PF 53804 1 Ppgpghghipon of naleic anhydride The present invention relates to
a process for preparing nmaleic 5 anhydride by heterogeneously catalyzed
gas- phase oxi dation of hydrocarbons having at |east four carbon atons by
means of oxygen-containing gases at from 350 to 500C in the presence of a
vol ati | e phosphor us conmpound over a vanadi um, phosphorus- and

oxygen-contai ning catalyst in a shell-and- tube reactor unit 10 having at

| east one reactparbizioneof ovh bt bunhpansdeof a heat transfer nmedium Ml eic
anhydride is an inportant internediate in the synthesis of 'y butyrolactone,

tetrahydr of urg &%jse%t &Uﬁ?ﬁ% Qlq o 0L Gy, & %rb{? e 1ot By ﬁggpl@gs magbygnt or
bt ot Emfﬁeoﬁesﬁsrw”%ﬂ@er £ 81§ ez oTn e prdlgarabi P o e o

pol yt et r ahydf
anhydri de by hHere¢ReRéo §Y3yn%a@ttall?2§‘él fogy §a§b%%a%*@n@xpda¥‘$w &t

hydr ocar bons okgyemg-cattalieasy damws ear bom s50MsobyOfEans ohe oxegencevef @
vanadi um p%i%ﬂ&%o@ﬁﬂor@%@oﬁﬁﬂlt@}éﬁ RgvEAb@d urst, bhogshefAl ¥nknown

and is descr 0 en-ddfcatk lceatlal?syl Lannys | Engyel ﬁ,%%d&aaei dnustrial

Chem stry, ditl roni ¢ Rel ea L AND

FUMARI C 250 Fbmgl\?éi geésﬁn‘ﬁ UrigE’ lo?n“ﬁ?n&?ﬁ?edb%‘hi‘%ﬁéls ?Pﬂa%ﬁ?&r ocar bons
such as 1, 3- l’&'ﬁﬁaﬂf%fné‘edﬁulﬁutenes or n-butane are used as starting

materials. The reaction is strongly exotherm c and requires adequate
renoval of thalbeatamfydireastiomn LRpger@itlintbhfedifHACtin0Bhé Ssydhieilseéd Ot 1N
a shel | -and ty“k@l?c RAGELENDAAG 2 By 3o £ird UE\HBGP' Ak BB No1 ANnii@ROAF&N L

obj ecti ve J het e(rjé) neo gwe ctatoz%?"yi%gd gas ep))(a §e OXrI %aetslsggs of b_:)édncocar bons
tonalelcanh e 1s the ac of 4 I"Pqnsacelflmayleldof

mal ei ¢ anhydrgllH% %?/lé’imetrﬁes%%héarﬁ|PPéYF??’éa}BﬁdrPﬁBrg%t%rl yst. The achi evenent of
a hi gh spacerpiieinydryrgodideng ei ¢ anhydride is dependent on various
factors, for exanple the type of catalyst, its activity distribution in the

cat al yst bedmhtehgr@ggailattll@ﬂ &f Iﬂl@il@hﬂﬁﬁﬁdﬁl@@pﬁﬁ}eﬂéi@eﬁ&geBQSugE}ed:at@l&'fz!éﬁe
t he ConrpOSiot }?ﬂaéé‘%m%@léﬂ %é“h?drwgrﬁo%%cﬁag cgcaltt %48+ Of ol Y0 g@hbon

over the cat r egct 1.on reaction o

S
hydr ocar bons at§ ?o?%"}‘?‘ﬁ‘lné i3 pt 0"@@@8&“& ¥ &{@Syhé%?he%ﬁ cally, a
regi on of el @%&B%@‘qu@ﬁﬁéﬁaﬁ lﬁ'aeta(l'yﬁ&t éﬁo‘ie'nerré‘éllkin}}n?"ﬁl WiRdc s t dRScIeibeEr i vi ty
to and 45 t hdsrt feanplel,diof Udbsinmed pnogaigipeds ar eflubethsasial r@wsnitstaly, many
possi bl e par gk eldiandnsubsrrEeattFrerid iRRNSaks, gengtall ymAor e dNDNFUiA¥eIC

catal yst bgdacis counlsk E\Hh%dleﬂccfee(:t InEEer&x%1098e{%§énéﬁ%% E’F %%a%beﬁgposed
usmgastructu ed clata!b)@ cat al arlabl e aci;clwty

S
The | owest cataly$t ACE Vi ??/l?nsé’ o ?Htene et 5 % {') & raeraec (S)(ra’d ancf‘ttah
hi ghest is af“aFﬁ% 1t gpeofe?%@%a‘ét BFrongly SéP‘G\E"é‘H“lq tanéaﬁe‘%"éﬁﬁs

cont i nuous| y agdeasaepviesevaFooficHiceheat hef Faaatgenedi s aenierngl of theat al yst
activities, -treastilacurertrttadhes iessesiid dldaypdt-hebelidasiciton bivitie aacti ve
catal yst pay biiebesatdd Ral1knggdin material, the use of catalysts of different
activities and,

An important objective in heterogeneously catalyzed gas-phase
oxidations of hydrocarbons to maleic anhydride is the achievement
of a very high space-time yield of maleic anhydride over the

35 entire life of the catalyst. The achievement of a high space-time
yleld of maleic anhydride is dependent on various factors, for
example the type of catalyst, its activity distribution in the
catalyst bed, the addition of phosphorus components to the feed
mixture, the composition of the feed mixture, the space velocity

40 of hydrocarbon over the catalyst or the reaction temperature.

Since the reaction of the hydrocarbons to form maleic anhydride
proceeds strongly exothermically, a region of elevated
temperature (“hotspot” region) in which the selectivity to and

45 thus the yield of desired product is reduced as a result of many
possible parallel and subsequent reactions is generally formed in
the catalyst bed. To counter this effect, EP-A-0 099 431 has
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catalyst bed, Wellauer et al. teach the setting of two different

35 salt bath temperatures in the shell-and-tube reactor in order to

increase the space-time yield. Here, a lower temperature is set
in the first reaction zone nearest the feed point than in the
second reaction zone at the end where the product is discharged.

eacti on

40 WO 01/68626 teaches a process for preparing maleic anhydride from
n-butane over a vanadium-, phosphorus- and oxygen-containing
catalyst using a multizone shell-and-tube reactor in which the
temperature difference between the hottest and coldest reaction
zones is at least 2°C.
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e risk o% sudden uncontrollable temperature peaks in the
catalyst bed, it is possible in an extreme case for a “runaway”

35 reaction to occur in individual reaction tubes or a plurality of
reaction tubes through to the entire shell-and-tube reactor which
may contain several tens of thousands of reaction tubes, since
the reaction rate increases sharply in the region of the
temperature peaks mentioned and a greater quantity of heat is

40 thus produced at this point. In a shell-and-tube reactor, this
hot region can spread via the cooling medium (salt bath) to
neighboring tubes and may even spread over the entire reactor
cross-section. The high temperatures, which may be up to 1000°C,
can in the worst case even irreversibly damage the entire

45 shell-and-tube reactor.



25 medi um ispidg@ggordance with the fornulae (1) and (I1) Tss(15t zone) <-
TR(| st zone) - Tsafety(lst zone) (1) TSB, Ymax(lst zone) - TA(lst zone) s
TsB(Il st zone) < 30 TSB, Ymax(l st zone) + TB(I st zone) (I1), where TR(I st
zone) is the runaway tenperature of the4first reaction 35 zone, which
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zone) at whi Eh i annebirte oOf the PFATNE inCelbiRly tRedAvVeper REAFRSDIIAthe
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Tsp,ymax (15t zone) - Tp(1lSt zone) = Tgp(1lSt zone) =
30 Tsp,ymax( 15t zone) + Tg(15t zone) (II),

where

Tr(15t zone) is the runaway temperature of the first reaction

35 zone, which corresponds to the mean temperature of the heat
transfer medium Tgp(1St zone) at which an increase of 1°C from a
1°C-lower mean temperature of the heat transfer medium Tgg(1St
zone) — 1°C to Tgp(1l%t zone) causes an increase of 5°C in the
hotspot temperature in the first reaction zone Tyg(1l5t zone);

40
Tsafety (1St zone) is the safety temperature of the first reaction
zone and has a value of 1°C;
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even in the %§5g3gb4t he abovenenti oned i nhonbgeneities in the industrial
shel | - and-tube reactor units. 45 To achieve a high yield of nmaleic anhydride
in addition to a safe process, the process is also to be operated in
accordance with the fornula (l11) at a rRean tenperature of the heat transfer
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zone at which the maximumyield of maleic anhydride is achieved in the
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the paramet eaTh{18ene) 0's, 316§ iaD0C, preferably 10C and particul arly
preferably 5C, and the paraneter TB(lst zone) is 10C, preferably 7C and
particul arly oy efteeahéy &C10fbe fornmula (11) thus ensures that a high yield
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runaway te erature q(-'
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runaway tenperature TR(1St zone) in the formula (1) in the interest of 40

safety. This Fos thenpur@osabl ¥ belowrebent ritrdndnanaytiemeeeabre TR(I St
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present invefEBACat HeaC4igBt ed setting of the nean tenperature of the heat
transfer medium TsB(lst zone) is achieved by targeted setting of the
t enper at ur3 amd/ e&fePwrinpetatihe aeal , (1ansdes) rRGtedM hit®WdRGunB, in

particular, the inhomogeneities present in an industrial
shell-and-tube reactor unit, especially in respect of the
catalyst and the density of the bed, the specific throughput in
the individual tubes and the specific heat removal at the

35 individual tubes by means of the heat transfer medium. In the
process of the present invention, the safety temperature
Tsafety(15t zone) is 1°C, preferably 2°C, particularly preferably
3°C and very particularly preferably 4°C.

40 The formula (I) thus ensures that the potentially hazardous
region above the runaway temperature Tr(15t zone) is not reached
even in the case of the abovementioned inhomogeneities in the
industrial shell-and-tube reactor units.

45 To achieve a high yield of maleic anhydride in addition to a safe
process, the process is also to be operated in accordance with
the formula (II) at a mean temperature of the heat transfer



5 In the detggnsggphon of the runaway tenperature TR(Ist zone) and the nean
tenperature of the heat transfer nmedium Tss, Ymax(l st zone) at which the
maxi nrum yi el d of mal eic anhydride is achieved in the range TSB(lst zone) <
TR(I st zone), the conditions prevaili ngGi n 10 the process to be carried out
are to be taken into account. In general, the determnation is carried out
experi ment al PgAiEm Fsa (EXpéPPeeitEChpant udienganfie BR% Jerivatd 1&at al yst and
with the paraneler af éfevane) tio tThe, meaCtSt oxprigahaviletlstf soneXxambeget tige
internal di agehgsrafurehesreacinenyiebe dOmaneaet amiiydrudesin tihe rahfe <
pressure, th@REi/sdr 06RE PAR eRPESTH aldron,, Lhe @Y nkhe £ongentiat bgpe pf the
vol atile phosp Péélson%%”%“{‘r?e and t be, goricent r%‘%ﬁé‘ h%fatagi'lanélééé‘%dgﬁ‘g' tives
such as sté&am bei rPg Sét . {1 di TEnsi ons cof . t e react 6f T Ube. used.in the
experi nent al IPpFBfitfisE FRATHET @GPBna b ids ENB M HE e ¥ttt FuBBsciSed in
the 20 ful |l - sohveérigleandss, aghievast an thoeranger Gemdél tynea Bt 1ET @e9ker
mediumis generally very suitable for the determ nation of TR(Ist zone). In

the experi merhalnh&lgh@jcsBab heOhbrdehstiRRe)Y oANG HESBa¥ARX{d StT, (25: ZONe) ,
the eXPe“JLBE%% reachog | re%%g%ﬁ#'i/o%p%ét%’ré&’ﬁ%‘i%ri “g%éée%%l nalogous to
those in the -raaktor to bé use [ater. 1n gonnera ,_a n_tenperatur’e of
the heat traASfetPGEFrARFTRR(TL™" Z0R8) Whi th S sPEPHMI A aﬁt?gy | ow t he
expect ed run®aayictlarder ateferatRyl 8iCzone) but gives a yield of maleic
anhydride Y 30 in the industrially relevant range is set at the end of the
running-in penkogorrM1ACEIL hechnt spetiréemearabtuneqd HS(d1st oZ0RL)eiics @

i gni {1 cants RALAFRIAY skNathferlel GHThARLI A b bNE. FUINAMRN, ! enper at ur e

TR(I st zone), particular attention shou e paid to achieving a stable
operating state. In the process of the present 35 invention, a stable

operating stafg TEhdEHREER WHeh CfuhBerhetorsraff oF SR Bn Tedrdr t1BI9, tPhe
drift in thebRosepoin thenpeecais @ITHSE | Steseomelnventian 5Qusviers £péei éd of
24 hours. Abteorddreehetispobotterfoemal air € )THIAl Slsa ofe)nueat abt j shédcat is he

set  TSB(|ft eganed1a1d thheoyhsd ibnob s Nah e ik e3BBY dibtlarRava ReemifQhich

det erm ned, trge(lrgeagorﬁfe,_rrggr%u}gee S%I}'t he heat transfer medium TSB(Ist zone)
is gradually Phcreased i n steps and, in each case after a stable operating
state has been established, the corresponding hotspot tenperature THS(| St
zone) and t hésyfer dPoSeeRaf &Pt téﬁh?ﬁﬁ’dbtla%*’eoge?m,m:ﬂééls.t ZPRah | Wer-edS8 of
1C in the nearadStenpeyertateref dfhet heaheatansfanshediymedinurh&@SB{tsst zone)
causes an #3-rb3804o8 Joner easenhfh ABEEmdiaiund yCeld dhendlelispaihjdiier asur e
THS(I st zongknhithes ! ldnal, €RD AgAehakly, her siappedontsd 1118 RHASESS Afidhhe
present i nveqtlon, i he gag; phase OxLaallon o onbe. B! he anaydrided s carried
out in a shelf-and- ‘ube’reactor ‘uni.t Navi n% al" 1east’ one reacti on zone

cool ed by a REAEVRPQFELEP™ Nedi Tkl FofFOee 1pGF pHRES MOROL AR G e i thout
invention, tleingryhroiigdl k- mesinuihe the acunavwaynitemperauret dralnkendlavisng at
| east one 3Gshekd-andisk ey rlsactare) Ansheé | famalbulpeIyeactor in turn 10
conprises at |east one reactor tube which is surrounded by a heat transfer

medi um f or t'}%,pyéfﬂéﬁéﬁgﬁebeéﬁé'M%aﬂngéﬁgefé%%kkngf 4ﬂh heat transfer medium

in the first reaction zone Tgp,ymax(15t zZone) at which the maximum
yield of maleic anhydride is obtained in the region =Tgr(15t zone)

35 has been determined but the runaway temperature Tg(15t zone) has
not, since the latter may be at a significantly higher
temperature than Tgp,ymax(1St zone), the maximum temperature Tgg(1lSt
zone) in the available data is to be used for the runaway
temperature Tr(1St zone) in the formula (I) in the interest of

40 safety. This is then reliably below the true runaway temperature
Tr(1St zone).

The mean temperature of the heat transfer medium Tgp(15t zone) is
determined by forming the mean of the inflow temperature and the
45 outflow temperature of the heat transfer medium.



general, the shell-and-tube reactors used industrially have from a few
hundred to seyesgbotens of thousands of reactor tubes connected in
parallel. If a plurality of individual 15 shell-and-tube reactors (in the
sense of shell-and-tube reactor apparatuses) are connected in parallel,
t.hese are regarded as equivalent to a shell-and-tube reactor and are
herei nafter _enconpassed by the term shell -and-tube reactor. 20 The

shel | - and- t ub8 F@%éF@Feﬁﬁ|3féﬁﬁ DORPT TS e TRE &P nor ¥ tﬁFgﬁEﬁﬂlﬁﬁitiBHe%fwhlch
heat the infcbaiPRAIGASTRPXR WIS OA tpe chradt ithgng beve nastiagr B¢mdd °T rAqsea 1s
shel | - and-t ubehieast by tangdeed eakiird,off aheexanpdmtury apdsfisr aGinonsacodHr

tubes which ane fhddd @gdan¥tdh nd@il FBSRIdAlinand are |ikew se surrounded by
heat transfger 25 nmedium As inert materlal it is in pri nci pl e possible to

use all shap odi WhICh are chenical l re. i e or catal yze
no heter ogen§8u§ i c%aerfnlnat reagt fecg?ﬁ -0 % ehraturg ﬁﬁﬁl zoneressure

drop bel ow t I’iéer%%éﬁ‘eélefn%r"f‘r’ﬁ*}ﬁemﬁ’ﬁl tBe ekl‘%?d% éranﬁf%tme@ﬁéé‘l ﬁmmﬁal(ﬁe 280f{ abl e
inert materiatswarad ther mexamm @ie30 okimileimateriydislesdehaclsieedmiinubie

oxi de, siliceangarhi;destokonaptal Tj@shrei@id)al sheuedhds ishai ptess 19heekin

Exanpl es qfp %metapé&sssteapséi dndiies éﬁi@ Sfhetese p@iénetl%tohgéémtcy&hnders
rings,  trilgbeg i %%aasﬁeﬁv}@q}%@éwp 8o ALRUGR et&p%&lmgﬁggﬂyar af! ushed

shaped bodi e Féact or ~uni rallty

of shel | - anG*PEHEGHACt BLntT fucfrmaxa |%PPH@8“?E? ety 6’? o tgﬁch
reactors, thescareirise reﬂ@Yafétanpltée Weéehﬁvwralfpél exywpleoihect ed in
seri es. I n t heteasel efiamhedt -aéhdheubeadEeiact aube (Qr bedaeg ioonnestsad ithe
series, the gutheirs! r@amjdiv0mensSbehderrdtivhe #1RACHSK, | Shpassed directly
into the inl ebnlbndNg ionext shellapdrd %s&aﬁa%QrcorA&%}ﬂesnd'éhé s al so

