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are preferred in the organic solvent method, and the synthesis
in organic solvents is presently the preferred method due to
the better performance of the catalyst. This is attributed to
greater surface areas of the catalyst when prepared in organic
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which is also added an effective amount of the organic
sulfoxide. Suitable solvents are alcohols known in this art

30 such as, for example, a primary or secondary alcohol including
methanol, ethanol, 1-propanocl, 2-propancl, butanol, 2-butanol,
2, methyl-l-propanol, 3-methyl-2-butanol, 2, 2-dimethyl-1-
propanol, 1-hexanol, 4-methyl-l-pentanol, 1l-heptanol, 4-
methyl-1-hexanol, 4-methyl-l-heptanol, benzyl alcochel, 1, 2-
35 ethanediol, glycerol, trimethylopropane, 4-methyl, 2-
pentanone, diethylene glycol and trimethylene glycol or
mixtures thereof. The alcohols can also function as reducing



.10 l'ithium ort hophosphate and the Iike. The nol ybdenum conpounce ﬁay]l&h 2003
di ssol ved_in an organi c solvent, as described above or water and added to
the react’8f? ‘fﬁ"&“t ure The sol vent cont ai ni ng the nol ybd%?nmf*?(?&%%und may be
added with the nmodi fi.ers or at dlfferent t~. mes. The 15 use of a

sol ubl e ﬁ%?%)%le c}b &ﬁlﬁ‘&lai“s§%|?/°é&ﬁ?°”ﬁ‘ 4 sol vent according to the present
i nvention foerathn ttdhe mraasdet isyd feptdar dshasefedn fagurahamtbe

particul griyn e&&@@ésy&ldsﬁ tH SPerst g csmnch yélﬁméhﬁ;@uam%% foize m xture

andtheflna drie atal.yst orn exanmn S abl e so
ybdent# 2 &4} v g?— ::oncol%t}de Ophg CFra%&gl ngf‘h‘ro u§1 rL’rD 5ate (V1)
t%t rahyd?@%%oxich mq}‘mai’fc@mybﬂa’t’@nam“}/bdenum tetrabroni de, nol ybdenum

tri oxyhexachlog i te aaduadtbgebuketo%nmmm cataapPeairdiiotdie pRresent
| nvent OchdeFP:.e rcsatlgl Yle PLAGHLRQ" har g%g'fjﬁg 8DoYE gedéecaé %g’ Herte ;-

convent i onal procedures i s activate actlv on proce of the
present F#WeREi IPRVETE ea&lH| ﬂideﬂr ceur 8BF OFIRPESt SRANEBE AMIRLFBer at ur es
not exceegith BOPGrundes 1atedt BOSPh QI dht B dwulpetapfecxsfmnmbnert gas

2 XU dBindh U1 SR 0 by Ok ds AU one FOLL OIS

rmsphere Rontainin ar “oxy eam an an |nert gas
i s provi Hediasesurnia Lydlaéa@éﬁaawq He tUS®p &r aPiﬂbbnilflerhc,qfeé@edLat arate
011: ﬂ-bgu'ﬂa@d 5@fot Qprddfotiels MHIHE 4fe acua{ruﬁleﬁﬁlqgtaa@ed gaBS se:lllumlaatgl vvaz1 86 c
0 ration fromihe, cat reg r ra
to 4)5/0C éﬁlﬁ% é)cugr'gor %lgs%négktlgl neél["%BEt he afecqlglggl oﬁﬂccaérta tﬁl(riés 5\0
00/ 44494resu13q;]_ %GCPW%G@?@@’Z‘O%HYW&FI’-ﬁ%&énlﬁﬂb‘a%@eaﬁt%ﬁt ai ni ng
at rTDSphep:eorﬁd):é}ﬁmplmﬂmamm&OW&Mdtomn axisdat i 1pext,F8E, of about

+4.0 to iy 5 2 f th or t r:$.Qr t he
active cgt st847v\,h4 %qﬁég%hegf%%%rﬁsél %HEEZSQ{Wn%gd &&5% §c%r EI}]% M m
and y ar®isslemiiafefiamhieh ?’f’eﬂsn‘i%%’é’ﬁﬁtﬁﬁ harein ststr@&EtrﬁaFEtshe

at nosphere carmt aspeatal easirefevobd Praxyden, uprcenakbatéd Hhospho¥ioexygen,

pref erab%ylétlg eash adxga @%%G@Qnggmec% t%%xngces@é m/o sivage. It is

i mportan imze exotherm during t he cat al yst may
2 enpl oﬁ%ﬁl%rbel‘“’lhét% gise, Jon4Rdss V\HF%rsdla& Yénys‘blc#ﬁ?fldc?on@éﬁl ent shape
whi ch w éptiacilliyt attdei t prometdn kbapbubdl asr r eacpousdeplandedther this

type of vapore AASR:£AACI | 9. oFQL.EXANRE e bBE: CF0AIoks 20U Deopr gpar ed as

t abl et s hav] (g or bore therethrough as 15 disclosed in U S. Patent
4, 283, 3P TAE P sl |tr?c8f"p5P‘é:f%d herein. The material can be deposited on a
carrier. Although ¥eagsegreédrtedudntrodimmeitor $har phetsphwidrd afcdd thns t ype of

