0050/ 51235q 6# okET24EB~ *159159* Preparation of maleic anhydrlde The present
invention relates T0 a process for preparing nalel e by

het erogeneousl y catal yzed gas-phase oxidation of h W m ’" avi ng at

"l east four carbon atons using oxygen-containing gas resence of a
vol ati |l e phosphorus conpound over a catal yst conpr|5|ﬁ§“#anad|un1

phosphorus and oxygen in a shell-and-tube reactor unit having at |east two

10 successPmepareatied seanilede ZARedridél ei ¢ anhydride is an inportant
intermediate in the synthesis of y-butyrol actone, t et rahydrof uran and
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| east fourcxygenororbadnint Jaseagimxyige prienencs het la andat ibe ﬂtﬁ:&‘ph@f:u@ver a
catal yst cou@uinsi ageﬂaatmﬂtuuys@fmﬁﬁlqrsliagaﬁslnwﬂﬂen phdsfENE]Llanyy known and
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Mal ei c nhy I'n enera r 25 C4-hydrocarbons such as

1, 3- but adi ene, n- butenes or n butane are reacted. The catal ysts conpri sing
vanadi um ¥fGdsherhedaide isxppeimportrasitn aftermedifater éd the asyitPOis of

cat al yst s"y-batprobartdne, tepranmiredutasecands 14,4480+33ddidlS 4h36R, 268,1US

5, 641, 722 tanth USel, 79 3 A/2ht 8l 0PI HD b 588 Lﬁz&h@%lt%émysf%rl% 923 and

30 US 5189%:£h3lk, fgé?mé(‘scg[lghngs t&1%e4f§%1206§1ra ppl e 18, "a  maxi mum

space- t| elc ydr| de per 1 of _
cgt al yst Y@lq Y5 ac d'ogl\?éd For the purposes of the present invention,
t he space- tlne yleld Is the anount of desired product, i.e. maleic

anhydri de,Then PgPRABaL M OSdUE beil  éanhiydud de oy \eteregeheotnsl yw ataahygteded i n
liters in gasepharecwsidgrdoat borhyditearbshs i paiigat 0basetioe ehrbbe
het er ogzm etitidsy us dhal osAR@en §aSa pé}%iQ.—QﬁHd@Gb@'}%a%ftong{ré’faef Q:%Qﬁlg?’aml ei C
thydrl de doatpﬂseﬁée\mda%hhm ta\@sgmo%@ 8nd Sty dild 963838 {fg@eﬁé'
dgggt | 52: : gbgﬁé ({g; amf’a?ysjtri ﬁthaniup%}cg?slé’BeBW a%lIt"IdBﬁtBt-a]an
organi c 4% H‘&§gﬁ%f JE c8‘flr’p blagtnogdg) Relegsey SMRPEQEJ NHEIC he
phosphor u$NPo FPEEREC RS OF ed M‘ﬁl%‘fq é\rnhwﬁredfﬂ ‘UptIroigeoerahe bemzedat don
react i o8 Qumhyfeooibdasi sucihfa2-1hdt-bneademBX nFbotéifed \Wr-nXoh@dnd 4ire
*C00002* (H2a0@tBA23Phe catalysts comprising vanadium, phosphorus and
oxygen, hereinafter referred to as “VPO catalysts”, are used in
unpromoted (see US 4,429,137, US 4,562,268, US 5,641,722 and
Us 5,773,382) or promoted (see US 5,011,945, US 5,158,923 and
30 US 5,296,436) form. According to US 4,562,268, Example 18, a
maximum space-time yield of 76 g/lh, i.e. 76 g of maleic
anhydride per 1 of catalyst and hour, is achieved. For the
purposes of the present invention, the space-time yield is the
amount of desired product, i.e. maleic anhydride, in grams
35 produced per hour and volume of the catalyst bed in liters in
continuous operation.

hat

The most important objective of the heterogeneously catalyzed
gas-phase oxidations of hydrocarbons to maleic anhydride is

40 essentially to achieve a very high space-time yield over a long
period of some months.

Thus, it was recognized in US 3,296,282 that deactivation of the
VPO catalyst can be suppressed by addition of an organic

45 phosphorus compound. The best results were achieved when the
phosphorus compound was fed in after interruption of the
oxidation reaction. In the oxidation of 2-butene, a maximum

IR
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space-ti 4 77 g/l h was able to be achieved (see Exanple 1 in the
docunent nz?q%(c?)ﬁ%sAo 123 467 teaches that the addition of the phosphorus
5 conpound can al so be carried out continuously during the oxidation
“reaction with addition of steam In the oxidation of n-butane, a
space-tine yield of 68 g/l h was achi efed (see Exanple 1 in the docunent
_cited). l1CRasegSimeqyBRl @F977i ¢/ Wasiaseebdai z@ e hahiehed apddeyiExgmpliet he
VPO cat allysin itheddoqpetkryy cadddji on of a phosphorus conpound. This nakes
possi bl e a hi gher hydrocarbon throughput at inproved selectivity, which

| eads to Jangr e ' ield. _Ln.ihe idation qf n-butane, a
space-ti%e%oﬁAeEd?gf g%i%% ﬁgh\%\g?}?ﬂ%‘%}?‘t@vegd?#J(%neeo(%XEigﬁ‘pPléo? HF%he docunent
cited). USOAPSUIEsCHER1HOs PPoSRES 1 itz SPP bW S dpF SRS par aneters  in
the oxi dat9*3HaGRoR-FRAGHHON Bikhl a9 tdomy af | Beeatre Inat MP®xistatdlopsbfi n t he
conti nual pesenee afspacentiglyifospifase gnth 2@swatkieveporseel BRafPXé MUM
space-ti nel jinekHe addiumendt vasedP4 g/l h  (see Exanple 2 in the docunent
cited). The conversion of the hydrocarbons into maleic anhydride is

st rongl ot.Rer M C i6S C anied b sible parallel 25 and
subsequ]};ontef§1 rttggc%'nlo'nssfsq o eilﬁe% .y{?cé’ﬁnil%%maeéoi%ﬁet f’\‘étl‘ﬁ’sfd’r S&aFBBNVEO
t hr oughput®®-@n¥eh 1% aBY e2 4t 190n PEV R RPQERkOgHS egreraind.nBhisel d,

resul ts i MeXegebPPeaidde @ hhgher|hustrogiarbonfthriwghpet at odwpatovedr mat i on at
the same MPedegtavitn odrichr Seads dice ant dntheasatr spasedt fenarialiaQnILf theat .
30 EP- A- 0 dX38a433n hets mpbapasef £ @pacalife t i 1300¥esE N/ 0N6R sCLERELvedf

reducedissqlseet Exahp1 s 1ACERA HRRer at of heat by use of a structured
cat al yst ged, i.e.ryla be& in whic thg g%i[:?(?/)l ty varies according to

posi tion. Ehg %Oﬁfft %at al %st activity is at 35 the reactor inlet and the
hi ghest i$7af PhES}act OrsolReet OPtimipatiRe L ithecRFPSRES) PesAMEheus| y or
in steps. PoFherexidatdencaf neutiang b nakeisnteahydride tawart meypot he
docurment tce&ehest igssdet cahtinwil piriesancé dtherdabtNgl GeiciphakePandi cl es
With i 2o atent esped. ahd hheimiee sphceat ahe'Spie10f adhid®dd %saﬁphvé;ml and 40

possi bl y nigkkUeesmdiREREQh . +AS-ddcan@ll fD-fescri bes the use of a structured
catal yst bed in the oxidation of n-butane ‘over a VPO catalyst in the

presence & a vol at.il e phosphorus conpound, with the unreacted n-butane
bei ng 45 & Ei ?%‘Ej‘fea’iselt?naf’?e?h YErOcaRRgRs i -oafaleic privdeddenise been
separ at ed S§FPRIhEXoEResPie And yist ageompanied dyananheassddier p@HEIN&1235 3
inl et &% anfeskivspavent| seattidis.r Cantequentillygt anAi s@anmse iiAethyi el d of at
most 95 ghybrocaxtescrhbedghMR O¥hEEA5Es ekilrases foP RHASY1HhGT 2 LARAT i NG
mal ei ¢ anlg Qééfkimé5y36951nfégﬂﬂ%@eiﬁygrdébféggecﬁhatyétséf%ck?@igrqgﬁnpe of a
vol atile BaEsPhOISRATPAUM:idh Wi Ehe (NG CaLALYSE S IVIEY IS Varied
to the increased generation of heat.
30
EP~A-0 099 431 has proposed countering the abovementioned effect
of reduced selectivity at increased generation of heat by use of
a structured catalyst bed, i.e. a bed in which the activity
varies according to position. The lowest catalyst activity is at
35 the reactor inlet and the highest is at the reactor outlet. In
between, it can vary continuously or in steps. For the targeted
setting of the catalyst activities, the document teaches
essentially dilution of the active catalyst particles with inert
material and the use of catalysts of differing activity and
40 possibly mixtures thereof.

US-A 5,011,945 describes the use of a structured catalyst bed in
the oxidation of n-butane over a VPO catalyst in the presence of
a volatile phosphorus compound, with the unreacted n-butane being
45 recirculated after maleic anhydride and by-products have been
separated off. The lowest catalyst activity is at the reactor



with tenp n- but ane concentration in the flow direction of the
gas in su%ﬁgﬁyﬁ%at the reaction rate is pronoted by high activity in a
region of low tenperature and | ow n-butane 10 concentration within the bed
“and is danmped by low activity in a critical region within the bed where
the conbination of tenperature and nm but ane concentration would |ead to an
_excessi ve inlggr end ethen higheet sioratarvdier caatt@n dueiper ab spaceHidmaaxi mum
'space-ti myigildl df azthimestd 9%ag/ 12 A g/deBct s8€d Exanpl e 6 in the 15 docunent
cited). Wellauer et al., Chem Eng. Sci. Vol. 41, No. 4 (1986), pages 765
to 772, degc Fpatll f.Qr ation_of. n-butagne
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i &

di fferent Sa ature WAL atR oh, it
was only BELELPH er%gﬁné‘cnﬁﬂ'ﬁbbn a‘ﬁ‘q H@F’e‘&%%r? erc%SOEQbEﬁWhtoél |y determ ned
space-ti néey‘PE’FﬁtlfIfQ)mnG‘O ngbyutane @rcgnthation wouldndedd tp lan Ercesdive)
conpar ed tiocrhase oipacaveveioktdmd reattijon aiperustirbedrisd maxif@nst ant sal t

bat h t enpepatsreisgaelabhenLevdlt g 96 UGEN (s‘ébt ﬁﬁ&m ReGohdi pReto the
present1s RveRheRP. cidedjds recogni zed that the - but ane t hr oughput over

the catal yst can no longer be increased signifi cant | y under the conditions
di scl osed Vel | auer et al since the tenperature of the hot spot maxim

woul d | ncwgiéﬁueﬁlegtn ohi-cafibeh ERG-s SPR- (YR Adul §Or e$ul 19860  aPagemi T65 ant
reduct i ontPn7{fhe defcxdbeypt yinHdtibnsmadel dfitirf ithanox tidariems ofi n-bulthrtehe
yi el d andtepmabeid mmhyidelide i the basbhb]@ftexplertenpsbshita Ifaveﬁlt}trﬁﬂvri o
devel opeacatategss. fidikh lahep&sjé&:ﬁel 8k Ca il ﬁl@d@hﬁl}?tc%%sge
cotal yaednecsbesnitibdel |61 e AaLYALPCARANADRYL T e @g%g ur carbor
hydr ocar b%%ht %eé’ﬁ(]}’%%@t P Ve &%eexggpﬁﬂ}g? ref%lﬁﬂ'cﬁﬁle’r%i"&r’r 1gd
sel ecti vi EF 5heRH g%p e FEI {Pd:fera‘ésPFeﬂl%le@? BRBL {¢rtsion (99591}1@12‘-3@ 4
signi fi caﬁ‘?P?“?ﬁﬁrfé’rr §B§é@lﬂrﬁe theeptocersy d@dotbengse oft twopcatalystrt. A
furt her25obgdetwuth tehdopr eseititimaenthenressoro ihlat add exihibk aegititgn
condi ti onatwbhe hremiteri bupbstSidide (b9 ol aldttanghbghtwhatiereir8Be V£l over a
pr ol ongted bBEH' Ol R Bs § %&V%&t m§t9émattj,1%tlu@££jo.rﬁ Pzét{lotnhgl?rgggt enlq,ual ity
or puri r IV
cat gl ystygga%%%ﬁogﬁkhﬁ c?‘e% %ha’f rlt egépcejﬁuger?talg a g FRinss by a
process f§ f’é 6é’nﬁy PitR g}{é'f‘eﬁﬁﬁeh%blfé’ldy Géaﬁélr‘}/zféﬁ-'
gas-phé@ (b) compared o the comparative method using a catalyst bed at a
constant salt bath temperature (see Table 2 in the document
cited).

According to the present invention, it was recognized that the
35 n-butane throughput over the catalyst can no longer be increased

significantly under the conditions disclosed in Wellauer et al.,

since the temperature of the hot spot maxima would increase

significantly. This in turn would result in a significant

reduction in the selectivity and thus a significant decrease in
40 the yield and space-time yield.

