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(54) Title: VANADIUM/PHOSPHORUS MIXED OXIDE CATALYST PRECURSOR

4 (57) Abstract: A process for the preparation of 2 vanadium/phosphorus mixed oxide catalyst precursor is described, comprising the

reaction of a vanadium source in selected organic media in the presence of a phosphorus source. The organic medium comprises:
QO (@) isobutyl alcohol or a mixture of isobutyl alcohol and benzyl alcohol and (b) a polyol in the weight ratio (a) to (b) of 99:1 to
5:95. Afier its activation, the vanadium/phosphorus mixed oxide catalyst precursor is an excellent catalyst in the conversion of

non-aromati¢ hydrocarbons like n-butane to maleic anhydride.



29 Novenber 2003 WD 00/72963 1 Vanadi um Phosphorus M xed Oxi de Cat al yst
Precursor PCT/ EPOO/ 04939 The invention relates to a proceX¥sNdembtiltsis
production of a vanadi um phosphorus m xed oxi de catalyst precursor, its

t ransf or mat WOe726» t he active catal yst and a process for"cg' wuctl on 5
of mal ei ¢ anhydride using this catal yst Mal ei ¢ anhydride is a vvel | known

and versatile internmedi ate for unsaturated polyester resins,
phar naceutY%dé'"BﬁPhaﬂ#UE‘ﬁefoﬁlos‘“pel{“at?'té' 'L}Ls"ﬁgfrf‘if produced by catal ytic

partial oxidation of aromatic (e. g., benzene) or non arorratlc (e g.,

n- but ane) hydrocarbons. 10 The nmai n conpaonent * of ﬁl ve catg %‘ﬁ in the
oxi dat i on B invntian ekaiesite 2 RPAFH Lof theorTeduchignof avaprtiug) ‘ 81958 ?ﬂi‘? BIEC8RAT dr i de
i's vanadyl §<€iran WhLER cagilyst dnllh Qrdcsss FORESbo@sktBY

t her mal trcgat)%gﬁ%ag@?\a/lanadﬁfy%%ﬁgg%?%hhophosphgtgte he% hydr at e@%f the formul a
( VO) HPO#. OofShi2éic amtodiideusing thiacathlyst precursor. Bot h vanadyl pyrophosphate
and vanadyl 15 acid orthophosphate hem hydrate may, if desired, be
acconpani ed by a pronoter element selected fromthe groups 1A 1B, IIA
1B, |11A MhlcicldﬁhydrMéideBlkxMAmaﬂByez’sﬂti&q intsthBecaartdforViamllfﬁptmﬁnalhEatp@tﬁdodi c

tabl e of el enents, m xt ur.es of suhele nts ng the

pr ecur sor e “E"(ﬂl?@‘gﬁf?%lﬁaf ?V‘gf%so[f’\?e e Uty P ;olagceeﬁt l&ﬁ]?gg\r}gnadl um

conpound URG&tios 8Psbina@NE. WM ticaRend) drinopatiate (v an a{ﬂ:uwn)ﬂuydracarbcmav al ent

state 20 (average oxidation nunber +l1V). Prior art knows a great nany

di fferé&ht procedures, which however in general involve the use of vanadium

pent OX' de '%ng 31'& e cRle &%@%ﬂh{%ﬁdaﬁaﬂaﬂh&f&&ﬂﬂm g&ﬂ&@ﬁb&ﬁﬂﬂk@ri c
acid H3P as t 8 phosphorus source (see e(&ﬂyUS-A- 860 or EP-A-0

-804 963) -RButds: ta matlaaihydridegemnaflyl pprophespiite Pz%wlgamw gle ipr gani c

possess: neo e dterish T ot Uil A pbefopheBRin Bt bFERTARAND O oy
be suit abl (wc@pplol OGH Cﬁj‘mlﬂg)stcatammmmurﬂdlﬁbﬂn@nagéperPPmSMwwa@genn@hl oride in

aqg ueou?s S O{licllJ(i[ ‘IJ rthophosphate hemihydrate may, if desired, be accompanied by a promoter element

selected from the groups IA, IB, lIA, IIB, IIIA, IIIB, IVA, IVB, VA, VB, VIA, VIB and

VIIIA of the periodic table of elements, or mixtures of such elements.
Methods for preparing the precursor compound conventionally involve reducing a pentavalent
vanadium compound under conditions which will provide vanadium in a tetravalent state

20 (average oxidation number +IV).

Prior art knows a great many different procedures, which however in general involve the use
of vanadium pentoxide (V,0;) as a source of pentavalent vanadium and orthophosphoric acid
(H,PO,) as the phosphorus source (see e.g. US-A-5 137 860 or EP-A-0 804 963).

25  As areducing agent in principle any inorganic or organic compound confaining elements
which are able to act as a redox couple possessing an oxidation potential suitable for this kind
of reaction may be suitably applied.

The most common reducing agent is hydrogen chloride in aqueous solution.
Also favourably applied are organic media like primary or secondary aliphatic alcohols or
30  aromatic alcohols such as benzyl alcohol as these compounds seem to at least in part dissolve

the reactants and thereby facilitate the redox reaction.



