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35 recycle pass method, by recycling to the reaction zone at least a portion of the offgas
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35 US 5,011,945 discloses a process in which the n-butane concentration in the reactor
inlet stream is from 4 to 10 mol% (= % by volume), the oxygen concentration is from 10
to 18 mol!% (= % by volume), an n-butane conversion of from 20 to 35 moi% is
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40 for the achievement of a high yield that the oxygen-containing gas used in the process
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35 more preferably from 25 to 40 psig (from 0.27 to 0.38 MPa abs).
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A disadvantage of the process disclosed in US 4,231,943 is the low n-butane

conversion per reactor pass of from 15 to 28%. This leads to a relatively high amount

of n-butane in the reactor outiet stream. As a consequence of the use of air with its
40 high content of extraneous gases, in particular nitrogen, it is necessary to avoid
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35 explosion range, enables high utilization of the n-butane used by recycling of at least a
portion of the unconverted n-butane, can be carried out in a simple manner and which
enables a high n-butane conversion, a high selectivity and a high yield of maleic
anhydride and therefore a high space-time yield.

40 We have found that this object is achieved by a process for preparing maleic anhydride
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in the reactgor 30 un|t IS used tQ set a GHSV ( gas hourlci/ space vel OC|ty) of
&

preferably fIBanytrne fraction guthe gntireameouns pethg hxdrocatbey fed isreemb %8600
h'', based oand hrre plefrabiot: 9596 Thel rebutasé nmrémblwmmlfrmdcm&@ymgd

0,101 VB8 288 nrea ol iGe AW BRSOl rdBaptal yot sum of all

reaction~zon Int chapter "Definitions"
35 The gas phase oxi dat i on of n-butane under heter ogeneous catalysis with
oxygen- cont piButag: gasbstanio gabaregaresliyaaddéd itk ebatrdl lof thehekiiv®amsusts nipound
over a Va”a%H&oqs?élﬂrg%‘éiﬁt%.qgaé'ﬂefméﬁ%ﬂbntﬁciﬁ‘é el 'ﬂB rgt%tfé‘b lé?tthe'ré?&éarf ifgf ed 1n
what is referred ctor unit refers to a
uni t conpose@ngthesgforedhe copsrptration. JQ@PO?“‘E‘W@H“% ”ﬂ?“t'ﬁ"ﬁ? 935 may be metered i
react or s30i nirt ligpicaryaseais foracPmeferenmeds gives Yo meteriRg irbih GEdeous form, since this

distinctly reduces the endangerment potential in the event of risk compared to metering

in liquid form with subsequent evaporation of the n-butane, as a consequence of the

holdup being several orders of magnitude smaller.

35 The oxygen concentration of the inlet stream fed to the reactor unit is from 5 to 21% by
volume, preferably from 8 to 20% by volume, more preferably from 8 to 15% by volume
and most preferably from 8 to 13% by volume.

The oxygen-containing feedstocks used are generally oxygen-containing gases, for
40 example air, synthetic air, oxygen-enriched gases or eise what is referred to as “pure”



7 -connect edPI’-'SAt‘Pf%al lel, these are to be regarded as the equival ent of a
reactor and cluded hereinbelow in the termreactor. Useful reactors
in the process according to the invention are in principle all reactors 5
whi ch are suitable for gas phase oxi datiog under het erogeneous catal ysi s.

Sui tabl e reactors .inc uar fluidized iral), plate
bundle. and tTEoB I FETIRGPLPEMFR, 1o besaraipn, Batiuet Bielrsasass ks
accor di ng t ototusingi aasthe onygenkeontainiog gas.unit used is 10 a fl ui d| zed bed
reactor unit. Thi S generaIIy conprises one or nore fluidized bed reactors

connected i ot her a rtrc | ar.l e d, variant _of the
process acco § %O?HB Fc;wngrepﬁflbygg F@r'sﬁﬂ%?oﬁﬁde%ﬁ?%heagﬁﬁ?ﬁef%undl e
react or uni texam Qublé‘ogemdtobiemaes cartopmonaxide), parbsn dipxideoalkanes (@@st one
reactor tub mbarﬁtrbﬁtaﬁermm?chrmea(@ atutaeersrlstéam&ﬂ@géﬁaﬁéuh d?@atrbcrr&

Sont o n2OP) o, et ER HPhatdnde rific AMHCRoddl CeRlideryaE fadello BBELSL OV e

i n paral | el . prapangherropiatridehyda crropionisiacidaagroleim cetenaldahyde) ansk mixpireseat i ng

zonest WEI ch theriof. tmeferemeemgreén tmgacﬁlﬁﬁ:n e};@emr@ a Wafer ed%&@rﬁtldm'oﬁﬂ{ﬂﬁ) 19% egr at ed
inatu

whi on' ar 0 7 e GG BlefkrabPhol? i in ERERAG B ot B0 BliolV R o,
carrier mdlwf@tyf%ﬁill@ SteRIPt rrat er| al is in principle any shaped bodies

whi ch are chemically inert, i.e. do not induce or catalyze any reaction by

het

1t TR AR 8, B T D 6 G

Sui t abl e ar e9-41@d.-5MBaabe MRippgferablydtam pél g1 S%Mﬁ’azﬂ’szﬂnGrW‘?ﬁﬁﬁ{%%?B'é from | i con
car bi de 1t n@&6&b  iIMPanalise ThalirdetdoltHe reactos urit refers o theeeint inihefredctarhumited bodi es

are, for exanhtﬁ ﬁl@?ét?e%m feg%ﬁte% mtB%h%L“{ fof ! ﬂ?ét‘i"é-% with ﬁ‘rg%gn értc.rjrerbes

tristars, extrudates or ran nlilﬁ/%crus 5)% les. 30 In
addi ti on, ?rHa %{‘dt?}?lﬁe’bﬁﬁ'&%'"ﬂecéﬁ RressupR sRegfiedys gengtaliviay pe
secured by estalmrshed by theqressveantelgalatrrat thggeactot iudlet.ube. \When t he tube bundl e
reactor unit consists of a plurality of tube bundle reactors, for

exanpl e t hree, four e, these may be, for exa ted I n
oo a1 o 207 D pBEswterreli Paas yemionds Eaed Bt ot MieFPRBB ST 181t ube
bundl e react@BC. Thetempesatuierspesified.dmespiectivecofttos type wh tHegreaetar; iroeadhscasassed
directly int@fdrd® thBlavbragh téﬁﬁeraﬂ@%ﬁhéﬂéﬁté&ﬁ@rﬁéﬂiﬂh@r@ﬁﬁéﬁ&hs vaMeyer, It
Is also possible to Lemove and gﬁ?ﬁ ?{ﬁ r en %gfe vrgﬁﬁthetwo
tube bundl e FEAGAHL! eFE{PCPe%?aar‘?-B‘P@'"g ligkt '°8ra mn%ra&ﬁ B ARP &
conponent t haldefandanore ereferablyrfronm 380 teed4QiEt her gas stream can PF 54742 8
be fed o5 the gas stream present nmay be passed through a heat exchanger

Typi cal l vy, tor af or e ors are
manuf actured{:“fer'iﬁtj E?FP%‘?%Q? @g“leaﬁta ”E[Pt’&@‘&ﬁé’b ert%?'g%% g@& of from
1 to 3 mm 93%eind mare preserably &ive &Q to eqiétreambytanﬁcﬁrmmetﬂdeweﬁm The
nunber of reactor tubes per tube bundle reactor is typically in the range

bet ween 5000, %’? P%%F&O%COFJ ﬁrﬁfj{ﬂ? mql{en rfloﬂpr%}{leeoﬁﬁe 9\968 sﬂ%%mgrl- tHe @gctor

realized in react or
tubes ard0 nosids u9edjtosﬁq¥ AIEH %rhwéhem yelocity) o prefarably from 2 00 Ter - aedi
are in partituderht bod thohepefargblyrrdma3000tto BO0PAT thased anltiye volume of the inlet

stream fed, normalized to 0°C and 0.1013 MPa abs, and based on the bed volume of
the catalyst sums of all reaction zones. The parameter GHSV is defined in the chapter
“Definitions®.

