PF 54387 1 Method for the heterogeneously catal yzed partial gas phase

oxi dati on ofPFp?438éne to formacrylic acid The present invention relates to
a process for partially oxidizing propene to acrylic acid 5 in the gas
phase under heterogeneous catalysis by conducting a starting reaction gas

m xture 1 which conprises propene, nolecul ar oxygen and at | east one inert
gas, and cofgtbedhior thechaigrpaentoasly srialaad Ratiat ars phaspanidation of prepele 102: C3H6
ratio of >_fdri cricfddicst reaction stage over a fixed catalyst bed 1 whose
active conposition is at |east one nultinetal oxide conprising the elenents
Mb, Fe and Bi, in such a way that 10 the fixed catalyst bed 1 is arranged in
two spati al IWeduesess svortiongfigiasde grsocess frPanjalipoxidizlhgt orene tp @aPyde atitdr e of
t enper at @r e 17 fizgyal phate Lihderteipesereoue cathiybie Bp ebAdLLtAg azeitndPredtorigas .

t enperature j.n : - 1 [ y

consi sts of n?at'fduf eg%%ﬂ\%gn@%%gl éﬁ??fﬁegtﬁog%gg&ir\j?gy%nx%ﬁj %A%agﬁq$§§%%bé’§gz%ﬁgs, and
t he vol ume- Speigirsitee aoelpwilanoxypemand brerensnedn eanaanSr Cobdatmple 1 i a first

subs: anti al In¥a&i9R staBlovans fikdtCéRATR DedNANIRISE dobivd Bmpdstinds bEshdtaneof the
reaction gas

nxture 1 at the transition fromope.fixed catalyst bed zone
t o anot her fm%g'lﬂetat%'%ﬁ gpﬂprbs&g tb%r?ge,meﬂﬁs Iplot ﬁ%aFgﬁbé?%qcﬁr%W%%ﬁgyA ext ends up
to a cori¥ersion of the propene of from40 to 80 nmol% - on single pass of
the starting reagd i@ Godydbsd viLadatdedan alo Enrianéideesdileeehpetatial yst bed
1, the propene conveﬁ\s%on is > 90 nol % and the selectivity of acrolein
formation and al*§8°of" crylic acid by-production taken together and 25
based on conver toeth Ibe dgreprsatre ofiegperatirepzone Arpnddbe trsrrasature ¢fitampenaturdi ch
the reaction gagoné Bidit @ tdmpé@awse inthe waryet fin 2befpsacture zones A, B

corres ds to e al I , - the
hour | ypggacé velt“hc])%f“?e fp%?aq ﬁé’g%ﬁgﬁﬁ%ﬁ?&%{ '3_%%3‘5?%%@%#%% 'iéé\)ﬂ%deééé ".Sc}n gas
30 mi xture 1 on beH&oPesc@nd g valyme-spesificagtiyitywithip ope figxpyataystheggene/s of
fixed bed c%ﬂ a|s}a5$taﬂiidﬂ%coﬁ41@r1t(ﬁnﬁﬁﬁrm shamly inthe flov eiré@idn fof @ relgtiohi ghest

t enperature i - : i ure
zogg A, and thega*ngllg nﬂ%g{e 13? teth%g%g%'ﬁ%egﬁﬁné}%)ﬁ\%# gﬁélty%?erdggté’? itgﬁagggreﬁr)ﬁ% Qture 1
has within tenpdstistBegeMe. 35 Bis > 0°C, optionally reducing the

t enper at2gr e -of ttinetepipedatate Has Adéndseud toavdongersitn df tHespropeacdfifam 48t@ge by
cooling and optignalby adding nol ecul ar oxygen and/or inert gas to the

product gas m xture, and afterward conducting the product gas m xture as a
starting - on single pass of the starting reaction gas mixture 1 through the entire fixed

catalyst bed 1, the propene conversion is 2 90 mol% and the selectivity of
acrolein formation and also of acrylic acid by-production taken together and
25 based on converted propene are 2 90 mol%,

- the sequence in time in which the reaction gas mixture 1 flows through the
temperature zones A, B comresponds to the alphabetic sequence of the
temperature zones A, B,

- the hourly space velocity of the propene contained in the starting reaction gas

30 mixture 1 on the fixed catalyst bed 1is 2 70 | (STP) of propene/l of fixed bed
catalyst 1-h

- the difference T — T™® formed from the highest temperature T™* which the
reaction gas mixture 1 has within temperature zone A, and the highest
temperature T"® which the reaction gas mixture 1 has within temperature zone

35 Bis20°C,

optionally reducing the temperature of the product gas mixture leaving the first reaction
stage by cooling and optionally adding molecular oxygen and/or inert gas to the
product gas mixture, and afterward conducting the product gas mixture as a starting
40  reaction gas mixture 2 which comprises acrolein, molecular oxygen and at least one
inert gas, and comprises the molecular oxygen and the acrolein in a moiar O,:C;H,0



40 reacti on as mxture 2 which conprises acrol ein, nolecular oxygen and at
| east one 6%5 and conprises the nol ecul ar oxygen and the acrolein in
a nol ar 02.C3H44 PF 54387 2 ratio of ? 0.5 in a second reaction stage over
a fixed catalyst bed 2 whose active conpgsition is at |east one multinetal
oxi de conprising the elenments Mo and V, in such a way that 5 - the fixed
cat al yst bedratiojo§ 2Q.pamasaced r@%logpﬁéagea:rweyaél&%%@%tglwté)qde%mb@%ﬁaﬁhée zones C,
D, - both theohgsanenat df leastforbeniagmnatalsede eseprSirite tehendrdgrmeraaus, én of
tenperature Licqzlnae R f¢ & tenperature in the range from 230 to 320C, - the
fixed catalys 475" Ensi sts of at least two spatially successive fixed
catalyst 10 bed zones, and the volune-specific activity within one fixed
cat al yst Hed- zongeifixed safagtaldd 2lsl arrangas iratinio spatialiyeceasee tehpsmptuye i n t he
flow direction ogd.; r[gzactl on gas mxture 2 at the transiti on from one
fixed catal yst bed zorie 'to another fixed catalyst bed zone, -

t enper at ur e zoneP@N R ERRS Apre Y oMY ALES é‘?"t?nc@thtrf?eteHlPPEﬂt‘érierbeefmeerrﬁ%W%S to
15 85 mol % - onzaieDlaes passpavbtuteaia ts¢ amge fgnT 230ctoi 320°@as m xture 2 through
e et Lr e, L xedyoGaLabalsPath o IRIAC LAY RAIYEEHllccBsche BRaRRIAINRND

the selectivity of acryli fp ene convert over
both reaé®ion stbgpzonsssambthgypbynesgpeacif 'Fﬁéf"éfé‘dﬂ@ﬁb@q l*i‘etdlq'?ﬁa'ﬁ‘] bGHh 7 Bhe
reacti on gas m xsubseardiafly constanhaodigioreahes shapiper tiedloer dieaesn & th®reaatioresponds

to the al phabeti § ssﬁﬁﬂ&l?rg?git%e £ DRitich SIREHA ﬁ%feﬁiec?agét?ﬁ‘s? b zbhe fo didthdPANEd Y

space velocity of the a ein contained int arting reaction gas
mxture 2 on theCHANEPEEARFyst bed 2 is > 90 1 (STP) of acrol ein/| of

fi xed bed 25 catheltysbe2idre zond€ ektdniie upnc a chmeatsion ol exagroléinpffedmfasam t he
hi ghest fgnper at ggﬁm]'ygaxc which the reaction gas m xture has within
tenperature zone C,. and the e erature Trnax which the_reaction
gas nixture has W?'ﬁﬁ Raéﬁ'ﬁé{’l'ﬁt nngﬁ?ép% ggsgmixture & thrggginihe\gntiee ixedy s an
i nport ant nononecatalystdiedf thederalsie casvessioh isor 90 ma%anti dherseéctivitgof aryligl | ¢
ester for obtainhig r@play gﬁrb%séalbﬁpfﬁp%neceﬁve?eéara%ﬁbotﬁ?ea%ﬂbﬁéfagg§ is The

abovenenti oned process or partia oxidi'zing propene to acrylic acid in
two 35 stages ur@8MH&t er ogeneous cat alysis is known in principle, for
exanpl e, 26 r om DEtha skQRad@ad tinferio mhidh-the R4853a% mhxioe2WoweAh2adbihe from DE- A
19948248 and fr %p\%tg%jz%‘?‘ég’ % D corresponds to the alphabetic sequence of the
temperature zones C, D,
- the hourly space velocity of the acrolein contained in the starting reaction gas
mixture 2 on the fixed catalyst bed 2 is 2 90 | (STP) of acrolein/| of fixed bed
25 catalyst 2-h
- the difference T™¢ — T™® formed from the highest temperature T™° which
the reaction gas mixture has within temperature zone C, and the highest
temperature T

is 2 0°C.

which the reaction gas mixture has within temperature zone D

30
Acrylic acid is an important monomer which finds use as such or in the form of its
acrylic ester for obtaining polymers suitable, for example, as adhesives.

The abovementioned process for partially oxidizing propene to acrylic acid in two

35 stages under heterogeneous catalysis is known in principle, for example, from
DE-A 19927624, from DE-A 19948523, from WO 00/53557, from DE-A 19948248 and
from WO 00/53558.



PF 54387 3 In addition to nol ecul ar oxygen and the reactants, the starting
reaction gas mxtures 1 and 2 contain inert gas in order to keep t he

reacti on gas Pbatesde t he expl osion area, anong other reasons. 5 One

obj ective of such a two-stage heterogeneously catal yzed partial gas phase
oxi dation of propene to acrylic acid is tg achieve a very high selectivity S
for acrylic acid (this is the number of nples of propene converted to
acrylic aci din 3sddied temoteaselar urasarangrtherdnastantst heoHadng ezpcipoBhEtyEs di ngl e
pass of the #&bZtbmBind@st gasihwrger td Reaipb rédngiot was bedki td esplogi@saeader

ot herwi se pr ry conditions. 10 A further objective is to
achi eve a ve%gﬁé Qﬁgé%%\g@%; on CP of propylene (this is the nunber of noles

of converted propene, based on the nunber of noles of propene used) on
singl e pass Oﬁebbpcﬁi\aamftshomag&&stﬁgﬁﬂmteeogdmeoughcatbkyzed\lpantlalagﬂsip:buassst ages

under ot her%ﬁ&tfoﬂ%@?g%he ROMEHRY sk, FQNIaLNRRS vd9 IEILAESLS! of forlicoh 2t

high CP, this corres t@g c acid S the
product CP -adg ghis ig the number aime °6Pr%F%§°Q5‘P“EF6?)%?{é'CCQﬁ‘R/é’IaF%°‘E H‘eacryl ic
aci d, basednmmberhné muletbeficooterteanl pesperfe) pn ejpg lrepass efi)he r2fetith gascuristeant gi ven

yield YA ??L%Wﬁ‘é fx‘:fo Fe*é@td?%lé#éé L%H%FSth)éR'{gl Xe@)ﬂemeoﬁ;&mag@ dc%Hdli Jz'k?shl fixed

cat al yst bed t he rst reactTon stage ( cat al yst s refers
to the Hhount of propene in liters at STP (= | (STP) t he volunem liters
whi ch woul d Adurtrek ehjectiye ibyo adtéevappyeap hightcenesrsiontC’aff ppopyjeerdthisidére st andar d

condi tions, jyufRberdf niokss @F'E@n@er%rp)roﬁf%ec Ba%}e% &'Ptﬁg‘r'lﬁﬁl%gr @'ﬁn@ie%%f‘ﬁrﬁbér\’@m of

the starting reaction gas m l'iter ed ca alyst
bod 3 per' NS o RBGIR e b MedesriRe a8 TR iavoITiEe Avg 6o ¥eh HEScpi
19948523, WihenassiszntidEkeuntess@adiBioand WO 00/ 53558 teach that the
abovenenis oned ai nms can indeed be achieved in principle by rreans of the

d t het
RS T e g LR U T L
advant ageouslslﬂ‘me pregtictC e tua/&q/nur@wr\nf)mm of peariene convriedite perybmaeid,

achieved W piHed on the xeshbeRsfahMes obedpdie fidegpd cat al yst bed zone, for
exanple, by diluting the actual shaped catalyst bodies bearing the active

conposition with inert diluent bOdI es free of 35 active conposition, which
makes t h30 f | Akalcengtantgieniyild Y es thecarpatas ihedioy s spade, velqsitie pEPropenaipr ey ant age

of the teaChﬁMSca@él @Ee&oi@u%??ﬁ%l&uoﬁ)&a@e%@;&ﬂ%@yst@Ed 1)/¥Eru99éf5%5t5?he of DE-A
19948248 and V\D g?’o} m I|t r@%tt SITB @@Oﬂﬁv%ﬂpnq Oﬁrlh&%ﬁvhlchqﬁouﬁrﬁgﬂﬂt' on

exanpl e and ?Wu%n o en Sp ec ur a
procedure. PR gmg@pppropnate amount of propene under standard conditions, i.e. at 25°C and

1 bar) which is conducted as a constituent of the starting reaction gas mixture 1
25 through one liter of fixed catalyst bed 1 per hour), the higher the space-time yield.

DE-A 199276246, DE-A 19948523, WO 00/53557, DE-A 19948248 and WO 00/53558
teach that the abovementioned aims can indeed be achieved in principle by means of
the process described at the outset for two-stage heterogeneously catalyzed partial

30 gas phase oxidation of propene to acrylic acid.

This is advantageous in that a relatively low volume-specific activity can be achieved

within a fixed catalyst bed or fixed catalyst bed zone, for exampie, by diluting the actual

shaped catalyst bodies bearing the active compaosition with inert diluent bodies free of
35 active composition, which makes the fixed catalyst bed less expensive overall.

However, a disadvantage of the teachings of DE-A 199276246, DE-A 19948523, of
WO 00/53557, of DE-A 19948248 and WO 00/53558 is that they have no appropriate
implementation example and thus leave open the specific configuration of such a

40  procedure.



In a simlar manner EP- A 1106598 teaches a two-stage process for
heterogeneofs'f? EE,Jat al yzed partial gas phase oxidation of propene to acrylic
acid, in which the fixed catalyst bed of each reaction stage consists of a
pl ur al i ty of spatially successive fixed 54catalyst bed zones whose

vol une-specific activity is substantially constant within one fixed

catal yst bed zone and increases sharply in the flow direction of the

reacti on gasin agistlarrearater tEBAL 188598 {eabhdy Dtwostagé proedsLat Abtgaigehesisnone to

ther fi I - I f
enper at ur o PuREeR! BeRhel BEC pn SNt 8PV oBEn S ARIERGI UL IR i ©
advant ageousCai#e bed ﬁéaaw@anst%ﬂC%ﬁ&ofaﬂmm of é%@l“é?'ﬂﬁ"@s%%@éed
spati al | 5 codataliysided Iomes ehosedetamé-epkdifit- dvbuges isnbstsittialip tormeisnt vathe steown
hat spat ! al el BEhIPBGF- e JidiRdeatal Aol RRY nERRFERAGRIRERAILLR zones

is generall i eve ere
obj ecti ves r'@f"&i" ¢ éﬂthﬁérani'ﬂoﬁ%'ﬁgf"@tfﬁ%ﬁ’ C?‘é&’?b?%d Zqng;ita aﬁ%tﬁeb@‘egtcﬁ"‘l'ﬁup%‘a to
t he transitiamefandmaniee dresmgedat apluraloy ef tetmpesatat rened. drpemdaiguo ¢hezone and

the transit!@Rcfines enn 1okt Sk shstadiels 20D s ABOLIRE Joh kg at al yot

bed zone bein en as su st&tl a coactive or as substantia
count er atlt | vté‘i e RPN BPAABNCAMEYE ar e t aken at substantially coactl ve
nmeasures (for exanple, transition froma colder tenperature zone to a

hotter tenperalales, c?é?él%d%ﬂo&s@ﬂ%s%?%n&rh%% §h$Wﬁ<ﬁ1‘§t s@%%dﬁ;d&%@ of fiLE

havi ng | ower_vol speci I Xxe a zone having
ohey Vol SRR PR 1 e e oes S b Alge. S e Boge o

supporti ng 2&hidvemesheftthedifferenhebjectvealréferéd tct achi eved in the transition
regi on fysequentl y over shoots the aim pur sued and this results, for exanple,
in a reducti t he S, subst tlaII counteractive
masur es (f AAMeSRABRETecl STt PRt Re cfrne S B8 v Tunfiun ane YR SuALH 253

col der t enpete@nather feoMREratie Zangrasidtthetramsitism fron pretixeg0catalystibpdizobeth zone

havi ng | ower apthdiTRed BREIET Bedtnk Welny thieerfad dubethntidllydokelivelt? hszaB&anttayi Ny
hi gher vol une ”?‘gi%tfl ﬁneaa[%t'v'ty’ the first neasure has the purpose of

reduci ng t he s} HE®second neasure has the pur pose of supporting the

reacti ord0 the effects frequently neutralize each other in the transition
region, resuheRthdyraré tdkef ue Sebstantia®pcddctivesmals @bs g6t ex@?ndl&@raﬁéﬁ&efﬂém a

nventon o LS AL 96555  Slucl WBatage -DELSLquEIERELY, £kl vZed

partial gas I"zone
arrangenent , C%V%I@edéége havmgmmrMémer@aef;@ﬁ@taf@w @f'XQ%‘éﬂt@ﬁt&edéPﬂe PF

54387 5 Ve hewey Higherdolufl-sgdifie aetiigChoth fneaghicd\Hade e FurpsRCESIphering
partial |y Othg'r %crﬁgnyogh%ocgfé?all etf%cﬁggrﬁ'el\)eﬁ r?ﬁw'eqrangnl&b?eggoansfr@cn%ﬁﬁy B'vr]quﬁoots

het er ogeneous a
the aim pursued and this results, for example, in a reductlon of S

When they are taken as substantially counteractive measures (for example, transition
from a hotter temperature zone to a colder temperature zone and transition from a fixed
30 catalyst bed zone having lower volume-specific activity to a fixed catalyst bed zone
having higher volume-specific activity; the first measure has the purpose of reducing
the reaction, the second measure has the purpose of supporting the reaction), the
effects frequently neutralize each other in the transition region, resulting in a reduced
c”.
35
It is an object of the present invention to provide a process for two-stage
heterogeneously catalyzed partial gas phase oxidation of propene to acrylic acid in a
multizone arrangement, which does not have the disadvantages of the prior art.



reaction gas_mxture 1 conprising propene, nolecul ar oxygen and at | east one
inert gas iRF&48%7 st reaction stage over a fixed catal yst bed 1 whose
active conposition is at 5 | east one nmultinmetal oxide conprising the

el ements Mo, Fe and Bi, in such a way thag - the fixed catalyst bed 1 is
arranged in two spatially successive tenperature zones A, B, - both the

t enper at ur e e havRpRungkDAtENis GRiechis AchieveDY 8RiRaest far ®28Rly exgieinatierene10
Eoge B are atotapie maidus the gastgrase ange Hst@ogé?r%useat%&@@ by—cotnlfmactrl‘ngxaremama%I al yst
ed 1 consis €
zones, and cheéCf\?Joq rreA@RE%:ﬂ |cp§1§ﬁ bﬁc{pexesrﬂﬁtgﬁa%]naéﬁ fé&jaﬁg : &ﬁ%ﬁnerp

bed zone
is substant 92 Ny b’ﬁﬁ%‘féﬁﬂ Sifgg QVRER &Y %até'ﬁgrqﬂdy Wrrﬁosterﬁé:t'f"F awa%@%r 8h of

t he reactj onlegg&sonemuitimetal dxidd céhpridingingielénaenté MonFered Bi Xedudhed ahy gtat bed
zone to another fixed catalyst 15 bed zone, - the tenperature zone A extends

up to a conversion of the gro pene of from40 to. 80 nmol% - on single pass
of the starting thedeeqd eatalyaibed kisarengeq Mriwagratialk sgﬁ@qssgeft@@q@,%{atug}eat al yst

bed 1, the propemmesdn@ersion is ? 90 nmol % and the selectivity of acrolein

20 formation and,al %0 @ Q%Ht%%'&tﬁ?ﬁ)&é?am%%n%%ﬁﬁ&%t&@r'ﬁ@r‘h&r@%% Ur% based

on converted propene ar € sequence Intime In

reaction %asz‘?ﬁex@ gte? ?mn%@%f%'nr%@ﬁgrﬁem 1¥8ePtur e zones A, B corresponds
to the al phabet i thedieed eatalysidfed heortsetpefi a laasetwaspadally’sucBesshle fixetl ltatahstr | y

space vel oci Bé’%?c;ne%hgnootrh@% u%&%ﬁ‘rb%ﬁbrt‘y@vst‘hhﬁor%fBJeE'cBEbIJs?B&& £EHE igas

m xture 1 on t

e fli oene/l of fixed
bed cat ai yst SUCBRNtBfEOTST e HEBaTamRRoY e HONSHFEIOT P IS (SR Gifest
t enper at ur e MmtueA vatituehtrarsdionrfesst One ixagiamtatyst had eorde traanoter fiked taayelr at ur e
zone A, @nd phesdHeghest tenper ature 30 TrraxB whi ch the reacti on gas m xture
1 has within ten‘g}ertature zone A : ; g onal. |¥ {]tﬁduc ng F terature
of the product g2 ‘APRETGIS FRRA ﬁéePH%uP q2EONVERRIPT ghne Srepgae sl r8r80 fig and
optional ly a8@meifenol ecul ar oxygen and/or inert gas to the product gas
m xture, and. aft@rmgrd @@Qdﬂﬁblswlﬁma&r&ﬂg&tmrg@% ﬂntmb rethésenﬂresﬂxéﬂtl ng 35

reaction gas Lses .ac en, and

| east one %{1?@%33 ?éhedp@g?r r%s’eEsf'?@ 'ﬁolggjcrﬁ?lg"ra'o@h &h eg{tl oﬁgcrg o) e| n in
a nol ar 82: c@rmatlorrmd Fs@f aryicmeidpyspredieding ta@ad@gejhersar@gt@soven canyeriedd
cat al yst bedﬁ@;pghr@g.@ 290 MoPh, corrposr tion is at |east one nultinetal oxide

i L i S

temperature zones A, B corresponds to the alphabetic sequence of the temperature
zones A, B,

25 - the hourly space velocity of the propene contained in the stariing reaction gas
mixture 1 on the fixed cataiyst bed 1is 2 90 1 (STP) of propene/l of fixed bed catalyst
1-h
- the difference T™* — T™® formed from the highest temperature T™* which the
reaction gas mixture 1 has within temperature zone A, and the highest temperature

30  T™® which the reaction gas mixture 1 has within temperature zone B is = 0°C,

optionally reducing the temperature of the product gas mixture leaving the first reaction
stage by cooling and optionally adding molecular oxygen and/or inert gas to the
product gas mixture, and afterward conducting the product gas mixture as a starting

35 reaction gas mixture 2 which comprises acrolein, molecular oxygen and at least one
inert gas, and contains the molecular oxygen and the acrolein in a molar 0,:C;H,O
ratio of 2 0.5 in a second reaction stage over a fixed catalyst bed 2 whose active
composition is at least one multimetal oxide comprising the elements Mo and V, in
such a way that

40



zones C, D, -_both the tenperature of tenperature zone C and the tenperature
of terrperatuP554§%7ne D are a tenperature in the range from 230 to 320C, 5 -
the fixed catal yst bed 2 consists of at |east two spatially successive fixed
catal yst bed zones, and the vol ume-specific activity within one fixed

catal yst bed zone is substantially constant and increases sharply in the
f1ow direction ofetfied patalysh Rae iadmanpsd lirtwospatially fecesssivg temRgIatFom one

fi xed cat al ysdnehetlDzone to another fixed catalyst bed zone, 10 - the
Lemerature zoneuf 8 RRferdield e GORIRL AR Bhy IRAAGLONGE D ndaraldd |0

85 nmol % - on si ge as the starting re [ mxture 2 through the
entire fixed?oned? 2183 tenpsgatuisia the rreeifimMeeiiierePdr is > 90 nol % and the
sel ectividy of ateyixed catalyiheddl omtsistaof 2 éessstitvensatisyenecessvedieddaaiwst bot h
reaction stagesyores, tﬂe%gluﬁ@-%eciﬁctﬁgﬁvit?%ﬂﬁﬁp&% ARl st BedRh fist he

reaction gas m xtur ows, t hrough the enperature zones . C, D corresponds
to the al phabisianiaberAnRIant 870 PRESSPLFAPRILING ToBrRSCEON o5 e rasiohees | y
space vel oci mxtwe 2t dtéhaatamditeinrfroo nnafixesccatalydt bed gore to argpthezdiztd catalysts 20

m xture 2 onpidhg,fJ xed catalyst bed 2 is ? 70 | (STP) of acrolein/l of fixed
bed catalyst 2-h - the differepnce Tmaxc .- TmaxD, formed fraom {he highest
emper at 1 & TraxEeVRMERatn eSTEGerientt HaL ArniraonSLMa A PLTarE DY o
zone C, and the 8 glo€st tenperature Tnaxo which the reaction gas m xture

has wi thin tenpesatiHgR pae88f he sitingredctin gadifkerd12 Rablidieiheldgrd f,@RSi tion
fromtenperature zone t& ter@erature .zone g%l nﬁl ng’foc tal) stf bed 1 nor
the transition ffEAYEFHeNSAFFEED GRRVEFSIOR SARH RO P SHVEY,0 '&d
catal yst bed 2 (spafdrmiktiyr), basedon gdexpene tonveried apsi latio reactionstages, fis xed

cat al yst 1bed 302@%%0 anot her fixed catalyst bed zone. In this docunent,
the tenperature ?"Q a tehperature zone refers to the tenperature of the
portion of the fiNgSHALERcs ) imeypyhigndpoeaqtiondasiaixtussdionstiioda dife when
practising the fernpeestsreamoes i Pgorrespdrelsito therdlprabetie xeqmnce of thee absence of
a chem cal react{cperatdre 26Ot B s tenperature is not constant within the

tenperature zone, the termte rajure of .a tenperature zone then refers to
Lhor Cnaner §cal ) EAROBY Seate veldzii BF e Geiieih comanes futie S I SPHEas ong ( he

reacti on2@one. | mbitge@sseheifisgd tatalystbed 2 iheatl IGTBT oft dveoleind ol ibdddied
tenperature zonegyhgstsupstantially independent. PF 54387 7 Since both the

het er ogeneousl at ed It ala..oas se idation of pro to
acr ol eign ang'tze&ﬁéﬁfg}%@@n OL(I:S—I[ c[g?w@agr&"b@éh egb‘ﬁg‘pﬁf‘%‘ggqﬁgﬁd‘ﬁ?'%n of

acrolein to the reaction gas mixture has within temperature zone C, and the highest
temperature T™*® which the reaction gas mixture has within temperature zone D
25 is = 0°C,

wherein neither the transition from temperature zone A to temperature zone B in fixed

catalyst bed 1 nor the transition from temperature zone C to temperature zone D in

fixed catalyst bed 2 (spatially) coincides with a transition from one fixed catalyst bed
30  zone to another fixed catalyst bed zone.