Al so favourably applied are organic nedia like primary or secondary
aliphatic alcohols or 30 aromatic al cohols such as benzyl2%lecehbér 2883 t hese
conpounds sgg.l9qt | east in part dissolve the reactants—apsholltgs eby
facilitate the redox reaction. 29 Novenber 2003 WO 00/ 72963 PCT/ EPO0/ 04939
2 ~The nost preferred organic reducing agent is isobutyl alcohol as

i sobutyl afHeqhat prefeibil BRgnic aubiiRbeahR IRGHOT AISSHLSs iSItuR/1 88old Lodbiad | | NY
poi nt of 108 C at atnospheric pressure, (il) dissolution of the vanadi um
al cohol at eptimgl shascrerigies wahss (15) h eiling pejaiefl§8 &C ebatimoenherie pigeskre; GRct i on i n

the |iqui dy; b eV td : es

i sobut yl %‘%P@%ﬁ%@%gﬁ%yr :ﬁ?‘%gglé{igﬂ)gﬁlg& ?gig)éfdt@g’lttﬁgl %ﬁ%ﬁ??g%@ﬁ? %?%Hg)kaci d
sui t abl e treackien inttheligli¢ phest amb(ii)ashievingla ridny petgetial for Theecobpies mataitydnt
vanadi ym r eact i th osphor.i i P .and. | t recipitation of
the pr écurazcc‘))?ml\%%ér%%?lg%g ?‘ganglrlﬁi’blﬁ'ﬁgg% a Sg%%rrﬁ ia*ncs%srugt?%% B% %lg aﬁ?)ll? qrtLs

(VO) HPO4. Gediciig.agdiheTHertetedvpliehtataradign vaota it phasphede adid (H,POQaud ydadadoc ohol

and subsequent]ly drjed. 10 A mgjor.di sadvant age a he nyent | onal et hod
oo deser M RBtoR LS Pirat e yaR ki O R Frathyst af 88 ol o, ns. Son
percent . qiyO9HPON.SHAR NP BRdMHitatt isFhilRovBhGBRRIE isbB Al R IR ski¥bquefypounds
whi ch are supposedly either (i) strongly adsorbed at the solid surface, and
t her ef or e 456¢ easi |y renovabl e by the washing and drying treatnent, or (ii)
physicglly trapped 15 in between the crystals of the precursor, or (iii)
physically or chemcally trapped ("intercalated") in the crystalline

st ruct ur e Afnajondisphventagsafithe donvéntiond) ewthold@s dekctibeal abb v is tipeecanttagbyof
organic c ound vvhirgh r enmai ns o1 roggt)ed. ichtgledsprgr%ctHggror iélsea .fundcf;ment al
par anmet er P EH 5 HORY TR IO RS R LB SOBRIYIGE R e” VERAY REF ST EY of -
t he acti veompb@ldy sthichkaduppsbed’ tlter (ih erdoigBradedrbéd R atten®lid surBe, Bhe obj ect of
the present 1 nvention therefore was t.o g{ﬁo ide a method. trolling the

. or cCo
carbon co feezefereinet ey FRRAVaRlE prhiepreing 8 GRFtgE e ot (&B 9@'[51%&&5%9*’% r and
accor disngliy bdi@een the crystals of the precursor, or (iii) physically or chemically trapped

(“intercalated”) in the crystalline structure of the precursor.
It has been found that this percentage of organic compound which remains trapped in the
precursor is a fundamental parameter which can adversely affect the performance

characteristics of the active catalyst obtained after the thermal treatment.

20
The object of the present invention therefore was to provide a method for controlling the
carbon content in a vanadium/phosphorus mixed oxide catalyst precursor and accordingly to
provide a superior catalyst precursor which, when activated, leads to superior resuits in the
conversion of a non-aromatic hydrocarbon to maleic anhydride.

25 |

It was found that the objectives could be achieved with a new process for the preparation of a

vanadium/phosphorus mixed oxide catalyst precursor according to claim I.

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

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

{b) a polyol

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



provi de a superior catal yst precursor which, when activated, |leads to
superior results in the conversion of a non-aromatic hydroNardamer 2003 mal ei C.
anhydride. 25 It was found that the objectives could be achieved with a new
process fowaeg29sdeparati on of a vanadi um phosphorus nmiBEEREYPEE cat al yst
precursor according to claim1l. The inyention conprises reducing a source

of vanadiymin the.presence of i r.gani ¢ medi um
ahi oh confr BT 85 BB ST ar utan SBIRE R o R Bol e e 1 "
benzyl al galvedn 2ad so(#r)%.a polyol in the weight ratio of 99:1 to 5:95. 29
Novenber 2003 WO 00/ 72963 PCT/ EPO0/ 04939 3 In a m xture of isobutyl

al cohol and benzyl al cohol the benzyl alcohol content is as a rule between

5 and 50 W o%urbSofvafikick € edhvalain afpentvaledtehuisdial enfipoand pen baspliedt

vanadi um conpound may be aaggl ied. 5 Representagtive e ar]%k alth %gh not
li m ti hg, Represepahyieramplcataltaeush oPt mitpg/erayanasium rague quli)’bvlaﬂ !