35
The gas phase oxidation of n-butane under heterogeneous catalysis with oxygen-
containing gases in the presence of a volatile phosphorus compound over a
vanadium-, phosphorus- and oxygen-containing catalyst is effected in what is referred
to as a reactor unit. The term reactor unit refers to a unit composed of at least one

40 reactor. When a plurality of individual reactors (in the sense of reactor apparatus) are



f avor abl e t;Plygi %Sl t nelts such as potassiumnitrate, potassiumnitrite,
sodi um ni t r atle>*4d/ or sodi um nitrite, or of lownelting netals such as

sodi um and al so alloys of different nmetals. However, it is also possible to
feed boiler feed water and generate steapt this may optionally be

super heated or even.renoyed at pressures above 15 22 MPa abs as

supercriti ca‘TO”E?%tﬁanm W@% dne eﬁ%ﬁﬁl@%"&%&?%ﬁhelﬁqpt"aﬁ%t fAiearter andakgr ocess
accor di ng t antlhded mareinbelow,in the tepm ed=etarbl y enconpasses at | east one and
preferably at |east two reaction zones cooled by a heat carrier nmedium The
termreactiqn ne refers to a region within a tube 20 bund| e reactor which
contains a (C:lé?ei‘lﬁyrg?dgﬁd”ﬁ}’?%%ﬁ ﬁggwgﬁ%g%?womm@%'@c‘?l%ﬁ" rgaCtos yni form
val ue i n & hewhighs arecsyitable forgasiphesé oxidatinn undenbetarogensaupucatalysio fSuitale

sur roundi ng rfeaabrsGAcindein paRFHLEMuZed BRE! Bhde Esb?alﬁ,%?élé bOAdIE @RS tibk Kb t ed

by the Ioca“_ glgsnsion of the heat carrier surface. For exanple, a tube
bundl e react'6F°R ving only one heat carrier circuit also enconpasses only
one reaction zone which, by convention, 25 is referred to as the first

reacti on zong.a phfefred vatidit obthe(recdse RESHing b theCipvisitioh Sthe rélictorama iiRk@is of a

t ube bu e A j 3 Lve rler circuits,
it enconpass reacti’on zones, e nu rtng t r o zones
ée@?}@ggé bé‘é"?’ét r uj 1%?s°£§rﬁe*r§ip{ cOHpriSEs brie oﬁlﬁ@le fiflideded

cor r espondi ngaetorsiepanpeled ipraralisl.ect i on of the gas. 30 When a tube bundl e

reactor unit is used in the process according to the invention, it is
enerally a I I i e i regard

fo the ot eromeraiF padoda fefeiied kb i heliobhs dbeStllib Wi, 1222

hi gh acti vi ttherepciorupliused isqg tupe Rupdigpeactarini. A e iRdie gaeiensdnsists in

concent reg i orresfdht easbanearelttor tupe iwhich is 8girounded bywihthesdt chmier metiirrafor i on  of

t enperature r T I ! r in an

exggssi ve i n@%ggégﬁ?lﬁyﬁdmg’éggte P%"r%nr at eBQEHR@%P%ﬁﬁgg%%?gb%% c@ﬁfétr{

structuring &M ?H%W@Hf’glesé‘? seyepl fenythousandreadtentuggs gannestrd ineaslifles,

optionally in their conbination. For exanple, it is possible to dilute the

catal yst Wi tQyjsRund@ebaétb@init mhPhorRXiA BRE &r m&é‘pl%'ﬂéﬁﬁg: R Ghickaat e

steatite,, alum num oxide, silicon carbide or, 40 another jnert material. It
s al so BossTBPEG epsIie. &b rehraingcrons INlsaralpdina tiRe budie Eetioy may ber 54742
9 havi ng direakzednfor axarpiet gy re@blios tutvey wihichtane fillaskwiticined veaderiat add Bfeer ent
shapi ng and/|gewl¥ sufBundtdtoytiedd chrtigr MBHIUAL Bulshie HERQAALRHANS in pHvgipaaRdi um
phosphorus- and xygen- co tai ni ng. g t.al stsdvxlm ch,can be used 1 n the 5
process accoﬁ%@f)ﬁ‘g g@e? Wg"’ﬂ e ﬁ??rg'ﬁa g’dﬂ?ﬂ'i'?e, onat 'P%Lécec(ﬁtcﬁfW@QV Ir?/acéterf' PYe
conposi t i on,hederopenapss -cetalysisi anchyhichmawé amaxirogmirsesssrediop beiew @ pardicuipxt ur e
of such ZpnPAMfEm toftrdbiaPaige %I&V@sﬁé&ﬁméitﬁjg;ﬁ. SufatieaR fd?edampRr! odianpl e,

A8 Tk gt e S o oy e P 3y ey

may addi t i orgtdiniess steehiUseluhshapgd doriesare. 4or xampa, spkerespblatsi BollgMornot er s

i ncl ude the @liedgstings/ tribbes Restarst adénwieeld) extiftatadbrGari@imhig cAusdled hei r
conpounds. ggd%&; promoters are descri bed, for exanple, 1n WO 97/12674
and WO 9512 ) & al so in the patents US 5,137,860, US 5, 296, 436, US

5,158, 9230 and US 4, 795,818. 15 The pronoters used are preferably el enents of
t he conpounds agditiahtwherhsiide tulben bundkeaeactan umit, tHeadatalysnbed imiayde sezured Byni um

titanium chim ,.or@@ﬂfﬂb@ﬁhg@irﬂf@ku%ﬁ?‘mper’ boron, silicon, antinony,
, e

tin, niobiuman i smut nore~preferably nmol ybdenum iron, zinc, antinony,
bi snmuth, lithium The pronoted catal ysts may contain one or nore
When the tube bundle reactor unit consists of a plurality of tube bundle reactors, for

35 example two, three, four or more, these may be, for example, connected in paraliel or
connected in series. In the case of a series connection of tube bundie reactors, the
starting stream of one tube bundle reactor is passed directly into the inlet of the
downstream tube bundle reactor. However, it is also possible to remove and/or feed
mass and/or energy between the two tube bundle reactors. For example, a portion of

40 the gas stream or a component thereof can be withdrawn or a further gas stream can



pronot ers. T?,gﬁ%?éfl content of pronoters in the finished catalyst is
generally no 20 than about 5% by wei ght, calculated in each case as
the oxide. In the preparation of the catalysts, it is also possible to use
assistants, such as tableting assistantsgor pore formers. 25 The catal ysts
whi ch can be used in the process gccording tqg. the inyention may contain the
active conpodj {6 the ggs %Eez?ﬁbw@?e'ﬁr?ﬁﬁ}?eel?aqﬁﬁﬁgimrﬁ'f%a ){‘S?trﬁxﬁga%ﬂ%-" unsuppor t ed
catalyst", or diluted with a preferably oxidic support material as a "m xed
cat al yst*. Bipidanp) the POLLRH libdAh ﬁfédé’fbl%_n'g&ﬁioﬁ%%ﬁﬁe %ahab)‘éétc%org 3fd ude, for
exanpl e, alumn | A L, QXI: al um nosi.Licates. zircqgnium

G o .+ 11 BRnAREm bt g8 P Bl odve AR BhietrRt Ao G
prepar i np unhgipibtereal diameten ix generallysfrgm 26 to 38 mempther ruralisrof reaston bestred

cat ?lhyst s. TiBe dahdlk Yedctdras icdMeid thé FahgR MRividen BOR0iahdB5000Caliolgh@ I eact or
in e proce i nvent . e Vi AQ: aver age
i amot e of mpd FEBUE 55 Bob el g ¥ 2Rls o BARICHBA Iy Bofid Wil 3 et o1
of a parti cl @2agter bedy, the fepetontudes gee ramalindiskivpieddhwmograeoushest di nensi on
bet ween two pl ane-parallel plates. The catalyst to be used with preference

