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~TITLE WO 96/13330 | MPROVED PROCESS FOR THE PETI/US95/13699
CALCI NATI ON/ ACTI VATI ON OF V/ I/ O CATALYST
BACKGROUND OF THE | NVENTI ON 1. Field of the Invention: 10

This invention relates to an i nproved process for the cal cination and
activation of a catalyst containing m xed oxides of vanadi um and phosphorus
(VIPIO wuseful in the preparation of r’rﬂu anhydri de from n-butane.

2. Description of the Related Art: The preparation of m xed

oxi de conpositions of vanadi d their use as
catal ysts for the oxidation Wﬂ%&ﬂ%\m%ﬁ?@ww anhydride is
known i the art. A CALGINATION/ACTIVIATIONOFVAYO GATALYSTon of
VI'P/ O conpositions is given in U S. Pat. No. 4,371,702. The catalyst

precur sor conposi tion is usually nade b orocess wherein a
conventional vanadi um 20 BA&KGROUNLYQLE SN i s in the +5
oxi dation state, such as |n V2 err] or NH4vqerr] i's partlally

reduced to } hg, 14 state by reaction in either an aqueous or
organic |Iqu ﬁeig&? dﬁ'?' 0t al yst precursor is then formed by the

addi ti d@ of any Thisr iqvention relatepitorars imprpved cprotess forathe ealdbiatiosr ahd

seual 1y 2 & %?ékggﬁaﬁa‘* e phied Gl of Mnsdivin xal Bhfophonts

spray dryi nQV/Bie mﬂverprapma@ycqfumﬂslqmymerfaw-baw@ of atonmic
rati os of phosphorus to vanadi um and al so the incorporation of

catal yst pr ers rtl riy desirable that the VI Pl O

cat al yst hagnﬁﬁﬁﬂ"ﬂ?‘?‘w a&%‘gnce when it is used in ~ a fluid bed

or reci¥scul at i ngThed prepar aﬂon Shengixedr oxide r edmpesitions of t vahadian30and
resi stant c

4,677, 084. %ﬂﬁjﬁ,&uﬂﬂ%&%{ ?’éﬁgg{:%%% 5{18}6 83 usde}fh&dg cm?ﬁswmale‘c
prepar at i orAndt dn itheeart. Aremmaﬁtmtaah desarihing dbe preparstivn of

cal ci nati OnV?P Cﬁé&ﬂx}ﬁéhhﬁﬂs@é FN&?« ﬁaﬁlg ¥at. No. 4,31”1 ?02!" THe - caigl%'ﬁ r'°ecursor
acconplished b e.at nhg th ursor ‘under a 9@}” ate Iure

time and atfRIRpAEREN c’(§n‘éﬁ bY. & RpPGess, &t FUN
mai nt aiai ngcdrhpoﬁﬁ&liﬁ@&umuwvmdmmtmqhe &b dixiddticnstates bucteas &pv Ok iozd

convert e (SIAYOHIASRyHALY 5%&#9% 2%&@% ‘Sﬁb‘s?%hrﬁ#{‘éﬂﬁ%%n
394[ er r] C vaduesuswirarganicliguid enedium. n talyrsy presursorlisitben forme ytﬂlbance

pf the addition of any appropriate phosphorus compound, for example HzPOy,

' ~ refluxing to bring about reaction and recovering the catalyst precursor, usually as

25 a hydrated vanadium phosphate, by filtration and drying or spray drying. The

prior art describes the desirable range of atomic ratios of phosphorus to

vanadium and also the incorporation of catalyst promoters. It is particularly

desirable that the V/P/O catalyst has good attrition resistance when it is used in

a fluid bed or recirculating bed reactor. The prior art relevant to attrition

30 resistant catalyst and its preparation is reviewed in U.S. Pat. No. 4,677,084. The
production of V/P/O catalysts useful for the preparation of maleic anhydride

from p-butane requires controlled calcination and activation of the catalyst

precursor. This is accomplished by heating the precursor under appropriate

temperature, time and atmosphere conditions to accomplish dehydration, while

35 maintaining the average vanadium oxidation state (Vox) between specified
limits. For example in US. Pat. No. 3,915,892 the precursor dihydrate is -

converted to the monohydrate by evolving one water of hydration at 370 to

394°C while maintaining the Vox in the range of 4.1 to 4.5. The balance of the
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water is ‘%ﬁen ?gonoved by heating at 395 to 425[er]C foll omepgr’t?%s‘%lrsg%ti ng a :
bul k crystal phase transition above 450°'C in a carrier gas consisting.
of air or an inert gas toget her Wlih control |l ed amounts of oxygen and
hydr ocarbon to provi de an ef f | uenf“'stream cont ai ni ng at | east one

vol une per water isfthen yeraoved byrheating ates3955to 425 Ceﬁmllou\mdlbppranpgng abulk