$@acti onye fal&ﬂéi'i %%@ek}egﬁe @Fa‘%xa!‘dﬁ%%@h!:b!x&'&@%afsobegﬁ' Aedihcuy rigaghkoNs, in
whi ch case the cat g éSt particle S|z(§ ggu Q_on the order of about 10
v 21 ca?%?

to 150 n?’éqab‘?fsc Bk St el 108, MR A £P5P oxi dati on
of C4- Cl@lsmﬁﬂqﬁ:etrcb(frwmt bheheattorysds poedumgoanhydri des is generally

recogni zed. THey RavetRegmnd d@ghﬁp&ﬁp&%"c@duf@é atﬂéecseﬂyea%&ntef nor nal
C4 hydr ogar bons e_al

d alk | k
- but ane-°¥r @ tNgBOtcc?&ﬁg?'Fg p&ecﬁﬁfgfl ﬁn(ﬁﬁ %Eprg & e%ag Ya \%dgne

&Q)m’rerm mrwygege(vo)HPo4aH20MmPpoy wherein M lS at least one promoter
element selected from the group consisting of elements from
Groups IA, IB, Iia, IIB, IIIA, IIIB, IVA, IVB, VA, VB, VIB,
VIB, and VIIIA of the Periodic Table of the Elements, and
mixtures thereof, a is a number of at least about 0.3, m is a
35 number of from about 0 to about 0.3, p is a number of from
about 0 to about 0.3, any y corresponds to the amount of
oxygen necessary to satisfy the valence requirements of all
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acconpl i sigfpoRysegont acting e.g. n-butane in | ow 30 concepirhRbdgem | N oxygen
with the described catalyst. Air is entirely satisfactory as a source of

oxygen, histenititlsh@iregeft Xt ures of oxygen and diluent gases, such as

nitrogen al so yed. Air_enrich oxygen e_enpl oyed.
The gaseous félgg)éé’?(rgégmgkls fiageg Sﬁa§ ’EbYﬁréar‘ﬁé’s?l c?g’etéi ﬁ%ggf’é‘éﬁtors

nor mal | y RiidsphegAcapfidi pfaﬁgpa@@matoelaf 119 04b &iyPO3. GSRDke pettknis

hydr ocar hiieds Uciupsr shd¥idie o £@9a1t<1b501&9wt&aﬁ aZsd E@llﬁeﬁeﬁﬁfﬂé of the

C4 hyd b 03 P 00/ 00920
R sf BB FOPL08: ERASTTEITE of/ raRict PETeT RSl ER8 GRnEfydm
| nvent i orcomoﬁlﬁéugﬁ hi srameso R entat@migen s rishe DQIQMbm reapt ben ve

hazar ds nﬁyctmeeaswrme;reeao%;eemhé alf:bubﬂlcza@ﬂbbeﬁhfml §t &4
concentraotrl on%tof ghabout 4r cz):r ol v }ent fﬁg_ rg thout
expl osi vé hazard. nCent rat rons f’ ?ﬁ Y FHAE*a6568P o"ﬁé per cent ,
or coursé‘-hemelalft?édéﬁee@hl‘eotmceiucpr stacdried Wmlmsﬁeﬂracuewwm ent flow
riat es and thUS‘htar&J.@@étItﬁ{lﬁ' Ehfeﬁﬁxm&@cgﬁpgﬁﬁaO:Erj‘rechlte-rbﬁoébﬂ&\f:[@t edof the
gaseous am e reactqr varied wi wi de
limts bu 1? pre{;err%ré:r?dléiug gp%% eln%)rglsx g fa?ﬁet? P& %gﬁ 10 to
300 gr andPrscucsopefuringrtipfs cded.yst per hour and nore preferabl y about 50
to about 250 g‘harYSn@il Geneefall btealmhaata@hysﬁw@nd@w: aResvaenge tines of