! luid 4 0 the i " ion h
bar i 01 ol 2SR BGirl mielia i LR ARFRLAPGhed. WIS matdlYER | 00 "0
50 to 200 prﬁaa@rab#d%'sﬁﬁé'? Bl Pychr asopatatsiun nitiste, paiasaigmpritrite sagiunnitrate
Particl es resmiforaadiunt nitriterwtafrioy-sisiting chatals such @ssaiiuin ahd alsballggosfet ri cal |y
shaped part jgl a5 mEf%%‘{"Pioﬁrgvétj?ﬁ‘%eraﬁﬁégs?oﬁe to'1B8Ed B@iie"f‘iré(e%t zF’t[ePﬁﬁH éé}{qr?]atfeo be

| to the re av S

used in the process accor | na/ent I on era aped

bodi es. Sui t #HBfE: @MB%OB‘!?@PE)EM SYRarLRAte ?b?veéiﬁ'%ﬁl’%q aypIgPses akaypi nder s,
hol | ow c18 i n22MPa abslasrseipercaticahatdam. 5 wagonwheel s or extrudates. Particul ar
shapes, for exanple "trilobes" and "tristars" (see EP-A-0 593 646) or

shaped bodi e\% havi.n gtrpsgeaSt one, notcg.o t he exteriqr (ts e US 5 168, 090)
are |1 kevi scMBE8 itk bunsle actar pt 5rised i e rocssgiagearding 16 e iBvanlipgt whi ch
can be used prefarshly pnorepassaatideast ooe agd prefetablyiatleast worrehetianmyne$ apaed

bodi es wi th gy §HBSf@Nidr#hddiurh OTHeOMIR Yédcleh k6 refett (/4 Fadich withis dssant i al |y
hol | ow cg | n?rl

al structure refers to.a structure wWic subs tiall
conpr 1 5o o ByIqamaton i soatans A et PoRat MhERe BhestaaNRUE o ket o
surfaces. Thausifarmddye indheabaenee of 2 ghemisyl reaglion d@ss conspavenge ohthel | el end
surf ﬁ:els ?nds@rouhamb%a’fwrﬁmdiaﬂdmtdfwemgﬁé re{?aféﬁér? £oheab dtailrnﬂite“cytby t'h@?dSoal i $ A
parallel to § r , i.cul ar - yct yre. e
Cross secti o{iu'n%]ngp ﬁé’%‘&&%@f?’f"?}@s%’??‘?.Fc°zlé9$'%‘§‘@ ég.LE).rezﬁq?ng[e r%g&%@g\@%orﬂ%r faces
of the cyl i nengheat samighsireuitalsg engompresgsaplyInediepetianzong twhich, by gonvention,
P][ ef ﬁr enzas | i§ réfered td &s thadirflesaitioAzbne) Voherf 4 Abelinge réa@postconBistshform ddl e
of the en r 0 r al .o
ar rangenant s =G R vebllr nAV it terBblip MR hBP il srcpis ¢ e
i deal geonet i §hcampasening reaction; zeRes.dbe BymBeiingef the reasionzon@sl ar structure,
end sur f acescdriespogdingt-the passqgardiretitdn ofahe gasrent , scrat ched-off corners and

edges, surface roughness or notches in the jacket surface, the end surfaces
or the interior surface of the ﬁe_n_etrat i.ng drillhole in the catal %S't'
precursot®  afvdenadyoe bundigiesgactor Hnit sdised in BigtPretess RECYRBEIQ eMYaNtPRdt i§r ¢ of
25 tabl eti nggenerallyedeantegesisgo vee atoatatyst bed which isistautirad a4th regard keethear cross
secti on ?f t hqivitPAR idaRt biotthé 'réela:ﬂb.fﬁoreé&d]yﬁis R AR hBSWinigh RRAVAY) ihed region
allgnments agﬂoﬂ?é:nngesrg%% gr% Jo¥v hy%pé)c%rbonsc%%cgrﬁ%%bn and a low activity in a region in

which the interaction of temperature and the hydrocarbon concentration present might
35 result in an excessive increase in the reaction rate and in the temperature.

The structuring of the catalyst bed may be achieved by various measures, optionally in

their combination. For example, it is possible to dilute the catalyst with inert material,

for example with shaped bodies made of steatite, aluminum oxide, silicon carbide or
40 another inert material. It is also possible to structure the activity by the use of catalysts



The substan?ﬁ%ﬁfol | ow cylindrical structure may be described by an

ext er nal 30 d,, a height h as the separation of the two end

. surfaces and a dianmeter of the inner hole (penetrating orifice) d2. The
outer diameter d, of the cat al yst precursgr is preferably from3 to 10 mm

nore prefer nos.t The hei ght
his preferg'tﬂvi}/]gfc{’@ qcﬁw%o%m%lpéurg ¥§/L¥ ﬂﬁgﬁ{eﬁttsga%n%?dlor%tg
preferably fusgmlemreniantn@ gpmposiiensli aneter of the penetrating orifice d2 is
35 preferably from1l to 8 mm nore preferably from2 to 6 mm nost

ferably f h
Pt s agy o Beadih?, pibeiRrud %ﬁ@éﬁe%?@@ﬁwi@%@%‘ SRR Bedbeditog and
subsequer® | ypf@@ﬁﬁﬁécﬁ@félﬂgfo&ﬂ iBventieg compris agdhe catalytiatly aWi@ QQD"'RS&tt'QPy@ﬂ
precursors Wiygén-eortanmguamddium-pHe pheras esMpaavosrdi mixtire of Sisch ddvitiduheés nmay

EFz%?SSa“&H@t’%ﬁ““%? oo HS Bssriofd, ESEMAE i bR e OB Soe>
02/ 22257, WD 5/641322, UBS, 137860, 'S 5,995 125 U4.983.31% YSH498931102 11 445. 5,
DE ref. no. (192,505,4/47U8%,5,302 566 or D34 203641 446.3 and DE ref. no. 102 35

355. 7. The catal ysts to be used wth preference in the process according

to the i nventi on have F 0s Phorus/vanadl umatomc ratio of fromO0.9 to

1.5, more prBieYmEgy §ddit t3ig whabarengwhasiPromelest Auitgole pramates 1o 1. 1,
an aver age anclddd therelarheits obgroupmadb Usobthe Rediodic Tabe dand their dorapalinasy e

preferably f%@ oﬁ-nBteﬁ‘s are &s@ﬁ%@\‘&reﬁ&u’ﬁ ! mawef o7 2@?‘4%&\9 ]S%/% / 9 a”d

o D o Skt B Bneieive Egpe B o BT i 44 G o 9,

1.5 kg/l1aand¥F hewnmomreﬂeecamewrefemmmlémemsbf thelaphipounds emts-lltr molybtemgn,
cat ?lijt ?”lnﬁdﬁ ome) ﬁa?fﬁiﬁmaﬂﬂ:oiﬂéﬁﬁ eHiurh RAQaHERbMARR AR aﬂ@se %k%ﬁb@ﬁﬁéﬁw ty,
yie cata urly ce velo ase
Yt o ot b G g P ﬁem%lar%aﬁmoé@dsu K he
presence of znc,aslimeny, qmdbﬂiﬂmumsme) | catalyste oreyeaontain dremon mOIIGhe f eed
at Ehebreaclt niof&r@tTHe&otaDécﬁft@ﬂ%b ptomdlers nﬂtrﬂmﬁlshudtgda%ﬁs genepatu n@t:[rﬁ?r%?
parts y VO conmpound. hased on the tota
vol une o ggﬁgg&g ésﬁﬁngghé c%lcu‘%ﬂq%sﬁgg%%%{@ﬁal é preference is given to
a content of fromO 2 to 20 ppm by volune and very particular preference to
from 0.5 to IhAnheprephsative bitme.caldnistd, iitlialpb posdsle ts usoagemanls, suchekude al | of
t hose phospﬁgﬁgﬁggggﬁéﬁ}ggg %g gls whi ch are present in gaseous formin
ra R erEtHE

t he desired conc on u e use conditions. Suitable volatile
phosphorus conmpounds are, for exanple, phosphines, phosphoric esters and the
25 corrpcnmdsTmmyﬂeWhioh ddf be, ubéd ithe. prdtaess iactdrding [bo fecinwmtion intay@ovtain t o

tri (Cl- to = e tri nmet hyl
phogphate tri ek\}%ﬁ?ﬁgﬁéﬁgﬁ%‘%’é&@% BMrengal'ulﬁéH Lm%%ﬁ uﬁg@??’ft%dul ar Y
triethyl fe i

conti nﬁousl ySmtabmesupbmnsrmtenawfoPn'ﬂafeﬂrcmtmfsts mctyde,efnr emnﬁme,ohlmrganMxldmousl y.