hydr ocar bo g\/(&iﬁl A. g {0

4y5 &yswiﬂaﬁen né;ﬁtgﬁ;%g??vatl%ﬁf?;sl:%:f t%ge ;gqr)a;be In

the prior gastogeth

necessary éﬂu@h@!ﬁ‘éﬁnﬁzﬁiﬁi&iﬁg Et)Ieast one ¢olihé en@bﬁ Fai'otfoﬂesvdlﬁﬁﬁj
on

tﬂgt,re omthe taﬁdgl nt of ﬁchr%c a %dl‘l de 1%% fr‘zm n- Qut ane,

tch
basi s. rmngamftﬂ]ytaﬁSe stringently cont roI l'ed process condl tions are

glegﬁtedofogrg[ ?gn ar?gqﬁ%l S IS novj%aﬁgg porsbsriggﬁ?e byc{eﬁ&ﬁércgcess 8?’ hi sgi.eaI _
ﬂ&mhwe@ssqtme&

i nvent i on. usegsto prepare V/P/O catalyst on Rrevideca yst for
The pr esendomimedéihl Bﬁefa‘ﬁoﬁ Wﬁ%ﬁnftﬁé sﬁd?ﬂ éfﬁ{dléiﬁ éJh| y
acti V(Ce;l and se] ective V/ P'lbg cat &l% a abI e OE u0| (el d of _
mal ei dO °£Jrﬂ9§‘8 fane, ‘opa

i nvention s:halll'ﬁtc}chasis yﬁomenguentl mcn'etsmi?enﬂ;f colmned rmpeohditmns

n- but ane

productlonayg(rjllgéé':‘l%glt(?Pgoa(#eeﬁ@"glt gfca IVI y an WE@@QW% he
process ofphntgpenmmmﬂ%xswmmdep@ssl ble by 4he procesyofthis inverdian. yst on
any scale but it is particularly swted to the Iarge scal e production of
catalyst for use in fluid bgd and t 1w d reactors associated
with e 25 commercial scaeMs !‘*-’» N hydride. The
procedures whi ch have been preV|oust descrlbed for cal cination and

Bopl e 1o | ar g preselt Bveriichl icfates to aw&%m%#eﬁ%%‘séfg afidly
conposi ti m\remd:mlentwecwvéﬂ catalyst a%pable%pmimg a hlghb)yl dhof pradeisss of -
this i nvew eﬂf@éﬁd&hoﬁ“&f olbdtafe TEFGO éﬁuokrm\éﬂ in

SO Hak
the art suchzas for‘exa ogC dures des ribed i 702
t he t@bchlq?&lﬁtmvé‘W‘ng’ﬁé’tﬁgﬁsa aP'H ‘F'cﬁhe§ Wpose
The elates to aféaltefu anhydiedé lptoduenai andaﬁpld tsb| fanktioh hof adtivityt g
resi st ant e r_C ed in
US a7 67 Ao, e pidoess of i iYeBlon P B2 %iﬂﬁ%ﬁﬁﬁ/@
ref er ence datalystronany scale buttit is partiowlazly suited tothe large sraletproduction tof s
i nvention ciiﬁ befdr G&”H'Pﬂhﬁj bell and: reﬁr&ﬂé‘:"’:‘“ bed resétoYs assdcidted Wth!thke. |1 n

E)Pe?)g tC|Onat| n ste%PLﬁBHF ecur sof gygﬁ clqgeck'{'l}et ggécg%&rgneﬁu&%ae range
been prevmusly descnbed for calcmatlon and activation have been found to give
. unsatisfactory catalysts when applied to large batches of precursor. o
 The V/P/O precursor compositions, which are converted to active catalyst
by the process of this invention, can be made by any of the methods as generally
30 known in the art such as for example the procedures described in US. 4,371,702,
the teaching of which is incorporated by reference herein for such purpose. The
process of this invention is also applicable to the attrition resistant V/P/O - 5iO2
precursor compositions such as described in U. S 4, 677 084 the teachmg of which
is also incorporated by reference herein. :
35 The calcination and activation steps of this invention are best conducted in
a fluidized bed vessel or the like. In the calcination step the precursor is brought
to the temperature range of 375 to 400°C, preferably about 390°C, as quickly as
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- ppssi bl e. e oxygen level in the reactor is controlled by adjusting the

proportions of air and nitrogen or of oxygen and nitrogen to maintain the
Vox, which is nonitored throughout, ign0 the range of 3.825 to 4.175. A

small anount of butane may. al so be added to, the g trea Conbuti‘tlon
of the but anposslhleeasﬂ’!e oxygenelevgt dnothe, agactay Fh@%&i

fluidi zledtb : oh@espaneanuvm o Oflofox gélelaﬂd&h u?t%huﬂaltwwmn .
is conplete ai ni n oX e\/\ee Lvati.on of -
t he cg}t)al ystW il ﬁmg@f%m §égf3'§36%$ gxagﬁeméﬁﬂt&
preferably alnmane alsd be addedrtalﬂlhgasstreaihr (E@hbushwmoﬁtl'mbutané m¢reases
process g paﬁ:\%’ r.%:e Bf ?@?’Hﬁﬁ tﬁé }J}U{'tﬁ'gﬁ'r ﬂPEh?HﬁfcﬁQéd‘%et he

0.016 10 e gas stream an dﬁ P?ﬁons of alr
and mtrogerh@ stea Y(W‘Péé#hé’ ation iy gemplete maintaising %bsrbvm 5@35

e Fonk | s L Ao o B ANOaSOcBnaTy e by 8500w
hr oughout | (R0 CaPEREAtiD et 001 SFF sreeral hots. TheRBEnayt HES drATs of
t hese |ini t sprfoeess arpartiak afé of butanec abt exededing 0020eatns, pfefexabm()m& he

