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FOR PRODUCI NG A VANADI UM PHOSPHORUS OXI DE CATALYST THI'S | NVENTI ON rel at es

t o vanadi um phosphorus oxide (VPO catalysts. Mre particularly, the.
invention relates to a nethod of nmaking a VPO catal yst suitable for the

oxi dation of C4 ardckss Hor'PRObUONGAAASITIMIROERIcKRS VxipP@ldksfe, phthalic
anhydri de and acetic acid, especially paraffins and ol efins produced by 5
Fi scher-Tropsch processes, and to a VPO catal yst made in accordance with

the net hod. PMISOINVENTION! hetatesves vianadiuia ' shodpHyroki shided(VmO) edtéistaki ng
a vanadi um phosphor us odeeSé\/PO) catal yst the nethod conprising the steps
of : prg@?fﬁ gaﬂ‘ﬁg?"h &he dnventien gelatesfa 3 methed i making & MPQ watalyst \/5
b ¢ . ti ¢ ] A ni
and pnesipble for'eailanonys Gy ik EaPastine dndbienns e BR: HoaPinc.
Wit h t phthaiicrahbydiie@nd agetic acid)| @spetlallypard#fins FntidolefmsOpRidutedby

unde Lnect atnosphere, to producg a VPO catal yst having an active phase
in a%c%nﬁfbﬁeﬂl TRPERD tﬂﬁeq'ﬁﬁ?ﬁu%n o2 VP catalyshsnade in aesordansewrithh thee

preci piethedl S preci pitated conprising dissolved cations of at |east two
dopant metals selected fromthe group consisting of Bi, Zr, C, Ce, Co, M,
My and Mo, said dissol ved dopant netal cations being present in the

such that the precjpitate conprises 1 - 25% by nass

sol ution in,propQrtion :

of dopant nBCEP a%iteré'ei'ﬂvfﬁ?'ﬁp thersisiprpyided amethodiaf making avanadium
[err] 6. RRNSkigs: ] e I % mass of the
pr eci ;??af%l.% Pr ef e?gbﬁ\éfb)teﬁg&g %Egﬁtgi'rg%{o d%?@r{f%gg tb eié%éi ns relative
to the proppregipitatingdfrosve sefutior comprisingidissuived Y siopsatid V8!t Yons
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catalyst having an active phase in accordance with the formula (VO)ZPZOQ,
15 the solution from which the precipitate is precipitated comprising dissolved cations
of at least two dopant metals selected from the group consisting of B, Zr, Cr, Ce,
Co, Mn, Mg and Mo, said dissolved dopant metal cations being present in the
solution in proportions such that the precipitate comprises 1 - 25% by mass of
dopant metal cations in total, the balance being the VOHPO, % H,0 complex,
20 each dopant metal forming 0.1 - 20% by mass of the precipitate.

| Preferably, the proportion of dissolved V4 + ions relative to the proportion
of dissolved v + ions is as high as practically feasible. Furthermore, the ratio of
dissolved V*+ ions:v8+ ions in the solution may be such that the molar
pProportion of each of the V4 jons and the VO + jons in the VPO catalyst, after

25 calcining, is 0.1 - 10 mole %. typically 0.5 - 5%.

Preferably the total concentration of dissolved Vv4+ ions and VO + ions in
the solution is 50 - 60 g/¢, the dissoived dopant mets| cations being present in the
solution in proportions such that the precipitate comprises 2 - 20% by mass of the
dopant metals in total, each dopant metal forming 0.5 - 15% by mass of the



dopant neW& 28/55226t ot al , each dopant nmetal forming 0.5 - 15%d¥/GResmew t he
2 precipitate the ratio of dissolved V[err] ions:V[err] + ions in the

sol ution being such that the nolar proportion of V[err] ions in the VPO --
catalyst is 0.1 - 10 nole % typically 0.52 5 nole % The solution from

which the precipitate is prechFi;at ed mgy, conprise S5 dissolved cations of 2
-3 dopant net aPeeciifagettbd rationt disselved Yup desY St i i9gs o thei sol@ion @ing Gech Co,

Mh, Mg, and M. ((RGnQimdhe %@B?{ﬂ}n BELAS idRYinddeBlPo '%!ataffféti@_%% baiggoRy gsent
in the solution from |CH he precipitate is precipita ed In a proportion

such that Bi ftypically 0.51- Sonoe %vass of the precipitate, the solution
conprising, in addition to the Bi 10 cations, cations of 1 - 2 other dopant
netals selected from Zr; M and Ce; Co: Ce; 15 Zr
and Ce; and Zr and T sbhgiceaftoronehich thheprdoipiate imeipa¢cipitetgd rea¥rconmrise

cations bein ' ohut i ' .ecini .
o o e, SRS ot 205 Rl PR Wl U ASYIA BB ot
precipitate, t#&e ColGe iGm MuipgiapdMde. in addition to 20 the Zr cations,
cations of 1 - 2 other dopant netals, selected from Bi; C; Ce and Cr; Ce;
25 Co; .

One of the dopant metals may be Bi, Bi cations being present in the solution

from which the precipitate is precipitated in a proportion such that Bi forms 1 -
15% by mass of the precipitate, the solution comprising, in addition to the Bi
10 cations, cations of 1 - 2 other dopant metals selected from:
Zr;
Mn and Ce;
Co;
Ce;
15 Zr and Ce; and
Zr and Co.
Instead, one of the dopant metals may be Zr, Zr cations being present in the
solution from which the precipitate is precipitated in a proportion such that Zr
forms 1 - 15% by mass of the precipitate, the solution comprising, in addition to
20 the Zr cations, cations of 1 - 2 other dopant metals, selected from:
Bi;

Ce and Cr; cet Has Been Replaced

. = T

Bi and Ce; and
Bi and Co.
instead, one of the dopant metals may be Cr, Cr cations being present in the

solution from which the precipitate is precipitated in a proportion such that Cr
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Bi and Ce; OB #26and co. | nst ead, one of the dopant netals REV/GBs/EI616 Cr
cations being present in the solution fromwhich the precipitate is .
precipitated in a proportion such that Cr NDED SHEET 3 forms 1 - 1 5%
by mass of the precipitate, the solution c rising, in addition to the Cr

cations, catiopsmef 115%%??}&%& o‘i'Qﬂ?é‘BFec'i’B?ia% Sbhe%%'luﬁﬁatne&rﬁﬁr‘i&%g 4h ad@ﬁ@n@@

and Zr. 5 Instead, one of dopant netal s may catlons being
present in thetf@(ﬁ’u‘iﬁtt?ﬁsff:@ﬁﬁﬂﬁmfch 2rethpf é@@?ﬂttf'aﬁélsi §ebﬁtﬁﬁ Bepmated in a
proportion such that Ce forns 1 Zel 3t by mass of the precipitate, the
solution conprising, in addition to the Oe cations, cations of 1 - 2 other
dopant metals, selected from 2zZr GnandEr. Zr; Bi
and M; Bi; B and Zr; and Mh and My. 15 Instead, one of the dopant netals
may be Co, Co cations being present in the solution fromwhich the-

preci pi tate Psinsteag; pﬂ?aﬁfe'geldvpaﬂpmﬁié‘ﬁtméw beueer Epaations bengspresentlingixeby

mass of the pr?&h@dﬂ %?n dﬁlﬁ}]ﬁﬂi HFéc@d?ta‘ié’@He%fd?&med th ﬂg:ﬂkbbﬁﬁnt&chﬁﬂaﬁée
cations, cations of dopant netals, selecte rom ;
Bi: and Bi andforms 1 - 15% by mass of the precipitate, the solution comprising, in addition to
the Ce cations, cations of 1 - 2 other dopant metals, selected from:
Zr and Cr;
10 Zr;
Bi and Mn;
8i:
Bi and Zr; and
Mn and Mg.