The gas StreﬁlﬁEoWdi&&H@%rrIuﬁMcé@% £|Pc%ﬁﬁ1 dubbﬂ?é tk&iuﬂﬁ%?dxﬁie ddfnﬁ%résghéreof

downstream ess unjt rem)w flc_ an

mal i ¢ ety dr IR S GYen [RRSHEHNG Yot F’B?‘i‘%dga s SR80 e PIRIEIZBYi 1 abi o
absor bent . Swisupbtrtedxadalyftents are, 35 for exarrple wat er or organic
solvents. In the case of absorption in water, maleic anhydride is hydrated

to maleic ac‘l‘tge cal?él%tet\r ge& ltﬁ Ye?greage ﬁ'\haetugg %85(% iré)&tér% ﬁ{% process

according to the invention has particles having an average diameter of at least 2 mm,
35 preferably at least 3 mm. The average diameter of a particle refers to the average of
the smallest and largest dimension between two plane-parallel plates. The catalyst to
be used with preference in a fluidized bed reactor in the process according to the
invention has particles having an average diameter of from 10 to 500 pm, preferably
from 50 to 200 pm and more preferably from 50 to 150 pm.
40



or gani ¢ sol VBEt .@gi tabl e organic solvents are, for exanple, the
hi gh- boi |'i ng cﬁ4v ts nentioned in WO 97/43242, such as tricresyl
. phosphate, dibutyl maleate, high nolecular weight wax, aromatic
hydr ocar bons having a boiling point abovetd40C or di 40 C4-Ca-al kyl

ht hal at es, h i t I l.Lyents nenii opne PE 54742
5)2 oxygenat Egﬁlﬁ g?%@a%hﬁé’ @Bﬁ&ﬂqﬁﬁ%gdQBQ'IC%Sﬁ@ﬁgrﬁogggﬁg'geﬁ'ﬁg@r%?&edThe
absor pti on nagrticles, knewniaseheped bedies. dharegtayst precurspesipdeatsgd én e reesss60 t o
160C gnd a paessding tothe irWeQﬂerprbfér_leﬂth?vé@@ap%ﬁ%oﬁfes.@tﬂ@ble shiaiped @bhilesd

rocedures a assi : IO cool e
Iroeact or effl E‘glr‘]]td gﬁ’ﬂ %%agﬁag’q\%%'se{s%éEﬁ#lla?rlséﬁalv?ﬁw?%ﬁ%gég%rs ?' ig%ﬁ' IL’}l?ElqAﬁil¥ 4, 5 or
sprayi ng § hewagawwhasiser extrydatgs. Rartigidarshapes, fargrampigsitrdehesaerd nEstaesd $seeor
extracting gRsA-91398548) bryshapst bogieshavikg atteast@nt moth aiidhé leg@rion(seée art. In
t he process ?J%C%’i@g,ﬁ’éb)ta?eﬁllb%vié'e]nﬁfé(}@tbké)n’ at | east a portion of the

n- e

unconverted utane’is recyc 0 the reactor unit. Preference is given
to recycling at | east 40% 10 nore preferably from40 to 80% and nost
preferably f Particblar prefetéfige it giveheo theaaatalyst whithtcanBeaised dry thleiprgeass | ndi rect
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possi bl e to 8edaeessalthopghthis dersHnh geeluds other spadiekareangementsat er cont ent  of
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to thernal 8Yghtdefermatpnsaf thercinchiar plrtiegsertastagenhaving nerepirneparalish,
pr eL Sr encef i sligrinven, dorattiied-oftconiends ot cgbsisurfaceioyghnes dr hotthem e facker ea][n
wi t hdrawn fr e t | . : rtion o
the mal ei c ag%%ﬁrgf ere?églg ﬁ%Fef? g% %r_atg@gttérrrebg%ﬁ'?%aét fé@%ﬁ?@%ﬁ%hﬁ?‘ %Fel 'ﬁ tl<E;)1é)pr eferred
enbodi ment of2aly8t FEEEYs ateRisR Wriged-dn thecantixd At the predisien gltke e 35
oxi dat i 085 of tabiding aprefeverderis et toocjmun end satffadey sa sircudarcaogs sedtiorudf the a t ube
bundl t ; | - ' had i o
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C4- al kyl) pholsﬁ’g tﬂerfare e cont 1 nuous to t reactor in an
appropri ate SMBEXSUTREE n- but ane concentraiton in the reactor inlet stream
isin the range from1l to 1.5% by volunme, the oxygen concentration in the

range from 1§nhg Quistaftially HOloWBindital S ehird nfaye ddiRribet B adt Bxtbfal Bigrettre
bundl e rggctgr IS . ht hei ranl?ag froc%P 0.4 torlsjlwl\{a abs, In t%e t&té)e. bundl e PF
54742 13991 el AdIeI9MN Nt BORAANSI T ANG P ¢ PEPT AL AR AV PRl
vanadi um , phelefdpenairating adfiaeX dgdive cuter diameter baf Heycatalysttprecursarifer at ure in
the range frprfe8BlyFRmi®QCI0 A€ mde preféradRTrom 4 6l8 awh, rhostpréfamblysasn Busd! e
reactor is f ?%ﬁﬁ@h&&ﬁq{igﬁef%bﬁl ftdt W‘Pé ?6' mm, more preferably from 2 to 6 mm,

most preferably from 2.5 to 4.5 mm. The diameter of the penetrating orifice d, is

35  preferably from 1 to 8 mm, more preferably from 2 to 6 mm, most preferably from 2.5 to
4 mm.

The catalyst preparation is generally a multistage process in which a catalyst precursor
is initially prepared and subsequently converted by calcining to the active form. The
40 catalyst precursors which can be used in the process according to the invention may



t he: mal ei c gﬁpég?ge formed is extracted by washing wth a suitable
absor bent . 0O to 80% of the remai ni ng gas stream conpri si ng

.unconverted n-butane and water is recycled to the tube bundle reactor. The
remai ni ng port ions of the gas streamare q4dincinerated in an incinerator to

obt ai n ther eneray. The [OgEe t ring
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appropriate MHmmrmmeftﬁbtﬂog 18453 DEYef. 78002 19847 BrDERSSn@ccording to

the inventio 231 ?&f@%ﬁbﬁ% {r?’ggp%éigggﬁggof utilization of the n-butane

used by recy ng o f the unconverted n-butane. It can
be carri®d out in a sinple manner and enabl es a hi gh n-butane conversion, a
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i nvention i n+agfteir4 Aandmaet @refedibiydrom 410b14e3; alBED swrtackatieanef flamh d0¢o t 0 be
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are def | ned #E MO BRlerab FapL21a 0 gl AP b asena»wgf)ﬁ%swéi%i%t ey gas

hour |y spacemoeed greferab)ly fréd ChtosebB&ghn Cn- but ane, per pass mal ei ¢ anhydri de
Vcat al yst t Vhydrocar bon Vcatalyst t nn-butane,in r nn-bume, out nn-bu tan

Can On - nfBETR 00 s e atean G pBS GRnPe PErean ol e “pass
Sel ectividy &@qtryity viedds icatalysé hoyslysspacsueledityl andispasatioei vielddhel gapphageas s
nn-bu tan e, oituﬂbtﬂaﬂ ukdet ﬁletéwgeme‘ou@.rem&vsisde préf¥RbR carrfBRICO(R Irfthe dhésenbdrBl £i C
anhydri de Iéﬁgbﬁlo%%gru% compouRd Its concentration in the feed at the reactor inlet is

preferably 2 0.2 ppm by volume, i.e. 2 0.2-10°® parts by volume of the volatile

phosphorus compound based on the total volume of the gas at the reactor inlet.

20  Particular preference is given to a content of from 0.2 to 20 ppm by volume and very
particular preference to from 0.5 to 10 ppm by volume. Volatile phosphorus compounds
include all of those phosphorus-containing compounds which are present in gaseous
form in the desired concentration under the use conditions. Suitable volatile
phosphorus compounds are, for example, phosphines, phosphoric esters and the

25 compounds described in US 3,474,041. Particular preference is given to tri(Cy- to C,-
alkyl) phosphate and very particular preference to trimethyl phosphate, triethyl
phosphate and tripropyl phosphate, in particular triethyl phosphate.

The volatile phosphorus compound may be added continuously or batchwise.
30  Preference is given to feeding continuously.