2t vat & @Tr Gkt 8 Bl fa@%ﬁ'%ﬂ&fﬂi‘f;‘f% £ i or

i mredi at el y OXy wqwearrgconh'eﬂpdaqaetwmm ymmtqmd
n-butane.  vyox between 3.95 aRE%PTitCQ' & critifal

This inventi,on rel ate stQ'a ess for t t.1 o | t|ve
and sel eot | VETYWEEN Sheariasigaated, fants, thyo Pteugéﬁﬁgcaiﬂm {ﬁ ﬁgn 5%
anhydri de byBEtcuesions deitside thésenhhutsalme antadvesde efféct\ori yatabysti drﬁmet

or oduct 15n. SHeB L B *%#Y%ES@?‘G'%%@#&%%# ¥%‘>?'v9i§§% & 48 #ﬁﬂ%@?%é'

process of tastivated eatalysh isthenbeoaleddn a dry atonogphepe:rorrig mayrbe imanediataly on
any scal e byfy,d Bf'xﬂ.? ﬁﬁh . cal e production
of catal yst L%ortbl}issg I n @H gn ckiﬁﬂem rcgl atin g}:lblrlgg?tors ' used

in the comrercial production of maleic anhydride. The procedur es which

have been previousl y DESCRIPEIONCOFFHE PREFERREDEEMBODIMENTBave been
f ound tngO give unsatisfactory catalyst when applied to [arge batches of
precur sor. : Thus the present invention provides an inproved

process for pr epaFhis gnvention relates|tp aprocess fowithe:preparation/ob/ ylagtive
conpr ng t f R
prising tdhey %Efegﬁv efv/PrO tﬁi‘iaf*s‘i’ &gaable oga?mﬂi‘fcﬁtﬁcﬁ Yigh %@fd ¢ Pixizleic .

SﬁC{err] cataly recu sor |, ratur or
“sufficient tﬁlﬂ’é’ }E}? I'HO &@aﬁ%éﬂm F%“Gﬁ‘ respect to n-

Si rmlt t ane?lﬁsimﬁ@dxmtaﬁonwgél fe@étbs ecgrﬁdl@il?Sc@nh gdiidedto Hu&ﬁ?ﬂﬂ ¥$elHQs _
mai nt ai e Vox.in the ra a i vat i

dohycr a8 a:fcioR of SeehAosnd selbeRpey...Tng, proass o i ibionila Ve it o
340 to for preparing V/P/O catalyst on any scale but 1t1spart1cularly smted to the large

scale production of catalyst for use in fluid bed and recirculating bed reactors
used iri’ the commercial production of maleic anhydride. The procedures which
have been prevmusly described for calcination and activation have been found to

30 - give unsatisfactory catalyst when applied to large batches of precursor.
,Thus the present invention provides an 1mproved process for prepanng a
highly active and selective V/P/O catalyst comprising the steps _of' (a) calcining
" a hydrated V/P/O or V/P/O-SiO, catalyst precursor at a temperature range of
_ 375 to 400°C for sufficient time to dehydrate said catalyst precursor while
35 simultaneously and continuously controlling the oxygen level such as to
 maintain the Vox in the range of 3.825 to 4.175; and (b) activating the
dehydrated catalyst precursbr of step (a) by further heating at a range of 340 to
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in the pMOMf3BOt 5 gaseous at nosphere containing n-but aRCTHSY138Ptial .
pressure not exceeding 0.020 atm preferably 0.016 atm while ~
si mul t aneousl y and continuously controlllng t he oxygen | evel such as
to maintain the Voxmthe range % 3.95 to 4.15. 5 1t has

\R/ﬁleghf ggmﬁgﬁht he case of e batdctﬁﬁ’g ﬁéd Qﬁbﬁﬁlsereétigﬁm
Esedfe.0 ?ggr il Frebarably GBS e gimultaRecysly 4

i nt er medj RReégure n
in sorre czmxbeonﬁmmlsl centrollingcthe |le\mlsh§zh1abdaommnmnlthemmm@4

(i.e., V| L)oﬁgf% 540 the|r X—ray diffraction patterns. Subsequent
reducti on OP ox back towards 4.0 and the 10 devel oprrent of single

phase 5( vO) 2P20* hasrbeen fomnd, that salaining; wmmttﬂemh@lwer heatipg ratesst
char act eryRR# &eutriﬁ%e%sé)sf I&gmﬁa.es& desrﬁée o teihadiafes Of

por 1 on dfat are obgoxisd, $0€ Yox being 3 qerﬁw?@ 1 sebe canee o Hlessianeg 1 om

ni tr ogen dharadteriséd by the appeardncenof M@PORr (it WitS)s phasdsnin ItheircXsmyt he