It is an object of the present invention to develop a process for
preparing maleic anhydride by heterogeneously catalyzed gas-phase
oxidation of a hydrocarbon having at least four carbon atoms

45 using oxygen, which makes it possible to achieve, at high
hydrocarbon throughput over the catalyst, a high conversion, a
high selectivity and a high yield of desired product and thus a



10 oxi dati ; {Qggocarbons havi ng at | east four carbon atons using
oxygen-con alnlng gases in the presence of a volatile phosphorus conpound
over a catalyst conprising vanadium phosphorus and oxygen in a

"shell -and-tube reactor unit having at |least two successive cool ed reaction
zones, wherein the tenperature of the415 first reaction zone is from 350 to
_450C and tdi@gnidipentlyrtdgber thecseciord ydaldf thdmheiccoedting ato ameeprisr f rom
350 to 480dztand Ehethdergpgeatuse ¢hd fieaaae DefaRaBNt H8s hed tBsly reaction

zone and tﬂ%x:.%@@' ?éécﬂfl%%ct:bflal%? 'vﬁu@h h tl'tzgosggbfgrtc% %%tglil.r PQSes of

t he preserH S%é nd 08 %gr qn -t ctor ers'to a
unit co g et ¥ s %%%]fl Eule Pﬂg% ROy evﬁnsﬁélq ‘e fYePhbe
react or Lf CtE?)Hﬂr}sséé‘ Lhe| amuntgngupddey R tHH’B‘échQf:HChes s¢artdngded by
a heat treaterdplaeel um ftbe Aeert mf axvdooessivd iaagalyat gdermrtdlvatibn.

shel | -and-tube reactors used industrially contain froma few hundred to
tens of thMHIARESEOind ARGLOEhESDESH feRtREaEEadHY evi@ Bﬂﬂ@ﬁi?dcfes@ phyrality

gfe awglr vi ;b&g a§3§g 'Sma?arurict ugﬁy&f-‘f&é B he(:g?gi%}%d%%ﬂirecg d 3l a&%%eet s be
t he eqw@a‘ferc\ltaatcéan %f a}ly%ﬁgf“?r AR teilﬁﬁ'é‘nlge%t ?as&mf%Fec?’Fm'h(féﬂ’mﬁnH%%n‘i he
term shel9XYSRA-FoBAIHRG §psas iRddeperesents afha ypbatilmehogbboreact or
uni t conprdoswpoupdpdygrala cptelyss hedniprasdag ubenaddaet, opsosfimruaxanml e t wo,

three, fowxygenmies siellhefe-tilke aRARESEEGhit) RingSat | TeanNey8l , the

shtel I {andtéd&@ssi‘@élcé&g.%dai‘l@aé@féh %ﬁagctgﬁeférhrflﬂ';&gcﬁs Q%egtkl h thet e
ou u
il gt Jfgs ?F%Q&lﬂﬂl Z%HS E.s aPI&)I& l‘l'%%% tg ?éélc d 19’1 S&HIBFE 1‘;]6?

and/ or ene y FSo%%A?r%rTE\%ﬁ ?aﬁd’f?frCthr 58&%%&90§Fﬁﬂe Qlotct 18 O Guoand the

shel | - and-%IPEX A EeER SlifferRnge befwespafpechotipst sPachion genesendather a
conponent adedeebfreagtion eakenimfdt deaatfia.her gas stream can be

i ntroduced or the gas stream can be passed through a heat exchanger. 45 An

eﬁslelntura%I mgeaa Sirgdaesppecess ;ﬁfestem Eﬁfé@&ton' NYRBL{OH, 1S the use of a
shel | -an i Gh ccessive, reaction
zones and slth% g éf&q 'Ilgh%uiég\gbove q.%tfg%s ?@é‘%‘ﬁ%lﬁ%ﬁ %sj’tng 5r4f2F%s with
adher ence ¥6 Fﬁ% f %&Pﬁr’ée%‘fff?re'ré\néb i T8 r%?tqnné“pGPEBses of the
present i MAPERELBES at"nelelaéFrr?n‘i’ gRAGten sbhe ‘f@f“élr 4t suBrunsiesnbyi & hheata

shel | - and-trapeferaradium Ear vheatireg @atdbystoalsingr.eIrngeranchlt,he t enperature
i s nai rRSished 15and-tubenirbactora used LAduEEsi a0yt eshtaimerdomaetayure of a
reaction zemarks tdiaedn@nBer holisardis Wi 8aditst @abakYsdnddiddi $n reaction
zone woul Cﬂaa‘%@li&lt hﬁe I BEaSS1 V&) %fc%ﬁwgdﬁ) { 'h%l&hgnd att{fb%n%r%agi_oa chem cal

reaction. (If LhLs denperat ur r S poi hts, the

termrefers to ?he o Chng ﬁf’c{jrg'gﬁe Tr’e?cf'u‘iac}/rt ERBRT At &F6ng t he
reacti on FORBECHRL M Pé‘f’all‘%]ecdiﬂfs@r ar@r ePRTidexgd: F‘Bnb%(ﬁ’@seaﬂévﬂrﬁfe%lch

case tfﬁ?iqfr§t§hell -and- tube reactor and are included under the term
shell-and-tube reactor as used below.

If the shell-and-tube reactor unit comprises a plurality of
shell-and-tube reactors, for example two, three, four or more,

35 these are connected in series. In general, the shell-and-tube
reactors are then connected in direct sequence, i.e. the output
stream from one shell-and-tube reactor is conveyed directly to
the inlet of the following reactor. However, it is also possible
for mass and/or energy to be removed and/or introduced between

40 the two shell-and-tube reactors. Thus, for example, part of the
gas stream or a component thereof can be taken off or a further
gas stream can be introduced or the gas stream can be passed
through a heat exchanger.

45 An essential aspect of the process of the present invention is
the use of a shell-and-tube reactor unit which has at least two
successive reaction zones and is operated at the abovementioned



second or 66§%P§ﬁ ggaction zones in the direction in which the gas is
passed t hroug % pendi ng on the enbodi nent, a shell-and-tube reactor
can have one, two, three or even npbre successive reaction zones. |If a
“shel | -and-tube reactor has nore than one reaction zone, use is generally
made of physically separate heat tran8fer media. 20 The shell-and-tube
_react or unteMPRFREHTred Wit @slbdrence e thec eempexdturee dpfEsearicé nvent i on
may, for exmmilfdedbeFachileyedrposéhoffane plebamt SURRAESLNE #1RAGLLRAN ZONes
by nmeans ofeafibnazbM®-ZF@ssks! & - &r#%tﬁ?ﬁcé ¥ 110 \éﬂdSJcE&?A Geal08r

shel | - and- agt nect three
successi eﬂrjgglcl??g% g%‘f% Q 18 §%eé t %(5’ t%e?"épeerfgﬁﬁsﬁilr?alé‘r’f&lf’ﬁﬁe
react or w072 Y& aﬁa t &r ’E R} dtemperatire 205iangl e- zone
shel | - and-i§A5¢ 1PBaZPRR %M@éc?é@?l’rﬁ%ﬁ es whickithygl eatehesshial ithand-t ube
react or t otpRCtdPnWEORe avdudd- benkf 3% ghrecksandetalkart-eadt ot canraet ed in
series * tabsemcei 0gl 8- caheléadtihd.URe ERAS 1 QUNHLARABEL £4] dL Seri es.

Furt her norecacthg shel danndxt Wbe Lg@ﬁg._tsor tHa! &ﬁff"}e?e%% ggvghor}ﬁn%rr‘lmegg%gme

preheat n heat ng
i ntegr a%ggnﬁza(r?\lt §§ ’é‘ﬁ% %&%Q%tbu% nleoélcgt 5% cﬁﬁacbtemna?ﬁingveﬁhe figitséxanpl e, by
nmeans of & r °F ubs }Wf’ﬁ ﬁa«ayboqqun@a afpt i 9paht cageethel £ia9t, ar e

| i kewi se W@Gneédf‘bﬁﬁhﬁaﬁewhm eonegednubhe Abireceron i evtiizh, the is in
princi pl e gposdebpessed ueoagh. 45 shaped bodi es which are chenically inert,
i.e. induce or catalyze no heter ogeneous catal ytical reaction, and which

result ig) fepeMBXhHUSA e, t maxi_nmu toI erabl e
0050/512352“1{e Bl 3t o5 IO°rel'fca§e|sf§'“ fﬁc’g‘\i/ "8 Bl Pl £INBE LG ol S Bave o

exanpl e, iC fra %rﬁ r%losreAffﬁgeﬁ?l‘S‘? 638Ftﬁr8{‘a?q"?“cs midfefi al s such
as stainl Lrapf-tuke, l’FﬁIa€§°5fh%sm§]9é'6 HBER R reasphen ezone paiseeis, hol | ow

cyl i nder s,9energdly tradepleds physiea lds sepagate hegteelrans fot medkities or

irregul ar crushed bodies. The tenperature in the first reactlon zone in the

fl ow di2eabieoshel 5-4iduBeOré & t40Gnik! hecRMan beods380: 49% @él‘%

parti cul ardsgy tgge%gé@gq{ty ifn(,gm§§.ﬂ lgag,l’4§gg_. eddlE e TREN & %Hr es second
e fllow direc

and further reaction zones int 161 are"Tromeos50 to 480C,
preferably from 380 to 460C and particularly preferably from 400 to 450C.
The tenperature difference between the hottest reaction zone and the

cool est rd&cthBncasmed §vat suteaestiveCrepat meacales bhiendwtst est reaction
zone i 2downstream of 15 the coolest reaction in the flow direction, with
further reactizomwozenes sheillgaadleused fagckegat ed in between. For the

embodi mentx  hawbng: 4y SneesREVE IRALLAN-ZONESs LRl ReLBADS f hat ;Lhe

or in the case of three successive reaction zones by means of
30

* a three-zone shell-and-tube reactor

* a two-zone shell-and-tube reactor together with a single-zone
shell-and-tube reactor connected in series

* a single-zone shell-and-tube reactor together with a two-zone

35 shell-and-tube reactor connected in series
* three single-zone shell-and-tube reactors connected in
series.

Furthermore, the shell-and-tube reactor unit can also have one or
40 more preheating zones which heat the incoming gas mixture. A
preheating zone integrated into a shell-and-tube reactor can be
achieved, for example, by means of reactor tubes which are filled
with inert material and are likewise surrounded by heat transfer
medium. As inert material, it is in principle possible to use all
45 shaped bodies which are chemically inert, i.e. induce or catalyze
no heterogeneous catalytical reaction, and which result in a
maximum pressure drop below the respective, maximum tolerable



t enper at ur econd reaction zone is at |east 2C above the
teggeratur((;,o.mf(,))éf/'lf’tir‘g:‘x irst rea(r:]ti on zone. 20 In jthfa egbﬁﬂlnbrrgpt zf havi ng three
i ction zones, there are in principle

?)(l;(s:(s:leglsi y?i regaaccor ding to the present invention. In the interests of
sinplicity, the zones are numbered ffom1 to 3 in the flow direction and

t he tenperRditespecibiqgpirlae. afettatsleT inart hwatfextiladwi age, ajor' Bxaopee?) -
" T(zone 1) "oxickitomaterinlsheurhnasnm ognpersidie mdthi BIEREe 26808 digih t 0 the
present inenrthdnless stebl20RRamkpled Bt ?ﬁagéglﬁﬁt tig%teggégiﬁﬁgrzﬁggnd_rzg32293)1)
i t rea . i
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i on Zeass. 2% .The yenpediBt whe dbotf&dencachebwessnd he Retheste N
o e peiearen Do S bl L b e
. ul ar .
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of desir @ pPedtiER SUCCESSIiF FAHIRPIFPERS  ddIENASaRS gt &BBtIy on the
t enper at uUr€MBFFREVE QE BBewBesPthaelRstigpotonismat besasth|2°€ halshbved-athet he
pur poses d¢empprapurs@ft thavéitstomeaathoh zapot nmaxi numi s t he maxi num
tenper &&Qre neasured in the catalyst 15 bed within a reaction zone during
the chem aal theasiddimehBs BENSL 'thrEQes$EEe§§¥¥éngE§#£EHH'é%n%gca{ﬁéké““ ther

i g is t t. 1. reacti bn zone, so
Chat the are,df prABIond Rl 2" bo¥s i takies BeCtrding. 161 E0F onor 1

there is R%E%E%ﬁ{nx‘”e?%ﬁﬁer attrdenithrrRest s fhsyaPlpeitvf thexgoprescaren
zone, i eRUBHRFSA foiom 1i §0ad imdheaddovediractiioneand ere tempsratuperiat ure
is takedP abbreeidmad sgof mexthaurfiolIbeiggel d of desired product I ncreases
with increasing tenmperature difference between the hot spot maxi mum of the
second or ajubsequénd 7)eacii(98ne ZONe ARGHRE LU HIPRL IR BURRE 12, PL €Cedi Ng
reaction zoneg;tBgrence according to the present invention,-i.e. T(zone 2)

is the highest temperature and T(zone 1) is the lowest

30 temperature upstream of the hottest zone. Thus, T(zone 3) is
by definition lower than T(zone 2).

b) "T(zone 3) - T(zone 1)” conforms to the minimum temperature
difference according to the present invention, i.e. T(zone 3)
35 is the highest temperature and T(zone 1) is the lowest
temperature upstream of the hottest zone. Thus, T(zone 2) is
by definition between T(zone 1) and T(zone 3).

¢) "“T(zone 3) - T(zone 2)” conforms to the minimum temperature
40 difference according to the present invention, i.e. T(zone 3)
is the highest temperature and T(zone 2) is the lowest
temperature upstream of the hottest zone. Thus, T(zone 1) is
by definition between T(zone 2) and T(zone 3).