15 Instead, one of the dopant metals may be Co, Co cations being present in the
solution from which the precipitate is precipitated in a proportion such that Co
forms 1 - 15% by mass of the precipitate, the solution comprising, in addition to
the Co cations, cations of 1 - 2 other dopant metals, selected from:

Zr;
20 Bi; and
Bi and Zr. _
Instead, one of the dopant metals may be Mn, Mn cations being present in the
solution from which the precipitate is precipitated in a proportion such that Mn
forms 1 - 15% by mass of the precipitate, the solution comprising, in addition to
25 the Mn catuons, cations of 1 - 2 other dopant metals, selected from:
Bi and Ce;
Mg and Ce; and
Mo.
Instead, one of the dopant metals may be Mg, Mg cations being present in the
30 solution from which the precipitate is precipitated in a proportion such that Mg

forms 1 - 20% by mass of the precipitate, the solution comprising cations of Mn
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| nst ead, W@988522e dopant netal s may be Mh, M cations bei pgTiiBe8®1di6i N
the solution fromwhich the precipitate is precipitated in a proportion.
such that Mh forns 1 - 15% by mass of the precipitate, the solution
conprising, in addition to 25 the I\/h catidhs, cations of 1 - 2 other’ dopant
netals, selected from Bi and I nstead, one of the

: and M.
dopant net al s3ha{e b@ﬂ?@t megale i P6W§‘°Bé? ﬁ@c&‘%g%ﬁ'ﬂ“sr ringteadgene of thei drrant om

whi ch the prefieRdts #héy ibe MCMPickBbAS beihgapREOMOI tHINsHUEE thiih Which %53 1
- 20% by mass of _the preci pltate the solution conprising cations of

4 and Ce dopaRfecipitest & Rracigiieediina P("B"?'ﬁ’@“l?ﬂc'&éfﬁtd\ﬂ% f°rmfsi ea8% breass °1f he

dopant et al s HyrebRittd, thD s&1atibPBEmPALING dALIBAL B Mndddamt ﬁ@tat.h QBditibRAM
whi ch t he preC| pitate is precipitated in a proportion such that M forns 1

- 20% by mass M MerRatiopEci pitate, the sol ution conprising cations.of M
dopant metal in addition to 5 the Mo cations. The solution may conprise a
sol vent selected fromal cohols and m xtures of two or nore al cohols. Wen

the solvent is a mb& At maygomprse aselveptselegted framealerfiplnandmixures ofn a

mass ratio of thodrmote dicohblsPAVRErEtHedolvent & S@RMER of TR dICoHIKINAE BldSholk he
al cohol being sel ect ed from 10 i sobut anol ; benzg
Aol

al cohol ; et hafY; P& Piesspt in 2 pansfyP of152 - 2:1. In partlcular, the solyaqy spay
and i xt ur es eﬁh\ﬁuwu§,vme<y1cdnal aeﬁwb%re&@ied from:

10 isobutanol;
benzy! alcohol;
ethanol;
octanol;
2-butanol;
18 isopropanol; and
mixtures of any two or more thereof.

More particularly, the solvent may be a mixture of two said alcohols.

The method may include the preliminary step of obtaining the solution of the

'V4+ ions and V5 * ions in the solution by dissolving V8 * ions in the solvent and

20 reducing a portion of the v5+ jons to V4t ions. Reducing the v3 * cations to the

vé+ cations may be by using a suitable reducing agent.

Dissolving the v+ ions in the solvent may be by admixing vanadium
pent_g_:_c_jge (VZOS) with the solvenf. When the solvent is an alcohol and is
anhydrous, the reducing agent may be selected from benzyl alcohol, isobutanol or

25 isopropanol, eg so that the solvent and reducing agent are the same alcohol. - The
reducing may be by refluxing the solution {conveniently at atmospheric pressure),
optionally followed by stirring, at a suitable temperature, followed by the
precipitation. In particular, the reducing of the V2 + jons to V#* ions may be by

means of a reducing agent, the method including reflhxing the solvent containing
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Mor e -parti‘l%?l?aoﬁﬁz% the solvent may be a m xture of two sai d P&TEHRRS{0d6 6The
met hod may include the prelimnary step of obtaining the solution of the

V[err] i'ons and V[err] ions in the solution by dissolving Verr] ions in
the solvent and 20 reducing a portion of the®V[err] ions to V4 + ions.

Reducing the V[err]se¢ations to the V4 + cation ' | |.e
reduci ng agent.ﬁﬁ sol Vi 'sfﬂlé'eQ/tT%'F\“]WFgﬁge ?er@tcl@yas%ﬂ\?g%te%%{}qégn%bg&g&g
adm xi ng vanadi ugeqrespitienalie béipahe sefr@rdi¢ghali t h t he sol vent. Wen the
solvent is an alcohol and is anhydrous, the reducing agent may be sel ected
from benzyl al cohol, isobutanol or 25 isopropanol, eg so that the sol vent
and reduci ng agent ariee paeipratien alaydeadffectétby eddicgmhosmlyath dorisytortbé belution

t he sol ution (con\{lteni ent | é at at,rms@er* c pressure), optionally followed by

JENAES

stirring, at a £9ioYAAdNg BRoRRNRfIGAL! WYY the precipitation. In

particular, the reducing of the V5 + ions to V[err] ions may be by neans of

a reduci ng agent, th t hod i ncl.udi ng,refl ux the sol v i_nin

5 the V[err] Pons di'g%’gtﬁsé’d"’f?‘?@rgil{ﬁa\K??W'T%em?{e}gﬁgr%%f'rgegnet%p{m?’g@%goe el%fEd
and reduci ng agestdetqriimnal suitabls Rgiucing sgere arld adhaleterittiree predtaplet priciportiomay
be effected by addin osphate i,ons to th olg.i n dea V. ‘?8'”1,9] .
phosphoric aci d%ﬂ?fe?ﬂbdo 8|‘%F30H? dgtermine f_&gfab??]g %ﬂ&ﬁo&ess‘g 8{? e[lﬁe r SHYEIng£nd
routine experi Mgtiiritg, O detenmiree £ sikatie dtitringdetrgrenatoes, aasditd déleeminedusuitagle
agent and to deternm.ne a suitable proportio reof .t Q. be e t

det er mi ne sui t abFEHXRg i%ﬁ%sW%sﬁi‘gctt?rU%??t‘err ﬂr}eefnﬁ’ji%gnbs %ﬁd’ ﬁlﬂl ?srsg'fené’?h?rotha"
determ ne a 90 tatbbspiedricr presgurbeMeftert theerefluxihg basi deen rharriedaosufdrabldesired
refluxing pressure and tenperature if refluxi s . ot her. n
10 atmspher o Araedure S B bt feterablis 5 hals sl Re BB, e Farisd®
desired period, cagfér a defirdtbpérind, pgef Z2F 86 yoss preférablyuts ; 3Qridburhaoseke theng
has been carried out. for a desired perjod - . hours,. p b 8
- 30 hours, to taR¥FtoRgoadeRited gt'% 3# 8%@?%%8%@‘9% g‘e‘:‘g@t(')l{].l }éﬁgﬁpqee{oﬁj)%r f%t Jﬁéml
sol uti on may be o¢anibéshttemperarare, the precipitated complex then being collected and washed

15 and dried, prior to calcining thereof.

