PF 54388 Met hod of the heterogeneously catalyzed partial gas phase oxidation
of acrol ein Rb5438 m acrylic acid The present invention relates to a process
for partially oxidizing acrolein to acrylic acid 5 in the gas phase under
het er ogeneous catal ysis by conducting a starting reaction gas m xture which
conprises acrolein, nolecular oxygen and at |east one inert gas, and

«conpri ses t Héethed etihedetaseganeausindatalygedpartialgas phase oxdatian dacaieite rati o of
> 0.5, in famfaaghd &idstage over a fixed catal yst bed whose active
conposition is at least one nultinetal oxide conprising the elenments M and
V, with the proviso that 10 the fixed catalyst bed is arranged in two
spatially su gpend invemiirs relatesstoApresess/Aor rartiallypyidizinghacrolemge agtie acigt
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vol ume- specigampriges the molecilangxygemand theagralein i) 9 s10la5&lp Gbhe ratio of > 0.5, in

subsz anti glol 3/ re2efis tage ovel d et eashst sétamd;se adtivé Bempbstiriis h@fébb?dhgoz the
reaction . ransi . ys ed zone

t o anot her frﬁ@gﬁglaié%i%g@%p%%ﬁg {Zhgf]e(la{esm%rhgR/loépﬁ@,%ﬁ#&é?ﬁoﬂ/és%%%xtends up to a
conversi®h of the acrolein of from45 to 85 nmol% 25 - on single pass of

the starting reané firetl gRalystibetiug arrértfeauy fwd Seatiay suceeddivestdmpenitare)dheded,
t he acrolein con eésion is z 90 mol % and the selectivity of acrylic acid
formati on based dn'converted acroleinis ? 90 nmol% 30 - the sequence in
time in which the reaction gas m xture flows through the tenperature zones

ﬁ, BI correspondlst:dumﬁehe?mérraltmbefiemmmme(ﬁaﬁme téraparatuad of empengre - the
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35 mi xture on the TiXxe al'ys of acrolein/l of fixed
bed catalyst -h, and - the difference Tnaxa - TnmaxB fornmed fromthe
hi ghest t enper atthe éxéd calalyétibeld cohsistsrof arieastiwg apatially succeshias fixed datalyst
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gas m xture has within tenperature zone ( 388 .
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under 20 gas mixture at the transition from one fixed catalyst bed zone to another fixed
catalyst bed zone,

- the temperature zone A extends up to a conversion of the acrolein of from 45 to
85 mol%,
25
- on single pass of the starting reaction gas mixture through the entire fixed
catalyst bed, the acrolein conversion is =2 90 mol% and the selectivity of acrylic
acid formation based on converted acrolein is = 90 mol%,

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

- the hourly space velocity of the acrolein comprised in the starting reaction gas
35 mixture on the fixed calalyst bed is =2 70 | (STP) of acrolein/| of fixed bed catalyst -h,
' and

- the difference T™* — T™® formed from the highest temperature T™* which the
- reaction gas mixture has within temperature zone A, and the highest temperature
40 T which the reaction gas mixture has within temperature zone B is 2 0°C.



het er ogeneous catalysis is known in principle, for exanple, from DE-A
19910508 and _is particularly inportant as the second oxidation stage in the
preparation Rft S lic acid by two-stage catal ytic gas phase oxidation
starting frompropene. Acrylic acid is an 5 inportant nononer which finds
use as such or in the formof its acrylic,ester for obtaining polymers
suitable, for exanple, as adhesives. In addition to nolecul ar oxygen and the
reactants, tHe aho¥PTERiPNed ARIGesh fejRartialin oxidiging @SN teacrylifedqid Fin order
to keep the Het@roférmdugastalygisds Hisovirnia peixpbes fob exdraplg efirom DE-AM90 gos08eTd
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acrylic &ci dnpbasecdnanienevhivhfines usé ad Suctobras thaf foonf its haglicosstearifer n) on
singl e pass ik | St & AdsfHadhet he reaction stages under
ot herw se pr%?l%#"ﬁﬁgg@g%hé Fgécéﬁ‘gﬁ#%ﬁs 5 fup'fe ler objective is to achieve
a very high conversion CAC of acrolein (thls is the nunber of noles of
acrol ei n cornedtiéidn tdxasledulanoxygen aodterreaétants| the startimrreatimgadimireel) on
singl e pass eA%Ghk AoMeRtoHelh WiErdabidH et dUiGdE FREXERIM! under
ot her wi Sﬁ) |d§ﬁnér§§ n%oggn ar0 gotr? tFonsr. \%en thgé SAA |SXE| g‘h z;t I'gh CAC,
this cortlespipeng RBEAEATYR: yiel d YAA of acrylic acid (YAA is the product
CAC . SAA; i.e. the nunber of noles of acrolein converted to acrylic 25
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liters). At a ons the reater he hourly space
vel ocity of "GRTE S qgeghﬂpﬁr&h%/m&seecprg% %"HVS? qtﬁj@ reaction stage (this
refers to the anmount of acrolein in Ilters at STP (=1 (STP); the volume in

liters whi chanwpweHobjectivakerd athichy at\feg mgﬁewerﬁé@c&?r@w&m&ﬁ Bis igeneo! ein
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WO 00/ 53559 dtraroasetibiaitickiuabayeanatioyred ai ns can i ndeed be 40 achieved in
principle by means of the process described at the outset for

heterogeneousl y cat %yzed partial, g phase oxi dation of % crolein to acrylic
acid. This is high atiigh C4g Ga§°£rﬁanwa§ tga pighasld ¥["\of|astylic acid
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A further objective of such a heterogeneously catalyzed partial gas phase oxidation of

acrolein to acrylic acid is to achieve a very high space-time vyield (STY*") of acrylic acid

(in a continuous process, this is the total amount of acrylic acid obtained per hour and
30 unit volume of the fixed catalyst bed used in liters).