In this document, the temperature of a temperature zone refers to the temperature of
the portion of the fixed catalyst bed dispcsed in the temperature zone when practising
the process according to the invention, except in the absence of a chemical reaction.

35 When this temperature is not constant within the temperature zone, the term
temperature of a temperature zone then refers to the (numerical) mean of the
temperature of the fixed catalyst bed along the reaction zone. It is essential that the
heating of the individual temperature zones is substantially independent.



acrylic acid are dr stinctly exotherm c reactions, both the tenperature of

t he reactronP a83875i xture 1 and the t enperat ure of the reaction gas m xture
2 on reactive pass through 5 the fixed catalyst bed 1 or fixed catal yst bed
2 are generally different fromthe tenpejature of a tenperature zone. They
are normal |y above the tenperature of the tenperature zone and generally
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from 290 to 380C and, Ot the difference between
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of reaction ?gﬁ:, 0
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35C (e.qg. 20@talm beel 126) T THel &b sliferencasaruvitedrasgerdinonty theiavamion ara
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(STP)1l . h, or a 1701 (STP)II h 40 and s 2201 (STP)I1 . h, or a 190 1
(STP)/1 . h wheén pacléig 1he(rS$E§ds|accor’gllngRE t@ﬁ%ﬂtﬁnmd@r’f ifltregsdddpropend anenti onO
t enper at n of, from5
g M‘?’fﬂ%‘?ﬁ’*’e@&ﬁ’& (E000 1 BFPFLR 48 & D0 BTPPENE, or AR ETERL D

to 70 no Trmax
in the proce§s aCCGerr n&'ffeéertcﬁé r?W@ﬁlaF@Rfd%GIt‘P ﬂ'\?d’c“’e”t’on are normally aftained
when, on the one hand, both the temperature of reaction zone A and the temperature

of reaction zone B are in the range from 290 to 380°C and Tg — Ta is 2 0°C and < 50°C,
or 2 5°C and < 45°C, or 2 10°C and = 40°C, or 2 15°C and < 30°C or < 35°C (e.g. 20°C
30  or25°C).

The above statement regarding the Tg — T temperature differences regularly also
applies when the temperature of reaction zone A is within the preferred range of from
305 to 365°C or in the particularly preferred range of from 310 to 340°C.
35
The hourly space velocity of propene on the fixed catalyst bed 1 in the process
according to the invention may therefore be, for example, =2 80 | (STP} - h and = 3001
(STPY - h,or=1101(STPYl- hand <2801 (STP)A- horz1301(STPYl - h and
<2801 (STPYI- h,or21501(STP)Yl- hand <2401 (STPYl- h,or= 1701 (STPYl - h
40 and<2201(STP)A- h,orz 190 (STP) - hand <2001 (STP)/- h



be nore than 75C. According to the invention, Tmaxc - Trmaxa is preferably ?
3C and !5 60 W& very particular preference, Tnaxc - Tnmaxo in the process
according to the inventionis ? 5C and <_40C. 10 Wen practising the
process according to the invention in thegcase of relatively low (>_ 70 1
(STP)/1 ~ h and <_ 150 | (STP)/I - h) catalyst velocities of acrolein on the
fixed catalyst bed 2, the Tmaxc - TmaxD differences required according to
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based on
The above statement regarding the Tp — T¢ temperature differences regularly also

applies when the temperature of reaction zone C is within the preferred range of from
250 to 300°C or in the particularly preferred range of from 260 to 280°C.

30  The hourly space velocity of acrolein on the fixed catalyst bed 2 in the process
according to the invention may therefore be, for example, 2701 (STP)1- horz 801
(STPYI - hand s 3001 (STP) - h,or2 1101 (STP) - hand <2801 (STPYl - hor
21301 (STP)l- hand <260 (STPY - h,orz 1501 (STP)/l- hand <240 | (STP)/l -
h, or2 170 1{8TP)l - hand <2201 (STPY- h,or= 1901 (STP)/ - hand < 200 |

35 (STPYl: h

According to the invention, temperature zone C preferably extends up to an acrolein
conversion of from 50 to 85 mol% or from 60 to 85 mol%.



10 a singlevlgl?li Q; the fixed catalyst bed 1 will be ? 92 nol % or > 94 nol %
The sel ecti Vi 3%‘% formati on of product of value (sum of acrolein formation
and acrylic acid by-production) in the case of suitable choice of the fixed
catalyst bed 1 in a manner known per se gll regularly be > 92 nmol% or ?
94 nol % frequently ? 95 nol% or > 96 nol%or ? 97 nol% 15 In general,
the hour |y SHRCEODORETION BotY achon JAoTHR! the RodersAOriAs dee BVFR Ao
process accocat egeither bélewiatwestitieon prasslireae go dren &b Gtbat)lorlaboETR)ids pherr
frequently aﬁ'@é‘éure.zﬁpﬂzrallﬁ%é wbrRIHY rbssufe imStovsalhsh Biayéd o tRPpRReye! OCi ty of
e

the f| talyst . _.Th I tt dt
Phe fact t hetoeRBi @ huepipeR 6° abiirafigiomms hpet Heaeludiaty 8 J6r
acroleinJormation in the first reaction stage will generally achieve 100%

I'n general, {(&@naAGI AL Co4E1i6R PRBESEAN RFSSEHe M@ 1549 bhdp 38 FreQlvo réitibh Xed
catal yst bed 2 in the process according to the invention will be ? 92 nol %

or > 94 rml%’g%sr ? 96 nol% 25 or ? 98 nol % and frequently even >_ 99 nol %
or nore. In the case of a suitable choice of the fixed catalyst beds 1, 2 in

a mange{ knOWgte!ﬁéfal, tf@prob@ﬁe sehveediorVinttie pfocasy é{ddc!ofdir@gtﬁodhé ﬂfv_@ﬁﬂidrﬂ{tgséa %ﬂ; S edoI
over (0] reacltion _sta 1 N e [ OCLSS ,ac | (0] e 1Lav 1 on, ase
on convetted?® B'PS et SOE@% f%%d g%avgﬁ?edgﬁg?‘ b?og%'.’zé%a%o?r‘%? tg?l%od eﬁﬁ?y at 85
mol % or ? 8lendivity ofdpimeationtof progigctalvadpe dsuny obacrateinipripativoradidragie acide
invention, thepaLéaionithsthsd stduRabi chbige of Mk tiked cataRst bedM BasmBhadrure 1
18S he P82 iouVBl SR iY reghp o 2L b8 mi | o2 eI HER S ds it oL "9

to the invention, rzlatlomthes ct1on gas
mxture 1 wBPMaeqiientl(nobe- 2 1.5 and <_ 2.0. According to the invention,
the nolar5 02: C3H40 ratio in the starting reaction gas mxture 2 is
preferably |j ' ' 1 [ 4 )aqld | val ues <_
3. PF 54387 'Ifgfe%iagéﬁ%f’%“rwsg’laxeﬁi‘a’é';xﬁ'%ﬁta?%%ﬁ oft 1 foeq cobBI B8 0t B L5, (€5
the starti ngPPERRSIAGATANGSIo the ventionilhalsp beabauetit | (7 TBY! 1 Pofgarepty 2044 from
1 to 1.5. Used ot 2£RSaPYbt §, belowtieehduryespacavelbgitytof pesbete oh thdixeoraatapst

accor ding topd1g @éﬂbé’&irﬁar‘il?ﬁﬁr‘iﬁﬁef{olthé’ﬁfcﬁ BOS Reifah m%ﬁk}gem%%%' ve
conpositjon is at | east oge mul ti neta ,osyi_;e e conprising M, Bi, and. Fe.
These ar€P i n""YdPe PREFHRY PHRETRIGINTPrRAtN inihediest4eaGtion stagrpyl pensaly aphigvRe
general forndG%. | of DE-A 19955176, the nultinmetal oxide active
conpositions of the general formula | 10 of DE-A 19948523, the nulti netal
oxi de active conpositions of the general fornulae |, .11 and |I| of - A
10101695, 1 H SHIPLA1ER SFTOT] CRIVERTUNESEH D AT Ia'S RESSAT (0 At Do o ae
I, I'l and | |thegirodegEs Acd®9ing 2 Beama:ntibre withhet 3 &2 treol % oori 0084 anot% var 2c8GmmoBhb.t | ons

of the genesal of Riod A8 flequdntiy@iEn kldo b rAve2955168 and al so the
mul tinmetal oxide active conpositions specified in EP-A 700714.

In the case of a suitable choice of the fixed catalyst beds 1, 2 in a manner known per

se, the selectivity of acrylic acid formation assessed over both reaction stages in the

process according to the invention, based on converted propene, can be at values of
30 =83 mol%, frequently at 85 mol%, or 2 88 mol%, often at 2 90 mol%, or = 83 mo!%.

According to the invention, the molar O,:C;H; ratio in the starting reaction gas mixture
1 has to be = 1. Typically, this ratio will be at values of < 3.

35  According to the invention, the molar O, : C;Hs ratio in the starting reaction gas mixture
1 will frequently be 2 1.5and < 2.0.

According to the invention, the molar O,: C;H,O ratio in the starting reaction gas
mixture 2 is preferably likewise = 1. Typically, this ratio will likewise be at values = 3.



15 Al so Smtﬁ% 2 ol the fixed catalyst bed 1 are the nmultinetal oxide
catal ysts co Pt § ng M, Bi and Fe which are disclosed in the docunents
DE- A 10046957, DE-A 10063162, DE-C 3338380, DE-A 19902562, EP-A 15565, DE-C

2380765, EP-A 807465, EP-A 279374, DE-A {300044, EP—A 575897, US-A 4438217,
20 DE- A 19855913, WD 98/ 24746, DE- 6210 hos t he general formula
11), JP-A 9Aygingtp t ?‘ wv&nmmﬁa%@cw% ipAnt t%ma%fﬁ%c@%” gas

particul ar foxtiure@ w@f«eqqlﬂrmlyjneéﬂmhommntﬁomm tbHese docunents, and anong
these particular preference is given to those of EP-A 15565, EPA 575897,

DE- A 1974621 nd -A 19855913.  Parti cul enphasi s i Y hi s

context to agﬁejt’laqa%)(St%lé’ég?edfi?’??a cﬁ'@"@ﬁéﬁ‘%ﬁ@%‘econ%%ﬁaﬁgoraﬁg,&o ?@58‘58 3 al so

to a cat & ysincltide b opthepmcatdlysta wihose artbepmmiioatiomisnatdeasbane mudinmetg axiie

active conmpogdhhiathg¥nd 2iHgFen2Fe2Bi 1Po. 0065Ko050x 10 S102. Enphasis is

al so given to the exanple having the serial number 3 from DE-A 19855913

(stoichiometry: M12Co7Fe3Bi 0. 6Ko. 08Si 160x) as an unsupported hol | ow

cyl i nder cat ahggstare of patiaianthy meiltimetal @iderackve compenitichs withe gengral formulam

(each exter n%f H-20ear51%6 3Re thgta%xndat&ﬁwborﬁb@é’mero} tr@ryéneraff Wrindigtihe

unsuppor accord

05 45001 e PE D Bl B el BB ot S N Brb B FE RN BrflipBTs & o

US- A 4438217!! anthdl ofRE-ek 10 16RH.he myttinetalaxider ackike pompesitonsivdihe gened! | ow

<2:y| i nder geom%nnéewfu érhtﬁllldﬂfmm 1384 Pafiihg ndullifieesl Sxide Hdtive @bmpoditidns & Zm X
mm  or mm x mm

(each exter gg}e s 8'}% Oémul)? qIfhxomarﬁé'%ﬁ%ﬁ?iﬁ%%lf’%himwgwgg}éox'éﬁl tabl e

are the nul t?ﬁ‘é@&m@?ﬁ'ﬂ@“sc%leé i9d {rsERA 78@06fet ri es of DE-A 10101695 or WO

02/ 0627375 Al so suitable are exanple 1 of DE-A 10046957 (stoichionetry:

i 2209 2 d
CHORE e e b e
or 5 M x 2 M '@d ‘Q’B’&Eﬁree%fi@%ﬁijl in dfiegrauatents 'ﬁe’?\dP@l‘Yﬁigﬁ "nt er nal

di aneter), alE Aahswe1be, BT GGBWOB.DESAQ 080255228638 1666 DMRA-CL OS8R E62

(stoi chi onet gy MARE! £PFRICHTS bESKONBhooL KRN sABORNIYl Alas@Aved catal ysts
of appro r|ate coat|h th|c ness %Ehe to sugg\eeqeﬂnn S of eonetry 5

mm x 3 x BEA 9 Qﬁﬁg& WO Rf/44 746 nFﬁEXAf 4o 0((Ehesh gral s Br  x
| engt h x i nt ¢PAaS1/294280ERFA 203220 dridi FP-HACTYDO7 1df Thik@pphdstin pettiallaofor the acti ve

ition n
cncompecsca URENERS I il i el MR e, o
Uhe vari abl cBven & WETE pideh =6 1951 BReA 57855 DE-h L04P2Rhand PEeh 515
Particular emphasis is given in this context to a catalyst according to example 1c from
25 EP-A 15565 and also to a catalyst to be prepared in a corresponding manner but
having the active composition Mo,;Nis.sZnsFeBii Py gossKg 060X = 10 SiO,. Emphasis is
also given to the example having the serial number 3 from DE-A 19855813
(stoichiometry: Mo,,Co;FesBi; 6Ko.0s5i1 60X} as an unsupported holiow cylinder catalyst
of geometry 5mm x 3 mm x 2 mm or 5 mm x 2 mm x 2 mm {each external diameter x
30 height x internal diameter) and also to the unsupported multimetal oxide i cataiyst
according to example 1 of DE—A 19746210. Mention should also be made of the
muitimetal oxide catalysts of US-A 4438217, The latter is true in particular when these
have a hollow cylinder geometry of the dimensions 5.5 mm x 3 mm x 3.5 mm, or
Smpmx2mmxZ2mm,orsSmmx3mmx2mm, or 8 mmx3mm x3mm, or
35 7 mm x 3 mm x 4 mm (each external diameter x height x internal diameter). Likewise
suitable are the multimetal oxide catalysts and geometries of DE-A 10101695 or
WO 02/062737.

Also suitable are example 1 of DE-A 10046957 (stoichiometry: [Bi,2W,0Og x 2WO;)o 5 *
40  [Mo12Cos6Fes 0450 59Ko.080]:) @s an unsupported hollow cylinder (ring) catalyst of



X2 = thallium an alkali netal and/or an alkaline earth netal, X3 = zinc,
phosphor us, ?ﬁ%ﬁ?é% boron, antinony, tin, cerium |ead and/or tungsten, X4
= silicon, alumhum titaniumand/or zirconium 20 a = fromO0.5to0 5, b =
fromO0.01 to 5, preferably from2 to 4, ¢ =fromO to 10, preferably from3
to 10, d =fromO to 2, preferably frcmf 02 to 2, e =fromO to 8§,
preferably fromQ to 5 5f sfrom0O to 10 and n = a nunber which is

Rt ermney BSEArEhe s TR 3 PERTARy P TRa wienieaed eRmal dBtelhr o
oxygen. Theyleagle *obteanal gismeeten, andraismibe crasdealatystsh 4 awks of DFE-AeXAIPS162 DE
-A 40|2_3239) @mchi&ﬁeta;:m&ﬁmmd?wﬁm@p@ﬁbe@n@glatnhauart;@atgci Y@agpReNres, ri ggs
or cylinders ' : r . | r e
Mnert suppor POoRIAE cHEE iBles opRaPhite GaThEG AR Reyy Sy ERHAR
appreci at®ed {Rapmaidynmey3 BN Y 1eniis@ackhextemabdigeter *denmhidMe™@brm 35 In
principle, adhieerconpositions of the general fornula | can be prepared in a
sinple manner by obtaining a very intimate, preferably finely divided dry
m xture corresponding to their stoichionetry fromsuitable sources of their
el enental  comYiiRighneithe Awitigtel axidspdtive sempesiass spilakle futhe saiavisof the
650C. The calidnatalg beay cabdeafkenpaskeeidynes gemaerfoinm@al gas or under an
oxygen aggosphere, for exanple air 40 (m xture of inert gas and oxygen) and
al so under a reducing_atnmsphere (for exanple PF 54387 12 m xture of inert
gas, NH3, CO andM8rBlb§eX #heX @aiQi nation tinme can bdlfroma few minutes to
a few hours and typically decreases with tenperature. Useful sources for

the el ement abvh@r%ﬂ%béﬁ%ssa@fdeﬁ fuhdpetal oxide active conpositions | are
t hose conpounds ich are already oxides and/or those conpounds which can

be converted 5 to oxides by heating, at least in the presence of oxygen. In
addi ti on1¥o Khe oirkelesd/osoatfaltusef ul starting compounds include in particul ar

hal i des, ni ke at @gliufOLABIKES me®if dh@lof an akblifedd £ ma@et at es, carbonat es,

am ne conpl exes, . amoni um salts. and/ or hydrox) des (co un uch as NH4ACH,
(Ne) 2008, NGNS FOSRPOFAID 2ot BESeR, nDReNG oty GRS AAMGH TG 6Ral at e
whi ch deconpdse siliged aiumirm Bidardero @nplos gicopivmh.at er cal cining at the | atest
to rel ease conpounds in gaseous formcan be additionally incorporated into

the intigate dry.m e). The starting conpounds for preparing the
mul ti mstg¢l o?i‘defr?arg)bt'#{eo %orrposi tions | can 15 be intimately mxed in dry or
in wet form bvihetiomKl! ter% prafara@blyifiemi2yo 4orm the starting conpounds are

advant ageousty= uséd 08 1l pefarasly Woaesltopmmer s and subj ected to cal ci nation
after m xi ngda,pdfrgrgtd tg%bre?é)rgg@?rtcirrpé’.m It-g)ﬁ\{ever, preference is given to
e = from 0 to 8, preferably from 0 to 5,
25 f= from0Oto 10 and
n = a number which is determined by the vaiency and frequency of the elements in |
other than oxygen.

They are obtainable in a manner known per se (see, for example, DE-A 4023239) and

30 are customarily shaped undiluted to give spheres, rings or cylinders or else used in the
form of coated catalysts, i.e. preshaped inert support bodies coated with the active
composition. It will be appreciated that they may also be used as catalysts in powder
form.

35 In principle, active compositions of the general formula | can be prepared in a simple
manner by obtaining a very intimate, preferably finely divided dry mixture
corresponding to their stoichiometry from suitable sources of their elemental
constituents and calcining it at temperatures of from 350 to 850°C. The calcination may
be effected either under inert gas or under an oxygen atmosphere, for example air

40 (mixture of inert gas and oxygen) and also under a reducing atmosphere (for example



intimate mxing in wet form Customarily, the starting conpounds are m xed
W th each E’Fﬁz: #; the formof an aqueous solution and/ or suspension.
Particularly t? te dry 20 m xtures are obtained in the m xing process
descri bed when the starting materials are exclusively sources of the

el ement al constituents i n dissolved formqi2The solvent used is preferably

wat er . Subse ntI t.he e | on .aqbt ai ed s dr and the
dryi ng proce rE %P@F@Fﬁaﬁ%’ g#t?%@gpﬁ’gy{—%ep?%ﬁ)”ﬁw Y £47ePs J{]‘UB@JE m xture at
exit tenperminutasso@ffelhonislgy typcalbGEecrezseT ywiih tenhpayaturehdsaiul soureeslor oxi de

active com%e@u%tgfcohaﬁu@ﬂ@enab rﬁ&ﬁﬁﬁbﬁo%td@é&wé‘%@ﬂprhor{sh%ré theed cat al yst
bed 1 not |n owder

f rm_b into ce I n_.catal
geonetries, (fulqgs 53&6}5%%&%@ Oé'd’efsf ggﬁég‘no&atcmp o‘?’%C%Fa ¥$Eonve e final
cal ci nat i®n. tO Filesdydepling. a&ﬁ@&bp@?&@és@wﬁ@ﬂ@%an be prepared fromthe
powder form of the 30 active conposition or its uncalcined and/or partially

C e e oGRS 0L R PTBAEL! e nd 152 S ARl ANl

geonetry (for or “ex
addi ti on of RYaiest gm'@tes f%ﬁ‘%ﬁ'ﬁﬁt@sg?%ﬂﬁfﬁ% éad?onéteéaamwea?@m &€S. | ubri cants
and/ or shapi ﬁk@n@&@hﬁémt@dmdymmaég(cbrrrp@uawguoﬁ /UGBS, (NHGLOOL ber SR f

085S CTRSSHATHEL AELOGANNAS, 0. RS ST B0AbE. wFATRbAR oM

unsuppor

cyl i nders ha®37Her @ W%PW&PSE%?%M@?'CW %ﬂm%ﬁ’éﬁ t%’ﬁ'@ﬁ%ﬁ?@pPW‘dfO”mﬂ In
the case of gdohotdrovean\tel atitionalty inedrporatea ictontes mtiofatd dgmittuted. 3 MM i s
advantageous. It will be appreciated that the unsupported catal yst can al so
have spherical geonetry, and the spherical dianeter can be from2 to 10 nm

40 PF 54387 1% StA”&S‘arCPF‘(PBP%ﬁ‘ﬂ for BeparnciGe Sudtimeel SufecytivRgerPgeEloast SN s 5 mm
X 3 mm x12 nbe infimetety madeddin eryedrém wet foengivhex tHegtaee mateddn anefoen) the istarting

parti cul ar | b B8SF AhaHRUBRGY Lotk aCich) Holkss Pé\m&érf%blsuggct@l?% eci at ed

that the pul\glﬁeiru ent _active mosm on or ver ul ent recursor
conposi ti on ?'eﬂ'qnsa%?éf"%"aﬂ RfjoRp %?H’?Q) Oﬁ‘ﬁ’r”?r Rreforepst SR an be
shaped by appingtemgixing ipmes foapeustomatily cthe atartiig sumppants arefinxed edthieaghof t he

support bodi ggetif thé)fo?rﬂl&ﬁ%n%Hﬁe&%aéoﬁﬁ;oﬁ%h&loﬁ&s%eh&oﬁqﬂﬁ{u&hé uﬁt%ét%rdﬂ?d ina
sui t abl e%(got at bI e ve 9671,