Preferably, the calcining is carried outunder aninert atmosphere for example
under argon, eg in an oven flushed by argon, according to a suitable heating
regime. Thus, heating rates, cooling rates, maximum temperature and the
temperatures and durations of any temperature holds or plateaus may be

20 detefmined by routine experimentation, a maximum temperature of 400 - 500°C,
preferably 420-480°C, eg 450°C being suitable. Thus the calcining may include
heating the precipitate under an inert atmosphere to a maximum temperature of
4QQ. - 500°C. '

The dopant metal cations may be dissolved in the solvent by dissolving a
25 suitable dopant compound (also known as a promoter compound, the dopant

cations also being known as promoter cations) in the salvent. Suitable dopant

compounds are as follows:
For Bi cations, (BiO), * CO3, can be used;
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or anbi entWPOSEIR24t ure, the precipitated conpl ex then bei ng reaversstoecisand
washed 1 5 and dried, prior to calcining thereof. Preferably, the cal cining
is carried out under an inert atnosphere for exanple under argon, eg_in an-
oven flushed by argon, according to a suitdable heating reginme. Thus,

heating rates, cooling rates, naxi rrumteg?oerature and_t he tenperatures and
durati ons of any terrperature‘:Wozrd%a‘@InspF FalsBita). BEPGlp ga derkissed by

routine experimentation, a npxd mjaatq@{gp@r,@ UESh B qu&l 500[err] C,
preferably 420- 480[err]C eg _45Q[ err] C bei a sui tabl e. Thus the cal cining
3

may include heating the precfpitarcationudre®RsinatH A meakereedio a maxi num
tenperature of 4QQ - 500[err kg CJ*&QnG’ﬁ’Paﬂ‘Hg(P@ g}-%@# IPNSadBY f8adi ssol ved

in the solvent by dissolving a 25 suitab ound (al'so known as a
promot er compound, the dopanfoichinicationss MaClpP #iachsian kesusadnot er- cati ons)

in the solvent. Suitable dopag,tMgoggQ@Hgdmg@r RaAbelf¥elPuRg For Bi cations,
(BiOJerr] * CO[err], can be _use Zr catlons ZrQoCferr] *

8H err]O, zZroerr], can be fioeMo’ gasiongy MoQis) 6A8, eGfs@err] can be used;
For Ce cati ons, Oe(NQerr])[err] 6H err] O can be used; For Co catlons
Co[err](Pqerr])[err 8H err] O, can be used; 5

cations, Mderr] 4 %'FV?’GS“’%%M”H@‘B&%POFQ}F"’VF?/E;Vﬂmebiﬂfsma%@“&&fﬁab@ewstbd
and For M cat iiRdmethdtf BedciiBe#@bEe&€d. The invention extends to a VPO
catal yst, whenever made in accordance with the nethod described above. 10
The invention will now be described, by way of non-linmiting illustrative

exanpl e, w tiy ref er eRE endentibREWiOhd WV BesrmER] 85 why df oA SRustivESS
example, with reference to the following Examples. [n the Examples, unless
otherwise specified, refluxing, stirring and calcining were carried out at atmospheric

pressure ; and room (ambient) temperature was 20 - 25°C.
EXAMPLE 1

15 VOHPO4.'/zH20 {(97.5% by mass) + 1% Bi promoter +
1.5% Zr promoters:

A solvent comprising 90ml benzyl alcohol and 60ml isobutanol was

used to dissolve 15g of V,0g, 0.14g of ZrOClZ.sHZO and 0.211g of
(Bi0)5.CO4. The solution so formed was refluxed for 7 hours at

20 atmospheric pressure after which it was stirred far 16 hours at room
——temperature. 26g of 98% by mass H3PO,4 was added to the solution

and the mixture was stirred under reflux for 3 hours. The solution was

cooled to room temperature and a precipitate which had formed in

response to the H3PO,4 addition was recovered by filtration. The

25 precipitate was washed thoroughly with water {about 5 f). A blue
solid was obtained which as oven-dried for 12 hours at 150°C to

form a catalyst precursor.
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ot herwi se ®96T128d, refluxing, stirring and cal ci ni ng were RGHFBEPISIE at -
at nospheric pressure ; and room (anbient) tenperature was 20 - 25[err]C.-
EXAMPLE 1 15 VOHP err].[err]H err]O_(97.5% by mass) + 1% Bi
pronmoter + 1.5% Zr pronoters: A solvent cofiprising 90m benzyl al cohol and
60m i sobutanol was used to dissolve 15

of V205, 0.14 o{ )
o0 er s it or rThe sATalsD Pragitsor (wWas CapInedb a1 e, Sirgsabers, in 2
formed was refl . I [ whi ch
e e Ty HERCteR veks&HiheForflof an oVIDARGEN Wied LAEE PR it
Herr] PO err] watrrdpherd,oa tiiow Tate of @rgendot appruximatelynwdsmdimin beinghder

reflux for 3 hours. The sol ution %/\egs ﬁgol ed to roomte e{a?c{' re and a
preci pitate whi 45efatp flashethe vesslpohBe W??f@tW[eeWaﬁggf 'ﬁg' NEFTTFh was
recovereg by fil t bkt at e h fy
ettt | (abmﬂérg 'Fgf'? f{'%f\?%f‘ﬁeet%gl%@mggbggtﬁ 8 pefied ﬁ@%‘éhg&gﬁ’f’gn ed
for 1 2 hours atrolghBCl00°Tihour The wmperatuce wasmaintained a8 300 T for

P o GOl i SR WS BB bR ERRbe MR B "
argon of appr ox 'ds‘ﬁierg'\délfl $ nBLps bt ég‘afbsBFhBBut‘??‘* C/Rolik UPRe ‘t@ﬁhg\éﬁﬁﬁé wdg1e

t enperat ure was y 1 ncreas omroomtenperature to 300

[err] C over a 3nbimtainedratad50 1€ for 6chourse The teenprrayurk WasdhehGteadily The
tenperature was rrgi ntgi ned at 300C for 2 hours. Tt'gf %e erature was then
st eadi | yY ncr eadEHUPES 450790 tpmpesaire0Yef  Reriod Q ours At & fatePt about

50 C/h . ' ' Cf 6 h . Th
[err] our %&qﬁgﬁ?ﬁh}ﬁié@fmiﬁbmpb ég@rfgtr.] or ours e

t enperature was ced to room tenperature over a
period of 3 hours at a rate of

A micro-reactor was loaded with the novel VPO catalyst so formed.
Butane, ata concentration of 1.3% by volume in air, was fed over the
catalyst in the micro-reactor at a gas hourly space velocity of 1500 -
15 3000 h', preferably 2000 - 2700 h™1. The temperature for
maximum maleic anhydride yield was found to be between 300 and
450°C, preferably between 390°C and 410°C. It was surprising to
note that, when the catalyst was used to catalyze butane conversion
to maleic anhydride, after one day the butane conversion was 67%
20 and the selectivity to produce maleic anhydride was 36%. It was
found that the VPO catalyst out-performed a control (standard) VPO
catalyst by a considerable margin as set forth in Table 1 hereunder.

This Sheet Has Beep

e

SUBSTITUTE SHEET (RULE 26) THIS SHEET HAS BEEN
REPLACED




about 150[WOr9BEF26ur, to forma novel VPO catal yst. A m cropCeRIE8/016Y8S

| oaded with the novel VPO catalyst so fornmed. Butane, at a concentration of
1 .3%by volune in air, was fed over the catalyst in the mcro-reactor at .a
gas hourly space velocity of 1 500 - 15 8 3000 h[err] preferably 2000 -
2700 h[err]. The tenperature for maxi num nal ei ¢ anhydride yield was found
to be between 30 o0 ; O/pOr Latal0sts at
410[err]C It mgA?l}(rtp?i Si @#%g;ﬁ%ﬁ%;fﬁgﬁﬁgﬁéﬁ?bcﬁal yst vvasvused to
catal yze butane conver si on Enuilibebtion anhydri de, after one day the butane
conversion was 67% 20 and the selectivity to produce nal ei c anhydride
was 36% It was found that the VPO catalyst out-perforned a control
(standard) VPO cqtalyst by a considerable nmarpiggamdarget f of Novel Table|l
her eunder. AVENDED SHEET 8 TABLE 1: Conpal \gey of Stanfgippand Novel

VPO Cat al ysts at | [ libration vel- VPO _\/PQ % hilit ane

conversi on butaneXondersion 80% % pel ecgyugty tp pr(gb&e mallei c

54% 70%6 . 9 ectvity prodjuce ¢ on 46%
selectlvm{"%'}baﬁﬁgge thaigic 1k 70 546 E60 7;%

30% oxi deg % yi el .
These novgl cat al q';\’gl?e t%*sted re argjn their g ity fo c ze tlhe
conversion of buf e eCIMNETR PIAAYEE 3 ,°’gen ane ? lei b an?é@éﬁyde qnd
pht hal i ¢ anhydri {&XI988 pentene to nal ei ¢ anhydri de

% vield 16.7% 56%

TABLE 2: Comparison of Novel VPO Catalysts at Equilibation

10 These novel catalysts were tested regarding their ability to catalyze
the conversion of butene to maleic anhydride, pentane to maleic
anhydride and phthalic anhydride, and pentene to maleic anhydride
and phthalic anhydride as set forth in Table 2 hereunder.