45



25 hot spﬁqr?raa)ﬁ of the first, second or subsequent reaction zone isS in
each case e thrB—gsgpot maxi mum of the first, second or subsequent reaction

zone in the direction in which the gas passes through. 30 In a preferred
“enbodi nent, at | east one hot spot maxi num of the second or subsequent
reaction zone is higher than all hot Bpot naxinma in preceding reaction
_zones. ForPrefersieplis aivedi htentaseni(bh) tnowisiticesei vempeasdir@en zones, this
means t hatincheabes sfet zomextoussm ihhenseennd dieaetion. zaNg adsbhi gher than

that of thep3seli {Slendt@ atBem&HAGHERE A28 ), dI2CES étﬁééﬁﬁﬁdﬁezggggtion

zones, it means either that the hot spot nmaxinmum 0 rd-reaction
zone iss?ggger than the hot spot maxima of the first and second zones, or
t hat at t CERRSHI IS OE L ABAG HAPSEVERR B divrtpehicandrroadesti s hi gher
t han the HERCEpOR FrpESTIM bfeférabiliyr ot ldgstzdite, pycricndrirdpsprdiadabign be
used in the presess’Cof vehe mrredentaripverifeeabayecae! it 10°@nggaggnati c,
sat ur at ed pard i ynsat Watiedst hysheQcar bons having at | east four carbon atons,
for exanple 45 1, 3-but adi ene, 1-butene, 2-cis-butene, 2-trans-butene,
n-butar!leuFg_‘Ahm'xtures,t é 3-%entadLen§, 1, 4- pent adi ene, 1-pentene,
2-ci s- pont SAEMSTIT S L5 BAT eREEPHSTRALE nRSeT: FOUBFe FR At iR Yi68d0951235 8
di cycl opeffesdrefdePradpctopint erftaledyc papEdt idf, depentixt edamnifichakinem
hexanes, &€l bemseratuneddbéferarse Peseernde ihotgspen maximasi ng 1- but ene,
2- ci s- but @seabPishieahs Fout ene, purgdseaner DIRNZARRBene! iMvedtllds hhgseof .
Par ti cul alsppt ehek SiEe ilsS tab Vrﬁékfn&n“%bﬂﬂeéa{ﬁﬁu}négguré@rir{a)@lgpkgtgfy ure
n-but ang §ady o SPTPRASAL; B - dkiDul,a08; Nl Ayt id gases and T gurds. The
n- but ane used_can _ ori |na%e, %or, exanpr e, S om r]i_'fl r=g d:df “f F®m st eam
crackers gfnéf?ghﬂﬁfbhgfaﬁP%F MR e ggdHQQQE?doPe%H%e%yﬁ@%%%%boﬁti%he
gener al | yP§gaRRing Noggdiseetly at shewprd @bt rreaticwtzaneg eb thatefiheed
anount pereppéeratune befdhe dmydirafitarbohe ciaot lsporehextom Ns Nolvegui T or
gaseous fahsre ¥ afcemaremuh Stedipeadthde Meiedigd aaddtsipat iged bguid formwi th
SubsequiNtc48pa6h ZRAeqn iD6] W Rer§NbbYnt NES dihensNeLhs Aididetagule, "6AS! OF
unit. C%'@ﬂEEStéﬁﬁaia%hﬁepfﬁggﬂﬁﬁfHgakﬂéW%n?%%%%’magf exﬂq&%e alid c
synthetic alt as, enr i ched W th.oxygen or el st * P yaen, ¢ 9t e.
oxygen obggﬁﬁgﬁélé%ﬂdugiaﬁfﬁﬁfaﬁﬁfoWFFga FEERRANENtFPe T AfirE dBEfeFencehe
oxygen- coREEVEehFhfadiotsseP draxdaun afdiie gegendt 9r suhpeauenbnreadtdagas t o
be passedzpPheoitth tthee hohespotamixtimbs ofaxtpecedity rmmearianl yosentmiens i nert
gas. TieS ppopspdt ataxafhumnes ttigagiabt] heeaindegi Bab&dnichtusabt Yo rRe30 to
?0‘%]3 by V?!iH”En éﬁ tca88Seke Al ggbk ﬂ@éﬁﬁlm:fcbhgfffﬂit,c%tc JPQ%P directly
o forma | yar i X .e _nLirqgen, _noble gases,
car bon nnﬁggzégu' CSF SEE%P3%%5%?n5%@%ﬁﬁi%ggﬁéﬁa%%dﬂ ﬁ%’ﬁ%ﬁo??@gﬁﬁF@ﬁ
hydr ocar bons ’

30 In a preferred embodiment, at least one hot spot maximum of the
second or subsequent reaction zone is higher than all hot spot
maxima in preceding reaction zones. For the simple embodiment
with two successive reaction zones, this means that the hot spot
maximum of the second reaction zone is higher than that of the

35 first. For the embodiment with three successive reaction zones,
it means either that the hot spot maximum of the third reaction
zone is higher than the hot spot maxima of the first and second
zones, or that at least the hot spot maximum of the second

reaction zone is higher than the hot spot maximum of the first
40 zone.

Hydrocarbons which can be used in the process of the present
invention are aliphatic and aromatic, saturated and unsaturated
hydrocarbons having at least four carbon atoms, for example

45 1,3-butadiene, l-butene, 2-cis-butene, 2-trans-butene, n-butane,
C4 mixtures, 1,3-pentadiene, 1,4-pentadiene, l-pentene,
2-cis-pentene, 2-trans-pentene, n-pentane, cyclopentadiene,



having fe ur carbon atoms, (e.g. nethane, ethane, 30 propane,

met hagol V%?%? e:fé/)de, formc acid, ethanol, acetal dehyde, acetic acid,
propanol, propional dehyde, propionic acid, acrolein, crotonaldehyde,
“acrylic acid) and m xtures thereof. In general, the inert gas is o

I ntroduced into the system via the oﬁygen-cont aining gas. However, it is
_al so possidiyclersstadiansducEclopetiane, neytloperesmnesapas atistynrebnt roduction
of furtherhexemest, hesess Weychohewand Gindekanpese. cawEetenca L qaakhi 8b

oxi dat i on ¥inghe-Byekr,arhens -bhtemOS Rian¥iBudd,| Albut&fd f HYehathan of
the reactigh Akedues tidredesi pe aldelr mgkéy&ceﬂs@é?@ﬁ ure 1.1[asyi|n%;?e| d

catal ystg I f f her increases 1 n .conversion, ectivi

t hr ouéhp'rfjtd_b\(?lé:?lggheyt]é:]'fat‘f’:'i“'l“fﬂrln ©afid P%ﬁ?ad‘ef-bflgﬁ‘ée Vi%elqF, 32 CoBPAREN e Ohosphor us
conpound i’¥ HEPEATREF LHAE0I8RRS AR ilAANAES priteedsbotappcigncesent

i nvent i on.oniggnagenckon rexempheat f21dme naggirahi gag, ifrem atesthecraeketrsrotnl et
Is at 45 |foamt FOClppgrmday volune, i.e. 0.1 X10-6 parts by vol une of

vol ati |l e phosphorus conpounds based on the total volunme of the gas at the

B e L ENITE
For t hgpplf'r%dsgégg?é?rﬁté‘nﬁra séﬁ‘ftj?/'}fgé’rﬁ iaoﬁ?f}/%ﬂ AMOMEt pReS pHEtu & iB8rpounds
are all pHE¥pREAERcTRAMCAPNEe RetRFednds Wi Eiauwide ogagasecus forhe desi red
concent r atBrefeyates B tdivensto cumdinedonddi Ekamplre s iwhiia hf smy wiehment i oned

are the cunbsegndst ofapdid zhelohll Berdre) eaidly (1o @he_shellJdhaXtuBeX3 Xi P-X3
X2 (1) phd-ebervbengisXl, X2 and X3 are, independently of one another,
hydrogen, 15 hal ogen, C1-C6-al kyl, C3- 86-cycl oal k>F/)I ,fCG- g]cg- a;ygi, ven to
1- C6- al koxy.,,. C3-C6-cycl oal koxy or -Clo-aroxy. Prefere I
(C::orrpcgunds %%dﬁﬁﬁff‘bsr?ﬂi?g&e( PEY§e™n %‘tggj}lnﬁel@ﬁi%%mmxﬂﬂ% 3%, where RI,
R2 and R3 S¥éhetigiependéntry enrishedamwdthepxydgndozgehse ‘Qures- ekikyén,
C3- C6- cyclio@l-kgkygen @®t@liveds yfor Rasampial afrqu dfrecencsaticn @fvetqghod
conpounzis aifr.t ke f @ygdnacohtaininy WaisChsRllsdaied RideAlrantiggpendent |y
of one angid@natfdnCA-al kyl such as nethyl, et hy!, propyl, 1-nethylethyl,
butyl, 1-nethylpropyl, 30 2-nethyl propyl Fr 1,1-?|nethylg;hé:beﬁrfgerably
tri (Cl-C4-al kyl osphate. Ver articul ar. preference i g
tri Enst hyl ﬁﬁhéééh‘é‘? gfe Eﬁ?é?ﬂy?hﬁ’cﬂgbﬁaﬁesﬁ?ﬂdl'f%%ﬁam|?‘iﬂmapé‘,c in
particulaﬂePFFé h§1c?ﬂ?§§ﬁﬁa%@@rt gas. The proportion of inert gas at the
25 beginning is usually from 30 to 90% by volume. Inert gases are
all gases which do not contribute directly to formation of maleic-
anhydride, for example nitrogen, noble gases, carbon monoxide,
carbon dioxide, steam, oxygenated and nonoxygenated hydrocarbons
having fewer than four carbon atoms, (e.g. methane, ethane,
30 propane, methanol, formaldehyde, formic acid, ethanol,
acetaldehyde, acetic acid, propanol, propionaldehyde, propionic
acid, acrolein, crotonaldehyde, acrylic acid) and mixtures
thereof. In general, the inert gas is introduced into the system
via the oxygen-containing gas. However, it is also possible to
35 introduce further inert gases separately. Introduction of further
inert gases, which may, for example, come from the partial
oxidation of the hydrocarbons, is possible via partial
recirculation of the reaction product, if desired after work-up.

40 To ensure a long catalyst life and further increases in
conversion, selectivity, yield, throughput over the catalyst and
space-time yield, a volatile phosphorus compound is introduced
into the gas in the process of the present invention. Its
concentration at the beginning, i.e. at the reactor inlet, is at

45 least 0.1 ppm by volume, i.e. 0.1 x10-6 parts by volume of
volatile phosphorus compounds based on the total volume of the
gas at the reactor inlet. Preference is given to a content of



35 The pr 9{,4be present invention can be carried out at a pressure
bel ow at nospheric pressure (e.g. down to 0.05 MPa abs) or above
atmospheric pressure (e.g. up to 10 MPa abs). By this pressure is neant
"the pressure prevailing in the shell-and-tube reactor unit. Preference is
given to a pressure of fromO0.1 to 1 80 MPa abs, particularly preferably
_from 0.1 tfram 9.RPho adfs prRODYI hdumat Faystisularly heeferabdy Hifont lDespeesent
invention Bppm alyl vohase WosehaGhiMbR@NBOSthé G FRAR! i fSntvaadi um
Phozgh%uscégl%&dlexw@ébhomuscomu@@@geeantpﬂ,fs REaLOLEnL fusG catal ysts
in i e re ent., r exa as descr] bed |
0050/512§5t i'g’%uﬁgg5i%].7‘r§f§3§, SEREGTE] ,fg‘ﬁ, ?fsln% ﬁ,“g%ﬁ?ri}s‘%‘, 0’@%%25, us
4,933, 31> BI° EESASH oB§1. EEPRIRS #rich PRY ke mesdippediaraiddecat al yst s
whi ch f ur t998Poynde npt | tdhe Sererlagnfdonamds (IE) addition to vanadi um
phosphorus and oxygen. In principle, conponents conprising el enents of
groups 1 to 15 of the Periodic Table can be added. The content of
additives in the finished catalyst is ggnerally not nore than about 5% by
wei ght, ;4 n eachxgaep—a%l cul ated as g)lei—dp.—)Exarrpl es 10 may be found in WO
97/ 126714, WO 95/ 26817, “US 5, 137, 860, ~USl 5, 296, 436, US 5, 158, 923 or US
4,795, 818. Pref err etk addi ti( Sandl € con’fmund@ﬂf the el enents cobalt,

nol ybdenum iron, zinc, hafnium zirconium Tithium titanium chrom um
manganese, nickel, copper, boron, silicon, antinony, tin, niobiumand 15
bi smut h.  Smetrabke, ot ahysts agan, 1h@Epedmhe. obomd Alittadrasni@idus: a)

reacti ngs gz vak el _ﬂgﬁdi L E0r 9.~ V205 th.an, 20Q,organic
reduci ng I_gg_%f qr(iléeol.aq@]iogn ar' oﬁ8€65E}cﬁ%g%§(§% bift g(ﬁ)%'lz,é)rvi%lﬁ EReCHR §8ﬁ§e of a
pent aval en osnorus CEbnPoditd " t€.23 o*Yor FH for-P cIBYRI d1°
pyr ophospﬁd’ﬂ%ﬁ’ua ? 9 diren fAER o TTE) isolating the VPO catal yst precursor
formed (e.g. by 25 filtration or evaporation); c) drying the VPO catal yst
precursor, and possiblyginitial preactivation by additional elimnation of
wat er fzeom the. VPO m xHure; 30 d) shaping (e.g. tabletting, if desired
with addition of aR TRy such as graphite and, if desired, addition of
a pore forner such as 1&gari c(r;gglﬂ); 35 e) preactivating the VPO catal yst
precursor by heating in ah at phere conprising oxygen, nitrogen, noble
gases, carbon dioxi de, carbon nonoxi de and/or water vapor. The catal yst
performance can be influenced by a suitable conbination of tenperatures,
tr eat nedt whiemresRbn®k?gasd sRmasphet mdepmidenedyt of 4hd haotRepL dtyatdgeal al yst
system |fc,adghdlikges ej.&susgdlodNém G@NciieRLhpel Pl cadp bl red@ceSt 208
of catalysls BigenCld YompBhhdeoAthe0klbh®Th GHr)9iR which R!, R? and R?

are, independently of one another, C;-Cs-alkyl such as methyl,

ethyl, propyl, l-methylethyl, butyl, l-methylpropyl,

30 2-methylpropyl or 1,1l-dimethylethyl, preferably tri(C;-C4-alkyl)

phosphate. Very particular preference is given to trimethyl

phosphate, triethyl phosphate and tripropyl phosphate, in

particular triethyl phosphate.