I r ntr r r h
gg:?:?aﬁdt?ugoegghtﬁéilon ?ﬁlx%rﬁgrgge #%f%lveg SEQFe%%s eam trgakrgr a

conponent t héfebke HFePE PR A GPE BRAGEITREr UERS Wt@988’&96€9“§"tern§§|1n can be
fed in or thelertsaiengngabesiediamm ednthespassétie 1e¢aaneghtabeeatsaskdhanber .
I n the abaveranlioned pheht; and-dacher redasd cusrotihidéed egcthiohebtibasansGear e

usual Iy made n@hi dRr{d ljeGeShER) Y EYPLORAld ¥oRaVee aiah@Irni hBE chness Tpf 16rom 1
to 3 nm Their [nternal dianeter is generally from20 to 30 nm The nunber

of reactor tubes’ per shell-and-tube reactor is usually in the range from
5000 to 35000, although a nunber above 35000 can al so be present in
particul ar| y IRaFfe SHPesiEARER] TieserBapabron Ghedrals AoReRlany distniddiled
honbgeneolRS yonei t hihe ehiper seotierl bedytomhe genarakhctopematzedeirdesfrers to a

regi on wthi goadstdds andibghes toeaabed , inihehreegi®n teopbaisisd a Latral yst
and in which gﬁahgrzlﬁ tae%%afcé&ﬁ&mukg be {H%l %Q&“@Qarﬁéfe% Meh{ g M ypidte by

the surroun at transfer bsence .of a chem ca
reaction. In ge%éra ht Sl%n]tér% %T%ebeilsowd ¥ e}éﬁfe(f Syt he"Y ocal pk&ysmal

di mensi ons ofCFREr Heke Fﬁh]n fé?n%cﬁul}mgéi’?%tﬁtylel‘?haé mﬁ”c?rlcefa‘aﬁw
shel | - and-3uBbe teacttsiushadkphly aieilpvent pange is set at ‘the end of the

running-in period. Since the hotspot temperature Tys(1lSt zone) is
a significant parameter in the determination of the runaway
temperature Tr(1St zone), particular attention should be paid to
achieving a stable operating state. In the process of the present

35 invention, a stable operating state is assumed when, under
constant reaction conditions, the drift in the hotspot
temperature Tys(15t zone) is = 0.5°C over a period of 24 hours.
After the hotspot temperature Tys(1St zone) established at the set
Tsp(15t zone) and the yield of maleic anhydride have been

40 determined, the mean temperature of the heat transfer medium
Tseg( 15t zone) is gradually increased in steps and, in each case
after a stable operating state has been established, the
corresponding hotspot temperature Tys(15t zone) and the yield of
maleic anhydride are determined. If an increase of 1°C in the mean

45 temperature of the heat transfer medium Tgg(15* zone) causes an



20 transfer ppdiygpgircuit also has only one reaction zone, which is by
convention referred to as the first reaction zone. If a shell-and-tube
reactor unit conprises, for exanple, a shel | -and-tube reactor having two
separate, successive heat transfer nedfumcircuits, this has two reaction
zones which are 25 nunbered in the flow direction of the gas. The suitable
heat transfein@eefise @feMore Yhant PCTl Hr thel bptsprtattermpeanaties Teetld. 1t is
particul arl yzedepntthgeousal carsgesatélgeltes steppdd as potassiumnitrate,
potassiumnitrite, sodiumnitrate 30 and/or sodiumnitrite or |low nelting
metal s such ag §1§@'d¥$’c@99 oIHRY Brofe¥@rinds ¢ 184 Al tShe lgastﬁﬁaswf Qx8aat Pby t he
pr esent |n\éent| om . srefe ncoe 1S I’\:fl {‘e& Q¢USLN 3} sheLl a,gdbturl%%cgggctor
unit having Teast fWo' reactio escooeeb ﬁ 1%

medi um As auPé"sJPac‘”&Ig Pﬁel*f%?‘rtgéf‘édr%%‘itﬁoﬁ‘gZBFet‘FféOII’?éiaHYt%n‘ﬂfearfattﬁF‘BSB‘Frthe
heat transfemedigti FOrTEBE | »ireogee) of ntheh@repest ¥nvgeitiion. zore teAMaccor dance
with the foshulreard-rubadrdddtor safit wgferat tonaiwmitadevpogsitlleash dme
zone whi ch i ghparidfatkabt yr&RNSl i Xeshdmanasahied yrd2@icBt of wmiew 40 because

of the hi gl hydro saegg@ soncenaLLon. ShiGR PLEYAl s Theo,feRATRt s heact i on

zones makelgcgs%ﬁ af e rea tlon on |t|ons/ (%f t ghe cour se
of ‘the react FBRSEH CROGERGTE [Ye PEERRSS Of sam;g%@w 4 P8 PG

anhydri de an@eBET s tﬁ‘ﬁr éhe¥]}'é5€ideéb?e©€tﬁ°&PFénu%€F indusitpeakyy thRAF WRER a

si ngl e- zone 4bSfeeduigiredstuseerRE 58894 fl@hbnsaids ceseecattoheuypesf erred use
of a shell - apdntedred eachoralldlt. rhayipgirallikgast indivieagii on zones cool ed
by neans afs @h@@ﬁlanoutaaéf@éac%@sumhntﬂéﬂ%eagecgﬁss&fntaﬁdm&%er}teabeufmtl on,
the te”peratdgé ds/e%r 5@% C%FE{ e8fl$'beaﬁl€i%1 Sferr Qé%?df")\é‘s“g >
into the seco $ ST }é%l o dlrectlon) tion ar e

parti cul ar | y SAPLYISH fros%ts f‘l’ﬁe EEN P’én’i‘fé‘? aﬁrl‘fr geﬁ?lnatqﬁ?rheat
transfer rredieﬂﬁ?lplha%ﬁ?é‘ BECHifl tegac okl Z0ie tYBB(ZRRFtoZone), which is
calcul ated as the nmean of the inflow tenperature and the outfl ow

t enper at ur2® ohet figelNeAdL £ @hs frdaciBdi it icinl BorPr BRC @hdaseandd h t he
formulae (I b}:eﬁélgtl(nlgv)zoxég(m@hzﬂggl e ER&%BQl%&fb@s mJ.Ig@I' tﬁ( 2nd Zone)

(l | |) TSB Ymgggea ng( Izé?e %’%egraf&?zlgto a sggg - rfz_l(PQ: )De reaciior C an

zone) + TB(2 era ure of

t he second réSE‘H 30T 2 B¥EP Lni O E%?W%?ﬁoﬁﬁgc'f%r tth’é’eﬁe‘émlqrér?g}ér dtbted of
the heat tr aﬁstérlnﬁs’fm @#%B(lzﬁdldzéﬁ%)lﬁte“mﬁcﬁumpqnﬁ@ﬂeéxehﬁt Tcahpber a
1C | ower rasancticupersst unerofmatesrikéat it riansheprimdiple PSBE 2wk tzomey allC to

TSB(2nd zonekhepas asodaRsi nﬁ&asa&eof:h&@&amtyh@neh@; SPQ. tLaapes dnicathythe
second react hg“hﬁ@é}%eléﬁ%@@ Zc%.'?:‘aa)lyzegSIeTa%%f %hy(%ﬁ‘&i qnre) hi\'?e g%a&%ﬁﬁly

tenperature Q cond actl on TSB, Ymax(2nd

70 al ue

zone) is thePABEAS r%é)PaP% W Jihet ﬁss?]%cattl rglﬁﬁlg?m %efrﬁg Tmin the second
reaction zon@laﬁtvﬁﬁet?ﬁftlﬁe"%gdiﬂ nﬁﬁﬂﬁﬁpk‘? é“&ﬁﬁyﬂ??%l"eleyllsela&er st *éfedei n t he
range TSB@@nsz@p@ﬁmatefmégﬂcbuch as aluminum oxide, silicon carbide or

metallic materials such as stainless steel. Examples of suitable
shaped bodies are spheres, pellets, hollow cylinders, rings,
trilobes, tristars, wagon wheels, extrudates or irregqular,
crushed shaped bodies.

35
If the shell-and-tube reactor unit comprises a plurality of
shell-and-tube reactors, for example two, three, four or more
such reactors, these can be, for example, connected in parallel
or connected in series. In the case of shell-and-tube reactors

40 being connected in series, the outlet stream from one
shell-and~-tube reactor is passed directly into the inlet of the
next shell-and-tube reactor. However, it is also possible to
remove and/or introduce mass and/or energy between the two
shell-and-tube reactors. Thus, for example, part of the gas

45 stream or a component thereof can be taken off or a further gas



zone); TA(2ngpzgeghai s 10C, and 35 TB(2nd zone) is 10C. The formula (111)
thus ensures that 1n the second reaction zone, too, the potentially

hazar dous regi on above the runaway 40 tenperature TR(2nd zone) is not
reached even when inhonogeneities occu® in the industrial shell-and-tube
reactor units. Furthernore, formula (IV) ensures that a high yield of

mal ei ¢ anhy8FFQRD C&Nabhi B3R d N AT At 19307 tingsade UPErat fah b4 Parred

princi pl es desoosudie@d dbaveeiadhangspect of the formulae (1) and (I1) also
apply to the second reaction zone. Thus, for exanple, the nean tenperature

_Of _the_ heat & angd %'bo%lqéMO%( SRg1 ZO0R)_+ ﬁepfem%,u:hé O DR £381 8P4 hat
it is in agcordance i rh both the tormila 01, cand the formia (Lh). Th a
particul arly  ef arred Efvodi ment Tor T e 5‘ oCess ot neYs present “invention,
the safety téﬁb‘é‘f’lﬁsﬁr BETEL R tly ond PBneeis 1eterfRleddpBBEST 26 I5RFFREW arly
preferably 3€rem®O/apy3parmi dleanhpbenraf egpabtyr 4@beFhpepashatdt-andTagbed
zone) i s 20CrepcedreriabliyualBCiandhpardrngaulfabhys @refter abbyo 5G1wedghhe
paraneter Tsgdhder 2080k bSoddCanPheiermbipy¥elbnanth RRAkicHl &1y 1Rkgker ably
o0 L0 n 2 S5 S BIAEL OO (L. T WARYE el STPER Al B, Lk hARELENY | e
mean tenpératuyre of the heal 'transfer nedum TSB, Ymax 2nd” zone) at ch
the maxi num YrEMP FPenafRFCaM?dri de is achieved in the region where
TSD(2nd zone) s TR(2nd zone), the operating paraneters 15 in the first

reacti on zonehéawvexrnt oebets@t Zvakoreheww tioo avakgbsn witthéh &aste lprewndetshey
been det er m pegesdt ,awhliohMB&iidnNeont®KH & @ASadfst hardf @hmMihaeh (dne and (11).
TR(2nd zon®) +aRferakSBe YUBX{ZHE 22981 BI&K) LRED GeDELA] hy14etey Meed in a
manner . anal ggelis, 1 Lhee abavesdeserpbed determ nall g ot TR Ak, zgne) and
20 Tsn,Ymax(st zone]), whi ch %8 or at ed y reference a IS "point.

, ncor por a (
Wien a shel | F8Ag4be ?Pe&%‘ﬂ%rralunitpehﬁg‘?ﬁgw&t 2pRastS tAkd 1PEALET dW H6nes

cool ed by neadpsabfphysheal diraisiensnedithe heatstprngfierhmsd Pun aiguiisund t o
be parti cul arhys aditaneageplss, te0 shelltdelttebperasetra handhgronle caephast of
the heat t2paRshesrdrediediuh| OWEti Bl 6o tHIS o58§0HEk NRACLEBA ZONEe sdithalisthe
hot spot termgéaéa&{veedtqokhﬁefe%%%n@ﬁgggcsﬂeo@i;ggerJAé%(i%adz e)rd § hi gher

than the hotspo t%rrgeéature int i rst .reactkon zone S(1 st zone). In
this way, 30° e% a8 1 3o H TN zpéfacod‘fprﬁﬁleﬁfc UniaFPEE’ i3 achi eved. The
hot spot ~ t enp&Pat irdG-FuPRel RALOFd NPERRY i 1619 SERBTATS( ZNGCedREYe Nedtpreferably
at |east 1C, tpansfexuimgdiymprisfarigbl ytiats |hegstw@Geaatgop panes clligh| ypre

pr ef er abl wsahuhiearsdd 46 and fIowalikrectidt oft tBE §&ast 6C, higher than the

hot spot tenperature of the first reaction zone THS(|Ist zone). Furthernore,

it is advantageoys; Lo USE. 2 Gal %'sﬁé& lgeecgia\'\,%i gh ig asrttri%&#%,edfliﬂdr gapgct of
its activity In al 1east one of the 40 reactron 2dnes In the rocess of the
present invehtfd .erTﬁieElastFudtsupéﬁti:%‘ilaﬂr)}ﬁt a ?é?imiﬁs‘iféjlulsytﬂa‘ésg i éhmﬁg’f? vity

in a regi on such as potassium nitrate, potassium nitrite, sodium nitrate
30 and/or sodium nitrite or low-melting metals such as sodium and
alloys of various metals.

In the process of the present invention, preference is given to
using a shell-and-tube reactor unit having at least two reaction

35 zones cooled by a heat transfer medium. As a result of the
targeted setting of the mean temperature of the heat transfer
medium Tgp(15t zone) in the first reaction zone in accordance with
the formulae (I) and (II), safe operation is made possible in the
zone which is particularly sensitive from a safety point of view

40 because of the high hydrocarbon concentration which prevails. The
separate reaction zones make it possible to achieve reaction
conditions matched to the course of the reaction, which generally
results in a higher yield of maleic anhydride and allows more
flexible regulation of the process than when a single-zone

45 reactor is used.



of | ow tenpepat yggoand | ow hydrocarbon concentration and a low activity in
a region in which the conbination of tenperature and the prevailing

hydr ocar bon concentration could cause an excessive 45 rise in the reaction
rate and the tenperature. In general, th® PF 53804 12 activity in the region
of the hotspot should be reduced conpared to the renmi nder of the catal yst
bed. The str &8t th¢ f§s6f of hehe airgfpstedatrecad BeshehlBpddtele \egacses snit
nmeasures, pobssvbhy dtn leembi vt iractiFon masplepléd bys meessi bf ex theatdi | ute

t he catal yst twahdfémercdiont &1 itdle, pkoteexamhtaesSpagstht hadessidmdehef
steatite, al yEhparaiRHed@napbt 13N aRBHRE ASF Uhe AOSE N&anisREL I nd@AT irdbyihd 1S
al so possi b g E{S’ ér%é ‘éi% dh glg%,rat‘i%a@{stheb%%eh”%leé&%%%)Ofreéétsio%gtzb}{étY by
the use of ~catalysts 0 1 TTeri gac‘%lwt)é IS 1n turn can bé achieved
by di 11 er ent AXERER 5 CARAHbr RS S RE Yot oPOd PR B TREP| GEMRSHOSEL Pons.
The vanadi umthepheapisrasfennmpdinygen- eamsecanfgreantdopseanatissh2*tan be
used in the ppoegssvofcht he @alesdatednyethiecomeaonpf itde, iaslod Stamgteabytreal |y
active compoghbi Ofe cit fO¥Y ek aai &g tmRNadh M ARIRRONLS GOMReUAd or a

m xture of £OIMAUNGS +rid 2R ct4 cQAPPski i ons are described, for
exanpl e, 1o patents US 5 375, gg%@ e Be e 5 ae0, be

5,095,125 or US 4,933,312. 20 They can further conprise pronoters. Suitable
promoters include theTes @REnEef <grolpy FOP8) 15 Trhtath 62 PePBRl ¢ Fddde and
their conpounds. Suitable pronoters are described, for exanple, in WO

97/ 12674 and WO 95/ 2681tds and (e tZbaepat enyf(2rUSdne) 34, 863,225 2d8e), 296, 436,

US 5,158, 943 and US 4, 795,818. Preferregd gﬁaqcrmﬁcerz%negre @aqrzpmm)of( vhe
el ements cobalt, nolybdenum iron, zinc, " hafnium zirconium |ithium

titanium chrom um manganese, nickel, copper, boron, silicon, antinony,
tin, niobium'and® bismuth, particularly preferably mol ybdenum iron, zinc,
30 antinony, bismuth, [ithium One or nore pronoters can be present in the
pronot er cat &ky3td. zZPne)t bt dihepronavay tcowesaturd athehef sedahbdeeatadyst i s
gener al | y 200kzor®| ewtitdn caboed pdafbsbyowehghilean itBmpécdraasercehe Haaited as

oxi dle_- 35 Inttraﬁspélo?dégtiutanrscgf(zkaez&?é)alaxswicﬁtad %n_l%@%iéw!oef t1©_cg§leom a
auxiliaries sugh [ r I are
general ly adgeg H%fetrngl %gt%{h&ses ;@? ggboepgcsh%dfngégg%lfad}sr% tt %E{iﬂg“gséizent
i nvention ar &8Raped by hetmd 20t 280°0 abPEITNGD FABTAINGIards Ht &hGeneral Iy
catal ytical | lorpRet tETPerphpFoVia the seddnst iregcpioperanee o2 f heosrlecur sor
powder, are5internediate in catalyst production, for exanple by acting as a
| ubri cant an@S%ggpimhngm@qurtﬁé QW4 felyS Ukt £ vaRdopr e deR@dnat 2bA&Lidhg aid
&

is graphite. abheli 0o, ¢ls Added. generally 45 renmain in the activated
catal yst. The content of ta jfeti ng algbls PF 53804 13 in the finished catalyst

is typically fromabout 2 to 6% by weight. Pore forners are substances

whi ch are usé&ds trpaxd &f tA98epot & the mean temperature of the heat transfer
30 medium in the second reaction zone at which the maximum maleic

anhydride yield is achieved in the range Tgp(2"d zone) = Tg(2nd
zone) ;

Ta(20d zone) is 10°C; and
35
Tg(27d zone) is 10°C.

The formula (III) thus ensures that in the second reaction zone,
too, the potentially hazardous region above the runaway

40 temperature Tg(2Pd zone) is not reached even when inhomogeneities
occur in the industrial shell-and-tube reactor units.
Furthermore, formula (IV) ensures that a high yield of maleic
anhydride is achieved in addition to safe operation.