At a constant given yield Y**, the greater the hourly space velocity of acrolein on the
fixed catalyst bed of the reaction stage (this refers to the amount of acrolein in liters at
STP (= | (STP); the volume in liters which would be taken up by the appropriate amount

35 of acrolein under standard conditions, i.e. at 25°C and 1 bar) which is conducted as a
constituent of the starting reaction gas mixture through one liter of fixed catalyst bed
per hour), the higher the space-time yield.

DE-A 19910508 and WO 00/53559 teach that the abovementioned aims can indeed be
40 achieved in principie by means of the process described at the outset for
heterogeneously catalyzed partial gas phase oxidation of acrolein to acrylic acid. This



shaped cat al yst bodi es bearing the active conposition with inert shaped

di | uent bodiRFs54388ee of active conposition, which nakes the fixed catal yst
bed | ess expensive overall. 5 However, a disadvantage of the teachings of
DE- A 19910508 and WD 00/53559 is that thgy have no appropriate

I npl ement ati on exanpl e and thus | eave openh the specific configuration of
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cat al yst sbed zone and increases sharply in the flow direction of the

o anotner (peYet aafSnubad B ok 38Sinined by DERL Q?foaf’fﬁ?yéﬁgi‘ﬁééﬁﬁf?%?’a?&‘.e%g of
t enper at ur e théeyleave necanprenriate mplernentatiancerampledndipun lepye @86/ thej speri§c

advant ageousconhqutafidnducib drotetiurked zones and tenperature zones spatially
coi nci de. 20 However, detailed in-house investigations have shown that

spati al 1;:00i gci deniqe of fiXEceﬁqA Sgémtg%%d zones fa&?l tterrperat greﬁ;ongs S
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OEJ ectives rpkdpesphase idation BYacrbleRytolaamliOBEd, ihitichone fiked edtalyéteded t o
the transiti A , : ) t

transt t1on fHBRSE) HERESoRHE Br 2BRFIf d3pab IRELAAE iRl Gl BiRd ORes
zone bei ng t¥ass va@mch@ﬁtaica\r@;ys sdwtantioly ennstapt withisoaafixed Fatalysihfider act i ve
measulr es. 3Govbandirveyases shamlyan tia flowdisdction bithk yeantion gay mixteresaities (for
exanpl e, 4t r I r

Fompor ait i ¢ osof ok B Bed EaARt bl AR GaHofer AR A Bl bictng may,

| ower vol uneRSHERNGE ¢ aplurafity of terpParafyre @aNgsat al yst bed zone havi ng hi gher
vol une-specific activity; both nmeasures have the purpose of supporting the

me- speci | asur s ha rpose of : X
over shoot 5 J pRi B the Ratfifly o 851 IS8, 1 At aREIels U TRe0 B SEUETL  0r

e ‘al m pursue
of Sm Weﬁ%ﬁ%?”‘gf’eé“é)eé%‘?? %F@%ﬁﬁ%’fag}ﬁFP'BF'H?- counteractive measures (for

exanpl e,2&kransition froma hotter tenperature zone A to a col der

tenperat ure FongeP Riffel W@H&js‘aii%sﬁé%ﬁh@ga&é SfhvtRh épéaﬁ&l RfideRBE of feng

| ower- vol unme-specific activjty to a filxed catalyst 40 zone havi ng hi gher
vol une- speci“‘f“’?%"s‘i@f’fj PS5 @ dLt(g,x‘f’la'faé‘f"e|‘F85%§1'P(-‘Eleﬂ%l'?ﬁ)f het F%@éord?pt'"}ughuci ng the
reacti on, thehssewrat ofdlesdifferehbebjettivep afegraetodr supporting the reaction), PF
54388 4 the individual effects frequently neutralize each other in the
transit |2%n rfwﬂn‘:nognbthére f%létlotrsl, rﬂ%s can be attributed to the transition from temperature zone A to
temperature zone B and the transition from one fixed catalyst bed zone to another fixed
catalyst bed zone being taken as substantially coactive or as substantially
counteractive measures.

30  When they are taken at substantially coactive measures (for example, transition from a
colder temperature zone A to a hotter temperature zone B and transition from a fixed
catalyst bed zone having lower volume-specific activity to a fixed catalyst bed zone
having higher volume-specific activity; both measures have the purpose of supporting
the reaction), the overall effect achieved in the transition region frequently overshoots

35 the aim pursued and this results, for example, in a reduction of S*.

When they are taken as substantially counteractive measures (for example, transition
from a hotter temperature zone A to a colder temperature zone B and transition from a
fixed catalyst bed zone having lower volume-specific activity to a fixed catalyst bed

40  zone having higher volume-specific activity; the first measure has the purpose of
reducing the reaction, the second measure has the purpose cf supporting the reaction),



in areduced CAc It is an object of the present invention to provide a
process for Re®4388geneously 5 catal yzed partial gas phase oxidati on of
acrolein to acrylic acid in a nultizone arrangenent, which does not have the
di sadvant ages of the prior art. W have fpund that this object is achieved
by a process for partially oxidizing acrolein to acrylic acid in the gas
.phase under thetndivsiyeheftacts frequehths heutialize eachuethémy the tsansitionitggion, resulind on gas
m xture conpk hbditea®™el ei n, nol ecul ar oxygen and at | east one inert gas,
and conprises the nol ecul ar oxygen and the acrolein in a nolar 02: C3H40
ratio of 0.5 in a reaction stage with the proviso [sic] over a fixed

cat al yst bedt isieosbiest of the presgrpiouenticofo Provige a4 asessdorchaterogengavstyal  oxi de
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t he terrperate[qj'%I %ﬁe%t‘é‘%%ﬁ%ﬁoﬁgbb %ﬂgqﬁggﬁy‘%ﬂt%@ﬁ%@\g uFéRof tenperature 20
zone B is [sic] a tenperature in the range from 230 to 320C, - the fixed