t he gas Sl ‘%?é@d"‘ Jhan a %éyogg 858, té‘%ﬁg &bogijt ggconds re

preferably less t one-seconid Fate \ﬁﬁere 1%ss

8ff i ci enttedperatisfs iar é'-l’@otéﬁfrﬁéfd of\ pPBf éPré@W“@ecﬁGfﬁ)rlt% boitzg yst of the
present itpwemt lw;npfegatcz@aselaaaorlohgemfaltainlee ARy Be desdd. a ne&ﬂcélwdr oc?r bon
conpri si oL phan t ta nor, at | east
90rrpm)l e B’q—r%g?{%g gg‘?anéelﬁgn\"#a%rl (%tpf& ?Hre%g %&g ?t%IeI g%y?ﬁg é? %e usef ul
and nul t ifgldoriing FerinexRdrdeptigpet chet driedraatqdves preFwrst ory. The
tubes of isuehrteadtous aMya Wnperadtdirantiethd rmgebeidt abbdt ~206 c@bout 3 ~~

%zha”d theglengkh, may kg, el 18Qt”§éﬁfo5d ahgut 1r§% 182D 1§a? )gP*ce feet.

e oxXi datlon reaction I's an exothermc reaction and, the relatively
cl ose coMEPERTHEEhef [ Bt T WA itperarif et SMIA FBethdrnPAFREIRIgt s
desi r abl ashalbgve- 1haosusl ackheokat Adyseantwales after ileatavelyatcimst ant

tenper at Wigeand s90F SRS G990ked) NALILODIACS! S8} P o

necessary to aird a may, netal, nolten

erature c
sul fur, R&FE8uAF %g?léh F§ ednd efﬁa’rtlﬁétf’?ké?o Hd"(e |‘Pe?ﬂa’§e%e8ﬁ°"f‘%tcﬁ1’d: t hat
et ecti c shape . batRrsl lamd ngonplletiaby isat | shactetylySnepsecirsatd dxt h is a

sodi um ”'afc'i:%Stéad'b'-}m fid I L8 QLASSLEMUNe! M erda oBULHCT hEs SLAM ANt
tenperature m xture. An additional nethod of tenperature control is to use

a netal 6¥K "r eact or whereby the netal surrounding the tube acts as a
t enperat ure 1Bref¥r@d/ dangllyst ~preen2i3 PEY UsDD/aG@O2Mme of more

promoters including Zn, Mo, Li, and Bi.

30 When Zn promoter is used, generally the atomic ratio of
Zn to vanadium is in the range of 0.001 to 0.15:1, however it
has been found that lower ratios of zinc/vanadium produce the
most active catalyst and compositions containing zZn/vV mole
ratio in the range of 0.01 to 0.07 are preferred.

35 Where lithium is used, lithium component is present at an
atomic ratio of 0.001 to 0.15/1, Li/V, Where molybdenum is
used, the Mo/V atomic ratio is suitably 0.005 to 0.10, Mo/V.



" regul ati hg body As will be recognized by one skilled in the a.r 4] gm
exchange g&%may be kept at the proper tenperature bycﬂﬁgoto/ angers
APat

and the | e reactor or reaction tubes may be iron s steel,
car bon steel, kel | ng. l.ife under the
condi tions for t é:chr gac ed:te% Eggﬁgﬁe@é’aﬁﬁi %ogon??glerf%lé’ rgagt ors
cont ai n hinEhééto“ElGner‘%ﬁlodrP# nEr’Y Aat difieal TaRda 8s0a1 4't°AI%r3r§ldh pel | et s,
inert cepratiexradidl 9,.005ckel obatts. or chips and the |ike, present at about

112 to 1110 U5, Yghugeeoiodi, #&ﬁt@céfé/%d&@ha%é'%%epégﬁﬁéhﬁ?d-Elﬂﬁrgggperature

of reaction vari e réaction
shoul d b%‘%nﬂﬁcta@&téf:eﬁerrﬁé?éﬂ:i“é%t%atbrﬂ% LIERINHE Sy | tqlﬂ-é’lr AsAge. The
oxi dat i anroneiatets onxusleexommdmcdea:ndphusphatsmtamﬂnthe Liwker way,. &he main 15

pur pose ﬁﬂﬁm s@lite bﬁtg rggn;ze gg@aaofsmigt&fwd&@t A3 2Ry gfrom the

walls of the reactor and confro reaction eratlons are

nor mal | ySWHt &sh&d SHNER £hBY+ e%%’f?’lﬂ?tteerrﬁépﬁt aretehpAcRterate ngigfeater than
about 10ode tttmy e 1 hbisaldcdtatke, t Bigieinat vaeboridte | atphiahuwelde) dhe reactor,