TABLE 2

Butene Pentane Pentene
15 Gas hourly 1500 - 3000, | 750 - 2000, 750 - 2000,
space preferably preferably preferably
velocity (h°1) | 2000 - 2600 | 800 - 1500 | 1500 - 1800
Temperature | 350 - 450, 320 - 380, 300 - 380,
fgr maximum | preferably preferably preferably
20 yield (°C) 380 - 410 330 - 350 310 - 340
% Conversion 80 82 90
% Maleic
anhydride 65 30 32
selectivity
25 % Phthalic
anhydride - 8 10
selectivity
This Sheet Has Beep Replaced
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and pht hal V@ %% i de as set forth in Table 2 hereunder. TAGIGBIS/01616

Conparison of Novel VPO Catal ysts at Equilibration Butene Pent ane .
Pent ene 15 Gas hourly 1 500 - 3000, 750 - 2000, 750 - 2000,
space preferably preferably Preferably velocity (h[err])

2000 - 2600 800 - 1500 1500 - 1800 Tenperature 350 - 450, 320 -
380, 300 - 380, for maxi num prefEXAM rTELE 2 preferably preferably
20 yield ([err] O 380 - 410 330 - 350 310 - 340 %
Conver si on 80 90 % Mal ei ¢ anhydri de

65 \ t o I dride
8 1893-!;1% /\7|t 0 (gagggﬁmﬁﬁgi 2¥V¥C]5—|5Pé gFrFim e#?}%e?ﬁ?%?% by

mass) + 1.5% Zr proonoterr + 1.5% Cr pronoter: A solvent conprising 90nferr]
benzyl al cohol and 60m isobutanol was 5 used to dissol ve 15¢g-of
Merr](err], 0.124g of G Jerr] and 0.4g of ZrOerr].8Herr]O The

sol ution so for M%Mnf%hyi@ﬁwg 90177! Beﬂwl ﬁaehwsna *mmﬁtsbbmshéma&ﬁ

hours at room tenperature [ err] qi'lerr was added to
sol ution,6foll O\Ansdeytostd\ssolng ﬂlﬁgenfrv Qo 24ghofir SrO‘gh@ndoIQJﬂ'lonfwas

Chen cool 0" 3oce) SRELAt 0 AALI0. o 8 P RS W Rl o

was recovered by
was then stirred for 16 hours at room temperature. 24g of 98%

H4PO,4 was added to the solution, followed by stirring under reflux
for 3 hours. The solution was then cooled to room temperature and
10 a precipitate which had formed was recovered by filtration. The
precipitate was washed thoroughly with water (about 5f). A blue
solid was obtained which was oven-dried for 12 hours at 150°C to

form a catalyst precursor.
EXAMPLE 3

15 VOHPO,.%H,0 (88.5% by mass) + 8.5% Ce promoter + 1.5 % Zr
promoter + 1.5 % Cr promoter:

A solvent comprising 80m¢ benzyl alcchol and 60m¢ isobutanol was
used to dissolve 15g of V4505, 0.4g of ZrOClz, 0.124g of CrOg and
3.04g of Ce{NO3)3.6H-0. The solution so formed was refluxed for

20 7 hours and was then stirred for 16 hours at room temperature, 24g
of 98% H3P04 was added to the solution followed by stirring under
reflux for 3 hours. The solution was cooled to room temperature and
a precipitate which had formed was recovered by filtration. The
precipitate was washed thoroughly with water (about 5¢). A blue

25 solid was obtained which was oven-dried for 12 hours at 150°C to
form a catalyst precursor.
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preci pi t ameovgss2e@shed thoroughly with water (about 5[err])ecPcBdsmesol i d -
was obt ai ned whi ch was oven-dried for 12 hours at 150[err]Cto forma
catal yst precursor. EXAVPLE 3 15 VOHP err][err]H err] O (88. 5% by -
mass) + 8.5% Ce promoter + 1.5 % Zr pronotygy + 1.5 % Cr pronoter: A ’sol vent
conprising 90nferr] benzyl alcohol and 60nferr] isobutanol was used to

di ssol ve 15g of V[err](Jerr], 0.4g of EXANRLE K O0.124g of CrJerr] and
3.04g of Ce(NJerr])[err].6H err]O The solution so formed was refluxed for
20 7 hours and was then stirred for 16 hours at roomtenperature. 24g

of 98% H3P04 was tﬁ%‘ﬁ; g@éﬁ%g%aw Lovegop\zespidrhbted YNE5% «e ux

for 3 hours. The sol uf#on cooled to roomtenperature and a precipitate
whi ch had for medprsotercovered by filtration. The precipitate was washed

t horoughly with water (about 5[err]). A blue 25 solid was obtai ned
whi ch was oven-dried for 12 hours at 1 50[err]C to forma catal yst

precursor. 10 AEBhEcdmirditd Yot i,%:i)ir% A EIHD) AP BORY iSBBGtanbl wadh !

pronoter + 8.5% pr ono rising enzyl al cohol and

60m i sobgtanol wsed %o dissolveetSd @fd/50g| De4d d?ngt@Cl‘é[.SH%FHaBdr?}-,O‘m afy of
I&éser T,

Formea whs 11| URSINDg)3BMar < THAGOINAN Sbi foriel ves ftissporor. PE " °°

tenperature. 269aﬁf:| t‘i‘?e;’év 'é‘%g»%ﬁ Wrs‘l%dﬂSdrst at tra8ns tbitigerarre! | 28 1bg8%
stirring under rerlux tor hours. The sol ution was then cooled to room
tenmperature and dgRD, was added to the solutionfolenretibyhstirringundergefiuxfopy

filtration. The 3 hours. The solution was then cooled to room temperature and a

10 precipitate which had formed was recovered by filtration. The

precipitate was washed thoroughly with water (about 5¢). A bilue

solid was obtained which was oven-dried for 12 hours at 160°C to

form a catalyst precursor.
EXAMPLE 5

18 VOHPO,.%H,0 (92% by mass) + 1.6% Zr promoter + 1.5% Cr
promoter + 5% Ce promoter: :

A solvent comprising 30ml benzy! alcohol and 60ml isobutanol was
added to 15g of V5,05, 1.79g of Ce(NOg3)3.6H,0, 0.4g of
ZrOCl,.8H,0 and 0.124g of CrO3. The solution so formed was
20 refluxed for 7 hours and was then stirred for 16 hours at room
temperature. 23g of 98% H3PO,4 was added to the solution. The
solution was cooled to room temperature and a precipitate which had '
formed was recovered by filtration. The precipitate was washed
thoroughly with water (about 5¢). A blue solid was obtained which
25 was oven-dried for 12 hours at 150°C to form a catalyst precursor.
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precipitat gv%sss\%%fshed t horoughly with water (about 5[err]).PEI/oBog0s06 i d

was obt ai ned whi ch was oven-dried for 12 hours at 150[err]Cto forma .
catal yst precursor. EXAVPLE 5 15 VOHPg err][err]H err] O (92% by pass) --
+ 1.5% Zr pronmoter + 1.5% Cr pronoter + 5% Te pronoter: A sol vent
conprising 90m benzyl alcohol and 60m i sobutanol was added to 1 5g of
V[err]derr], 1.79g of Ce(NJerr])[err EXAWELEI® 0.4g of
ZrOC[err].8H[err]Oand 0.124g of CJerr]. The solution so formed was 20
refluxed for 7 hours and was then stirred for 16 hours at room tenperature.