gazj al yst bengchase found @at &is bs;asms bithievEdasy 4 Hote%ﬁmamﬁd:z«@gia?atem yst
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rone i 5 subBesy af B @B ERes it heléhdendbas LAlaR ol oBidleiR st o
of the r@actm@ﬁlowag@xtquwwsm Elcﬁée'f‘rfaﬁ@fi'ﬂ'?bwm?@ﬁﬂéﬁbeﬁﬁtﬁ'@ iget 89S/st bed
tzone to anotmrcoﬁmue& th@&ﬁ@éétﬁérdi? ﬂ@rﬁtﬁthgta[aﬁalémm@waw@ CZ&I”@ ré‘tlcﬁélﬂfbends U|of
0 a conver n o 0 e pass o
the starti gy Btisabion 8862 b hedhronro it ek wiRd Ryt pEawRBsT af et D

t he acrol ei rpoemﬁ’\?@@@istﬁi lgast OHQUIUW%IM@%@@@@DE&Q glemenistMaandg Vi@ aci d
formati on based aGiaythatverted acrolein is 2t 90 not% 35 - the sequence in
time in ich the reaction gas mxture flows through the tenperature zones
A, B corresponds to the al phabetic seguence of the tenperature zones, - the
hourly space veltdefixed ‘éﬁtalyi’ﬁ@eﬁ(ﬁ@ﬁ%ﬂ‘? DY sRatially W‘JFﬁ‘@“?tt&P‘lPPW@Jr?@aB?? on gas
40 m xture on theHixed catalyst bed is a 701(STP) of acrolein/l of fixed

bed catalyst h, and PF 54388 5 - the difference Tmawa - TrmaxB forned from

t he hi ghest terrperature Tma", 0, which the reaction gas m xture has within
t enper at ur e zondol th&ﬁﬁ“f’?{@“ﬁ? ghiestperalyRszore dyand the temperature of temperature
20 zone B is [sic] a temperature in the range from 230 to 320°C,

- the fixed catalyst bed 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

25 gas mixture at the transition from one fixed catalyst bed zone to another fixed
catalyst bed zone,

- the temperature zone A extends up to a conversion of the acrolein of from 45 to

85 mol%,
30
- on single pass of the starting reaction gas mixture through the entire fixed
catalyst bed, the acrolein conversion is 2 90 mol% and the selectivity of acrylic
acid formation based on converted acroiein is 2 90 mol%,
35 - the sequence in time in which the reaction gas mixture flows through the

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

- the hourly space velocity of the acrolein comprised in the starting reaction gas
40 mixture on the fixed catalyst bed is 2 70 | (STP) of acrolein/l of fixed bed catalyst -
h, and



Tmaxg which the reaction gas m xture has within tenperature zone Bis ? 0C,
5 wherein the transition fromtenperature zone Ato tenperature zone B in
fixed catal >P5Ft543§§d 1 does not (spatially) coincide with a transition from
one fixed catal yst bed zone to another fixed catalyst bed zone. 10 In this
docunent, the tenperature of a tenperaturg zone refers to the tenperature of
the portion of the fixed catal yst bed di sposed in the tenperature zone when
-practicing the process according to the invention, except in the absence of
a chemical r-eactthedifferenbe i t*hi- T8 rfpremeat frone tHeshighatst eomseratote TRPhivhich Hise
temperature ZonGeadBh o HikthRIRRIANM Bnfdlrdtul-SBRENIEHA st piberglir s to
the (nunerical) n ofh F.lhe 1ﬁ ten;aeh(iture of the flxgg ca abys; b(gd al ong
the reaction zore. MVhdhegeachion gas Mpdyrehps Within ApmRgragie £l Bitie & dual
tenperat@e zones is substantially independent. Since the heterogeneously
catal yzed pajrdréh trpfandtrndropicfberftireFona X 18lt&hPerafuré ebne B fidkl dhtdigsta

distinctly exagthermc,reaction, the tenperature of t reactipn pgas xture
on” 20" eant 1378 THIAE8 ok [ BATHINS Randifs Wi BEaReh T predieh rapls Bediedp ant
from t he tergpother fixas caddlyst bedizpee.at ure zone. It is normally above the
tenperature of the tenperature zone and generally passes through a maxi num

(heati ng point .maxi mu r.falls startin froma Xi val ue withi.n a

{ omoer acoh o 1D INSaC e, B enfiarsuis & 4 teMPeralire Fone Rkt E el Bmerallnb b
process accdhepeijon of thedixed oatalysidredsdisposadin the demperatureizenensien paeliging ng t o
the inventigne PFB&E%@.Aaccoﬂ'dWQ:B thé& inveRfic, aldept ih tREaBskhce of8eheMicahrenttioh.

N

parti cul ar erence, T - "s in.the ordi to the

i nvention i 5}’\’%% ‘Sa‘r?HfPS’aq‘?l’B?f n%&%@ﬂt VS&&%F‘%&%E&{%@}g§§%é@és&grgcor ding to

t he i nvent i damperature otafmpsratues zaneben rafesg to the (mameriqalirpgan of they and 150 |
(STP)/ 1 15 h)tempématyrs of thelfined tatalysOiedrdlory Bk neddlioh Rond il dssartibithysthebed, t he

TfT18" - T Yol a |t ' . ' ,on are nornmally
attained m%?tl&&{tﬁé%&ﬁ@(ﬁﬁﬁaﬁ:&rﬂeg%ﬁ W%gg é@ eﬂn%g{ragp%l@n%%b%ﬁg%@t ion zone A and
the tenperature of reaction zone B are in the range from 230 to 320C and, on
t he 35 ot herSihanttie heteeogtinebes!y oatelybed partial dasehhserpadationres aofoleirecadrgic zone B
(TB) and the,.i; ' ' IR - ' 0C

nd 7 200 QoS IGRY EtieRACHHRR, EREmPeiahit of nofeactbfigas Myuieorp, O
practicid¥y t"RRCYYRpasshrenatidheifixRy! catalysideH iy esnerall qlﬁ?d%f{t fiomtthedemaeratK 8| ei n