1 R, S e VR L S O

of mdPec Ld%nelmgehof single-phase: P@udunng mmtxon 5 dlfficulbmdrylelds
char act erdagf BZ w:&ﬁgﬁé tibAbf
Agai n, relat veI evel opnen a sjngle se \/O 2P207 I's often
obser ved mpﬁw— eﬂm an%dmg ogmen?tﬁy PuER RATEEBRE ed

th?t lttlthelcaltmad titiﬁhé?t b ih Mitkogae gia_ndttheﬂ%wl thifey from nittogen do ek hlso

cal ci nati na a I.vatl ages 0. _aVv 1 O

oot oSl A cablid 2R 2al e’ Bhifst ﬁ{ﬁ?éﬁ%ﬁe&&w@ Bnat
the 15 - reduced mhegmdxateédehboethS)aaamesuhg:&nhemdahmo@ﬁm rasidudlx t hat
IS requir, g,ggﬁ& Tﬁﬁbdﬁlﬁ. ggeg S0 afie@t i ng
rate, the& ahﬁgrmtthe‘a cat t |s e sedltl'fl ueﬁf‘%t?\& coné*gpons and
t her ef or OfteRe ﬂé‘ier{zﬁa [ANG, ACCORPATYiR lﬂverm t9th be
tol erat edl\gmhh tmlgslslawouev elopnikaiti of1.a singleV\phase (V)sP,Qarisi often

pressure j [l I.n actual pr actice the exit oxygen
concentr ?f&?wgg?ﬁh?%%gg@ﬂ% used as a controlli ng paraneter, ‘and
t he 20t rogen/ dt hambgenshmvteredndmuyxsau;lpemnt to mipimizer variations inoWanr ci al
30 scal Qizﬁhﬂg%%hré‘ah&i‘fﬁu H Id‘ik? ﬁ‘&ﬁ%ﬁ%ﬁ at 1gf aﬁ&ﬂ%ﬁr@floﬁdal%ha@:? for

cone” oo, RS caCinadaR e PRASRRY S0 AN IR TRAReR RAshBe! cq
telrmer.at Ilfhﬁd;ﬁtiﬂghﬁabe diluted evith nitrogay 'ﬁgeg:g&b gety airdmax thatdisreq telglefl ith o
Concent r SEPSROFEE ony fhe pegting raff dﬁééfﬁe%% Tata atunet
m x 28d lcatedystxskanposed tasoxidizing comixbnm athedower ithe maxwmml de
the rang%x?&eﬁ phattiaP pleskare that can be tolerated thhout causmg over-oxidation.
While oxygen parhal pressure is the critical parameter, in actual practice the exit |
| oxygen concentration of the fluidized bed is used as a controlling parameter, and
_ the nitrogen/air mix 1s continuously ad]usted as appropriate. A commercial )
30 scale process relies on the exothermic heat of react:on of butane for its primary
source'of heat. Thus, in addition to the mtrogen/ air mix some amount of butane,
- the minimum required to maintain the desired temperature and heatxng rate,
may be introduced duﬁng part of the calcmatlon stage
During the activation stage the exit oxygen concentration is sumlarly
35 controlled by ad]ustment of the nitrogen/air mix and butane flow so as to
mmxrmze any departures in Vox outside the range of 3. 95 to4. 15
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and/ or pounds o*”%out ane fed per pound of catalyst during the .
activation stage are other process parameters that . . have been found to
be highly correlated with the perfornmancegof the resulting catal yst.

Lower butane | evels have provided catal yst which delivers higher 5 _vyields

of mal ei ¢ anhydr |Bmané>@amaispnegsum@f¢bctfead gpﬁ@dﬂ%?@ﬂnﬁéﬁi tane feds penbl e
| evel s necessiyraf ?ﬂrﬁ% procédiSpdrhttietersothat
durin actrvatr tJ.on of th bﬁe /ar flowwr nitr
'Vanadrguni Phd@ye fo°B!'ﬁ%d g?/ Eétwﬁe&}fr he'; F&/%ES '

catal yst preatilpsit dowasbutaneslevels mpwvmedcmms whchhdehversahughbnovm |
to the agt. 017

pr ormot er aa%?seé%ﬁa?efc%nhﬁrﬁ?@% DR eéé‘ﬁefﬁ#%éﬁa é@n%ﬁégo iraple,
conponePts levels rp:;'m Mﬁgrﬂunopmung pressunendf she o t | {d;mng
conposi tion ,m\t Aa9oa e ca a Vs
precursors E'S:gggr&% eraeﬂxarrp es o?htﬂﬁt mventrothnmv\t/ecr’ prepared by

substantially follow ng the procedures disclosed in US. Pat. No.

4,371, 702. Wgnadier/PhobphowoRisOxiile (V) PYO) Galyst Prechssokoni ng t he

hor edi it s war o WAR{ B pRetuionS 'lbﬂg%'a?ﬁéﬁ@%&%ér?@?éﬁreemﬁues

wer e used. - 2ate known to(thePart) H'heaplgesurqmremmpwhommly ipchrpoyate ¢atalyst s

in which a v 'Héﬂhf n
t he +5 oxi dzﬁ Por‘rzﬁ% % ntgslafgﬁ Q%B err Vg-errﬂ?g'd icial

initially p&PﬂRﬂﬂBym’r ed PFGCQSﬁeO 4':1"15 mVGRP%t ﬁorﬁ“-’&tlﬂ"ﬁ tPei’é'?‘i‘B’ﬁOT n
ei ther an areuﬁfpﬁsimnmae dn cﬁﬁdmoan an aqueous nmedi um the

Rt (180 cxanp! dhe, Satelye? EREHSRET 56 5 (t6S RPIeS, 9f IS dgvenfion JwefF
phosphor us (m-epamdahplsmbstaaﬁqmrfpﬂpwmg thesprbnedm'eerctsnlosedcu'rrﬂbﬁnﬂa( fNDp.