20 ¢ éﬁuﬂ“&ﬂth@%ﬁBsﬂﬁQ@é‘daﬁ&) t%%rrglgétent upon the size of the reactor

and the concentration der usual operatjng conditions in a preferred
procedure, tH&e APFPICTEE FATPARRE dPR%PHFAtSROIvEs o annexgaRria by
t her noc aagilvesnti, saab@e&cﬁﬁﬁ(a aboabout Waket. afi'dheadthﬂgéootfhet e:maetabnlr e

pr ef er Al ei2fr TP LA ol hehiice cheal] by FRESHE G {’; be from
about 380C to aboyt 515C and t st results a ord| nari i ned at
t enper atRf &ddeh i hBothe SgEn 5‘°Qb§b?r§l7%"tatDQ%E§F5%HtM WaS) in terns

¥ salt st v eacioind e molykdbonmstempounsh ol iggsdlvieds mbautsolvehtl n

di amet er,dd1Ryi%df t 30 it hptenpes atltﬁ%n%bh Ugdsal hud@elsﬂnttroo' trd between
about 350C t o, aboyt 550C PJnder nor condi ti ons, rgtyt%g%er ature in the

react or TRATER MY <SHEEI B2RoteBE TAGWER P5 BBE abovk? £9587¢ or
ext endedin ehigtges-sdingt itine lmeaahéenvmﬁ deorwszet thel ddxaodepesdi bhe

o aiphgf Ghrife GLALYSL. Sholle LeAfId @ﬁggtgg’g&s’ﬂ?g@q"rﬁ% exi t
2 cosur YRR matcalrgaglé{‘%tslli s FRsEPorRIRPahe AR fen BnEPRLEG ¢ (o 11
WO 00l 44194/bdat el Lvmooeemum@boommmmlarbp%em v lfbdenfimom t he

react i oneth@®rR@88UN flo b&é}ﬁlng%%%xw&abﬁléﬂcié Qa!rﬂ“thﬁé hhﬁ@ to overcone
t he pressure dro throu the rea torfk I\iﬁ mal ef | anh
no

recovered in® unb%? o JV%]ys e Pé"e?ﬁ% e 8K Fﬁéﬁni ﬁ‘ﬁe art. For
exanpl e, Céttr?él}’rsécovm%ﬁuﬁ?)@rbe fprmgdr eds corRRIBS at i—’éﬁ}lQﬁrtﬁQ/ asorkYion in
Ay t abl Q:diﬁdirﬁlo\ﬁlatl.h pubsequedy Ssepahationtaad WHridHeatdckivatishe mal efic

anhydride. Ex LN 12 liter round flask equipped with a
mechani ¢41°% dl%l;;r"]rg'\er%f Fﬁgr?mé%r}at enkg?ark trap with a condenser and a

heati ng mant I@W@N&Fg@é%ﬂ%@#ﬂ ignkierto kedtesh ataieimperstsres benzyl
al cohol ,not0 @reaedialg DMEO d Dindihydn sathespitd)e WHixhl ¢Hmnbe VA0P, 66.9

o noral S S, SRR OR rBelt % Lol beilny "SE %0, £ hdaed

Howy i R-he reaction mixture while stirring. The reaction m xture was
brought to readivewdhgchtivas, can | ritedspherai ghdntaiheinenf melecabant 4032 mnl

distill Z;F:Sﬁgieg ‘S’f%%eén‘?”?ﬂﬁd a}a@o%ﬁl};e t'l%rE" %relé"’aﬁr&?Péé‘dj gown and

filtere uct ca 1 vide each part was washed with

about 7dtReMsodrddcatedranh tIfBAtEF‘EBF)%ﬂE‘He eﬁ'lscéﬁSF)*asﬂeaﬁ)raoEGEF s then
dri ed i mida oveswat tJblOﬁ:q‘corpée hdmus eand f enatdjueat edbedt fvar 6 hours.

Jhe dry u I { r #Qg}g apd then at
0C for® aﬁ §§ﬁ8£ épqg’he ca gl %%a %%g?@%ﬁ%é%&% W tO%'4€o graphite

and was 315'15)r°rﬁad'-°i 68 ° 84 1Brefeyatyy Q9P Et Sowt h @ 1/ 16" 1. D. hole struck

t her et hr ough.ThEN@reaugkyst i yaka attdivededti ohénadjusted temperature



" 30 Unit A consists of a single 9" OD nmeshed tray on which tﬁe&aﬁ”&h@ug

pel lets g§osiapgaorted. The tray was placed in a stainl essrgdogbeaset @l unit
whi ch was t(lllen pl aced in an oven which had good tenperature control. The

gases enffdiéfOakh hexpdéd mesﬁa%#%%&qia%grstma%ﬁﬁé& Y 0&&9@1@&% cat al yst
bed. 35 The tray in This, unit was Ioa{?gd V#btéll?z 42 shaped cat al yst and