40 cat al yst ofeltemptiagse ¢anel 3ids hofh@li)abbve the temperaDe of the $arperature boneor s 600

I (STP)/1 Mhng gehll II;BQQ%s'throa_@?éﬁnﬂerﬁr(@éﬁm gﬁ%ﬂﬁfﬁ& i dr 9 ;s‘!;]%tiﬁ%ot he

i nventi on are norm F 54388 t he ‘one th the

y attain
t enper at ur e M AERNTYR V?t?ﬁé”'&'%%?‘@ﬁ?éat’t‘@n’ﬁé'feature of reaction zone B are
in the range from 230 to 320C and TB - TAis > 0C and s 40C,

25  In general, the difference T™* - T™® in the process according to the invention will not
be more than 75°C. According to the invention, T™4 ~ T™#® ig preferably = 3°C and
< 80°C. With very particular preference, T™* — T™® in the process according to the
invention is 2 5°C and < 40°C.

30  When practicing the process according to the invention in the case of relatively low
(=701 (STP)1 - hand s 1501 (STP)/l - h) catalyst velocities of acrolein on the fixed
catalyst bed, the T™* — T"®® differences required according to the invention are
normally attained when, on the one hand, both the temperature of reaction zone A and
the temperature of reaction zone B are in the range from 230 to 320°C and, on the

35 other hand, the difference between the temperature of reaction zone B (Tg) and the
temperature of reaction zone A (Ta), i.e., T = Ta, is £0°C and 2-20°C or = -10°C or
< 0°C and 2 -5°C, or frequently < 0°C and 2 -3°C.

When practicing the process according to the invention under increased acrolein
40 catalyst velocities (= 1501 (STPYl - hand < 3001 (STP)/ - h, or 600 | (STP)/ - h),
the T4 — T differences required according to the invention are normally attained



or > 5C andgpsdds8 or 30C, or 10C and s 25C or 20C, or 15C. 5 The above
statenment regarding the TB - TA tenperature differences regularly also
appl i es when the tenperature of reaction zone Ais within the preferred
range of from 250 to 300C or in the partfcularly preferred range of from
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h ands 220 I (STP) /L, s h 2.19Q |-(STP) /I h and.s 2001(STP)fl, - h. 15
Acoor di o 1 oeBoks stafarhent Pqatdind e T = T impeRe i yiierafies eaUEN R0, 't o o
acrol ei n caoprieswoen bE temperaBoe pbregstianione o istwihin the prefegen rangewe! ram

wor ki ng pressHgrte 300°¢ Bein fedsarEsul eférrad ranyel dferoh 28l ZB0°Can be eit her
bel ow atnospheric pressure (e.g. down to 0.5 bar) or above atnospheric

pressure. Typically, 20 the worKki nlg_pressure w Il be at values of from1l to
5 bar, frequdethourly spageivelasity opagroleimgst tglfixgd catalyst kegdn ithmprioeesssancerdidd | not
teﬁceefl 14?)0 Rakthe aﬁcgfﬂbellnﬁwjth@r_etdt?ebemeaiar@a%,wiﬁfﬂam .%ras:go:! gypynaty o Ib n :
e starting re 0 m o, be 7 : Wi r e a
val ues of ?gaf.d %IC(SFEEF Ph‘?')s(2 ﬂfﬁi (g?&l?lf | hpRd 693 @ﬁ“l’i'e's ot Zzﬁg]tj](algi%ﬁlrdl ng
to the inventhand <t268 | (TR - 0R:ca&r1S0LI(HTR)AL | banth<2K8 | TR i iy or 2ddBti on gas
mxture is fegayenhlandi<smIisSTR)/Z, hadr X 199ME TP -1hand lsrnogeroﬂl?ln,- f.he
acrol ein conversion based on single pass in the process according to the
invention may be 2:92 nol % or >_ 94 nol% or ? 96 nol% or ? 98 nol % and 30
frequentdy e‘{r@ﬁw@tom pyvention, teannecatuig zopeds prafargbly extgpdiup &y amacreiging | |
regul arly becon@&sivnldtromrstto®s meikdor ffan®q0 e85 phot% 95 nol % or >_ 96 nol % or
2:97 nmol % Useful catalysts for the fixed catal yst bed of the catalytic
oxi dation of_acrolein in the gas phase according to the invention are all

of those whoH®E Werking PressHisosthe precess agcordingste theinyariom fanibeitaer bslpwWe

conpri si ng Mimasphevic ptesshresield. dba tor0/5thamesradboo afhtosphbdd prassure CRypicallpr
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EP- A 427508'*,‘0"51?-")5\”2%@:?6?‘{’! PieRsyte Mikng@xceaslds baso6887, DE- A 4302991, EP-A
700893, EP-A 714700 and DE-A 19736105, and al so DE-A 10046928. 40 PF 54388
7 Suitable 4 el ey - - | ; EP- A
714700 and. 425/l %“R%E@%‘%%S‘g%ﬁ&ﬁ?fu-“if{?é“ﬁ?@f@”%?g’t’?ﬁﬂbru'“@ﬁ‘%'?ﬂ%%a, oxi de
active conpd8¥ureRas ke 280t Ml frequently Reat alyes gf & 1- Tyeigallys Bys @iamill B t hose
of DE - AR519&it5aBds ofal. Ascoediog topthe sre@ntion, theemglan Exakrolein ratio in the starting

reaction gas mixture is frequently from 1 to 2, or from 1 to 1.5.

in general, the acrolein conversion based on single pass in the process according to
the invention may be = 92 mol%, or =2 94 mol%, or = 96 moi%, or 2 98 mol% and

30 frequently even < 99 mol%. The selectivity of acrylic acid formation will regularly be
2 92 mol%, or = 94 mo!%, frequently =2 95 mol% or = 96 mol% or =2 97 mol%.