Cartar o actdy e Hhe nﬁéé‘n“é?‘?eﬂé*gﬁé. i) b%“ﬁﬂ* FollWig de pi %"’ﬁ’eﬁ. o

-

t he reduct afotdafended a&aﬁﬁm lpnemzren edsbut
n-propyl, i sathed it the shite ereamdbenzyl al cohol S. An organi c
medi um J, prefer ch | ?r ves 3urface area rrateri_lal from
whi ch a re actr S sPEeGBESé’ u‘é?ﬂ otﬂf FEQeess

V/ P/ O cat al )zenvemtmnal srranadn;macbmpomtd wihereinthe vahadiunh us:in the #5 oxidation
Goio S e R RS A AR R
vanadi um T%FPH)!E@ an agugaws er erganic iquid medium, Inan
Sui tabl e pr aqaww medlunil,omérte‘iﬁcﬁdﬂtl &) coffprize 4 30Kible iRoPanideoripound €
val ent Eé M= agea{ ﬁaf‘ge acid’ E?or example, concentrated hydrochloric acid), a reduced
acid of phosphorus (for example, H3POj3), or a soluble organic compound (for
example, formaldehyde, ethylene glycol, or glycolic, oxalic, citric or tartaric acid).
In an organic medium, which is the preferred medium, the reductant can
comprise an alcohol selected from such species as n-propyl, isopropyl, n-butyl,
30 isobutyl, and benzyl alcohols. An organic. medium is preferred since it gives
higher, surface area material from which a more active catalyst is subsequently
obtained.
_ ' V/P/O catalyst precursor may also include a promoter which is a
.~ combination of selected materials, preferably introduced in both a specific order
35 and chemical form, following the step in which the pentavalent vanadium
compound is refluxed in an organic or aqueous medium. Suitable promoters
comprise silicon and at least one of the variable valent elements selected from
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i ndi um ant??mny, and tantalum In such a catalyst the Si/V atomratio is

in the range 0.02-3.0:1.0, and the (In + Sb + Ta)/V atomratio is in =

the range 0.005- 0.2:1. 0 prefera_g_y 0. 02 0 12 1 0. The P/V atom -
ratio is in the range 0.9-1. ueous system for

prepari ng in dinmaantimeny; anrd mml:-m dnsugh a Q?tal}'ﬁﬁb&ﬁlé catom ratio isdnithef a
col I oi dal ﬁhi;@ombad , tincE ETIE+ S5 T8 ,OW altbﬂl kKRS in the ﬁagécoabs-

Rermoirs ol Eorp e 0RO L R AL et b i she it 051020, 1

Nenours a

medi um the sillncan aquedus systemh for 6prephhng tha latilystc the sificon cannpee

15 prever dnpedpedd iR opPbra W@%@”F&b#&é‘%{%mca eS 4 S

v2g err] feolipislal ngilica f|cgmms1uqmr rqoqmer Yn an mm& ¢ dulPonts
medi um  TRR INedRSs aldoRolid! r ent

o oG e o s i el A

Hd

opti onaI | orthusilicate. oWhénms ahlorthesilicate landpVoOs! it ris pref rtoradd fat

recu S _
Commodpy 4% appﬁ*%#a@%%ﬁ%%ﬁef %f&?f% &ﬁé?%h%»f;%
acid, i n mgwuamaqueom /Fhenomnpasitions w! arneqisefulii process st i s
in the tﬂxv%nﬁoﬁ}ﬁv@a\f&?bé%tm%ﬁmre is heated under reflux
to glveacata rec rsor co SItIO hat can be .i sol ated. b
filtration or fé@&?ﬂ‘%& tC’éBF m@?ﬁ%éf

t enper at ulaqueéﬁis Sneﬂmﬂuahdl tl'enidtmdiidtlbﬁ oﬁthe requisite Oﬁfdter or

such et %fﬁﬁw%i%%?%%?ogi f%%fs? PRl b 3%%5"%5?@% 23&?3@% Y any °°
mai nt ai neaommo y used apprapriate phiogphomsecampoundaFareexampled phospheric