2P A 205850, BrtuERarr b0 Fone iite Rcets ARSHBRT WhTMeS et RGBSR e
conposi ti on exclusevehpysivreas df theaglomantabemstiugnison disesleet foamdThir $abeendgsdchisaf t er

appl i cati on, r‘fe%rawmmres@éea@@ﬂ Pk da0kod éomﬁgéﬁioﬁ%fdﬂ& is Hhéd: lsng@gse Of the
powder conpogition A r°o| B 82 vant age ! 1sel ected
Wi thin the rie@g Fodhein i baﬁe%ﬁf PrPLRaAng e S TS YR o 50 t o
500 pm and ntermpepatefeschfipy WCtthi1A0Ghe range from 150 to 250 pm 15
25
Typically, the multimetal oxide active compositions of the general formula | are used in
the fixed catalyst bed 1 not in powder form, but rather shaped into certain catalyst
geometries, and the shaping may be effected either before or after the final calcination.
For example, unsupported catalysts can be prepared from the powder form of the
30  active composition or its uncalcined and/or partially calcined precursor composition by
compacting to the desired catalyst geometry (for example by tabieting or extruding),
optionally with the addition of assistants, for example graphite or stearic acid as
lubricants and/or shaping assistants and reinforcing agents such as microfibers of
glass, asbestos, silicon carbide or potassium titanate. Examples of unsupported
35 catalyst geometries include solid cylinders or hollow cylinders having an external
diameter and a length of from 2 to 10 mm. In the case of the hollow cylinder, a wall
thickness of from 1 to 3 mm is advantageous. It will be appreciated that the
unsupported catalyst can also have spherical geometry, and the spherical diameter can
be from 2 to 10 mm.
40



Useful support naterials are the customary porous or nonporous al um num

oxi des, si|FPESM®i oxi de, thorium dioxi de, zirconium dioxide, silicon
carbide or silicates such as magnesiumsilicate or alum numsilicate. They
general |y behave inertly with regard to qshe target reaction on which the
process according to the invention in the first reaction 20 stage is based.
The support Heartieylafygdyanasequs Bgiavasylinder 38Rl 4 5 snape, May x A8y h

pr ef er ence i @xgirnvag diah@eteregeahgth Ixyntehapdidmetppdr parhiadards thevdsedf anslippbitadt
surface roughx é? for exanple spheres or hollow cylinders. It is suitable
to use substantially nonporous, surface-roughened spherical supports nade
of steatite (e.g. Steatite C220 from CeraniTec) whose dianeter is from1l to
8 mMm pr &5 erlabilybe appmeciated tHat tha pubieridemieactve corupdsatineorsispobetuldrderasiradrso

i ncl ude cyl i@%&ni@!ﬂ%ﬁ%ﬁ €NEt 13 Healdird ndi @ p%ﬁiamaeiﬂe&’g?ésegﬁéﬁédr@

di aneter is ma4to . In the case of _rings suitable as support
bodi es accor A 19 qrﬁé\qpﬁ W%Qy%tﬁépmsl- T[’%F‘%%W@sogttness%p%%fja'ﬁggodl ly from
1 to 4 mm prdadihpgoatedichalistaviegenenally perfainad isappitattie oataks vessaheasused

Itoge;e;r?nbl y h@é’ﬁosie%, fRRAAMpRT b DBOA29bGs A BPLA 203880 &THIRLA 4 ATBL €6 4t the oM 4

d a wall 30 thickness of fromi1 to 2 nm Suitable as s ort
bodt eo. aib or SHANGTEGIBRCTE AURRE! GMRAON % o5 APFIBF a0varidusersh MetiRty 7 mm
x 3 mm x 4 nand dnedeagadl afthr application forengiipleby meses oftiotdirahmes erdtinglt wi || be
conpost 1 ons. 1T Ess 2 Uiy PRRY 2o poliih SRt} HERLETELLYS achuhEfausy,
adapted to ?%%Ct%‘ggﬁﬁgg‘%@gg? Framt1ﬂS‘8k1n@®s“%W@@%‘?’%‘ﬁt‘%@”&%%‘éﬁ)}%b| e
mul ti metal oXQemacdinee erfpadlytwithirsthe sangenfeore 460ty 38&Gumf the first reaction
stage af® al so conpositions of the general fornmula Il [Yla.Y2b' O] p[ Y3c, Y4d

(ofrovs' % DA R A B D D ™
tellurium agitiGomcigxide, theriugndioxde peeonigm doxidensiligiitearbige of seitobalednan and
tungsten, Ydagnésiurakhedte ofaluddinurh Biitdte UTAeytheralip BBRdveURRrY 4ith régardtdkal i ne
earth metal ’tb@!tgnjéS! r'eagt?ol?lacmwhiglﬁ) H‘%%Frbcé@%%@&%i%ﬁ’@ 'enl(ﬁYenttiloﬁ’in ﬁﬁ%qgtlrlg;ctigﬂd/ or
mercury, YS =7iTon or iron and a east one o he” el'énent's” ¢hr'om um and
cerium 200 stegeisgrassphidiesiprart Sedipe maydiayd adpgy @y oramequiaspiaps, Althodght ar e
earth netal, pretdréteUsyiveh temgulary shagsl dupport dbdias Having BelvtiHeasurfatdieni um
hoch i apey SEE AR UL BB P AT 3L, LASEIRn Ty | o2
nonporous, surface-roughened spherical supports made of steatite (e.g. Steatite C220
from CeramTec) whose diameter is from 1 to 8 mm, preferably from 4 to 5 mm.
25 However, suitable support bodies also include cylinders whose length is from 2 to
10 mm and whose external diameter is from 4 to 10 mm. In the case of rings suitable
as support bodies according to the invention, the wall thickness is also typically from 1
to 4 mm. According to the invention, annular support bodies to be used preferably have
a length of from 2 to 6 mm, an external diameter of from 4 to 8 mm and a wali
30 thickness of from 1 to 2 mm. Suitable as support bodies according to the invention are
in particutar rings of geometry 7 mm x 3 mm x 4 mm (external diameter x jength x
internal diameter). It will be appreciated that the fineness of the catalytically active
oxide compositions to be applied to the surface of the support body will be adapted to
the desired coating thickness (cf. EP-A 714 700).
35
Suitable multimetal oxide active compositions for the catalysts of the first reaction stage
are also compositions of the general formula |l

[Y1a'Yzb'Or]p[Yac‘Y4d'Yse'YGFYTQ‘Y2h‘Oy‘]q (")
40



b = from0.1 to, 30, c' from0t04 d =fromOto 20, e =fromO0Oto
20, 20 f° —P'frsfﬂﬁ?O to 6, g0 =fromO to 15, h =from8 to 16, x',y'=
nunbers which are determ ned by the val ency and frequency of the elenents in
11 other than oxygen and 25 p,q = nunberg whose plq ratio is from0.1 to
10, conpri si &g?t hr ee- di mensi onal regi ons of the chem cal conposition

Y a. Y2b' Ox' rerheyvariabigs| aracetedrasomiawsei r | ocal environnent as a
consequence of their d| fferent chem cal conposition fromtheir |ocal

envi ronent v and, W F R UL RE Rac{bNATRE okl fii ERGmbAy ah the

center of the re on an connecti ng tWo poi nts on the sur ace ntertace)
of the region) i %¢WREL nmto 100 pm frequently from10 nmto 500 nm or
from1l pmatoY @ oplyBdemum oPaplybdaruar byd audgstetageous nul tinetal oxi de

conposi tionsydl §|Q5|fi,|n@%| RaliiMe ahd¥ e hum 35 are those in which Y is only
bi smut h. Anopg t esE@{P %r@&ce JE Z%g)eﬁ In turn to those of th ener al
formula |11 \H’B‘ a?»p ghpiskel; cEPBRZ ERNGARETS RS YN FRYMIEE PFE
54387 15 where tdimj/wranelabrtyes are defined as follows: Z2 = nol ybdenum or

mol ybdenum a‘?d t#m%’il% and7a3 leasf‘bﬁé‘@f’th@@@/n%fntsc&%hhm andlerind, hal i um an
nd/ or ear phosphorus, arsenic,

al kal i
bor on, gﬁﬁ n%ny prﬂqsﬁﬁoré‘ér?rﬁ?ﬂ'%??&f%aqdé%{c?”?mféy: silicon, aluminum titanium
and/ or zi rco?rﬁ ang raf# earto omdadr titasimny rcoandi, ovobg.oh, dantamlrrarhenuimmwr&nmm o 1,

b* = from 0.2 tornddiunt snlverfddi’dnaﬁ}rﬁ]ﬂv@n gﬂl:um’ lﬁc!ilQrW Qh&% bél'n?amtﬁ'n |§ad,r 0m 0. 01
t05 preferablyfrom ,’L 3 15 f""=fromO to = fromO to 10, h"

= fromO to 1, xnopum aHﬂr%&Faé‘“{% ch are deterni ned by the val ency and
frequency of the elenents in

15 a' = from0.011t0 §,
from 0.1 to 30,
c' = fromOto 4,
d = from 0 to 20,
e’ = from 0 to 20,
20 f = fromOto8,
g = from0Oto 15,
h* = from 8 to 16,
x',y'= numbers which are determined by the valency and frequency of the elements in il
other than oxygen and
25 p,q = numbers whose p/q ratio is from 0.1 to 10,

o
i

comprising three-dimensional regions of the chemical composition Y',Y?,Q, which are
delimited from their local environment as a consequence of their different chemical
composition from their local environment, and whose maximum diameter (longest line

30  cutting through the center of the region and connecting two points on the surface
(interface) of the region) is from 1 nm to 100 um, frequently from 10 nm to 500 nm or
from 1 pm to 50 or 25 ym.

Particularly advantageous multimetal oxide compaositions |l according to the invention
35 are those in which Y'is only bismuth.

Among these, preference is given in turn to those of the general formula i}

[BiyZ2 Oy [Z2%122°-2%vFeeZ®rZ8Z Oyl (IIN)
40



[1l other than oxg/ en, 20 p",q"= nunbers whose p"/q" ratiois fromO0.1 to 5,
preferably fPb®488% to 2, and particul ar preference is given to those
conpositions Il in which Z2b = (tungsten)b- and Z212 = (nol ybdenum 12. 25
It is al so advant ageous when at | east 25 | % (preferably at |east 50 nol %
and nore preferably at |least 100 nol % orf the total proportion of

[Y' a' Y2b. Ox] RhéfeBhavarie] #ve detifed #mefollows: t i net al oxi de conpositions 11

(mul timetal oxide conpositions Il1) suitable according to the invention in
t he mul ti net g} _oxi conpositjions 11 | tietal oxide compositions 111)
sui tabl e accgrai Wﬁﬂ’ggerf Ff ﬁ\?b{ﬁ??w a&f@i“ﬁstﬁﬂe form of three-di nensi onal

regi ons of 38’ £heicksi@nilioarolsitnposi tion Yla Y2b' OX [ Bi aZ2bOxJ which are

del i mitedsfroemthgiitm| afalkal fi2YAI LABERH afkslie SatsAadence of their different
chem cal conpegsition fromt whose maxi mum

hei " | ocal SRV L onn‘enté ng

diameter is Fn t ROPERYE #PONF PR @560 itk CSHHH '?cgﬂ' Pt o the shaping,

t he stat emenZs=nsiieont auntitam ritdrianrangior gixsaméim, catal ysts 35 apply to the
nul tinmetal oxfdecdpder Gtet andlicy goline preparation of nultimetal oxide Il
active conpositions is described, for exanple, in EP-A 575897 and also in
DE- A 19855913. PF 54387 16 The inert support materials recommended above
are al sol@sefll, framdhytoot.her uses, as inert materials for diluting and/or
delimting thepaphicicy, fixed catalyst bed or as its guard bed. 5 Useful
active conposj tipns or, the catalysts of the fixed catalyst bed 2 are in
principle aFl “nliPPiH8'& oxi de conpositions conprising M and V, for
exanpl e t hosd’ of frPB-Q02B046928. A nultiplicity of these, for exanple those

of DE-A 19815281060 P % PedeRdsTRM DY to 30 the general formula IV
I\/DlZVaXlEé(ch(BgXﬁg%(ﬁt)é%gon (1V) where the variables are defined as foll ows:
Nb, " Ta,

15 X' = and/or Ce, X2 = Cu, Ni, Co, Fe, Mh and/or Zn, X3 = Sb
and/or Bi, X8 = ta® bto ¥pre alkali netals, 20 X5 = one or nore al kaline
earth netal sp® Xfom (So,1,Al, Ti and/or Zr, a = fromlto 6, b =from0.2to

4, 25 ¢c =fr Q'rRr”QhEmtb%rsl\ﬁhich grezdgtér%%eod Byothde'Qdalency and frequency of the elements in
Il other than oxygen,
20  p”,q"= numbers whose p”/q” ratio is from 0.1 to 5, preferably from 0.5 to 2,

and particular preference is given to those compositions fli in which Z% = (tungsten),
and Z%,; = (molybdenum);,.

25 |tis alsoc advantageous when at least 25 mol% (preferably at least 50 mol% and more
preferably at least 100 mol%) of the total proportion of [Y', Y20, ], ([Bix-Z%-Ovly) of the
multimetal oxide compositions 1l (multimetal oxide compositions 1ll) suitable according
to the invention in the multimetal oxide compositions I (multimetal oxide compositions
1) suitable according to the invention are in the form of three-dimensional regions of

30 the chemical composition Y', Y%, Oy [Bia-ZzbO,@] which are delimited from their local
environment as a consequence of their different chemical composition from their local
environment, and whose maximum diameter is in the range from 1 nm to 100 pm.

With regard to the shaping, the statements made for the multimetal oxide | catalysts
35 apply to the multimetal oxide |l catalysts.

The preparation of multimetal oxide Il active compasitions is described, for example, in
EP-A 575897 and also in DE—A 19855913.



e =fromOto 2 f =fromOto 4, g="fromO to 40 and 30 n = a nunber which
i s determ ned_hy %ge val ency and frequency of the elenents in IV other than
oxygen. Enbollf méh anong the active nmultinmetal oxides |V which are
preferred according to the invention are those which are enconpassed by the
follow ng definitions of the 35 variabl esqgof the general formula IV: X =W
Nb and/or Cr, X2 = Cu, Ni, Co and/or Fe, X3 = Sb, 40 X4 = Na and/or K, PF
54387 17 X5 Ehepentsupaerimgierals recommendsd abhqe griplse ULl AMeng oBier ¥ses. @8 5,

5 b = from Oinkrttnmat@riale for dilutimg Ddkor eliriting thepdriamar@ixéd calyst bedfgrami@ to 0. 2,
f =fromO t8uz%]rd%@ 10 n = a nunber which is determ ned by the val ency and
frequency of “the elenents in IV other than oxygen. However, nultinetal

oxi des IV which are very particularly preferred according to the invention
ar e thoses of Uttfel ggine camnpdotions! far the tatalise2faherfixela ¥aca y&d h¥6 Q' anin frviciplher e 20
Y' = Wand/ ; = p | Y5 5 I =¢Si and/ or
N 25 = Pl BReld oxidgAREC fing omed g b AN R prthol e (TITRT
Oto 0.5 ¢ DEtA 30949%8 8 and 30 n' = a nunber which is deternined by the
val ency and frequency of the elenents in V

A muitiplicity of these, for example those of DE-A 19815281, can be encompassed by
10  the general formula IV

MO 1oV X XXX XX 0, (V)

where the variables are defined as follows:
15

X" = W, Nb, Ta, Cr and/or Ce,

X?= Cu, Ni, Co, Fe, Mn and/or Zn,

X* = Sb and/or Bi,

X*= one or more alkali metals,
20 X’= one or more alkaline earth metals,

X% = Si, Al, Ti and/or Zr,

= from 1to 6,

= from 0.2to 4,

from Q.5 to 18,

from O to 40,

from O to 2,

from O to 4,

from O to 40 and

a number which is determined by the valency and frequency of the elements in [V
other than oxygen.

25

J3w o O 0 O mW
1]

30

Embodiments among the active multimetal oxides IV which are preferred according to
the invention are those which are encompassed by the following definitions of the
35 variables of the general formula 1V:

X'= W, Nb and/or Cr,
X?= Cu, Ni, Co and/or Fe,
X®= 8b,

40 X*= NaandlorK,



ot her than g%%/gen. The nul tinetal oxide active conpositions (I1V) which are
sui tabl e ac #3%f to the invention are obtainable in a manner known per
se, for exanple disclosed in DE- 35 A 4335973 or in EP-A 714700. In
principle, multinetal oxide active corrpos|i7ti ons, in particular those of the
general fornula IV, suitable for the catalysts of the fixed catal yst bed 2
can be prepaXet ¢a StandiomBee nanner by obtaining a very intimate, preferably
finely dividgd dsiyanangiéi®e, having 40 a conposition corresponding to their
stoichionetry from suitable sources of their PF 54387 18 el enental
constituents and calcining it at tenperatures of from 350 to 600C. The

cal ci nation @&y N d&rtei%d out either under inert gas or under an oxidative
at nosphers, pforfr@xambe air (m xture of inert gas and oxygen), and al so
under a reduci_n%rorﬁlh%mt%?ere (for exanple mxtures of inert gas and reducing
gases such as H , , 5'CO, nethane and/or acrolein or the reducing gases
ment i oned t hérseTa@d)No 2The calcination time can be froma few minutes to a
few hours ang = yjdrsaltby 2decreases with tenperature. Useful sources for the
el ement al const ift ue§t§1(g‘n the multimetal oxide active conpositions IV

i ncl ude t hose cofpo fad v_\ﬁi_ch are al ready oxides and/or those conpounds

whi ch cat? beh cora/Bymbel whicthigidgtesminediwdhe Mefenen anddfeenueney efitbe eemanisied¥e of
oxygen. The stardth&angobRRends for preparing nultinetal oxide conpositions
IV can be intimately mxed in dry or in wet form Wen they are mxed in
dry form the startin conpounds are advantageously used as finely divided
powder and sldgw@\tﬁreﬁulﬂ@e@m@a%i\vhwwgh are ey pairugriaprefestsd aseandingdmaget i on.
However, preheseiosard thoge vethelgenedanfdriiaaes m xing in wet form This is

typi cal Iy5 done by m xing the starting conpounds in the formof an aqueous
sol uti on and/ or sus‘geqsi on. Particularly intimate dry mxtures are obtained
in the nixing 20MPr¥cts¥ escePbed WMEn the starting materials are

excl usively sources of the elenental constituents in dissolved form The
sol vent useokghe%repr eferably water. Subsequently, the aqueous conposition
obtained is dried, and the drying process is preferably effected by
spray-drying the aqueous m xture at exit tenperatures of from 100 to 150C
25 The rzsul Yiagwhardiormiit al oxi de conpositions, in particular those of the
general formua | \qBFRi generally used in the fixed catalyst bed 2 not in
powder form _but rather shaped to certain catalyst geonetries, and the
shapi ng may be~ cf?@pd/8uShef ore or after the final cal cination. For exanple,
unsupport ed ¥at aSiysideoredn be prepared fromthe powder form of the active
conposition or its uncal cined precursor conposition by conpacting to the 30
desired catal yst _gegnetry (for exanple by tableting or extruding),

optional ¥ with ¥9B2'Qddi ti on of assistants, for exanple graphite or stearic
acid as | ubribcanfremdndAds, shaping assistants and reinforcing agents such as
m crofibers of; gﬂr&}ﬁq,tog‘sbe-st os, silicon

f= fromOto05
g = fromQto 8 and

30 n’'= anumber which is determined by the valency and frequency of the elements in V
other than oxygen.

The multimetal oxide active compositions (IV) which are suitable according to the
invention are obtainable in a manner known per se, for example disclosed in DE-
35 A 4335973 orin EP-A 714700.

In principle, multimetal oxide active compositions, in particular those of the general

formula IV, suitable for the catalysts of the fixed catalyst bed 2 can be prepared in a

simple manner by obtaining a very intimate, preferably finely divided dry mixture having
40 a composition corresponding to their stoichiometry from suitable sources of their



carbide or potassiumtitanate. Exanples of suitable unsupported catal yst

geonetries g @?H id cylinders or hollow cylinders having an external

di ameter and a°f gth of from35 2 to 10 nm In the case of the hollow

cylinders, a wall thickness of from1l to 3 mmis advantageous. It will be

appreci ated that the supported catal yst gy al so have spherical geonetry

and the spherical dianeter may be from2 to 10 e ap;rlgreci at ed
u

. 1ro mm It will b
that the pul ¥&PEMERONSEPEYE 308 /FBEING bat teMPPRUrBuP ErIBaR e PYEEur8®r 40
conposi ti on aditeion snaydie ¢avridrbowaithemediec mertgas or beds eapediaiye appdspherg, t o
Do o0 o pranairing dir (bARIE o LA G¥S and URARD) B LS (rRB1 b Retlndl 1 8 SoP P abi
ot at abl o vABERoeE (aF SRATRe AR 5P o K99 and BysiEIA e SeT s BNk 203550
or EP-A %4700, mbthaioe eodfor atrelegupoe teduoidg gssed nentimedenerssatyrssi tieon to be
FoF exanp! o Bt HRA RN beTRIry bABRTIRATES LiSa Wbl RLSER DofplPetofies s on
Compos: 11 on BEpRAS: gaHBouties NG slager el BTt e § LR o ¢ hi n
the range f rantvd Gompositicd8aV pmjudertadser cnhpounds whichtane alreatygeides@md®0 to 500
pm and nor e fRp&f et nd¥ihitntahibe doR e tb @Mdks By haatel aPRhsthQ tHds ef ul

support {H[at erials are customary porous or nonporous al'um num oxi des, silicon
di oxi de, "4 hPERFACGIOORXHBED- Zi r coni um di oxi de, silicon carbide or silicates
such as magnesiumsilicate or alumnumsilicate. The support bodi es may

have a regul e Qhrting 'E:Bnﬂ?bhhr%fs_fﬂ"ﬁ@ﬁarjr@' rhigetal BXigE BERPESdrS 19iciRBet O
regul arly shape

d suppor odi es ving,,15 distinct surface roughness, for
eamie Lonarbash REEd ot Fruedemhvisn ey giemed yied Tom HEMeGE anl o (o
use subst ant¢oapopng®algrRrdyasiageensaesedrasupebyridddedspivedar @all ssbjppietts  nade of

steatiterg e-@lcir@hgaﬁértrﬁixﬁé%(Adforpﬂ@na@emaiﬁroh MbgserdbrafRd e id §ivehigm 1 to 8
mm preferably fromd4 to wever, suitable support bodres also include

llga x| lnwefrrpl Ho
cylinders WhoS e 'F‘é%HPH i S thodpn 2 to 10 mm and whose external dianmeter is
from4 to 20 10 nm In the case of rings as support bodies, the wall

L Qleg k\rllm_etsa lprI}ﬁé &Qy;ﬁiwg@?hé by}‘nﬁiﬁﬁg ihetsgarﬂn@'ﬁbmﬁﬂémgsarﬁ tk@!@g@bi aﬂp@q;ljeeblai;j Io bet o
of from4 toseoéﬁ@n%g’ﬁg gu%ﬂﬁloﬁ hligg(‘:'ﬂ%ée:rer§I '(F)'?H%éodrw P'ﬁ%r@a%gbtgﬁ%ﬁéﬂﬁg s'ﬁ'ﬁ ort
bodi es ate apreecssifegenhgduvhearthe siaginaonalgeamere Gxciusiel wsazreamof the eiamertzt er nal
g! anet er xf |@ihgﬁtbemslirnﬂi_€§dl'f?éd fdirAMEieedolvent Usad ik IprdigrabRavaAdDBabicuenty it t he
I neness O : : Ve OX 0 to
the surface %@%eﬁ%@hgép%@? 0 b il g SFREPBLETS bRid B 3BT By 0,
(cf. EP-A 718ra0dyingAne anderys stisturmataxideraperaturereofdtom Vel olR%5Si ti ons to be
used for the catalysts of the 30 fixed catalyst bed 2 are al so conpositions

of the_ ganer ple feor ) AulmekoRIE o dbbotd16H Bartilfor AELAR1 RS oBiFartEiigd 2
IV, are generally used in the fixed catalyst bed 2 not in powder form, but rather shaped
to certain catalyst geometries, and the shaping may be effected before or after the final
calcination. For example, unsupported catalysts can be prepared from the powder form
of the active composition or its uncalcined precursor composition by compacting to the

30 desired catalyst geometry (for example by tableting or extruding), optionally with the
addition of assistants, for example graphite or stearic acid as lubricants and/or shaping
assistants and reinforcing agents such as microfibers of glass, asbestos, silicon
carbide or potassium titanate. Examples of suitable unsupported catalyst geometries
are solid cylinders or hollow cylinders having an external diameter and a length of from

35 2to 10 mm. In the case of the holiow cylinders, a wall thickness of from 1 to 3 mm is
advantageous. It will be appreciated that the supported catalyst may also have
spherical geometry and the spherical diameter may be from 2 to 10 mm.

It will be appreciated that the pulverulent active composition or its pulverulent precursor
40 composition which is yet to be calcined can also be shaped by applying to preshaped



35 Mvl2Va"z1Q"z2¢"73d"zZ4e"Z' ' 269" O f 12CUWH Oy , W Nb, Ta, O and/or Ce,
Cu, Ni, Co, BES4#B and/or zn, Sb and/or Bi, PF 54387 20 z4 75 26 Z 5 a
b* ¢" d" 10 e" f' 15 20 g" h" ,Y'=p,q = Li, Na, K, Rb, Cs and/or H M,
Ca, Sr and/or Ba, Si, A, Ti and/or Zr My W V, Nb and/or Ta, preferably

Mo and/or Wfroml1l to 8 from0.2to 5 fromO to 23, fromO to 50, from
0 to 2, frolfen catslyst surnose The eating of e sHprpTt Odies to rrepsve thea eades and

nunber s whi ckatalyets is generally performed in a suitable rotatable vessel, as disclosed, for
example, by DE-A 2909671, EP-A 293859 or EP-A 714700.