Useful catalysts for the fixed catalyst bed of the catalytic oxidation of acrolein in the gas
phase according to the invention are all of those whose active composition is at least

35 one multimetal oxide comprising Mo and V. Such suitable multimetal oxide catalysts
can, for example, be taken from US-A 3 775 474, US-A 3954855, US-A 3893951 and
US-A 4339355. Also particularly suitable are the multimetal oxide compositions of EP-A
427508, DE-A 2909671, DE-C 3151805, DE-B 2626887, DE-A 4302991, EP-A 700893,
EP-A 714700 and DE-A 19736105, and also DE-A 10046928.

40



5 formula 'V MO12VaX1bX2cX3dX4eX5f X6gOn (I1V) where the variables are defined
as follows: RO54388- W Nb, Ta, O and/or Ce, X2 = Cu, Ni, Co, Fe, M and/or
Zn, X3 = Sb and/or Bi, X4 = one or nore alkali net aI S, 15 X, 5= one or nore
al kaline earth netals, X6 = Si, A, Ti apd/or Zr, a =froml to 6, b =
from0.2to 4, 20 c = fromO0.5to 18, d =fromO to 40, e =fromOto 2, f
= from 0 to Switagledn thipperwext@reialsathe e@mplary gmbodinantswi EfrA 514460 endrialsed by
the val ency ginsk-Areqeerosy of the elenents in IV ot her than oxygen.
Enbodi nent s

O@%gh&ﬂf of?l'?et Hnﬁﬁ’m'agl oK g%! tiye oﬁﬁi fs élo %ﬁaks@égwerﬁxs{i ﬁg{a@gT | owi ng

according t ention are
definitions ksd. fQﬁ@X@UP'?éFq’%mf&E-@NQ%é%‘eﬁﬂ@E eF‘§?fﬁH¥~5§eF’\W the genéwll Nb and/ or
Cr, X2 =48Cu,fohula®Gp and/or Fe, = Sb 35 X4 = Na and/or K, X5 = Ca, Sr

and/or Ba, X6 = Si, A and/or Ti, a=froml.5to 5 40 b = from0.5 to 2,
c from05to PF-.54388 , 5d—from0t02 e =fromO to 0.2, f from
0 to 1 and n aM%@VraB%vX v?hﬁ)&hx g‘aret('é/ﬂm ned by the vaI ency and frequency of

the elenents in IV
where the variables are defined as follows:

10
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,
15  X°= one or more alkaline earth metals,
X®= Si, Al, Ti and/or Zr,

= from 11to 6,

= from 0.2 to 4,

from 0.5 to 18,

from O to 40,

from 0 to 2,

from G to 4,

from O to 40 and

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

20

SQ ™t o O 0 oUToe
1l

25

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
30  variables of the general formula IV:

X'= W, Nb and/or Cr,
X2 = Cu, Ni, Co and/or Fe,
X®= Sb,
35 X*= Naand/orK,
X® = Ca, Srand/or Ba,
X% = 8i, Al and/or Ti,

a = from1.5t05,
40 b = from0D5t02,
¢ = from05to 3,



5 ot her than oxygen. However, nultinetal oxides IV which are very

particul arl éFpl\ié% rred according to the invention are those of the general
formula V 1 a'Y' b'Y2"Y5EY69 On' (V) where Y = Wand/or No, 15 Y2 =
Cu and/or Ni, Y5 = Ca and/or Sr, Y6 = Si and/or Al, a' =from2 to 4, 20
b* =fromlto 1.5 ¢ =fromlto 3, fg fromOto 0.5 g = fronDto8and n'
= a nunber ich is determ ned by the val ency and frequency of the el enents
in V. 25 ot Ref {REX & gen. The multimetal oxide active conpositions (IV)
whi ch are sei talffom @tbcdBdi ng to the invention are obtainable in a nmanner
known per se,- f @hneX@yPheg di scl osed in DE- A 4335973 or in EP-A 714700. 30

In principle, _multinetal.oxide acti 0 sitio in particular tho of
the general " T'Otarﬂﬁ'lrrg’%fvh'cgd? %tBT'Em?%Eyﬁ}?reU) §|a§7§?f§q5?nc§ﬁﬁr}q éj%@e%taf% st
bed can be prepathedtian axygen.npl e nmanner by obtaining a very intinate,
preferably finely divided dry m xture having a conposition corresponding to

their stoichjonetry fro uitahl,e sources of_ thei e nt.al

const it vent SeL MTTREAERTY Sl AP Spnact e o8 SFE e Bb e e

cal ci nat i on inwgptigfearedhesecef thrigensraliemmulm¥er i nert gas or under an oxidative
at nosphere, for exanple air (mxture of inert gas and oxygen), and al so
under a ,reducin het s (J or exanple m xtures of inert gas and reducing
gases such as H%o’wﬁlﬁ%ﬁ tt*hane‘'dnd/ or acrolein or the reduci ng gases
mentioned thensel ves). The 40 calcination tinme can be froma few mnutes to
a few hours whaee t ypi cally decreases with tenperature. Useful sources for
the el enental constituents of the nmultinetal oxide PF 54388 9 active
conposi tions |V include those conpounds which are already oxides and/or

t hose conpounds WANR" MBn be converted to oxides by heating, at least in the
presencdsof xy@rrandforMNie starting conpounds for preparing nultinmetal oxide

conposi ti onsgslV cah e or

Y® = Siand/or Al,
a’' = from 2to4,
20 b'= from1to 1.5,
c' = from1to3,
f= from0Oto 0.5
g’ = from Oto 8 and
n’ = a number which is determined by the valency and frequency of the elements in V
25 other than oxygen.
The multimetal oxide active compositions (V) which are suitable according to the
invention are obtainable in a manner known per se, for example disclosed in DE—-
A 4335873 or in EP-A 714700.
30

In principle, multimetal oxide active compositions, in particular those of the general
formula {V, suitable for the catalysts of the fixed catalyst bed can be prepared in a
simple manner by obtaining a very intimate, preferably finely divided dry mixture having
a composition corresponding to their stoichiometry from suitable sources of their

35 elemental constituents and calcining it at temperatures of from 350 to 600°C. The
calcination may be carried out either under inert gas or under an oxidative atmosphere,
for example air (mixture of inert gas and oxygen), and also under a reducing
atmosphere (for example mixtures of inert gas and reducing gases such as H;z, NH;,
CO, methane and/or acrolein or the reducing gases mentioned themselves). The

40 calcination time can be from a few minutes to a few hours and typically decreases with
temperature. Useful sources for the elemental constituents of the muiltimetal oxide



intimately mxed in dry or in wet form Wen they are mxed in dry form the
starting cgnrpa%%gs are advantageously used as finely divided powder and
subj ected t ining after mxing and, if appropriate conpaction.