- Sonvem epciBidisich sHIARS that the YV Al o 308 dltiula *@a‘aﬁ*%f‘%&“e‘f@r
Sor 1y, BRRDRLEND: “&%wﬁqmﬁ Js Beateligpder give a catalyet,

and pel | etprédurser composition thatdn be isvlatet ﬁh&homohyldcmﬁeﬁ ddilowing

coL 085 °°Clginhg SPHPARES) o oAphiaskis mﬁs%@g%%%ﬁ&s e

It is prefiyinett atmosphere orevacrum at 80 40 200°G e dhedrying atmomherg should
~ reactor 3%efsh e tAb YothavliR AR OF %ﬁéﬁﬁﬁrﬁﬁ?ﬂﬁt Fgﬁeﬁlla%ti s the

catal yst i reguiring less re cenent, - catal , rQduced to
t he reactor ana'h%ﬁﬁfﬁg@ 8@20 dF é gnient satalyss €t 0 be
oper at ed amtﬂﬂalfoﬁéhmgmﬁdafreictor For ex¢mpRy by ci-msmn lthiFoughivd 204 ng

caral 95 B &ﬁ%ﬁ@%ﬁ\ﬂ(ﬁ%ﬁgﬁ?%ﬂ%@%mﬁ%ﬂ% &ve%ﬁr"?&ﬁt e%’%t%‘ 7

produced lubricant rank cpellet (bisder), such @s4graphiteCoprSterotexy, a hyd;ngenatﬁdes
made as des@bhdied 68" Eéﬁh&&ﬁll?' abslane ﬁén@(fﬂ#i&! yCit9 becﬁﬂ:‘i@(@& Srld Ci €
- tableting to either 1/8" or 3/16" (320:48m)d1ameterpellets
Itlspreferredthatforusemaﬂmdxzedbedorrecncu]atmgbedreactor _
30 the catalyst have good attrition resistance. This prolongs the catalyst life-
requiring less replacement catalyst to be introduced to the reactor and. enables
the maleic anhydride production process to be operated at peak efficiency for
long periods of time ‘thus improving overall performance from an economic
standpoint. The preparation of catalyst preCursor from which highly attrition
35 resistant catalyst is produced is described in U.S. 4,677,084. V/P/O precursor -
particles made as described earlier are dispersed as a slurry in an aqueous silicic
acid solution equivalent to a weight of SiO; not exceeding about 6 wt%. The
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maintaining the platey V/P/O morphology which provides preferential

30 exposure of what are though to be the catalytically selective crystallographic

planes. The f_opotaétic nature of the transformation is. made possible by Strong

structural similarities between the precursor and active phases, both of which are

tetravalent with respect to vanadium. It is therefore believed important to

control the vanadium state within fairly narrow limits, by adjustment of air,

35 nitrogen and butane flows, in order to avoid the appearance of structurally
unrelated phases which would prevent or inhibit the topotactic nature of the

phase transformation. Thus for purposes of this invention the term "'hydrated
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st at 85 35desiredilevelarlawer heating rates and lnmmganmapsmesenyhe precurser
cal ci nat pSmpRitidiPY&uire lower exit oxygen levels. The heat up rate of the precursor

can be increased by the addition of butane to the ﬂuldlzmg gas stream, but only
in amounts that are as nearly completely combusted as possible to provxde
addmonal heat. No unreacted butane should be detectable in the exit gas stream. -

30 Regardless of the specific heating rate, organic resxdues in the precursor charge,
and the exit oxygen concentration, the objective i is to maintain the catalyst Vox
between 3.825 and 4.175. When the target temperature is reached it is held for
about one hour to complete calcination while maintaining the same exit oxygen

. concentration and thereby continuing to control the vanadium oxidation state

35  within narrow limits. If the heat-up step is very long the calcination may have
been completed by the time the target temperature is reached and any further
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must T egmi N opkédtning Bt tRRetempitatufe 4 The Butar¥ P&rtial Pressure is adjusted so as
not to exceed 0.020 atm, preferably 0.016 atm, to ensure that the conditions are
suitable for the production of the most effective catalyst. Alternatively the
butane flow should be controlied so as not to exceed 0.325 Ib, preferably 0.225 Ib
butane fed/lb of catalyst charge. These conditions are maintained until

30 activation is complete. At about 460°C activation is completed in 10 to 24 hours,
tYpica]}y 14 to 16 hours, but longer times up to 48 hours may be necessary at
lower temperature. These times are intended to give a broad indication and
should not be regarded as being limiting in any way. During the activation stage
~ samples are removed and the Vox is measured using the same method as in the
35 calcination stage. The Vox must remain within the range 3.95 to 4.15 in order to
~ obtain highly active and selective V/P/O catalyst. Activation is judged complete

* . when: a) the x-ray diffraction pattern reveals single phase, crystalline (VO);PO7, |



obtain highly active and selective V/P/O catal yst. Activation is judged
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endpomt color persmts for about 30 seconds. ' Four to six drops of an indicator
solution, consisting of 0.76g barium diphenyl amine sulfonate dissolved in 100
mL 85% HyPOy, are added and the V*5'ions are reduced to V*4 by titration with
01N Fe(NH4)2(SO4)2 solution to a green endpoint. The average vanadium
25 oxidation state 1s calculated as: ' '

Vox = 50 - mL KMnOg solution
mL: Fe(NH,)2(SOy); solution

30

Catalyst Evaluatxon _
* The activated catalyst is evaluated for the productxon of maleic anhydnde

by the oxidation of n-butane in a recuculatmg solids reactor of. the type
illustrated by Figure 10of US. 4, 668 802. The catalyst is charged to the reactor