45 The principles described above in respect of the formulae (I) and
(I1) also apply to the second reaction zone. Thus, for example,
the mean temperature of the heat transfer medium Tgsz(2"d zone) is



5 structure ipp 5RgoaaCropore range in a targeted manner. They can in
principle be used i ndependently of the shaping process. They are generally
conmpounds contai ni ng carbon, hydrogen, oxygen and/or nitrogen which are
added prior to shaping of the catalyst land are nostly renpved again in
subsequent activation of the 10 catal yst by sublination, deconposition

and/ or vapor itPaPfofft ™e thf nisHed 18afefJdancgnvhel tattiet88sTEHtla 1)

resi dues or addcthpoBirmudn pEbducts of the pore forner. The catal ysts which
can be used in the process of the present 15 invention can, for exanple, be
maflel upt of the acgay@i&qapwﬁtwemba Ot S i miedli bﬁtﬁdedfﬁ%!bﬁﬁ% Sﬁléh-each ive
catal ysts r [ > actjyv 0sitlQ ed w a e y
oxidic suppsgrptr%g%g efnslelt?teggn" rﬁ'%(ee%aggtggl éés“ipse'rgtghgrfaqﬁ%tyé% p(‘)ZPBgﬁangefll gl’s
for mxed c&rﬁﬁﬁ"é?k%lyaief:'f%?rte‘)?&rlrﬁff Y %ﬁlﬁﬁ’ﬁrﬁﬁﬁ“}’oii%é?dsY?}p%d’r?riéCH?%&erde,
al unmi nosi | i careserabkednfuntls dardacter tBiRlmzpneNi de 1 °C.nexefreEdlvher eof .
Pref erence | s0gcvard tparalitubatlw @randrabed °Ceasmd t3ieS papand texulTa 238
preferably a'zlo‘n@gt lye et apysterablher cataldy phroi @i vrrabl yrosechyly she. process
of the preggnt 25 invention conprises particles having an average di aneter
of at least 2 mm (E)rtef er.abﬁl atosg %ﬁst 3 mm_ For the Lf)resen nclpurFoses t he
average di amefef Br S FAFREIR Y CRE FERATDr FERBSEHE IR (YandOoR et gt

di mensi on bettheeRedh-SFRLART e Rfatths. hawt FraNEREr figHodedsnindxid "Draodent

i nvention, parttiwbies tihecmagempotyneldr pégud laricy ashpgetiepast Rchegvesthdn the
particl es hadeagon @Wearelti @rdshepe, <rgfend ednky, ashs haeedtbogi @ranthers

cat ?I yS! PISGH $0b ﬁprsk{ereugeﬂod r&&nlaehaﬁ@ct?ﬁs%eotsekhseﬂgﬁ%&%% L& RNdeqn
preferably c S [ shap odi , for
exanpl e, pel ?&?Eb g%’ec %ﬁée}lwﬁ%l%%\%@&%ﬁﬁn%&g? %%ht%%gls?g%rg%%, wagon

wheel s or e>&°#‘§aa-‘t%%5. Ep&efat© §s(§hc€ﬁ‘cgs(l'lt)riﬁ_)(l?es"jz‘§}?d P stars" (cf.
EP- A-0 593 646}, vorx (@RAFEIDodrestirivigegentll v astesmnénedtidhAgrRaBI®r on t he
out si de (cf. du816gd68,t@OBheankkotd-ldenicsebed shitelraindidthefc @k alSfstowsedindn

t he procesx afssthe, (Asesaiie)i, NWRDEH QI3 ipabiperdtd Yyprefereally a€otpid ses
shaped bodi eg;aying an essentially hollow cylindrical structure. For the
pur poses of the present invention, an essentially hollow cylindrical
structure is__a structure which is made up. essentially of a cylinder having
a 45 hol e rdfEPng FhYHt2PAT b IFECHREN E He DAXS BN}t FLRAES. t“f’%er%%ﬂtilﬁﬂer is
char act er i ze?oBgst 9RC k&t Pty qfarahpet witdstasesedium ig veeded sdePace,
with the c2BHdsesefdumh t@f behpacyilduidely & &H3804old to esetpanal tehpdratime end
faces, be: l“9|a@i@$’89:1{}@é latnoGh Coif aige ]EEat @igﬁe&eﬁgapim OElomﬁgtmmJgL_mem)l e,
i.e. paralle a [ [ ially
circular. Thge%(r%?&uf%fé}%gﬁeg:gge eftthgdgbfﬂ Loc%@gahgee A%Vt\_‘lu%i §§Sﬁ{§ end
faces, but otsﬁ’gfmg g%%%éﬂ‘i Eody Plré’ﬁé meﬁf’_ée e A Fﬁl%%arbd%.e ES S¥he present
pur poses, the&olMePRRLWdit thR| {ATSthdeeat 2R ta0de Tueli*ht FUIR -f EBnt e Yadeal
geonetry, ibra eranpteladliyghtigh defedidnmati nabeisf anhgdeide ulsapchievedur e,
nonparal | el end faces, 10 chi pped corners and edges, surface roughness or
not ches/ gr oovge nbbspdie tep¥est St fiaCenet fecsd rEé@@%&rz&QeTh{}YtZG‘i'ﬁne)

surface of  tjie foke. A€ ROSSIA &-bn bhe SALALYS!  RIASUESE! ae W 2 be
very particularly preferably at least 4°C and in particular at
35 least 6°C, higher than the hotspot temperature of the first
reaction zone Tgg(1S5t zone).

Furthermore, it is advantageous to use a catalyst bed which is
structured in respect of its activity in at least one of the

40 reaction zones in the process of the present invention. This
structured catalyst bed usually has a high activity in a region
of low temperature and low hydrocarbon concentration and a low
activity in a region in which the combination of temperature and
the prevailing hydrocarbon concentration could cause an excessive

45 rise in the reaction rate and the temperature. In general, the



accuracy of ppbkggpng procedures, circular end faces, a circular .
cross-section of the hole, parallel end faces and macroscopically 15 snooth
surfaces are preferred. The essentially hollow cylindrical structure can be
described by an external dianeter dl, B2 hei ght h as di stance between the
two end faces and a dianeter of the internal hole (through hole) d2 20 The
external di afBteyitdl 16f theerLHOR 9§t the dUF86E FROPeer apRYCed CORPAred 10
mm particul ael yhepreheiaiéy dfr giredcebaBystmpbedery particularly preferably
from4.5 to 6 mm The height his preferably from1 to 10 nm particularly

preferably frgm < LR 8riHy derhePBELALM ALY PEETRS aRhY fEQMY V@ idugm The
dlan?ter %5m8£s&fg%’tgr8g ap0|ecgﬁgi§5 ﬂa%ﬂe%ép'g deigll'goi siB}e %o
particul arly -Ereﬁera Pg £ m2 £o nm ver¥_gﬁ{:f cul érﬁz $r er y from2
to 3.5 nm EALAF§STPHrBEutIToNLtE GRMer AT A% hul 195 CXGBPbY GBEPEY n” whi ch a
30 catal yst prétes gtndei sf pleriidde  f a+wringmd oxkhile, |slldghsegaetdey °&onvert ed
into the act avethexr mneytcadicimatli.ont Ihelcat abysibleprecutsarisunghithk can be
used in the ppog ekdt he HHRRAL of | VENIHLERi ERMbPa HRr QdUCer asadgsesi bed,

R e S T T

Ificant steps. 1 n a prefel
product i on of "FRE"C 4" I/%tbibrté‘ceuﬁl%rggr fcf%§8?ltb%‘gmﬁ’§l Sﬁf.“g((%])tlﬁé’zf(fti on of a
pent aval ent vanadi um conpound (e.g. V205) and, if desired, a pronoter
conponent (eTge WMyER)ium-t hplkesrdogant card axedasaentsulniedgt cdealystanwhichol
such as i sobutanpe Jused thethprrseses of wheppnbayat eiivephasphasmis ieenpasind
(e.g. ortisophosPHOIdaq 13NEE BT vePVoRRBOSPIY,| GnatkfhediRsRAORi Sy esters)
and/or a tri %QL%&'{“R%%%BPQ&%?S %%H.g%ﬁ&‘ %-agmix%‘gép&ors%ﬁ ﬁ&d\ undst
heating. This s e%c n, . esired, be carrie (?utfln t he présence of a
di spersed, paPvEFutert tPES sHERP S5 18 thS drafetvel.. forefE? ‘e §P%en to
carryi ng out PRReNt§ &cOir dh° wittholUE adelt i’@r - oP S stipbbit86Rat B i w095 By > or
| sol ati on of UBhé, ¥3hadi2um , phosphorus-, oxygen- and possibly 5
pronot er - @ent ai ni ng cat al yst precursor ("VPO precursor”), e.g. by filtration
or evaporati @Rey(&an Pu¥kAGr Honl? sY¥PLY RIRGHSS 05y BEh 1R §h-6Ra0LYs 1iReh RiENt
preact | vat i o, by, Neating st 11 am 250010, 350G, Th desiSd. 10 BUl verul ent
support material an 7 Or € Tormer such asc stearic acrd, cel l'ufose or

or a
paraf fins caffCPR& e ﬁf’%*égb}%tchomPﬁ%r%ira}réd dSRET HreFerfQbl GRSt rBat ed VPO
precursor poWReP7/1%574f apdnit@ 954 2§BVémnd iythpepatrdcedsi hgl 3 t868ut
addition &5 va SupporBenavers dls58gad3vatdialst 4addb s oh @redepoed dromoeers 15

(d) Shaping teeasdhpide0sy efied @ eh8hOs tdidbadesi hetyddnua! Ui fon, RAiaLerably
nto the essegehaldy NOLLAVEYIIRdsLfal L SEUGYT EnroritAP! AnbandYcs! er ably
carried out ?’Hc)té etl ngr }9 rvoa}lnt %?goug y W tl gl’l OI’i m XI. Q@-LI1 n Ofd a
| ubricant sulhCa3 " SOPEFAphi V™ ASTEEEO N EPEATREY al v n 8t PVE™ & abl et i ng
is, for exanpheMuthyy@agsicnlagly PRESeTIvamelyPARNYROIEPBeuFSHT obt ai ned in
(b) 30 antimony, bismuth, lithium. One or more promoters can be present
in the promoter catalysts. The total promoter content of the
finished catalyst is generally not more than about 5% by weight,

in each case calculated as oxide.

35 In the production of the catalysts, it is possible to use
auxiliaries such as tableting aids or pore formers.

Tableting aids are generally added if the catalysts to be used
according to the present invention are shaped by means of

40 tableting. Tableting aids are generally catalytically inert and
improve the tableting properties of the precursor powder, an
intermediate in catalyst production, for example by acting as a
lubricant and improving powder flow. A suitable and preferred
tableting aid is graphite. The tableting aids added generally

45 remain in the activated catalyst. The content of tableting aids



is, for exanpLegsghxed with liquid to give an extrudable 25 nmass. This can
then be extruded to formthe desired structure and dried to give the

catal yst precursor. The calcination of the catalyst precursor is generally
carried out in the presence of an at m)lsibhere conpri si ng oxygen, hydrogen 30
oxi de (water vapor) and/or inert gas in a tenperature range from 250 to
600C. The suirtaijlee fiinéshegadalspt, 19 qryréxampy eframi bogen? tax®rbdr di oxi de
and nobl e gasesghd.n the calcination to produce the catalyst to be used in

t he process of the present invention, the catalyst precursor preferably

goes throughpé‘fe'%Er&"‘@%egiu%éltﬁhé‘ '&1’1&1099& uddd +8X %E‘P'@hef QELtwo to ten

cal ci nati on zones gas._ at nos re an %osm bly a

Gt foront 3t B aS: B8 W A ABPa R rATRatr on ot SERReT At 1 e TREF ctant

ti mes and gadhRTOSHREPERE riﬁe@hédd?heflqwtrlésﬁ‘écﬂ%éhéﬁﬂagy%ltoceﬁst@?ﬁ*)énabl es
t he nechani cate agahecat &y ytonpoundperdntesindhgt berkith ,c Aydrggen t @xlygennf | uenced
and thus to bgds&t niiRragémngticddar8baMRIG pPhef efEeeRplifigdby &thel QaBalyst

cal ci nat i OnaFHdVMeClHloEg claén@vgat agzﬁ’fr?(ilhr §gﬁsé§uéfﬁc PEt§3§9fbr;L%f( RQhei N at

| east one to 350 Cin

t.on 79 Q0
an oxi di zit %Jf??mg?' % nkglw r‘iﬁlon’ éecgnoénr?osqgl?en?ndce{for %%?”zut ZC A rf)y vol une
and kept undé%n%-ﬂ@geca*é%hﬁ‘i |C6‘Hsnﬁﬁ?1ft} HRES IR rHi é@éﬁ%ﬁ%ﬁ & dation state
of the 5 vandeéemndsasipeepraitisitevedl; tiendofb) fo¥xment- | east one furt her
calcination zone, heated to a tenperature of from300 to 500Cin a

EOSOX' di zi ngrag mh%gestm\emgaanb@x{%n ﬁoeﬁ@rﬁr&fesg 0P. 6% by cughume ﬁnd a
rogen n ese
ydr og ]19f g%&%&ol%gu IE%QH a5 1o XQHE%Q %ﬁféé e Qlexkee%tomBBQ%

dit i
T U 2 g th s RBAbL Resr o> -aSFlmceac*{ﬂi Fgre%fref?%@wga% o |y

from15 2 toaQ’ﬁLD}SeofOU‘BPEh’élorbrdéfléF%l‘yltfhr énPseter abig, By 19T RAPPOA

t enper at ur e vétérigm 260”1 xBHOEapyefEt.alsuy tébben REPory BSGF iallsofon peri od
which resul t aikéd tduad@sts etkelvebagexang1@qt adinsidat @xiak, tfigl dsdnadi um I'n
general , BoXhubeidf 2Q¥NIR8L111iRGkES gazsl%%onaﬁmgdlaultdeog%mt%ﬁ{ @aBXigdysk ogen

oxide (water yapor) QL 8L Al 20, 01115 L BEh T Jsed; 10 slepa(a). The

tenperature €xperience Feclr sor rough the
cal ci nation S2be(F dBRT Ll%ﬁ’éle\fa?f:?g?ﬂai g% Q{‘Jepac("d')"ecﬁgt%eysktépt constant or

can, on average, rise or fall. Since the step (a) is generally preceded by
a heati ng phase,cdthd ysenpes nabéywiséd iin gérepabeeds bifr shé yprdssatand then

oscil | at e 2gndnseidilon demprised hardesidLthavingain V@Je‘i%geTBEarﬁ@cleQ' aathon zone
of step (a) h§,4iHef %Oagre%%ﬁg' BgePéfs%e%eﬂmbyFéé th%a§£e§ l&f ﬁt}gés,

calcination z nefor a,cta ySt _precurso rirod for
l{ilrhe

whi ch the heiPet3E4%En £(8)PIirdent &i Wi 98, ©f of %ﬁé"a ?EBses of
the present Pﬁ@éﬁq%ﬁt BBy o Pet‘é%?récttwédpééa%% PdRt8&§er age oxi dati on
state of the vanadiumin the range from+3.9 to +4.4, preferably from+4.0
to +4.3, i3® For the purposes of the present invention, particles include both

irregularly shaped particles and particles having a geometric
shape, referred to as shaped bodies. The catalyst precursor to be
used in the process of the present invention preferably comprises
shaped bodies. Suitable shaped bodies are, for example, pellets,

35 cylinders, hollow cylinders, spheres, rods, wagon wheels or
extrudates. Special shapes such as “trilobes” and “tristars” (cf.
EP-A-0 593 646) or shaped bodies having at least one notch/groove
on the outside (cf. US 5,168,090) are likewise possible.

40 The catalyst used in the process of the present invention
particularly preferably comprises shaped bodies having an
essentially hollow cylindrical structure. For the purposes of the
present invention, an essentially hollow cylindrical structure is
a structure which is made up essentially of a cylinder having a

45 hole running right through between the two end faces. The
cylinder is characterized by two essentially parallel end faces
and a curved surface, with the cross-section of the cylinder,



obt ai ned. Thg aF ggge oxidation state of the vanadiumis 35 determ ned by
potentionetric frtration using the nethod described in the exanples. Since
the determ nation of the average oxidation state of the vanadium during the
calcination is extrenely difficult for ¥ equi pnent and tine reasons, the
time required i s advantageously determned experinentally in prelimnary
tests. I n geneealpanaiilel ts tdwr enddfaces bypenpanssfntd adéyi esroflameathe enent s
in which sampbes-sicttiba e6at@leyshrpugtwicaer, are. heatalleeatedthinden detdéned
condi tions agd {fe c%@%h% e mewgg ddemet her pysitematt efndta idihifgr ent

times, coole nd. anal yz rm ne the.average idation,stat of t he
vanadl um PFggg%Olf ffe¥ﬁ§ fe’sr) a% Hqce traﬁlﬁ rad- i en)é 9 (fai |sL°geﬁré? ally
dependent Gn9ePRRE T4t GFEaB‘Fe”EGH’é?Scéf%‘lI ’91%"( rb‘ﬁééu?‘é%’r the terrperature set and
the gas atnosphere selected, in particular its oxygen content. In general,
t he period ofFotitie igtestep [ﬁL&)pO%)é%end]Se Werino~aséemE (1fly5 pode-dtantfadb
hours, prefeaabia{tmsefkbﬁntﬁe helh1 4&oRans, akoraexa(ﬁﬁfl'eoglf?@}hﬂjp to 4 hours,

pr ef er abl y Ut Oro IS | OFS%flfrhﬁasptstrM%taQQ' SNt %1§5f'4mg Aygrage

oxi dation st iat € coh tton part of
the tenperk® ﬁPéPP%Pnd’é’r“ﬁﬁﬁI/?ﬁd Ieg\ﬁegonf‘g‘?ﬁacﬁf TRBY R Saror 5082-5? od of
more than 6 1ROtk svedysal&rsepe thecerbdiages| ar stivp l@ﬁ?rl@h(ﬁ@fé@élﬁy@f

i nt er nedi at etbbtlaIwedarre kegptible dn hinedtdilzshgpadamsphereitiawv ngea cont ent
o; ][ml ecgga{ aB¥Y /Q)ff sabfe@@gbbr@sf@émsanéleéui;yldré?@e@a@és d?;cg (CWatgrayapor)
of from v nefe r

terrperatur]% 8};8?{ (9t§ 2 UE%EC IE))lgef%é?lbalb]1 ylf rggzrin g%%a%t gﬂ%@a(cf/ C#grgcgﬂp%rl od
of > oGF's }brsé‘fr Pﬁﬁ?ya]fer @rﬁe 0 hours and particularly preferably
from2 to 4 hours In general, the I’IOI’IOXI di zi ng at nosphere conprises the
abovenent i on&dehgsaogenl2P ool Icbey tyyendsicali shrpeedmricaanbé yderdrribgénband/ or
nobl e gases asuehtexhadr goametdst dihi & KERHtNAt a€ aNisitahde eb@t werst khet twd.