The gas stream withdrawn from the reactor unit is generally fed to a downstream
process unit for removing the maleic anhydride formed. The maleic anhydride may be
removed, for example, by absorption in a suitable absorbent. Suitable absorbents are,
35 for example, water or organic solvents. In the case of absorption in water, maleic
anhydride is hydrated to maleic acid. Preference is given to the absorption in an
organic solvent. Suitable organic solvents are, for example, the high-boiling solvents
mentioned in WO 97/43242, such as tricresyl phosphate, dibutyl maleate, high
molecular weight wax, aromatic hydrocarbons having a boiling point above 140°C or di-
40 C,-Cg-alkyl phthalates, such as dibutyl phthalate. In the solvents mentioned,
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reactor is ugasistréams By washing aresaownds thicsetskiled 0 themrtof  t he unf | ui di zed
catalyst. Tine unit [h] volume of the hydrocarbon in the gas phase at the
reactor inlet nornmalized to OC and 0.1013 MPa [I (STP)] (Theoreti cal

par anet er . WHtieProsess geeardivg to thejinvantian, at iagstia padien of Pyrted

condi tions, nHritardcereqyeled tathe reactoruhit Brafardence Btgivenito redyylig tetast 40%gas
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Sel ectivity #Bf TrP&I"@F)@ ing By difeskopditect sing tie gpgstreary Wi %ﬁf%mé @nhydri de
per reactor pamaval 8kthectaleic aphydride darmedi andapiTgripes uncongented nprba@neﬁeti ectivity
for acetic agjsghrper reactor pass Overall yield of naleic anhydride in the
system PF 54742 15 nn-butanein n-butane mass flow rate at the reactor inlet
[ mol / h]  nn-butanecut n-butane nass flow rate at the reactor outlet [nol/h]
nn- but andsf r éstherinditgchresycling sthe Incyutare ie rethddd in s Virduhlly artiitnary syannenarid eshl y

from thus recycled to the reactor unit in enriched form. A possible process for removing the
n-butane is condensation, as decribed, for example, in EP-A 0 029 317, A further and
preferred process for removing the n-butane is the adsorption on a suitable absorbent
with subsequent desorption, as described, for example, in US 5,532,284,
20 US 5,646,304, US 5,726,327 and US 6,002,019.

In the direct recycling, the gas stream resulting from the removal of the maleic
anhydride formed is recycled to the reactor unit in an appropriate amount. Depending
on the desired reaction conditions, it is possible to decrease, leave unchanged or

25 increase the water content of the gas stream to be recycled. In order to prevent
accumulation of undesired feedstocks, by-products and inert gases, an appropriate
amount of the gas stream mentioned is discharged. In general, this gas stream is fed to
thermai utilization.

30 In the process according to the invention, preference is given to the removal of maleic
anhydride from the gas stream withdrawn from the reactor unit and the recycling of at
least a portion of the maleic anhydride-depleted gas stream to the reactor unit.

in a preferred embodiment of the process according to the invention, the gas phase
35 oxidation of n-butane under heterogeneous catalysis is carried out in a tube bundle
reactor. n-Butane, air, recycled n-butanic gas and tri-(C;- to C,-alkyl) phosphate are fed
continuously to the tube bundle reactor in an appropriate amount. The n-butane
concentraiton in the reactor inlet stream is in the range from 1 to 1.5% by volume, the
oxygen concentration in the range from 10 to 18% by volume. The pressure at the inlet
40 to the tube bundle reactor is in the range from 0.4 to 1 MPa abs. In the tube bundle
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were carri edpg t? forman average value. Experinental plant | (single
pass) 20 The %’6‘5# mental plant 1 was equipped with a feed unit and a
.reactor tube. The replacenent of a tube bundle reactor by a reactor tube is
possible to a very great extent in the |gporatory or pilot plant scale, as
| ong as the dinensions of the reactor tube are in the region of an

i ndustrial reactor tube. The plant was operated in single 25 pass nbde. The
hydr ocar bon Wi ¥ader otseeshr s | i qui d f Or M ViGesier PiFR;  Shacd ol | €d mass
flow rate. The oxygenous gas introduced was air at a controlled mass flow
rate. Triethyl phosphate (TEP) was introduced in liquid form dissolved in
wat er, i ke""isg%cﬁ\;it a5 30 controlled mass £l ow r at"e«vickaewt ube bundl e react or
unit consisted of & TIE b e r eact or havi pag one xtgactor tube. The |length
of the reactor tube was 6.5 m the internal di aneter 22-%”hm Wthin the
reactor t8be, a multithermal elenent having 20 tenperature neasuring points
was 35 disposed in a protective tube of external,diameter 6 mm The reactor

-~ acetic acig-put

was heated bBerctidtyr8.teliabhba: heat carrier ciretfa S heat carrier medium
used was a salt nmelt. The reactor tube was f¥.omedn-tH.cugho.by the reaction
gas mxture frombottomto top. The upper 0.2 mof 6.5 mlong reactor tube
remai ned unfilled. Next followed a 40 0.3 neter-long preheating zone which
was filled winh, shaped steatite bodi es aS i N8 buRF o2 di od@at erial . The
preheating zone was followed by the catal yst bed which contained a total of
2180 m of catalyst. Directly downstream of the tube bundle reactor unit,
gaseous El)rodugt was withdrawn 5 and fed to the gas chromatpgraphy on-1ine
anal ysi s Th&6lhPrast praaide ofait he gaseous —r eadb@r meddelwent’ Was O SChar ged
fromthe plant. Experinental plant 2 (cycle gas) 10 The ex’béf‘i"‘ﬁé‘ﬁ’t al plant 2
was experinmental plant 1 supplenented by an absorber unit and cycle gas
recycling. The differences to the experinental plant 1 are summari zed

bel ow. 15 Crelkgci@nfie node instead of "steaig Dbu tan e By char ge of
2176 m (instead of 2180 m). Feed of the gasgpls .Leaetgr, of flyent to a
wash colum operated with water as the solvent in order to renove the

sol ubl e organi c oxidation products, for exanple naleic anhydride, acrylic
aci d and aceMmweamike 20 NAssclimajgic efhyaride pradomedfg]t he renmmi ni ng gas stream

et SeEESTR S L, R are LR o ons ©
ni trogen, carbon nonoxi de,cae'&%tﬂﬂtr '"‘%i'i“ﬁ% ﬁ‘&%ﬁ@%ﬁ%‘@ﬁ%ﬁ%@%ﬁ@&ﬁéﬁ&
Preparation of the catal ys¥han atube hvpdistreatipicinaised, \siuiyx cottesranids tethe hgd
ba{ fl esI \l/vhl E h had been i g%tunzee@# thé bélaqyltsf_t, &tlﬁ}lﬁﬁiéd ﬁaeﬁanpr@abwbnb@na@%ﬁ& a
externally by pressurize r ) it ar Wi : 0
i sobutanol . After the thrélg?dizt%géa\é%irﬁ%% rl'éﬁs qll\}:ﬁ‘aé‘i‘ gﬁ'ﬁ%ﬁ"ﬁ@@%{%’sﬁﬁg’%ﬂg}? Q;n, t he
i sobut an8? 30 was heated the oufvidizgedcatalystux. At this tenperature, the
addition of 736 kg of vanguemit [h)
Vhydrocarbon volume of the hydrocarbon in the gas phase at the reactor inlet
normalized to 0°C and 0.1013 MPa [l (STP))
(Theoretical parameter. When a hydrocarbon is in the liquid phase

25 under these conditions, the ideal gas law is used to calcuiate the
hypothetical gas volume.)
VGas volume of the total amount of gas at the reactor inlet normalized to
0°C and 0.1013 MPa [I (STP)]
Cr-butane, per pass Conversion of hydrocarbons per reactor pass