0
was act i Vate ‘B@/ PRV P B e £ XY e R%gég’qlltowtlcf}n&"sti ng by
vol ume o&b6us%oE gandl dotr bige rtxEhsformatjoty 4f 20@3pVEr QD¢ okl 4D the

PCT/ USO04 00920 haltansatwegnpassaths NeaEghedhgicat avysie Radi Wi | @ the oven
o 4k § gor 1 hour.

was heated fromroomtenperature to 275C i 5 m nut €5, an
Dri ng t ¥WRETHHEEi%hd Hhed é"‘é‘([aaP/ygfebﬁﬁ ‘%%%C‘T? ﬁgewe#]ttﬁrp%ﬁ‘sﬁq} a8
Ther eaf t &n, thieastars thatr ¢ikec edmospberhecsnyain sat edeast dbbvaln%a gas

at mospheggysHMMYsitdd aBolY YOIHHE 20bxyg8R% St&Rarly. a®% xtgenvand the
bal ance gl trogen._ _The ovenbggn'ggéatglre, was rai segtto 42SC i.n _38. m nutes and
d’t

hel d 10- 30 Hit &% S°SKE nsbera"f uorxélgtecl)l'eqw | % r RO fRe oven

t enper atDieinipre tdeeexoshgemadur tngvedish@¥orerd. f or another 10 7 hours
umder these cpdiddaNsysstAtmdyn®eCRepAbybhAi §sPgei vk d haiiRat imaxkek,t he oven

heati ng was di scontinued .and the catalyst_bed was_ cool.ed. dawn, under the
Sane oasMaTSid F FB RN, S aeRdr Rty Bhagf culPih SRR TLiRRer

cat al ystibedusms inodhed twpulegmueassorat grelavedr fdrythas twneaPfing 6. 5%
15 oxygepipbt I pa@Bebata@Bionlhe afdal ¥gimprd f ehEBNGRA1ysEhaNdy, | BeTabl e 1.

Example 2 A fresh_catalyst precursor prepared.by t rocedures_descri bed
- Branf 5 heTeR 8¢, roniete PREGHFE R BoTEnetorts hdtelhertiEdafes. A gas
1% ow condiseienpdbyinolWnfe oPatem, 6xyent K t Whieh B&l aRPIREFafadsed

t hrough héee il ahyet mbesk i lcant be dutisived beal edriiem r autnbagher ature to

275C in Z5 mn S hel d_for h . | thi s period tal yst bed
reached ghﬁ%Sgggeﬁ%{%&%ﬁgr gﬁe&rcgfj%?hceg%af%egrr%ﬂgtde?nqsrm@%%t F%ﬁ%cég into the

gas strebereolabt af uidiped Raffos? e ofr snardilymisss Boou,stidiafion. 5% oxygen
and the pgdatiendi tirD@erichThesoVere t @IMayatuparvisle adiad wonld?2be i n 38
1 nut es glgdu?eeloch]eq:- 3Q %gg&eﬁof&g fgbenggqokg(rper ature to equilibrate with
e oven 30 tenperature and the oven tenpérature was held for another 3.5
hours under tHeseusendedi Shds THesexygEn dadpélrshafathehbe e®dcédato 3% 02 by
vol ume wtki@attiedmt adihi ng, 5% St}@@lfbic@.rbbﬂ(sz?’Som ttielr egorttesponiddnge 3ei ng
ni trogen %Qﬂ, ) Y r %&- r under
t heseg35aco d]i[lth?eosgsng %?%%ltaléfﬁ’t sl'?ggr'n vvgcghe e%\%d,bigﬁdhgﬁgigat al yst

bed cool 8APEHFGRMICETHEE AELREUFPEr Odr JeRt CanPERrRPTREZRSx PGER/ ni t r ogen
bsl ance tye valkumee, Ticowadrad,ysindlalkene; dnd) 41RAHS8, n-butane, for

the production of maleic anhydride, which has a wide
commercial usage.
The oxidation of the n-C, hydrocarbon to maleic anhydride
may be accomplished by contacting e.g. n-butane in low
30 concentrations in oxygen with the described catalyst. Air is
entirely satisfactory as a source of oxygen, but synthetic
mixtures of oxygen and diluent gases, such as nitrogen also
may be employed. Air enriched with oxygen may be employed.
The gaseous feed stream to the standard tubular oxidation
35 reactors normally will contain air and about 0.5 to about 3.0
mole percent hydrocarbons such as n-butane. About 1.0 to
about 2.5 mole percent of the n-C; hydrocarbon are
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fresh catgloyskssps epared by the procedures described in EgpuBdoRoske V@
activated in unit A by the follow ng procedures. 5 A gas flow consi stl ng by