Gases conpr 'eﬁhngacécsorangxg-n@iﬁnet%%r Benc gl dnirdendi %&léQtﬁHbﬁ@b'@l‘e

pri et P! o-goT iR 2 g ALIPSRNG A eLet ALY SAULBLES A 40Uk by fg' ght
of nitrogen Ret expe i enced 3 ca ecursor ‘passed
t hr ough the ééP’Bl*’hatcci 7 PBnRAEIGYLRRYY HrﬁéeEQPE:Yn%qunbﬁ g?e ) VEAN be kept
constant or @®antignlanler ageferatilyefpemishdd tol b @lt\eﬁ”(eb)hellght:drrlised out at a
t enper at ure phetdrably Hirghel wr looway pdraticunaslepprdeferadlpettam@ @b cool i ng

phase is geréefmﬂ||x)/eﬂ?f%Qelc@ﬁﬂ@eﬁréh@rﬁil‘%rpQreﬁ)Zatﬂij4(?1)11 Tk aihedtbpg 30
or 000"”9250'8§39hé*ﬁ%>119%%gh”%fé“’d“ %QC%&?eraB& h?fon?al' Cc' ”@tM?” %@‘égé&% hi s

| rove separatlio en- ntal nin S
OIS 2T 188 oot € i L USRS fyorprsismﬁ]ev LEfed

with inert gas? ¥dr exanple nitrogen. Step (b) is preferably carried out at
a tenperature 35 which is from50 to 150C higher than that in step (a). The

cal ci nati on gaBerpdd proauptisesisaqgbHetdery st ep1{Citdde PRocEas rirednauh at a
| ater t'r“%d:QQ@a?%éﬁ)ﬂgg%urgéEtig ?rﬁhg@eécﬁrrskhgndcéﬂfg qusﬁﬁé &@ﬂfl?recursor

IS COO' ed to s oe{:.ﬁe e¥Ct1ve form calg%rlgtl:foun al"I‘lng gat?a g %b

150C, in an
precursors which can be used in the process of the present
invention can be produced as described, for example, in the
patents US 5,275,996 and US 5,641,722 or the published
35 specification WO 97/12674. The significant steps in a preferred
production of the catalyst precursor are described below.

(a) Reaction of a pentavalent vanadium compound (e.g. V,0s5) and,
if desired, a promoter component (e.g. MoO3) with an organic
40 reducing solvent (e.g. an alcohol such as isobutanol) in the
presence of a pentavalent phosphorus compound (e.g.
orthophosphoric and/or pyrophosphoric acid, phosphoric
esters) and/or a trivalent phosphorus compound (e.g.
phosphorous acid) with heating. This step can, if desired, be
45 carried out in the presence of a dispersed, pulverulent



at nosphere. Fg:;sla)%rolisteps are possi ble before, between and/or after the
steps (a) afd (b)Y 6r (a), (b) and (c) in the calcination carried out 45 for
t he purposes of the present invention. Wthout inplying a restriction,
further steps may be, for exanple, chang&s in the tenperature (heating,
cooling), changes in the gas atnobsphere PF 53804 18 (change to a different
gas at nosphere), shppthemdrelrdal i nessferenaasiergiofent he catmliyigt ontteraredi at e

to other apparat 4egstfn Witheht Udd i odf ok hew gt Racal dinati on procedure. 5
Since the catal yst precursor is generally at <100C before comencenent of

calcination, it usual ha be heated u before ste a) . atin can
be carried odf)u isﬂga%/%?r} A sgggsvﬁ?aﬁ@é’ﬂ’ﬁerggqsqﬁféﬁf’isﬁz @'q(eé‘?’pfagge?%%}ﬁg
carried outdin aRTeRPERZIGRFLAAPHDS (R YES RIFTWTSQATUAUETO HTEFUFAFT O, i n an
inert gas 10 at nesghebe fstdetiordmryeposaejrr(.c). A change of gas

at nosphere during the heating phase is al so possible. Particular preference
is givento ti : a Y, I r i 0% L.dL zi ng

at nosphere tﬂg:? i%iéﬁ%é)i%@% Eggtfei)e:;a;)% ?’Eléﬁfrh‘;ﬁétgggﬁgg:ﬁq%%g: are .
preferably used PRSPHE FHECEsEY 0PI HEY FFeEedt 42N ERt P oh Havé GF° +1SHi ¢

rati o of pHbsphoPydvery GUBRPT bfMFteEAR . ANY/PT1 a5 POBAr I G af PG pef er abl y
from0.9 to 1.2 astdarveracigar tetinbrdey opr phrafaing frontler) beomixdd imto
average oxidati @hestidied aindt bee varadiyu et - { fedBet3vHo t grechirdor 2Powder .

0 el g, part| culac o o aneatvel g e e aRE L O o
0.1 00 0. 5 /g, orEPBLT ARG b b BRABRY P oD 5500, & Bt LOMNE  bul k
density of!¥romo0.5 to 1.5 kg/l, particularly preferably from0.5 to 1.0
kg/l. 25 As Hydr Sbapboasthaghigvatconvessippuinteartbendasbrad sitrursuyrssi bl e
to use aliphati c pareflensiplmmtintp shé Ursatead i ahlly unsldour ay ethddiydlosarbonse.
having at |east fsdupig@rippratenshly Har@xaapbe bl 3abuéedigne, 1-butene,
Cie-2-butene, trapsageQbldiidy mgy;&q%m AOx EndZh dTHL Ur SuprlicArReOhadl £ne.
1,4-pentad%qene, 1-pe§te e, i s-2-pentene, trans-2-pentene, n-pentane,

cycl opent af ene, 9*8PBYtF opent adi ene, cycl opent ene, cycl opentane, a C5

m xture, hexenes, hexanes, cyclohexane and benzene, in the process of the
present inventi ol lPsefereftreedsaiemativeusd ngpblelydhenes, I®rcesalpbut ene,
trans-2-butene, rxbuhanes. henzane wdiridnkt utrs vidiereehrsdarditaihad in (b)
preference is giuen ¥g9r Usidi$18, bpiane AR 105 aReyeont &l Ning,gases and
quids. The n-bytane yeed Jrefer abl %00l gLadles trom najdral. a0ge. . {.9m
steam crackers or o offom FOC pl ants. a0 The“hydrocarboni T s generar Iy
introduced at a rP@GuFRted toadve the cafPlisheRTREYEREe of a defined quantity
per unit time. The hydrocarbon can be netered in in liquid or gaseous form
It is preferme gabeimestddn 6fi the iqGitiadysorpirasurlos ubs efpreirtal Yapodt ziaid on 45

before it entgisihhenshiledseabl-tihe LeR6tMerdcoRd894ing oxygen, hydrogen

30 oxide (water vapor) and/or inert gas in a temperature range from
250 to 600°C. The suitable inert gases are, for example, nitrogen,
carbon dioxide and noble gases. In the calcination to produce the
catalyst to be used in the process of the present invention, the
catalyst precursor preferably goes through at least two

35 calcination zones, for example from two to ten calcination zones,
each having a different gas atmosphere and possibly a different
temperature. A suitable combination of temperatures, treatment
times and gas atmospheres matched to the respective catalyst
system enables the mechanical and catalytic properties of the

40 catalyst to be influenced and thus to be set in a targeted
manner.

Preference is given to a calcination in which the catalyst
precursor is
45



19 As oxi danpy Y§80lS nMade of oxygen-containing gases such as air,
synthetic air, a gas enriched with oxygen or "pure" oxygen, i.e. the oxygen
from for exanple, fractionation of air. The oxygen-containing gas is al so
i ntroduced at a regulated rate. 5 The Y&s to be passed through the

shel | -and-tube reactor generally has a hydrocarbon concentration of from
0.5 to 15% byayokun®t aredistannexgajerinebheentaret,i brabéd froom 8empe25%riey of

vol une. The bal apeém 200 1609603 Vel dREokSdiHGG HPmOSpHdikt et i GASES oSii§én as
nitrogen, 10 nopLg:gases: fE@ﬁbP“Cd“?'i@Xb evol%"f’nrebQHddlk&@‘r.‘ %%de%’a{ﬁés vapor,
oxygenated hydrog rgotnlson% ugt f’Eth anal ¢ grar\r,a dehyde, ;farmc. acid tgt hanol ,
acet al dehyde, acé _ fO] oAl gehyd propionrc Hei
acrolein, ¢&r otoné’tPH%‘Ff;}Hb)haénHeerm%&h&F@% th%’}deof The proport| on of n-but ane,
based on the total 15 anobunt of hydrocarbons, is preferably > 90% and
particul arly (bpr ehedableas:- oﬁé%urmeensulelraaﬂmmgzo@e,r atelagdl téea of the

catalyst and to @Elh}!)&vaﬁ:u%e ber Rt Joncesase cicn i QOQVI%rﬁixQ'alz§§ eéﬂn{o\ébh&e
yield, space 20 yelogl Ly BYSL] fgﬁon%aeh@' Y5t ands Sggcsof4n{§eaxae nyj;rgeﬁrence

is given to addin rus co
t he

process oft% he pPég‘é‘ﬁthnﬁ\‘?Bﬁt?%rfrolntg cORcE At ?’8?1“’[“?1 atnﬁie FREJD
inlet to the reatheseiopngtitienstfq 2 Pphlyungol une, i.e. 0.2x10-6 parts by
vol une of the volatile phosphorus conpound per 25 one part by volune of the

total gas at thhetd®aGhqr thél &italRkel prenaadrs i§i ¥&s tig ancsmcelrhtm@f fromO0. 2
to 20 ppm by a\éf}{&y&?ere H%%Eh&“é acUnerEeéﬁrn%*i'eXu 5P %g%nt 8r 10- RAMIRY, ¥PLHTE.

For th t h d
are al| pheAnBPuRL LAt 3P &rﬁ%%&'%”@nﬁ%%ﬁ% nl S HS0 Hasoous form

in the desir é8MBOFRIHEr &fi Bﬁof%lr?dl)@r tE’h%W:(?ﬂdPF?%‘ﬁ%aleY fgem. 2 ditpPes " of
sui t abl e vol dokl @ phusoghwhish cspdanadsn arhe dghosphi aves agadophdspileor state
esters. Partioguthe qﬂmﬁenﬁncmig%ngiruen mixxulres ( €4 -&Gdrgrink v i he phagpleat es, very

particul arly prgf exabloent 61 NBtdOH) , PROSRIAIE oxt b ettitle PRASHPALH20E air
tripropyl ﬁ‘% POAL € 35 ¢ Igrgadstetdc;li%\a%t Qén' el hyEPth%@%%tagur h§ e{P U0cess 0f the

present invention i's carriled purposes of

the present PHvEREiGH2WAFSPTEBHSEFabEtes |p§515ﬁ8 HRE e P8 r GRS 4 Phe heat
transfer mediZ@Re (2D dPFangr bee sz lsfinpheoprgsent a) n@@htheoﬂiep‘s' PRI t@NAbPY
carried out atn,foomvédagtp AGRCoandapar tdiciclearhy sreaf gmabliy @dndrmadny380 to

440C. The progessdéd byha RegssalYy pha¥entim) teapebr &y Kiad OHtgdderadd
subat mSphay ieG . PL B3 SUIQ Sﬁdgt;]b]e \M%cE?lQ OufdPe.absd cwanattoSHQeerc?etstQu%Bhe“ ¢

pressure (e. ses

For t ent
Pivent on. i Higth tikifee 108 CHiPELon BT PhaBORP SN % REEEFATE. and- t ube
reactor unit gﬁf‘efﬁjel-% PIEFBREDRY @tt lepflefiiCe A& LhRT fALCANRBIAN FWESEPE of
from 0. 075 t bedtOnd/Rp abs, capaktstcprarhysqr.ef erably from 0.075 to 0.5 MPa
abs. 5 The process of the present invention can be carried out in two

preferred iU’Q%@Sﬁefﬁﬂa 3Rt Swh & BIhe BQQt"égégym@n9a§§"sﬁ@yq(§?tié”%gintained
is, for the purposes of the present invention, preferably
selected so that an average oxidation state of the vanadium in
the range from +3.9 to +4.4, preferably from +4.0 to +4.3, is
obtained. The average oxidation state of the vanadium is
35 determined by potentiometric titration using the method described
in the examples.

Since the determination of the average oxidation state of the
vanadium during the calcination is extremely difficult for

40 equipment and time reasons, the time required is advantageously
determined experimentally in preliminary tests. In general, this
is carried out by means of a series of measurements in which
samples of the catalyst precursor are heat treated under defined
conditions and the samples are removed from the system after

45 different times, cooled and analyzed to determine the average
oxidation state of the vanadium.



t he vari ant gﬁ,t R3gp@circulation”. In the "single pass" variant, nmaleic
anhydri de an f3 appropri ate, oxygenat ed hydrocarbon by-products are
separated off fromthe output fromthe reactor 10 and the remnai ni ng gas

m xture is discharged and, if approprialé, utilized thermally. In the
"recirculation" variant, maleic anhydride and, if appropriate, oxygenated
hydr ocar bon B\reppediag ©f sive|jdanirsd sepsreat éd)oi$ Jeremaflhy drpengentrom t he
reactor, but theheater@iofi Bhe gastdlystupeeciiiocd) ebaptdngrRSadireasdtednd the
hydrocarbon, gha hemd¥pHelrk 9&18:¢dd ylhegaf@ltsu%%dlw d:hRyeheash&nt Azfnurt her
variant of t %ne£§ |Gl BLEQRY Y QGRAUES SOUIPTL3ER, S QLI DY 1 ine!

unr eact ed tel_yh%ocar on arg recircul ati ngl ere artl cuI arly
preferred dFnERT & >t RBULF 0 dEESeF BPLY TS ré afih CWEI eFE %ﬁ'ﬂi&lv
n-butane i s WPSEACASCE WY PN h%:o@aﬁéwh&wuphéo%t genédust 1@&?9Fyzed
gas- phase oxitdatcbieves thar destraalitavenage "stingltéopasisdtd.n Hbhever esedee of air
as oxygen- cepbab rfhg;eg@anamell&fs t(kel. gt hyétmf)@abat@f asheVekapél£Loureheapher us
conpound i n l%é@bg I&P%oweﬁﬁt "SRG NBYERY, 1A KPBELAAR. £0BRSs NI CD

are each coo circut! rst reaction zone is
operated it é‘oluéal%"hy ag«?f)e i NetP°2E¢8r ding to the formulae (1) and (I1) and

the second reaction zone is operated under conditions determ ned according
to the fornullmesgepl)blandhel Shtaliise vatemsedfatFROPSIinEghd), kePt Tign a¥max (| st
zone), TR(2ndcnoRediAind hsRodpmedelhdvinge) d@ntedet €f Mdledulexpetig@nbal £y in
tests carrieg eyt ppefOngRandyi e %y%%b%é?'&ld%xg%k&?r\ﬁa%orm 8htsrohigopkgcess
of the preffnztsl :)ﬁyw@%u% f?}ElePéxeaQﬁy ?QOM@' 85 R0y AN g e safe

react or oper at ction g)%(?m | e and | eads

to a high comPBPEFdMITS i Jhom sl%dP QS?f'ar?crieﬁ ’ﬁ?l@]ﬁ’ yirerd SPPedr
product even & & W*’g]wd Spagel v%lh@@l'fﬁy prefiprabetaf boh over 10 heeusst andst over
a prol onged prertiodlaxlyf porfseaieivalfromne hio tdo haunsnbbr geheyedr sthd n thi s

way, 40 a hi glonsRagez irig atibepibdes caapl eyad v hBoperiRlibhed dey@areho t he
catal yst igp auqlded, el L«?@ﬁtp&rd%ﬁ%xn{ﬁﬂ%‘%Qogg?férm/to'roﬂébf‘é Ta!%%s

paraneters FEfEBFEd o 1n b {S text are unl %akn | cate

defined as fQFOwe® PPH3804" 21 Sp588% 1ok Cyon(§| ré”%r forly Ta: ges

rcdri
Vcatol | st t %Fb%%ﬂ%oﬁ%p%%m%'oé’?won’ W%PSC%?%&%WC&%E?M@ l(IBHSV (gas

hourly space préhoébty) TheUgasoxititziingsetmesph@re€opvefesalyCcanhddis =edbtor in
-tt HC, react oy, wellghtHE nhieaciet. The tdbpsdeltecl kpyriereedMBy tigact or, out
nHC, reacts catB1ysPldlecur88et PssUnyb&dil the=c&1eth®%on zone(s) during
the calcination step (b) can be kept constant or can, on average,
rise or fall. If step (b) is carried out at a temperature which
is higher or lower than in step (a), a heating or cooling phase
is generally present between the steps (a) and (b). This heating
30 or cooling phase may be implemented in a further calcination
zone. To improve separation from the oxygen-containing atmosphere
of step (a), this further calcination zone between (a) and (b)
can, for example, be flushed with inert gas, for example
nitrogen. Step (b) is preferably carried out at a temperature
35 which is from 50 to 150°C higher than that in step (a).

The calcination generally comprises a further step (c¢) to be
carried out at a later time than step (b). In this step (c¢), the
calcined catalyst precursor is cooled to = 300°C, preferably =

40 200°C and particularly preferably =< 150°C, in an inert gas
atmosphere.

Further steps are possible before, between and/or after the steps
(a) and (b) or (a), (b) and (c) in the calcination carried out

45 for the purposes of the present invention. Without implying a
restriction, further steps may be, for example, changes in the
temperature (heating, cooling), changes in the gas atmosphere



mral ei ¢ anhygii §ggda Vcatal yst mass of nal ei ¢ anhydride produced [g] bed
vol une of catalyst total over all reaction zones [1] t time [h] 30 35
Vhydr ocar bon Voas 40 C volunme at 0C and 0.1013 MPa of the hydrocarbon in
the gas phase at the reactor inlet [stahBlard 1] (mathematical paranmeter, if
a hydrocarbon is |Iliquid under these conditions, the hypothetical gas

vol ume is callehfrgedohy Abbferaft ghe atecdphegas. | B bheyohahe timeEC and

0. 1013 MPa oftrthefdotod] thaveatalysf gasemiedilheer eacdidteri abpardisarndard 1]

conversi on ofinhyEFR3IA0BE PRY PASTet BARUGRLEBR pFeAGeEe.S Selectivity to
mal ei c anhydr| de per pass through the reactor 45 PF 53804 22 Y nHC,

react or, react out react S zone): 15
THS( 1st zo%e)smceTtsrb fﬁg ﬁz)%%{"e prefBrWEIlué FEIfTaf Ycatarﬁjfgg 'gctee éf pass

t hrough t he CP@E%‘?W%I af FalRinetiRY dric AsHBASY atag He Peakedred MPet

[ ot/ h] nol abefboev fephyd) ocediomg ap ¢dre beegetrpiedututeisifjgotdtijousopas f | ow
of malefic anhydspiraat. hbetimpaipohis pidictabliotabtiddantsahtaba@xidizing
tenperature IRnf éfx‘er 3k 8§§£r§éd)'&ndé9n§té‘;pt(%9%rt§r% ghure ;{g the first

reaction e N@a sa atur COﬂd reac Z
THS( 2nd Zél;bg)atm n% aﬁelar%elrnadTP %eé) geéonﬁ 8n 9as ' mospgere

during the heating phase 1s also p0331ble Partlcular preference
is given to heating up the catalyst precursor in the same
oxidizing atmosphere that is employed in step (a).