35 The process of the present invention can be carried out at a
pressure below atmospheric pressure (e.g. down to 0.05 MPa abs)
or above atmospheric pressure (e.g. up to 10 MPa abs). By this
pressure is meant the pressure prevailing in the shell-and-tube
reactor unit. Preference is given to a pressure of from 0.1 to 1

40 MPa abs, particularly preferably from 0.1 to 0.5 MPa abs.

Possible catalysts for the process of the present invention are

all those whose active composition comprises vanadium, phosphorus

and oxygen. Thus, for example, it is possible to use catalysts in
45 which no promoters are present, for example as described in



gaseous cogpehLsizazghe additives are advantageously added in step 45 (a) of
the general description of the production of the VPO catalyst precursor

gi ven above. 0050/51235 11 |In general, the catalysts used in the process
“of the present invention have an atoni ¢ phosphorus/vanadiumratio of from
0.9 to 1.5, preferably from0.9 to 2% and particularly preferably from
1.0 to 1.1US e 7RedP6 oy i64R, 32t U5f5,11RE, 96hadiurm,085gexeral ly 5 from
+3.9 to +4U% 4,938f 8tabdy HR-@R04086ta0A. 3. The catal ysts used generally
have a BET surface area of from10 to 50 nR/g, preferably from1l5 to 30
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t he entirafgiapedzieaanipst, bbdyiwonsiistsiaf, tdherorR@ng ondregdiierg, act i ve

conposi ti onickied¢| cobpey ,poosbh) es HlXchi, abh€smSMEN ta% , Oh BWH UnE a8 25 pore

for mer syimmisaiyhf urt her conponents. On the other hand, it is also possible

to apply the active conposition to a support, for exanple an inorganic,
enerally referred to as coated

oxidic sh dy. .Such catal ysis are

cat al yst s%ggagger%%taﬁﬂgftfhﬁaﬁsé% ef!ﬁgpgg{ B ProdhceReahrisddeyssf t he
present invention, a nunber of variants are possible. In the sinplest
case, all aleadeirghingrrepeasitavhteshetdnaaidnt atepaart t(er. gunvioar @itk haf ged

Wi '; hI t thiO satrre q@taiyﬁhdmﬁngtgol‘k&@r(%%@m af Ot @tol sﬁéﬁ?&é/sjtséﬁ%gﬁﬁgi?r s to
cat al yst mat erinakn dire blRea SGER: r}[gl]g% S e sane
aver age acti viog¥hg§ﬁ§§}4 aHH?cgr rﬁ:%aigtgﬁ lcg@%%% %Iél'ﬂ%él’{% &q%f shaped
bodi es of the sane catal yst, 2% Apel "BERT AL DA W S 188F £ er ent

catal ysts _or ,of shaped bodies (sane catal yst or m xture of different
cat al yst s)PIwhitERIAFEIHithed VPP, gatalyigtypsgaeirsey Hogmedneetg4®ynaterial . In a
second 4Pari anfildratigremr exppbyatidmds are used in different reaction
zones. Thus, it nmay be advantageous to use a less active catalyst bed in
the first ogr apgingrenefvroneatinfit RBEuEESE! i Al £RRESHAND 41Q j43e a nore
active catal ygtehed: ¢4t i¥2€eh . eam reaction zone

Pre 1 ?Dééhfgﬁédyﬁ g?%ﬁf%ﬁ% N LE |€%§F gaasvﬁﬁtlﬂ n’

Furthernore, (&, re 40 al so” poss e to use er 8t " cata
one and, the sane reaction zone. In this variant too, it may be

advant ageous '
d) shaping (e.g. tabletting, if desired with addition of a

lubricant such as graphite and, if desired, addition of a
pore former such as stearic acid);

35 e) preactivating the VPO catalyst precursor by heating in an
atmosphere comprising oxygen, nitrogen, noble gases, carbon
dioxide, carbon monoxide and/or water vapor. The catalyst
performance can be influenced by a suitable combination of
temperatures, treatment times and gas atmospheres matched to

40 the respective catalyst system.

If additives are used, they can in principle be added at any
stage of catalyst production, either as solution, solid or
gaseous component. The additives are advantageously added in step

45 (a) of the general description of the production of the VPO
catalyst precursor given above.



0050/ 5123%dgo /4 P246€ a | ess active catalyst bed in the vicinity of the
reactor inlet and to use a nore active catal yst bed further downstream
The individual reaction zones can be realized in a single 5 shell-and-tube
"reactor as nultizone shell-and-tube reactor or in a plurality of
shel | -and-tube reactors connected i neries, each of which may agai n have
one or nord GEREFRbn Thmeatafysts hiseddnpbbespurceasise ofr thenresenent i on, a
nul ti zone itwentiandhévben eeaniorphasphoshe)vamadiunibatieast Hrothioch as at
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wel ded to f fwemf Ot At Oplsamd/§ 3)preferanen fiem tova per b oratad qol ahes, there
are then faiikhaensibpramiche &asal iad ueehf 9 halesréd)o Wikgh divide
the regigm of iyhe, h]??éfetrr Ba3f ﬂoxﬁ%jis“r{‘ |t eggé%ﬁr%é?&o?r 20 °s§3§§at e
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sections. Each”section advant ageousl’y has"a S¥pdrate circul ation punp or

circul ation apparatus and a separate heat exchanger. Fig. |la schematically

shows a twWotez GAE2LYRYY agd generaklancised, as oshagsd dopigs hdvigigowsmean

t hr ee- zonesigieebbova R tnabe Owéngt oy .thecneedi g gay akeehovamnticrhet he heat

transfer medisaucandbsp Aasgadryiny @4@h thBepSeassd S 8hh QUE i Sk JeliebhgaLd | ON

tubes s %@Eéﬁ@iaif& dnl38 1 985141 XUk 8ph b oM ik '%8%?9 I8 régction tubes,
h 9

as shown i : I |.1. C ercurr.ent . ourse, .the flow 30
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30 As regards the use of the catalyst in the process of the present
invention, a number of variants are possible. In the simplest
case, all reaction zones of the shell-and-tube reactor unit are
charged with the same catalyst bed. In the present context,
catalyst bed refers to catalyst material which has the same

35 average composition and the same average activity per volume
unit. A catalyst bed can be composed of shaped bodies of the same
catalyst, of shaped bodies of a mixture of different catalysts or
of shaped bodies (same catalyst or mixture of different
catalysts) which are mixed, i.e. “diluted”, with an inert

40 material. In a second variant, different catalyst beds are used
in different reaction zones. Thus, it may be advantageous to use
a less active catalyst bed in the first or one/more of the front
end reaction zones and to use a more active catalyst bed in
one/more of the downstream reaction zones. Furthermore, it is

45 also possible to use different catalyst beds within one and the
same reaction zone. In this variant too, it may be advantageous
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of the cokdestlaant pompzene é@ulaeabrdapiRataiadnsd 4 hedaehtestedeact i on
zone is aextrasder2C according to the present invention. The process of the
present invention can be carried out in two preferred process variants,

: ' (th.a 'single 45 pass"” and the variant with
roei oy Y orhE ek Sua Mofe e tne e | rante ubprgrac s
vari ant Yhé ¢ Srider PoRNS 1By dhseSrBeRe Shedl-padstulte aeghtone reactor is
from 75 tBCYROAING tRRFRE clrmyemttiphs i the drdtposssier meyidanaar cod\lisgear bon
by- productBreygh thenspack fswmonhdingtfhd reaefibhedRACHAr codierdRaGhi ON gas
passed t htbeigded mextepet Blowing RAFbLSH B e tr@ﬁc{:'m{?a&tb%g, as shown in
Fig. la and 1b, or in countercurrent. Of course, the flow
30 directions of the heat transfer media in the individual zones may
also be different according to the present invention. As heat
transfer media, preference is given to using salt melts. The
division into the individual reaction zones can be at equal
intervals, but can also deviate significantly therefrom.
35
The process of the present invention is advantageously carried
out using a shell-and-tube reactor unit having two, three or four
successive reaction zones. Preference is given to using a
two-zone shell-and-tube reactor, a three-zone shell-and-tube
40 reactor or a four-zone shell-and-tube reactor. Particular
preference is given to carrying out the process in two successive
reaction zones, in which case the use of a two-zone
shell-and-tube reactor is particularly preferred. Suitable
industrial embodiments are described, for example, in
45 DE-A 22 01 528, DE-A 25 13 405, DE-A 28 30 765, DE-A 29 03 582,
US 3,147,084 and EP-A 0 383 224. At this point, attention may be
drawn to the specific two-zone reactor disclosed in



hydrocar b@os0/5128% not recirculated in any direct way in the "single
pass” variant. The total conversion of 10 hydrocarbons per pass is .
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homogeneously distributed within the reactor body.

Suitable heat transfer media are, in particular, fluid
heating/cooling media. The use of salt melts such as potassium

30 nitrate, potassium nitrite, sodium nitrate and/or sodium nitrite
or low-melting metals such as sodium or alloys of various metals
is particularly advantageous.

The inflow temperatures of the heat transfer medium are,

35 according to the present invention, from 350 to 450°C for the
first reaction zone and from 350 to 480°C for the second and each
further reaction zone, with care having to be taken to ensure
that the difference between the temperature of the hottest
reaction zone and the temperature of the coldest reaction zone

40 located upstream of the hottest reaction zone is at least 2°C
according to the present invention.

The process of the present invention can be carried out in two
preferred process variants, namely the variant with a “single
45 pass” and the variant with “recirculation”.



the art. recirculation” In the "recirculation" variant, the
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t he hydr ocar bgFE¥™ER gﬁﬁu%reis(‘fn&l sQﬁaF@%H?a"rlls 8f sHPIfas stream
fromthe technlcal considerations, air is preferred as oxygen source.
25 In the simplest case, this can be used directly or preferably

after cleaning to remove particles. Enrichment with oxygen,
for example by liquefaction of the air and subsequent
distillation or by pressure swing adsorption, is also
possible in principle.

30
The volume hourly space velocity of hydrocarbons over the
catalyst is generally at least 20 standard 1/1:h, preferably
at least 30 standard 1/1-h, particularly preferably at least
35 standard 1/1-h.

35

The maleic anhydride can be separated off by, for example,
absorption in a suitable absorption medium. Suitable
absorption media are, for example, water or organic solvents.
In the case of absorption in water, maleic anhydride is
40 hydrated to form maleic acid. Preference is given to
absorption in an organic solvent. Suitable organic solvents
are, for example, the high-boiling solvents mentioned in
WO 97/43242, for example tricresyl phosphate, dibutyl
maleate, high molecular weight wax, aromatic hydrocarbons
45 having a boiling point above 140°C and di-C4-Cg-alkyl
phthalates, e.g. dibutyl phthalate. Oxygenated hydrocarbon
by-products are generally also absorbed in the solvents



| ant ur to counter accunulation of inpurities. The remaining
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Preference is given to using an oxygen~containing gas having
an oxygen concentration of from 20 to 100% by volume.

35
The volume hourly space velocity of hydrocarbons over the
catalyst is generally at least 20 standard 1/1-h, preferably
at least 30 standard 1/1-h, particularly preferably at least
35 standard 1/1-h.

40

The integrated total conversion of hydrocarbons, i.e. the
conversion based on the total plant, is from 80 to 100%,
preferably from 90 to 100%, in the “recirculation” variant of
the process of the present invention.

45
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elevated temperature.

The “single pass” and “recirculation” variants described

30 represent two preferred specific cases of the process of the
present invention. They in no way restrict the possible use of
other variants, nor do they imply a restriction to the process
parameters mentioned as preferred.