5 To coat the support bodies, the powder composition to be applied is advantageously
moistened and is dried again after application, for example by means of hot air. The
coating thickness of the powder composition applied to the support body is
advantageously selected within the range from 10 to 1 000 pm, preferably within the
range from 50 to 500 ym and more preferably within the range from 150 to 250 um.

10
Useful support materials are customary porous or nonporous aluminum oxides, silicon
dioxide, thorium dioxide, zirconium dioxide, silicon carbide or silicates such as
magnesium silicate or aluminum silicate. The support bodies may have a regular or
irregular shape, although preference is given to regularly shaped support bodies having
15 distinct surface roughness, for example spheres or hollow cylinders having a grit layer.
It is suitable to use substantially nonporous, surface-roughened, spherical supports
made of steatite (e.g. Steatite C220 from CeramTec) whose diameter is from 1 to
8 mm, preferably from 4 to 5 mm. However, suitable support bodies also include
cylinders whose length is from 2 to 10 mm and whose external diameter is from 4 to
20 10 mm. In the case of rings as support bodies, the wall thickness is also typically from
1 to 4 mm. Annular support bodies to be used with preference have a length of from 2
to 6 mm, an external diameter of from 4 to 8 mm and a wall thickness of from 1 to
2 mm. Suitable support bodies are also in particular rings of geometry
7 mm x 3 mm x 4 mm (exiernal diameter x length x internal diameter). It will be
25  appreciated that the fineness of the catalytically active oxide compositions to be
applied to the surface of the support body is adapted to the desired coating thickness
(cf. EP-A 714 700).

Advantageous multimetal oxide active compositions to be used for the catalysts of the
30 fixed catalyst bed 2 are also compositions of the general formula VI

[DIEL (VD)

where the variables are defined as follows:

35
D = MowVeZ'yZ%Z%Z" 2520,
E = Z.,CueH:Op,
Z' = W, Nb, Ta, Crandlor Ce,
Z> = Cu, Ni Co, Fe, Mn and/or Zn,

40 2* = SbandiorBi



determ ned by the val ency and frequency of the elenents in VI other than
oxygen and nFEtgﬁgg ot her than zero whose p/q ratio is from160:1 to 1:1, and
whi ch are obt ai Te by separately preformng a nultinmetal oxide conposition
E Z7 12Cuh HOY (E) in finely divided form (starting conposition 1) and
subsequently incorporating the prefornedgegolid starting conposition | into
an aqueous sglution, a 0 25 .syspension or into a finely divided dry
m xture of sburcés of" Rﬁaﬁgﬁ%t@n?’ld/ W'V, z,, Z2, Z3, Z4, 75, Z6, which
conpri ses thé& abvventgt Candreralasfint s in the stoichionetry D Mbl2Va
Z1b. Z2c. Z3d. Z4e. £3f Zgga| (PhngBr £Starting conposition 2) in the desired p:q
rati o, drying,;the aqueo Lxtur ich esul t, .and cal cining the
resul ting drg précur@8r@%§§”ﬁﬁ’6ﬁgb%rfwn§eqﬁp[oaqqd&’V&ryi ng at tenperatures
of from2%0 to 600C to give the desired catal yst geonetry. Preference is
given to thegnul ti nefah 10igde conpositions VI in which the preformed 35
solid starti B,g conposi ti o$ 1%i s incorporated into an aqueous starting
conposition at a %r%)e %?t re of < 70C. A detail ed description of the
preparation of naltifiendlto@di de VI catalysts is contained, for exanple, in
EP- A 668104, gDE- A 19#%ga1%a.50DE- A 10046928, DE- A 19740493 and DE - A 19528646.
PF 543871 1 Wth re\ggrcﬁt cirthe shapi ng, the statenments nmade for the
mul timetal oXide |V tafa %s s apply to the nmultinetal oxide VI catalysts.
Furt her suit &bl e=nul fem&ttal5. oxi de conpositions for the catal ysts of the
fixed catal ygt bed #&od co&s0t hose of DE-A 19815281, in particular all
exenpl ary en‘R,odi oent g ri’.r40t§‘3t0hi s docunent. Wth regard to the shaping, the
same applies as was GPhted “above. For the fixed catal yst bed 2 of the
process accofdi ng t offeR& torAPeddi on, particularly suitable catalysts are the
E:oat _edh_c&m al ysy's M?iz(.mmer@ hirm%&we@kﬁih%&%%ﬁﬁ»@i%ggzuguﬁﬁcﬁﬁ the _
stoi chionetry: q BN 0 - aving an active
ool vt S R D

conposition fraction o g a coating thickness of 230 pm the
coated cat aPyist =f r oWPPYS SN AR Brawpree Basptige M tEE2E 1( st oi chi onet ry:
Mb12V3WL. 2Cu2. 400 havi ng an active conposition fraction of 20% by wei ght,

the coated g@rﬁ ?)gbéﬁta?e BBta%B@HJygst%g%?aE@y ?re?&rﬂﬁﬂcdﬁgﬁ!twéﬁ%’comgbtosn‘{%gHﬁ' ly the

abovenent i on coat ed cat al he se reaction stade applied to
support ??ngs of geonmetry 7 nmx 3 nmmx 4 mm (external diameter x |length X
i nternal dianetek),,Ca\H-O0g an active conposition frdgg&yion of 20% by wei ght
(based on the overall conposition of the coated catalyst), and also a
coated catal yst havi.n hasi c actiyve ig? osition of stoichiometry

b v I
(Nb30. avawa. BEh Bt smgsieRPeomkasiion UpseRedlindncoEporting the

preformed solid starting composition 1 into an agueous solution, an aquecus
25  suspension or into a finely divided dry mixture of sources of the elements Mo, V, Z', 7%,
2, 7%, Z° Z° which comprises the abovementioned elements in the stoichiometry D

Mo 'V, Z'y 22235 Z e 2% 2 D)

30 (starting composition 2) in the desired p:q ratio, drying the aqueous mixture which may
result, and calcining the resulting dry precursor composition before or after drying at
temperatures of from 250 to 600°C to give the desired catalyst geometry.

Preference is given to the multimetal oxide compositions VI in which the preformed

35  solid starting composition 1 is incorporated into an aqueous starting composition 2 at a
temperature of < 70°C. A detailed description of the preparation of multimetal oxide Vi
catalysts is contained, for example, in EP-A 668104, DE-A 19736105,
DE-A 10046928, DE-A 19740493 and DE-A 19528646.



20 A 1973610% %qg Jéavi ng an active conposition fraction of 20% by wei ght
applied to t E>%3%bvenentioned 7 mmx 3 nm x 4 nm support. The catal ysts
reconmended above for the second reaction stage are also suitable for two
reacti on stages when everyt hi ng is ret ai ngd except the support geonetry
which is 25 chan edt05 mm (external dianmeter x |length x

i nternal di alhfipéegard tarthe %Ppgn@?ératm?rﬂi‘ég‘%j@ﬁ?ﬁtBﬁéfd“tE%ﬁ{a'aqxé‘i? INecatpd¥sis i n t he

second reactapmyB:ttagmu!trmetbieoxndeo\lflmaﬁlysme correspondi ng unsupported cat al yst
rings. It is essential to the invention that the fixed catalyst bed 1

consists of at least two 30 spatjall ccessive fixed t st bed zones
and the vol uﬁ@%ée‘tqql%nggmq@t%l%cpﬁfl siges i’f efatalysty 9@3 % SAustihed
subst ant i@l | ¢ acothesant DEAd1981628 b s pasihaapalyeiempidre efbodimatits atittos of t he

reaction gas &oﬁﬁémwh ?égaFchﬂ% thé SRsdir %édrﬁ’érhﬁ’&%s s %R s@ﬁ&?w&}e bed zone

t o anot her f| xed catal yst” bed zone. 3% The vol une-speci f normal i zed
to the unit of the particular bed volune) activity of a fixed bed catal yst
zone can t heRoitbe dggdicatalgstdedr2 ofiiee piocess aoalinsto thethveoloe, partiularly

s gf;lt 32{ b al |y iGBRSdMstBRNRE c@%te@tcﬁfaws&%’i; (es:_f%fférﬁorﬁé’@ W@Nég?%%gi,gﬁgg&fg e
maxi mum '@c hgﬁiﬁ' é' 818 r&ﬁémg\ﬂ&& Qﬁ”(’:ﬁ{i%@tﬂﬁ? )Dé\hcfmﬁé?rgé AR 8Eﬂal uting it
in the parti G@thIﬁqnﬁE&ﬂ:tlmofc%?t"/ébywimanianeawqthlcls‘!h@sexﬂ ZBQdW&G(Wéqﬁed
fll | ;Jﬁnt hb?dI e&)alymmp%aame Bf%éﬂa%zofbkm@baém s@kdmﬁma@rt ly wi tﬂ r ﬁgar d
0 e heter e ze rtra S e I er
the propor 1 B AURERathadn R TBA 0t Eanel el or bioR Bl vy, JS ooid
conposi tion aaialy&tatcréempla%ﬂltcwﬁtfrpm PF s 6911521 Dut enwall the/ahayemeptionsde bed.
Useful  mmt eebabs chtalssyeithe BeEdndsbagRe stidelppliedRHPBoRFiRgY dS\‘g%roh'l’é@rlym e all

of those whi ??nd'ﬁl S rgms)?hmkvenﬁalsolﬂm%s f?ﬂtgﬁ'\” ﬁ\lterfwé)l d|§rﬁ) Eﬁq'uag‘?lé%nyaﬂ e

sui tabl e acco Ion s i nc
exanpl e, por BQIQPQﬁ'“%‘dFﬂ%?'beSZ% Onweight xasad on th%wqr%lbwm%moa@f tftemnaiqﬂn
di oxi de, zi r estalystn ahdexdoie costed catalysOavingdebiphadid sative sompesitieisof nagnesi um

silicate or 'H#é’f?( |.i cat t gat ove (e.g.
10 Steatite % %% M 9 ‘%g*) d?‘ﬁ""% 5 d)"t)P ﬂJ&QSXrﬁH‘E@&ri?Hg% BE di | uent
bodi es nd§y if 1@?3@@%@ ﬂ?é"”@sa%'i*’? é@lmp‘PSr\t'O'UﬁFé'P"\%?Qfé byt ﬁﬁgﬂ'edfteﬁhe
exanpl e, be apherestionsal ¥goms 3 ik dmeysippdar s or el se rings. According to
the invention, the inert shaped diluent bodies selected will preferably be
15 t hose Wnose geonetry corresponds to that of the shaped catal yst bodies to
be diluted W® ﬁat{a%ﬁ]rem?mqqigaqo(ge{q{éh? BRROndireRetion st498 a5R9'8A SHRRRIO when

t he chem cal twxomrsaotidrt stagesofhdnheverdiaitg wseretaimguiosice ptdthe sggsbridpesnatgtwhiar iy over

the entige fl:ﬁ‘é%g g% §'n¥rﬁtx é’ﬁﬁﬁjn 711 érﬂmo(fe%F a?@naﬂ%"t % le tBhQH@Fhaq Bf%rr?e‘férh ve

COI'TpOSItI on us cata ca m Xt ur e’ of

i sha

different mullf¢ f?élﬂtglﬂ l‘}"gg Wﬁ?g‘%?ﬂb& $08° YRt %Swndrf%afé'ﬁa stgae ip K same
m xt ur e t henfdnasoftie d:mrssperwlrﬁgmnajlpboﬂ;dstaq:malyﬂam@ayst bodi es of the fixed
catal yst bed 1.

It is essential to the invention that the fixed catalyst bed 1 consists of at ieast two

30 spatially successive fixed catalyst bed zones, and the volume-specific activity within

one fixed catalyst bed zone is substantially constant and increases sharply in the flow

direction of the reaction gas mixture 1 at the transition from one fixed catalyst bed zone

to another fixed catalyst bed zone.

35 The volume-specific (i.e. normalized to the unit of the particular bed volume) activity of
a fixed bed catalyst zone can then be adjusted over the fixed catalyst bed zone in a
substantially constant manner by starting from a basic amount of shaped catalyst
bodies prepared in a uniform manner (their bed corresponds to the maximum
achievable volume-specific activity) and homogeneously diluting it in the particular fixed

40 catalyst bed zone with shaped bodies (shaped diluent bodies) which behave



A vol urre-speé'gf ig _a/cti vity increasing zone by zone over the fixed catal yst
bed in the 5498y direction of the reaction gas mxture 1 can therefore be
achieved for the process according to the invention in a sinple manner, for
exanpl e, by beginning the bed in a firstpdixed catalyst bed zone with a

hi gh proportion of inert shgped ﬂil ent bodi es based on one type of shaped
catal yst bodf¥Stantialy 'PEK WIBJIEIAL Lg}?irheteﬁfP%%lﬁoPﬁléﬂﬁa@fyz§1’|&B@'é' g%ﬁ MM#E/t bodi es
zone by zoneoxidaticheTld bighel the ptaportion3 shispeevadiventsbaitsaeelpctah e lescagase i n
the 1 hi cknescfoq ol céld)er sEimy Se R i SLfait SRR, fao Meh T o e
by zone. at - CORETMISLRGAAS SRS SHery BodaN AP AT BRPEAI Siose WATRA  ehaped
cat al yst Hodsuimble asrsuppait xtateral fofr coatet edtatyatsadujtable deaarding to e iswamdiogeonet ry
but 35 having different proportions by weight of the active conposition by

i ncreasing t ed catal yst bodi es havi her active

e roportion of sh  hi _
conpos 1 on DartbERER Tt el RotydR b seraiia a0 Het f MTRRSLE AL ABHES | ons
thensel ves caificdnedioiidau thatiurmdioxide, airaersemafioxideh siliaon carbide osifyatdstsuch as
preparation Pygnéiim XeaRIof alunish BRERE ioPthd di€athe afbddyirhdilioRBd Shdval @? uch as
har d-fi r%j SHEI fa¢ag§8t he dr%/ﬂ_m{ture of starting conpounds to be 0
cal ci ned!? Di PrREFENT ARte8FTERY uti ng material added | ead autonatically to
different PF 54387 23 activities. The nore diluting material is added, the

| ower the reswé bédHetACsfi stk Yhevt dhap&@dilnt Bbdidd Rby &f prafelpl£ad agbisdrdaein
achi eved, for a res of un tal.xsts and
"

X le, in the case of m xtu supported ¢

of conted caPlEy PGS ey ey PLERTRE Lt iels. ot o Hy BGETS 8F Sha i o

m Xi ng rati oAFEPIARG ipivedprention thaainge shaped dijueat basties seladied witllceferadpyersi f i ¢
act i vi t yiganthbs@wsosdge@ndthestebspyndshe thiof e shaped ¥athlysiesuiRisito @8 dnaetng

di fferent begiﬂql sities (for exanple, in the case of unsupported catalysts
havi ng i dentical active conpositions of the different geonetries). It wll
be appreciated that the variants described can also be used in conbination.
10 It is of gotorsiag & e ipeddomlids bovartayasux whes sheofheddita lcysibssitievofitge

chem cal ly di r act | g&g’gﬁ I, : hese

di fferent co?r%@gict% ﬁ%ﬁg'?&\lﬁ]%@ng I ? *’%a'?gﬂ?r tggt% m%ﬁxgg%&c%ﬁgﬁﬁ%&fﬁg}gg‘e(}:at al yst
bed 1. TH&seWRids: %'FQ%’QW FGUVE GPRPOTURTEUIHF for piaglesbaned cagvstpoghsan be a
conposi ti on addrerof Hiffeddnt oiuktithetaltdxidds fcbeipasihg drenelamsnte Mg, Ferdnd B htapadme

di | uent bodi g@afur%graég‘f)ﬁésr B RRF A aldPupSd 5?@%t@ad¥e@%fiﬂé%@d%§faﬂ)€¥§érd hed 1

may be di spo consisting exclusively of ITnert materia exanpl e
only shaped diluent bodies) (in this docunment, they are not included for

t erm nol ogy Auwcphosespecifictastvifyiixardasiag zdnesty doed oler theifined cathigyt teanih ghen no
shaped be4i e el eh i | n; O I (eTpraTe LYy . shaped
di | uent g%di g"s‘»ﬁ'r_ﬂ'°? %‘!ﬁ}egéétﬁgﬁa @I‘Brggtﬁt:é;ﬁcﬂ?{/h'g}’eﬁ%rg sanesé%(.ggr@gtthezggs?ﬁe
shaped cat al 98T Bo8HoEe INERtSHE-RIMPIeBEMER 9 SaM Rl BV PEOIBNG/EF bed fea
geonetry of filsefixed catalyst bed zone with a high proportion of inert shaped diluent bodies based

on one type of shaped catalyst bodies, and then reducing this proportion of shaped
diluent bodies zone by zone in the flow direction.

30
However, a zcne by zone increase in the volume-specific activity is also possible, for
example, by increasing the thickness of the active composition layer applied to the
support zone by zone at constant geometry and active composition type of a coated
shaped catalyst body or, in a mixture of coated catalysts having the same geometry but

35 having different proportions by weight of the active composition by increasing the
proportion of shaped catalyst bodies having higher active composition content zone by
zone. Alternatively, the active compositions themselves can be diluted in the course of
the active composition preparation by, for example, incorporating inert, diluting
materials such as hard-fired silica into the dry mixture of starting compounds to be

40 calcined. Different amounts of diluting material added lead automatically to different



shaped di | ue Iglgsgg es used for the inert bed my also be different to the
abovenent i oned nmetry of the shaped catal yst bodies (for exanple,
spherical instead of annular). 25 Frequently, the shaped bodi es used for
such inert beds have the annular geonmetryz/ mmx 7 nmx 4 mm (external

di ameter x Ien nt er n di aneter) or the spherical geo having a
di aneter d =% 't{'e% rﬂ‘?‘nmq{&?ﬂﬁﬁ’%’ﬂﬁ@”@d%égd% mloﬁeg Wetr%‘W§iy xﬁ@@ordl ng
t o t he i nvensimdar efiept Ginssehe athdevead, fdnexamplet inbbel saseAn oukidresgf tuostipertdo

| nventi on. | datkigsi8dka sl QGRRIEINAY (MR BEntBIRIUE LU BodAN b vaRing the
terrper ature zon ree

e e e L B o D efe Al RyBEaddr e dudnd SbeiitrdBicoan,
necessaridy dsvee éd’"@‘gﬁdﬂmtheﬂJéﬁpé‘Fﬁ@'Mﬁ?té}e@m@é@ﬁ hagiog siiftéirery bed densitiengfent i on,

IC g I f g:g t In géuaa{phe/ .@dn\éadatsa@e@m@pwm éagﬁyﬁgfhbﬁlﬁg fdeneéh! Gefival db?ﬁpos%x?nf@?ee
| U
Foxen oot ar e BisTer SBRmkEs) 1Syl B BARECHRL N AThs TR ARaRe Farkhisd PR o

from one fi xespddacamPisatisied zone to another fixed catal yst bed zone (in the
flow direction of the reaction gas mxture 1) of the fixed 40 catal yst bed

1, the vglu S i t ition (i .o . | timetal
oE Snagy by s Galik b Sg's’eggrggiﬂnh”reéé’gn?tgfyﬁtts?%"mﬁ Bl %éﬁgﬁ?mrune)
shoul d (in ta:fé!vgag@pmltlonﬁrﬁrﬂoaﬁa&@ﬂsaﬂ@ee@ﬁdbﬁe&a djfrfrer@vteqommémem ihewingi xed
catal yst beddifidreatyainitiag fRotsd fxedicac\wabed byTraése|rﬁﬁt‘élt'es5r9(Q)bM tue gdfﬁe by

preferably bﬁ'on%t b‘%ﬁé‘ﬁe&i 19{%&%’0 sﬁtgﬁ a%m' Be %FL]B]L& %p 'dﬂferefgﬁ 2mo H s irlet he

case of unifo I és over catalyst 5 bed
1). In gener%apegﬁihéeritﬁ@?'é&se |n the process according to the invention wll
not be m™re than 50% by wei ght, usually not nore than 40% by wei ght.

According toubliand SRS ddherkiin'of eRaR calanaTbPT MY d&aaeagai ti on over

the entire fi erence ecifi

active conpo%‘?”tsiSB'ﬁg 8¥°t‘f5}‘|‘@ bi ?@d%‘?ﬁ matenial der examrEovEy SWﬂr@“?m@OP@ﬁk@ this
vol une- speci docureent,itve vt are aotlintlded fo:eeinmaﬂoyympdsed nztbuaéaxbdmatagsitﬂmi 1,0

hi ghest vol Uﬁﬁce'stﬂ%%r‘utgm%téh‘égéd’bébgﬁ::mﬁ'h%?e F}Rﬁtn mro% atch@é‘cégﬁ 'ght,

preferab# n re tg g ene not nore t %
heignt - 1%t He Frvedslien: badas iged to" fiwinsinbed crohe: 2l & SPPRAEOREINUBI e bed 1
wi | | frequensiaped catsiyst bodiés waedyin thedfixed xathlyshbed §stiovsmar,2begeométby #ictber di ng

to the '”Venéﬂa%@d dﬂlﬁé?‘ft%&@’@Qﬁsécffog’tﬁéQHeﬁ Bed PRy laRdind dh?fé‘r@ntct%ttﬁé yst bed zone of
the fixed c ion of e react S mxture

1 bei ng undi V@é‘ent'?r}?d&eﬁ tr\xﬁf&e Sg]ape‘%);;%%@?tat?ﬂcﬁﬁ c(%fﬁseix@?"glee%@'ledg?vel y of

shaped cat al ipsteatdotlamsilar).f required, it may al so consist of a bed of shaped
cat al ystododi es whose vol une- speci fi c acti vi ty is 20 reduced, for exanple

oo Sonsr S GeMBERS TRt bl 0 LR e e S P oty oot o
7 mm x 7. mm x 4 mm (external diameter x length x internal diameter) or the spherical
geometry having a diameter d = 4 — 5 mm. Temperature zones A and B in the process
according to the invention may aiso extend to the inert beds. According to the

30 invention, it is advantageous when neither temperature zone A nor temperature zone B
covers more than three fixed catalyst bed zones (according to the invention, at least
one fixed catalyst bed zone is necessarily covered by both temperature zones).

According to the invention, it is particularly advantageous when the entire fixed catalyst
35 bed comprises not more than five, advantageously not more than four or three fixed
catalyst bed zones.

According to the invention, at the transition from one fixed catalyst bed zone to another
fixed catalyst bed zone (in the flow direction of the reaction gas mixture 1) of the fixed
40 catalyst bed 1, the volume-specific active composition (i.e. the weight of the multimetal



general ly ad¥ gtgg;ous according to the invention (as is quite generally the
case in the E 8e%%s according to the invention) when the fixed catal yst bed
zone having the 25 highest volume-specific activity does not extend into
tenperature zone A (in particular when tdye heating is effected in
tenperature zone A and tenperature zone B b | owi ng heat

' : nmeans of a f

carrier whi cPHX#§2ENEFOTRFIPT BlRSENMN HﬁHﬂ'fQF%GF? dRuME) sherdd FatherGash ofas
m xture). | nuofdneractiar csnpdsitenfaveetthe eatia fixet chtatyszbek1 hadvanggedissiy ower
cat ol yst bed aad Bh et B kb B R e P g
ond end i n BAROIAI0IMS R HfermLshanag BoteE! bastis ot s LGB IetAS
transition fbehi) éngeneatithe inangseAntte peopes aicardngziortbe Byentithion!l nhiedd i xed
catal yst bedmbrLMHARIE8YSHYONeIG tsidNl A6t thbleaflal 30A BiSteiQRIAZNE@RG td thel S
general Iy equal | ad\{ﬁnt agequs. . accor di r&g toﬂhhe Lyent i.on .\Aéwﬁen tlhet fldx1ed
cat al yst bed'nﬁgmégn'g 2T HRECT AP COBPERECL pY it & B2 XS (RIS e Aot
extend into therdifarenagrie theoyrlumerspegifidrajive sompasieandsf therfixashgrdalystbed zoome B,
it-e- hats i t shihged t’é@”é\ﬂea@%l@ﬁfé-éﬂé@iﬁcbétWﬂ?iﬁth@rﬂsﬁﬁe@@aia@j@&é@kéﬁ&h%hé toA

enperat yre zonpe i.n particul ar e .heating.i erature zone
and terrpg[ﬁ at 6'95%238'&'”]?’%)%%&'?%}&@3&“%@3r?&asgr{?t E? more ﬁ]ag\?ﬁorégﬁggtgtngar rier which
in each casepfefesally nat moigrthan édtrarweighs, antbgenesallyinrohmgasthao 3afaduwelht. | n
ot her words, the fixed catalyst bed zone having the second hi ghest vol unme PF

54387 25 specifi Lvity wWlh n e I ature.zone
A and Comper il BfocB adgshdioia e DA SN B T ML HETRAL Ry
fixed catal ystomevofsgedsatalyst bad gesral |y 5 advant ageous in accordance with
the invemsi on when the fixed catal yst bed zone having the third hi ghest

vol ume- speci KE&aréﬁE& kélihEXn@ﬁEi&?%efQ%Qe iis”éé&’e&t%’?ﬁ@fa@% S c%%&%t chg 0% S thé
t enperature zone I n particular when tenperature zone and 1 enperature
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activity within the fixed catalyst bed 1 extends into tenperature zone A

15 General | yywrch@nd flddenaips 6kd i1¢coﬁ§%ﬂ's‘6fwl¥][ﬂg§ 2%‘&1%5% tiet&En&Lit3d yst bed

zones of a fixed catalyst bed 1 can be di tiated experipentally in a
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of a flowing heat carrier which in each case flows in countercurrent to the reaction gas

mixture). In other words, the fixed catalyst bed zone having the lower volume-specific

activity will extend into temperature zone B and the fixed catalyst bed zone having the

30  higher volume-specific activity will begin and end in temperature zone B (i.e. have its
beginning beyond the transition from temperature zone A to temperature zone B).