30  Smaleic anhyarice, per pass Selectivity for maleic anhydride per reactor pass
Y maleic anhyaride, per pass Y i€ld of maleic anhydride per reactor pass
Sacryiic acid, per pass Selectivity for acrylic acid per reactor pass
Sacetic acid, per pass Selectivity for acetic acid per reactor pass
Y mateic anhydride, overall  OVeTrall yield of maleic anhydride in the system



pent oxi de wag, nced via the conveying screw. Once about 2/3 of the
desired anount vanadi um pent oxi de had been added after approx. 20
,mnutes, punping-in of 900 kg of 105% phosphoric acid was commenced whil e
continuing to add vanadi um pentoxi de. Toqgl ean the punp, a further 0.2 n8

of isobutanol, was punped in. 35 Subse uentlé the reaction m xture was
heated with refaxnto frof B8R MEsyilew ratearthedpactpiplet (Ml t hese

conditions f 14 hours. i drained into a
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above the sultt®Wfilter of up to 0. MPa abs. The er cake
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~Gu 1an e, purge

dryi ng was carri e ut down to a residual isobutanol content of < 2%

wei ght in the dried cat aloffgas pmelthlir sor. 5 Subsequently, the dried powder
was treated f,por 2 hours u inabh t | I h of 6.5
m an i nt er nal™grafErer ow.élg%m%dﬁ@e??é%rfﬁg ra{seg%}?% _S\Sgc{f')ggﬁectéﬁpgﬁ] The
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the rotapy pbe in an arrw% f Ik S i 100 nB/ h.
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After cooling to room t enpetret neactor andthe \sRDMElte svithdamwnviesm thet reaetbel y m xed
with 1 %by weight of graphite and conpacted in a roll conpactor. The fine
material in e cpnpacted material having a particle size of < 400 pm was
sieved off a lf"@%sback to the conpaction. The coarse material having a 15
particlel8ize of > 400 pmwas mixed with a further 2% by wei ght of graphite

and tabl et ed Defermirztibh 8 thetGveRgRidXRiatieh Stafct-the Y@RdaRImM ow cyl i nders (external
di ameter x height x dianmeter of the inner hole) having a side crushing

strength of 11 N. In order to obtain the required anount of catalyst
precursor, saéneeyeraggaoxidationgtpte of fhe yanadipm wapdetapnined Ry potentiometie r esul ti ng
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t he desired atnospheric pressure, an appropriate anount of gas was

Wi t hdrawn. Tinthevoimereasd (tvhatages / eB <oy at+d)dhesalution dontaimens W 'caehall of

cal cining ZoRg, ViadRPREEEatiRA St Ui QlneBRBid Pk E oY BAF ptBsgiah Uni !
time. Beta&gen t W successl Ve cgl Cl nf:}.;{{}%ﬁéﬁ nes Wwas In each cas lf sposed a
di vi i ng el PeEANGABAE SORGOR AT IR Pesiion 4 e tharitages 2se faed Bidlrdaie e+ egi on
of the flow amountofddt ang ¥t’. fheweightad averagel themygiven theaaverageanddation statezone
was 1.45 m The rate of the conveying belt was adjusted to correspond

In the latter case (one stage / +4 < V,, < +5), the consumption of the 0.1 molar

potassium permanganate solution can be used to calculate the amount of V**.

35 Subsequent reduction of all of the V** of the resulting solution with a 0.1 molar

ammonium iron(l!) sulfate solution and reoxidation with 0.1 molar potassium

permanganate solution allows the total amount of vanadium to be calculated. The

difference between the total amount of vanadium and the amount of V** gives the



to the de5|r5ﬁ dence time of about 2 hours per calcining zone. The

I ndi vi dual 34 re operated as illustrated in table 1. PF 54742 19
Tabl e 1: Paraneters for the operation of the belt cal cining device
ZoneTenper at ur eFresh gas fed Cal ci ning zotge 1Heat to 250CAir Cal cining zone

2Hol d at 250 ining z 4Heat to
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Cal ci ni ng zo@dd@iabIstptar 425CN2/ H20 vapor (1:1) Cal cining zone 7Hold at
425CN2/ H20 vapor (1:1) Calcining zone 8Cool to roomtenperatureN2 In this
vy (2601 O phuoiafl b S ARl b FAERREGRBEAEOT | uouSl Y. A, 5,
average oXi dation state of the vanadi um (VOX):4.15 * side crushing strength
(SDF): 9.4 N T deermine thie sifie crahihy streagtfithe tollodcydintiers waire plaeediinsor powder
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with 1 % by g\ﬁglgb_t of graphite and conpacted in a roll conpactor. The fine
material in the conpacted material having a particle size of < 400 pm was
sieved off and fed back to the conpaction. The coarse nmaterial having a
particl el1&i z&o detesming tre sidevarsishing strengto.Hn gactueasecio individyahmeapwreroéntyr aphi t e
and tabl et edwefe carfigb@td REmERCAVeRRel e, 5X3x3 nmm hol | ow cyl i nders (external
dianeter x 25 height x dianeter of the inner hole) having a side crushing
strength of 10 N In order to obtain the required amunt of catal yst
precursor, several batches were carried out. The 5.5x3x3 mm hol | ow cyli nders
were pl aced Emrlnﬁumﬂantnmsmglb@dsgyel ght of from9 to 10 cmon a

gas- per bl e conveyor belt of belt cal cining apparatus conposed of 30 two
i dentical belt cal cjni n ar at us connected in series and having a total of
ei ght PF 547X4be sxperimgnia ﬁmgwﬁ@gwm@wamaam Wt ardsa egackr teke. 38e descri bed
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25 pass mode.

The hydrocarbon was introduced in liquid form via a pump at a controlled mass flow
rate. The oxygenous gas introduced was air at a controlled mass flow rate. Triethyl
phosphate (TEP) was introduced in liquid form, dissolved in water, likewise at a

30 controlled mass flow rate.

The tube bundle reactor unit consisted of a tube bundle reactor having one reactor
tube. The length of the reactor tube was 6.5 m, the internal diameter 22.3 mm. Within
the reactor tube, a multithermal element having 20 temperature measuring points was
35 disposed in a protective tube of external diameter 6 mm. The reactor was heated by a
controllable heat carrier circuit. The heat carrier medium used was a salt melt.

The reactor tube was flowed through by the reaction gas mixture from bottom to top.
The upper 0.2 m of 6.5 m-long reactor tube remained unfilled. Next followed a
40 0.3 meter-long preheating zone which was filled with shaped steatite bodies as inert



catal yst 1 dEE%rﬁ ‘?fd The anal ytical results reported were obtained after a
catal yst ruhhi z i me of about 300 hours. Under the predefined paraneters,
.the average salt bath tenperature TSB was in each case adjusted to attain a
conversi on Cn-butane, per pass of about 0% so that the individual
exanples are_c ble to,.each othe 15 Even n.th xperipental plant 1
was oper at ed"ﬁaﬁ?%ﬁﬁ‘gfe@r%@"%w was, “°‘8%4r€5§ﬁ‘%%%¥’e$w§'$ége{%edi qﬁogql
stream and t #fe2iB0dvief salelyshnet ers in the reactor with regard to the

n- but ane concentration, the oxygen concentration and the pressure were
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particul ar cr¢Rr efflaBnt wal @sdhavdddyfrony el glatnd  space-tine yield, even for a
correspondi ng nethod with n-butane recycling (recycle pass nethod). 25
Exanples 1 to 5 (conparative exanples) In these exanples, the oxygen
concentration was varied frominitially 19.9% by volume to 12.4% by vol une
at a const anExgerinedntal plamt 2t{cyatecgasir e of 0. 33 MPa abs and constant n-butane
concent r?\si on in the reactor inlet streamof 2.0% by volune. The variation
30 was effected by partially substituting air by nitrogen. The results
reproduced i An¢ Sﬁ%leé'"?”@wwn{%&as\ﬁ’@?ﬂm%a'(ﬂ%érF'-’@B*? §d:0Y Ihahwsber W uced
from 19. 9% bgnd cydegad reciding 9 Hediffere nces, to dimdexpecmehtal planht ard sienmarizedal
oxygen pressyaﬁ was reduced correspondi ngly, the naleic anhydride
selectivity ta sz by 35 3.9% and the nmal eic anhydride yield by 2.4% The
space-tine yield is reduced by 4.2 gl/h. At the same tine, the average salt
bat h t enp®r a® ur@yclecgps mede ineteat lok“sthaight pass”.n- but ane conversi on of about 80%
rises by 15C,fr, [ distinctly nore rapid
deacti vati on.of%ggég%geﬁ%@g%ﬁmlﬁéﬁ%ﬁ%Stgq‘g!?'gni ficantly shorter running
tinme. 40 PF s47pedof thegassrusregciop efilupptdngayashicolinayepgspled withwaterasthe
exanpl es, the cohgahinopderds temdvecthe salableardaic dxidationrprbdurtd, YorkeXalieby vol unme
to 15. 0% by VO'd-fé’i‘é‘ic%hhgdrfﬁ‘énéérglﬂ:tad?c%ﬁd g%}eﬁg%gen pressure of 0.066 MPa and
ncef t C