15 The catalysts which are preferably used in the process of the
present invention have an atomic ratio of phosphorus to vanadium
of from 0.9 to 1.5, particularly preferably from 0.9 to 1.2 and
very particularly preferably from 1.0 to 1.1, an average
oxidation state of the vanadium of from +3.9 to +4.4,

20 particularly preferably from 4.0 to 4.3, a BET surface area of
from 10 to 50 m2/g, particularly preferably from 20 to 40 m?/g, a
pore volume of from 0.1 to 0.5 ml/g, particularly preferably from
0.2 to 0.4 ml/g, and a bulk density of from 0.5 to 1.5 kg/1,
particularly preferably from 0.5 to 1.0 kg/1l.

25
As hydrocarbons having at least four carbon atoms, it is possible
to use aliphatic and aromatic, saturated and unsaturated
hydrocarbons having at least four carbon atoms, for example
1,3-butadiene, l-butene, cis-2-butene, trans-2-butene, n-butane,

30 a C4 mixture, 1,3-pentadiene, 1,4-pentadiene, l-pentene,
cis-2-pentene, trans-2-pentene, n-pentane, cyclopentadiene,
dicyclopentadiene, cyclopentene, cyclopentane, a Cs mixture,
hexenes, hexanes, cyclohexane and benzene, in the process of the
present invention. Preference is given to using l-butene,

35 cis-2-butene, trans-2-butene, n-butane, benzene or mixtures
thereof. Particular preference is given to using n-butane and
n-butane-containing gases and liquids. The n-butane used
preferably originates from natural gas, from steam crackers or
from FCC plants.

40
The hydrocarbon is generally introduced at a regqgulated rate, i.e.
with maintenance of a defined quantity per unit time. The
hydrocarbon can be metered in in liquid or gaseous form. It is
preferably metered in in liquid form with subsequent vaporization

45 before it enters the shell-and-tube reactor.



Exanpl es 25 Determ nation of the average oxidation state of the vanadi um The
aver age oxi d&F &38Hate of the vanadi um was deternined by potentionetric
titration. For the determ nation, 200-300 ng of the sanple are in each case
30 added under an argon atnosphere to 3121 xture of 15 m of 50% strength
sulfuric acid and 5 m of 85% strength phosphoric acid and are dissol ved
with heatingasTRE; SPLUL LR ks s equellbdn-ddiaashens afhdeq ulh!datlion
vessel equi pped gn% two Pt e ect r.%ggg. .Tte titrations are In each .case
carried out at 80T T35 THesFutT 8IS 1t I YEPEr &t ed Wit hOBY Lokl -

pot assi um peffaAaseR £798r uf Pore* AP lenot 51 Ioratéodmaidied FAct he

pot ent i onet r iaxyganveontdiaipangal urm wasopiksranuced ah avecadetedxiatst-i on
state of from+3 to < +4. |If only one step is obtained, the vanadi um was
present in ampXydati®beShate®@ftHicRBhtdhd Gre1148ndSeudd) feBBtbi rgdnetasey (t Wo
steps [ +3 s X Sirddignshl ULl anSanianns: AanVpts do Gosdbl doRpeanad! um
has been neastred t1ir1nmecrica : Ige an%unt %89 3+ and 35

cal cul at ed f PO OEKESR GIREGRBEF DMYT 45 ERE ©.P Aol by pEt LS (FnD diERganat e
sol ution and %héORsshY ivotusf PF 3B04P23t t HEthgs geeps . surhe afel Q9§ aver age
t hen gi vesla hebiavegages, @arbatimonctidee. cdrbdrhdisetdend vease (teper step /| +4 s
Vox < +5), thayaeauatéd afydvéeabbéan (ke gCahstiain]d tooma tdeyeensespiicon of the

0.1 ol ar pma%%@,”&h%l@ﬁﬁ@ﬁ@i@elﬁﬂlewgg%ics%lasi@guﬂ?fﬁpa{n%ql;'qiOn_ of all the
v+ in the  resulblng,soluti on by, reans of 20,1, ol af ammmalpmd rong! 1)
sul fate sol uthi oR 3R Teoxi dabi usi ng 1 nolar gbt assium pe¥man anat e

sol ution enafHESUERR AL fLanbifmtPXOPOy 5hali Um™&1Ubena0 ReseCuPat Ef oPhél

di f f er encelbemguan ehendsoghrapmuntisobroderatilyne a0 ante parbiuewlayflwa+ gi ves
t he amobunt ofpréFeravigi=nalbky present. The wei ghted average then gives the
average oxidation state. Determ nation of the [ateral conpressive strength

of the hol | ow, .‘L_ﬁég%/%iapq%rg% Igﬁepfgi%rgmﬂ?et@@ drat eLal 1 OIS §b Ve Bidvengt h,

t he hol | ow cf\{ll 1o wer e, SuUccessli ve n;gas&r.engnts . '121 each case placed
lying on t hei P CHPTetPSiSEES A THY FEAP  met eIV E oI pf Hte 0P PAFE 20
appropr i at €0 MEASGEF NP WP pAPat ERta MFE BRE PRACHTtdMeehtt ¥dc ESCHRTFRNCY HiFs
vertical. A fdiyenneeadddipger pdbate lsaphoseirormsy edmpbowmivaicd thengas tire thel | ow
cylinder at aroadyance dhat @robedt Goviheion anrtst kencénteion thetiwldced
cylinder untidy ft!h@CiMI@c QeCHRE EFb WAL @505991_5&5%5 oaxf p’v’f&tﬂyo'i}p@ﬁmé,' nEe, The
lateral compresshyes sLrenoth @ hbeo S AndiyLaual HOlLaw:6ylddiehng per
corresponds_to the Xi mumforce o0 determne the lTatera

appl 1 ed.
conpr essi v& S¥eRth, %OfoilHE‘Fv‘i’ﬁuaep%ﬁﬁagu?aeﬁr@ﬁt $hGet T t8d®but i n each
case and the BREARTARGS 130 JédPRUTAtREONDRRRIM fEOMORA - Hf tAF0a@PB NPT deer i ne
t he abrasi on,paatautl1&0lyy pokfdedkt edomobl HwB3 0c pbmnderw weee pbéacded i n a
Pl exi gl as dr yufbevb8gAnrhenbeesaht iGivareies, 6fo129918Mhas ok s hebdunek 40
mm and a Ple&h@'§§li§ﬁﬁgﬁhorus—containing compounds which are present in
30 gaseous form in the desired concentration under the conditions of
use. Examples of suitable volatile phosphorus compounds are
phosphines and phosphoric esters. Particular preference is given
to tri(C;-C4-alkyl) phosphates, very particularly preferably
trimethyl phosphate, triethyl phosphate and tripropyl phosphate,
35 in particular triethyl phosphate.

The process of the present invention is carried out at from 350
to 500°C. For the purposes of the present invention, this
temperature is the mean temperature of the heat transfer medium.

40 The process of the present invention is preferably carried out at
from 380 to 460°C and particularly preferably at from 380 to
440°C.

The process of the present invention can be carried out at

45 subatmospheric pressure (e.g. down to 0.05 MPa abs) or at
superatmospheric pressure (e.g. up to 10 MPa abs). For the
purposes of the present invention, this pressure is the pressure



which has a ¢ g4lgdly curvature (radius 80 mm, extends over the entire drum
hei ght of 40 mm is |ocated between the axis of rotation and the outer wall
and is fixed to the Plexiglas drum 40 The Pl exiglas drum whose axis of
rotation was horizontal, was then rotaR®d at 25 revolutions per minute for
18 minutes. The material abraded fromthe sanple was then sieved out, the
remai ni ng paini thesshedrleagddtisheedeantor evmitglhedthdheeahogaspohletval ue is then
gi ven by t hepPressrémcarass given ded abpréedeuny iofi fiabm €13 71Pass. 1 PF- ME2380@8s24

Experi ment al ppkrapéu e yexperératalrphantomasoceaus pped aysth a feed unit and
a reactor tube. Replacenent of a shell-and-tube react or by a single 5

tor t di | abor.at i t |
[ ong a5 the dPRcRROTRe SF TG Wiesersr UBG QPooh Fhe “Pdghon or fB8e of an

i ndustrial r®IefBFreiREOCERe A tRashabhiar &hed” FHrd e Qaﬁal VSt ang The
hydr ocar bon was vatiadueedhi tredigqeudaftoemi atinathegtsiatgde pase” Wwrimwans of a
punp. As oXygRNe&Ondriydirigegasd, diff apBBogldae , abxfged£@d ayetdodtivan Tri et hyl
p[losphat eI (T%§L i“@éuéﬂléé%%sge%&%ﬁ:@d' Br£! flqyd drEos M p@s f%oaowélmatfarwat er,
at a regu rate shel | -.and-tube r.ea or n|CS|

shel | - and- lJbe ?B ﬁemal 1%9 %fs mthufé 1s J s %E é‘ QEnﬁgﬁé?% gatﬁé

react or tubélt\?vééz%d FHRTEAYLY helh r’i‘thér ’é‘FCJ(ﬁ%‘H'éFé?nwa‘éarZ?%
mul ti t her noceapier kds/iang . 201 t IpRyOPALaEe, rswgsneredt hysbiosasbandyRyeduetsin a
protective sheat hikawisegsapaextest pdlf dremeiter ootp6t 20-armthasrearstical,| edt

i nside the reaet eemditheg §he hBMREEAt uﬁﬁcrofcotnbelséeaﬁ{&rac\a@a eitdalk-bed, by
means of tif?clﬁe%oﬁﬁflﬁf %Brgifﬁ'f&&r%i&%& Sto"\’@‘rng B&@&%ﬂ Oﬁahgf’tr%}e after the

ot her and ea had e requl ate

arate
The heat trar?§%8?tr9efd| Fﬁus%%lrv\élslaglggl PR S5 C IR ES P TR a%é‘gni”%%/ure
f1 owed from tHhe Pﬁbe%%ﬁﬁ’vxﬁﬁ’ﬂr‘i’?ﬁré’ﬁ’@haf‘ﬂerecrlééé‘tléFl%ilb’et tPhERG PIRACH®T2 m of
the 6.5 mlong reactor tube remained unfilled. Next there was a 0.3 mlong
pr eheat i ng za]mea pht clvuwlag 1{ i pteftk rvetiheshapienst oAt tie frodees fsr i nert
mat eri al . BaPieNeRlieRy ORI, albowed by &@@dce%t@ltxﬁub@d contai ni ng
a total of i&%ﬁ‘o%r@gn %%halcﬂétheée ghé‘&%lﬁ/ gg‘é@%%é{@?a@—}pk@@e oxidation

shel | - and-t ub and passed to

react uni
the on-1ine dg&s ngr%ﬁf{ St 65r%1plfm‘?ﬁr8 ﬁﬁ?% ng'n B?est%eg%e%hrs % eact or
output was @PYORATERAFNARTt FrS pinghet F%?Jfﬁfdb’tll BROPPha e a€atal §tskle40 6.1 nB
of i sobut anolphsepboplaacetppnndnirs anBheharasid-edbst eedctat undedhareigseltwehi ch
was provi desl rneiathibafidres, waoth daree chent @sb1eXber Redhy dIy ameans f1tpressure

wat er and had ;pegn. Megde ifeLt rdMddi R EBQéleﬁs d%%&ﬁw’ie&tﬁ{ ta' E‘l Yoy the
t hr ee- st age |dTeQeIIer stirrer, the.so ut ang OCunder

e t
reflux. At thi's 5§l?ed aé:rcg u%fég 1'tchethéatd o‘F“on of '5}3%(2 of) vana umeconfjom de
via the feecF%EFéWv&ég“et Frén%%‘fﬁf@ﬁ’céa eNfGRAILABHE %tfra‘fmfaﬂea‘éfé%‘i d
anount of varkedithen parmugriedéIhbd dnsert IHddetheafviedneabolitTr20OS* zone),

30 Tsp,vmax (1St zone), Tr(27d zone) and Tgp,ymax (279 zone) are determined
experimentally in tests carried out beforehand in a suitable
experimental plant.

The process of the present invention for preparing maleic

35 anhydride makes safe reactor operation without the risk of a
runaway reaction possible and leads to a high conversion, a high
selectivity and a high yield of desired product even at a high
space velocity of hydrocarbon over the catalyst over a prolonged
period of from several months to a number of years. In this way,

40 a high space-time yield is achieved while premature damage to the
catalyst is avoided or at least greatly reduced.

Definitions

45 The parameters referred to in this text are, unless indicated
otherwise, defined as follows:



PF 53804 25 rﬂ,ngggm t he punping-in of 900 kg of 105% strength phosphoric
acid was commenced while continuing to add vanadi um pent oxi de. To clean the
punp, a further 0.2 nB of isobutanol were punped in afterwards. The
reaction mxture was subsequently heatedlto about 5 100-108C under reflux
and kept under these conditions for 14 hours. The hot suspension was
subsequently L ned J ot pressure filter_ whi Bhahadvprevi ously been

heat ed and mg é@% E?T}te E}\T}MQ%ﬁ nitrogen and was filtargd,at-;about 100C and a
pressure above the filter of up to 0.35 MPa abs. The filter cake was bl own
dry 10 by passing nitrogen through it continually at XlOOC for a period of
about one houkawbkdMont sphtddatiditg centrally |ocat e P¥rer whose hei ght
coul d be acT’j usted. After the filter cake had been blwwdry, it was heated
to about 155" C and the filter was evacuated to a pressure of 15 kPa abs
(150 nbar abs). Drying was 15 carried out to a residual isobutanol content
of <2% by weicgbt |dus hbardyigshceatabysitypr ecursor. "#e dried powder was
subsequently treated under air in a rotating tubBe.having a |length of 6.5 m
and an int%rnal dianeter of 0.9 m 20 and provided with helical internals for
2 hours. The rate of rotation of the rotating tube was 0.4 rpm The powder
was fed inteohbers@imlcing tube at a rate of 60 kg/ h!'qhewan i ageacor ou
introduced at a rate of 100 nB/h. The tenperatures neasureg , directly on the
outside of the rotating tube in the five 25 equal -1 ength heating zones were
250C, 300C, 340C, 340C and 340'C. After cooling to roomtenperature, the
VPO precursoiWase iy gately mxed with 1% by wel ght'gfregraphi te and
conpacted i'n a roller conpactor. The fines havimg a _partigle,size of <400 m
in the conpacted naterial were sieved out and returned to the 30 conpaction
process. The coarse material having a particle size of >400 umwas m xed
with a furthéi®2d by weight of graphite and “tadulrdted in a tableting
machine to form 5x3x2.5 nm hollow cylinders (external dianmeter x height x
di ameter ofg the internal hole) having a lateral conpressive strength of 11
N. To obtain 35 the required anmount of catal yst precursor, a nunber of

bat ches were processed. About 2.7 metric tons of the 5x3x2.5 nm hol | ow

cyl i nders obfMaized anweriaei nt PFaTRIHd "@SALT rABYSIFY e nPECHEGhEPGht of 9-10 cm
on a 40 gas-perneabl e conveyor belt into a belt calcination apparatus
conprising two.d.dgntical belbedalqiupat bONcatllystyhtctaweiver edDNELic@donn
series ancgshad a total of eighte£dhgi nation zones. The first 1.4 netric
tons were used for setting the operating paraneters of the belt cal cination
apparatus. Since they do not 45 represent uniformmaterial, they were

di sregarded itn the follow ng*™PH™3804 26 The belt cal cination apparatus
was operated at atnospheric pressure. An encapsul ated transition zone was

| ocat ed bet wWgpu-bh@rocal Cci navoumez arted°d ant 0510EacHP0foft e ehyrrtocarbon

cal cinati @0 zones was provi gdgdeid tfasaphage t2 gpBEFraiE@AS ntkt Cpd@drddard Each
of the 1
]

(mathematical parameter, if a hydrocarbon is

liquid under these conditions, the hypothetical

gas volume is calculated by means of the ideal
35 gas law.)

Vgas volume at 0°C and 0.1013 MPa of the total amount
of gas at the reactor inlet [standard 1]

40 c conversion of hydrocarbons per pass through the
reactor
S Selectivity to maleic anhydride per pass through

the reactor
45



S eight cal cppakigpgzones was supplied with the desired anmount of desired
fresh gas. To naintain the desired pressure of the atnosphere, an

appropri ate anmount of gas was di scharged. The volune of gas circulating in
each cal cination zone per unit time wa&2greater than the volune of the gas
i ntroduced or discharged 10 per unit tinme. A dividing wall open in the
region of the stream of cat¥4leist ofrezigisornhpdrids Meadrpes iderousiichhef t he
successive calcination zonesdc@aoreduce gas exchange. The | ength of each
calcination zone was 1.45 M The speed of the conveyor belt was set to give

t he desired residence tine (o] cipatj n e

i ndi vi dual z%?ncésre\ﬁ%troé’ 6bera?§aodladl} E%ﬂ%vﬁqp ?‘rﬁ% rgg%f%énls:c%%alﬁﬁg %%kﬁg’(r}aﬁg%%?s for
operation 3f the belt calci n[é‘fcilgﬁ‘]appar atus. 20 25 30 ZoneTenper at ur eFresh
gasfed in Cal ci nati onzonelHeati ngto 250CAi r Cal ci nati onzone2Hol d at 250CAiI r
Cal ci nat i onzome3Hat @ al250CAglaCalftpmati drydonedteets rgt 6h810RAtor outlet
Transi tionzoneCool i ngt o 200GAig1/Gal ci nati onzoneSHeati ngt o 425CN2

Cal ci nati onzone6Hol d at 425CN2/ H20 vapor (1: 1) Cal ci nati onzone7Hol d

at 425CN2/ H20_vapor (1: 1) Cal ci nati anzone8Coql i.ng_t.o raoam tem N2 per re ln
Chis vy, LSoBth Fesorobrt o (BIE of 77 roMeqecaran pub iR, 8 e qRaEEtY

continuously. A representatiSH1€&nmpPeI Gt this catalyst 35 had the foll ow ng
properties: * average oxidation state of the vanadium (Vox):4.16 * | ateral
conpressi ve stg(@nygtdonehCS): Mdhanl shllt bdiasieoper 8cudé iy weeghirst4@ebxaimt e 1:
singl e-zone reactor (2.0% byza ume of n-butane) In the case of the

si ngl e-zong reactor, both heat transfer nedium circuits were operated at

the sane salt bath tenperature. The 45 reaction canditions set were as
ol 1 ove. Tot 51 IDifIeRE catiobT, HETR s SN BEoB3BeA P ons
Concentration of n-butane at the reactor inlet: 2.0% by volune GHSV: 2000
standard 1/ Bat(@F§saoneh : Condégsar seilonbafh ttempehgtugshdspliheesq¢ckER) 5 at t he
reactor inlet: Concentrationrefctidhesonvapor at the reactor inlet: 2 ppm by
vol une 3%plgy vol une

Tus (274 zone): Hotspot temperature in the second reaction zone
Examples
25 Determination of the average oxidation state of the vanadium

The average oxidation state of the vanadium was determined by
potentiometric titration.
For the determination, 200-300 mg of the sample are in each case
30 added under an argon atmosphere to a mixture of 15 ml of 50%
strength sulfuric acid and 5 ml of 85% strength phosphoric acid
and are dissolved with heating. The solution is subsequently
transferred to a titration vessel equipped with two Pt
electrodes. The titrations are in each case carried out at 80°C.
35 The solution is firstly titrated with 0.1 molar potassium
permanganate solution. If two steps are obtained in the
potentiometric curve, the vanadium was present in an average
oxidation state of from +3 to < +4. If only one step is obtained,
the vanadium was present in an oxidation state of from +4 to <
40 +5.