23g of 98% H er r \ipiihpar] wiRs0adiRg By midsisal 1189 2r Prantstent+ 8.54sCoool ed

to roomtenperature ané p? pitate which had fornmed was recovered by
filtration. The prmlopert:ate vvas vvashed t horoughly with water (about
5[err]). A blue solid was obtained which 25 was oven-dried for 12
hours at 1 50[err]C to forma catal yst precursor. 11 EXAMPLE 6

VoHPQ err] . [err] i gspkft Q:%%ﬁ’é{ng%ﬁl BezyPAIZonel SR S0mI IshHatakel was

pronoter: A solvent conprisin enzyl " al cohol and 60m i sobutanol was

5 | usBd ]Eo d.u:edlmedifelgpm t?@&iahﬁhm 5 4anad {0 Agoof Z¥Q ClBERQ.0 ThRe

7 6
SO o0 O e 5 FoMd % st Fore? ol s SMag Shih el rc
sol ution fol | oweq gpoffCatiddnt téipetatire 9264 o%[aﬁ% Oé S akas adaed]to®eer r] O

e
after which the solution was ster cfunder refl ux ours. The solution

10 was t hen sotutiarn followed byt thep edditiareofiid2g qfr@@'g{ﬁ@qu}%@ rafterd
formed was r eco"%ﬁ‘éh%efs'&&tﬁé‘% Was Stmgdpr ¢ e'r %'ﬁ i‘?o%"@%o‘“@%f‘ eﬂ'ne sofution
10 was then cooled to room temperature and a precipitate which had

formed was recovered by filtration. The precipitate was washed
thoroughly with water (about 5¢). A blue solid was obtained which
was oven-dried for 12 hours at 150°C to form a catalyst precursor,

EXAMPLE 7

15 VOHP04.1&H20 (89% by mass) + 1% Bj promoter + 5% Mn
promoter + 5% Ce promoter: '

A solvent comprising 90ml| benzyl alcohol and 60m! isobutanol was
used to dissolve 15g of V5,05, 0.82g of MnCl,.4H50, 1.79g of
Ce(NO3)3.6H,0 and 0.211g of (830)2.003. The solution so formed

20 was reffuxed for 7 hours and was then stirred for 16 hours at room
temperature. 24g of 88% HgPO, was then added to the solution
followed by stirring under refiux for 3 hours. The solution was then
cooled to room temperature and a precipitate which had formed was
recovered by filtration. The precipitate was washed thoroughly with

25 water (about 5¢). A blue solid was obtained whioh was oven-dried
for 12 hours at 150°C to form a catalyst precursor.
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t hor oughl ywQu98/B528at er (about 5 [err]). A blue solid was obtp¢tregosidised wWas-
oven-dried for 12 hours at 1 50[err]Cto forma catal yst precursor. EXAVPLE
7 15 VOHP err].[err]H err] O (89% by nass) + 1% Bi pronoter + 5% M .-
pronoter + 5% Ce pronoter: A solvent corrpr-‘i?_ei ng 90m benzyl al cohol and
60m i sobutanol was used to dissolve 15g of V[err](err], 0.82g of

MCerr].4Herr] O 1.79g of Ce(NJ err gy aMALEdRl err] O and 0.211 g of
(BiOJ[err].CJerr]. The solution so formed 20 was refluxed for 7 hours
and was then stirred for 16 hours at roomtenperature. 24g of 98%

H P t h dded t | uti f AR f
i for 5 hour 5 VeRPagr g (RABHBY Maselr 1ok BERiniRr i SR ER°T '

precipitate whi c‘lslr drormed was recovered by filtration. The precipitate

was washed thoroughly W th 25 wat er (about 5[err]). A blue solid was

obt ai ned which was oven-dried for 12 hours at 150[err]C to form a catal yst
precursor. 12 EXAMPLE 8 VOHP rrl..Jerr errl O (9 0 + 1% Bi
pronoter + 8.5%6o=qlvs%eempre§"g>§98}hé%%ﬂ>5‘f%q a@@neoggﬁg%ﬁ%ﬁéi)%qsla%d
60m i sokut anol é?\?éd?,ﬁ dissPH&eqstgoof':c\gi%‘d@né@.ﬂﬁ@’2:95(8109’2.CCQ 19 THe

(BiO[err].CJer e solution¥so was refluxed for“7 hburs and

then stirred forsdietioouss fatmed ovas eefiuxest fore? hesgs andotwensiired dor d& | was
added to the solytion followed b he it fo,l f
Col e 1] (POl er 1) PR b Fpey Tempratig by ot i HarEls Svas,gddsd e 18 ux
for 3 hours. Theggitiah 98NIdWEd 1By the ddifitiors oot ﬁdeoo!fOQB};(mm?. iy®, and a
precipitate which had fornmed was recovered by filtration_“The pgrecipitate
was washed t hor ofajldwed in turn by stirring under refiux for 3 hours. The solution was
10 then cooled to room temperature and a precipitate which had formed
was recovered by filtration. The precipitate was washed thoroughly
with water (about 5¢). A blue solid was obtained which was oven-

dried for 12 hours at 150°C to form a catalyst precursor.
EXAMPLE 9

15 VOHPO,4.%H,0 (90.5% by mass) + 1% Bi promoter + 8.8% Ce
promoter: .

A solvent comprising 90ml benzyl alcohol and 60mi isobutanol was
used to dissolve 15g of V50g, 3.04g of Ce(N03)3.6H20 and 0.211g
of (Bi0),.CO4. The solvent so formed was refluxed for 7 hours after

20 which it was stirred for 16 hours at room temperature. 26g of 98%
H3PO,4 was added to the solution followed by stirring under reflux for
3 hours. The solution was cooled to room temperature and a
precipitate which had formed was recovered by filtration. The
precipitate was washed thoroughly with water (about 5¢). A bilue

25 solid was obtained which was oven-dried for 12 hours at 150°C to
form a catalyst precursor.
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with wat erWVOA¥E¥R65[err]). A blue solid was obtai ned whi ch RE¥/GRI®MBI6IG | ed
for 12 hours at 150[err]Cto forma catal yst precursor. EXAMPLE 9 15 .
VOHPO[ err][err]H err]O (90.5% by mass) + 1 % Bi pronoter + 8. 5% Ce . -
pronoter: A solvent conprising 90m benzyl ® cohol and 60m isobutanol was
used to dissolve 1 5g of V205, 3.04g OL@%&}E& rr])[err].6H20 and 0.211g of
(BiOJ[err].CJerr]. The solvent so for QG iuxed for 7 hours after 20
which it was stirred for 16 hours at roomtenperature. 26g of 98%