When the fixed catalyst bed 1 consists of only three fixed catalyst bed zones, it is
generally equally advantageous according to the invention when the fixed catalyst bed

35 zone having the higher volume-specific activity does not extend into temperature zone
A but begins and ends in temperature zone B, i.e. has its beginning beyond the
transition from temperature zone A to temperature zone B (in particular when the
heating in temperature zone A and temperature zone B is effected by means of a
flowing heat carrier which in each case flows in countercurrent to the reaction gas

40  mixture). In other words, the fixed catalyst bed zone having the second highest volume-



vol une- spe0|f|c gﬁlvity. Wien the total length of the fixed catal yst bed |
is L, it isP ageous in accordance 25 with the invention if there is
no transition from one fixed catal yst bed zone to another fixed catal yst bed
zone within the region of X L' 4 or witgyn the region of X 100 L' 100
or within the region of X L' 12 where X is the locatiogon (the position)
within the $RSEEG aéaw@n%ﬂomyfxwdtbﬁ@ PICAREPETAYHE ZPBF T BRPBTREGHES zone A
to tenperatueenez®ne B. 30 Preference is given in accordance with the
invention to the fixed catalyst bed 1 in the process according to the
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i amet er r o applies en, instead of inert shape il uent
bodi es, shape(gu@%gS Sgﬁ& g%tﬁg?'yst bodi es are used whose active conposition
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fixed catalyst bed zone within the region of X' + L’ ﬁor within the region of X'+

3 2
L I or within the region of X'+ L’ 06 where X is the location (the position) within

the fixed catalyst bed 1 of the transition from temperature zone A to temperature
zone B.

30
Preference is given in accordance with the invention to the fixed catalyst bed 1 in the
process according to the invention being structured as follows in the flow direction of
the reaction gas mixture.

35 First, to a length of from 10 to 60%, preferably from 10 to 50%, more preferably from 20
to 40% and most preferably from 25 to 35% (i.e., for example, to a length of from 0.70
to 1.50 m, preferably from 0.90 to 1.20 m), each of the total length of the fixed catalyst
bed 1, a homogeneous mixture of shaped catalyst bodies and shaped diluent bodies
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coated catal ysts suitable according to the invention. Useful such materials
i ncl ude, for exanple, porous or nonporous alum num oxides, silicon dioxide,
thoriurn di oXxheeforgsaiccand appigs swiedeinstert otioart shafxcodiuest badist elsapedaivated 15
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Shaped Pl uelAven fisndBe ARGYEicamBPRHE G Bt DY SRRdralach oty BPIRDARES ot hey
may, for exathsand déhesinedraatalysboegdons, solid cylinders or else rings. 20
According to the invention, the inert shaped diluent bodies selected wll

preferably b t hos 0S onetry corresponds to that 6 of the shaped
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According to the invention, the fixed catalyst bed zone having the lower volume-specific
activity in the aforementioned fixed catalyst bed 1 then advantageously extends for
30 from 5 to 20%, frequently from 5 to 15%, of its length into temperature zone B.

According to the invention, temperature zone A also advantageously extends to a
preliminary bed of inert material which is optionally used for fixed catalyst bed 1.

35 ltis also essential to the invention that the fixed catalyst bed 2 consists of at least two
spatially successive fixed catalyst bed zones, and the volume-specific activity within
one fixed catalyst bed zone is substantially constant and increases sharply in the flow
direction of the reaction gas mixture at the transition from one fixed catalyst bed zone
to another fixed catalyst bed zona.

40



m xture of different multinetal oxides conprising the elenents Mo and V, the

sanme i xt urBF #4887 has to be used for all shaped catal yst bodi es of the

fixed catalyst bed 2. 30 A volune-specific activity increasing zone by zone

over the fixed catalyst bed 2 in the fl direction of the reaction gas

m xture 2 can therefore be achieved for the process according to the
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di | uent bodi gscordig td B8 MALHM Nt ifl admtdRa0s aheh iR dHexfch eahpbyGdn drake 2 may
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30 A volume-specific activity increasing zone by zone over the fixed catalyst bed 2 in the
flow direction of the reaction gas mixture 2 can therefore be achieved for the process
according to the invention in a simple manner, for example, by beginning the bed in a
first fixed catalyst bed zone with a high proportion of inert shaped diluent bodies based
on one type of shaped catalyst bodies, and then reducing this proportion of shaped

35 diluent bodies zone by zone in the flow direction.

However, a zone by zone increase in the volume-specific activity is also possible, for
example, by increasing the thickness of the active composition layer applied to the
support zone by zone at constant geometry and active composition type of a coated

40 shaped catalyst body or, in a mixture of coated catalysts having the same geometry but



shaped cat al st bod| es used in the fixed catal yst bed. However, the geonetry
of the shapa/ gd°#87uent bodi es used for the inert bed may al so be di fferent
to the abovenenti oned geonetry of the shaped catal yst bodies (for exanple,
spherical 30 instead of annular). Frequegtly, the shaped bodies used for
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increase;gn the process according to the invention will not be nore than

50% by wei g nat 40% . ord
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abovementioned geometry of the shaped catalyst bodies (for example, spherical
30 instead of annular).

Frequently, the shaped bodies used for such inert beds have the annular geometry

7 mm x 7 mm x 4 mm (external diameter x iength = internal diameter) or the spherical

geometry having a diameter d = 4 — 5 mm. Temperature zones C and D in the process
35 according to the invention may also extend to the inert beds. According to the

invention, it is advantageous when neither temperature zone C nor temperature zone D

covers more than three fixed catalyst bed zones (according to the invention, at least

one fixed catalyst bed zone is necessarily covered by both temperature zones).
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hi gher 981 ulfbthe pEraess EC%?'PQ/? ¢ fpe "Q@”Wfbr\hq‘?‘?@dt@ltaéYStpéﬂétvﬂ" FAUEREY PPN

cat al yst bedoPRonigtwcXixedicatadyshdedindrdegeous i n accordance wth the invention
if there is no transition fromone fixed catal yst bed zone to another fixed
catal yst bed_ zon

100155 o AFEHARYthBenaiAnERn Greience & Svetahe ot Bcatanst Bed ginq e
posi tion) wi fikedcatd@gh be6@ in the flow direction of the reaction gas mixture being undiluted. In
25  other words, it preferably consists exclusively of shaped catalyst bodies. If required, it
may also consist of a bed of shaped catalyst bodies whose volume-specific activity is
reduced, for example by dilution with inert material, for example by 10%. When the
fixed catalyst bed 2 consists of only two fixed catalyst bed zones, it is generally
advantageous according to the invention {as is quite generally the case in the process
30 according to the invention) when the fixed catalyst bed zone having the highest
volume-specific activity extends into temperature zone C (in particular when the
heating is effected in temperature zone C and temperature zone D by means of a
flowing heat carrier which in each case flows in countercurrent to the reaction gas
mixture).
35
When the fixed catalyst bed 2 consists of only three fixed catalyst bed zones, it is
generally equally advantageous according to the invention when the fixed catalyst bed
zone having the highest volume-specific activity extends into temperature zone C
{especially when temperature zone C and temperature zone D are heated by means of



the fixed ca}ag%y@é bed zone 2 of the transition fromtenperature zone Cto
t'enperature fie D. Preference is given in accordance with the invention
to the fixed catalyst bed 2 in the process according to the invention being
structured as follows in the flow directi of the reaction gas m xture. 35
First, to a length of from10 to 60% preferably from10 to 50% nore
preferably fAIRVPY Ne@bcaroes Witeh irachsase Bewhincoppigrsurmsnt 19 thgogactiongas f or
exanple, to aittelegth of from0.70 to 1.50 m preferably fromO0.90 to 1.20
m, each of the total length of the fixed catalyst PF 54387 31 bed 2, a
honbgeneous m xture _or two (having decreasing dilution) successive
honpgeneous WWJP%EX%C%?{&%QW cdeapistsiof futilised efalvatrhedeeras U SENHalN es
(bot h pr&f enaldnyagzaus mgacotuzhag hita tHeyintdreios amengisofietdroatalyst bewtabod t he
proportion o bb h2SedeSifi Vi = Ik L ctive
conposition, B%iﬁ%g%g;r? Cgh({)glgﬂéSStggﬁsﬁqegmégg I ﬁ%? fesnﬁgﬁgféﬂttgt z%%ﬁ{;%gl&ﬁ has
been reducedCANHPGHETBERESERDY U“\/@"Qjﬁ‘@“ﬁ‘?@ﬁ%’!"%ﬁ?&r? MR 960 45% by

wei ght and meEmepgpatefeczamiel [y afer matekbbyt medioftay/flowiey gédt.cakee ehdihrig etch tdse

invention, tRiss i doshtePluricResand rdattiod Wes & are then advantageously
fol | oned éo t esgnd ofe t”rr\e Fength ofiotﬁge)sflxe )catal yst bed 2 (i.e., for

exanple, 'to a length of from2.00 to 3.00 m preferably from2.50 to 3.00 m
by either a kithbeds®bf t¢dverretidipacbfceaciby gas baduresanditeat eatriensliy tentpegatsta ght er

A e csonaazyes! Qnd Of Aimdybe fivah@Beds il acttade Vit inB nvefihia it Heh@UR0! V.
Doen e ca o Bt sy Hattns i P TS RO T oD TYaBest YISt S  when
t he shaped cattaiity doepodicetenddrid témperatire £oneed, mdtrathgsenibbas & beginningt ed

cat al yst 151 Nggyid thOBERSHISHATSH YerhperBIURS Bshel(d b Rl &tiedone P t hose which are
listed in this docunment as preferred). For the purposes of the

af orenenti oned structuring, both the shaped catal yst bodies or their support
rings and t hbe sblapectpecific eativith batwesnitwo fiked atalysidedazooes dithy theofitelde

et Lon, < estenst s 2 oy itelhialel SpaRAIRAI I & STVE e by gkt o nal
| X Xl | . V | |

chareter x| e0gL kil Shaeloy GhTE Sl e R Bl PEL oo,
ar e usedZ2@hosemadargtebd@agbserespendioatethe dogpositan 2f the peBwley fixagesai@vstl ower
than the act by@zemyma idediicdt ©0URTHry B5ndithms $paresblg arl @AdRBhabMAE bodi es  at

the end of t ' t . A pu Lnert ri. al d, wh

| engt h, basegg'g%}n?ﬁge{%%g%%?gfh %ﬁi’%“e??’?é’af?%‘gzﬂ%&f%}%? C%’E\% ,diﬂ'csal?egsd hgr??gz%éousl y
from5 to 209y@ReParifiGagivdreeds the fixed catal yst bed 2 in the flow
direction of the reaction gas mxture. It normally serves the purpose of
heating Ege When the total length of the fixed catalyst bed 2 is L?, it is advantageous in accordance

with the invention if there is no transition from one fixed catalyst bed zone to another

fixed catalyst bed zone within the region of X £ L* 00 or within the region of X? +

3 . 2 . . . .
L2 00 or within the region of X? % L2 00 where X is the location (the position) within

the fixed catalyst bed zone 2 of the transition from temperature zone C to temperature
30 zoneD.

Preference is given in accordance with the invention to the fixed catalyst bed 2 in the
process according to the invention being structured as follows in the flow direction of
the reaction gas mixture.

35
First, to a length of from 10 to 60%, preferably from 10 to 50%, more preferably from 20
to 40% and most preferably from 25 to 35% (i.e., for example, to a length of from 0.70
to 1.50 m, preferably from 0.90 to 1.20 m), each of the total length of the fixed catalyst



reaction gas m xture. 30 It is advantageous in accordance with the invention
i f terrperatur't:a 54887 C (which al so advant ageously extends in accordance with
the invention to the prelimnary bed of inert material) in the
abovenentioned fixed catal yst bed 2 extends for from5 to 20% frequently
from5 to 15% of its length to the |ast (volune-specifically nost active)
fi xed 35 catk@dta hpsgogesgeuomixtuie of fwedhariag degreasine dilgtidnhsuydeessiveow di rect i on

of the reacthdhodiasoudinikures oPshapdd aatafeYBRlG0ARUSH BB amﬁenft bede& both
appl i cation &?ﬁ%bl)ﬁﬁayﬁfg\ﬁbégﬁ?al t%%tsa%gﬁ%%hw%?rftmgﬁcmhee pErBB%rP% ﬁﬁw Pedact or

according to Ventd omrs ear e
40 as descr i #ikignt hostesds sugn Bat tha vorME-apegifig 3okre cogrsiips, based POSOBhnd
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accor ding t Cefe h]rﬁolé Qé_{%”édg@%‘off dh Qtdb% 3"6Urﬂsprﬁ%e’?at§;\x ﬁﬁ%'ig@d 340 gﬁre e

fixed cataly in “accord I nven 055|bly

wi th dowtkt r%%ﬂﬁféh@ﬁ'aﬁpea@w\@éhpqhﬁ%rchlutl?éd@)y to jasslighteperdert th@ntlm@erfﬁtaqr it ubes
of a tube buindliest heagsrids) arnthdsweresdrably adr Una%e@ﬁb@ii@dibé@ohﬂ@%bmg sHESEA,

general 1y salballBldSes A rond Ut auah higrstal, tubes.  The tube

articular sa ¥ epresents ateng%erature
zone in accm%éfﬁ@"%tlpﬁeq arPlieR nepAMiGHar Whﬁndbﬁé?aﬁﬁé’r@@yﬁt Roding usgchip|t

manner, for geangalsyst Bed 3akd chraddichalybaings af ooened tcétatystsmtetessmrmarndmzrt ubes
(tenper aié" eth%?é‘%hﬁ?w a}é‘né%‘d fh'lws%%%é‘ﬁ ds} Qﬁégg@t kg? hé @ag%%g} bele(On single

pass) achi eved, and
a salt bath §0fqnaﬁn§'oa¢cbﬁﬁa=ﬂtrwa %@Bﬁh%wa@fedtcﬁ@'wh%%es ?Trta%ibﬁlmﬂﬁ’”z'tﬁ‘ﬂé apy in
whi ch the prmpshepedsdumebsmmnh Itr)e procekat dceetdihgtto miveint@ttioh b stantdilg hapass)

until a convmwng@/im b9 10mal 3 AR A AREX:) SaAC Qe iyl red. Lhe

t enperature zone e use I n accordance w Invention can be
fol | owed by 'FmPf‘?ﬁ)er reacti on zones which are mai ntained at individual
tenperat2des). 20 It is advantageous from an application point of viewif

the first r eﬁ?éé%eﬁ%eﬁﬂ&we%fa@d“?prphgﬁ %Sﬁﬁnﬁt@%@&ﬂhﬁ@sﬁ%&*@ %rﬂ‘b@%&soéhdp%' udes

no further t errper ature zon
advant ageoust3Ated eRlalysiaodied arhesecbwiossracre seraPRSHARCONtENhF fiam 29 dpery i s
subsequent | yweighiddaiventabry thecanties bedpémﬂmrsctdmgérﬁopme&hap@ taated catalystotdies 25

val ue of ? 9;9t L6 oPthe T c?gatggét%? >_ 94 mol % or nore. Typically, the
begi nni ng_ of e tenperature z Iles beyond the heating point maxinmum

of tenp ture zone A
A pure inert material bed whose length, based on the length of the fixed catalyst bed 2,

is advantageously from 5 to 20% generally proceeds the fixed catalyst bed 2 in the flow
direction of the reaction gas mixture. It normally serves the purpose of heating the
reaction gas mixture.
30
It is advantageous in accordance with the invention if temperature zone C (which also
advantageously extends in accordance with the invention to the preliminary bed of inert
material) in the abovementioned fixed catalyst bed 2 extends for from 5 to 20%,
frequentiy from 5 to 15%, of its length to the last (volume-specifically most active) fixed
35 catalyst bed zone of the fixed ¢atalyst bed 2 in the flow direction of the reaction gas
mixture 2.

In an advantageous manner from an application point of view, the first reaction stage of
the process according to the invention is carried out in a two-zone tube bundle reactor,
40 as described, for example, in DE-A 19910508, 19948523, 19910506 and 19948241. A



30 Accordin %he invention, both salt baths A, B can be conducted in
cocurrent or | Q,Jountercurrent t hrough the space surroundi ng the reaction
tubes relative to the flow direction of the reaction gas m xture fl ow ng
through the reaction tubes. It will be agpreciated that, in accordance with
the invention, cocurrent flow nmay be applied in terrperature zone A and
count ercurr eﬁ*f?ferﬂegwaf'?ﬂttoéﬁﬁ‘é?'&ﬁ"ﬂﬁ E"bE(?H@d‘B regtonMwhieh Gan keyysedas apgprepnceof t he
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in EP-A B07drécexs dcoofdiighAo Ti@GehtioRF 54387 33 which results overall in a
meandering flow profile of the heat exchange nediumin a |ongitudinal

section through the catal yst tube bundle. Advantageously, the starting
reaction gas A& &S in hesiapIpsideaner 4be fred GrialyS PeAd oHeusedMtion is fed
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advant ageouswords utbe satbath Badwatageossly lows apond ded sectidbohthe tuttes, in prbtch35| um
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such as sodi um SO % fefent netals. In general, in
all of tfe a‘f%‘t’eeﬁ?]géjﬁeé?j ‘?rl> %‘PP &rﬂj Q A f PR® t wo- zone tube bundl e

reactors, the flowrate within the two heat exchange nediumcircuits
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30  According to the invention, both salt baths A, B can be conducted in cocurrent or in
countercurrent through the space surrounding the reaction tubes relative to the flow
direction of the reaction gas mixture flowing through the reaction tubes. It will be
appreciated that, in accordance with the invention, cocurrent flow may be applied in
temperature zone A and countercurrent flow in temperature zone B (or vice versa).

35
In all of the aforementioned cases, it will be appreciated that a transverse flow can be
superimposed on the parallel flow of the salt melt relative to the reaction tubes taking
place within the particular temperature zone, so that the individual reaction zone
corresponds to a tube bundle reactor as described in EP-A 700714 or in EP-A 700883,



result of the exothermcity of the reaction) by fromO to 15C. |In other
viords, the BFafe8fentioned AT may be froml to 10C, or from2 to 8C, or from
3 to 6C, in accordance with the invention. 35 According to the invention,
the entrance tenperature of the heat exchgnge nediuminto tenperature zone
Ais normally in the range from 290 to 380C, preferably in the range from
305 to 365C Weh rsHks pyasalbingmgandering dow nrgfde pf Hmheabexchangsomedium i§ a330C.

Accor di ng t dohdiridinayssttivothrough theeataisetubt bphdigene catal yst vel ocities on
the fixed 40 catalyst bed 1 of ? 90 1 (STP)/1h ands 160 1 (STP)/1,h, the
entrance tenperature of the PF 54387 34 heat exchange nmedi um into
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the prod2kt sgparatienxf theecantrahMintegnal Axes ¢fimmedistaly adiacartt aglalvistiubes(tedit er i ng

into the secgfiglystadsd pifth) BlRHE 35 fb 45l (B Clor aREHNEGE, DM 4gpboyranner, in order
to suppress subSequent conpl ete conmbustion 25 of portions of the acrolein
formed in the first reaction stage. To this end, an aftercooler is arranged

bet ween t he Ysefulrhieat exahange mgdi for thette-zgnerpiednd atasise in hadicurayfluid an

i ndirect tubgefling@RAiNeaE parichaNgsdvantdiebld & ERSReltsl dTQaRd Qfucds Asssiimt ur e
i S gener cted tﬁ t

ly .. cond rough,.t he. tubes and a heat exchange pedi um,is
conduct et ar YIRS Pﬁass“ﬂﬂ]@ Etea%%fj'%y'tﬁtg a&?mﬂ'ﬁ@'l"?d&"@%‘r?@ﬁ%’&%ﬁ\eﬁ‘égt'%eq%iﬁe heat
exchange nedsuth3G sodtiommarord ahd alsoradoyudfalifrrentireetalsact ors. Advant ageousl y,
the tube interior is filled

In general, in all of the aforementioned flow arrangements in the two-zone tube bundle
reactors, the flow rate within the two heat exchange medium circuits required is

30 selected in such a way that the temperature of the heat exchange medium rises from
the entrance into the temperature zone to the exit from the temperature zone (as a
result of the exothermicity of the reaction) by from 0 to 15°C. In other words, the
aforementioned AT may be from 1 to 10°C, or from 2 to 8°C, or from 3 to 6°C, in
accordance with the invention.

35
According to the invention, the entrance temperature of the heat exchange medium into
temperature zone A is normally in the range from 290 to 380°C, preferably in the range
from 305 to 365°C and more preferably in the range from 310 to 340°C or is 330°C.
According to the invention, in the case of propene catalyst velocities on the fixed

40 catalyst bed 1 of 2 80| (STP)/I-h and < 160 | (STP)/I-h, the entrance temperature of the



with inert random_Packi ngs (for exanple spirals of stainless steel, rings of
Steatite, sBﬁél‘"é@ of steatite, etc.). These inprove the heat exchange and
capture any nolybdenumtrioxide sublimng fromthe fixed catal yst bed of
the first reaction stage before its entryyinto the second reaction stage.
It is advant ageous if the aftercooler is 35 manufactured from stainl ess
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gas. Like the reac
reaction st atj*eartﬁﬂgﬁ%éet“@én ﬁ?%@@s@a%k%‘cﬁ’@ﬂe’ﬁg'nttbe ﬁ'ﬁ@"?sﬁ@éﬁ it may bg|ako
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a two-zone te&%&a&*&%&g#%ﬁages Clats é‘héftae%)éhaﬂﬁﬁgfuéé?ﬁrﬂ id Qndubd'drdHa theact i on

stage. The renmarks re
tubes and may be of the type correspondlng to the heat exchange media

30 recommended for the tube bundie reactors. Advantageously, the tube interior is filled
with inert random packings (for example spirals of stainless steel, rings of steatite,
spheres of steatite, etc.). These improve the heat exchange and capture any
molybdenum trioxide subliming from the fixed catalyst bed of the first reaction stage
before its entry into the second reaction stage. It is advantageous if the aftercooler is

35 manufactured from stainless steel coated with zinc silicate primer.