35 fluidized bed section and heated to 380°C while being fluidized in a gas stream
having an average composition of 10% butane, 5.5% oxygen and 84.5% nitrogen.
The average gas/solids contact time in the riser section reaction zone is about 1.5
seconds. The regeneration zone is also maintained at 380°C with an air stream
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| essentially the procedure of Example 1 of U.S. 4,677,084, omitting the addition of

the catalyst promoter components Si(OEt), and In metal, was then added to the

" fluid bed. After the bed level had stabilized, the air and nitrogen flows were

adjusted as needed to maintain the exit oxygen concentration at 3 + 1% while

30 maintaining total gas flow at 850 Ibs/hr. The charge was heated as rapidly as

possible maintaining the exit oxygen concentration and total gas flow specified

above. Once 360°C had been achieved (i.e., 1 hour 40 minutes after loading the

. catalyst) butane was added to the reactor at a low flow rate in order to increase

the rate of heating. The butane flow rate was increased in small increments until

35 8.5 lbs/hr butane was finally achieved. The calcination temperature of 390°C was

reached 5 hours and 10 minutes after loading the catalyst and this temperature

was maintained for 1 hour. During the heat-up to calcination temperature and
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25 Catalyst samples were obtamed frequently dunng the above
calcination/ activation process and characterized by x-ray diffraction and average -

vanadium oxidation state. =~ The following table summarizes these

- Time  Temperature : o

30  hrs:min e Vox X-ray Diffraction
00 00 300 _ .3.95 h (V 0)21"14P209
01:40 ' - 360 3.89 (V0)2H4P209, decreasing crystalhmty
0510 390 : 389 = Predom.amorphous + trace poorly crystalline

| | (VO)2HyP,0, + incipient (VO),P,07

35 06:10 390 3.87 Predom. amorphous + incipient
(VO)2P0; - A -
07:30 25 387 (VO),P20y, poorly crystalline -

07:40 45 = 397 (VO),P,05, improving crystallinity
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(119 50 gl )zﬁﬁeﬁ‘eo&%%%%mﬁ%% o s e

380' C; averpigme$ ether thiaroshe istarting and dinal ¢phases x‘IBY/o achaTs 504
oxygen/ bal g@@g&;}a{ QRN 3V BAE ransfo Wﬁ%@&mw limissi 387, - LI5)sec:

feed to re air; average gas contact ti.ne . n
r egener at orwithini wiich avezage, ¥anadi %I‘E‘i‘ Siwers At pekringd. Therfu'{a.l
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The Vox excgeded t for! | fféﬁﬁ Paldree Aiteggerandverage
n- but ane paﬁ"[q&e ngg ﬁegg xC@e%eHH%?SES"eP t/ » t he rggg/ 1;?Eson
st age. The gaaftsbhdag:ontacmu}sl‘lse@a L r@g@&?&?@ Qr'éf\ﬁﬂyﬁ%e Bds/ 50
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'n 30 arr1]:3ate }emonstrated by the catalyst produced in this example, when evaluated
| under these standardized conditions, was 4. 1 grams C/hr.

COMPARATIVE EXAMPLE 1
25 This example describes the calcination and activation of the same catalyst
precursor as that used in Example 1. The Vox exceeded the upper limit in the
calcination stage and the n-butane partial pressure exceeded the upper limit in
the actwatxon stage. The resulting catalyst gave an average maleic anhydride
prodtmﬁon rate which was only 51% of that given by the catalyst prepared in
- 30 Examplel.
' A calcination/activation was carried out in the same equ1pment described
in Example 1 and using substantially the same catalyst precursor as described in
Example 1. The system pressure was maintained at 15 psig throughout the
procedure. 1900 lbs of catalyst was loaded to the fluid bed vessel pre-heated to
35 about 300°C. Gas flows of approximately 250 Ibs/hr air and 650 lbs/hr nitrogen
were used as the bed temperature was increased. Once 360°C had been achieved
(i.e., 2 hours 45 minutes after loading the catalyst) butane was added to the gas
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t hroughout the procedure. 1900 | bs of catal yst was | oaded to the
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in the activation stage.. The reééjm & 2 SAMPLE 20ave an average naleic
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) Tat,_ 15
cat al ystlOr epar edThis example describes the cz ematmp% the sarne catalysts
carried out. fgﬁcﬁf&r%ﬁ@és&iﬁéﬂ iraExample Examzal Vox was ftaintabsddittdh! thet he
I

t al
mai nt a1 ned e TRAG, By, e, #&@dmvgnﬁenﬁéﬂ‘ﬁ"b?r esﬁu{apecgma}st
was | oaded t]n'essmefémeelderbthem ethmItnitheaatulvahonlstagehe’ﬁhetb
300°C. P
st and °r8%%o*ﬁ"%§ e#ﬂ%%éﬁ“%?@%#%%ﬁﬁﬁﬁ s ohfy 64 f’ﬁH%
air and 19 t rgiyen by thagatalyst prepareddn 3. needed to nai nt ain the eX| t
oxygen concent r at AORalkination)/adfivation wﬁs |cﬁn'ié’d Nowt i Nehet are GQ&
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e exs o R B Sbohe A 8 seomp cllpht stk 30k ezfoa‘&&e
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the rate of ARIREEWE IGRBIRD the Al bod Vb i Rid e Pre-heatell o 0