Herr]PJerr] was added to the solution fol ]l owed bg stirring under _refl ux
for 3 hours. The solMRHRP4eE280ES BYo Massin+t clifcBlapiomotand: a -predf pit at e

which had forned was,saerrer els@ychigkdmatdron. The precipitate was washed
t horoughly with water (about 5[err]). A blue 25 solid was obtai ned

whi ch was oven-dried for 12 hours at 150[err]C to forma catalyst -

precursor. 13 EX%/E’&EeAtOcoVWPﬂ/@goH QEHJWE%O‘P\]:QK@@UHN&OBE&%N wad % Bi
pronoter + 1.5% Zr pronoter + not er : vent conpri si ng 90m
f

benzyl al coho? and 6Gaf PseissRIYNI59naE \‘5205' 0. 4lSl'ISEH ZF‘BC&I 8HpPy -4y obf V205,
0.4g of ZroCerr]. 8*&&&%& 61,0 ghdb. z@QPW(de)\l%ad@#rTh@Hl@ﬂ‘dr] @ Anded. 2119

of (BiOQ[err].CJerr] solfution to forned | uxed for 7 hours and
then stirred for 1 eVaouefiuxed fo5omheerparatthee stivgd (or YsdPHSPeY 9RR added

to the solution follgwedrRyreShBE bk B8%WIRGRO ,Add 48HeHQB tife SIS foliBRegO! UL ON
was cooled to room 10 t enper at ure ahd & preci pitate which had forned

was recovered by filRwairriosundsicefivetars 'P%rt‘%' M%s%EH%M’aFWGPBGdﬂI’SP% th

wat er (about 19 temperature and a precipitate which had formed was recovered by
filtration. The precipitate was washed thoroughly with water (about
5¢). A blue solid was obtained which was oven-dried for 12 hours

at 150°C to form a catalyst precursar.
EXAMPLE 11

15 VOHPO4.‘/zH20 {89%) + 1% Bi promoter + 1.5%Zr promoter +
8.5% Co promoter:

A solvent comprising 90ml benzyl alcohol and 60ml isobutanol was used to

dissolve 15g of VZOS, 0.4g of ZrOCl,.8H,0 and 0.211g of (Bi0),.CO4.

The solution so formed was refluxed for 7 hours and then stirred for 16

20 hours at room temperature. 27g of 98% H4PO4 was added to the solution
. followed by the addition of 1.2g of Co3(PO4)2.8H20 followed in turn by
stirring under reflux for 3 hours. The solution was cooled to room
temperature and a precipitate which had formed was recovered by filtration.

The precipitate was washed thoroughly with water (about 5¢). A blue solid

25 was obtained which was oven-dried for 12 hours at 150°C to form a

catalyst precursor.
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5[err]). Avbloass=el i d was obtai ned which was oven-dried for péZ/dposssiat 1 -
50[err]C to forma catal yst precursor. EXAMPLE 1 1 15 )
VOHP err].[err]H err]O (89% +1% Bi pronoter + 1.5%r pronoter + 8.5% Co-
pronoter: A solvent conprising 90m benzyl 1al cohol and 60m i sobutanol was
used to dissolve 15g of V205 0.4g of ZrOCerr].8Herr]O and 0.21 1g of
(BiOQJ[err].CJerr]. The solution so forEh@dMld'sWefluxed for 7 hours and

then stirred for . t tenger gl ul | oz 8%
Herr]PJerr] was ag&i‘g’Q@ﬁ%‘S‘ i%nﬁ‘ggg] rga ’% 3%,% ?goﬁ @‘19 1 .29
of Co[err](Pqerr])bmmc}teBH[Gl%p@rfrodnbmed in turn by stlrrlng under refl ux
for 3 hours. The solution was cooled to roomtenperature and a precipitate
whi ch had forned was recovered by filtration. The precipitate was washed

t horoughly with wat Grsc.(leémwonﬁ)r[smrqom Fenzlyuaceiul iadd BOmi isobutawsd vedst ai ned
whi ch was ov dried f 12.hours 0 fQr t p or
14 EXAMPLE 1?VO—|PQU(§,? 19 e‘l‘?ﬁ° erﬁgojb?Sg%b%y 81[837)69 f%%ﬁm ‘p?%io%fiu 5%
My pronoter + 5% CeQammg seBHZQandIQzaZg ot NimGi5.4HR . Irisolutina pb fedmeshol and
60m i sobut anol was e Y r 167g of
MjO, 1.79g of Ce(NO"EFr ’ﬁ't’é‘?ﬁ%ﬁé ]’% el %ﬁé'i%gwgg s¥ g fl"ﬁﬁﬂ["l"s The
solution so formed wsmnefpacataref @79 of 1884 HHQ e wamlddhd ifellovess sy ther ed for
16 hours at roomte u % H P | oned
by the addition of %Hgﬂ.%& ! ‘fgﬁ ?b@i%r@?)hﬁ dr]%ﬁf’% ﬂ‘\%a"?q?%gi\'/\'i in turn
by stirring 1® underde‘eflu_z:efﬂonx3f beur. Hther soluTiee  yesutcoeledwas reeai ed to
room tenperatur e anded, plghRinkdl feliBia A JRGNME GRS HESRLRIAS, DY

' filtration. The precipitate was washed thoroughly with water (about

5¢). A blue solid was oven dried for 12 hours at 150°C to form a

catalyst precursor.
15 : EXAMPLE 13

VOHPO,.%2H50 (10% by mass) + 5% Mo promoter + 5% Mn

promoter:

A solvent comprising of 90ml benzyl alcohol and 60ml isobutanol was used

to dissolve 15g of V205’ 0.82g of MnCl,.4H,0 and 0.6g of MoQj4. The

20 solution so formed was refluxed for 7 hours and then stirred for 16 hours at
room temperature. 27g of 98% H,PO4 was added, followed by the addition

wof 1.2g of Co3(PO4)2.8H20, followed in turn by stirring under reflux for 3
hours. The solution was cooled to room temperature and a precipitate was

obtained which was removed by filtration. The precipitate was washed

25 thoroughly with water (about 5¢). A blue solid was oven-dried for 12 hours

at 150°C to obtain a catalyst precursor,
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filtrati on.wq“ﬂ%sﬁ?seci pitate was washed thoroughly wth wat er PEEGHI8/01616
5(err]). A blue solid was oven dried for 12 hours at 150[err]Cto form a-
catal yst precursor. 15 EXAMPLE 13 . -
VIOHPO err].[err]Herr] (90%ymass) + 5% WM pronoter + 5% Mh promoter: A

sol vent conprising Qf,.90nml benzyl al cohol, .and, 6 |sob tanol was used to
di ssol ve |59 of V[ es&]t %‘ﬁ’? ZE%‘E@ &ﬁs Kﬁéﬁe???oﬁf’é"rqﬁ 'b e 9Bt algees!
fThe 506 ] sol ard eabsmanbpwamfuwsimeﬁbiewfeﬂf 9foivmzd‘é émyprﬁtawdm&rhﬂ{hv OE sk
or ours at, roogmte 0 0 err

fol l owed by the® %“[f&‘f’ P &’&%%%"F}'(ﬁgdﬁ ?‘?‘f Ffél’?‘]‘-@"a’fté‘l"%ﬂ/\ed
inturn by sti rrelflngmgrtdeédd@fthumime of hﬁd'rsatlo'ﬁlsenaoﬁﬂ'lc@ﬂoﬁ@& vhdl ediohe.
room t enper at and . a{)rem itate was obtai n whi ch was renoved by

T e A P e BE e BBonasr SEmBOUNY, anEA B hos o iR BPaTta Bt

5 [err]). A bl umromdtedmmas,owefb dddet) dfeer tha sfvat added] @6 th& sbvepbtrabn a
catal yst precurs Wth re ard to 13 it ShOLin be noted

Cpe b Dereu Rihiohothe: catahiet BrabUrsanayas, eyanivaly, oefipitafad uwor hoallBg o oam

sol vent to whi ctentgeeaiurd sftamtheastilng bnd pefadmgaw‘éﬁe tomplated. The benzyl
al cohol in turn acted as a reductant under refluxing to reduce the m xture
of V[err] cations and V5 + cations to V[err] cations. 5 The various dopant

or pronoter corrpounds thseaidibhEmnplbe 2vat3d @Ih!ésodérpdﬂéd Blueliresms6r waBlimbsoh
wer e added, ?gter th V2 5 vva a vent
U

catal yst pre r%%sP ?y° %ﬁ’é’éfﬁ “é? @ %Wgc,’fﬁé'l(')’?m %g]sf:ﬂp?%’afﬁxamp'e
tenperature aft ertotdﬂaaat 'vaniqusgnaml leaaxamgswememna\lrataialykﬁs wee t‘e%?éa of
mceording to ¢ HETB R el RAR B S e BESeRT G P AR AAE e, Pne
obtai n vari ous tomaleid/Bthyairidal pettane td heseic raredride iphittyslicanhgtddd esd adetic
acid, and pentene to maleic anhydride, phthalic anhydride and acetic acid, and in
15 each case the novel catalysts were found to out-perform the standard or control
catalyst with which they were compared, with regard to one or more of percentage
butane conversion, percentage selectivity to produce maleic anhydride or
percentage yield.