In the first case (two steps / +3 =Vox <+4) the solution contains

no V3*, i.e. all the vanadium has been measured titrimetrically.

The amounts of V3* and V4* are calculated from the consumption of
45 the 0.1 molar potassium permanganate solution and the position of



Exanpl e 1A %Tb&latl on of the runaway tenperature TR(Ist zone) 10 The
cat al yst was star ed up at a nean salt bath tenperature TsB of 360C, a
concentration of n-butane at the reactor inlet of 1.0%by volune, a GHSV of
1700 standard 1/l catalyst h and a concetration of water vapor at the
reactor inlet of 3% by volune. Over a 15 period of 7 days, the concentration
of n-but ane the tiwe staes orThe weéghtved ayeadaal thern rdvessele tayezag% by vol une,
t he GHSV wasoxidwrieasetat®. 2000 standard 1/1 catal yst h and the nean salt
bath tenperature TsB was increased to 393C and the establishnment of a

stabl e 0pera£rh est@ESnd cdse oﬁga;@eﬁt/ uhi ¢ k} th@ g | ftufe a BEn2Q hekspot

t enper at ur one). o hours was ese conditions
was awaite éﬂ"leb r’r§ é sg%%e%?rﬁm BN Coﬁsﬁp‘gtﬁ%% %tg‘n %:rr%o &d PP %?Jeu&
firstly in SPRFRNGIRNSES AFRIHHOR - %%%ﬁézuemleedwwﬁneﬁé ptl fidie Xt i &h8t abl e
oper ati ng staesuhddigbeehut ymadyeteanheothat §pdtmelpemavnien THSQI(EE) zone)

t he conversi el Gte2B3ollieiyn aelnd Yeaniddthiensekesd i ovvil ywodavepsadetianm ned. At
the salt b%&;ﬁﬁ{g@%@&ug@ﬁﬁ% eamhlég)ttslaowtwraenduatt be Jﬁwdqumototm
upper heatlotra{lsfer ged?y%n g'ekc:e':ﬁegc%%%nltﬁ vgstatlhgmﬁonverf\s/wgna

yield Y as ?u h f% Elt b npera ur e |ncrea5|ng
nean sal t baf‘ﬂ t?—ﬂ?pé‘i“&’tlﬁ?e e ToWRPeBP oMY O&sVEoRELALRYSTY BERSERE: r ange
exam ned, whifhe Yeighyed| @i"@fa%’alté?@ @¥HeFd the ea v &asiea P& 1 da vt r?ﬁmteof 61. 1%
at a nean salt bath tenperature TsB, ymax(lst zone) of 404C. 35 Figure 2

shows the hobspoinin@rpehabtirtel stésil 2Qn@ledsive fdtRehyon oOftHeh@omean salt
bat h terrpqrsagrgignd‘lésf@(l st zone). An increase of 1Cin the nean salt bath

t enperature 3(I'st zone) from404C to 405C leads to an increase of 3.3Cin
t he hotspot tenperature 40 THS(I St zone) A further increase of 1Cin the

mean salt batf IFEHIERat Bhe TPSBER S CHBRNESSLYe ADRSN%Ads The B oWcr ease of
10. 0C i n theyhbdgsst vesaperatsyceeTHS(¢ steaspnefentfhe inupankycasenpepaedr e
TR(I St zone) 1y $ng hurs thel weanv&d5 s adels 406 Ehe Al a&p piedalmab etomlplatteonf based on

linear i nter agﬂ)ﬁéﬂﬁ@taehé\mﬂn@eapp&sw@ 4BeVELAI8ar@NYES énd URWBYwere
tenperature TR(! %}e&qegi ﬂ%%u}ne Z%%erpgﬁt?@%;%h aﬁ@d Jd%wn§§£§ct' on

of the operatl r.ange i.n eact or n

experi nent al P} (gett}}eer%'l Hig(dwr é\ﬁgzgt%ﬁpaé‘r ACOYPECTRAS ©ts zg “8‘1“ 308. 9
formula (1) éP*’/%% -y FQﬁgEOJFJd?W CHé1pden Wil Sé%%tulteet?ﬁéP’a'¥%ﬁ é”a'FSBFFg’Ed%ne)
to be set of aFs8(fmactzonedtf <i4@5. 3B -1lat@rkd aompxasdilve basengtdf ofhehe
experi ment2gl Lydoeidian netlaralylsabiér baddrespbenpered whe haBimumxictet zone) at
whi ch the magbgy{gcy_i eld of nmaleic anhydride is achieved in the range

TsB(l st zone) :5405.3'c of 404C, fornmula (11) gives a range for the mean
salt bath tenperature TsB(lst zone) to be set of 15 404C - 20C s TSB(I st
zone) s404C 10 erﬂ}é‘enjé}éém Afjera %‘Ff“?@r?ﬁé?’ﬁt BTEChREBe) 40 Lty dIu 1

oper ati on of Mgagurements were carried out in each case and the mean was
30 calculated.

Determination of abrasion

To determine the abrasion, about 50 g of dedusted hollow

35 cylinders were placed in a Plexiglas drum having an internal
diameter of 290 mm, a drum height of 40 mm and a Plexiglas insert
which has a circular curvature (radius 80 mm), extends over the
entire drum height of 40 mm, is located between the axis of
rotation and the outer wall and is fixed to the Plexiglas drum.

40 The Plexiglas drum, whose axis of rotation was horizontal, was
then rotated at 25 revolutions per minute for 18 minutes. The
material abraded from the sample was then sieved out, the
remaining particles were dedusted and reweighed. The abrasion
value is then given by the loss in mass divided by the original

45 mass.



si ngl e-zone f,paﬁggé‘ll n accordance wth the present invention when 20 using
the chosen catalyst and under the operating conditions selected is thus in
the range from 384 to 404.3C. However, to obtain the highest possible yield
of mal eic anhydride and to achieve a v&y high level of safety, it is
particul arly advantageous to carry out the process at a mean salt bath 25
tenperature FxRgigtenzahelldnt t he range from (404 - 5Cto (405.3 - 2)C,

i.e. in the range from 399 to 403.3C, which corresponds to a yield of

mal ei c anhyd@ha%@erﬁm@m@b@tan%w@st&;&%pé%wifh Rarfee@UhAlt dr@ achi eve a

particul arl yrQécQJ’br' fUBk. Off{eplsa% ﬁfe}{t of d $nah9hlyq %‘6@”&@9@9&5 btyoacé‘{x‘ié’leom

t he proces rature, Tss(Il st _zone range

rom (404 3 E7ehor Cabe 3 Faeld petSHE pa'h SRty 385 Higol, iSa

whi ch corr espoRtR aSo 187§ 2% ¢-16f dﬁﬁ?%??%ﬁﬁdFF%lereoﬂCtPFoﬁ?b%bﬁﬁ iggtlet o

58. 7% 35 |t rehoul dibéhesphafsianedndhsitr itdie reapery rewpeal The delaartnivaed

maxi mum mal ebpesdttvadrinde ydalgdeobabd 1% is obtained at a nean salt bath

t enperature TsB(I st zone) of 404C In the present case, the maan salt bath

t enper at ur. B(|l i.m ceQrdipg, t ()
to 25404 g}-ﬁ }idﬁra ?’Qgﬁfb &aéé 3 E)(Elltl)éedarltml é%&u yf%%re er ab"1O fggcpy v

t he danger o ﬁn%‘B?ﬂ r &F 8%3”%&?8%?&1?%“ Giis PRt @:Qldé?fj at Ebed of
the shell- aﬁ@lglﬁl,ﬂjfé?dr sate orTrigvhyh eRrArhater éURR sivsisy ldkeetse taﬁ’éiedcatlal yst,
is thereby silgmid cantl yas ediscddtdonrid eciteut . affhe regpastedsrgaeovi ded by t he
present invention thus rule out this 45 hazardous region and ensure safe

oper ati on 1@f TBQeerHﬁC%ﬁé @lﬁ'% r%‘é@‘cgr PEATRLYRE: LOGI B o dQH%EP d %-ttt]Se

tal yst. PF_538 2. 0%
ﬁabﬁt g?le) The> rtor %aVl %onasjtl énsres""e(ftor eéggeac%}%ﬁ Il(ewgg 2I/'oft raera}ﬁun]f of

catal yst i nstdPf é’ﬂas §1134mn"lmd &Sfc Rt R o igPe e b tasnd? at?‘ I’t“l‘reAreact or inlet:
2. 0% by vol uReltgHsymogouple thavdasd2q/tampeapysre .HeaSyreaaRt Rrdigrsofindr j et hyl
phosphat e ( TER¢atekD iat at peotexadver shedtet |ha€angemi resttieanadf divatearervapoé at

the react @o il ®is iAsRRAMEY MEidEELBYOAAMRUIELS] MGR tBRPELAGIHO0BE the
condi tions 'Eew@ozule}ai Eﬁ%ll% %gr‘xﬁeaﬂ{s toffetw&%%lt“%%n 9&6 ﬂe%%hor and the

first reaction_zo e 20 actor
“I’rt%el g

t enper at ur e ﬂ?f?% 8 é %%I%pez@ﬁéefe%l&?o Hﬁe§ 3?%09""}0&%‘??0% to
the runaway tLenpet ffusesdof ane cPPLdtPe &GUilBReS GTRPATREELY - ZBIfee8F t he

t wo- zone reatransferTimeddenerstchaesona fltt meltunaway tenperature of the first
20 reacti @y zone TR(I St zone) of the two-zone reactor and the selection of

Eﬂg ?\rzgr gg;} Ie ahe %t%hntgag %ﬁbg&uéé fno@@rmbﬁaéhe The fd'ogvﬁ@zafcgacq{fﬂogahzgyrﬁlit 81; .
%: e @Elﬁ R T Vi I R

TSB(| st zone range froms3 artlcu
advant ageoust maipgd,yniille ext there was N¥ng prefiating zone

ich was filled with shaped steatite bodies as inert material.
30 The preheating zone was followed by the catalyst bed containing a
total of 2144 ml of catalyst.

Immediately downstream of the shell-and-tube reactor unit,
gaseous product was taken off and passed to the on-line gas

35 chromatograph. The main stream of the gaseous reactor output was
discharged from the plant.

Production of the catalyst

40 6.1 m3® of isobutanol were placed in an 8 m3-enamelled steel
stirred vessel which was provided with baffles, could be heated
externally by means of pressure water and had been made inert
with nitrogen. After starting up the three-stage impeller
stirrer, the isobutanol was heated to 90°C under reflux. At this

45 temperature, the addition of 736 kg of vanadium pentoxide via the
feed screw was then commenced. After about 2/3 of the desired
amount of vanadium pentoxide had been added after about 20



range from 389 £9g#@3. 3C and very particularly advantageously in the range
from 399 to 401. 3C, when using the chosen catalyst and under the operating
conditions selected. 30 Exanple 2A: determ nation of the runaway tenperature
TR(2nd zone) In the present exanple, th&5first reaction zone of the two-zone
reactor was operated at a nean salt bath tenperature TSB(|st zone) of 400C
35 The cat al P$PutRS dper BLBRENITiiR 8| §0htkda ofedPd saitirepath PhasRyIOracur e of
the first reacidomszcoengsBid sthizenednofndi@@Ctanadd avamednus ghéntvatide. To
tenperature efeiherzepand, r£amintdbrzone mbs B 20bbzame) wérdGimpeat ih a
stabl e operabicpgr.2ise had e 148 Rstabld $Rgdsudie @Ry SRR apout |
te”perat“rg b Eﬂf% eqend. LSActl ony zone Eﬁ%@&&&”%&‘é@@éhse'}o'r”‘fli eased in
steps of 1 an% g establis manfa of “FSt'36Fe © erafing state, i.e. a state
in  which t h8°8FFf tTh6f DPReSHRASSIO t BRD T RSGABSTHY 2@ 126N thd  s0. 5C over
a period of Piepoumss filgasr avkicahedadaprevionslyAbeer heatsdsand|eadspanart ng
state had beentheactredent &ed hatss il téenpartatboet PR B8884d 30 pEdSE2ne aave) ,

t he Cogversi @ReCriihe Yirehd % andst higa SzQAse.CFI‘hﬁi ﬁélt%r \Wake ﬁlfg errasiwaedgj{n gach
case. Figure . r.Si n [ a o]

moan sal ¢ 50h Prrnae, AT EORHPIh 8o ANLochlall 1&2%{%&%“;0%6;% "

i ncreasi ng nm2an®8Att A&t A°te &t GF TS 23 zBne§ Tt hE %‘f‘ﬁfeel‘jsisg TETi ses
cont i nuous| y "hase e idkggecekdmned ueked e Aftthe yhe| it ldernarks haghRgERi de

di spl ays a matpwnindmf, 59. €86 dicaaedneanalsaltt 1bath drehpéeat ukteerTsBsYmax(2nd
zone) of 406=488&atekD thi gupredbuzleovs [hetOkLppOl 15E@MRrabYEp. dfriting Gesond
reaction oRg THY Z3d £8N8)r&Si RalUDSh @undh EhRdmansakss baf Ritigapelature

in the second,reacti T d ne). In the tenperature  range of
TSB(2nd zone%hgx(grn%en&e)g,a%lggg?% ,%(e%grfﬁie)' mean salt bath 15 tenperature Tss(2nd

zone) by 1C resulted in an increase in the hotspot tenperature THS(2ad
zone) in theThrangeldd pewdel a5 Zupeequaiely Hnaabsd twidssr attr &8 ¢f Toketsegond
reacti on zoneub&(Radingorne)ength tofu$ . abovendd BACin2eriadaniphee 28 fellgdt mon of

t he oper ataon@nbapasyidfedt Reth Wr1zQRe iheaaiQls AsrNBridueiRedrhadertEeanpl e 2A,

the first reagtLpfh,ZQRe (Rl i tihWO1Z008,dLACHOLNaSRPSLALES Als dolEan salt
bath tenperat.ure , .25 T%g(cl.st tzug)r}ae)a of 400C. navay tenperature of
2N z

Si.pc or
t he second réél(t:?i%rhe Zoné Jfﬁ? En%)r%toeuloé BQ }g%{he'r r#lﬁ‘eall n" the
tenperature AahgRAMFedrsB(2ntrts Gfe) C8xEifithedhe| tenRat a8 88 STRASYTEAom Exanpl e
2A t hat thisd3@ecehpemnatheecitssigieoeé O otlaningcorearice thet hivehe fornul a
(rrr), ties rgaalskdrigthahbat aipetoaksr eeds B(5ANd, zooe)c,i S40tas ,34i0AC tdred _
interests of 338t@! Yarte® BEoBBIg &8 Bo¥m!tsRialand 2ntheZ 988) pfedklor- wd& 35
Based on the ;expg *&é‘ﬁﬁ\ﬁgﬁkéﬁ Send Bgudwé'? %%' %;r%%?ihcet SHREE ;%«H%ed in a
TSB’YWBX(anr%QTgé ggmpac%gr.tT(% @%ﬁgs Q; 1&% a 8art1cf2(%i%2hg ' é%%o um in
- the compacted material were sieved out and returned to the
30 compaction process. The coarse material having a particle size of
2400 um was mixed with a further 2% by weight of graphite and
tabulated in a tableting machine to form 5x3x2.5 mm hollow
cylinders (external diameter x height x diameter of the internal
hole) having a lateral compressive strength of 11 N. To obtain
35 the required amount of catalyst precursor, a number of batches
were processed.

About 2.7 metric tons of the 5x3x2.5 mm hollow cylinders obtained
were introduced continuously in a bed height of 9-10 cm on a

40 gas-permeable conveyor belt into a belt calcination apparatus
comprising two identical belt calcination units which were
connected in series and had a total of eight calcination zones.
The first 1.4 metric tons were used for setting the operating
parameters of the belt calcination apparatus. Since they do not

45 represent uniform material, they were disregarded in the
following.



40 was achi eygd gisgglshe range TsB(2ad zone) :5410C of 406-408C (nmean: 407C),
formula (1V) gives a range for the nean salt bath tenperature TSB(2nd zone)
to be set of 407C - 10C < TsB(2nd zone) :54070C + 10C. 45 PF 53804 31 The
mean salt bath tenperature TsB(2nd zone)“f or operation of the two-zone
reactor in accordance wth the present invention when wusing the chosen

cat al yst and Thadeelt e lspapatPmPRPGHEL LS OIRS operate@dt StMAEBhEHLG he range
from 397 to 4@e€surowadreencapsblatsdaicnatdict inghesé posslidolaeeyi dtoveeh nhéei
anhydri de andatleinaeiirevenasverandisghehevelds ahesai ghy,cdllcingt pad tdcmekar |y

advant ageous v;a% E@(’S\FJYdé?iutvﬂ:Hea PELL ]SS g@ﬁe@aﬂ@%ﬁsséifcﬁaattQOnt epRal YrUk ge
TsB(2nd zo in thg range

e from (407 -
from 402 t(r}’efdggt 0°Cof T Espond s‘tl%)p ed Wﬁa %he q)esned ?lmo 8T of
f rom about 5§ele8d %YQ‘?Sé’%gaFn T ailc‘}GF‘éP t*teo d&éﬁF%@eP%FS&éEFﬁ %I%{’rq y high
| evel of safadmpspherd,s an gAPYORIhAARL atg@mts afo geér v§s clitschhegpd odes at a
nmean salt batvolusapef ajasr eifsB(anithgzdnegachn dalleinanien fAome pdDunitd)Cmeo
(410 - 4)C Iwa@. gtBatdie thaRgend AIMuAR20t O Hi0GGs idbrodliicey 60r despRdeqto a

gg'ﬁgl gfs h a?; ﬁﬂgé/drfm%e f af¢ Q0 f?;b%ih %?et ltn°t§$ pe%uo'%‘ GOMPAL | Q1L
e

articultar a one react.or,
Bxampl es & o] 2 R0, lecharsl e oydade ot ol Lpone coselon.

si ngl e- zone @d€iBRti/Re2PREPat? i AAUGE 9a€acﬁﬁ§ﬁ’taz§1§éou'§h%d@r“§fipoﬂf|%qherns of
yi el d and safcetlgingaiprbeoachvey eld 44t ma Tearspe@ldt obatie tcomyeyar ureel tT9BE| st
zone) in theectangegivedmhd98es Dretd kedTdendd cdimealkesatsoutd @l Hoafs drei C
anhydride pf JarlgffhéQfBH zofe? T 3GdiYEROSEI NRs UQP@roﬁé}%tQB%ﬂEho%é in
condi tions, a two-zone reactor at a nmean salt bath tenperature
TSB( | st zone) ofl 48)00 and a mean salt bath tenperature TsB(2nd zone) in the
range from 402 to 406C enables a maleic anhydride yield of from about 58.1
to 59.6%to B@Paehieved - with conparably high safety. The yield which can
be achi eved [RpraBétemse folr apewot xonefr ebetlrltd saflbisatalouepRésawliati ve

hi gher thazo when usi ng a si ngl e-zone react or. Exanpl e 3: singl e-zone

react or (2.2 uuy vot lélIlllé' UI =b LaIIC) Ténfpéfhth‘f‘é case—pf FféEhabH Ifed’_l.ilhc

rat o Py

h f

bath t enper at an were f oll ows: Total —anount

of catalyst ih8 %qa&d"%iﬁ%rﬁ %dcﬁﬁcgm I‘Catl on of n }bltﬁane at the reactlor
inlet: 2. 2% hyavoinatdoncEe oI Seand2? ¢ 1 / |cataldst - h Concentratilon

of tri et hy2s phatplrtdop TEMe 4lHedtdngebetdY0°Cnl et: 4FR@oncentration of water
vapor at theTrsecitdon nbet . 2| uhihy vel2006c3% by vpdime PF 53804

Calcination zone 5 Heating to 425°C N,
Calcination zone 6 {Hold at 425°C N,/H,0 vapor (1:1)
Calcination zone 7 |Hold at 425°C N,/H,0 vapor (1:1)
30 |Calcination zone 8 |Cooling to room tem- N>
perature

In this way, about 1.3 metric tons of finished catalyst were
produced continuously. A representative sample of this catalyst
35 had the following properties:

* average oxidation state of the vanadium (Vgx):4.16
* lateral compressive strength (LCS): 10.1 N
* abrasion: 0.7% by weight.