(VOB 3), L RS ERS ] HRadide BankoxidVead Y vah ieute (WO 33 Qxd and
vanadi um %42)?1?%’81;(&?9& (VZg%.aVangdi?Jxrln pe_nt_%x"ir die@?glﬂ?ﬁe or ef erredﬁganadi um
sour ce. Asanadiutr tokerkideif¥ye). anadiym peripxids is ieredfemgd vanpdiug sdirieed, be

acconpani ed by,.pr r { t; , 1A,
B AR LR B! e RN GuRE LRGPl bSO rrfmolel oy o ¢
talbl e OL feicﬁiﬁﬁﬁaect@ffrm i greeps WéBeI];M,I_IB?rIHﬂeHHBdI\M,dHB:] ¥A, Fﬁeﬁ%’t‘émare
sel ecte r e.group consistin Zlrconl I snmut n, Ithium

nol ybd%nuﬁﬁ“?gm‘%ﬂf,tg‘iP?‘fgo,dmttfﬂfl%ﬂ%t%?ﬂ%“l%r ?)rnnmléfﬁJ esr#ff:r 0eflb. O t hophosphoric aci d
(H3PO4) i prdihrdREihdter indpRRsRREWRS fisAthegrouf Gonbisipifylrcaientbidmits, t he

preferred conponent (a). Polyols which can, be llused as the conmponent (b) are:
- expedi-ent lijhiugy rgelgbdeppias fogony @ps, ditapium, iron and nickel. - :

Orthophospho‘ric acid (H,PO,) is the preferred phesphorus source.

5

Isobutyl aicohol is the preferred component (a).

Polyols which can be used as the component (b) are expediently C, ¢ aliphatic polyols,
preferably C,_c-alkanediols such as 1,2-ethanediol, 1,2-propanediol, 1,3-propanediol,

20 1,2-butanediol, 1,3-butanediol, 1,4-butanediol, 2,3-butanediol, 1,2-pentanediol, 1,3-pentane-
diol, 1,4-pentanediol, 1,5-pentanediol, 2,3-pentanediol, 2,4-pentanediol, 1,2-hexanediol,
1,3-hexanediol, 1,4-hexanediol, 1,5-hexanediol, 1,6-hexanediol, 2.3-hexanediol, 2,4-

hexanediol, 2,5-hexanediol and 3,4-hexanediol.

25  Most preferred polycﬁs are the C,_,-alkanediols 1,2-ethanediol, I,3-propanediol and

1,4-butanediol.

The preferred mixture of alcohols contains 5 to 30 mol% of polyol with repect to isobutyl
'_ alcohol.
30 -
As a rule the vanadium source together with the phosphorus source is suspended in the
organic medium and the mixture is kept under agitation at a temperature of expediently 90 °C

to 200 °C, preferably 100 °C to 150 °C over a period of 1 hto 24 h.



preferably C2,-al kanedi ol s such as 1, 2-et hanediol, |, 2-propanediol,
1, 3- propanedi oI 20 1, 2-butanediol, 1, 3-butanediol, 1, 4-bi%Nnedbal2003

2, 3- but anedi,g ,.}2,2,@3 pentanedi ol , 1, 3-pentane- diol, 1,4-peprapamiRb.
1, 5- pent anedl oI pent anedi oI 2, 4- pent anedi ol , 1, 2- hexanedi ol ,

1, 3- hexanedi ol , 1, 4- hexanedl ol , 1 5-hexanedi ol , 1, 6- hexanedi ol ,
2, 3- hex ane’dh@dauo af vanadiexamads tml phos’ia,hﬁmhemacaeld caivesiank]y3suéh thakhea Al @bmic25 Most

preferred palyols are t t hanedi ol , 1, 3- propanedi ol
and 1,4- b%f1 Blﬂaﬂm Zeiplc%f]érﬁ ?Wqﬁ{(g?lzl t8f12}?a19cohol s contains 5 to 30

nmol % of polyol with repect to isobutyl alcohol. 30 As a rule the vanadi um
source together with the Phosphorus source | sus ended in_the arganic
1

medi um andA A&eatier thegeductipnuie PERGHEPT RERdvhegiG ATt aSPP%t gribydipt obthe

expedi ent | %n%a@vosﬁpé%r@o RSl Ml isQfkr&e, h@sﬁeﬁ%&m neiyRifeli@s Of 1 h
to 24 h. 29 Novenber 2003 ° WO 00/ 72963 PCT/ EP00/ 04939 4 he ‘rati o of

vanadi um s@mpe@tmwmmmgos%m%@ s conveniently such that the P/V
atomic ratiois in the range of 1:1 to 1.3:1, preferably 1.1:1 to 1.2:1.
As a rule after the reduction the precursor vanadyl acid orthophosphate
hem hydr at Buofo thdwedudioh Geatmest acd4D)ipP@1the irykiR®ni the ¢apromedniaht of thei pgechisbt er ed,

< Due to tRESFEULER BTt Foft AN T4 BIBTG P REoP A0 BRegh of B Habton

cont entg of 4 Qe precursor can be controlled in the range of 0.7 wt.%to
15.0 wt. % preferably in the range of 0.7 wt.%to 104 w.% It has been
found that best results are obtained with catal yst precursors which, after

an addi t'feﬁ ekl B g&that 5&@%&@@%@%@%%&&%& ﬁleemaﬁpmucﬁ deips in air

“have a resi car cont ent of %to % nost preferably 0.8
w.%to 1. zﬁldmton%thaﬁxanmanepm etpﬁézpetdioﬂ ﬁ@ fwaé)eutrﬁmrsclaﬁlrlhnvm nggidiedfl carben f u t her

activati On(:(_\.tnl;en?5l ct)frH}'P wt. petofﬁior QP nds preferably 0.8 wt.% to 1.5 wt.%.

