe: in controlled
opti mal one, the gerfor mance of the cataly IS

atmospmps@cyglen coRient was &3%r7b thcheeinming ard 5% & the @aﬁlaﬂt% gsteam content
umsab&ﬁ@ i nproved by feeding to the reactor, together
ﬁ air and butane, small anpunts of phosphorus
conpounds such as organi c phosphites or organic
phosphates (this is a well known commercial practice
usual ly applied to keep constant in tinme the

el the 20 test of
Compa‘}%{r@E aﬂ;;» @/M%t&;ﬂic%ﬁé% ffti b'eH}J

he cat Exanpl e 4, after féw days of non
The prgaetdusé adt Exgmpbr fowanfollwed ivéitthythe exhentioni thet lls5 g of niobium

added +t gethe re(gction m xture fed to catal yst. After
ammonfiy, oxalgle WEIGUSeH o 86 wt % was obtai ned at a

The ca%%i&’@@ﬁt@ﬁﬁﬁh@ﬁre@ﬁ@in@d pieduidbr wasPBWRYSI on of butane of
0

The precalcined powder precursor was formed and activated as described in Example 6.

Comparative Example 7 (no Nb, no 1,4-butanediol, fixed bed)
The procedure of Comparative Example 2 was followed.
The carbon content of the precalcined precursor was 0.5 wt%.

The precalcined powder precursor was formed and activated as described in Example 6.

Fixed bed catalytic tests:
The catalysts prepared in Example 6 and in Comparative Examples 7 and 8 were tested in a
pilot fixed bed tubular reactor (2 =380 cm, ID = 2.1 cm) under the following conditions:
e catalyst loaded into the reactor 750 g
e air flow rate 2650 NL/h
e pn-butane feed
o 1.7vol%
o 118 g/h

the performances of the catalysts are summarized in Table 2.
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Exanple 6 (V/ Nb

atomc ratio 160, fixed bed) The preparation of
wex@spte4d was foll owed for the preparati on of PETIEP2004/010336

precal ci ned precursor.

The carbon content of the

precal ci ned precursor was 127 wt % The precal ci ned
powder precursor was m xed with 4% of graphite and
formed into 4.8x4.8 mm 5 ring tablets with a 1.7 nm

Table 2

hole in the centre. The pellets of the precal cined
precursor were activated in hydrothermal conditions

50% 1 Commarative

anrml

e 6 (\//Nh at oid

O 3@, T T 0 qRblaP Sefed P
Exam R (Ve | AR T 8, e | MR aBEp ey
énd 5% iAa03 hg finalgostep, [steamapdntent [ was aboulo

c ratio 45

. o+

Confip.xted bed@Ofre pro@édure d

f Examﬁie 6 was fol | oneeft

f—at ottt

wH—tre—ex |J|.IUII
Congi 4l at ﬁg¢e used.

[ [y
||a|. J

he calr

LILL UUI tt

bon co%%ent of

t he

precal ci ned precursor was 1.8 W% 15 TT
powder precursor was fornmed and activated as descri bed
in Exanple 6. Conparative Exanple 7 (no Nb, no 1,

4- but anedi ol , fixed bed) The procedure of Conparative
Exanple 2 was foll owed. 20 The carbon content of the
precal ci ned precursor was 0.5 wt% The p
powder precursor was fornmed and activated as descri bed

in Exanple 6. Fixed bed catalytic tests:

€ precal Ccl ned

recal ci ned

25 The

catal ysts prepared in Exanple 6 and in Conparative
Exanples 7 and 8 were tested in a pilot

tubul ar reactor (h =

foll owi ng conditions:

380 cm

cat

al yst | oaded i

reactor 750 g air flowrate 2650 NL/h
30 a 1.7 vol% a 118 g/h the performances of the
catal ysts are sunmarized in Table 2. WO 2005/ 025742

PCT/ EP2004/ 010336

fi xed bed

ID= 2.1 cm under the

nto the
n- but ane feed
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12 Table 2 Exanple No. t [C] Conversion [9% MA Yield
[w% MA nolar Selectivity [ 6 405 80 95 70 Conp.
wW®200802812 88 64 Conp. 7 424 76 87 68 WD 2005/ OpGIEP2004/010336
PCT/ EP2004/ 010336 13 dCains 1. A process for the
preparation of a nodified vBnadi um phosphorus m xed
oxi de catal yst conprising vanadyl pyrophosphate as
Claimstai n conponent and ni obium as a pronoter elenment 5 in
an anmount corresponding to an atom c ratio of vanadi um
to niobiumin the range of 250:1 to 60:1, said process
1. A pRIBSs fof the prdiRrfioART a@hodifidd Paradivel/plosphérfsffikdoxide catalyst
m xture conprising a vanadi um source, a niobium
compyising vanadyp hpeophesnhete £ traie corgponsngans wiobia ag promoter element