40
Example 1: single-zone reactor (2.0% by volume of n-butane)

In the case of the single-zone reactor, both heat transfer medium
circuits were operated at the same salt bath temperature. The

45 reaction conditions set were as follows:

Total amount of catalyst installed: 2144 ml



32 Exanple 3 was carried out subsequent to Exanple 2 using the catalyst

enpl oyed t hepe. sBgaapl e 3A: determ nation of the runaway tenperature TR(I 5t
zone) 5 The abovenentioned reaction conditions and a nmean salt bath
tenperature TSB of 404C were set and th? establishment of a stable
operating state, i.e. a state in which the drift of the hot spot tenperature
THS(I St zone) was < 5C oyer .a period of 24 10 hours, awai t ed.. The nean

wa
salt bath teﬁﬁ@?%ﬁ‘iﬁa&ﬁ%s HePUteRg, BESEIP iTFaSFepstHEtiC, 2APT Y O8I e
operating st&H&Vhad been reached each tine, the hotspot PeApettern#REATHS(| St
zone), the conversion C, the yield Y and the selectivityl&lywegsdeter m ned
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t enper at ur e. %ﬁ\? tﬁt&é)gsgﬁ waq,eq Vaé?f bath 20 tenperature, both the

conversi on C2n8"¢ HEAftaF gt etrral ei c anhydride increase ¢énbY NRIEEey in the

range exam ned. Figure 6 shows the hotspot tenperature THS(|I st zone) as a
function of exhgpbeadn :sdktehaintuttienpef athe euhSBaY Stemp@ra)ur AT+ (Net ease )of 25
1C in the ygean salt bath tenperature TSB(|st zone) from405C to 406C | eads
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runaway tenp@Parite BEEPR( ‘I%t”z%’néfapgalfchds/lbettamn yEed aﬁdcmtrAﬁlon

appr oxi mat e odévahtet ivapoonat hehebasiastof inlegapfi it arpoicdtnen Metrween t he
measured ViH pesigd wes 7adaysawehe icenpenatadionT Bl sibwzaine) aof tiedbadactd06. 9C.
35 Exanpl e BBnlaelv@.cgIg%deslimr@&eaeéana) rzarogeb{,%oltda% S'cHQ'(ﬁ{s?\p%s reactor
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t enper at ur e fgg?FE?t‘krﬁnéprté‘sbéng’é?aﬁ 'F BEP 3¢ A0flef h‘§4‘ff6t lShT@tz%f BF
53804 33 The Sﬁakimﬁ%faélldgoﬂl;tmrelleeanfltlyi]‘—raltﬁeaFnW*HfR%? taager I8B(Insthgone)

. _406. 9C 20 aohspeedeaatped86uBC Typdlits zaboutovs?. 8% héarsmwas <(OI.bYCt henlegi ves
a range for thessesdhdalibnbalds teapeeat urre TeBal i1t 20ne) téMpdatsel 0hsS
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upper heat transfer medium circuit.

Figure 1 shows the conversion C and yield Y as a function of the

30 mean salt bath temperature. With increasing mean salt bath
temperature, the conversion C rises continuously in the range
examined, while the yield of maleic anhydride displays a maximum
of 61.1% at a mean salt bath temperature Tgg,ymax(15t zone) of
404°C.

35
Figure 2 shows the hotspot temperature Tys(1lSt zone) as a function
of the mean salt bath temperature Tgp(15t zone). An increase of
1°C in the mean salt bath temperature Tgp(1St zone) from 404°C to
405°C leads to an increase of 3.3°C in the hotspot temperature

40 Tyg(1lst zone). A further increase of 1°C in the mean salt bath
temperature Tgg(lSt zone) to 406°C leads to an increase of 10.0°C
in the hotspot temperature Tug(1St zone). The runaway temperature
Tr(1lSt zone) is thus between 405 and 406°C. An approximate
valuation based on linear interpolation between the measured

45 values gives a runaway temperature Tr(15t zone) of about 405.3°C.



advant ageous g d4y out the process at a nean salt bath 15 tenperature
TSB(I st zone) in e range from (406.9 - 5)'Cto (406.9 - 2)'C, i.e. in the
range from 401.9 to 404.9C, which corresponds to a yield of naleic
anhydride of up to 56.2% It may be errpﬂ@sl zed that the experinentally
determ ned maxi mum 20 mal ei ¢ anhydride yield in the overall range exam ned
of 58.8%is dutemevedlBt selecincradt thgt hrermpergatrange TSB(Hhst sinakd-arne409C,
whi ch i s thusresicgonirfi cantly above the runaway tenperature TR(Ist zone). If,
contrary to the teachings of the present invention, the process were to be

operated at this it GAPELAtL %“{23 [ 1‘l§PH£ge%§1 & %u&b&gyaiﬁirﬁa‘éggﬁﬂﬁ Te{3%% ube

trollaple t
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woul d be a riefiPesRtare (frahby F@a%il*ifh ensphdP¥i dual reaction tubes through
to the entire shell-and-tube reactor. 30 The neasures prescribed by the

present invention rulg;pldt tohe) hapardous range and ensure safe operation
of the process and also avoid prenature t her mal damage to the catalyst. 35

Exampl e 4: eactar 28 by, vol.une_of. n- The reac
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inlet:3% by val aPhr&38Q4134 ;shorecd e kgacti on conditions in the upper
reaction zpge of the single-zone reactor and the first reaction zone of the

two-zone reactor are identical, the runawa erature TR( | St zone) of
the single-zone reac‘]toél(rzj is %qa°§o =i dentd ca?°’¥ n%“r Gn*év\ia%/ct(errper at ur e)5 of
the first reaction zone TR(Ist zone) of the two-zone reactor. The

det er mi nat i orTtef mehe sahtaweyht ceppemttire 0fs (11t fanest for equdriagnonont HE( | st
zone) of the $Mar120R6né eaic@brang dd@rdsatechit tdk phesappriapeheidn when
operating Q@r\gbel@s th8 &S %a@algﬁamﬁ Bh&éﬁ {rFea le?Qt%r‘E&“’co%ﬂcb@néV‘D zone

reactor is thu e oerated mean at.ure TsB(l st
zone) in the ?léar?geegfrom 6.8 4’635‘,’96(; anIH artl cuP n})ﬁd’ c%'vgn‘fa e(()tusly in

the range f r?ﬁﬁ?&@l?@etlﬁf%?%@o%’éﬂ%é’llﬁbd "@H@%éna‘é@fdﬁ%t aaﬂdto under
t he oper ati ngaduediet Rorersdlight telvell ®ifEgahpty, 44 ideperpigqvdiirdn of t he
runaway tenpeididntegeR(Lnod zapey dut tthe presesd aaxanpeen 4412 batst reaction

zone of thest¥onzaRAeurs %R Pst %ﬁe?pﬁrf atnedrghg@ f®aN (38kt_batk ggrrperature
TsB(| st zone) 30f. élp Tge fr"i‘t@uey§5 rooqnerﬁt)eg%gUS% i3kl y‘};‘ mean
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59.8%. In particular, to achieve a particularly high level of

safety, it is highly advantageous to carry out the process at a
30 mean salt bath temperature Tsp(15t zone) in the range from

(404 — 5)°C to (405.3 — 4)°C, i.e. in the range from 399 to

401.3°C, which corresponds to a yield of maleic anhydride of from

about 56.9 to 58.7%.

35 It should be emphasized that the experimentally determined
maximum maleic anhydride yield of 61.1% is obtained at a mean
salt bath temperature Tsp(1St zone) of 404°C. In the present case,
the mean salt bath temperature Tsp(15t zone) to be set is limited
according to the formula (I) to =404.3°C, preferably 403.3°C and

40 particularly preferably 401.3°C, and the danger of sudden,
uncontrolled temperature peaks in the catalyst bed of the
shell-and-tube reactor, which could irreversibly damage the
catalyst, is thereby significantly reduced or ruled out. The
measures provided by the present invention thus rule out this

45 hazardous region and ensure safe operation of the process and
avoid premature thermal damage to the catalyst.



25 zone) of ﬁﬁl%ye&” a stable operating state had been established. The
nmean salt bath tenperature of the second reaction zone TBB(2nd zone) was
then increased in steps of 1C and the establishment of a stable operating
state, i.e. a state in which the drift2%f the hotspot tenperature THS(2nd
zone) was 30 sO.5C over a period of 24 hours, was awaited each tine. After a
st abl e oper aEkamplst dt=etn<afizct5@er1reﬂea@he(c2,-Ot%heyhmlsm of enpevtngle THS(2nd
zone), the conversion C, the yield Y and the selectivity S were determ ned

in each casernd5-ddc@ybs domdi¥¥onthgeCaRMEr sE0fGnd yield Y as a function
of the nean salt bath terrperature of the second reaction zone TSB(2nd

zone). with increasin n salt bath t erature TsB(2nd e)., the
conver si on>C! ??%]esank?blﬂfl ?lg A}YFR {'%talig%&e exam ned, vvhizf‘g‘P r%lhe ield of
mal ei ¢ anhyd?P@feerd-’lr@ﬁPa?so%\ rf-ibafcaﬁaxamneorea@m inj@tsg. 298%tbYa VREHFE sal t

bat h t enper acuge: Tss, smax(2nd zone) of 414-418C. Fi gwo@08sshamdwrd he hot spot
t enperat ure THS(2nd zone) as a function of the mean 15al, taQ}estth,ﬁerrperature

TSB(2nd zoneg ?érb%r%l%%}ggsgf Ogrl%gh% aIt bath tenperature

TSB(2nd zqne 0 an |ncreas of 3.8C in the hotspot
t enper at uﬁg He2 1§ fBﬂE)l“lEtf urther i ncrease of 1C4 RPPhBY nE¥™Sal t bat h

PF 53804 35 F@Wt&taﬁﬁénﬁ%(‘mrzﬁﬁ@?rto 419C |l eads to an increase of 5.1°C
in the hot spotthempecabur nIBdS(2nd zone). The runawas benpelateure TR(2nd
zone) is thus between 418 and 419C. An approxi mate evaluation on the basis
of Iinear '”E%ﬁ@é"tfhtel Qeapeia#%nhlaelénm%s%eduy}]@éy%geweé ForleUBANRYe
Lomer s, IO A0 Bl bal, (A% Bt Mhesslogl ol ge
operati ng range of 1 reacto fO rEnt i-oned - under anpl e 4A,

the first relfRfHRT A8ReCF iR L ¢ e zlaﬁbawrae‘éa&?‘&ﬁ’e](ﬁefélrﬁpgiib]t ed?de)a Or?eéﬁesal t
bat h t enper asiirgle-POBE| seactmie)sofldo4ClenticBhsed e rhaaexperEnpenthity
det er m ned rufaviey fliesperadati®nTROROAT: (26hegdonef) 41 8t13C twoszoné ardddtor.gi ves

a range for the d@arsabtiodad thenpekAlddr eeﬂig&&gmeze@eihé Or faestset of
TSB(2nd Z%e}eaééléo% %@9 QstZ{ S%‘E Ohle t%.%ﬂgfki@éﬁo@ L¥qdgfér m ned mean

salt bath te ra uré . Ts zone e maxi |eId of
A e A o Ter v Ead eoncl ot DL o e T el
414-418C (nean: 416C), formula (1V) gives a range for the nean salt bath 25
tenper at ure TiB(2nbtzoreftian rwnsedt ofthel 166-zo0ddGeactss( 2adtlmonep ke416C +
10C. The neaspegdtedatthat fomeraliyr batls Bcfipdraeney L ( Operahé pnimitnehe 30
two-zone rz%a%f?&e'{}o?rp@@ﬁdéﬂ%wa%‘ LG ALESEPLy '%&Eh@@o&ﬁ%ﬁ 1HS£H8 the

h t al t dit
range f1om 458775 4. dsb 1he ppatat Lo Lon %a%%gcsufﬁagﬁgs%%a&tsﬁQSPaS§¥;eln? of

mal ei ¢ anhydiP@er e tf6°ma%?ﬁ dve 141y21Sy WA YRIRT toe Shpeey cat@lys
parti cul ar| yunder the operating conditions selected.

30 Example 2A: determination of the runaway temperature Tg(2Pd zone)

In the present example, the first reaction zone of the two-zone
reactor was operated at a mean salt bath temperature Tgsg(15t zone)
of 400°C.

35
The catalyst was operated initially at a mean salt bath
temperature of the first reaction zone Tgg(1lSt zone) of 400°C and
a mean salt bath temperature of the second reaction zone Tgg(27d
zone) of 402°C until a stable operating state had been

40 established. The mean salt bath temperature of the second
reaction zone Tgp(2"d zone) was then increased in steps of 1°C and
the establishment of a stable operating state, i.e. a state in
which the drift of the hotspot temperature Tys(2"d zone) was
<0.5°C over a period of 24 hours, was awaited each time. After a

45 stable operating state had been reached, the hotspot temperature



35 advant ageggsgtgogarry out the process at a nmean salt bath tenperature
TsB(2nd zone? I n tge range from (416 - 5)Cto (418.8 - 2)C, i.e. in the
range from 411 to 416.8C, which corresponds to a yield of maleic anhydride
of fromabout 57.7 to 58.2% 40 A conp3®ison of Exanples 3 and 4 al so shows
the particular advantage of a nultizone reactor, i.e. in the present case a
t wo- zone r eat2"9 Weneg ,i hhe heonvagseioh ¢ hehsi ggeed Zoreadr chet orlechiaiyy S
parti cul ar | ywaty aidtageonsd opereaichotase. terns of yield and 45 safety can be
achieved at a nmean salt bath tenperature TSB( 15t zone) in the range from
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Figure 4 shows the hotspot temperature of the second reaction
zone Tys(2™ zone) as a function of the mean salt bath temperature
in the second reaction zone Tgg(2"d zone). In the temperature
range of Tsp(2”d zone) examined, increasing the mean salt bath
15 temperature Tsg(2"d zone) by 1°C resulted in an increase in the
hotspot temperature Tys(2™ zone) in the range from 1.1 to 2.2°C.
The runaway temperature of the second reaction zone Tg(2"d zone)
is thus above 410°C.

20 Example 2B: selection of the operating range of the two-zone
reactor

As mentioned under Example 2A, the first reaction zone of the
two-zone reactor was operated at a mean salt bath temperature
25 Tgp(1lst zone) of 400°C.

Since no runaway temperature of the second reaction zone Tg(2nd
zone) could be determined in the temperature range of Tgg(2nd
zone) examined, it can be assumed from Example 2A that this

30 temperature is above 410°C. In accordance with the formula (III),
the mean salt bath temperature Tgg(27d zone) is thus, in the
interests of safety, to be set to a value of

Tsg(2d zone) =410°C - 1°C.
35

Based on the experimentally determined mean salt bath temperature
Tss, ymax (279 zone) at which the maximum yield of maleic anhydride

40 was achieved in the range Tgg(2Rd zone) =410°C of 406-408°C (mean:
407°C), formula (IV) gives a range for the mean salt bath
temperature Tgg(2"d zone) to be set of

407°C — 10°C = Tgp(2”d zone) =407°C + 10°C.
45
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The mean salt bath temperature Tgg(2td zone) for operation of the
two-zone reactor in accordance with the present invention when
using the chosen catalyst and under the operating conditions
selected is thus in the range from 397 to 409°C. However, to

5 obtain the highest possible yield of maleic anhydride and to
achieve a very high level of safety, it is particularly
advantageous to carry out the process at a mean salt bath
temperature Tgp(2™d zone) in the range from (407 — 5)°C to
(410 — 2)°C, i.e. in the range from 402 to 408°C, which

10 corresponds to a yield of maleic anhydride of from about 58.1 to
59.6%. In particular, to achieve a particularly high level of
safety, it is highly advantageous to carry out the process at a
mean salt bath temperature Tgz(2"d zone) in the range from
(407 — 5)°C to (410 — 4)°C, i.e. in the range from 402 to 406°C,

15 which corresponds to a yield of maleic anhydride of from about
58.1 to 59.6%.

A comparison of Examples 1 and 2 shows the particular advantage
of a multizone reactor, i.e. in the present case a two-zone

20 reactor. While in the case of the single-zone reactor, very
particularly advantageous operation in terms of yield and safety
can be achieved at a mean salt bath temperature Tgg(15t zone) in
the range from 399 to 401.3°C, which makes a yield of maleic
anhydride of from about 56.9 to 58.7% possible, under the present

25 conditions, use of a two-zone reactor at a mean salt bath
temperature Tsp(15t zone) of 400°C and a mean salt bath
temperature Tgp(2"d zone) in the range from 402 to 406°C enables a
maleic anhydride yield of from about 58.1 to 59.6% to be achieved
with comparably high safety. The yield which can be achieved by

30 use of a two-zone reactor is thus about 2% relative higher than
when using a single-zone reactor.