15

Once prepared the precursor can in view of its further activation treatment be formed into
defined structures with defined properties. Such procedures may include wet grinding to a
specific particle size, the addition of additives to improve attrition resistance, and the
formation of a convenient shape.

20 A spherical shape for instance is most suitable for the appiication of the catalyst in a fluidized
bed.

The further transformation of the so formed precursor into the active catalyst can be

performed following a great number of activation processes known in the art, but in general
25 include a heat treatment applying temperatures of up to 600 °C. More in detail, these

processes may involve:

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

(b) a further heat treatment from about 200 °C to at least 380 °C to 600 °C at the

maximum

30 (¢) maintaining the temperature of stage (b) over a certain time and

{(d) cooling the activated catalyst, thereby maintaining an individually controlled atmosphere

in all steps.



defined structures with defined properties. Such procedures may include wet
grinding to a specific particle size, the addition of adthNowedeta§0B nprove.

attrition resistance, and the formation of a convenient shage. 20 A
spherical sW2P&716% instance is nost suitable for the appFrERtY%H%of the
catalyst in a fluidized bed. The furthey transformation of the so forned

precursor 0t e e AfokiinC %%Lt{x%%ig\ﬁ@t{lﬂ@?rﬁmﬂﬁrfisoafcl?&ﬁ'plfsﬂéd NG 2 _great

nunber of activation processes e art, but in general 25 include
a heat tr emroerdnte dagspbsd indiPtAMh364 46ures of up to 600 C. More in detail,

t hese processes may involve: (a) an initial heating of the precursor to a
tenperature not to exceed 250 C (b) a further heat treatnent from about 200
C to at | dautmd@8preeried embiGema] the tivathandomprised Ghe(stgps R Nt ai ni ng t he

t t f st b t ai ' d (d li.ng th tivated
cat bl yot . @her BB TRMIERIR SEP R FHOTOT B ROl F G 4O RBERETE: 11 ol
steps. 29 Noverpetou?FC MGlr006:g863epiiidd 44700104939 5 In a preferred

enbodi ment, the activation of the precursor is acconplished using the
procedur e @bscKEEPRE 3t saitprogaleination PsTay e, 4 nore preferred enbodi ment, the

acti vat i orygONpukiRe featine s pRRACIASd AtadR) ple&Ridr NonitrBeenGRktah ¥atindacur sor from
roomtenperature to a precal cination tenperature of about 300 Cin air or

oxygen- depl et edemperatyp pf #wuhisAGCand sai d precal ci nation tenmperature, (c)
further, h in - i t precursor in nitrogen up to a

cal ci ngoti 0 5 t%ﬁ%ﬁé&a@é&ga&&%ﬁgﬁ%gﬁ% and 10 (d) keeping at said
calcination tenperature. After. the. transformation into ..the..

active. cat st.the. catal yst .is..ready to be applied for. t.h onversion
of n 0_n..:..a.r..d%%it}bc.Waﬁpa:&zgxroBzrﬁ%thf.Sctﬁﬁl.cgtra%rste{.ﬁ%vgarl}(sgg;read(jjr to Be apptlle(? f.orEhe - ]

conversion of non-aromatic hydrocarbons to maleic anhydride.

15 Such processes are well known in the art, e. g. from US-A-4 594 433, US-A-5 137 860 or
US-A-4 668 652.

In general the non-aromatic hydrocarbon is converted with oxygen or an oxygen containing
gas at a temperature from about 320 °C to 500 °C to maleic anhydride. The non-aromatic

20  hydrocarbon is expediently selected from aliphatic C, ,; hydrocarbons, preferably n-butane.
The conversion can take place in a fixed bed or a fluidized bed reactor but preferably in a
fluidized bed reactor. The following examples are given by way of illustration only and are

not construed as to in any way limit the invention.

25

Examples:

In the foliowing examples, the carbon content was determined by combustion in pure oxygen
at high temperature using the apparatus and procedure described below and detection of the

30 carbon dioxide formed by infrared analysis.

Apparatus: ELTRA 900CS
Measuring range: 0.001-100 wt.% C



15 Such processes are well known in the art, e. g. fromUS A-4 594 433,
US-A-S 137 860 or US-A-4 668 652. In general the non-aromaibeniydioogar bon

i s-converted with ygen or an oxygen containing gas at ure from
about 320 C‘FB“%&%Q% to mal ei c anhydride. The non-aromati %C%%gﬁﬁg%?%car bon

i s-expediently selected fromaliphatic G p hydrocarbons, preferably

n- but ane. T,{eh v nver si of oe@Nuicae® place in a fixed bed or a fluidized bed

react or bu?e preferably in a fluidized bed reactor. The fol | owi ng exanpl es
are gi ven WBimensmysofiple:l | u8®¢sati on only and are not construed as to in any
way limt the 1i nvention. ,25, Exanpl es: In the follow ng exanples, the carbon
cont ent wal ARt &FHi ned by conBustion in pure oxygen at high tenperature
usi ng t he opagaeaberatuend poEBELAE descri bed bel ow and detection of the 30
car bon di oxi de forned by éﬁlg;ar ed anal ysis. Apparatus: ELTRA 900CS Measuri ng
range: 0° 009XE58 P8, ¢ 28°- RV BHber 2003 WO 00/ 72963 PCT/ EPOO/ 04939 6