In general, the propene conversion based on single pass in the first reaction stage of
the process according to the invention will be = 82 mol% or 2 94 mol%. According to
the invention, the resulting selectivity in the first reaction stage of acrolein formation



reactor for the first reaction stage therefore also apply to the two-zone
tube bundl e PF848%r for the second reaction stage. 35 In other words, the
fixed catalyst bed 2 (including any inert beds) to be used in accordance
with the invention is disposed in a sinpl,g manner in the netal tubes of a
tube bundl e reactor and two substantially spatially separated heating nedia,
general |y s3dtalspepfacrylig agidyrriaeydign seastird onsindipass wilimsslark&eor ding to
the inventi an92 v lonb@44001%e G oantl\eed5 mbIkE br £ BE nfois peetd7veol3al t bat h
extends represents a tenperature zone. PF 54387 36 In other words, for
exanple, a salt bath C flows around those sections of the tubes

(t enper at ur eSSBS fPripgE BRIECH @ Qerasnapsrited i hedisstiroattion stagrdpeede PSR

si ngl e pdss)air amt ait depleted vemslesulav aitragen (ot dh@mpin geB0Rs byvdbmef 85, nol %

(preferably £ §emMRQcleheody ™l % nore preferably from60 to 85 nmol %, is
achi eved, and a sbgltO bat% 5)flows around the section of the tubes

(tenmperature zone D) in which the acrolein is subsequently oxidatively
converted (dhissidughteggasdonuan eppiattanpantsf erewialael thé patducegest mix@0e wbl % i s

ot t he, | o e b Bl e e e
et o sk 1 G op e Re Tahaae R 240 o Gy A aREHISa S8k cor dance
wi th the i nveixturenf the fitdecactian siaga cat quie Gossiblyt brecogiedodsspactwesiwhght o t he
bat D advant ssoral® t§bRRe SORE LA oo Hagel Rl R e HHeEoIA 1 2% he
B A e o SO R 3B s e Pl iSect i et et
conver si on thalpath effthe-progactigak ygixtore frorg shenfiskieaction Bapentolthe eecord 38aakioh % and
I r equentisv e8de is%@ mo%bq’j}piéﬁjlﬁl,tetﬁeB%cmet@@bbdbrdiﬁ@tﬁ) mggmmi@giscmsd Hatanzed in t
enperature zone e eyon S al.l Nng _Poln maxl mum o enperat ure
zone C. Acco?u&ﬁﬁgwﬁyotlh?ﬁtgeiO%Y/%eﬁ'trF_SW,re"ﬁ%}tILP tglglsgc%rhc{ ’ﬁéct{f’," %a%ea'ﬁ ntS’LaiE%% ucted in
cocurrent orcavareddy At EeATiataly high oxyaam cantent paibe startinoigadiangoasteixiusadt i on
t ﬁbes L elt ﬁt i e rétﬁertthﬁtttﬁé e uired roﬁ;iejnqg a@@é%d iRend ﬁa@«idrit tsumtg@sm@ifa@,t whe sktene ng
roug e | foJols | : nce
wth The. 1 nvieaRieslisd 38Bondaty s padlfore R TARRGR B Heftte, dRba, ot ABOBEAR"C" g

count er cift r e#ftereqolng.iYsefld specas far éhesmalecrar oyaen eeaujred duthe sppond neaghfont he

af orenent i o;mdge:msmse bbth pliré bxyaenapp meirtuassest okwin awotircamgar@rf@eaxfah@w g#an be
superi npose § 0 acti on
t ubes taki ngoro%oé%reé%ggﬁmh@%ﬂ%'ﬂ%b%égr@?gﬁ?@bﬁet g?gé’r%ﬂoﬁémézlg%é? stsﬁﬁ/f Egt t he
i ndi vi dual r@heee shiNZofe @yeeR spgRR s reguiarly agredypmnrassedde thsrreastiafescri bed

i n EP-A 7007drdssure.iinwiEBeAppHBAad thatihie olydesiehliserasrtiimite deaord reaatster i ng

the cat iyt Fbe BaRes: iy e phich B SOl i ARy 1 o1e”
af or enment i ondah PYEER SMIMSTICHLE B tp%g@@ tastiorystage, df required, an inert diluent gas can

of course also be added as a secondary gas.

Like the implementation of the first reaction stage, the second reaction stage of the
30 process according to the invention is also implemented in an advantageous manner
from an application point of view in a two-zone tube bundle reactor, as already
described for the first reaction stage. The remarks regarding two-zone tube bundle
reactor for the first reaction stage therefore also apply to the two-zone tube bundle
reactor for the second reaction stage.
35
In other words, the fixed catalyst bed 2 (including any inert beds) to be used in
accordance with the invention is disposed in a simple manner in the metal tubes of a
tube bundle reactor and two substantially spatially separated heating media, generally
salt melts, are conducted around the metal tubes. According to the invention, the tube
40 section over which the respective salt bath extends represents a temperature zone.



second reactir([_;m g ge are manufactured fromferritic steel and typically
Have a wal | PERfe&hess of from1 to 3 nm Their internal dianeter is
generally from20 to 30 mm frequently from?21 to 26 nm Their length is
advant ageously from3 to 4 m preferably 3g3.5 m In each tenperature zone,
the fixed catal yst bed 2 occupies at |east 60% or at 40 |east 75% or at

| east 90% of the length of the zone. Any remaining length is optionally PF
54387 37 ockuphardvdoys,dor éxaetple, bedhit blhth € sloas waning gesesettiam dtheagapes cat i on

poi nt of vie ,fkp@p r -t&%ﬁ Edat Lot t ube
bundl e vesseq%r%gérf)l{eupgtz,O easlﬁ vgp%jo@éta%:r)&r(ezﬁ %Sra yW%f%Pe st Gi@#gb@le pErgse)quent ly,
the number ofMtarCANYREBIOR YBIE IMPESATRSIER 42t 85 Mo Rreta RN FrorsRte i s from 15
000 to 305 0085 mbithembrermitferabbaitero 6 th 85 imudfed inactimredoanda salt bhty i fidwrbes

above 40 000,44 thedlction @P&ﬁé’%ﬁe@@@h MhiRiZnk 85 iV RERRhe A6 haE al ySt  tubes

are nornal | onogeneous| Istribu S preferably 6 equi di stant adj acent
Fubes par vsbarodally oxgatvely SorivRRSG I YRale R 1Y SR RSREIS 3 lsretr ed
in such a wa§0 tioh is adnieved ireatuired thé termeraterst zcales iOn Detobel usad ésaafordance

i mredi ately ah #eSlentth 8hy BE idiBRES Rwﬂhﬁmer Gt g dtBite 20HRE wWiich& mainthinedn 35 to

45 mm (c EP-B .468290). 10 eful heat exchange nedia are in particular
f1uid heLQi nf '%HS%&%%‘D?@%‘%H cularly advantageous to use nelts of salts
such as potassiumnitrate, potassiumnitrite, sodium nitrite and/or sodium

nitr ate, or Rfs éd%‘éhﬁ@bédéﬁﬁ a%@b&%ﬂ*&h@%@ﬁ%#ﬁh%é&l&nﬁt@d@b othgo al |l oys
of different netal s.

15 In general, .i || of .the abovenentioned flow
ar r angement sprioﬁe‘ct%%ccf)wg‘-gzt%lge Pﬁ%’g'oﬂdrﬁ‘gw@es qnefagtggﬁgmg?r He zg'é%soﬁ‘ﬂoﬁ.'gract i on
stage, the fwowsrhesalibatibadvantageoubiydowerehiaddree septidih oftheitulasi in shicbqui r ed
is sel fecwdt !ri]w'é SRHAEIN & é/hﬂ)_!ecﬁM&%bhi@aﬁ@@ﬁtn@éﬁ'écﬁ(dhfsiﬁd@pi@?b a ?W@EO”F? um
rises from entr g N Lature z oL he, exi rom e
t enperat ure \ﬁ%%%ob?a?&ce?%o&%oé 1%8?%3%586%?"%&5%% %&‘fﬁ'eagq cﬁ?%ﬁ@ IY?%%%d AT may
be from1 toz90@olGrorfatn 2 to 8C, or from3 to 6C, in accordance with the
i nvention. According to the invention, the entrance tenperature of the heat

exchange nedi [0t . r n [ raghly i F from 230
to 320C, re?g{%%lpytﬂ?R%?lﬂﬁﬁé%%ﬁgqﬁé%rr%éu%eférbé]@ A'%BS%Ongrr}géﬂ%?ténagggbzqterabI y in
t he rang&d f r BaigBm eldergeEturazess §ing to the invention, in the case of
acrolein catalyst velocities on the fixed catalyst bed 2 of >_ 70 1

xchange mediiaRang o Ikl oMy S chf IRERMAS Rool dRAREPR | o5

n
to 320C, but CnterpdgTeny #pugh e spasseNTapndigg Jmieagieiisbgs fqlﬁt%{éé%gt%ﬂ%\é Wi th
]Ehe i nvent i odirectio®of the rO4etibo gas thixureZRWirgy theouyA the @acforOiGhan dt will bE, or
requent > : : ; - r t
exchangeéér(red'?ptf%g':t(:al%t'?grtri'<arj1tg[ﬁt9 gﬁ%@%g uJé”g’P tggﬁ”ﬁe\fegﬁ&ﬁ)&%gtgfe&ftﬂ%\}dtngaﬁ]eeéébﬁszgﬁfi on, in

the case of KEWSTENE 3988 IGeAREErGETSE fIow dstepiperatererzone B (R NICaVESR) bed of 2
150 1 (STP)/1h and (generally) < 3001 (STP)/I-h (or 600 I (STP)/I h),

in all of the aforementicned cases, it will be appreciated that a transverse flow can be
superimposed on the parallel flow of the salt melt relative to the reaction tubes taking

30 place within the particutar temperature zone, so that the individual reaction zone
corresponds to a tube bundle reactor as described in EP-A 700714 or in EP-A 700893,
which results overall in a meandering flow profile of the heat exchange medium in a
longitudinal section through the catalyst tube bundle. .

35 Typically, the catalyst tubes in the aforementioned two-zone bundle reactors for the
second reaction stage are manufactured from ferritic steel and typically have a wall
thickness of from 1 to 3 mm. Their internal diameter is generally from 20 to 30 mm,
frequently from 21 to 26 mm. Their length is advantageously from 3 to 4 m, preferably
3.5 m. In each temperature zone, the fixed catalyst bed 2 occupies at least 60%, or at

40 least 75%, or at least 90%, of the length of the zone. Any remaining length is optionally



t he entrancemggn'ger ature of the heat exchange nediuminto tenperature zone D
will 35 Iike 83%%6 in the range from 230 to 320C, but at the sane tine
normal |y, advantageously in accordance with the invention, from? 0Cto <_
40C. or ? 5C and <_ 35C, or 30C, or >_ 1fC and s 25C, or 20C, or 15C, above
the entrance tenperature of the heat exchange nmedi um entering tenperature
zone C. PF seesgpieddy anyingrgbegiltis @agvaniaossne &o apRiEatian ROt oh Kiew fer thRat | f or
an i npl enent airmiosT adatalyst tsibepactonmmeedttecin td age bohdiehespr tchs at lagadr@ling to

he | : i . ; - bundl
the inventio férgbwgte @9@%@@. r:%g the raﬁﬁﬂérfa%%%&h%mca@mifaﬁ%; undl e

éﬁ’tli)' .
reactor t e escr n. -B nc es 0 t of
g 1 Pethg desaion st i TERaAS 5&}2%3%%9 Upg bHBFIETER%08 h2lRe 2puper of

t enper at s e caialgst@®ibesatmve dpd 000 aopusuatipleksephond!. Witbioltde sesset, thegeatalgstt | on gas

m xture 2 Oftu@ega#e%&bﬁﬁllﬁh&ﬁégenléhﬁslyHQﬁib%gﬂtFFef&BBify%céq%'idiééﬁt_ca%jé%hhhﬂgég

i ndi vi dual tenperature.zo | So be ¢ red as, described in -
382008, 1t wPH AL HHEL APa b GerRLieT, 8 Ao teadbsl csiten cuct A& NAInt | on
can al so be tharsepashtiondf the Gehiyal ddednandxeg of iomedietehoatiadenbeatbliysidliees @ect or s

to give a foaganaed pikd) RURHH 85 KEAE bk (cf ap-Bomepbed in WO 01/36364. In
t hese caic?s, théere is normally an inert bed between the fixed catalyst bed

1 and the’'fixed catal yst bed 2. However, such an internediate inert bed may
al so be di sp¥sefuichastt ekchampe mediaark inpartibgar faéd béadingtmdséa 1 i pattiseladyent  of

conbi nati on g@aheReNs D gt MBRYof&aRLSudhst ftRastHM Aitratd) BotaB8iTiNHtriRf sbdiem 15
unconbi ned tuﬁﬁ%?undl e reacto

u dl e r CLOLS, Tple pr olﬁene Snt ecrﬁt J 4t he starti ng

reacti on gas 5?8 i_ LH“PH@ eprof)(cfeg“sV e %Qﬁ‘ieff’g 1O BHEARVENTTEH 88N, for
exanpl e, be also aigysed differenteetalst o 15% by vol une, frequently from5 to 12%
by volunmgs or from5 to 8% by volunme (based in each case on the total 20

vol une) . Fr eﬂwﬁ%téf,’in%ﬁ%f &E%%S?%&ﬁ%ﬂéi!ﬁ% al néé}%eﬁtEYnent;\%'t&p.z%é lub?.%uﬁ%re” ed
out as a propene:. oxygen: 1 nert_gases (i ncludimnhg sStean) volune ratio rn the
starting reateactkors gidbe speondypactionstage; the fiow rgteawithyn the twe heel exchpeger abl vy

1: (1.7 to 2. B]l)edmﬁrﬂcitcmitéféquirédlﬁisgﬁmlteﬂ in s@th a dayltiessie %@%e@e(i)tuﬁehﬁth@héﬂ’fe of tgg
inert gas w LSk : r. I-Qy}ﬁ : or 40%
by vol une O%XCQ%Q@%%T%}E}IU\%EI%&%J%?%#@ /ofI béé)@%ﬁé, %(r?a{u;e §%}? ﬁ'&él%rﬁ% or
80% by vaP unthe temPeglieFoRRPY M &ip 15°G500her verdsnene #Premandofqeat mNs may
consi st of nbé¢ doml Ao 1U°Cr adeom Qitt 8td)ics frAeCUESTC, in Mebidaficé withtheias@gion.
generally refer to those of which |ess than 5% preferably less than 2% is
converted on 30 single pass through the particular reaction stage; in
addition to ﬁfﬁ?%@'ﬂgg?thﬁi"ﬂ‘feﬁ&% ‘he eptgance deraperpiie ghihfheat eghargs 'adiHm-sto
propane, et hngeratetehzne,C jsewntraally, in the mnge fro@E30 t€B20%1, eaafe ety io thewanbe

gases). 5 tR,a05605 %0 attPmbR Eréfe%’-ﬂl??n%é’ra"ﬁ@;%ﬁro% 260 32d0P8" AcdrditgRy 9as
in the process .accaor I'n?[}?tqgé%g\% I nventlon can co l e

consi st of propane. C
gas, as remalfednygntign. i aprosin eailvstuelprities gethe ediratast Brddett gas
35 m xture, =d0|&HER/ bearal <056 (STERYHL, thé ehinancdi tempatatigasf the heat exchange

medium into temperature zone D is likewise in the range from 230 to 320°C, but at the
same time normally, advantageocusly in accordance with the invention, from 2 0°C to
30 =20°Cors10°C, or 2 0°C and = 5°C, or frequently 2 0°C and < 3°C, below the
entrance temperature of the heat exchange medium entering temperature zone C.
According to the invention, in the case of acrolein hourly space velocities on the fixed
catalyst bed of 2 150 { (STP)/I-h and (generally) < 300 |1 (STP)/I-h (or 600 | (STP)/-h),
the entrance temperature of the heat exchange medium into temperature zone D will
35 likewise be in the range from 230 to 320°C, but at the same time normally,
advantageously in accordance with the invention, from 2 0°C to < 40°C, or 2 5°C and
< 35°C, or 30°C, or 2 10°C and < 25°C, or 20°C, or 15°C, above the entrance
temperature of the heat exchange medium entering temperature zone C.



The aforenentigned conposition ranges are applied both in cases of secondary
gas feed anth PA3&%%ases where no secondary gas is fed. PF 54387 39 The
starting reaction gas mxtures 1 which are advantageous according to the
invention are, for exanple, those which age conposed of from6 to 15
(preferably from?7 to 11) % by volume of propene, 5 from4 to 20

(pref er abl y fisdipinged sutirce aoph & Hivivectare hat & anfinpiamentajion of 119 §85P@4 er abl y
from>_ 0 torebtidh diygevef therprontscarnstditgioths imvelen, itiapossileoparse,inwat er ,

oxygen and Uit 098Re tdzHE {ib& bEMtie F@%lc?arwégc%g?ﬁéaght@g zgﬁz @2;86\]5/@%:% gl Sf om

nol ar oxygen present to propene present iS ,

1.6 to 2. 3), nGHEES R RPSHB HAE e me eebs bhea) Breiiase sedraot BraeraidBunt  of
nmol ecul ars ni tanede o teaperaduremona e dh dyeDb-ohtid 39 2eaba cdf stesperieattion das t he
case of hi ghypreReng ARt ALlellAl Thé Al BiskicPhRftdiseS Wihit BR iddii@d catal yst
bed of the particul ar react ;?gn stage, it is reggemreré%ed %ﬁ) gﬁe I nert diluent
gases havi ngAPGFRMYESENF MaY %&b%a%&gpw_asﬁsg SraEAy £68299% i nvention, the
acrolein content in the starting reaction gas mxture 2 can have, for

exanpl e, val ygs K afdr@dmidd it 1rV8rBYed40 cdiRingfth RUIRR At¥n IchR Bsb deal@h O

Frequent1y,  BHESTBBRESMS HAEhin HHE DO InEHU A9 U AT EODE DR e ot A
25 acr ol ei n: reagipgers: desedred in¥Y® 046366 | luthese anses, (Herg BTRymaly asirtt bed t he

starting reagdiyesh t@dkedcifalisebed Phnd iHelfixkd cdtalysPbd P2 A9dwdv3r tsRcBah,
preferably of cji at.ed t hat

1: (1 3): (0.5 t 0):(7 t It )
t he process '5@5'8%%'?{?3”?%b%%g‘ayﬁ%ggﬁ%%#e@égd gﬂtgéﬂl?e'eegbﬂfH}?erS%&%rng@beétman
acr ol ei n: oxytjereverntefgombinatien ¢araspendsininanyl casSTR) the siimiof tige iengtbs of Be: (2. 5

to 3.5)14 10yA@mbied thbe bSndddfrged at this juncture that the nultinetal
oxi de conpositions of DE-A 10261186 are advantageous both for the fixed

catal yst bed 1 and for the fixed 35 catalyst bed 2. Designs of a two-zone
t ube bundl e Feaprogeng epntendn therstarting eractiorngas mpdurefiie heprecesadgaridigdous i n

accordance WhelinleRgor Bare mdriexampai) bbay Galtideoffidin 2 N8 GYRBIUME: Hegler(tiyhe

i 1ty oaerofs BAEbRipdE GRS KRG R Bo88 Rl A o BBl o,
19 279. 22%r YHum@e PCT applications PCT/ EP02114187, PCT/ EP02114188 or
PCT/ EP02114189) :

Frequently, the process according to the invention will be carried out as a
propene:oxygen:inert gases (including steam) volume ratio in the starting reaction gas
mixture 1 of 1:(1.0 to 3.0):(5 to 25), preferably 1:(1.7 to 2.3):(10 to 15). In general, at

25  least 20% of the volume of the inert gas will consist of molecular nitrogen. However,
> 30% by volume, or > 40% by volume, or > 50% by volume, or = 60% by volume, or
> 70% by volume, or = 80% by volume, or = 90% by volume, or = 95% by volume, of
the inert gas may consist of molecular nitrogen (in this document, inert diluent gases
generally refer to those of which less than 5%, preferably less than 2%, is converted on

30 single pass through the particular reaction stage; in addition to molecular nitrogen,
these are, for example, gases such as propane, ethane, methane, pentane, butane,
CO,, CO, steam and/or noble gases). Up to 50 mol%, or up to 75 mol% and more of
the inert diluent gas in the process according to the invention can consist of propane.
Cycle gas, as remains after the removal of the acrylic acid from the product gas

35 mixture, can also be a constituent of the diluent gas.

The aforementioned composition ranges are applied both in cases of secondary gas
feed and in cases where no secondary gas is fed.



Catal yst tub E: 43 material of the catal yst tubes: ferritic steel; dinmensions
of the cat aI% 24 8hes: | ength, for exanple, 3 500 nm external dianeter,
for exanple, 30 mm wall thickness, for exanple, 2 nm 10 nunber of

catal yst tubes in the tube bundl e: for exgple, 30 000, or 28 000, or 32
000, or 34 Q000; in addition up to 10 thermal tubes (as described in EP-A
873 783 and EPE AlaiPa78a¢en)s étHfeér‘ew'&'ﬁ'aﬁ@e@ﬂvaﬁta@ﬁ@%%ﬁ%f%t%ﬁethe

cat al yst t ubeweftiam aiesfprexdmplerahmwimom atel cognfosedof he very outside toward
the inside), for exanple of the same 15 length and wall thickness but having

an external dianeter of, f ex I .4 and a_.centered thernmowel | of
external di a&@?’gereto Wdeeé%aﬁ%f@magP%ﬁ)é’%zymmet hi ckifE&°PERE: for exanple, 1
nmm 20 2551 eé&omot to(Xapeeferablyrical 6 &s12)%e by yblimest tub:é&betercyl i ndrical vessel
of internal ﬂb%@éﬁﬁtﬁﬁﬁggra 1y ForR 9 B78) %8@9&9%Fh00® cBﬁﬁﬁ@éﬁté"?tﬁ@r HhA ”' ess

steel of the type 1.45 l'ati ng thickness ew nm annul arran

tube bundl e, for exanple vmth free central space: diPARRR"Er Waterth¥aseH @
central space: for exanple, 1 000 - 2 500 mm (for exsmgen, 1 200 mm or 1 400
mm or 1 600 nm or 1 800 nm or 2 000 nm or 2 200 nm or 30 2 400 nm;

nor mal | y hormgeneous cat al éStt t ybe gl tch in the tube bundle é qu| di st ant
adj acent 10t uBgECIpR Mgt PYIER ria\ﬁlfh%m I3F F2YR GE MO OFYORPTERRN fpOPaTe PIESSHgI €,
cat al yst t ubé fpirt ¢15 to(2SE(raefatabbrfrarh 1t6hte 2cnamdadheiremneinden umatoeD08F by wotedeat el vy

adj acent cat %#%éttotEPQﬁédnto?ﬁole%@laﬂﬁntrﬂ%%f or exanple 36 nm or 38 nm or 40

nm or 42 nm or he cat al yst es are secured and sealed by their
ends in catalyst tube plates (upper plate and |ower plate each having a

t hi ckness, f as rancampreleddly DH6 10302D15m) and open at their upper ends into
a hood jgsned to the vessel which has an inlet for the starting 40 reaction
gas m xture at n kne for PF

285eT 41" oy EnpfudfRR iRl cRd PhiSh Brdlepk ani S BT Aol s MR RS ST RE P Fh ot or
space syrmet catalyst @ed ofttoe parieulerciepeticatdage. X inresommengpeto usenagrt ditkenB (1 ower

zone); each gggm@tdgrrﬁgﬂm.ﬂcmeadwﬁaa@ into 2 equidistant |ongitudinal
sections by deflecting plates; 5 the deflecting plate preferably has annul ar

geonetry; the catalyst tubes are advantageously secured and sealed at the
separat i ﬁg p}AQt:@dmgﬁ@ghean‘eenﬂgﬂ the egiotedn egtdent in the starting reaction gas mixture 2

can have, for example, values of from 3 to 15% by volume, frequently from 4 to 10% by
volume or from 5 to 8% by volume (based in each case on the total volume).

Frequently, the process according to the invention will be performed at an

25 acrolein:oxygen:steam:inert gas volume ratio (| (STP)) present in the starting reaction
gas mixture 2 of 1:{1 to 3):(0 to 20):(3 to 30), preferably of 1:(1 to 3):(0.5 to 10):(7 to
10).

It will be appreciated that the process according to the invention can also be carried out
30 at an acrolein:oxygen:steam:others volume ratio (I (STP)) of 1:(0.9t0 1.3):(2.5to
3.5).(10to 12).

It is emphasized at this juncture that the multimetal oxide compositions of
DE-A 10261186 are advantageous both for the fixed catalyst bed 1 and for the fixed
35 catalyst bed 2.