35 The independent temperature control of the various reaction zones
makes it possible to react in a targeted way to fluctuations in
the quantity, quality or purity of the starting materials or to
progressive catalyst deactivation and also makes it possible to
obtain a stable and high yield of maleic anhydride. Thus, for

40 example, in the case of catalyst deactivation in the first
reaction zone (e.g. as a result of catalyst poisons which
deactivate the upper layers of the VPO catalyst or due to thermal
deactivation in the region of the hot spot maximum of the first
reaction zone), the conversion can be restored by increasing the

45 temperature of this first reaction 2zone. Furthermore, targeted
setting of the temperatures of the individual reaction zones
makes possible a targeted setting of the conversions in these



25 unit cago%d 9 Pes| ocated directly in the inlet region of the
shel | -and-tube reactor unit. If the apparatus is provided with a
.recirculation facility, this joins the feed gas stream upstream of the

m xing unit. 30 b) Shell-and-tube reactor unit The shell-and-tube reactor
unit is configured as descri bed aboe. In particular, it has at |east two
successi ver LORoRONES 7 GhdshwAkerc irsse ant ipbleende ano thet sellddtdveny

t enper at uraxl thlilseonndhesiydiedd.r eacti on zones can be achieved in a single
shel | -and-tube reactor configured as a multizone shell -and tube reactor or

in a pluraid %adtishehhyAndet HBEa i A&ACHAT S s6PNOEGT G’.‘l. Be t'Iehs each of

whi ch Ve . 40. re reactio n and-t ube
reacto;myljnlt egsg? Earr ‘%ng Ql!rhi' CELASERNF i YD é‘%é’ﬁgPFuﬁm' t§e PEapgdiol
particul arfy ;g Efl’é?ﬁ %}'yrzfotf\l\osEbﬁ%b]?n&eF hgds- ﬁﬂ)é‘qoé’écﬂ'-erth%ﬁe shiddedone
shel | - and-¥uéer 85kt ofonrthe sake- szor@@mpéhéenetsm.d-netf@eeneacisnnnad\éety
parti cul arther éWer docendrs syiwoen7 A5323a Ysiipged hiydroyenatsbel o apdetibbe
reactor. Offdz1ds5id khetyabNphaddy 5@PAOALT MBS (WhAr8BLEIG ANRYdLi de

formed ir@edl'@ltekcoﬁr}kﬁ/fgﬁcd%cgarﬁ HeS g%EpSE e Off as descr ed above. In
particular, it is possible to use various ap)parat uses suitable for

absorptlon of ,gases,in liquids for this purpose. It is also possible to

conbi ne a rlg]"??'ﬁll‘b‘f f‘ﬁréféﬁfl RERVislesdppf apRarataisp £oat prerafing mepaiat i ng

of f the r?d‘lhéfidl?l@ﬁti?/ﬂrh@eprecem miorkdeuprésent) idvgneadhy sy nplified bl ock

di agr am ofhettheogpperwdlys catalyiged asSeRhse NYeiddtddnl 8F hjdrddsebeRsci fic

process1y afavaiySadfleast #ahe Oa85on %‘&@ms@&iﬂ&% Bncofigléazfﬁ-ﬂ%y‘g%g 9. 2
u

Fi 2a s h S ri_a nit,
(2? i's threpl\é\%lel{el §2%szé%bgfpga€?loa\r@t}m #;I%é') IS ﬁgn%hl?on?p&lsé%ar ating

of f the nmal elc anhydride fornmed. The streams (A, (B, (© and (D
correspond)t 0 % RBARELWY wig¥dAteqytrast adsnfor oseydwdronenben nEogashei f
desired inert o¥¥geancon¥aiddsior gals arsl goiskébpiosmharthes phospiveruk The

sol uti 03P conprosipngndal ei ¢ 20 anhydri de which is discharged fromthe plant
is designated by stream (E). Stream (F) corresponds to the renmaining gas

Lo WR)Ch ol SubLACHGA oGRS A8 LGN LA E' L 2uohous e
"recircul atlo er.e Wg and the
streams (A), i g. gﬁd tlf?é’v§° a%ﬂ)d'}?é‘ Fedhi Pi%%sméter &anfee) is
optional depefid @ﬁﬁB’éﬁ%rﬁn &he épdiePrddsenstior zqnesgendt r eant
to be cﬁ%charged fromthe pl ant. Likew se optional is the unit (4) which
synbol i zes)t he unit far separeatagpfifheheonsbeid ainhgarofe t fermdQ WRgeact ed
hydr ocar bon apdssiblydas caniesd %ﬂﬁ%e&&ﬁ@ﬁ%#-@rodﬂ@@s recircul ated
hydr ocar bon-contai ning gas is passed to the
An essential aspect of the apparatus of the present invention is
30 the existence of units (a), (b) and (c) arranged successively in
the flow direction. The units specified can follow one another
either directly or indirectly via further interposed units or
apparatuses. This includes equipment and connections which make
it possible to introduce and/or remove mass and/or energy. The
35 three units are described in more detail below.

a) Feed unit

The feed unit ensures quantity-regulated introduction of the
40 hydrocarbon, of the oxygen-containing gas, possibly of the
inert gas and possibly of the phosphorus compound.

The hydrocarbons can be metered in either in liquid form or

in gaseous form. Preference is given to metered addition as a
45 liquid phase.



unit (1). éesopslpesed above, the units nmentioned can be connected in 35
sequence either directly or indirectly by interposition of further units or
_apparatuses. Exanples of further units or apparatuses present therein are,
wi thout inplying any limtation, he exchangers (for heating or cooling),
punps (for conve%/idbgg, | i qui ds, such as ?i quid feeds or the solution of the
_mal eic 40 anhyt? WP ROMER W& 988 pardt Y dPeYtovagarecafpgedsiors (for
conveyi ng and Z¥IRAUSs SPHR. Resdferenck is givergyaoeceddifgentslyoonehgas gas to be
recycl ed in thehiqrediascthatdeniredarbapbgition.a Ipathe ctdaidly paeéerred
enbodi ment f orvarends,i REiEE Ligre rd2aBNPYAH 4 Gnilebih A6 145 iSe0y RSt A L1 N
hydrocargon angthg .+ het ef 0&9(,&%%%&% ﬁaé‘gg Walelqngagﬁp eoxdation s
carried out |thg%_"'esIJ ril__glag pass °rft hr,otg shel T-and-tu Fe&CP6F ™ tini t havi ng
two 0050/ 51235 successi ve Yedctiron zones. The nost significant
characteristics of an arrangenment preferred for this purpose and of the
preferred proEksgodasidiesphaspddrvel compdun risapregfsramlypraddedg oxygen and
inert gas is isgpacitedg inuainfuidy foegul méwcrdmt att he {1mRd peBkip1d-dyit ane is
i kewi seof ed iAt:aidudedtREId et i28UBAbS5hd:Ase cBboRhE! &I 3RlkY gbfiLdgui d form
via a punp aqgmﬁﬁﬂpphggdkﬂélHﬂ&%og§§ ?ﬁr rehfiCoEall o gfn&re gnpot s of

n- but ane and ocx%/&ent ed ini1s g]%neraF %1 € in,acco?laea, & "tﬁ 19"t%he heat
evol ved in t he®3EHc P EnC At 93RS P Siphc anit nis yomitdedaan the t heref ore
dependent on, 3RR3T&tHAple, the type and amount of catalyst. As further
conponent, a volatile phosphorus conpound, preferably a trialkyl

phosphal®, is mudeddequantidaitieguliat@f do iperoascstiamucébss ol atil e
phosphor us 15 Q@Mfgfidaﬁﬁf}; R addegroldls SHANR) Car Ll Ubell foTm or as a
solution in a nt, r_ex e er. e _required.amunt o
mete:d ga&?s%%e éﬁhgnf&&@swﬁg lnp%r?yér?é:tdggs“ f of%exanpl e

t he phosphorus_conpound | on, var_ods np
the type and arbtiit cof -C3F H1SFs AEoPPE RO ttemFr &8 uFBROTHAREPERAL Lk feedt he
pl ant, and hasP® drFenadEdtedixed befora@Enteydnantheahiingds reaceion izone.
inti mat2Py ni XEkipg papshegarrielr ough forstexbinple jri dera andtic meadred by
passing it thrigh asheetated bangeen die feddxadianshdalkeahed) dasm-thubgami s
t he?_ [ nt rotiucezebaejd%e gﬂﬁt eﬁ)ﬂo&!&%k; a@l?e FAQ?:%SES%tH{foH[Ican' 01588

articul ar e i es a - zone
p Y R&H8ehC8ut Q%engﬂg11-JH§2§H%gFE%%c€5r:ﬁq% égn%EﬁQHnOf

shel | - and-t ube rer%cgrogt coq:t aining a ia y T
phosphopus andFEXy§En=Te THESFRE 7 ot dHe e ARIS LIRS GACESr Eom fesde

vari ous?®ngi neBHith§ancakiq f§r aPraked directdydér the tivdesf seaiomfaf tbe, in
particul ar, 30hedlt-hadetdiplresciartimitdescri pti on above. Alternatively, the
t wo- zone shel | -and-tube reactor can be replaced by two single-zone

shel | - and- t uberf edet 8pSa At deNQWNEASS1 dHY GARRCS! Ak u1SRELESsadNg Liel ative
di vi si on of thﬂmits}"ﬁofﬁécéﬂﬁoge%EgSés'&Iteeaqnnﬁpsgi-e&t?toafl X3k I\ﬂgnlcfxlmge un‘ia‘?”ds on

variouszdactors, for exanp

b) Shell-and-tube reactor unit

The shell-and-tube reactor unit is configured as described
above. In particular, it has at least two successive reaction
35 zones which make it possible to set different temperatures.
The individual reaction zones can be achieved in a single
shell-and-tube reactor configured as a multizone
shell-and-tube reactor or in a plurality of shell-and-tube
reactors connected in series, each of which may again have
40 one or more reaction zones. The shell-and-tube reactor unit
preferably comprises a multizone shell-and-tube reactor,
particularly preferably a two-zone shell-and-tube reactor, a
three-zone shell-and-tube reactor or a four-zone
shell-and-tube reactor. Very particular preference is given
45 to using a two-zone shell-and-tube reactor.



35 cat al ys@oﬁgygy'ﬁg or the desired reaction conditions, and can be
adapted to the respective systemby a person skilled in the art by neans
of sinple experinents. The tenperature of the shell-and-tube reactor unit
"is preferably controlled by nmeans of _ two salt nelt circuits. The
tenperature of the second reaction 40t%one is, accordi ng to the present
_invention,cht YrigstforCsgperatinghaffothe mleicsanhpdcidorfozord. | n a
particularly preferred enbodinment, the two tenperatures are set so that,

under the giverne eRnditi omsydrdine Eepned atdi@patatbe bt _a%pagsm%@m of tze
second reacti g 0Nl Eappgé_?agg?gboo/g?t %s'l?;tles ﬁ?%u xijum of the first 45
& a

C .aXr 10
reacti ong zone. Ci_%[t]:VGI’SI on, rerera achl,evea per ass

through The red&5? “BS%O?%’“?&?%%I“T??%%{%&&&BW 285 I8¢y Hofom t he
shel | - and- t ube FEaPgPOseni it iis b8P kPfhie Koacemrine ac Rangetitih@ffed t o
the unit for 8kigelner ol¥ffelrentnbpparaisedr fde. separatdngr ef £rited
enbodi ment, tiedeini anhpdpidesas dbrneswd uie.apparatus for the absorptive 5
renoval of mal eic anhydri de and possibly the oxylgenat ed h_ydroca][ b?ln i ith
by- prodygt;s. Lt gb r.at e, for ex e, __contaipers filled w
a% gbso%t?ogﬁ% :Allttél]gl %IJE'.’%1 ?%3 g %?%ac[lﬁagrago?)fe%“ ou%p}?l?tragﬁg ‘?€ Wessed or
appar at use¥ S5 fhi BEeR D §8§0H5? i 0P ISPEER81F PIAGERPeUF ARRES IRE gas stream
The sol uti‘GHPERecBARS | Ansy “Kerereulatripali d8 skowi seh&iged2irom t he pl ant
for further processing or for isolating the desired product. The
remai ni ng Kjas 2br enows stHel kewhgte Giasiravgedant OMHIe Phanis aHd rebh
desi red1s pasitgd (b fs Wd sﬁigilLMﬂengeS@?qu{xﬁ%C%ﬁg D T
Lei ng bﬂﬂfn'sgggf‘é%i’%f%?:—’ffe'ﬁf*%ﬁaa?ag‘%ﬁh %rlé)%e%%fg?r%éé'n@%as%m AFalfhed
gas-ghase ¢) i"d ?O?ln s(Dc,)agPi%ﬁs%ctﬂ %0 &Pentsed SfFeaisehY@ER4a oM t havi ng
two succesYIENreaRtd HHngogas, Yh dgsdped, brerte Hast pod" ibfdesiredast part of
t he unreacted@tileupkorphoribecémpuiingni Thet selstiadd cangrisbeg medetier unit and
t he uni20 famhydseparaiiong ief 8isdiearmldeireconntnsrgidatf 95 8es fdfaded Byl NCipl e
ol | o NG e s by (it ol (B i tpBnas o0 o JEhaTlng S 5rE&ahscr i bed
ol | owi ng, ; ; rac :
Oxygen igwél(rlg g%%b ly Use P%g%lﬁéellqgegf%%? glﬁe é%‘raln Hed gas having an oxygen
content of_ over 20% by vol une, for exanple pure oxygen fromfractionation
of air. THE%anBhntRoWwt thRe“Feetraddbsdneit aBmnt bihare, thxyudns Vb atil e
phosphotus(200Apdun?d) @nd, the ssehms i(Adrt (BRS (@Ne [A)camdl (E) thage the
cor r espondibeyeopesmtrigsy Broeanluf@® iandptbendatwipsatiingesh theconversion of
40-50% i s epibeliehedt Yand2eBire¥Ssb Y thaghet lﬁl{ﬁh skReaheagd g:fe dl}@kﬁéfged
anhydri de god +ROSSIdNY, Lhge gi%g%@%&%ﬂafy C{%,%r Q‘ggt??[‘i %K{ lg;%tlsaﬁ[ efor
fsepf.rhat ed s?zint:o%?zeass th%s?lrnlige ora 1%c%egg1ng It Ce aél;) gentrgtlon ofpthe
ur er30 unreacted hydrocarbon and includes a waste gas stream (H). The
recirculated hydrocarbon-containing gas is passed to the feed

unit (1). '

As mentioned above, the units mentioned can be connected in

35 sequence either directly or indirectly by interposition of
further units or apparatuses. Examples of further units or
apparatuses present therein are, without implying any limitation,
heat exchangers (for heating or cooling), pumps (for conveying
liquids such as liquid feeds or the solution of the maleic

40 anhydride which has been separated off) or gas compressors (for
conveying and compressing gases such as the gaseous feeds or the
gas to be recycled in the “recirculation” variant).