Sensi ti Vi t iyddnAQratet . Y4 Omid i me per sanple: 90 s Sanple size: 0.1.0.5 g
Oven tenperature: 400-1500 C 5 Oxygen purity: 99.5 % mn. Oxygen flow
rate: 4 |/HRiopedareycedure: The furnace was heated up to 1330 C and oxygen

flow was O?Ecni%gla(]:@wm ﬁdeeﬂ%P*P&iﬁroac 2l Bk deR Bol\PasHpBd S0 Sindth G eGRT DON

content detector was selected and calibrated wth standard 10 sanpl es
havi ng knosurtingtheanalgon tthgh cartiinecosantsietectr xas splestbdead cditedWitingandard
Conmpar %l ve Exanpl.e l%mfol | ow n ex?ﬁrfpsle }cs(igeourgggrl s%r(‘ﬂ)i PJmEP-A 0 804 963)

samples having carbon cofitent. amp was

Comparative Example 1 (following example 1 {comparison) of EP-A 0 804 963)

15 Into a three-necked I-1 flask fitted with thermometer, mechanical stirrer and packed glass
distillation cblumn with reflux condenser and water separator (cf. example 5), were introduced
8.20 g of V,0; and 10.1 g of H,PO, (100%), suspended in 75 ml of isobutyl alcohol (99%+).
The mixture was then kept under agitation and heated up to reflux and left at these conditions
for 6 h. The colour of the mixture changed from red-brown to dark green and then finally to

20  bright blue.
The mixture was cooled to room temperature, then filtered and washed with a large excess of
isobutyl alcohol. The solid was then dried in air at 125 °C for 5 h. The carbon content of the
dried precipitate was 0.6 wt.%.
The solid was then treated in air by heating from room temperature to 300 °C (heating rate

25 1 K/min), then left a.t 300 °C for 6 h, heated in N, up to 550 °C (heating rate 1 K/min) and
finally left at 550 °C for 6 h. After the precalcination step (in air at 300 °C), the residual

carbon content was 0.5 wt.%.



15 Into a three-necked 1-1 flask fitted with thernoneter, nmechani cal
stirrer and packed glass distillation colum with refl uxSMmvdebsepOand

wat er separator (cf exanple 5), were introduced 8.209 of V205 and 10.1 g
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cont ent OfTHelpeepanitibredt the predupior veedanass deserited insommppgative exampit s Yh®f t r eat ed

in air by heatjng fromroomtenper r i [PdR 9635 1

K/mn), tH ?fmla’etfe?m'& N ?ﬁﬁg‘ﬁcfa%cro %ﬂ%t?h%epg?éggu%%q;ﬁl%n(ﬁ? ?{’)f%tgé %ﬁ ( heat i ng rate

i Kmn) agaphedihnal dinfrdreds °@to BBOCE & beatifig tate o4 eiminhe precal ci nation step

(inair at 300 C), the resjdyal ar.bon cont ent. s, 0.5 9 A enber

2003 WO 00PY2eby hfaﬂ%fi‘ﬁi%j%q :&8‘8 4%§a¢rfﬂ %mﬁ‘%ﬁ&?fﬁb@/b‘%’@fé‘%ﬁ?’ﬁ@@g%i on of

t he precur sog; MRS o8%.5%emed | bed in conparative exanple 1, but the

thermal treatnent was done according to he?grocedgig(ﬁgf exanpl e 4 of

EP- A- 0 804cp@gthermg! stap atifga ¢ iythp pamg HmpseYRte 55 nstqpd ®at a heating rate

of 4 K/m rttdémjth%%ag }1@5 zrth@ﬁ"td iR SthBEpnABQf firbgend 26% Gol) dhdaterin(30% eolpfor Bhr  ( 70%
steam 0 VO

vol ) and ) at a heating rate of 1.5 Kimn (c) isothermnal
step ato 426) dling ithembdure obnitregsphand seam ajaragofp2 KMt for 2 h (d) i sot her nal
step at 425 Cin an atnosphere of nitrogen (70% vol) and steam (30% vol)
for 3 h 10 (e) cooling in a mxture of nitrogen and steamat a rate of -2
K/'m n.Conparative Exanple 3 15 The preparation of the precursor was done
as described in conparative exanple 1, but the isobutyl alcohol was

repl aced b‘}“‘BB?‘B&VgEX‘i'PBIPﬁropanedi ol .

15 The prépa:ation of the precursor was done as described in comparative example 1, but the
isobutyl alcohol was replaced by 35.5g of 1,3-propanediol.
The dried catalyst precursor had a carbon content of 11.6 wt.%.

The activation was performed according to the procedure of comparative example 1.