Designs of a two-zone tube bundle reactor for the first reaction stage which are
advantageous in accordance with the invention can have the following construction (the
detailed configuration of the construction can be as described in the utility model



seal ed at thg gﬁflecting pl ates, so that the transverse flow rate of the
salt melt withPA38%ne zone is very constant; 10 each zone is provided with
salt nelt as a heat carrier by its own salt punp; the feed of the salt nelt
is, for exanple, below the deflecting plajpe and the withdrawal is, for
exanpl e, above the deflectin |ate; a substreamis, for exanple, renoved
rom bot - saMPIREIONS 207 dgi474 SaRB0L 6PLHA 82025 S7RiArdn terf ohabBISAHRT or
two separ at ePCMHROZLH4 18ERCEECHANGEES o RCEEPOGHASBAt i on); in the first case,
the cooled salt nelt streamis divided, conbined with the particular
residual stregamand pressurized into the reactor by the particular punp into
t he appropr'aﬁagshﬁqﬁ%-ar channel which divides the salt nelt over the
circunfer®nce of the 20 vessel; the salt nmelt reaches the tube bundle

through the whpdawdhs pasge ibed he r8RGL Qfeelj acket; the flow is, for
exanple, in radi al fdt'brectiloFu%)o t ge tuge bundl ealgqa{ian_each zone, the salt
melt flows afBERECPHE" BECAIAYSE UPEYeseHEN JPEXATRE: Mdefl ection plate,
for exanple in the sequence - from tehxteroaltdindser, fwexdmple; 3@ mom t he i nsi de
outward; 30 the salt nelt flows thrqughinRkisedRWetRHEE eslmat-ound the
ci rcunf e&cﬁnce of the vessel and collects at the end of each zone in an
annul ar annel disposed around the reactor jacket, in order to be punped
in a circuitnimeérafica@glysttvbes wihe bubelhungte: BB exdroplead® 0k lor 2B$H080erdA2d208d f r om
he. remct o L I R B d e e e 1 eher  than
. u W [
the sat bat irdhts 2ARES AR Qe TR Wiy Be iyl es h At
processi ng, Maenerga@tinghogake nerytoutside towalthatinsipeofor gxasemié etthegameom 220C
to 280C, 14°F RAGR AndvallRhickise buyhdvirgar?éR6mbaPdid®efer of forexafpRY, 3884 mm

aftercool er I C . f.the r or of the.fir
tage. The af bbh eoubreBRORELRT ot PREMR) GRREIT s BErBRF Eh M Sl oist i o
and nor mal | yofsfaE6xamelest §imit ubes of ferritic steel. Stainless steel sheet
netal spirals which nmay be partly of fully wound are advant ageously

i ntroduced i i LQf of the aftercooler, in order to
i nprove the %}gg@ %Qns g{e'.nglsaasl%e%gﬁytsp@géi% The salt nelt used may be a
mxture & 53%by wei ght of potassiumnitrate, 40%by weight of sodium
nitrite and dfmbycanesgbt ofafitemailtiametdrtorGlioe; 8 DO mnieacti on zones and the
af tercool er advantageously use a salt nelt of the sanme conposition; the

anount of _ , . .
reactor hoods plated with stainless steel of the type 1.4541; plating thickness: a few

mm;
25

annularly arranged tube bundle, for example with free central space:

diameter of the free central space: for example, 1 000 - 2 500 mm (for example

1 200 mm, or 1 400 mm, or 1 600 mm, or 1 800 mm, or 2 000 mm, or 2 200 mm, or
30 2400 mm);

normally homogeneous catalyst tube pitch in the tube bundle (6 equidistant adjacent

tubes per catalyst tube), arrangement in an equilateral triangle, catalyst tube pitch

(separation of the central internal axes of immediately adjacent catalyst tubes): 35 -
35 45 mm, for example 36 mm, or 38 mm, or 40 mm, or 42 mm, or 44 mm;

the catalyst tubes are secured and sealed by their ends in catalyst tube plates (upper

plate and lower plate each having a thickness, for example, of 100 - 200 mm) and open

at their upper ends into a hood joined to the vessel which has an inlet for the starting
40 reaction gas mixture 1; a separating plate of thickness 20 - 100 mm disposed, for



salt punped by circulation in the reaction zones nay be approx. 10 000 nB/h
per zone. Fl Be'/{v é ﬁ’ﬁcrol: The starting reaction gas m xture 1 advantageously
flows fromtop to bottomthrough the first stage reactor, while the salt
melts having different tenperatures of thg 20 individual zones are

advant ageously conveyed frombottomto top; Catalyst tube and thermal tube
charge (fronfXasple Rthal thepatalys tubedangihdivides the re#rtasspare aynmmetricalit Atso cm
steatite ring®s tefnpgeturezoyes/Afupper ZomenandB fawdreshe), path @haeedtare 2oneliengt h x
i nternal di age: ; i I9-Ra; : [ cal .h 140 cm cat al yst
char ge of aaﬁglﬁg%@rtlggﬁguﬂsﬁdﬂg g@@&g%%)@gtﬁ/oﬁ&%&éj‘%ﬁe%?g pgdt?%gati te rings of
geonetry 5 mmx 3 mmx 2 nm (external dianeter x |length x internal

di anet er )5 anithe ta¥edingmiate bteferbbly mas gpoulaegeonoAtyathgstatdlyshobeectre on 3. Secti on

3: length 16%@%@@5@4@/ $4cLFEPEAPsle RN SEpd i Blde 3By k% ot ¥BLite§%hE" Nal

dianeter x len I.nternal dianmeter) unsupported cat st according to
exanmpl e 1 of S%%‘g"j@tlté‘?)ﬂ% #ng Elﬁgﬁscﬁ? EWF""”F%W\E% rg(tef?b%/ﬁag "@)":ﬁt within

[ M012Co5. S5Fe@ndddie, s 5o aoost@f i ). PF 54387 43 Configurations of a two-zone
tube bundle reactor for the second reaction stage which are advantageous in

d ith the.invention can be desjigned as, foll ows: Everythin S in
The tvon 38 necadhaong e ded Mt Al it araneit Ferier bufk pih Sat BUEP he i | 5
t he t hi cknestheshitiniait isifpeexammie, Ibelowr the slebédtisg ptatd engtratvathdravdl issdprent |y 100

- 200 MM f ogxfAERibRvd I deflectig pha@; m or 150 nm or 170 mm or 190 mm
The aftercooler is dispensed wth; i1nstead, the openings of the catal yst

tubes open into a hood which is connected to the vessel at the | ower end
and has an oashkstrefoyist fhrexaingie gdmevedytiembioxt saltanelt biecuiippad codegdeat ure zone

i s zone {§ angxdrisle |IQWRE chBMRATOR WS Sepaf B endiecZitd® elinaRgE e R amNRnaEHLLAY;
"aftercooler” and the inlet "reactor for the second reaction stage" is
advant ageously a neans for feeding conpressed air. The catal yst tube and

t her mal t ubeindhefigécager the coslpdisaltvartt Brgpnciadividegy carbingd with e pasticula
foll ows: Sectdspitalstrdangrichpréfs iz s irgathetreadtbngisthefpagiROBEbliyip ItBMhe 7 MM x 4
mm (external ;08 BHRhE bnAular FAEAL whid T WiREOA e Laft TRIES vEr AR o Rkl e DO

20  vessel:

the salt melt reaches the tube bundle through the window disposed in the reactor
jacket; the flow is, for example, in a radial direction to the tube bundle; '

25 in each zone, the salt melt flows around the catalyst tubes as dictated by the deflection
plate, for example in the sequence

- from the outside inward,
- from the inside outward;
30
the salt melt flows through a window mounted around the circumference of the vessel
and collects at the end of each zone in an annular channel disposed around the reactor
jacket, in order to be pumped in a circuit including substream cooling;

35 the salt melt is conducted from bottom to top through each temperature zone.
The reaction gas mixture leaves the reactor of the first stage at a temperature a few

degrees higher than the salt bath entrance temperature of the first reactor. For further
processing, the reaction gas mixture is advantageously cooled to from 220°C to 280°C,



20 25 30 35 Section 2: length 90 cm catal yst charge of a honbgeneous m xture
of 30% by wef GRS  steatite rings of geonetry 7 mmx 3 nmx 4 mm (external
dianeter x length x internal diameter) and. 70% by wei ght of coated

catal yst from section 4. Section 3: lengyph 50 cmcatalyst charge of a
homogeneous m xture of 20% by weight of steatite rings of geometry 7 mmx 3
mm x4 mm ( eXeEraRY om0t e o 260°Ce i $eReratn @ETarlenvaRBISFINERHEIS0% by

wei ght of coddvedtreatalfytst rebetonof theditst etagd. Section 4: |length 190 cm cat al yst
charge of annular (7 mmx 3 mmx 4 nmm = external dianeter x length X

internal diapete coated catal yst accordin 0 preparative exanple 5 of DE
A 10046928 ( SRORESIFANILS 9?”%@?(?@9&%&??‘%1‘%FOWﬂﬁéuttevRi@f?taéaé‘OEH?‘Bn yst tube
and thernral tansstcdfdulgs of farritid steelh Stainlédzestéalishestinmetal sprpisavtégicreay beom top to

bottom: 40 gfn&g}éﬁgl?y Whunefsr ia‘a(}arilté$écﬁ}§gftiﬁ|[]c§ﬁcgﬂ']r§5 ﬁ‘%tiﬁtﬁaﬁor{jéf@tgestuggﬁ gepeetry 7

mm X 7 mm X external dianmetef x ‘length X Interna lameter) as a
prelininary @‘@dgoogerg@cqrg%ﬁoQpprpg%bfle}pefhgavasg?rcat al yst charge of a honpgeneous
m xture of 25% by weight of steatite rings of geonmetry 7 mmx 3 mm x 4 mm
(external digpetel X length x internal dianmeter) and 75% by wei ght of

coat ed c&%al yst from section 3. 10 Section 3: length 190 cm catal yst charge
of annul (7 Mmx 3 nmm x 4 mm = external dianeter x length x internal

di amet er) coaeshlicatialisest mag beradnirigre of §8% pawnatght ef patassgph aitrateo BOBELYA

10046928 (st gLighi @WBLiH nitel 2y, SR ot sé@u*@it&ﬂ% fB(oitHD%tac%rﬁ%eE hapges

. bi
ment i oned, t‘ﬁe ”SUBPoréed cat aI| st fro e>|<arm] -A 10046957 cfam
al so be repl tge ew_ er advantageously use a salt melt of the same composition; the amount o

salt pumped by circulation in the reaction zones may be approx. 10 000 m*/h per zone.
15
Flow control:

The starting reaction gas mixture 1 advantageously flows from top to bottom through
the first stage reactor, while the salt melts having different temperatures of the
20  individual zones are advantageously conveyed from bottom to top;

Catalyst tube and thermal tube charge (from top to bottom), for example:

Section 1: length 50 cm
25 steatite rings of geometry 7 mm x 7 mm x 4 mm (external diameter x
length x internal diameter) as a preliminary bed.

Section 2: length 140 cm
catalyst charge of a homogeneous mixture of 30% by weight of
30 steatite rings of geometry 5 mm x 3 mm x 2 mm (external diameter x
length x internal diameter) and 70% by weight of unsupported
catalyst from section 3.

Section 3: length 160 cm
35 catalyst charge of annular (5 mm x 3 mm x 2 mm = external diameter
x length x internal diameter) unsupported catalyst according to
example 1 of DE-A 10046957 (stoichiometry: [Bi,W,05 x 2 WO3)p s
[Mo+12Co0s sFe2 945is 56Ko.080:]1)-



a) a catal ys}; g&@%r ding to exanple 1c of EP-A 15565 or a catalyst to be
prepared in i cordance with this exanple, except having the active
conposition M)12Ni 6. 5Zn2Fe2Bi 1Po. 0065Ko. 060X 10 S102; b) exanple No. 3 of
DE- A 19855913 as an unsupported hol I ow cy‘l3i nder catal yst of geonetry 5 nm X
3 mMmmx 2 Mmor 5 mmx 2 nmm X unsupported nmul tinetal oxide 11
catal yst acce?iOHFtieRs %&aawtﬂ %P”f tBtPe b‘D@WeFQfPﬂ@Z e seppnd feacyen slage whighed

cat al ysts 1,ar2 adusht8genius DEactol@G8 With the keemtonaaplbeadsignet! lae fold@ssane
coating thickness to support rings of geonetry 5 mfmx 3 nmx 1.5 nm7 mmx 3
mmx 1.5 nm_In all the abovenentioned second fstage charq t he coated
catal yst carF¥&vthiag@gdetie tVa-z9ee dagvpdieeeHonice g fistirgas 'QQéf?@PeHBV"%‘ferDE A
10046928:5 Saha)hlmsedf tbaMabq:sandewexrcaﬁlys‘tltm iEtedisAfletR@Aty ha0/i 20D mm, acti ve
conposi L10N o GRinGIE 108 ml X380 With 811530 S0 CORIMAOR ficeikpess of 230 pm PF
54387 45 b) a coat ed cat al yst according to exanples 1 to 5 of DE 19815281,
except applied to support rings of geonetry 7 mmx 3 nm x 4 nmm having an
acti ve conpokid aftencootsnng dinpersid 2006 ingtead| thhbpeingy ofdbateatdlysttubés/ sperhiato ng
iphast ¢ actd Kot Lol ddnfigcdd tosfhglveg%e@gﬁshey%wérm%%\éé%ﬂ&ué@d}\@@ 5W0504) 1

6, prepared accordin ctive conposition

vin
content Y 2RO 9qR t"e FHHPEH femperFiure 298\ thH‘ZH‘e#OWﬁ’i RTREFANR 4 nm
support. 10 Zveds ginegDtBetiveen thevadiet ‘@ffercobler’fanddbl it &legstor toe thelsegnod t he

fixed catal yr%act%dst@%@r@ad@mé@es@@fgwaxs%rh@émgsson%ﬁlaggéd%dr in such a way
(for exanple by dilution with” for" exanple, inert material) that the

tenperature difference between the heating point nmaximumof the reaction
gas mi xture The catalystrhdie/antitherma Adte ahargeoifres) tapdo botonplatani tonkesampleelgpas at ur e
of the rgactimw£one general ly does not exceed 80C. This tenperature 15
difference is usually :5 70C, frequently from20 to 70C, and this
tenperature difference is preferably small. For safety reasons, the fixed
cat al yst bedSectioard 2 arléngthﬁﬁ@ﬁsel ected in a manner known per se to those

skilled in the art (for sxamhg e@inletﬂ' 'YQﬁ‘mW?Fhm Wrmmaﬂe}r@i diafefdr x

material) in such a way ture sensitivity as
defined in EP-A 1106598 '%@é"é%e”%fg?@e%‘fa ?BF%PE y Be 0 <_ 3C. Aftercool er
and reacdr for the second stage are connected by a connecti ng tube whose

length is |esgctibhan 25 rrenQZﬁgb@mt he exanpl es and conparative exanpl es which
follow and also in the r %?st? charge of a homogeneous mixture of 30% by weight of

steatite rings of geometry 7 mm x 3 mm x 4 mm (external diameter x
length x internal diameter) and 70% by weight of coated catalyst from

25 section 4.

Section 3: length 50 cm
catalyst charge of a homogeneous mixture of 20% by weight of
steatite rings of geometry 7 mm x 3 mm x 4 mm (external diameter x

30 length x internal diameter) and 80% by weight of coated catalyst from
section 4.
Section 4. length 190 cm
catalyst charge of annular (7 mm % 3 mm x 4 mm = externai diameter
35 x length x internal diameter) coated catalyst according to preparative

example 5 of DE A 10046928 (stoichiometry: Mo:V,W, 2Cu, 40,).

The two-stage catalyst tube and thermal tube charge can also have the following
appearance (from top to bottom):
40



arrangenment above, the annul ar shaped dil uent bodies and the annul ar shaped
cat al yst bodi:, g'bg?the second reaction stage can al so be replaced by

spheri cal shaE 3 | uent bodi es and spherical shaped catal yst bodi es (each
having a radius from2 to 5 nmand having an active conposition content of
from10 to 30% by weight, 30 frequently f4eopm 10 to 20% by wei ght). Exanpl es
a) Experi men%alt. ar1r,angerr|19nth 5 First reaction stage: A reaction tube (V2A
steel; exterRat'ianet er 38" #M ™al | thi ckness 2 nm internal diameter 26
mm |ength: 350 cm and sikafie anghefrgemetnyFemrext ermal4 B0 @xemstl diametem)

centered in the mddle of, thggﬁéﬁ‘ﬁatlE%ﬂwe@%r?ﬁs%%rélﬁﬁﬁéry%e& thermal PF 54387 5

10 15 46 elenent which ca used to erm ne e'tenperature in the
reaction tube over its entire length) is charged fromtop to bottom as

fol |l ows: §ecgjaanm . IenglEP tﬁq4§rgn§teatite rings of geonmetry 7 nmx 7 nmmx 4
mm (ext ernal “dianmeter x %ngt X internal diameter) as a prelimnary bed.
Section 2: length 140 cneatalystiohstgectiartpenageneousonityed eb2fs iy xteight obf 30% by

wei ght of steatite ring 3 2 | di ter
x length x internal di a%%&?gﬁgﬁg%ﬁéw&%%?mﬁ xud'nﬁs]iﬁqp g?r%r%{cliﬁ?a(r:nae?%?{/ft
fromsection 3. Section [Bngthengtenal ARnarterg atal Fatbyolsgigef obatad natalyst ffdn nm x
3 mmx 2 mm= external diapeter x length x internal dianeter) unsupported
catal yst according to eﬁﬁﬁ'l’g' 1 of DE-A 10046957 (stoichionetry: [Bi 2W209 x
2 WD3] 0. %0 [ MOL2COb 5Fe2. 94Si 1. 59K0. 060 J1). 20 The first 175 cmfromtop to
bottom are tHertrms _attedI bgt ngans of a salt bath A punped in

count er cur r eRESITHE secofBSN78°GM are thernostatted by neans of a salt bath
B punped in countercurr egdtalySienary@ of aaatlaof rehag®mn2s 4Anmeasktemal tiabeter V2A

steel; external diamet ery BT Ehb JdHEkNSB5ed MMiyst ABIRERG Lo SHeBABER 20
mm |ength: 350 cm and a sg a {nher maﬂt' tu Q Eef_t er hel © |&091‘e8 '
example 5 of DE-A 10046928 {stoichiometry: Mo,,V;W, ;Cu, ,0,).
15
In the first stage charges mentioned, the unsupported catalyst from example 1 of

DE-A 10046957 can also be replaced by:

a) a catalyst according to example 1c¢ of EP-A 15565 or a catalyst to be prepared in
20 accordance with this example, except having the active composition
Mo12Nig sZn2Fe;Bi1Pos 0065 Ko 0s0x * 10 SiO;;

by  examplie No. 3 of DE-A 19855913 as an unsupported holiow cylinder catalyst of
geometry 5mmx3mmx2mmor S mm x 2 mm x 2 mm;
25
¢)  unsupported multimetal oxide Il catalyst according to example 1 of
DE-A 19746210,

d} one of the coated catalysts 1, 2 and 3 of DE-A 10063162, except applied in the
30 same coating thickness to support rings of geometry 5 mm x 3 mm x 1.5 mm
7mmx3mmx1.5mm.

In all the abovementioned second stage charges, the coated catalyst can be replaced
in accordance with preparative example 5 of DE-A 10046928:
35
a) coated catalyst S1 or S7 from DE-A 4442346 having an active composition
content of 27% by weight and a coating thickness of 230 ym;



di ameter 4 centered in the mddle of the reaction tube to receive a
thermal el dfef#38&hi ch can be used to determine the tenperature in the
reaction tube 30 over its entire length) is charged fromtop to bottom as
follows: Section 1: length 20 cmsteatiteggrings of geometry 7 nmx 7 nmx 4
mm (external diameter x length x internal di arreterl% as a grel I m nary bed.
35 40 Sectidi 2:2 teales FRtdlgstErcersing tg sxampige ddo srof REntRI§éA b sursertiarpifie of
30% by wei ght ofto sappat iings ofigegsieth§ 7 geaXe myh % 4 M kadngamactiveganisttien nal

di aneter x |ength x i Bf snal Wiagpeter) and 70% by wei ght of coated catal yst
fromsection 4. f%,@ gﬁlgg%fﬁa?bg@i ‘Section 3: length 50 cm catal yst charge of

a honogeneous m xture of 20% by weight of steatite rings of geonetry 7 nmm X
3 mMm x 4 5mm §)extmateal catalysdimatieg biphbsingttivexcammositinalof stowhetretry and 80% by

vel ght -of - coat efhoaahy 6,) [EMbSIRLO0N. frepafsd LBrdng toadiEi 16t al yst
X. mn X .4 =

charge of annul ar m 4 mm X n dignmeter x length x

i nternal di amet 3" @&t%cév%ﬁ?'ﬂpﬁqona@@&ﬁ’ﬁ%@%?’é “f:?r'%'aquﬁ’ﬁ?@@ lb?arrpl e 5 of DE
A 10046928 ( st oiatvvementoned Vo@\EWnn2 C42dm@dpporThe first 175 cmfromtop to
bottom are thernostatted by neans of a salt bath C 15 punped in

countercurrent. The second 175,cm are the atted neans . pf salt bath
D purrped&] n '&‘Eﬁ?Fﬂ”éQ E’JE‘? g}){{entlo&@egf]ﬁ(ggé:a@xsgg%$iﬁpd% %& C&%&%Bﬁ%géﬁ bed
first react ianvastaggeushsotbemtisensadentéqinchieh gadhwfarexampteantdilntion widladei on gas

mxture 1 ofelghd Mdromhiaeal HER 8 tbhPBratdtB Gitfichéhce dRtkékh RBRehitd point
thernostattin r eact 5% by

vol une of pr@g’gﬁéﬁé}ﬁ?%lfﬁra%&?'bg%ﬁ @%ﬁ?%@gﬁﬁ%qﬁ%ﬂb" %ﬁ?‘b%ﬁr%@é ‘?thW.g%'% by
vol une of CQOemperaure®f Betreadtionzohy geotratiedaess rod 2xcdeddid’ 0. Dls tamerao by
vol une ofs acdiférehék is usually < 70°C, frequently from 20 to 70°C, and this temperature

difference is preferably small. For safety reasons, the fixed catalyst beds 1 and 2 are

also selected in a manner known per se to those skilled in the art (for example by

dilution with, for example, inert material) in such a way that the peak-to-salt-

temperature sensitivity as defined in EP-A 1106598 is < 9°C, or< 7°C, or < 5°C, or

20 =<3°C.

Aﬂerc_:ooler and reactor for the second stage are connected by a connecting tube
whose length is less than 25 m.

25 Inthe exampies and comparative examples which follow and also in the reactor
arrangement above, the annular shaped diluent bodies and the annular shaped .
catalyst bodies in the second reaction stage can also be replaced by spherical shaped
diluent bodies and spherical shaped catalyst bodies (each having a radius from 2 to
5 mm and having an active composition content of from 10 to 30% by weight,

30 frequently from 10 to 20% by weight).

Examples

a) Experimental arrangement
35
First reaction stage:

A reaction tube (V2A steel, external diameter 30 mm, wall thickness 2 mm,
internal diameter 26 mm, length: 350 cm, and also a thermal tube (external
40 diameter 4 mm) centered in the middle of the reaction tube to receive a thermal



30 from10.4_to 10. 7% by volune of 02 and the remai nder ad 100% of nol ecul ar
nitrogen. AtPERE38%it of the first reaction tube, a snall sanple is
wi t hdrawn fromthe product gas mxture of the first reaction stage for gas
chromat ography anal ysis. Ot herw se, the 35 product gas m xture is conducted
directly into the subsequent acrolein oxidation stage (to acrylic acid)
(reaction stage Mgyt vaich cagbe ysed fo determinecihwgderaperarem the eactiontudel sanpl e
i's i kew se takegvdritemntiredeqytiods ehargas freindbpitebstfort Aefolewsl ei n oxi dati on
stage for gas chromat ography analysis. OQtherwi se, the acrylic acid is
removed in a 40 manner known per se fromthe product gas m xture of the
second reaction St&iy8 1an|8”%th£ 387 48 portion of the renmining residual
gas is refised for char gi stgatithengs ofvenatryi7oam 0N mrs tag@rm( @Stearyat dznmgder) x
whi ch expl ai ns the acrol; H@H%H&?ﬁgl d%&g@agg%\zﬁfmﬂgr&%gd charg- ing gas and
[ S | ot

the |l ow variance of the 1te conposi tion. eaction stages, the
reaction gas mxture flows through the two catal yst tubes fromtop to
bottom The presSectendt lehgthadOrcance to the first reaction stage varies

between 2.3 and 3.1 bar ccﬁélyﬁ c%H{&étdf%rhomo Eh@o%ﬁﬂ%ﬁ{?ﬁoh@(}% 'b\ﬁ WeRFHE Bf velocity

selected. At the end of thelreactimon 10 zdnes ere GS |1 Kewi se an

anal ysi s19oi nt. The presdtfe 5n9s PlISOMEA PIBM 3 FTHB XM Exigrral dRmeler st age

vari es between 1.6 and 2lefhgtharintesna dfanmet¢r) and 30%tyeneightalf ensuppotedy space
velocity. The results ascaﬁalgélgﬁatrﬂ &gk scat al yst velocities and salt bath
tenperatures and also ad- 1 ition of air after the first reaction stage
are shown by the followng table 1 (the letter E in brackets neans

exanpl e). TA, TB, $&;:tibbDak elehgib 168rmgper at ures of the salt baths circul ated by

punpi ng k the reaction AQD&THAeRs ahn@BEBGMINK £EmmMQ GRA 4 xtbiRl BhRRENRE
conversion at the end ofxieaﬁ{kon ZOI% A |a nol % CPB {ﬂ? Lhe Eé.g(gfne
conversion at the end of * %8l ¥ B1eDa HarReteR UsteRo s, Caifsta¢iEda®i%ct i vi t v
of acrolein formation anexaatpi® 16f Dieh PP4593¢ i(stoishiomebiuBiVeRs xt2aléhl.t oget her

after the first reactionnd,aus ead,hiased.op)converted propene in nol % CACc
is the acrol ein conversi on1at 'tshe"éngsgofsreacti on zone Cin ml% 30 CACD is

the acrolein conversion at the end of reaction zone Din mol % CPD is the
propene é@nver si ohe fitst { Hecrai@moioprte aettoro areibrenostatiediy e dnsasf @dsagibath Ae

initial amount opuRp&PRRuUhRrdPReE TRE s266HR 195 crd BreSNérmdstititel tyahesisi ofiat y of
acrylic acid foron)on gl hifed i 2oSfERIfenCaCt T ON Stage

Second reaction stage:
25
A reaction tube (V2A steel; external diameter 30 mm, wall thickness 2 mm,
internal diameter 26 mm, length: 350 cm, and also a thermal tube (external
diameter 4 mm) centered in the middle of the reaction tube to receive a thermal
element which can be used to determine the temperature in the reaction tube
30 over its entire length) is charged from top to bottom as follows:

Section 1: length 20 ¢cm
steatite rings of geometry 7 mm x 7 mm x 4 mm (external
diameter x length x internal diameter) as a preliminary bed.
35
Section 2: length 90.-cm
catalyst charge of a homogeneous mixture of 30% by weight of
steatite rings of geometry 7 mm x 3 mm x 4 mm (external
diameter x length x internal diameter) and 70% by weight of
40 coated catalyst from section 4.



and based on_converted propene in nol% R is the nolar ratio of nol ecul ar
oXygen:acroI%’fﬁ“?’Wthe starting reaction gas 40 m xture 2. PF 54387 49 M
is the amount of air to be added after the first reaction stage in |

(STP)/h. TmaxA TnaxB Trmaxc Tnax are eactyst he hi ghest tenperature of the
reaction gas mxture 5 within the reaction zones A, B, Cand Din C O 1I) L
U U U mE H mE H mH f-- 0 73 00a <c¢cc COco TO OLUNMO
ti co Section 3: length 50 cm

catalyst charge of a homogeneous mixture of 20% by weight of
steatite rings of geometry 7 mm x 3 mm x 4 mm (external

5 diameter x length x internal diameter) and 80% by weight of
coated catalyst from section 4.