\\;ﬁ' :met ﬁgaaig@@cxwgn/falt [RA9mubal28ee YA SRR £bbr @thpfck&scsatoad yst bed
1le

even. was heated f oam t enper ature t in 75 m.nutes and
hel d for%lflﬁoumv?nttjrurf ter%g?’%?’fﬁqj thlf)g eﬁ T érﬁléanﬁhem%‘ét ﬁeyst bed
reached emeleved, t eapépraivte hapazdsafmast | bgt@aﬁpmetmm sxcepticda i nto the

gas st reamu&m@@aabéu &&%ﬁ:o&@mﬁétél @@n@é&lﬁi@tﬁ@ﬁsoﬁf %S taie 40. 5% 02
mEd t he bglg nltroggg cal@ONEDy te ture ised.to_425C in 38
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t he ovencpBapetratians WeC@vewﬁ%rlﬁé@rnaﬁbpétv@me ergenty ar covasiger 1 hour
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Thereaf tgg, g Faéicgr?sf,“ e Cgﬁf"%‘l’tea%g Lis aié" f_)/a&?d rC‘?(}OsJ e tco room

terrper ature der al nin ni tI’O en
bal ance. P?ﬁelbtaﬁtralo;fsﬁab%h'%? mﬁcéo}% @%\mrﬁnp:l%ﬁﬁ@bﬂy 2BOEK HfHIEe 4 Into a
12 |literapound z‘doasgrslqsu RiFedcyv tgera DEEdANICEAI csﬁanrysa:r péhemwuisel | ) Dean
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anhydrouggl %\ﬁ% %ds %%e tr1r11g genz%felaé% Q%BEI%_ hﬁm gga{%%g(@%g nmet hyl
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salt of 2Znethidwohexana crateéd whera ni¢ws akfspefeédts opethtions Aaget 1098 ¢

of loon BQPF%PH&E' ¢ & O;'?]Qeé’@fzeeda%%‘& %'o%"‘"tﬁ ' @L{?ai*'?‘.retux%%:%é?gr e while

stirring, e reacti m xt'ure was br tor conti nued
over ni ghinVeRetaf fer, FPRVEEHAN ohonHaifie waRhYY e d8wd §0Cal of 30%
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ggcel | enf ﬁ’érf ggef orreat‘%'@r@on%%r ﬁecﬁsgfrgu&aoneatlg rra?“é‘f?rcarzgnﬁydrl de.
control. Such media may be Woods metal, molten sulfur,

mercury, molten lead, and the like, but it has been found that
eutectic salt baths are completely satisfactory. One such
salt bath is a sodium nitrate-sodium nitrite-potassium nitrite
35 eutectic constant temperature mixture. An additional method
of temperature control is to use a metal block reactor whereby
the metal surrounding the tube acts as a temperature
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pr ogr anTRRiRSEedothe rb?ﬁ%:b@ﬁu’?sgn'é@tmaﬁoﬂlé Ao 16LP rﬁhﬁ t‘@lalm@apée
Bf fecti wend Cadﬂllvl’él Rratali/be y\@égﬁnmf hydrati on fromthe 20 catal yst

precursor, adusti e LETRSr LR LA Aayabuc dreanclthan 3306 but |ess

t han 550C, an erature 'n"a no
oxygen/ stigsmsonPat nPRgTA hbsﬁﬁéré"et?&ﬁﬁppse%l%ﬁldatbq egld®rdyckesl 8k oxygen for
a tinme aefdpadateree prievitdeaarvonedi ufrim@adatﬁa@;@estameofo;d‘laanahout 25

+4.0 to +4 ., t 0 ti at al yst
havi ng t%ba%r rru g %%@lﬁg %er WEEEQK&? s ﬂn&@r&%ﬁ i régjéxg defi ned
¥hove. PurpREerdcddie o¥ald hakh %é?téieﬁ t“ﬁ’-éléaﬂﬂ Frﬁl é’é’BFlHFt heat

oxygen/ Satv&@fnﬂ);@m{ ahel wglaknos piter erdax toanphd seshtofolattHeeawtac2idf. vol %

oxygen. B3 tt OB]%Q?Q.SJ%rfg &Lém ﬂ%r eé(;wlff@; gg&é%&%x?ergogﬁ&u'r%&ctlon

oxygen/ steamc al ni ng at nos rised  vol % oxygen. 4. The
process WIMRATALWTE GRBLRY ?\dtlﬁen@aﬁéF?’é?rﬁrb@@uP?BPté‘Soq < PHOYEIERS reducti on
of pent assdlterivattancehpepaturiehe mmmmemhtardl dhkyhesulehoxode. ofi. s -~