It has also been found that by varying either the temperature or gas hourly

20 space velocity or both, the selectivity to maleic anhydride and phthalic anhydride

éan be varied, as set forth in Table 3 hereunder.
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regar di ngyHlRgiEragbi ity to catalyze conversion of butane tpciRipos61616
anhydride, butene to maleic anhydride, pentane to maleic anhydride,

pht hal i ¢ anhydri de and acetic acid, and pentene to nal ei c anhydri de, -
pht hal i ¢ anhydride and acetic acid, and 1& 15 each case the novel cat al ysts
were found to out-performthe standard or control catal yst with which they
ver e conpar ed, TABLE 8egaGbropansan of Novet O atalystaigt quhhaﬁlmbnverm on,
per cent age sel ect ivity to produce naleic anhydrl de or percent age y| eI d. It
has al so been-faound that by varyving ei-thaor tho topnoratiro ge—gac bolicl
space vellpci ty or bot h tbﬁaﬁe| ecti qlgueﬁeo rral e ePentehe Pt haI i
anhydri dg-een—s e S Rttt e e et

Conpari sa Ges hleeﬁlpaQﬁPO C1600 yS@@.at 1E90i-|306Pat | 360 BAOAGe | 750- 200%tene
Pent ane V°'1°°"|¥entene GalsPiefanetlly s pqcReeferably500 | preteoably 1589*"&90’@9,0- /50-
2000, 2000. vel oc ?900 2600 ' | 2000:12808b| y3°° pPeR er|aHiap
pr ef er abl eTerany enr 000 o zu 0 -
2600 aé) '@mp%& ra &enpe gﬁgg ISO 0386’45C 3521&?5 -
320 - 38 350 - 450 g i §§ ef'g’é bl f § pre iBf or abl
pr ef er abli nre_f_er ahl Vi qgh-‘él 3804 -
410 % Co eﬂ’SorNOrsnon 707e 86 75 - [9%-80 70 -| 56.-88 707@5 95 %
Mal ei ¢ arffrydrTce &6 <) 2 Bo 20 60
col ecti vi §emleicam\mq¢a1 60 - 76 60 - 70 30 - 50 30-60 5 - 1
10 - 20 PSRRIV sel ectfvity
10 || % Phrthalic - . 5-15 10 - 20
anhydride
selectivity
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17 CLAI NVBWQ 98/55226 net hod of maki ng a vanadi um phosphor us oxP§E/GBIPY616
catal yst the nethod conprising the steps of: precipitating, froma solution
conprising dissolved Verr] ions and V[err] ions 5 at a total concentratlcm
of 45 - 65 g[err], a vanadi um contai ni ng and phosphor us-- containr ng
precipitate conprising a conplex in accordance with the f_orrrul a

[err]H err] O and calcining the precipitate under an in

produce a VPO catal yst having an active phase in accorda

formula (VO [err]P[err]derr], 10 the solution fromwhic

is precipitate@lAtMBei sing dissolved cations of at |least two dopant rret aI S
sel ected fromthe group consisting of Bi, Zr. C, Ce, Co, M, My and M,
sai d di ssol ved dopant netal cations belng present in the solution in
proportions sudh th&tmaﬂmqopémmngaaevaf@fwm $lgspharup Dogdsy (VRQscasalyglo phat

nmetal cations i ing the VOHP( err] [err]Herr]O
conpl ex, 15 eaﬂﬁethg%gh pan gbcﬂ% n%;eo 1 - 20% by nass gf t he pre%|+p|tate

2. A nethod as cl amsdtamngcﬂramm solutign mmﬁlmm@swmﬁ Védnieenend Vit dnicos
di ssol ved V| ?’ S]C[) a Q%S c%rﬁg N §5dd of Qgs ddgie §Q43‘d§dr9—'aoht%lr§|q)g an@%hgép[h%wgﬂ

t he di ssol ve pant metal Catlons eing present in the.solution in
proportions sucntaieingtprecipitatsi sPMarisingonporyiex In aggowdapge iyl the formula
dopant netal s iipiliedale /;‘F@Qf’ pant netal 20 forming 0.5 15% by nmass of
the precipitate, the*rati & of dissol ved Vlerr] ions:V5+ ions in the
sol uti on bei ng suchcalpining mee PEPURItAIL HSiEl (3PN INGFt BHROSPHEFS: |to] Bi9duse at URO

total vanadi umd, Iﬁ%ﬁ%cﬁ@p?f?@ tﬁaatcébbffahcé Svith th’e fbrrilaQIanWlC@ 62093, A

met hod as clalne , whi ch the solution fromwh )
preci pi t at e 1& the seluppn foatwbishphe geesiniiase isipreririsated sﬁ@pafmg dlss?s“'%ﬁvﬁrﬂﬂs

metal s 25 sel el qllzéar PN S AoPadk RERIC IS ted Fdeh e JPbup €bnsiting &FBi, o crMe, My
and M. AVENDED LR B doup , ’ .
Co, Mn, Mg and Mo, said dissolved dopant metal cations being present in the
solution in proportions such that the precipitate comprises 1 - 25% by mass of
dopant metal cations in total, the balance being the VOHPO, ¢ %2H,0 complex,

15 each dopant metal forming 0.1 - 20% by mass of the precipitate.

2. A method as claimed in claim 1, in which the total concentration of dissalved
v4* ions and VB * ions in the solution is 50 - 60 g/t, the dissolved dopant metal
cations being present in the solution in proportions such that the precipitate
comprises 2- 20 % by mass of the dopant metals in total, each dopant metal

20 forming 0.5 - 15% by mass of the precipitate, the ratio of dissolved vat

ions:vV3 *+ ions in the solution being such that the molar proportion of the vo+

jons.in the VPO catalystis 0.1 - 10 mole %.
3. A method as claimed in ciaim 2, in which the solution from which the

precipitate is precipitated comprises dissolved cations of 2 - 3 dopant metals

25 selected from said group consisting of Bi, Zr, Cr, Ce, Co, Mr, Mg and Mo.

L) 0 O R

SUBSTITUTE SHEET (RULE 26)

THIS SHEeT HAS BEEN
REPLACED

et it ey




18 4. Awdsrssgheas claimed in claim3, in which one of thep@Engasiolghs al s -
Is Bi, Bi cations being present in the solution fromvx/mch the precipitate

is precipitated in a proportion such that Bi forns 1 - 1 5% by nmass of the
precipitate, the solution conprising, in agdition to the Bi cations,
cations of 1 - 2 other dopant netals 5 selected from Zr; M and Ce; Co;

Ce; 10 4. A method as clairféd aﬂ@laﬁea. anahigh orBdf Qe d5pant metBB e 8RS
clained in claim3, i.n which on netals |s Zr, Zr cations

bei ng present C??PQW'%%P[ﬁﬁeBH‘"f&Grﬁ%i%ﬁ' O'Hé”qﬂ?:'ééh?)Pfeétpé‘aF%'srPr’%‘&P'ﬁq‘P‘&t"éd in

a proportion gyrbpdrfidh sGeh tRatS fdrms 1 5%%>byrmsss of tHe@reBipREteD thrbQutidd e
solution 15 conprising, in additi Zr catlons cations 2

n of 1

ot her dopant f# 8['§'”gs€] éé‘?'é‘ﬂ”ftPotﬁ? BBlca"E?s' asioms g - Lather dopant metals
Ce; Co; Bi 8gngeleetedarsmBi and Co. 6. A method as claimed in claim3, in
whi ch one of the dopant netals i%.Cr, Cr 25 cations being present in the
solution fromwhich the precipit@dte is precipitated in a proportion such
that & forms 1 - 1 5% by nmass afintand @y:eci pitate, the sol ution conprising,
in addition to the Cr cations, cgt.i ons of 1 - 2 other dopant netals,
sel ected from 0;

Ce;

10 - Zr and Ce; and
Zr and Co.