In a particularly preferred embodiment for preparing maleic

45 anhydride, n-butane is used as starting hydrocarbon and the
heterogeneously catalyzed gas-phase oxidation is carried out in a
“single pass” through a shell-and-tube reactor unit having two



rocessin pgol ation of the desired product. Part of the remaining

I(‘Cg)as st reag]oga%?gﬁzggnpri ses inert gases and unreacted n-butane, is

di scharged fromthe plant in order to counter accumulation of inpurities.

"The major part of the gas is 40 recirculated to the feed unit, mxed with

the described starting materials and®{ ed back into the shell-and-tube
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ConVersionamount o] heé phosphorus 'compound is dependent on various
parameters, for example the type and amount of catalyst or the
temperatures and pressures in the plant, and has to be adapted

20 for each system.

The gas stream is intimately mixed by passing it through a static
mixer and is heated by passing it through a heat exchanger. The
mixed and preheated gas stream is then introduced into the

25 shell-and-tube reactor unit. In the particularly preferred
embodiment, this comprises a two-zone shell-and-tube reactor
containing a catalyst comprising vanadium, phosphorus and oxygen.
The two-zone shell-and-tube reactor can have various engineering
configurations. The reader is therefore referred, in particular,

30 to the examples in the description above. Alternatively, the
two-zone shell-and-tube reactor can be replaced by two
single-zone shell-and-tube reactors of known design connected in
series. The relative division of the two reaction zones in terms
of catalyst volume depends on various factors, for example the

35 catalyst activity or the desired reaction conditions, and can be
adapted to the respective system by a person skilled in the art
by means of simple experiments. The temperature of the
shell-and-tube reactor unit is preferably controlled by means of
two salt melt circuits. The temperature of the second reaction

40 zone is, according to the present invention, at least 2°C above
that of the first reaction zone. In a particularly preferred
embodiment, the two temperatures are set so that, under the given
conditions, the temperature of the hot spot maximum of the second
reaction zone is above that of the hot spot maximum of the first

45 reaction zone. A conversion of 80-90% is preferably achieved per
pass through the reactor.



15 n hydr eactor, in Ctot n hydrocarbon, plant, in 11MA
react o?/, ﬁ%ﬁ%ﬁ?vity S = nhydrocarbon, - nhydrocarbon, reactor, in
reactor, out 20 n MA, plant, out Integrated total selectivity 25 30 35
"Yield Y = Stot C S n hydrocarbon, _n hydrocarbon, plant, in plant, out =
nhydr ocar bon, - nhydrocarbon, plant 2% q pl ant, out Integrated total yield
Ytot = Ctof® PSPEHCE eRT AitTepR Sehinrg ifriomy tBOCHEIA -and-©189 Baceaet or , out

" " NCO+CO 2,uynddctisr Faoled rdvpulr doas bivent -exchudger sahibEedSebeghe Widiy 8bet CO+CO2
= Tp Tp, hepaspatngOo ffrediRi madBhy dindRirideat ah Viste tpreY@l‘Qé@%%ﬁmé t,

react or, Ouffe hnREQLEER ZesPhaNie it Jh‘éoag Sed Y Tthghée‘bs”c? r.gar bon,

acLo N reactor out, t er ure o rlé'gction zone
?gﬁg;?;ﬁﬁ%?nofaﬁh% hl{(‘l)etuésl ot élrjﬁ%‘?nafnﬁi FRE blfﬁy e OFY 8RN mass of
mal ei ¢ anMFCGET BPB R PYFts ct Bl ehaEPIAIRES SuAMeEoD "Nemale,
reacti on @RI £ikked Wi thotmmbssirphydnobiqich throtbk weichphase
cooled output gas is passed or apparatuses in which the
absorption liquid is sprayed into the gas stream. The solution
10 comprising maleic anhydride is discharged from the plant for
further processing or for isolating the desired product. The
remaining gas stream is likewise discharged from the plant and,
if desired, passed to a unit for recovering the unreacted
n-butane.
15 _
In a further, particularly preferred embodiment for preparing
maleic anhydride using n-butane as starting hydrocarbon, the
heterogeneously catalyzed gas-phase oxidation is carried out in a
shell-and-tube reactor unit having two successive reaction zones
20 with “recirculation” of at least part of the unreacted n-butane.
The feed unit, the shell-and-tube reactor unit and the unit for
separating off the maleic anhydride formed are in principle
configured as in the preferred “single pass” embodiment
described. In the following, only the characteristic differences
25 are therefore described.

Oxygen is preferably used in the form of an enriched gas having
an oxygen content of over 20% by volume, for example pure oxygen
from fractionation of air. The amounts of the feed components

30 n-butane, oxygen, volatile phosphorus compound and, if used,
inert gas are matched to the corresponding operating procedure
and the catalyst used. A conversion of 40-50% is preferably
achieved per pass through the reactor. Maleic anhydride and
possibly the oxygenated hydrocarbon by-products are separated off

35 as described above and discharged from the plant for further
processing or for isolation of the desired product. Part of the
remaining gas stream, which comprises inert gases and unreacted
n-butane, is discharged from the plant in order to counter
accumulation of impurities. The major part of the gas is

40 recirculated to the feed unit, mixed with the described starting
materials and fed back into the shell-and-tube reactor unit.

The present invention makes it possible to prepare maleic
anhydride by heterogeneously catalyzed gas-phase oxidation of a

45 hydrocarbon having at least four carbon atoms by means of oxygen
so as to achieve a high hydrocarbon throughput over the catalyst,
a high conversion, a high selectivity, a high yield of desired



st andar di zrgb6,65 053%nd 0. 1013 MPa abs [standard 1] 0050/51235 24

(Mat hemati cal paranmeter. If a hydrocarbon is |iquid under these
~conditions, the hypothetical gas volune is calculated via the ideal gas
law.) C conversion of hydrocarbons pﬁr pass through the 5 15 20 25 SCO+CQO2
St ot, COtco2 nhydrocarbon nhydr oca l?c_)n, nhydr ocar bon, nhydrocar bon,
_reactor iPACEYFE: 2R tdHIShc BRI igie ek driRanersige yiekds lodsed on t he
overal | pli&ft /s eheean \bet pchbevad eiithanhyproblenser Thasprésumudhvention

hydr ocar banlsoyinekels afosmrlbeeca andifidadtalpet poss dthheyshmydidakBoheact or

i ntegratedntretighpsesectivity to maleic (i.e. based on the overall plant)
reactor g integrated total yield of nmaleic based on the overall plant)
anhydri(?e (i..e,,selectivity to CO plus CO2 per pass through the reactor

i ntegrat ed FBESPeEMJé‘t&‘%r\FF%*;} Y ageust (Gnventpoueds driba Rd9Bver al |

pl ant) reddesiPiigtnfarchel sopetidy ¢oadat bens. hgctiodependsantlyol / h]

react or, @dgusbbbhie ffenpershtneestal thet Lediyimidihjreapt i ,zdnesnmehabid | ow of
to the pl ank tenvérdidisaahd Seledt\RitieaCiR theddl redfe I zddledNteo It

Cat al ysiio LelydhacepPanseanhydf ide Rt ebiNfanner. This makes it possible to

specifically counteract a wide variety of influences, for example
fluctuations in the quantity, quality or purity of the starting
materials or progressive catalyst deactivation.

15 Examples

The parameters employed in this text are, unless indicated
otherwise, defined as follows:

20

25

30

35

40

45



at the at ¢bsoysressnol ar fl ow of hydrocarbons at the outlet of the plant
[mol /h] nolar flow of maleic anhydride at the reactor outlet [nol/h] nolar
_flow of maleic anhydride at the outlet of the plant [nmol/h] 35 In a 240 1
vessel, 11.8 kg of 100% orthophosphor'% acid were dissolved in 150 1 of

i sobutanol with stirring, and 9.09 kgi f vanadi um pent oxi de were

. subsequently added. This suspensi on was rIBfnhLlé(ie:dafuqrdrlﬁe hours and t hen
cooled to roomtenperature. The precipitatg Torned was, fiftered off,
washed wi t h SP86BUEER®IYE8I4 40 dFied at 150CVat tkBastabk (80 nbar abs). The
dried powder was subsequently treated at 250-300C in a rotary tube for 2
hours. #&fter cooling to roomtenperature, \Z% i(oé(?xi t&t of graphite were
added and the powders were intimately nixeﬁ—%@re—pea%e(—mas—!. abletted to
form5 x 3 pdcBM/Epbdy cylinders. The hol Ndw 45 ggl i nders were heated in
a nuffle furnace, initially in air at 70 nin t& 2588 and subsequent!y at
2C/min to 385C. The catalyst was held ahsﬁybi'cﬁzaﬂﬁﬂ'pehatﬂiﬁfbcgﬁonl0 m nut es,
before the 0050/ 51235 25 atnosphere was_Sswdatedyeth {1 UM @actdrg M2/ H20 (1:1).
The cat gbysCOMIETSHUt%ed to 425€ under the N2/ HRQqaidpshhere (1:1) and the
system was held at this tenperature for 3 houf'sreaktdraliny, the catal yst

was cooled to roomtenperature under nitrogen. 5 The catal yst had a bul k
density of 0.9 1/kg, a total pore voluma }E‘,Y §°‘Eﬁ¥2’°ﬁ14g,h§r§1§§‘§avfa0e ar ea
of 17 er/g;n@egpnbgqamrm/wamwiamctwﬁv—m’é—i—é&—;—es—mé—s—mt B oxi dat i on

state of the vanadiumof +4.1. 10 Plant 1 TH2 %ﬁ TRe™t al pl ant was
equi ppetlswith a feed unit and a reactor tube. égﬁa'cl&rrent of a

shel | -and-tube reactor by a 15 reactor tube i,s very readily possible on a
| aboratory or pilot plant scale as |ong _as t ’dF';r(r%CI%FO “of the reactor
tube are in gghbegr 891 of those_of anpndustrial r tor tube. The pl ant
was oper at ed igﬁtlfggﬁgl e pass". 20 Tf?@ﬁi@ﬁf@@ﬁboﬁ@éﬁﬁzﬁﬁﬁgced in
liquid format a quantity-regulated rate via 'a punp. AS 0Xygen-cont ai ni ng
gas, ai?0 was introduced at a quantity-regul alad,rgia, Tehet hyl phosphate
(TEP) was |ikew se added in liquid for as a solution of 0. 25% by weight
of TEP in wWaiteerateg tatyugateasiviey et g]@hyat@:.ara&l, ~ hydrocarbon,

plant, in plant, out
Yield Y =
cC -8

25

Integrated total yield Yior = Ctot ) Stot

Selectivity g§Co+co2 = 1 Do +co 2,reactor,out_nco+co 2 reactornin
30 4 Nhydrocarbon, =11 hydrocarbon,

reactor, in reactor, out

Selectivity s CO+CO2 o _1 r]CO +C0 2, plant ,out - 1’]CO +C0 2 plant, in
tot =

4 nhydrocarbon, - hydrocarbon,
reactor, in reactor, out
35
Tp temperature of the pth reaction zone
Tp, hot spot temperature of the hot spot maximum in the pth

reaction zone
40 Mpajeic anhydride Mass of maleic anhydride produced [g]

Veatalyst catalyst bed volume, summed over all reaction
zones [1]

t time [h]

Vhydrocarbon volume of hydrocarbon in the gas phase

45 standardized to 0°C and 0.1013 MPa abs [standard 1)



-

The shel | - podosa@3Iseact or unit conprised a two-zone reactor tube. The

| ength of the reactor tube was 6.4 m the internal dianeter was 22.3 nm A
mul ti-thernmocouple with 20 tenperature neasurenent points was |ocated in a
protective sheath within the 30 reactgr tube. The reactor tube was divided
into two reaction zones. Both reacti A zones had a |l ength of 3.2 m They
were surrounded by. separl¥fEPsmatdierdpparamsiiam| dfhaahydreoesben hedi um
circuits. Flow through tRéashe|undgrdthedbe cealttioneastiie dippoliRet i@
downward. The upper 0.3 grefvéhme dactalciltedwia thé | akad5quktingnert

material aed forned the porieddidi0o20RGar e -HonkS eact'i on
zones eagh contained 1.0.4,0f,catal ystﬁl. Asb];?gl%t be?p%ansssi‘s:t?lgﬁgalﬁu%e use was
made of a salt nelt. Theiggeess rgl gt tge reactor inlet was from0.1 to 0.4
MPa abs (froth1l to 4 bar “ab3y 248 APFALGRIVEREALE. o hysinasaEPYnSownst r eam
of the shell-and-tube rehtt®r RAfed opakhke pverpdddptantias t aken of f and
passed to 8n-1ine anal ysPelégtigdsy thrumkdicyaapfyriddeermipasst £ieasaqy the
gaseous out put fromthe theatdawtowas di scharged fromthe plant. 45
0050/ 51285528 Al exanpk ggsieii@acapeh PO AuL-45L0g s hutane as, hydrgcar bon
i e PAY S48 ngl e

talyst 1 in plan, n ;
over catalys inp a”g_é%. i%'a@%ﬁ LReR %Qrglr\é@fp% aeti;g)ss tﬁfough t he

pass", conyersions, 5s vities, an )

reactor aré identical to'tFe 9t Bgratepniydgdders per (Bassorbrangh pihent .
Exanple 1 10 In Exanpl e 498Ctathe reactor was operated as a single-zone
shel | - and- ¥Yube reactor (Fwtegateddtotpl yilehd pfeserdid RAwAREEOM -(i.Ehe

t enper altéires of both reasidean caoBRS m&ﬂngan%he gas stream at the f
begi nni ng, s4 at the readfivh = opcentration o