However, preference is given to intinmate nmxing in wet form 10 This is
typically done by m xing the starting conpounds in the formof an aqueous

sol ution and/ gr suspension..Particularly intimte dry m xtures are obtained
‘in the nixi AFIYEFUR *OBéE\éFﬁC@EB hgrero é’”g‘?sa‘f"f"P'ﬁGrenéf%'rdyﬂ“ge%?@d!@&cI usi vel y
sources of tthasegiommertdd whicbean be sentestednio dkissoby belatingr ah leddié el vent used

i s preferablpfntebs oxygbgequent |y, the 15 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. The resulting
mul timet & dcheddartaghpenpaunds for prepasiag iniwlimetal exidsseonogositions fépan B f or nul a
1V, are gengfimhdt¥iyWsifeh iniry B€infviet @sinC MHintRdy SedthniRed inl diy MO e dtating but

rat her shaped to (g)s certglrﬂ cat aLyyst %egne]trlveqs?d and, t he skbggétn% Jray be
effected befGFROYPISTEAVHHRIFQURUsed 2P PRI VR RONAL RT3 , ﬁ gupported
cat al ysts caaldningeftasamivag pdrif anpsopiaivicompantion. Howeaves paeferapee ésogipaisiot i on or

i ts uncal ci nnAE eHMRG W wadsResi tion by conpacting to the desired catalyst
geonetry,.(for exanple by tableting or extruding), if appropriate with the

mof assi stants, for exanpl eé&;raphite or stearic acid as l|ubricants

addi tion

and/ or shapiTiip is dpicedy denehy mbdnathestaiting earmrpuags it the deronofan gauepus i ber s of
gl ass, as bgé‘doﬁﬁion %h&!fbﬁﬂﬁbpéﬁsi_brh.dﬁrﬁﬂu!a?@tiﬂﬁﬁéw@‘lr} mbx@raé Gre @tﬁ:‘l@i BXhe@mising t abl e
unsupporte I : I s

havi ng an eﬁ dgére%g?@%?rg%g@:ehéﬁ%stgﬂ{ngrﬁ aﬁ%ﬂeg? g%réo%ﬂgggV%of%%%w%w{leﬁé{%lhgﬂglase of
the hol | ow SPPFidetsin dissplved form. divgsolyent useddnprefarably watari Subsggyemttyatieous.

It will 1%e amoeewsd adrgsbsitioatobidiredis ghied, taad tisad @ingdrocesy ispreterdisly efféfled by

spheri cal gesg%ﬁ}éérgig%ﬁ’eé&lféoﬁggﬁ*thu‘éaéte%itfé@ceﬁtu@of%n{ {dﬁ”@o%sb‘b.ilgsm“ 't

will be appr that "t he verul en ve conposition or
pul verul ent precursor conposition which is yet to be calcined can al so be
shaped by apfieyesgtingmpltissled pride compositiors! ml pasticutar phosetosf thelgemeca ddrimutp of t he

TR b ot v vt e e i gt

. a e

2o A 203850 GaBSAIRIE 49005t iss, 210 PRI BABPE HBHFLLSToH Y Pshdls na
conposi ti on dakiratioaffiriegample, anbugporderccaiglysts cambs pespadechingn itree phwded fergai n
after appli cRtdLbtive BbmBEAHIBH & ifdrdBRRASd BF bihpostt iRl th
t hi ckness of‘atme Ig\/\lderpscg{l}yo?{;t i (gln FﬂEE?IB Y tfggrte?l@p%}%o?yf&bo h'?é;g;EFe 54388
10 advant aglESUeT GASUFSSPAIPIIch FYPTIE BY A2RlinG s XiTERInG). | aBRIgPYAlE WiNAREr abl y
Wi thin the additige of assistaiits!for &GOnpiergapditeror geqicedain alupriganthamd/othshapingge
from 1505t 0 250Qt4AM ards@frifbrciRy RBEATS SUBY 88 htrSAtRFE OISO ABISSIROLIRER O
nonpor ous al ui.num ox| des i I{ cgn . .

carbide or potassium tifanate. Examples of suitable unsupported catalyst geometries

are solid cylinders or hollow cylinders having an external diameter and a length of from

2 to 10 mm. In the case of the holiow cylinders, a wall thickness of from 1 to 3 mm is

advantageous. It wili be appreciated that the supported catalyst may also have

30  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
composition which is yet to be calcined can also be shaped by applying to preshaped
inert catalyst supports. The coating of the support bodies to prepare the coated

35 catalysts is generally performed in a suitable rotatable vessel, as disclosed, for
example, by DE-A 2909671, EP-A 293859 or EP-A 714700.