5. A method as claimed in claim 3, in which one of the dopant metals is Zr, Zr
cations being present in the solution from which the precipitate is precipitated in
a proportion such that Zr forms 1 - 15% by mass of the precipitate, the solution
15 comprising, in addition to the Zr cations, cations of 1 - 2 other dopant metals,
selected from:
Bi;
Cr;
Ce and Cr;
20 Ce;
Co;
Bi and Ce; and
Bi and Co.

6. A method as claimed in claim 3, in which one of the dopant metals is Cr, Cr
25 cations being present in the solution from which the precipitate is precipitated in
a proportion such that Cr forms 1 - 15% by mass of the precipitate, the solution
comprising, in addition to the Cr cations, cations of 1 - 2 other dopant metals,
selected from: |
Zr; and
30 Ce and Zr.
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Zr; and. 30WO 98/55226 Ce and Zr. 19 7. A netGRIGBIAOIGIGI ned
in claim3, in which one of the dopant netals is Ce, Ce cations being
present in the solution fromwhich the precipitate is precipitated in a -
proportion such that Ce forns 1 - 15%by ness of the precipitate, the

sol ution conpr4 sin ddi ti.on to the,Ce cations ations of 1 - 2 other
dopant met als7I ﬂ|"é%‘98 af ClRiPeS i AR &y N Wich Bpe b theydopapg metats is Ce, Ce

Bi and Zr; anc&ahhnsabdnb/bres%nt in ﬂndrmmmh &srrcwbvalclhiade|pme&,§,edtg1,s’3p,eb;3,tg\4qu one
of the dopant rE: Siol CB ? ns ﬁ%f prese in the solution from
whi ch the pre&Prreten; sé‘ tBEF fof ffmy g?’ 6H°§[R%P'E¥&tth€6°\‘46‘?ﬁs 1
- 1 5% by nassoofprising, meamnnnabahetcaecawnst cmrﬂsﬁomrrm btHeP Wophit Rdehid,i on
to the Co ¢ t'Q@?t dcfatlons of 1 - 2 other dopant netals, selected from Zr;
Bi ; and Bi A nmet hod as claln'edlnclalmB i n which one of
the dopant netals is IVh, Vh cati Bnsnd€ring present in the solution from
which the precipitate is precipitated in a proportion such that M forns 1

- 1 5%by nass of the precipitat f* the solution conprising, in addition to
the Mh cations, cations of 1 - 2BioddieMngopant netals, selected from

Bi;
10 : Bi and Zr; and
Mn and Mg.

8. A method as claimed in claim 3, in which one of the dopant metals is Co,
Co cations being present in the solution from which the precipitate is precipitated
in a proportion such that Co forms 1 - 15% by mass of the precipitate, the solution
15 comprising, in addition to the Ca cations, cations of 1 - 2 other dopant metals,

selected from:

Zr;

Bi; and

Bi and Zr,

20 9. A method as claimed in claim 3, in which one of the dopant metals is Mn,
Mn cations being present in the solution from which the precipitate is precipitated
in a proportion such that Mn forms 1 - 15% by mass of the precipitate, the solution

comprising, in addition to the Mn cations, cations of 1 - 2 other dopant metals,
selected from:

25 Bi and Ce:
Mg and Ce; and
Mo.

10. A method as claimed in claim 3, in which one of the dopant metals is Mg,

Mg cations being present in the solution from which the precipitate is precipitated
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25 WO 98/55226 Bi and Ce; My and Ce; and M. 10pcT/ASB®8Misid as -
claimed in claim3, in which one of the dopant netals is My, My cations.
being present in the solution fromwhich the precipitate is precipitated --
20 in a proportion such that Mg fornms 1 -2¢20% by nass of the precipitate,
the solution conprising cations of M and Ce dopant netals in addition to
the My cati oris a ptdportidn setthtdt My formas e 0% by Imasmos the previbitate, tressotiftiohhe
dopant netal s_J| M. cat i.Qns [ i.n.the. sal utjon, fromwhich
the preci pi taqto(—ﬁ ‘?rsl\éPﬂﬁr %%tf"&st%@gﬁ agsidr%g%&%a?‘ggﬁgt? ilsgrr'l asgg'é'ﬁnttﬁé‘be FEHIRS: 1 -
20% by mass of the precipitate, the solution conprising cations of M

dopant netal jyn agditi.on to the | QNS 1. 2. s _clail I n
any one of t hieﬂpr %c}é‘alh.ﬁ’éi H gf"r%e,dl\{ﬁn&é\?\m %hﬁtvﬁé'cétﬂnﬁﬁfoqﬁé L&gﬁ%&l T Jsaﬂ"‘a"e'so?'vent
sel ect ed frorMalcatibid seing grasient inrtbs solutipndroon wiighethal predipitate id fretPitatedd

met hod as ' L O,: ' ' LGh \. |.S..a. m.xiure of
i conol o, thah Srtandlh BUcH danMatohl i1 209 phasdr g Blitel Yo Bulph®
met hod as cl adametising catiins dfZ Mo dopant metad in addivibn ¢t theMosedtiomst i s

anhydr ous, each al cohol being selected from isobutanol; 15

benzyl al cohol; ethanol; octanol; 2-butanol; isopropanol; and 20

m xtures of ahd twonmmthodre disedon. anysondé afethhoefecsding alaimpd, imwhich thels,

in which the s%(ﬂ.lltYoer'\néo&;?risaesrg é(&\%rﬁ sgrecwépfrom alcohols and mixtures of two or more

alcohols,

10 13. A method as claimed in claim 12, in which the solvent is a mixture of two

alcohols, the alcohols being present in a mass ratio of 1:2 - 2:1.

14, A method as claimed in claim 12 or claim 13, in which the solvent is
anhydrous, each alcohol being selected from:
isobutanol;
16 benzyl alcohol;
ethanol;
octanol;
2-butanol;
isopropanol; and
20 mixtures of any two or more thereof.

15. ...A method as claimed in claim 14, in which the solvent is a mixture of two

said alcohols.

16. A method as claimed in any one of the preceding claims, which includes the

preliminary step of obtaining the solution of the V4’+ ions and V5 * jons in the
25 solution by dissolving v3+ jons in the solvent and reducing a portion of the VS +

ions to V4+ jons.
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sai d al cohBPI¥58R6 A nethod as clained in any one of the prRCEEBIgOISIAI NB, -
whi ch includes the prelimnary step of obtaining the solution of the V4 +
ions and V5 + ions in the 25 solution by dissolving V[err] ions in the -
solvent and reducing a portion of the V[err]21ons to V[err] ions. 21 17.
A nmethod as clained in claim116, in which the reducing of the V|er i ons
to V[err] ions ild.byArmeethedals claimed irt chaig d§ein whichahaveduning qt:ihadlifg ions to

fl uxi th 4 i nj he V. j ' [ ith th
Feducr ng agent . i, o0F RCPRsTAE 41 £ il s PRENE IR 1Tl
descri bed her ei solvMethcéntaificg thec¥® ffoionk aligsohwad! theceir Yith the\rBducing aberst. |

whenever nmade in accordance with the nmethod of any one of the preceding
cl ai nms.

18. A method as claimed in claim 1, substantially as described herein with
5 reference to the Examples.

19. A VPO catalyst, whenever made in accordance with the method of any one
of the preceding claims.
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