. I f t I t eduei i t

in SR AR Bl P Beie YE o Rub e B il rapee of

2506enyd0: 1| lssid ppbcescbnpstisyd the stbPs 6 i) heating said
reaction mxture to forma, podified vanadyl acid

Dor PrOPHES prscHON SUKBISAMRSISIE A wEadium squyce; 8 siokiym gource, a
ph%gﬁlogﬁsy §0ﬂg:e,s%ll gr)g\c{ﬁ@ %géglllmﬁl Qéﬁjdbper 51{5385? SO0 16t 3{1/?5 g%tfuging agent,

precursor, precal cini'ng sa I'ed vana
andrahladgitios pdladted fratmathy gtoupreensistigy ofdtenzyl atoehplemdtpoty®]Of

..200 to 330 C, 15 (v) optionally. shapin ai.d vanadyl
Gibo Peethe RopReimar s Rt mibaliod S il g Eigtphare

caPiysk pRIGrsbQr the bed and reactor type wherein the
fi'nished catalyst is to be used, and (vi) calcining

(iign dsodasing\ead idngng sdid veradytigdid aghephosphntpentalpitaresursor,

(-G ikl s FESE v bt e e s Rl vt eegprsprg o
at REHPRSInR: oft2W030 BEOPES at ure of 380 to 600 C, 20 (b)

mai ntai ni ng the tenperature reached in step (a) under
(Vku p@tlama%wgm@ng saig vanrady} ecid grthophopphese patalystipreeursor into a shape

ac ts{n\fﬁ}lg g)r G @édyasntd'regctor-lzg[ﬁe ‘%B&%ﬁlstﬁe ?Bisﬁ%ﬂ:dﬁl}st imed'eedsgd, and
t he "vanadi um Source 1S vanadl um pent oXxi de.
(vi) calcining and activating said vanadyl acid orthophosphate catalyst precursor by
(a) heating under superatmospheric pressure and in a steam-containing atmosphere
to a temperature of 380 to 600 °C,
(b) maintaining the temperature reached in step (a) under superatmospheric pressure

and

(c) cooling the activated catalyst.

2. The process of claim 1, wherein the vanadium source is vanadium pentoxide.

3. The process of claim 1 or 2, wherein the phosphorus source is phosphoric acid.

4. The process of any of claims 1 to 3, wherein the organic medium comprises isobutyl

alcohol and a polyol in the weight ratio of 99:1 to 5:95, preferably 5 to 30 mol% of polyol

with respect to isobutyl alcohol.
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25 3. The process of claim1l1l or 2, wherein the

phosphorus source i s phosphoric acid. 4. The process
wo@booangs7af clainms 1 to 3, wherein the organi c PEHEP2U04/010336

conprises isobutyl alcohol and a polyol in the weight

ratio of 99:1 to 5:95, prefldrably 5 to 30 nol % of

polyol 30 with respect to isobutyl alcohol. WO
Th@pfdseB328 a4 oPCIRIESPD 0D 4,/ WidEAGhe Adlyd.is 3B spilened®olopreferably

1 2ol o2 Pirenefiabil  Pepoiediotaf i aneaiol. <

1, 2-propanedi ol , 1, 3-propanedi ol or 1, 4-butanediol. 6.

The process of any of clains 1 to 5, wherein the P/V
Thepwoeess afany of ckims 1 1o §,ovlieréinthe Pedtemabiayio iG1 1, tb; 8 tlppreferably
11..p:ﬂ .4+7. The process of any of clains 1 to 6,

) 8re§ﬂ; in step (ii), the mxture is kept under

agitation at a tenperature of 90 to 200 C, preferably

100 to 150 C over a period of 1 hto 24 h. 10 8. A
Therprgicessed aps ehglaims broepreareis, i seadiptheimixttredsykept piader

. ' . datdnan o~N= hut j .
oo gl BPA oA BB o0 RIS BN 1O TP e g o of 1 1o
24 gonponent and niobiumas a pronoter elenment in an

anount corresponding to an atom c ratio of vanadi um

to niobiumin the range of 250:1 to 60:1, obtainable

A i¥dif f ' )}%n i
SRR AR Bho SR o it bie Lot for e pheidh idfiRor

n-butaind it imatpi athytdaide, dompmisingosangdyi pymphasphiategis gasin component and

. mxture in the presence of het er ogeneous cata“y§t, .
nioiEY & fPRHRSTcel P} df 5 Gmguil CORFeRAMDBN 4 2R AgIC ratto of vanadium
to mlalsi_aﬂi %m@ R3Renss:1 1o 564, Sbthidgble BY alptedesPSCRFHbNEatn®s 1 to 7.

cl ai m 8.

A process for the production of maleic anhydride by partially oxidizing »-butane in an
oxygen containing gas mixture in the presence of a heterogeneous catalyst, wherein the

catalyst is a niobium containing vanadium/phosphorus mixed oxide catalyst according to

claim 8.