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
40 coating thickness of the powder composition applied to the support body is



5 di oxi de, thorium dioxide, zirconiumdioxide, silicon carbide or silicates
such as magnBE®4#8&i | i cate or alum numsilicate. The support bodies may have
a regular or irregular shape, although preference is given to regularly
shaped support bodies having distinct suiface roughness, for exanple
spheres or hollow cylinders having a grit layer. |t is suitable to use
subst ant i al | §dvesiRgePesly selectpd witbintor (AReR&EM thiect PRAMMsPisfrsally withintaele of
steatite (e.g@ngSheatsd @ 50030n brdMoreprrdtasy wihinre FHra@eions 15Gtof250mrd. to 8
mm preferably from4 to 5 mm However, suitable support bodies also include
cylinders whose length is from2 to 10 nm and whose external dianeter is
from4 to 1Ysefrl SUPROR MAtTASATBICUBIOREEY BYOYTBMNPORME allMInUMOXGes) SiigeNckness
i s al so typi diakiby, thorium dibxide, ArcomumAdioxitia rsilisoip panbldehwdiliestet auiteasised wi ]E h
preference h ; o i of from
3 To 6 mm andedguiy Sfste o skiiee phcatk it SBpoft Bofikh Aldjau 8BS o o
are al so in p&EetiRcENape. althayeh greferearisigiven tareguladlyshared syproftdedigs higving

di aneter x | éistirichsixfacetrovgtralesslifameiaeple spHeres or hdiiew calpieechadreda yiitdayerhe

the surace bt H’%%B%hm%?“'ﬁ%ﬁﬁw RO e e ;e@??’e%“%@%'fﬁ*g“@t K Ckness
ST RE R SRR e
be used for 8lmenqgatfelabbt sorof4 to Benmf Hreever adLatzbletsuppatt bodiesblso irchuposi ti ons

f th | ’ fi ned
as fol | ons: "QB%WE%S}ZQP?@%E@ZT% fe 7 nifl dnch e éﬂ@mé'ga'éfz'ﬁ%legg’lfg’r"?ﬁ%r o

70 2o N, Tamreih inisHse oGS Sinq bies A3 Wel tilines i 20 BRI Yy
and/ or Bi, Z#tc4bim. Atmulaksuitgrt @sdiesid/berused witB préfsrencé/havea jength efrittho? Ba,
Z6 = Si, 18\, 1old mA $h@xtefhal diametedtfroMy 4 16 8 Mon andla Qrall TRekris8 befréhlmoM and/ or
Wirom1 to 9’mm.aguitgglebs"up];)cgl?g})cgészarteomsSd in Jarm%ﬂ]a‘? ri%gs gfggeomce"tryPF 54388 11

7 mm x 3 mm x 4 mm (external diameter x length 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 is adapted to the desired coating thickness

20 (cf. EP-A 714 700).

Advantageous multimetal oxide active compositions to be used for the catalysts of the
fixed catalyst bed are also compositions of the general formula V!

25 [DEEl, (V)

where the variables are defined as follows:

D = MowVeZ'vZ%Z%Z'+Z%2°:0,
30 E = Z/CuyH:Op,
Z' = W, Nb, Ta, Cr and/or Ce,
Z> = Cu, Ni, Co, Fe, Mn and/or Zn,
Z° = Sband/orBi
Z¢ = Li, Na, K, Rb, Cs and/or H,
35 Z° = Mg, Ca, Srandfor Ba,
Z° = Si Al Tiandfor Zr,
Z' = Mo, W,V, Nband/or Ta, preferably Mo andfor W
a”~ = from 1 to 8,
40 b" = from 0.2 to 5,

¢ = from O to 23,



d" fromO to 50, e" =fromOto 2, f" =fromOto5 g¢g" fromO to 50, 5

from4 to 30, ill fromO to 20 and x",y"= nunbers which are determ ned
by the val erPy & 54308 frequency of the elenments in VI other than oxygen and

p,q = nunbers other than zero whose p/q ratiois from160:1 to 1:1, 10 and
whi ch are obtainable by separately preforging a nultinmetal oxide conposition
E Zz712CuhH Oy' (E) 15 |n finely divided form(starting conposition 1) and
subsequent | y&'i ncor pdieat PgS8he preformed solid starting conposition 1 into
an aqueous s@l utd on,fronmOagReous suspension or into a finely divided dry

m xture of seurces qf,h B gl enments Mo, V, Z1, Z2, Zs Z4, Z5 Z6, which
conprises the abovenent | oned el enments in the st0| chi orretry D 20 Mbl2VaZlhZ2c
Z3dr Z4eZ5r Z6&4. (D) (S"t"%lptt‘?ﬁ% conposition 2) in the desired p:q ratio, drying
t he aquedus Hfi xt=ur e fudmi o 8@y result, and calcining the resulting dry
precursor cqaposdti cmmlpgft@wa g after drying at tenperatures of from250 to
600C to give the desire E eorretrg 25 Preference is g}i ven to the
mul timetal okiYde corfbBders wWhE Wei‘ efpPetDY the v3tency ARE Heawoy #f Mear ti ng
conposition 1 i s i ncementaired othérdhamoggera@and starting conposition 2 at a
te erature < 70 I t4 on of

et Al dlde v q“@eqﬁ@tb rsﬁ:ag‘igr?%ﬁ%ep?& i id E%%%%?‘n1 'EP- A 668104,
DE- - A 1936105, 30 DE-A 10046928 DE-A 19740493 and DE- A 19528646. Wth
regard to thedshiich ag, obtdieahi¢ by csemaraielymeferhiog atrhaltimatal oxigé abmpasitiben £V
catalysts apply to the multinetal oxide VI catalysts. 35 Further suitable
mul tinmetal oxide 7c rrp%s(étl ons for the catal ysts of iée fixed catal yst bed
are those of DE- in particular all exenptary enbodi ments from
this docunent. Wth regard to the shaping, the sanme applies as was stated

above. Fgy tlh@inél HRGHeRITbR Ys’iértrﬁ@gorﬁfnoéltfb% ﬂraﬂe%ﬁﬁs%ﬁﬂﬂh@&{)&%ﬁ@ﬁwé nvention,

particularly

ot of chi oretatr ’N/B‘?E@i&\/é“?@%ﬁ°‘ﬁé‘1§“s gy i A1 aqi oA afifo yth actedts
Mb12V3WL. 2Qﬁysemmor80rrmy) & finely divided deyniziee hbsduneesat thecelemen®BMG 883, 22,

2%, 74, Z°, Z° which comprises the abovementioned elements in the stoichiometry D

20 Mo'V, 2222202 25 25 (D)

(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.