2. 0% by volétjor?gt?z The spacg ach:lo%l,gh%e%? Jr?g)&tﬂgngoﬁggeg{]/g’rasghe TNy %g? was 40
standard 1f1h. Triethyl ﬁlo%p atg (TEP) was continually fed in as volatile
phosphor us™€6MPystHd in a TBGRE bt SeAREYLVHY KRS CRaBdds 02t Iid. € ot al
anount of gas at the bR A9. the averaldgpdanof the first reaction zone,
a hot 3PoRhynExkimdm eéacd@hCidvas obsdavedlodiof Iy@rveasbens Gtofha- but ane 20
of 85.3% a yield Y of nedaiteranhysk i@@19h154. 2% was obtained. This

correspon c acgr ti e yield 4 / : r tal data are
shown in '?'lgjt))llhlceID %bg’lt‘)'nggEquE%%rlg?égﬁ%fg 4 Oglf E]a’tdgrggaf:%&r?gs:n tpggfon or the
catal'ys

space 25 velocity over the Q J:reased, wi th both reaction
zones n%w Derirgper Bt ith accor d9H@E W Ph ahdvgresareonsnthenimtet

di f f er efi? t enper at ures (YQndheoRtarhdmoldRd-t ube reactor). In order to
count er a Buvedodampeslugiang, biise i n tmodarnfiswalf heaeboirbdmiTREr 8hall Sutdlet
hi gher space vel ociti es,oft khet pged gimdnghpf the 30 first reaction zone was

decr eased m@MmalRd: t Q. ExdmRkesri & ofl MR 1eic anhydride at the reactor
outlet [mol/h]
30 nma, plant, out molar flow of maleic anhydride at the outlet of
the plant [mol/h]

Catalyst 1

35 In a 240 1 vessel, 11.8 kg of 100% orthophosphoric acid were
dissolved in 150 1 of isobutanol with stirring, and 9.09 kg of
vanadium pentoxide were subsequently added. This suspension was
refluxed for 16 hours and then cooled to room temperature. The
precipitate formed was filtered off, washed with isobutanol and

40 dried at 150°C at 8 kPa abs (80 mbar abs). The dried powder was
subsequently treated at 250-300°C in a rotary tube for 2 hours.
After cooling to room temperature, 3% by weight of graphite were
added and the powders were intimately mixed. The powder was
tabletted to form 5 x 3 x 2 mm hollow cylinders. The hollow

45 cylinders were heated in a muffle furnace, initially.in air at
7°C/min to 250°C and subsequently at 2°C/min to 385°C. The catalyst
was held at this temperature for 10 minutes, before the



t enper at ur goghp/ER93gecond reacti on zone was adapted in accordance wth
requirements to achieve a high space-tine yield. In Exanple 1G a
_space-tinme yield of 149 g/ 1h was achieved at an n-butane concentration of
3.0% by volume and a space velocity over the 35 catal yst of 75 standard
1/ 1h. A space-tine yield of 149 g/ 1h £2n be achi eved wit hout probl ens by
means of t AETMPTRNGESSWEF sWktqhess &mem| sl do/HAD (Bxanpl The datalyamphes 2,
the react oheaksd dpedabde wslea the-wOMWY0 stddphaid- {UDE) raaCtkde 8ysfem
(Zzogs/t gnt zza@eheamiﬁw thi@ft&&elf/aih_reafoﬁoﬁ%b@%.“prk’éla.t@ﬁ, l@.ﬁ@ﬁ@ﬁ %{éto?_rg:)
.0% by v o] 3%& . i ethyl phosphate
in an a un?lgg?‘&ill SS%Sbg(%n\?/ol lﬂnrgé?a%{z%% ontxjt ﬁ%%%t‘%’f' anount of gas at the
begi nni ng. _The C(inversi on C was 851%during the trial. The tenperatures of
the 0050/ 51BRFHFALYShoNeL AUk dBRBEEPTaRd 9T/ kler @ \kptipddranel wdiumet he
di ff erencecf of -2 . /GenpeBRR ruafagk atea tafo lHom? Apota phosphoiids hamasdpah -
T1, hot spoativasfalls04vardechnds aThear estildatidhes sV RhEabhadiund Bf
Exanpl e 2A+acrording to the present invention, a tenperature difference
betweenjphe two reaction zones T2 - Tl of 2C was set. The hot spot maxi mum
of the seigf)nrgi rleacti on zone T2, hot spot obtained under these conditions
was still 1t ivel y weakly pronounced conpared to T1, hot spot and, 10 at
441C, was 21C | ower than T1, hot spot Nevertheless, a yield Y of naleic
anhydri de Bie 3Xpe¥inastabtrdianédwad hequippedr aith ea didddenaneecahdtaveen the two
reacti on zoemstok? tubdl Repisadeneneaseth tshelalHRG-QNRALRActBAMLEG by reduci ng
T1 and 16 iewdwRASkABe TS \}é}gE% JL?I %%&%@édbﬁ%tﬁﬁot}%tt%?sgptpill yention,
a

2d8

T2 - T1 r e T tered te rature settin reduged the
conversi gﬁﬁ}anﬁt?ﬁg%;ilé?? % ]foengctalsogﬁ‘%ong:eélns olnﬁggga@éed relaF%Pﬁ tHRe &F€ord
reaction zohe *ePHPR ?g eSS Of el AP tEREL RBACTHT (hber eRpRIRkaNte s t he
hot spot neB§TRHRANt Ae“Fingde Paseti on 20 zone T1, hot spot and an increase
in the tenperature of the hot spot naxi num of the second reaction zone
T2, hot 2@orhe Hyerbeapesmtwsse indrbdedeanaa T2qH04 &Rad at 41, hot spot dropped
to -12C  wpidltitgdrbgubdted BREEASE i . VhE! Syt cBRLEL G5 Anhydri dg to
53.0% 25 Laweringglded Wy Rer,2 ﬁiil: _(‘ire%gﬁggnglzageu.r er ﬁn Jbr?c‘g?é%afurfhgr
decr ease |{&‘§ ewtagrrg(le%éavg.ysre g}l e "hot S:.EO e rum of-oF 24 fRHOSPhate 1 on
zone T1, hot' Spot’ cand S 117cPEER 1 HiifeipErataf & SP1EhECn IRf OsBst
maxi mum of PX 1198 oRE TRRAD YAt BnAT2 HyansheY-tegulatedchataed. Thus,

val ues 8% > 0C were achi eved for the tenperature 30 difference T2, hot spot

- T1, hot sPet -shedlExadptiube?featbos Wt tBfprise®.a ithe-Bohe SROcHRXI mum of

the secondnimacihenéne B2 Bak ARlo@indG,abqa WhechOtifRGhaTexi mum of

the first §eache@nyZONS ill,N0k @Mi— IQ?mXE?&RC:leY g];hn?fe & paeq_'h ar Lde rose

signifi cag{éa{su n g,él 2(;’/0n Csjprrgarg to (Eorrpara I've an‘g e %‘*,, th &€,

correspgpds 10 a 3 g‘?e]l S HEP ehee Y 3049, PEPLRGt/¥e Sheath within the
reactor tube. The reactor tube was divided into two reaction
zones. Both reaction zones had a length of 3.2 m. They were
surrounded by separately heatable/coolable heat transfer medium
circuits. Flow through the shell-and-tube reactor was from the
top downward. The upper 0.3 m of the reactor tube were filled

35 with inert material and formed the preheating zone. The first and
second reaction zones each contained 1.0 1 of catalyst 1. As heat
transfer medium, use was made of a salt melt. The pressure at the
reactor inlet was from 0.1 to 0.4 MPa abs (from 1 to 4 bar abs)
in all experiments.

40
Directly downstream of the shell-and-tube reactor unit, gaseous
product was taken off and passed to on-line analysis by gas
chromatography. The main stream of the gaseous output from the
reactor was discharged from the plant.

45



Fig. 3 shoygsépergggendence of the yield Y of nmaleic anhydride on the
tenperature difference between the two hot spot nmaxima T2, hot spot -
~T1, hot spot as determ ned in Exanple 2. The yield increases 40 steadily
Wi th increasing tenperature difference T2, hot spot - T1,hot spot Wth
I ncreasing tenperature difference bet4®en the two hot spot maxi ma T2, hot
_spot - T1 Aot e38PIeE Heexs lagryedf owmnlusiinganhhatrdrde a5 hydroemsen over
conti nual |gatallysthilghesplantellds Y are obtai ned when T2, hot spot - T1, hot
spot > 0C 0050/51235 Exanple 3 28 Exanple 3 shows the long-termstability
of the VPQgRiaahyat pussd n It LORS. ording t resent
i nventi og Qéletytqgn‘?pé?a%egd;l%%ﬁrl&gf%qg%\%gniaf téla?ﬁ%vgr 553008%%%%§R8Ps’
operation af_am. 0-butane concentPat ifgh Sof 50094 btg“ev(ﬂeﬁﬁﬁoﬁrﬁea space
velocity é‘rtlt’ﬁi E%t%?%/slt“tSEr?Be%tmﬁdf?nwe LVesadtLaptanthi gh
space-tine yield of 149-150 g/ 1h continued to be achieved in the process
of the pre&s@amplententi on. 10 The process of the present invention al so
makes possi ble stable operation at a high space-tine yield of 149-150 g/ 1h
at high Ciiy afte 0 f_operation. 15 Exanple 4 In
Exanpl elgl,sii%%ﬁ%ég%& 'wgcshte%éggéﬁéﬁ%% ggg%ﬁgggnae;:sﬁépﬁ-?%ﬁﬁqr}eube react or
at a hi gh $pace®Veroets y G675 AnfHoerdirgnto £heoreannt ninansdien) -
concent r at’5n t6MPSTLBARE Pl BRED aFRRGEACR0ZPReS ivdTe 2P YHuUGheogasf stirdast hy |
phosphat e §tTiEhe bagipnintuit eof at Ahgpmebyptonl indxt ,bhsddanmiranet al anount
of gas at ddweenbegtion ruf 2The gﬁnmnﬂteureae%pédf vte\hlacif’LeflCéﬁ Qillf;‘éaﬁé wer e
kept  comsdwit thk ddealyskdwadnglo T andh2dCr/ 20 . TRLi @R bholpRaSdOWREp) N
Table 4. AndcbUEiRgLi1T %?r €n0is LS 2£3GLI %ﬁ&%’ph()frut he cal aﬁ%sf[ , at(he )
sel ecti vi t%o%f tCQfapd A or gﬁat | 03) 1S repor 20, R_t PRROEEh ™ #8ns set _
this was i7 the rangeHt & VA0S PE6%98 Hie trdadi arowRt ehhd@asnetoduction
of TEP was-h$t 6FF2BM 10 Ih&hperediamde that ingty degetioni zane ae haterval s
of about 3Wodnmakbmem of U86°Gas obechved. &t @r coheersiamaduoti nrbwfanBEP had
been st2ppefd 85a3tieca aaizad ¥ bhemadi®l anapbyddd dF Sal 26tyyd tabtwdsegqobser ved.
tAL ter Qle@iklcbﬁgéﬁoﬁd%eé:?ah_?éﬁacﬁﬁ{ﬂgéi 9§e§&|o]9§f9%\c{)bt ﬁél-%—gfrgé Oppted from
e origi : el.ec y. O a ormation rose
signi ficant Ipf§zlrn%1r{$%}8. tao%ﬁ.gf}g"ﬁlAbl%u#%isé 132' hours after stopping the
introduction _of TEP, the tenperature of the hot spot maxi mum of the first
reacti on ZOnEXARBITS s&h tOr &ty Hhe drbyitARe| Sorqemsratien o hevepagenC. A
cont rol #elegéty oovenr thei gataslysicmiag Lypcrerbed, eiwd thakotiv deaegdonpossi bl e.
40 Exanpl echeshoews beialg paetated am pcabrbaghe viat eperpidsyhtWihPedtidd gh
space vel afi dyfe¥pdnt hempatatysds (che-agfé tim 10hna-vabatidLeophoSphor us
conpound icyagssSeftifintle? Qcyiéﬁﬁifaﬁﬁgkﬁgrf¥§é'f%nthe internal reactor
temperature at higher space velocities, the temperature of the
30 first reaction zone was decreased compared to Example 1A*. The
temperature of the second reaction zone was adapted in accordance
with requirements to achieve a high space-time yield. In Example
1G, a space-time yield of 149 g/l‘h was achieved at an n-butane
concentration of 3.0% by volume and a space velocity over the
35 catalyst of 75 standard 1/1:h.

A space-time yield of 149 g/l'h can be achieved without problems
by means of the process of the present invention.