2o U L 2003,MQ, 0%14.&434 BCaL 2 ext B8t PIAGE S50 iGlab® dyuherein the

cat al yst precursor orrre uct I on of pentaval ent vanadiumin the
presencer%ﬁCtdﬂrnefll‘l"}/I t's"ﬁl fC‘(lXI:Eféncentratlon Under usual operating
conditions in a preferred procedure, the temperature in the

center of the reactor, measured by thermocouple, is about
365°C to about 550°C. The range of temperature preferably
25 employed in the reactor, measured as above, should be from
about 380°C to about 515°C and the best results are ordinarily
obtained at temperatures from about 380°C to about 475°C.
Described another way, in texms of salt bath reactors with
carbon steel reactor tubes about 1.0" in diameter, the salt
30 bath temperature will usually be controlled between about
350°C to about 550°C. Under normal conditions, the
temperature in the reactor ordinarily should not be allowed to
go above about 475°C for extended lengths of time because of
decreased yields and possible deactivation of the catalyst.
35 The reaction may be conducted at atmospheric, super
atmospheric or below atmospheric pressure. The exit pressure
will be at least slightly higher than the ambient pressure to
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insure a positive flow from the reaction. The pressure of the
gases must be sufficiently high to overcome the pressure drop
through the reactor.

The maleic anhydride may be recovered in a number of ways
well known to those skilled in the art. For example, the
recovery may be by direct condensation or by absorption in
suitable media, with subsequent separation and purification of
the maleic anhydride.

Example 1

Into a 12 liter round flask equipped with a mechanical
stirrer, thermowell, Dean Stark trap with a condenser and a
heating mantle were charged 6452 ml anhydrous isobutanol, 1613
ml benzyl alcohol, 70 grams of DMSO (Dimethyl sulfoxide),
815.1 grams V,0g, 66.9 grams of 28% Bi Hex-Cem (this is a Bi
salt of 2 ethyl hexanoic acid in a mineral spirits carrier).
About 1098 g of 100% phosphoric acid were added slowly into
the reaction mixture while stirring.

The reaction mixture was brought to reflux which was
continued overnight. Thereafter, about 4032 ml distillate
were removed and the reaction mixture was cooled down and
filtered. The product cake was divided in two and each part
was washed with about 700-1000 cc of fresh IBA (isobutyl
alcohol). The product was then dried in the oven at 110°C for
10 hours and finally at 150°C for 16 hours. The dry cake was
crushed and calcined at 220°C for 3 hours and then at 260°C
for another 3 hours. The calcined powder was mixed with 4%
graphite and was formed into 3/16" x3/16" tablets with a 1/16"
I.D. hole struck therethrough. The catalyst was activated in
Unit A.

Unit A consists of a single 9" OD meshed tray on which
the catalyst pellets are supported. The tray was placed in a
stainless steel metal unit which was then placed in an oven
which had good temperature control. The gases entering the
unit were preheated before passing through the catalyst bed.
The tray in this unit was loaded with 425 g of shaped catalyst
and was activated by the procedures described below,

A gas flow consisting by volume of 6.5% oxygen/nitrogen

12
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109& () - Q2103 &s L dm fégm]égﬂﬁerature to 275°C in 75 minutes and held
for 1 hour. During this period the catalyst bed reached the
25 oven temperature. Thereafter, steam was introduced into the
gas stream to obtain a gas composition by volume of: 50%
steam, 6.5% oxygen and the balance nitrogen. The oven
temperature was raised to 425°C in 38 minutes and held 10-30
minutes for the bed temperature to equilibrate with the oven
30 temperature and the oven temperature was held for another 3.5
hours under these conditions. The oxygen level was then
reduced to 3% 02 by volume while maintaining 50% steam in the
gas mixture, the balance being nitrogen and the oven
temperature was held for another 3.5 hours under these
35 conditions. Thereafter, the steam was removed, and the
catalyst bed cooled to room temperature under dry gas
containing 3% oxygen/nitrogen balance by volume. The catalyst
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catalyst bed reached the oven temperature. Thereafter, steam

10 was introduced into the gas stream to obtain a gas composition
by volume of: 50% steam, 10.5% 02 and the balance nitrogen.
The oven temperature was raised to 425°C in 38 minutes and
held 10-30 minutes for the bed temperature to equilibrate with
the oven temperature. The oven temperature was held for

1= another 1 hour under these conditions and then the oxygen
level was reduced to 6.5% oxygen while maintaining 50% steam
in the gas mixture and the balance nitrogen, the percentages
being volume percent. The oven was held at 425°C under this
gas composition for 6 hours. At the end of this period the

20 oven heating was stopped and the catalyst bed cooled under the
same gas mixture to 250°C. Thereafter, the steam was removed,
and the catalyst bed cooled to room temperature under dry gas
containing by volume 6.5% oxygen/nitrogen balance. The
catalyst performance is shown in Table 1.