about 4 20 or30KEs l%mrﬁodaadm; therqatalyst g drwabad besnsst o154 lhs e airrpnd
tenperature Mbﬁﬂmdgéﬁ f Afterlthe Bed: leval Hadostabilize® dthe 4 drid ARt ows 30

temperature and Lie SUbSCquehly 8 okdlub Bk LRS! BbMidratld 2 25085k
' while maintaining total gas flow at ~850 Ibs/hr. The charge was heated as
rapidly as possible maintaining the exit oxygen concentration and total gas flow
25 as specified above. Once 360°C had been achieved (~3hrs from loading the
catalyst) butane was added to the gas stream at a low flow rate in order to
increase the rate of heating. The calcination temperature of 390°C was reached
about’ 4—..hrs from catalyst loading with a flow of about 5 Ibs/hr butane. This
temperature was maintained for 1 hour. During the heat-up to calcination
30 temperature and the subsequent to hold at that temperature, the 2-3% exit
oxygen concentration and the 850.1bs/hr of air plus mtrogen gas flows were
maintained.
After the 1 hour calcination at 390°C, the air -and gas flows were each set to
~ 4151bs/hr and the butane flow was agaxn increased in steps. During this heating
35 ramp to activation temperature, as well as during the subsequent hold at
activation conditions, the air and nitrogen flows were adjusted as necessary to
~ control the exit oxygen concentrations at 2-3% and to maintain the total air plus

-
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As is apparent from the above table and the preceeding discussion, this

35 calcination/activation was conducted within the limits of average vanadium
oxidation state, however the butane partial pressure was above the level
recommended in the present invention. A standarized catalytic performance test
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04:30 . 4693330 4.02 . As is apparent fr P%Q%e
tabl e and tﬁe preceedi ng di scussion, this 35 calcination/ ac?% S
conducted within the limts of average vanadi um - oxi-dation state,
however the butane partial pressure was ove the | evel recommended in
the present invention. A standarized cafdl’ytic perfornmance test WO

96/ 13330 was conducted as described in Example 1 and Comparative Bﬁﬁh 5/ 18RE9 -

-2.-17:|'he. %g\r/{gén e rrgcldel c’an ydr%gdpgggx edeh@-gs%agggpﬁ: %ﬁfg

catal yst Pprodpe etandatmzedmendmons,
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obt ai neg usi 1.?2 iata/lyst prepared 5 .- in Exarrp?e 191 %/‘lilng
thus dedcriBetadipye xenplified the invention with a‘certain degree of
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each glsmeht Of i lakn

cat al yy? gﬁgugfa?ents thereof.” (a) calcining a hydrated
VIPIOor VIPIO Si Q2 catal yst precursor at a tenperature range
of 375 to 400' C for ~sufficient tinme to dehydrate said catal yst
precursor while _ B

—




10 si mul t aneously and continuously controlling the oxygen
| evel suoho96133%0 mai ntain the Vox in the range of 3.825 t oPCI/USIS13699

4.175; and (b) activating the dehydrated catal yst precursor of
step (a) : by further heating at a range of 340 to 500'C in the -
presence 15 of a gaseous atnmospfgre containing n-butane at a
parti al pressure not—exeeedi-ng 0.020 atm whil e sinultaneously
and B continuously controlling the oxygen |evel such as to
maintain the Vox in t| Ill‘ j “l JHﬂLto 4.15." 20 2. A process of Claim
lmherelné&h%lm ting are performed while the

cat al yst 9 ui d| zed bed. - 3. A process of daiml
further conprising the steps. of cooling the resulting V/ P/ O cat al yst

in a dsy 3t DS phEhRca fée pReisiringg) of higliytdctivecand ajeldcyive. VZP/O catalyst A
process of Caim eg er el nfbut ane i shggdded dur| ng cal cini ngzté [ ncre};se
the rate GOMMESINGLhestePROLt, ocursor. A process of Claim?2

wherein sai d cqhyicaleigings arieydnatedadl/d!/(atmuV/Wﬁ){Sﬂ&ocatalystG + A process

of Claim?2 whereln 7. A
process of C a| t%Fa %ﬁ@#%er orrre:#)at a ut ane partlal

pressure of abcufficient ¢ime o dehydrate said catalyst precursor wi

10 simultaneously and contmuously controlhng the oxygen
level such as to maintain the Vox in the range of 3.825 to
4.175; and | ' -
(b) activating the dehydrated catalyst precursor of step (a)
by further heating at a range of 340 to 500°C in the presence

15 of a gaseous atmosphere containing n-butane at a partial
pressure not exceeding 0.020 atm while simultaneously and
continuously controlling the oxygen level such as to
maintain the Vox in the range of 3.95 to 4.15.

20 2 A process of Claim 1 wherein the calcining and the activating are
_performed while the catalyst precursoris a ﬂuldxzed bed.

3. A process of Claim 1 further comprising the steps of cooling the resulting
V/P/O catalyst in a dry atmosphere and recovering the activated catalyst.

25
4, A process of Claim 2 wherein butane is added during calcining to increase
the rate of heating of the precursor. '
5. A process of Claim 2 wherein said calcining is performed at about 390°C.

6. A process of Claim 2 wherein activating is performed at about 460°C.

7. A process of Claim 2 wherein activating is performed at a n-butane partial
pressure of about 0.016 atm. :
35