constant __ 5 n-butane c ntration rn the reactor inlet streamof 2.0% by
vol une. 3 s*wddisehasgr-ofa rertion ethe remajping 838 stream ge offaag e mMags Bewpr essur e
of from 0. 33 t cofitrdtedVBeydtibg of thé lnther poitiahiasra cyele gaisfstrebed Thy cye basal |y
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when t he oxygen concentration Is re y volune to 15. 0%
by volune at a UMK apftuneRRYeriad BsRYGR® pressure, and therefore the reactor
inlet pressure is increased correspondi ngly, the naleic anhydride

sel ectivbdy Paldatatioi oith%%‘a?éh%tﬁhe mal ei ¢ anhydride yield by 0.9% when the
n- butane concentration in the reactor inlet streamis 2.0% by volune. The

space-tine yield was reduced by 1.6 g/l h. 15 Exanple 9 (conparative
exanpl e) andAaBanbstes/enamehstiret! tank havngebaffteswhicls had heerinedizad withcérageat i on

was varied fpdtould b Abbtéd Ja%e&%upm\seédéunzedtwatéﬁwwmmuy Bhatged *ith 8, 1CGaNSt ant
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30 was heated to 90°C with reflux. At this temperature, the addition of 736 kg of vanadium
pentoxide was commenced via the conveying screw. Once about 2/3 of the desired
amount of vanadium pentoxide had been added after approx. 20 minutes, pumping-in
of 900 kg of 105% phosphoric acid was commenced while continuing to add vanadium
pentoxide. To clean the pump, a further 0.2 m® of isobutanol was pumped in.
35 Subsequently, the reaction mixture was heated with reflux to from about 100 to 108°C
and left under these conditions for 14 hours. Afterwards, the hot suspension was
drained into a pressure suction filter which had been inertized with nitrogen and heated
beforehand, and filtered off at a temperature of about 100°C at a pressure above the
suction filter of up to 0.35 MPa abs. The filtercake was blow-dried by constantly
40  blowing in nitrogen at 100°C and with stirring with a height-adjustable stirrer disposed
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obtain the desired atmospheric pressure, an appropriate amount of gas was withdrawn.
The volume of the gas circulating per unit time in each calcining zone was greater than
the volume of gas fed or withdrawn per unit time. Between two successive calcining
zones was in each case disposed a dividing wall for reducing the gas exchange, which
35 was open in the region of the flow of the catalyst precursor. The length of each
calcining zone was 1.45 m. The rate of the conveying belt was adjusted to correspond
to the desired residence time of about 2 hours per calcining zone. The individual zones
were operated as illustrated in table 1:
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Table 1: Parameters for the operation of the belt calcining device
Zone Temperature Fresh gas fed

Calcining zone 1 Heat to 250°C Air

Calcining zone 2 Hold at 250°C Air

Calcining zone 3 Hold at 250°C Air

Calcining zone 4 Heat to 310°C Air

Transition zone Cool to 200°C Air

Calcining zone 5 Heat to 425°C N,

Calcining zone 6 Hold at 425°C N2/H,0 vapor (1:1)

Calcining zone 7 Hold at 425°C N2/H.O vapor (1:1)

Calcining zone 8 Cool to room temperature N>

10

15

20

25

30

fn this way, approx. 1.3 t of finished catalyst 1 were prepared continuously. A
representative average sample of this catalyst had the following data:

* average oxidation state of the vanadium (V): 415
* side crushing strength (SDF): 94N

Preparation of catalyst 2
The dried catalyst precursor powder was prepared as described for catalyst 1.

Subsequently, the dried powder was treated for 2 hours under air in a rotary tube
having a fength of 6.5 m, an internal diameter of 0.9 m and internal spiral-shaped coils.
The rotation rate of the rotary tube was 0.4 rpm. The powder was conveyed into the
rotary tube in an amount of 60 kg/h. The air feed rate was 100 m’/h. The temperatures
of the five equal-length heating zones measured directly on the exterior of the rotary
tube were 250°C, 300°C, 340°C, 340°C and 340°C. After cooling to room temperature,
the VPO precursor was intimately mixed with 1% by weight of graphite and compacted
in a roll compactor. The fine material in the compacted material having a particle size of
< 400 um was sieved off and fed back to the compaction. The coarse material having a
particle size of > 400 um was mixed with a further 2% by weight of graphite and
tableted in a tableting machine to 5.5x3x3 mm holiow cylinders (external diameter x
height x diameter of the inner hole) having a side crushing strength of 10 N. In order to
obtain the required amount of catalyst precursor, several batches were carried out.

The 5.5x3x3 mm holiow cylinders were placed continuously in a bed height of from 9 to
10 cm on a gas-permeable conveyor belt of a belt calcining apparatus composed of
two identical belt calcining apparatus connected in series and having a total of eight
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calcining zones. The calcining was effected as described for catalyst 1.

A representative sample was taken. This had the following data:
*  average oxidation state of the vanadium (Vox): 414
5 * side crushing strength (SCS): 8N

Preliminary remark on examples 1 to 11

10 Examples 1 to 11 were carried out in the experimental plant 1 described using the
catalyst 1 described. The analytical results reported were obtained after a catalyst
running time of about 300 hours. Under the predefined parameters, the average salt
bath temperature Tsg was in each case adjusted to attain a conversion Cp.uutane, per pass Of
about 80%, so that the individual examples are comparable to each other.

15 .

Even when the experimental plant 1 was operated in single pass mode, the
composition of the reactor inlet stream and the process parameters in the reactor with
regard to the n-butane concentration, the oxygen concentration and the pressure were
similar to a corresponding method with n-butane recycling (recycle pass mode). The

20 examples are therefore representative and transferable in relation to the operation of
the reactor and the performance data, in particular conversion, selectivity, yield and
space-time yield, even for a corresponding method with n-butane recycling (recycle
pass method).

25 Examples 1 to 5 {comparative examples)

In these examples, the oxygen concentration was varied from initially 19.9% by volume
to 12.4% by volume at a constant reactor inlet pressure of 0.33 MPa abs and constant
n-butane concentration in the reactor inlet stream of 2.0% by volume. The variation

30 was effected by partially substituting air by nitrogen.

The results reproduced in table 2 show that when the oxygen concentration was
reduced from 19.9% by volume to 12.4% by volume, and therefore when the partial
oxygen pressure was reduced correspondingly, the maleic anhydride selectivity falls by
35 3.9% and the maleic anhydride yield by 2.4%. The space-time yield is reduced by
4.2 gfih. At the same time, the average salt bath temperature required for the desired
n-butane conversion of about 80% rises by 15°C from 404 to 419°C, which leads to
distinctly more rapid deactivation of the catalyst and therefore a significantly shorter
running time.
40
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Examples 6 to 8 (comparative exampies)

In these examples, the oxygen concentration was varied from initially 19.9% by volume
to 15.0% by volume at a constant partial oxygen pressure of 0.066 MPa and constant

5 n-butane concentration in the reactor inlet stream of 2.0% by volume. This was
associated with an increase in the reactor inlet pressure of from 0.33 to 0.44 MPa abs.
The variation was effected by partially substituting air by nitrogen.

The results reproduced in table 3 show that when the oxygen concentration is reduced
10 from 19.9% by volume fo 15.0% by volume at a constant partial oxygen pressure, and
therefore the reactor inlet pressure is increased correspondingly, the maleic anhydride
selectivity falls by 1.3% and the maleic anhydride yield by 0.9%, when the n-butane
concentration in the reactor inlet stream is 2.0% by volume. The space-time yield was
reduced by 1.6 g/lh.
15 .
Example 9 (comparative exampie} and examples 10 and 11

In these examples, the oxygen concentration was varied from initially 19.9% by volume
to 12.6% by volume at a constant partiai oxygen pressure of 0.066 MPa and the

20 n-butane concentration in the reactor inlet stream from initially 2.0% by volume to 1.2%
by volume. This was associated with an increase in the reactor inlet pressure of from
0.33 to 0.52 MPa abs. The variation was effected by partially substituting air by
nitrogen, and also by reducing the amount of n-butane fed.