20

Example 1

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

1,2-ethanediol/isobutyl alcohol (20/80 v/v). The mixture was kept under agitation and heated
25  up to reflux, and left at these conditions for 6 h. The color of the mixture changed from red-

brown to dark green and then finally to bright blue.

The mixture was cooled to room temperature, then filtered and washed with a large excess of

isobuty] alcohol. The solid was then dried in air at 125 °C for 5 h.

The dried catalyst precursor had a carbon content of 2.3 wt.%, while after the precaicination
30 treatment in air at 300 °C the amount of residual carbon was 1.2 wt.%.

The activation was performed aécording to comparative example 1.



The dried catal yst precursor had a carbon content of 11.6 w.% The
activation was perfornmed according to the procedure of codpdeanibee2d8ianpl e

1. '20 Exanpl.e 4 11 g of V205 and 5.11 g of H3P04 (100% ended in
37.5 M of éi"‘%#“ﬁ?%"&#e of 1, 2-ethanediollisobutyl alcohol "%"g?fﬁ‘}é%). The

m xture was kept under agitation and heated 25 up to reflux, and left at
t hese condta,'hgmﬁfv@m;x@mmeﬂhe color of the m xture changed fromred- brown
to dark green and then finally to bright blue. The m xture was cooled to
roomtenperature, then filtered and washed with a | arge excess of isobutyl

al cohol . Thg SRkipthctse LIBRxAMHET vl cattitd &b \1‘%5&1@6;(&5&(51 c%?-l,zl-éiﬁarg&iioﬁg

t, L
catal yst precursor had a carbon content of 2.3 wt.% while after t
pr ecal ci nakeingrepigepdiwidphonerieldoholai r at 300 C the anmount of residual carbon

120 Noverbar b SHas pRabe 0 E T BEA P BAE S TR 5 E R R SRR I, O e
sane procedgidumlamojmoéxahqﬂwasm.m%;arri ed out, with the exception of
or ecur sor Heresi2p it PERHEER fotdnk BT Droee e BE el B Pt  nat on the

resi dual amount of carbon was 0.4 w.% The activation was perfornmed
according to the procedure of conparative exanple 1. t o Exanple 2 .. 8.20g
of V205 and 10.07 g of H3P04 (100% were suspended in 75 m of a m xture of
I, 3- prgboar‘gfgnpp\{bgobutyl al cohol (20/80 v/v). The m xture was kept under
agitation and 'heated wup to reflux, and left at these conditions for 6 h.
The color of the m xture changed fromred 15 brown to dark green and then

Fiitered o SaotSh F 0018 e SRR eGP BURA IR ", ] 7T s
t hen dri ed,3-propanedid/isbBatylGaléahol @080 v/v). The mixture was kept under agitation and heated ,

up to reflux, and left at these conditions for 6 h. The color of the mixture changed from red-

15 brown to dark green and then finally to bright blue.

The mixture was cooled to room temperature, then filtered and washed with a large excess of

isobutyl alcohol. The solid was then dried in air at 125 °C for 5 h.

The dried catalyst precursor had a carbon content of 2.8 wt.% while after precalcination the

residual amount of carbon was 1.8 wt.%. '

20  The activation was performed according to the procedure of comparative example 1.

Example 3

25  The procedure of cxémple 1 was repeated, but as reducing agent 37.5 ml of a mixture of
1,4-butanediol/isobutyl alcohol (20/80 v/v) was chosen.
The dried catalyst precursor had a carbon content of 1.6 wt.% while after precalcination the
residual amount of carbon was 1.1 wt.%.

The activation was performed according to the procedure of comparative example 1.

30



The dried catal yst precursor had a carbon content of 2.8 w.%while after
precal cination the residual anount of carbon was 1.8 wt.2%N@@nibere2003

activation was performed according to the procedure of conparative exanple

1. Exanpl e BO2G72¥6%e procedure of exanple | was repeat ed, PEUEPOA84¥Lduci ng

agent 37.5 m of a mxture of 1,4-butgnediol/isobutyl alcohol (20/80 v/v)
was chose Thg 4dri ed catal yst precursor had a carbon content of 1.6 wt. %

while aft PP&cal cination the residual amount of carbon was 1.1 wt.% The
activation was perforned according to the procedure of conparative exanple
1. 30 29 Novenber 2003 WD.00172963. PCT/ EPP0Q/ 0493 apple 4 The

pr ocedur e TOf PESEHT Wﬁlr‘”@ﬁéﬁ&‘?g%%ﬁiﬁ” c‘l”%&%c@? ?’155 %8{;?%51&?11 of a

m xt ure of] 3-JutRebidl/aoRdiialcbhd 0R0480/vpkaaihoden( 20/ 80 v/ v) was chosen. 5 The

ARG R A M N L A et
per f or med a&6Qr dhde: % cOUPS, ative exanple 1. to Exanple 5 The procedure of
exanpl e 3 was repeated (using the apparatus described in conparative

exanmpl e 1)The bejivatiorewgsenesfprrgpdrieroating takempagtivheamgléck i on was partial |y
removed by azeotropic destillation. 15 The dried catal yst precursor had a
carbon content of 2.3 wt.% while after precalcination the residual anount
was 1.5 wt. % The activation was perforned according to conparative exanple
2. 20 Cat tipﬁ iests The catalytic tests were perfornmed at atnospheric
pressulle i"*HPGXed-bed stainless steel |aboratory reactor (length 25.4
cm dianeter 1.27 cn) |oaded with 3 g of catalyst. The

--The procedure of example 3 was repeated (using the apparatus described in comparative
example 1), but the water generated during the reaction was partially removed by azeotropic
destillation.