40 Example 2

In Example 2, the reactor was operated as a two-zone
shell-and-tube reactor at a constant space velocity of 50 1/1‘h, a
constant n-butane concentration of 2.0% by volume and a continual
45 introduction of triethyl phosphate (TEP) in an amount of 4 ppm by
volume, based on the total amount of gas at the beginning. The
conversion C was 85+1% during the trial. The temperatures of the



condi ti on0V050MASKRES | ntroducti on of the phosphorus conponent or when

I nsuf ficient phosphorus conponent is introduced, the 45 activity of the VPO

~catalyst rises, leading to a significant rise in the tenperature of the
hot spot maxi num of the first reacti 2? zone T1, hot spot, a significant
rise in tt{%ocggggrlsé on C and a 0050/51235 29 decrease in the selectivity

. S. A runawdy [eacttdh 3°0es) Sb 295bdai ke iiddedt ABRd cthys dhgsdafiferendexanyl es

1 to 4 shOW FRSt *EPRELHYERE sOHthendwpr BobnspatwemtimenT; Gonakas -i T, pgssi bl e

to achi evep&x Meghatemvearsiedn, a hi gh selectivity and a high yield of

desired product and therefore a high space-tine yield at a high space

vel oci ty ahehyds ey kel { alys a,space-ti,ne yield of 150

g/ 1h can ?@eséﬁpi% t@oiﬁgﬁtlfg‘gﬁghsbgié 531‘3]%%??%53%"% dRE| gﬂ e

n-but ane I0_over catal yst's 1. actof NCR PREVRTeSDSt tPAvent i on.

This hi giSPaFLR" i%PN88 Tabi Jt Rfi fGi YR S@FenThet kot swpdr axihwusHidthe

oper at i ngSREARY ZRACH108s gPRe dT2, hdres it abbien real indar coimslid iconditidies get ed

setting oWaghstth alelstinely wedkiy, ptbrowiauaicomphregaldingst . and, thes,

t enper aounes4oi°c, heaksngliod dueabr rHaaet hQ[},oi?E:lgg‘, Jbﬁvlgqlgﬁe]il%sgpsasijfg?dty

e

optimze bRepyi&id aq,fhygg[tgé CO%%P¥QK‘%i de. ned. he yie rise ofit  nual | y

Wi th increasing tenperature erence Ween 't he hot spot maxi num of the
second or__ subsequent reaction zone and a hot spot naxi mum of an upstream
reaction 2BRet® Srfofef faneacy Betweenfthehswpr seasiidmwzenes o, - 21
provi des ¥af|¥Gusiasedesiet Yolugsr gredter thamr @Spaoy mwiduchagdesiangad hi gh
space- tlSmingred singMTh ¢ hIofHxamp1é hec passiddihyt Yo Ofhd Priedeaat i%rﬁ:\i%'ﬁ,i n the
case of { buctnatuans son EREALTEN Y mnelakLlda el s Y8 Tp gl Tt L0
material s Hhas alys e |,V Qn.

r&dud¥d Hhes eb¥fer St IlI)"I kkglflcxg%%aﬁcglon 3918 AR ipergased

|
30 ,.0;N riVv.lnr-, - - .
~Nci’ riEIE U § 8‘& SPGB 12089 | This) ffnbRfAeRted in a lowering

the I’tempera{:tn"e of the hot spot maximum of the first reaction

20 zone Ti,hot spot and an increase in the temperature of the hot spot
maximum of the second reaction zone T2,hot spot. The temperature
difference T3, hot spot = T1,hot spot dropped to -12°C, which led to an
increase in the yield Y of maleic anhydride to 53.0%.

25 Lowering T; further and increasing T, further enabled a further
decrease in the temperature of the hot spot maximum of the first
reaction zone Tj, not spot @and an increase in the temperature of the
hot spot maximum of the second reaction zone T2,hot spot tO be
achieved. Thus, values of > 0°C were achieved for the temperature

30 difference T, pot spot = T1,hot spot. INn Example 2E, this was +9°C,
i.e. the hot spot maximum of the second reaction zone T2,hot spot
was 9°C above the hot spot maximum of the first reaction zone
T1,nhot spot- The yield Y of maleic anhydride rose significantly to
54.2%. Compared to Comparative Example 2A*, this corresponds to a

35 yield increase of 3.4% relative.

Fig. 3 shows the dependence of the yield Y of maleic anhydride on
the temperature difference between the two hot spot maxima T, pot
spot = T1,hot spot @s determined in Example 2. The yield increases

40 steadily with increasing temperature difference T2,nhot spot = T1,hot
spot

With increasing temperature difference between the two hot spot
maxima Tz ,nhot spot - T1,hot spot, the yield Y of maleic anhydride
45 increases continually. The highest yields Y are obtained when

T2,hot spot = Tl,hot spot ~ 0°c.
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Example 3

Example 3 shows the long-term stability of the VPO catalyst used
under the conditions according to the present invention at high
5 space-time yield. Even after over 3300 hours of operation at an
n-butane concentration of 3.0% by volume and a space velocity
over the catalyst of 75 standard 1/1:h, a constant, high
space-time yield of 149-150 g/l:h continued to be achieved in the
process of the present invention.
10
The process of the present invention also makes possible stable
operation at a high space-time yield of 149-150 g/l-h at high
space velocity after over 3300 hours of operation.

15 Example 4

In Example 4, the reactor was operated as a two-zone
shell-and-tube reactor at a high space velocity of 75 standard
1/1-h, a constant n~butane concentration of 3.0% by volume and an

20 initial introduction of triethyl phosphate (TEP) in an amount of
4 ppm by volume, based on the total amount of gas at the
beginning. The temperatures of the two reaction zones were kept
constant at T; = 415°C and T, = 422°C.

25 The results are shown in Table 4. As a further measure of the
activity of the catalyst, the selectivity of CO and CO, formation
is reported. At the conditions set, this was in the range from
40.3 to 40.6%. At the time t,, the introduction of TEP was stopped
and the performance data were determined at intervals of about

30 one hour. After only one hour after the introduction of TEP had
been stopped, a decrease in the maleic anhydride selectivity was
observed. After about 11 hours, the maleic anhydride selectivity
had dropped from the original 57.7% to 54.3%. The selectivity of
CO and CO; formation rose significantly from 40.3 to 44.3%. About

35 12 hours after stopping the introduction of TEP, the temperature
of the hot spot maximum of the first reaction zone had risen from
an originally stable 462°C to over 490°C. A controlled reaction at
high selectivity and yield was no longer possible.

40 Example 4 shows that particularly at high-load operation with a
high space velocity over the catalyst, the addition of a volatile
phosphorus compound is essential to achieve stable reaction
conditions. Without introduction of the phosphorus component or
when insufficient phosphorus component is introduced, the

45 activity of the VPO catalyst rises, leading to a significant rise
in the temperature of the hot spot maximum of the first reaction
zone Tj,hot spotr @ Significant rise in the conversion C and a
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decrease in the selectivity S. A runaway reaction s also
possible under these circumstances.

Examples 1 to 4 show that the process of the present invention

5 makes it possible to achieve a high conversion, a high
selectivity and a high yield of desired product and therefore a
high space-time yield at a high space velocity of hydrocarbon
over the catalyst. Thus, a space-time yield of 150 g/l-h can be
achieved without problems in the gas-phase oxidation of n-butane

10 over VPO catalysts in accordance with the present invention. This
high value is reliably maintained even after several thousand
operating hours as a result of the stable reaction conditions.
Targeted setting of the catalyst activities, the amounts of
catalyst and the temperatures of the individual reaction zones

15 make it possible to optimize the yield of maleic anhydride. Thus,
the yield rises continually with increasing temperature
difference between the hot spot maximum of the second or
subsequent reaction zone and a hot spot maximum of an upstream
reaction zone. Furthermore, the process of the present invention

20 provides a flexible reaction procedure in respect of the desired
high space-time yield, which offers the possibility of
optimization even in the case of fluctuations in the quantity,
quality or purity of the starting materials or progressive
catalyst deactivation.

25
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0050/ 5123%@sloys1888i m 1. A process for preparing maleic anhydride by

het er ogeneously 5 catal yzed gas-phase oxi dati on of hydrocarbons having at
.least four carbon atons using oxygen-containing gases in the presence of
a vol atil e phosphorus conpound over % catal yst conprising vanadi um
phosphorus and oxygen in a shell-an 4 ube reactor unit havi ng at |least two
- successive 10 cool ed reaction zones, wherein the tenperature of the first
reaction Zn&lagmer om 350 to 450C and t he tenperature of the second and
further reaction zones is from350 to 480C and the tenperature difference

bet ween the, haf thelces8agdi Pret@den méf&eam%fi? SA Rk 80GOS
o TTerore b %at%le’rz 4 és %agl abg%{ilatﬂm o3 H]Xm %&of’égg ter%?ﬁ%%lﬁr gone

di fference bet en g of t'est I On zone

is at least 5 c TR %od'g‘sélséggc‘?’éﬁgr?e’ﬁcf’ﬁtﬂ%}‘?ﬁ gases2inyEhg ein at

| east one hotp@ﬁﬁcﬁaﬁfnﬁrﬁq}ﬁtﬂ% RRASHPTIYE somRbvereactattalyssne i s

hi gher than aldonipytisgpot varnmdimm, | phpsphdrmss andactygsn Zeanas. 4. A process as
claimed i n anyshefllehadAsulde tr@adtovhet & fhafvh.ﬁg 23] fé’é?HtOQﬁE)bQuncé@seéides

n-butang 5. A:dUl@@e§§a@1§1&J %oHed, 'J;hé&@& %&&e o "L 9k Lhe
vol atile phosphy gg_oﬁog&p&r}% lf'rs:glq 5§ t %I %IE %? 8 ﬁeB"EFsI y

process as clalne

catal yzed gas-Hive88 8% déﬁ%‘ﬁrl Eeé%ﬁ:'rqre&%‘ﬁﬁ l%tf%P“'pr?’éQsEPe‘IQﬁ Cf pBgh 0.1 to
1 MPa abs. 35 the Aepperdisirepsiéferense betyagnothe |lmittest tead;iosheveen the
gas- phase oxi dad ¢hei sogimrtatredctiom =ineglie paskeadthe°cconversi on of

hydr ocax$ons per pass is from75 to 90% and nul eic anhydride and possibly

oxygenat eg hydy eraeegél a@(c-lrarlaQHCL% A %”Deéﬁ‘%ré{ Omh%h%eiﬁéﬁt‘?{r gout put. 40

8. A process L, n phase

oxi dation is 3’%5? ?ggg ‘%‘%"%8?:4 g%%ﬁ?ﬁ Ko fﬁ%cuc‘?fh\f‘é’f’?l 8h o'fhenfd’ro&EﬁFbons
per pass is f 8ﬁ1cg6°?oz%‘tﬁ’@lsnﬁf:e}%as"aﬁh9dr| de and possibly oxygenat ed

hydr ocar bon by-products are 45 renoved fromthe reactor output and at | east
part of2@ Be Pepapaesy ad rcdanmed fi dledst lpart2 pfwHdreinnaeardd @350/ 51235
35 hydrocar b, spbtQﬁh}f]im(lmhafetlhﬁ%c%ﬁaabﬁtﬁﬂ)égcfuen'tsreé@@id’rptéloﬂreegstO

the reaction zgl p f € ©
@ﬁér Qharﬁrhlq H@Eaé%kﬁtbnﬁ iRG PI‘? 2Rk gg?g‘f]{gle& gas phase

clainmed in any of clains et erog eously

4. A process as claimed in any of claims 1 to 3, wherein the
25 hydrocarbon used is n-butane.

5. A process as claimed in any of claims 1 to 4, wherein the
volatile phosphorus compound used is tri(C;-Cy4-alkyl)
phosphate.

30

6. A process as claimed in any of claims 1 to 5, wherein the
heterogeneously catalyzed gas-phase oxidation is carried out
at a pressure of from 0.1 to 1 MPa abs.

35 7. A process as claimed in any of claims 1 to 6, wherein the
gas-phase oxidation is operated in a single pass, the
conversion of hydrocarbons per pass is from 75 to 90% and
maleic anhydride and possibly oxygenated hydrocarbon
by-products are removed from the reactor output.

40

8. A process as claimed in any of claims 1 to 6, wherein the
gas-phase oxidation is operated with recirculation, the
conversion of hydrocarbons per pass is from 30 to 60%, maleic
anhydride and possibly oxygenated hydrocarbon by-products are

45 removed from the reactor output and at least part of the
remaining stream or at least part of the unreacted



[ [ rbons having at |east four carbon atons using
gi;ggalggn?ﬁa?mn%pgses in the gresence of a volatile phosphorus conmpound,
.conprising (a) A quantity-regulated feed unit for the hydrocarbon, for 10
the oxygen-containing gas and possibly for the phosphorus conpound, (b) a
shel | -and-tube reactor unit which has-at |east two successive cooled
reacti on zone'YAFQCAER®RS i ("HiGEsMBY chave been gpparatad ofdnpésatures in t he
i ndi vi dual red@cigaulsted s thedréayt torurronebor separating off the naleic
anhydride formed and possibly oxygenated hydrocarbon by-products formed.
10.  An appar ata#s adpachBidothyi 'ﬂ)r@&éfmgg’ma‘Mé‘iEehHl}%mod?&g%hghé‘gﬁ&g'i%u%%yumt
conprises a Myd 3906 speld '83%9,' gpgrog{eenaé%%giy cata yz3ed gas—phase

oxidation of hydrocarbons having at least four carbon atoms

using oxygen-containing gases in the presence of a volatile
phosphorus compound, comprising

(2a) A quantity-regulated feed unit for the hydrocarbon, for

10 the oxygen-containing gas and possibly for the phosphorus
compound,

(b) a shell-and-tube reactor unit which has at least two
successive cooled reaction zones and makes it possible to
set different temperatures in the individual reaction

15 zones and

(c) a unit for separating off the maleic anhydride formed and

possibly oxygenated hydrocarbon by-products formed.

10. An apparatus as claimed in claim 9, wherein the

20 shell-and-tube unit comprises a multizone shell-and-tube
reactor.
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