25 The results reproduced in table 4 show that the oxygen concentration can be reduced
from 19.9% by volume to 12.6% by volume at a constant partial oxygen pressure and
therefore at a corresponding increase in the reactor inlet pressure without a significant
loss in maleic anhydride yield and without an increase in the formation of the
secondary components acrylic acid and acetic acid when the n-butane concentration in

30 the reactor inlet stream is at the same time reduced from 2.0% by volume to 1.2% by
volume. The small decrease in the maleic anhydride yield of 0.2%, which is caiculated
from the experimental data, is more than compensated by the enormous advantage
that, in contrast to an oxygen concentration of 19.9% by volume at which it is
necessary to add pure oxygen in a technically complicated and expensive manner, it is

35 possible to add air as the oxygen-containing gas at an oxygen concentration of 15.2%
by volume and below. Despite a possibly slightly lower maleic anhydride yield, the
process according to the invention in its entirety thus has a distinct advantage over the
prior art processes as a consequence of the use of air which is now possible.
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Preliminary remark on examples 12 to 25

Examples 12 to 25 were carried out in the experimental plant 2 described using the
catalyst 2 described. The analytical results reported were obtained after a catalyst

5 running time of about 300 hours. Under the predefined parameters, the average salt
bath temperature TSB was in each case adjusted to attain a conversion Ch.utane, per pass
of about 85%, so that the individual examples are comparable to each other.

in these examples, the amount of recycled offgas was varied at constant n-butane
10  concentration and constant GHSV. For comparison, examples 12, 13, 19 and 20 were
carried out without recycling.

The results reproduced in table 5 show that recycling of the n-butane results in
achievement of an increase in the maleic anhydride yield Y aieic anhydride, overall Of from

15  58% to 63.1%. In addition, the salt bath temperature can be reduced from 416°C down
to 394°C. The amount of triethyl phosphate can be reduced in the process according to
the invention and results in a further improvement in the economic viability of the
process. The space-time yield decreases only slightly at constant n-butane loading.

20 The results reproduced in table 6 show that recycling of the n-butane in the process
according to the invention additionally result in an increase in the space-time yield up to
130.5 g/lh, since safe operation of the reactor is still possible even at higher n-butane
loadings. It is possible, by changing the operating parameters of the single pass
process to the parameters of the cycle gas mode, to start up to a stable operating point

25 achieving a comparable space-time yield, but the maleic anhydride yield
Y mateic anhydride. overall IN the process according to the invention is 5.4 abs% and 9.6 rel%
higher than in the single pass process.
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E 0)) WOO%.%BQ\I_ CLWOMr NNC'p Cr'CQ LI') oN2ccO | 00-(D (Da a
CD]-- IpO L PF 54742 28 W claim 1. A process for preparing
~mal ei ¢ anhydri de by oxidizing n-butane in the gas phase under heterogeneous
catal ysis wi th oxygen-containing gases o a vanadium, 5 phosphorus- and
oxygen- cont %i zrl)qm(,:at alyst in a reactor unit at a tenperature in the range
from350 to o] tenmovi ng the mal ei ¢ anhydride fornmed to forma gas stream
whi ch conpri ses unconverted n-butane and water and recycling at |east a

portion of the uA@edtees tor Prapadity aidfeit Bntiyaisidé BRekialzingM- butaM@hﬂthe@ﬁ hasees

feeding to the rg k etne Hsbéll.u és%tﬁ% a"'n’t‘aqn.ﬁ “8\%?2\;8 .ﬂ”a“on
of 10 fromO0.5 to )eb d lg
21% by Vbl ume, el@qsabpr@hwbowsn@@@am@geﬁatawém ﬁr%ﬂctqrcsmttﬁéa ﬁ@a:aqraﬁurmnﬂ.t of

fromO0.4 to 2 MPheabsge faord 360ty BO0°IC) geridving the rhaleit @ARGdridetitrenaa-tb fdrane f rom
the inlet streamy, &&Fea?ﬁﬂﬁfc%oﬂgﬁées .%n”&o?werédﬁmﬁs wﬁie%ﬁ?fecgam% aff' m 1,

wherein an inlet¥stream havi concen rat 0 1.5%

by vol ume is fedeg# %M'%afcthgmmn\@m%n- btasieJe tgsregstor Unit. whieh GomMArse®r  of
clainms 1 and 2, fsedingitottereactbetnitsdr iaktrsinearn hgvingian oxbuipne comoertretioatof on of

from 10 fp 18% bioe) 11 5% dyafbire bhFah 637deR colBirtratiaR of from 5 to 21% by
volume, establishing a pressure at the inlet to the reactor unit of from 0.4 to
2 MPa abs, and converting from 40 to 100% of the n-butane from the inlet stream
per reactor pass.

15 2.  Aprocess as claimed in claim 1, wherein an inlet stream having an n-butane
concentration of from 1 to 1.5% by volume is fed to the reactor unit.

3. A process as claimed in either of claims 1 and 2, wherein an inlet stream having
an oxygen concentration of from 10 to 18% by volume is fed to the reactor unit.
20
4.  Aprocess as claimed in any of claims 1 to 3, wherein an iniet stream having a
pressure of from 0.4 to 1 MPa abs is fed to the reactor unit.

5.  Aprocess as claimed in any of claims 1 to 4, wherein a GHSV of from 2000 to
25 10 000 h™, based on the volume of the inlet stream fed, normalized to 0°C and
0.1013 MPa abs, and based on the bed volume of the catalyst summed over all
reaction zones, is established in the reactor unit via the flow rate of the inlet
stream.

30 6. Aprocess as claimed in any of claims 1 to 5, wherein the oxygen-containing gas
used is air.

7. A process as claimed in any of claims 1 to 6, wherein the heterogeneously cata-
lyzed gas phase oxidation is carried out in the presence of a volatile phosphorus

35 compound.

8. A process as claimed in any of claims 1 to 7, wherein the reactor unit used is a
fluidized bed reactor unit.

40 9. Aprocess as claimed in any of claims 1 to 7, wherein the reactor unit used is a



4. .A procesP ?7?%6“ med in any of clains 1 to 3, wherein an inlet stream
having a p E su of from0.4 to 1 MPa abs is fed to the reactor unit. 5. A
~ process as clained in any of claims 1 to 4, wherein a GHSV of from 2000 to
25 10 000 h'"', based on the volume of thgginlet streamfed, normalized to OC
and 0.1013 MPa ahs, a based on the bed volune of the catal yst summed over
all reaction zgﬁ’@stfur\r&% regetapyIshaving ?ﬁ?q?éoi“%mn Zene capled Beheatsdrr at e of

the inlet streaermd@iub. A process as clainmed in any of clains 1 to 5,
wherein the oxygen-containing gas used is air. 7. A process as clained in
any of clai 1 .to 6, wherein the heterogeneously cata- |yzed gas phase

oxi dati on ig&caﬁ'ﬂrgﬁés&?ﬁ gimed in %"f“gh rWﬂ?g‘?i'F aéu%gtg}q?q ©as EB‘H@%@@" which
conpound® 8. A pasetlesstdwo ceadtion dones anoleddfy ahedtwarrier tredim.wher ei n t he
reactor unit used is a fluidized bed reactor unit. 40 9. A process as
clainmed in y of clains 1.to 7, wherein the reactor it d.|s a PF 54742
20" tube bunti o ARSAEASS S TSN TATE SEme A48 1t least ABRS f8ofed by a
heat car- rier wceoveamed nitutane iprecyeted tathecleactoranit.n cl aim 9, wherein a tube
bundl e reactor unit is used which 5 has at |east two reaction zones cool ed

by a he carrier nmedium_ 11. A process,.as.cl ai i.n.any, of clains 1 to 10,
eherei i Taas® prags o camas i BRRGEr Foareit i o el S bt
reactor unit. 16utepe isvegyaedtothaseastetiumdd in claim 11, wherein from40 to
80% of the unconverted n- butane is recycled to the reactor unit. 13. A

process as ai ned in yv.of clains .1t rei.n l.eic, aphydride is re-
moved from ﬁh‘e ggrgo%etslsggrﬁiq%m?ﬁm%olffc}agﬁ?& 3%1%;@}? P rﬁ?' aﬁﬁ’ff{}@ T ®st a
portion 15 of timovgaont thegas paremithdiawnifeane the raacipuunitend f least glpediono t he
reactorqg§nit. of the gas stream depleted in maleic anhydride is recyled to the reactor unit.