15  The dried catalyst precursor had a carbon content of 2.3 wt.% while after precalcination the
residual amount was 1.5 wt.%.

The activation was performed according to comparative example 2.

206 Catalytic tests

The catalytic tests were performed at atmospheric pressure in a fixed-bed stainless steel
laboratory reactor (length 25.4 cm, diameter 1.27 cm) loaded with 3 g of catalyst. The
products were collcc;ed and absorbed in anhydrous acetone and analysed by gas

25  chromatography. The performance of the catalyst was determined on the basis of the percent
conversion of n-butane fed to the reactor (together with oxygen and helium), the yield of
maleic anhydride recovered in the absorber (MA yield) in % and the selectivity of the
conversion towards maleic anhydride (MA selectivity) in %.
The following conditions were maintained during the tests:

30  W/F (weight of catalyst/total volumetric flow rate): 1.3 g-s/ml
feed composition: 1.7 % n-butane, 17.2% O,, rest He
measurement: after 200—300 h time-on-stream (stable

catalytic performance).



products were collected and absorbed i n anhydrous acetone and anal ysed by
gas 25 chromatography. The performance of the catalyst wa2” Heteerai #8d on
t he basis of (}] pgrcent conversion of n-butane fed to tperkrRamias

(t oget her WI“I’ oxygen and heliun), the yield of nalefic anhydride
recovered in the absorber (MA yield) in@ and the selectivity of the
conver si onTHONRIIEASbEBICE 6 tRINWYiOhd AlyshdhrS finffdrs¥d inabie 1. % The fol | owi ng
conditions were naintained during the tests: 30 WF (wei ght of
catalyst/total volunetric flowrate): 1.3 gs/nm feed conposition: 1.7 %
n- but ane, lFOoOZ, rest He neasurenent: after 200-300 h tinme-on-strearn
(stable catalytic perfornmance). 29 Novenber 2003 WD 00/ 72963 |10 The

resul ts ob} @xamgld s, | k;qo(g]al\d)i(bmsretsama{l"/y]s1 MArdGeldPial MAaGeleotitigbfos] 1. Tabl e
1. PCT/ EPCQ_Q4939 Exanpl 9 [ClConversion [QMA Yield [ M\ Selegtivity
[94 3609. 86. 465. 3 3801625011 4§8q§n§:2rrg 149026fsf17 26§Aﬂnﬂ2(ﬁ§?‘n5§§_’lﬁ6. 1
jgggg: gggﬁ ggzlt:zzt 228%: 038 461 4 2&3?1”52 . 356" 4" 3609] 50. 66.3° |
Comp. 1 400 26.3 17.2 654
420 39.5 26.1 66.1
440 53.8 32.9 61.2
360 122 8.7 71.3
380 18.0 124 68.9
“Comp.2 1 400 26.8 18.2 67.9
420 39.6 255 64.4
440 56.0 34.4 61.4
460 71.5 403 56.4
360 9.5 0.6 6.3
Comp. 3 380 30.5 2.1 6.9
400 40.6 23 57
420 43.6 36 8.3
360 111 7.5 68
380 17.1 11.7 68.5
Comp. 4 400 26.5 17.5 66.2
420 395 25.7 65
30 55.1 35.0 63.5
360 16.7 12.1 722
1 380 34.9 24.0 587
400 42.3 29.7 70.2
420 47.2 30.4 64.5
360 20.6 15.3 743
2 400 476 33.9 712
420 59.1 38.4 65.0




Conp. 338030.52.16.9 40040. 62. 35. 7 42043. 63. 68. 3 36011. 17. 568

38017. 111. 768. 5 Conp. 44Q026.517.566.2 42039.525. 765 44055 N@Smhe32083
36016.712. 172. 2 138034.924. 068. 7 40042. 329.770.2 42047. 230, 464 %

36020. 615. 3VQ0GT2960047. 633. 971. 2 42059. 138. 465. 0 29 Novenndi9BH% wo
00/72963 Table 1 (continued) 11 PCT/ Eng/ 04939 Exanpl e No. 3 [(C] Conversion

[99 MA Yie ﬁl\/A Sel ctivity [99 36039.727.870.0 337051. 936. 069. 4
40072. 544%618&’ COHRETH44. 352, 6 36026.018. 772. 1 438053. 738. 271. 2

40067. 444 GBEmpIéB./ 3-95[4(3] SGorversion (%] | MA Yield [%] | MA Selectivity [%]

360 39.7 77.8 70.0

3 370 51.9 36.0 69.4
400 73.5 446 61.5

420 84.2 443 52.6

360 6.0 187 721

4 380 53.7 382 1.2
400 67.4 44.0 65.3

420 753 428 T 568

360 40.1 28.1 70.1

5 380 57.3 39.7 9.3
[ 400 72.9 45.0 61.8

420 85.3 452 33.0

From the examples reported above it is clear that the best performance (i. e, the highest yield
is obtained for those catalysts (Ex. 3 and 4) which fulfil both the requirements of having a
5  carbon content in the precursor of 1 to 2 wt.%, and a residual carbon content after pre-

calcination at 300 °C in air of 0.8 to 1.5 wt.%.