Example 3: single-zone reactor (2.2% by volume of n-butane)
35 In the case of the single-zone reactor, both heat transfer medium

circuits were operated at the same salt bath temperature. The
reaction conditions set were as follows:

Total amount of catalyst installed: 2144 ml
40 Concentration of n-butane at the reactor inlet: 2.2% by volume
GHSV: 2000 standard

l/lcatalyst -h
Concentration of triethyl phosphate (TEP)

at the reactor inlet: 2 ppm by volume
45 Concentration of water vapor
at the reactor inlet: 3% by volume
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Example 3 was carried out subsequent to Example 2 using the
catalyst employed there.

Example 3A: determination of the runaway temperature Tgr(1St zone)

The abovementioned reaction conditions and a mean salt bath
temperature Tgg of 404°C were set and the establishment of a
stable operating state, i.e. a state in which the drift of the
hotspot temperature Tys(1St zone) was =0.5°C over a period of 24
hours, was awaited. The mean salt bath temperature was then
increased in steps of 1°C. After a stable operating state had been
reached each time, the hotspot temperature Tys(1lst zone), the
conversion C, the yield Y and the selectivity S were determined
in each case. At the salt bath temperatures set, all hotspots
were located in the region of the upper heat transfer medium
circuit.

Figure 5 shows the conversion C and yield Y as a function of the
mean salt bath temperature. With increasing mean salt bath
temperature, both the conversion C and the yield of maleic
anhydride increase continuously in the range examined.

Figure 6 shows the hotspot temperature Tyg(1lSt zone) as a function
of the mean salt bath temperature Tgg(1lSt zone). An increase of
1°C in the mean salt bath temperature Tgp(1lSt zone) from 405°C to
406°C leads to an increase of 1.8°C in the hotspot temperature
Tus(15t zone). A further increase of 1°C in the mean salt bath
temperature Tgg(1l5t zone) to 407°C leads to an increase of 5.4°C in
the hotspot temperature Tyg(1lSt zone). The runaway temperature
Tr(15t zone) is thus between 406 and 407°C. An approximate
evaluation on the basis of linear interpolation between the
measured values gives a runaway temperature Ty(15t zone) of about
406.9°C.

Example 3B: selection of the operating range for the single-zone
reactor

On the basis of the experimentally determined runaway temperature
Tr(15t zone) of 406.9°C, formula (I) gives a range for the mean

salt bath temperature Tsg(1lSt zone) to be set of

Tsp(15t zone) =406.9°C - 1°C.
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The maximum yield of maleic anhydride in the range Tgp(1lSt

zone) =406.9°C is achieved at 406.9°C and is about 57.8%. Formula
(II) then gives a range for the mean salt bath temperature Tgg(1St
zone) to be set of

406.9°C — 20°C =< Tgp(1St zone) =406.9°C + 10°C.

The mean salt bath temperature Tgp(1lSt zone) for operation of the
single-zone reactor in accordance with the present invention when
using the chosen catalyst and under the operating conditions
selected is thus in the range from 386.9 to 405.9°C. However, to
obtain the highest possible yield of maleic anhydride and to
achieve a very high level of safety, it is particularly
advantageous to carry out the process at a mean salt bath
temperature Tsg(lSt zone) in the range from (406.9 — 5)°C to
(406.9 — 2)°C, i.e. in the range from 401.9 to 404.9°C, which
corresponds to a yield of maleic anhydride of up to 56.2%.

It may be emphasized that the experimentally determined maximum
maleic anhydride yield in the overall range examined of 58.8% is
achieved at a mean salt bath temperature Tgp(1St zone) of 409°C,
which is thus significantly above the runaway temperature Tg(1St
zone). If, contrary to the teachings of the present invention,
the process were to be operated at this temperature, there would
be a risk of sudden, uncontrollable temperature peaks in the
catalyst bed of the shell-and-tube reactor which could
irreversibly damage the catalyst. Furthermore, there would be a
risk of a runaway reaction in individual reaction tubes through
to the entire shell-and-tube reactor.

The measures prescribed by the present invention rule out this
hazardous range and ensure safe operation of the process and also
avoid premature thermal damage to the catalyst.

Example 4: two-zone reactor (2.2% by volume of n-butane)

The reaction conditions set were as follows:

Total amount of catalyst installed: 2144 ml
Concentration of n-butane at the reactor inlet: 2.2% by volume
GHSV: 2000 standard

l/lcatalyst -h
Concentration of triethyl phosphate (TEP)

at the reactor inlet: 2 ppm by volume
Concentration of water vapor
at the reactor inlet: 3% by volume
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Since the reaction conditions in the upper reaction zone of the
single-zone reactor and the first reaction zone of the two-zone
reactor are identical, the runaway temperature Tgr(15t zone) of the
single-zone reactor is also identical to the runaway temperature
5 of the first reaction zone Tg(1St zone) of the two-zone reactor.
The determination of the runaway temperature of the first
reaction zone Tr(15t zone) of the two-zone reactor and the
selection of the appropriate operating range as in Example 3.

10 The first reaction zone of the two-zone reactor is thus to be
operated at a mean salt bath temperature Tgp(lSt zone) in the
range from 386.9 to 405.9°C and particularly advantageously in the
range from 401.9 to 404.9°C when using the chosen catalyst and
under the operating conditions selected.

15
Example 4A: determination of the runaway temperature Tyr(2"9 zone)

In the present example, the first reaction 2zone of the two-zone
reactor was operated at a mean salt bath temperature Tgg(1lS5t zone)
20 of 404°c.

The catalyst was operated initially at a mean salt bath
temperature of the first reaction zone Tgg(15t zone) of 404°C and
a mean salt bath temperature of the second reaction zone Tgg(2nd

25 zone) of 411°C until a stable operating state had been
established. The mean salt bath temperature of the second
reaction zone Tgp(2Rhd zone) was then increased in steps of 1°C and
the establishment of a stable operating state, i.e. a state in
which the drift of the hotspot temperature Tyg(2?d zone) was

30 <0.5°C over a period of 24 hours, was awaited each time. After a
stable operating state had been reached, the hotspot temperature
Tys(2™d zone), the conversion C, the yield Y and the selectivity S
were determined in each case.

35 Figure 7 shows the conversion C and yield Y as a function of the
mean salt bath temperature of the second reaction zone Tgg(2nd
zone). With increasing mean salt bath temperature Tgp(27d zone),
the conversion C rises continuously in the range examined, while
the yield of maleic anhydride displays a flat maximum of about

40 58.2% at a mean salt bath temperature Tgg,ymax(2"”9 zone) of
414-418°C.

Figure 8 shows the hotspot temperature Tys(2"9 zone) as a function
of the mean salt bath temperature Tgg(2"9 zone). An increase of

45 1°C in the mean salt bath temperature Tgp(2?9 zone) from 417°C to
418°C leads to an increase of 3.8°C in the hotspot temperature
Tys(2™9 zone). A further increase of 1°C in the mean salt bath
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temperature Tgp(2"%d zone) to 419°C leads to an increase of 5.1°C in
the hotspot temperature Tys(2"d zone). The runaway temperature
Tr(2"d zone) is thus between 418 and 419°C. An approximate
evaluation on the basis of linear interpolation between the

5 measured values gives a runaway temperature Typ(2"d zone) of about
418.8°C.

Example 4B: selection of the operating range of the two-zone
reactor

10
As mentioned under Example 4A, the first reaction zone of the
two-zone reactor was operated at a mean salt bath temperature
Tgp(15* zone) of 404°C.

15 Based on the experimentally determined runaway temperature Tg(27d
zone) of 418.8°C, formula (III) gives a range for the mean salt
bath temperature Tgp(2P9 zone) to be set of

Tsp(20d zone) =418.8°C - 1°C.
20
Based on the experimentally determined mean salt bath temperature
Tsp,vmax (279 zone) at which the maximum yield of maleic anhydride
was achieved in the range Tgp(2"9 zone) =418.8°C of 414-418°C
(mean: 416°C), formula (IV) gives a range for the mean salt bath
25 temperature Tgp(2"d zone) to be set of

416°C — 10°C = Tgp(2™d zone) =416°C + 10°C.

The mean salt bath temperature Tgz(2n9 zone) for operation of the
30 two-zone reactor in accordance with the present invention when
using the chosen catalyst and under the operating conditions
selected is thus in the range from 406 to 417.8°C. However, to
obtain the highest possible yield of maleic anhydride and to
achieve a very high level of safety, it is particularly
35 advantageous to carry out the process at a mean salt bath
temperature Tgz(2"d zone) in the range from (416 — 5)°C to
(418.8 — 2)°C, i.e. in the range from 411 to 416.8°C, which
corresponds to a yield of maleic anhydride of from about 57.7 to
58.2%.
40
A comparison of Examples 3 and 4 also shows the particular
advantage of a multizone reactor, i.e. in the present case a
two-zone reactor. While in the case of the single-zone reactor,
very particularly advantageous operation in terms of yield and
45 safety can be achieved at a mean salt bath temperature Tgg(1lSt
zone) in the range from 401.9 to 404.9°C, which makes a yield of
maleic anhydride of up to 56.2% possible, under the present
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conditions, use of a two-zone reactor at a mean salt bath
temperature Tgp(1lSt zone) of 404°C and a mean salt bath
temperature Tsg(2"d zone) in the range from 411 to 416.8°C enables
a maleic anhydride yield of from about 57.7 to 58.2% to be

5 achieved with comparably high safety.
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53804 41 we claim 1. A process for preparang nal ei c anhydri de by

het er ogeneously 5 catal yzed gas- phase oxi dati on of hydrocarbons havi ng at

| east four carbon atons by neans of oxygen-containing gases at from 350 to
500C in the presence of a volatile phosphorus conpound over a vanadi um,
phosphor us- #adcla@mgen-containing catalyst in a shell-and-tube reactor unit
havi ng at | east one 10 reaction zone cool ed by neans of a heat transfer

medi um  whekei Nyt hedRpeLat W& and40ka the %%Eah@é w%tee%jeaero@@&_t,er

medium flowng into fhe first (relat |.%4e to t?eg) gg L didection g%%gﬁ%gg?n

ed ga$s ase oxidation o
Zzone are sét so fﬁa 3Fhe ﬁea enperature (0] eat transter I um

the first reacti 6AYZGEPPEBETYLS 1Y PEARY , CIWWPEACP ML AT RS tHre THRAN of
the inflow tenpébattr &087E iheheurfeoencepfepavotatidie pheshkernus r ansf er
medi um i s in aceofgauice ovkt ha tyhadanfid) aghdsiphoats- (ddd okyBéhstorraiia)ing-

TR(1st zone) - Tsafgtpdd st 20H8d11(Jaha2Ouds Bie¥rRyE! 841 Z MR)ing dA(1edstZ8RE) S
TSB( | St zqrbe) S

reaction zone cooled by means of a heat transfer medium,
wherein the temperature and/or the amount of the heat
transfer medium flowing into the first (relative to the feed
direction) reaction zone are set so that the mean temperature
of the heat transfer medium in the first reaction zone Tgp(1lst
15 zone), which is calculated as the mean of the inflow
temperature and the outflow temperature of the heat transfer
medium, is in accordance with the formulae (I) and (II)

Tse(1lSt zone) = Tr(15* 2zone) — Tsafety(1St zone) (I)
20
Tsp,ymax (15t zone) - Ta(1lSt zone) = Tgp(lSt zone) =
Tsp,ymax (15t zone) + Tg(1lSt zone) (11),
where
25
Tr(1St zone) is the runaway temperature of the first reaction
zone, which corresponds to the mean temperature of the heat
transfer medium Tgg(1St zone) at which an increase of 1°C from
a 1°C-lower mean temperature of the heat transfer medium
30 Tsp(1St zone) — 1°C to Tgp(15t zone) causes an increase of 5°C
in the hotspot temperature in the first reaction zone Tyg(1lst
zone);
Tsafety( 15t zone) is the safety temperature of the first
35 reaction zone and has a value of 1°C;
Tsp,ymax (15t zone) is the mean temperature of the heat transfer
medium in the first reaction zone at which the maximum maleic
anhydride yield is achieved in the range Tgp(1%t zone) =
40 Tr(1St zone);
Ta(1%t zone) is 20°C; and
Tg(1St zone) is 10°C.
45
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TSB, Ymax( 15t pponggod TB(1lst zone) (I1), where 25 TR(Ist zone) is the runaway
tenperature of the first reaction =zone, which corresponds to the nean
tenperature of the heat transfer medium TSB(l st zone) at which an increase
of 1C from a 1C |ower nean tenperaturé2f the heat transfer nedi um 30

TSB( | st zone% - 1C to TsB(lst zone) causes an increase of 5C in the hotspot
tenperature #n thePFqese ﬁéa‘b]tqléﬁdzé)ﬁecmllst‘”hiﬁ?}’é) TsTgaf etV (FRe)zdme) is
the safety tenpetks urogmoflat hELf iirss2°C35 reacti on zone and has a val ue of 1C;
Tss, Ymax(l st zone) is the nean tenperature of the heat transfer nediumin
the first reactign,Zzenrgsahs Wi Lhhddhennexd i Bel ei Gnarhvdpi geeyiel d is

achieved iR the L ange b‘gs%%%%?lzg%g} gﬁqo TR}CIC?gaég 02(%3 ‘grf\(gl S zone) is

20C; and TB(1st°zone m% g PF 53804
42 2. A process 2HGPHeleR Ahd Tatvﬁf@r”él X T8 Jé’t“i/(lfSPS‘iﬁne) in the

formula (11) is 2C. 3. A process as clainmed in claiml1 or 2, wherein a shell
5 and-tube react Brptoicsshayi eipiated éastldiwo 3r,eabérein ztrhneesempemitedeby nmeans

of a heat transfghqmditn®) bfoSEds 4he MdUOGESSsBST Ghedl iR £ il B G 13Nk 3,

wh t t at te of t
oy |1 SRS Mt b b b et e B B,
e

S

are set so that ?the Omggﬁ t é?eé‘f’u%m%?rattﬁléeh(g “The
second reaction i’é)n"ehe@B(:Qﬁ@ RATDLOPWAPRG Tss (4] éanal ed?higd LHeCHEI 3L he
i nfl ow t enper at upe tHred mebe ofit fHeowntf éoperatpere tofe tdral hdat ovtblwsf er medi um
IS in accordancetedpensitiifet b2 fHar Mebhaetfdddferamdd{in) iESBhL28¢ckaaime<-

TR(2nd zong) - TeafrteHe2rdrA@NR) (@hhh)adPBryyex(2nd zone) - TA(2nd zone) s
TSB(2nd zone) < 20 Tss, Ymax(2nd zone) + TB(2nd zone) (1V), where TR(2nd

zone) is the runaway tenperature of Second 25 reactiQn zone, whjch
corresponds to the nea Z &PAtAr2 ’F(zthéorf'fee)at Fﬁafﬁﬂ(ezrgn?e‘ﬂﬁ]m TSBPHd

zone) at which an increase of 1C froma 1C | ower nean tenperature of the
heat transfer medi um TRBRRUZForelke) -1Cal 2" T8BLENdD= ZyBEI"‘caases |an i ncrease
of 5C in tdoe hotspot tenperature in thgssgeomaddreaad) enTzome z3fk THI(ANd
zone); Tsafety(2nd zone) is the safety tenperature of the second reaction
zone and has a v >, of 1C 35 TSB, Ymax(2nd zone) is the mean tenperature of
the heat transfer “nmediumin the second reaction zone at which the maxi num

mal ei ¢ anhydride yield is achieved in the range TBB(2nd
Tr(2nd =zone) is the runaway temperature of the second

25 reaction zone, which corresponds to the mean temperature of
the heat transfer medium Tggp(2nd zone) at which an increase of
1°C from a 1°C-lower mean temperature of the heat transfer
medium Tgp(2"d zone) — 1°C to Tgg(2Md zone) causes an increase
of 5°C in the hotspot temperature in the second reaction zone

30 Tus(2"d zone);

T@afmw(2nd zone) is the safety temperature of the second
reaction zone and has a value of 1°C;

35 Tsp,ymax (279 zone) is the mean temperature of the heat transfer
medium in the second reaction zone at which the maximum
maleic anhydride yield is achieved in the range Tggp(2nd
zone) = Tr(27d zone);

40 Ta(27d zone) is 10°C; and

Tg(2"d zone) is 10°C.

5. A process as claimed in claim 4, wherein TSaﬁxy(znd zone) in
45 the formula (IV) is 2°C.



zone) s TR(ZPQ ggggh 40 TA(2nd zone) is 10C, and TB(2nd zone) is 10C. 5. A
process as claimed in claim4, wherein Tsafety(2nd zone) in 45 the formula
(I'V) is 2C. PF 53804 43 6. A process as clainmed in any of clains 3 to 5,
wherein the tenperature and/or the anoiiht of the heat transfer nedium
flowing into the second reaction zone are set so that the hotspot

tenper ature 6f tRePEeesRfd aseqataingf AGnenyHe{ Z@imené)tS J.s whegher thean t he
hot spot t enper at tiegpafatiure fhdsér reggcbimotnt zohehEHbéhstt1zORERr MediAnpr ocess
as clained in any16fifd ain¥® Lhé OsdnondheEgtfich Z%EGBY§tsé3;e(§oW€h§@ ﬂ'n%

structured i n r eﬁgggﬁo@fte'mtpérg‘gﬁfé“&fy tég ééccﬂ'ﬁ:?QeaQt%n z%%%t Tosr;(%n@f

reaction z . s_as, cl.alne an wher.ei'n t he
hydr ocar bo used s Hﬁbutgh RS iotgp Fo %ﬂﬁé&%%uEFalnggl 15ﬁ§ o1 c1 &8s 1
to 8, wherein théon%dﬁﬁﬁﬂfezﬁﬁﬁéphorus conmpound used is a tri(Cl-C4-al kyl)
phosphate. 10. A process as clainmed in any of clains 1 to 9, wherein the 20
het er ogeneougl.y eapabyzed agasiphese ioxadatdodreliaimealrt@€ck Othedbin Pressure

of fromO0.1 to 1.4Pg1 @S beddwBOBEAQt4Rctured in respect of its activity

10 is used in at least one of the reaction zones.

8. A process as claimed in any of claims 1 to 7, wherein the
hydrocarbon used is n-butane.

15 9. A process as claimed in any of claims 1 to 8, wherein the
volatile phosphorus compound used is a tri(C;-Cs-alkyl)
phosphate.

10. A process as claimed in any of claims 1 to 9, wherein the

20 heterogeneously catalyzed gas-phase oxidation is carried out

at a pressure of from 0.1 to 1 MPa abs.
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