25 Example 4

Into a 12 liter round flask equipped with a mechanical

stirrer, thermowell, Dean Stark trap with a condensexr and a
heating mantle were charged 6452 ml anhydrous isobutanol, 1613
ml benzyl alcohol, 70 grams of DMSO (Dimethyl sulfoxide),

30 815.1 grams V,0g 66.9 grams of 28% Bi Hex-Cem (this is a Bi
salt of 2 ethyl hexanoic acid in a mineral spirits carrier).
About 1098 g of 100% phosphoric acid were added slowly into
the reaction mixture while stirring.

The reaction mixture was brought to reflux which was

35 continued overnight. Thereafter, the reaction mixture was
cooled down, 80 ml of 30% hydrogen peroxide were added while
stirring. After about 30 minutes of stirring the reaction

14
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10! q asaaméa 1D 'E%akp18%8:. ()Thd'cekRIPLE fdrf dHmanctOYE Zéndun I0Y10%Z& () - 10

10(3%D %i XGB
10! "1 $309%& 1) - 0! < 1 $109&ZZ& ()-' 0! * 1 $10%& ()-' 0! * 1 $10%& ()-' 0| $109%Z¢& () -
1 $109%& () " OKLLLLLLLM-\ - 101 | Y$10%& ()-0!  10%6G& ()-yGLOYGE ()- 10Z 10Z
1oz Table 1
s6s109%&Z& ()L E : : QORSz XA\ 101w YS100& (). 0l - YE100@R" ()-0"Y
$10%3BE" ()o@ \@10%& ()- OIf Y$1QUGGE §) - 0! " [Y$10%& () - 0FTUUUUYUU(\ : 10! I'y
100& |- & Y100& ()~ 10G 10G
Hours 441 453 488 482
Salt °C 378 375 381 384
Hot Spote°C 428 443 434 440
% Butane 1.259 1.30 1.31 1.30
% Conversion 79.7 79.9 79.1 79.7
% Selectivity 69.3 69.4 70.6 69.9
Wt% Yield 93.4 53.4 94.3 94,2

(1) 3 x 5° Reactor; 3.5’ bed with thermowell; 3/16" x
3/16" with 1/16" hole in center. The space velocity was 2500
n-i.

It can be seen from the above results that the catalyst
prepared in accordance with the present invention demonstrates
excellent performance for the conversion of butane to maleic
anhydride.
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eating the catalyst precursor in an atmosphere selected from

18" 10%&' (het y2Blpl10WRs{3tind 09K £)r t "skHQUK, ( inkrt0%&s( ) ahd yRy<en@eay Ey Py Z@E:
10!
10" 109& (PF59hm » 180g? () FEMRTR S t PhoetP) - £¥E668 (FOP5 TR f yayhyZ@E:

161 maintaining the catalyst precursor at this temperature and

10" 109%& ot} @D 18HRaEhobpAOLE dindaikAUE mbibclIR bxyddrynysvemn,y} YYZ@GPE: 1

0! and optionally an inert gas,increasing the temperature at a

programmed rate of from about 0.5°C/min to about 15°C/min to

a value effective to eliminate the water of hydration from the

20 catalyst precursor, adjusting the temperature to a value
greater than 350°C, but less than 550°C, and maintaining the
adjusted temperature in a molecular oxygen/steam-containing
atmosphere comprised of at least 1 vol % oxygen for a time
effective to provide a vanadium oxidation state of from about

25 +4.0 to about +4.5 and to complete transformation to the
active catalyst having the formula (VO)2P207M2mP2pOY wherein
M, m, p and y are as defined above.

2. The process of claim 1 wherein the said molecular
oxygen/steam-containing atmosphere is comprised of at least 2

30 vol % oxXygen.

3. The process of claim 1 wherein the said molecular
oxygen/steam-containing atmosphere is comprised of 3-8 vol %
oxyden.

4. The process of claim 1 wherein the catalyst precursor

35 is formed by reduction of pentavalent vanadium in the presence

of a dialkyl sulfoxide.
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