36040. 128. 170. 1 537857.339. 769. 3 40072. 945. 061. 8 42085. 345. 253.0 Fromthe
exanpl es reported above it is clear that the best performance (i. e., the
hi ghest yield 1is obtained for those catalysts (Ex. 3 and 4). whi ch fulfll
both the requirements of having a 5 carbon content in the”pFREHPEA%f 1 to
2 wt.% and a residual carbon content after pre- calcination at 300 Cin
air of 0.8 to 1.5 wm.% 29 Novenber 2003 Clains 12 1. A process for the
preparation of a vanadi um phosphorus mi xedoxi de catal yst precursor
conprising the reaction of vanadi um pentoxide in an organic mediumin the
presence of a 5 phosphorus source, chargcterised in that the organi c nedi um
conpri ses (a IJB obutyl alcohol or a m xture of isobutyl alcohol and benzyl
al cohol and f a polyol in the weight ratio (a) to (b) of 99:1 to 5:95. t
0 2. The process of claim1, wherein the phosphorus source is phosphoric

id. 3. Th [ : th
FERBO ot e T R
lto 3, wherei pompringaheredctibrsofaraiadivi @hiogidainian opahiy oledind in tihpregnaadss of

claim4, wherejn the C 2 a aliphat.i | yol .is G e-al kanedi ol , preferably
a C 4- aF_kaneé?i"ﬁl?h"“?so';"%we FhAZeC 8% g‘{)fg éﬁ% eq@"i”"%ﬂ"&’f’ﬁ Ito 5, wherein the

reaction takeg)RoB@f afohél of £HDAIr8 bAEDuyPLlcdhol &ad bénzAARKel sofl. A
vanadi um phosphorus m xed oxi de catal yst precursor, obtained froma process
according to &‘ﬁ)}l’ah'@ of claims 1 to 6 and having a carbon content in the

range of 0.7 %me/qwm%ﬁ”gﬂbéﬁo;ﬁ)o%’gg -$1o 53¢ vanadi ur nl phosphorus nut ed oxi de
catal yst precursor of claim wherein after an

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

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

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

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

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

7. A vanadium/phosphorus mixed oxide catalyst precursor, oblained from a process
according to any one of claims 1 to 6 and having a carbon content in the range of 0.7 wt.%
25 io 15 wt.%. '

8. The vanadium/phosphorus mixed oxide catalyst precursor of ¢laim 7, wherein after an
additional treatment at 300 °C for 3 hours in air the carbon content is between 0.7 wt.%
and 3 wt.%.

30

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

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

AMENDED SHEET



additional treatnment at 300 C for 3 hours in air the carbon content is
between 0.7 Wt.% and 3 w.% 3D 9. The vanadi um phosphorus m xed oxi de
catal yst precursor of claim8, wherein the carbon conten];9 ]LJS b@tV\ga%n 0.8
wt.%and 1.5 wt % AMENDED SHEET 29 Novenber 2003 13 10. A Pr8LEsPfor the
transformation of the catal yst precursor of claim7 into an active catal yst
for the production of mal eic anhydride, which process conprises a heat
treatment-of the catalyst precursor at tenperatures of up to 600 C. 5 11.
The. process of claim 10 wherein the heat treatnent conprises the steps of
(a) heating the catalyst precursor fromsroomtenperature to a

precal ci nat o procassfonthe rensfophatioh ofthe SlysCoreoursat of clafm PyOBActHe pdrgysed air

(b) keeping at. said precal_cipati or&ﬁ,{?e%eéature, C) fgrther heating the
precal ci ned cdPHPYEPNSPRAI BT sy dRi% MEI5R Rrofiss BuPPESes A Pest MegtmepheL thep
.............. catalyst.precirSdYREEBpasiteredf v 60D °650 C and (d) keeping at said
calcination tenperature. 12. An active catalyst for the production of

mal ei ¢ anhydri de, obtained by the process of claim10 or 11. is 13. A
process 1501 1f Mo BoRRUEH @A 10bhifBih flcheA ROMAEN Compritll RILHOPPI | SES cOnver ting
a feeding gas conprising a non-aronmatic hydrocarbon having at |east 4
carbon at ons drdheaingdarraialyst pragarsesfiogemern tapfperatice to g piesatcirebtretbysatoe ¢l ai m 12

at a tenperature.f C ( . 14. The process of claim13
wherein t he non?"a{’r"%ﬁ%@%ﬁ% ?%c%‘?%g%?@gda%ut ane. AVENDED SHEET

{b) keeping at said precalcination temperature,

(c) further heating the precalcined catalyst precursor in nitrogen up to a calcination

(d) keeping at said calcination temperature.

12. An active catalyst for the production of maleic anhydride, obtained by the process of
claim 10 or 11,
15
13. A process for the production of maleic anhydride, which comprises converting a feeding
Bas comprising a non-aromatic hydrocarbon having at least 4 carbon atoms and oxygen in

the presence of the active catalyst of claim 12 at a temperamire from 320 °C to 500 °C.

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

AMENDED SHEET