Section 4. length 180 cm
catalyst charge of annular (7 mm x 3 mm x 4 mm = external
10 diameter x length x internal diameter) coated catatyst according

to preparative example 5 of DE A 10046928 (stoichiometry:
Mo12VaW, 2Cu, 40y

The first 175 cm from top to bottom are thermostatted by means of a salt bath C
15 pumped in countercurrent. The second 175 cm are thermostatted by means of a
salt bath D pumped in countercurrent.

Gas phase oxidation:

20  The above-described first reaction stage is continuously charged with a starting
reaction gas mixture 1 of the following composition, and the lcading and the
thermostatting of the first reaction tube are varied:

25 from 6 to 6.5% by volume of propene,
from 3 to 3.5% by volume of H;O,
from 0.3 to 0.5% by volume of CO,
from 0.8 to 1.2% by volume of CO,,
from 0.01 to 0.04% by volume of acrolein,
30 from 10.4 to 10.7% by volume of O, and
the remainder ad 100% of molecular nitrogen.

At the exit of the first reaction tube, a small sample is withdrawn from the product gas
mixture of the first reaction stage for gas chromatography analysis. Otherwise, the

35 product gas mixture is conducted directly into the subsequent acrolein oxidation stage
(to acrylic acid) (reaction stage 2) by jetting in air at a temperature of 25°C.

A small sample is likewise taken from the product gas mixture of the acrolein oxidation
stage for gas chromatography analysis. Otherwise, the acrylic acid is removed in a
40 manner known per se from the product gas mixture of the second reaction stage and a
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portion of the remaining residual gas is reused for charging the propene oxidation

stage (as cycle gas), which explains the acrolein content of the abovementioned charg-
ing gas and the low variance of the feed composition.

5 In both reaction stages, the reaction gas mixture flows through the two catalyst tubes
from top to bottom.

The pressure at the entrance to the first reaction stage varies between 2.3 and 3.1 bar
as a function of the propene hourly space velocity selected. At the end of the reaction

10  zones A, C there is likewise an analysis point. The pressure at the entrance to the sec-
ond reaction stage varies between 1.6 and 2.1 bar as a function of the acrolein hourly
space velocity.

The results as a function of catalyst velocities and salt bath temperatures and also ad-
15 dition of air after the first reaction stage are shown by the following table 1 (the letter E
in brackets means example).

TaTe, Tc, Tpare the temperatures of the salt baths circulated by pumping in the reaction
zones A, B, Cand D in °C.

20
C"a is the propene conversion at the end of reaction zone A in mol%.
Cg is the propene conversion at the end of reaction zone B in mol%.

25 §"W is the selectivity of acrolein formation and also of acrylic acid by-production
taken together after the first reaction stage and based on converted
propene in moi%.

c is the acrolein conversion at the end of reaction zone C in mol%.
30
Cc% is the acrolein conversion at the end of reaction zone D in mol%
CPp is the propene conversion at the end of reaction zone D in mol% (based on
the initial amount of propene in reaction zone A).
35

sht is the selectivity of acrylic acid formation after the second reaction stage
and based on converted propene in mol%.

R is the molar ratio of molecular oxygen:acrolein in the starting reaction gas
40 mixture 2.



UL w Hd2edlo Y 00 000OMO T-TCO_OOOODO)O)oTODOUO)nn
UCo co co 0)Fhrd !N— CO CO Uoo ~0 06 agrl _ m CO LO N HNNCO EO N M ce) ©) O
49
M is the amount of air to be added after the first reaction stage in | (STPY/h.

A prad pmac Tmab gre each the highest temperature of the reaction gas mixture
5 within the reaction zones A, B, Cand D in °C.
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54387 51 Conparative exanples Everything is carried out as in the exanpl es.
However, the length of the charging sections of the fixed bed catal yst
charges 1 and 2 is changed as follows: 5 First reaction stage: Section 2:
125 cminstead of 140 cm Section 3: 175 cminstead of 160 cm 10 Second
reaction stage: Section 3: 65 cminstead of 50 cm Section 4: 175 cm
instead of 190 cm 15 The results corresponding to these conditions are
shown by table 2.

< @ |
= w0 I |
O (0 (™ w » | |&
< M |0
o — = |
3|3l R 3
oo |~
=2 < | | o oo o,
% ~ MmO a
~ (o (0 o) ™ MM
w oo % < o | |o
Q o (O o
© — ||
o B |S|S
° P~ |0 |
<t O % [0
Q W {0 |~
o < M~ e (o
w 8 © O |
@] W0 i~ O
-
S [(oIIToIRT oW
- E ~ [~ |e0
E — o lm - NN N
£ w (™ o
- o | |o
B 2
& <+ o |o T N (eN e
E D O (e E 9 [= o
- 0 |F |0 = O M ™
o o |w
2] — | (D ooy,
[ ™M (D (D fa] W0 |0 |©
hme NN N
D i~ (e
<€ — [N |ON
[l ™ |m (o O |y D
gcoco
- N N
=
o
L
)
=9
(1))
Qo 3
@ @
o ° o
> g |2
= s 2‘\
2 3 = 5
5 o = 5 s <
5 3 % = § £ .=
c =
o~ o -— CE:"-\"\"“- -— ._>\n-f-\h’_'\
- @ 8;-%“-._‘],9 K %‘5&':':',&“_,9,
o o @ loio (v e) = O U)o [ |0y
T8 —_ © = ~lm|;m |0 © o ~|olo o
Q. o — o = |+~ [~ |+ ~ <L > T | i~ |+—




Tabl e 2 Propene hourly space velocity TA TsTmaTmaxC AC BSMR (I (STP)/1. h)
130 (C)31931PR843066. 494. 997. 44041. 40 130

(C)32731040033970. 295. 098. 04041. 38 185 (C)32233138037764. 794.897.75741. 39 20
Tabl e 2 continued Acrolein hourly space elocity TcTDTma" Tmaxc ACC, C DC DS
(L (STP)11 h) 103 (C)26526032327680. 899. 394. 995. 2 106

(C) 26825933 Baragoexamlerns. 0 150 (C) 26726932628778. 699. 394, 895. 3 Conpar ed
to the results in table 1, lower S are achieved with conparabl e conversion
val ues. PF . i : i i_di.zL g, propene
to acrylic g%\féd P‘ﬁgt'{gargégb%aa%gt@n%m%%F‘é’%ﬁgﬁé%dgﬁ%étogrﬁfgh@d&&

conduct i ng aSestians efibe fxadchqdyatajys chargesd and 258 shapgadssigliasopene, nol ecul ar
oxygen artd at | east one inert gas in a first reaction stage over a fixed
catal yst bed; Lve conposition is at least one nmultinetal oxide
conpri sing &H%tg%m?%bk/b Fe and Bi, in such a way that the fixed catal yst
bed 1 is arranged in tw spatially successive tenperature 10 zones A, B, -
bot h t he t enpasgtiab@r el26fcrh ewfeadalf dd@ comone A and the tenperature of
tenperature zone, :afﬁ@n}n%fgéﬁro?%diﬁmi.” the range from 290 to 380C, - the
fixed catalyst bed 1 consists of at least two spatially successive fixed

cat al ystmoed zones, and the volune-specific activity within one fixed 15

cat al yst bedSexmnd reactisnlsstganti al | y constant and increases sharply in the
flow direction of the reaction gas mxture 1 at the transition from one
fixed catalyst bed one_t? nc;t Ber fixed catal yst bed zone, - the

t enper at ur e 2YHENA’ %ﬂ&?%ﬁ%%‘f &"tonversion of the propene of from 40 to
80 mol % Section 4. 175 cm instead of 190 cm.

15
The results corresponding to these conditions are shown by table 2.

Table 2

Propene hourly space {Ta [Tg [T™® [T7® [CF, [C%: [S™ [M IR
velocity

(1 (STP)- h)

130 (C) 319 {315 |384 |360 664 |949 |974 (404 |1.40
130 (C) 327 310 |400 (339 70.2 (950 [98.0 {404 |1.38
185 (C) 322 331 380 377 647 (948 |97.7 |574 |1.39

20 Table 2 continued

Acrolein hourly space Te |To [T [T™0 [, [C™, |[CTy [SM™
velocity

(L (STP)I- h)

103 (C) 265 [260 {323 [276 [80.8 [99.3 (949 [952
106 (C) 268 259 [332 [275 1849 |99.2 195.0 [95.0
150 (C) 267 (269 (326 (287 |786 [99.3 |948 [953

Compared to the results in table 1, lower S* are achieved with comparable conversion
values.



20 - on single pass of the starting reaction gas m xture 1 through the
entire fixedpF gégy yst bed 1, the propene conversion is ? 90 nol % and the
selectivity of " acrolein formati on and al so of acrylic acid by-production
taken together and based on converted propene are ? 90 nol % - the sequence
intinme in which the reaction gas m xture2l flows through the 25

t enperat ure \ép%?asrmA’ B corresponds to the al phabetic sequence of the

t enperature ones A, B, - the hourly space velocity of the propene contai ned
in the starting reaction gas mxture 1 on the fixed catalyst bed 1 is ? 90
IT(SEP)fof D‘EOPGRQJPéce@ﬁ fdripagtially badiziegtpadpesie td Bedfic acitl ethdight @hesicender" " -
ma" B, forne r i ; r - i r.eaction gas

m xture 1 has w ?ﬂ%%@? g%‘i)lg’:%t%&éese%%{er%k?ﬁ@n%ﬁta ﬁgg r%ﬂgtféﬂgttagt?n el)rfrtg%rtlt ure Tnmaxe
whi ch t hé react i EAMRYENGRTRPES MOleraar RiydanAnd 3 fgnst areiinetggadn 8filss 2 oc, 35
optional | y reducieagtidrhstadeeoperadfixad eatalyst bed pnodse bictyesompstivoeisl stdaashg t he
first reaction ; 4l j i | n
andior [ nort gad B oR e RRiE e Rl AN A S e B e
product gas mxture as a starting reaction gas mxture 2 which conprises
acrol ein, nol ecwH ar thefiyebeatalpst betd 1l ie astngatbinitne spat@aig sucredsics rerapanstutehe

nol ecul ajy oxygen and, .0 A48 acrolein in a nmolar 02: C3H40 ratio of ? 0.5 in a
second reaction stagje over. a 179/ 2003 M/ Beilsm 03.21. 2003 PF 54387 53
fixed catal yst bed PAihHEdeRPpiaiEe bR AHE s And BEdeMBHEURIPY i net al

oxi de conprising thempemtwatzond/B aad témpemtuse chtha ravege ftdna 99 he3dd°Ked

D both the T emma m Rl o N R SR aE e 2O
tenperature zone D a‘?aéaa})éstglbgﬂﬁg?%ﬁ' %@EW%Vq%e‘Fﬁﬂg FGHYY ‘Q@U”ng g’%‘% - the
fixed catial yst bed Zatajystibed gond iszubbtentially oaostepteaniddhdrgasasciresy indhé flswed
catal yst bed zones, fiR@tidrh6r MO dH¥BOS BES MiXtGre ACHtitYE {ransMdnftidh BREfitdgxed 10
catal yst bed zone is quszi)aatl al B}/ C ns?.an% %nld Jncr eases sharply in the
flow direction of teeyBREH 78RS FRRNhSLfIErdcaalyst RGN Pansi tion from one
fixed catalyst bed thetrmpasatarzansrA fkireds eatcad genvensen eofdhe propeng ef from
tenperature zone C exiweutsmops,to a conversion of the acrolein of from 45 to

5 - . ; . .
oo oL o L 44 e300 A DR SR AR R bl "
the selectivity of catalyst ped Acthe pranenacroyYErsipa ezl %o mobe @pe ke erlecivity efd over
both reaction acrolein formation and also of acrylic acid by-production taken together and
based on converted propene are = 90 mol%,
- the sequence in time in which the reaction gas mixture 1 flows through the
25 temperature zones A, B corresponds to the alphabetic sequence of the
temperature zones A, B,
- the hourly space velocity of the propene contained in the starting reaction
gas mixture 1 on the fixed catalyst bed 1 is 2 90 | (STP) of propenel/l of fixed
bed catalyst 1-h
30 - the difference T™* — T™® formed from the highest temperature T™*
which the reaction gas mixture 1 has within temperature zone A, and the
highest temperature T™® which the reaction gas mixture 1 has within
temperature zone B is =2 0°C,

35 optionally reducing the temperature of the product gas mixture leaving the first
reaction stage by cooling and optionally adding molecular oxygen and/or inert
gas to the product gas mixture, and afterward conducting the product gas
mixture as a starting reaction gas mixture 2 which comprises acrolein, molecular
oxygen and at least one inert gas, and contains the molecular oxygen and the

40 acrolein in a molar O,:C3H40 ratio of = 0.5 in a second reaction stage over a

179/2003 Mr/Bei/sm 03.21.2003



stages, is > 80 nol% - the sequence in tine in which the reaction gas
m xture f|OV\@Ft5l3I3§-,dgh the 20 tenperature zones C, D corresponds to the
al phabeti c sequence of the tenperature zones C, D, - the hourly space
velocity of the acrolein contained in the starting reaction gas mxture 2
on the fixed catalyst bed 2 is ? 70 1 (ST of acrolein/l of fixed bed

catal yst 2-h 25,, 'flxé(l\?\ﬁatglkgt %ﬁ%ﬁos@%% corl&!ws%n |£ QLIQSQ 'é%l%li?gta%)gg' St

t enperature Tna énpérature
zone C, and the CAMGRERY ecigBeRe HoANrn:® SWHi e Way Meatr eaction gas mixture
has within tenperature zone Dis ? 0C, 30 wherein neither the transition

from tenperature ZO”ﬁe’?ﬁx&&’cétﬁ e%ti‘{s%rlza?uBSd B W8 s tthéﬁS%uE@és@BﬁémP@rgtujre nor

the transjtion fromterrperatu e zone Cto tenperature’ zone
catal yst Ped 2 coi ncFIEE «Pth a transition from one fixed catalyst bed zone
t o anot her fi xed- cat adtyste teegernare. of Bon@eratirgozaeas and thecteaippedurernf cl ai m 1,

sherein TmaxA - TmxRnigsA,3GoAat) fis Fifmpediud iRiRI8AG RomPahoaicy ol ai m 1

or 2, wherein Trmaxc - SsS as ¢

any of claims 1 to 3theped E?tﬁﬁ'?tl‘ntéedp% EpsiRts ﬂfo"ﬁrl? t%@c@taal L{Fé?ﬁft’:‘fetafl eSn the
fixed catal yst bed Icatslyst bedCzoheg, STR)id holame-spediiOadtivitsMinlonk fi fxédF 54387 54

5. A proggss as clal ﬁﬁglyét'be@%né’fns éﬂb@!a’ﬁﬁal% &%st%nt th@r‘e?séé‘ a?;!ilgﬁwet'ﬂ@ fBgur !y

space velocity on't <_ 300
| (STP)11-h. 5 6. A ?JF‘??E%%Q ‘Q@ f%@%?éﬂeas Wﬁrﬁf %trfh%ﬁa?%onlffq O8€ "iffer ei n t he
chem cal conposi ti oncatalysttbed zaoe toanatierfusil catatystisestizane, unchanged over the

entire fixed catal ysfhetl@rﬂpéfatu?e z&é)ﬁ%&%ﬁasﬂﬁ t& h3bARAsibR oPiY Hfol&ih dF fim1 tO
6, wherein the entlrgi%%é%e @ata yst bed 1 conprises not nore than 4 fixed

cat al yst bed zones Process as claimed in any of clains 1 to 7,
wher ei n, 1fhen t he acer siegle paspoishe stantinggeastion @amnyvtare 2 Heokgit the enfiriesfised

catal yst bed 1, the dé@él*ﬁ[‘b éptﬁé'aEHo‘Feln é&{\ie}/s‘i’orp@%ﬁqb!"/@ﬂndi fhets'é%cilhw
catalyst bed 1 in the e reactio

e ot T emrtis A o e K ot o P B ncid 15
catal yst bed zone t cstagest Iser 80 mol3d, cat al yst bed zone. 9. A process as

claimed in any of clg é'%é?dentce |r§t|m¥"f}?\hﬁbﬁ‘th§%§&:otn ;i:-?tﬂu}’éa floﬁ/Qrt’FRBé H’fh@” IS

uni form éer the entire fiIxed ngl erence in
vol ume- sg cific actiGEPEGRNY 8§Pf"?~°o &P(XE%?? BiP e 3‘[’%?%%‘?”%8 tE%ne in
the 20 fixed catal ystenipe(atmelzanesn@ Phe | owest vol unme-specific activity and

the fixed catalyst {efofghacs volieitf brieacidiehl %oﬁ&a.psdi.nlmé@t\éhng rbBgiohi ghest
vol ume- speci fic aCtg‘;aVslrE&ture 2on theaned cataﬁyst bed >%l P) of acrolein/l of fixed
bed catalyst 2-h
25 - the difference T™° — T™® formed from the highest temperature T"¢
which the reaction gas mixture has within temperature zone C, and the
highest temperature T™*® which the reaction gas mixture has within

temperature zone D is 2 0°C,

30 wherein neither the transition from temperature zone A to temperature zone B in
fixed catalyst bed 1 nor the transition from temperature zone C to temperature
zone D in fixed catalyst bed 2 coincides with a transition from one fixed catalyst
bed zone to another fixed catalyst bed zone.

35 2. A process as claimed in claim 1, wherein T™* - T™® is > 3°C and < 70°C.

3. A process as claimed in claim 1 or 2, wherein T™° — T js > 3°C and < 60°C.

4 A process as claimed in any of claims 1 to 3, wherein the propene hourly space
40 velocity on the fixed catalyst bed 1is 2 90! (STP)/-h and < 160 | (STP)/-h.



10. A procesg %s élai med in any of clainms 1 to 9, wherein the |last fixed
cat al yst bed F543%%5ne of the fixed catal yst bed 1 in the flow direction of
the reaction gas mxture 1 is undiluted and consists only of shaped

catal yst bodies. 11. A process as clainedg n any of clains 1 to 10, wherein
t-he fixed catal yst bed zone having the highest volune-specific activity
within the fixed catal yst bed 1 30 does not extend into tenperature zone A
12. A procesS asAgredesedsiclairaeyinanyalf alaimss 1td B, viligreinitiey priopehdbo@lyi space
transition from f ; t t [ llyst bed
zone in the fi xe\é&gﬁtgtdﬁﬁgpg egdt%%&bt%ﬁﬁn'ggﬂgorlgsngfg)ﬂoi]ﬂ?li Bf@qﬁﬁs\/\)ﬂge L' is
the length of the fixed 00 35 catalyst bed 1 and X1 is the point within the
fixed cat@ml y8t bAdprdcest at crrsed inemyfof olaimg € hp&netiansia toceenicdleotmpopidoat ur e
zone B. 13. A pr ' [ [ tQ 12 '

chem cal conposi teftg%%c@% (f%qugdoggitg F\yge%%#ﬁ]gg?ﬂegndﬁarség @gﬁeﬁhxgﬁ‘a&‘é%gjéf‘ta%cﬁ;?. t he
entire fixed catal yst bed 2. PF 54387 55 14. A process as clained in any of
clainms | to 13, WMpeocsisa atklined inranyfaf xaine dtab yetereibdice entoe fiped satslystot nor e
than 4 fixed cat . r imed in any of clains
1 to 14, wherei n,ﬁé%tggﬁﬁﬁsée%grgb?mo(géth?@#pfé&g?tc?gaﬁy%?Q@tﬁ%ﬁeg.rm over the entire
fixed cal@l yst bed 2, the volune-specific active conposition within the

fi xed catal y8t bAdr&esa aslecirheédin ahiyrod clainon1 &f 7 twieereinewlogn the aghee m xt ure

oot b aoncTRSsIRIDUnMRh ks fle &R HANSIRBed ! R vORRelIEBR
e me oot gotR g oS hn B Sl gl din Ao frerioh oDB oS aoBn T s
uni f orm over t heganmixtwefliinerdasastky atdeashb¥ Ly, waiple adikifef tearwition fiom emrefixed

vol ume-speci fic agbly¥theditne 36 bhdtReledRanjshbed tord catal yst bed zone
within the fixed catalyst bed 2 having the | owest vol une-specific activity

and the fixed 15 catal yst bed zone within the fixed catalyst bed 2 having

t he hi ghest %ol uffgroesse @p cladmed i afyof clagnsmpto %ﬂl’@relﬁa\ﬁh%é{ﬁwt'mi ght. 17. A

Er gcess as cl ?L@&nbcﬁbitﬁi_ws Qhifarmed v the drirel Bed WAkl Bed hﬁthb@ﬂ"feréﬁdé&ﬂthb?t gl yséI
ed zone in the . i ed an

consists 20 onl vél%@@%sﬂ%%ﬁ%&@&? gﬁ&gtggg%rgjﬁ%?egqgjeg%%d%@%gggéé%%gﬂ%% in any

of claim®1 to 1¥¥ed/mlbﬁtﬁeﬂﬁéwamnﬂém toses! yodymerspecificorrdivitgichifetiked hi ghest

vol unme-speci fi c esthlyst Hed aesn hetfixed tadysi Bedo1 hiempeiediigHeet vohrae Spedfic 19. A

process as clai ”E&'{viit is Br%freﬁla‘?\iﬁs/o g%‘gvgpﬁﬁ wherein there is no transition
ed

from one fixed catalys zone to anothér fixed catal yst bed zone in the
fixed
10. A process as claimed in any of claims 1 to 9, wherein the last fixed catalyst bed

25 zone of the fixed catalyst bed 1 in the flow direction of the reaction gas mixture 1
is undiluted and consists only of shaped catalyst bodies.

11. A process as claimed in any of claims 1 to 10, wherein the fixed catalyst bed
zone having the highest volume-specific activity within the fixed catalyst bed 1
30 does not extend into temperature zone A

12. A process as claimed in any of claims 1 to 11, wherein there is no transition from
one fixed catalyst bed zone to another fixed catalyst bed zone in the fixed

4 .
catalyst bed 1 within the range of X' + L' 100 where L' is the length of the fixed

35 catalyst bed 1 and X' is the point within the fixed catalyst bed 1 of transition from
temperature zone A to temperature zone B.

13. A process as claimed in any of claims 1 to 12, wherein the chemical composition
of the active composition used is unchanged over the entire fixed catalyst bed 2.



catal yst bed_ 2 within the range of X2 L2 100 where L2 is the length of the
fixed catal %1545% 2 and X2 is the point within the fixed catal yst bed of
transition from 30 tenperature zone C to tenperature zone D.

55

14. A process as claimed in any of claims 1 to 13, wherein the entire fixed catalyst
bed 2 comprises not more than 4 fixed catalyst bed zones.

5 15. A process as claimed in any of claims 1 to 14, wherein, when the active
composition is uniform over the entire fixed catalyst bed 2, the volume-specific
active composition within the fixed catalyst bed 2 in the flow direction of the
reaction gas mixture increases by at least 5% by weight at the transition from
one fixed catalyst bed zone to another fixed catalyst bed zone.

10
16. A process as claimed in any of claims 1 to 15, wherein, when the active
composition is uniform over the entire fixed catalyst bed 2, the difference in the
volume-specific active composition between the fixed catalyst bed zone within
the fixed catalyst bed 2 having the lowest volume-specific activity and the fixed
15 catalyst bed zone within the fixed catalyst bed 2 having the highest volume-
specific activity is not more than 40% by weight.

17. A process as claimed in any of claims 1 to 16, wherein the last fixed catalyst bed
zone in the flow direction of the reaction gas mixture is undiluted and consists
20 only of shaped catalyst bodies.

18. A process as claimed in any of claims 1 to 17, wherein the fixed catalyst bed
zone having the highest volume-specific activity does not extend into
temperature zone C.

25

19. A process as claimed in any of claims 1 to 18, wherein there is no transition from

one fixed catalyst bed zone to another fixed catalyst bed zone in the fixed

catalyst bed 2 within the range of X? + L? %6 where L? is the length of the fixed

catalyst bed 2 and X? is the point within the fixed catalyst bed of transition from
30 temperature zone C to temperature zone D.