25
Preference is given to the multimetal oxide compositions VI in which the preformed
solid starting composition 1 is incorporated inte an aqueous starting composition 2 at a
temperature of < 70°C. A detailed description of the preparation of multimetal oxide Vi
catalysts is comprised, for example, in EP-A 668104, DE-A 19736105,

30 DE-A 10046928, DE—~A 19740493 and DE-A 19528646.

With regard to the shaping, the statements made for the multimetal oxide {V catalysts
apply to the multimetal oxide VI catalysts.

35  Further suitable multimetal oxide compositions for the catalysts of the fixed catalyst bed
are those of DE-A 19815281, in particular all exemplary embodiments from this
document. With regard to the shaping, the same applies as was stated above.

For the fixed catalyst bed of the process according to the invention, particularly suitable
40  catalysts are the coated catalysts S1 (stoichiometry: Mo4,VsW, ,Cu,,0,) and §7
(stoichiometry: Mo2V3W, 2Cu4 gNip sO,) from DE-A 4442346 having an active



12 conposition fraction of 27% by wei ght and a coating thickness of 230 pm
the coated Rfad438Bst from preparative exanple 5 of DE-A 10046928
(stoichionetry: M12V3W. 2Cu2.40') having an active conposition fraction of
20% by weight, the coated catalysts of qgarrpl es 1 to 5 from DE-A 19815281,
but equally the abovenentioned 5 coated catalysts for the second reaction
st age appl i entposition frectionrdf 2% yf weigbtrandra caatingnthickhessnk230 prm the xoatedal

di ameter X | @gsbm giranle SlshR S0l DR OmGRRs WktNAmsggmDoSt Lon

| | S V | .

el yot) - Mt th: Rk perng &0 affe et ronfo R 2P biopeight kacesRBRl 6,

of st oi chi caalyss piwxamplegavio. Dioy QECANGE 1828, Baeaually therapoperapntiongd

3800/0[3 di ng t Q:o%dl&_tdryslf&&@écaﬁ@rém&:mga@@aagreh\t@ SGEFPOSIgsioP Gedrhay | 0{1 ofT ]
o by weig | 1,50 (s . . e

catal ysts rgz%’ﬁ:ﬁ*’ghﬂﬁrg "a,“avg(%f‘%?“%@%r%g%{ct F@%hst' eﬁ%ég@ﬁ*rgé%ﬁa‘fq@ i getve

i nventi on are@®mpgsitien Factionnf20¥oby weight (basad emtheroxgall serwesitien ot the chated

! nveﬂt i ondwtrtfamlﬁ;tﬁwa Bisb@ doatebiTatfys2ihadeg am;fn@%i_ctdaevesetnﬁ@clrsﬁtiogewnet r yt whi C|h

I'S change o . exi;er : I Nt erna

di anet er@) %WM%%%G@Q%M@P%E@@&%% g@tg?%jegcﬁggd&%@ %'e reaction

st age ackéor ot #9738 06 gad havias an gativecamposition fragtion ¢ie0% by weigpbarnliag to the

unsupport ed ghaiéhgstionet 7g8m 2Pmin x4mmasegpsrt.al to the invention that the
fixed catal yst bed consists of at least two spatially successive fixed

catal yst bed_zones, and the vol unme- sfpeci fic activity within one fjxed

catal yst bedhecadalysts gsavmanded pPovecionthednection §taasccearsling ta g pvention arge

fl owI di r ectalsosuabletfer me@&tdtim?l_s@gs abtorting €o thie ibvemtibn avtsintévenything® one fi xed
cat al ystqgoe

vol umne- s1€2ci £ fai%?lexggptﬁ@'?%ogedﬁ F% t@?ﬁﬁ?%hgﬁ% ﬁggg'é’ﬁ%f%ﬁ“ﬁ’r‘ 1_b&.’ergmvol ume)
activity of (exefnaid@mstas xJgngih rdnternahdiametert. 1og mydtimetal @idas raentioned g3 | xed
cat al yst bedalgwieused in thesrelastiandtags agcocdimstocthé invantiverinltye fotrarcf theg from a

basi c am)“”%oﬁ%s?%ﬁﬁ@%r&ﬁ&ﬁéd@tcﬁﬁﬁiﬁﬁ s prepared in a uniform manner (their

bed correspon t e’ maxi mum achi evabl e vol une-specific activity) and
honogeneously diluting it in the particular fixed catalyst bed zone with
shaped [idi dbis(esbenimttodhé invabtidnatateke fivdd cdialpstibedeonsiste of atieastitvy | nertly

with regard ; | : : hdation.
The hi gher t%@:}?)l gﬁggsﬁg’%:gf@gﬁggﬁﬁ%ﬁt dg |gbl,a@g%%(§? @g@&fy g‘é%}é@s active
conposit 1 on kdedEatlst efaangits ubstaaly cengtant and ingraeses SAPY R SrToPhe bed.
Useful 35 nutirectiad of thereastiorhgasmindturs abthedradsitiom romboei faxed aatalyishbeat zamei pl e

al | of thosegoWabHBr fifedl cabihdi 8B Sofs support material for coated catalysts
sui t abl e2 according to the 1nvention. Useful such materials include, for

exanpl e,““porous or nonporous al um num oxi des, silicon dioxide, thorium
di oxi de, zi rBenalumetspedifitg|.e.gidrinelireddaths whit, of dlid particidar edoloiuase) 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
30 achievable volume-specific activity) and homogeneously diluting it in the particular fixed
catalyst bed zone with shaped bodies (shaped difuent bodies) which behave
substantially inertly with regard to the heterogeneously catalyzed partial gas phase
oxidation. The higher the proportion of shaped diluent bodies selected, the less active
composition and catalyst activity, comprised in a certain volume of the bed. Usefui
35 materials for such inert shaped diluent bodies are in principle all of those which are
suitable as support material for coated catalysts suitable according to the invention.

Useful such materials include, for example, porous or nonporous aluminum oxides,
silicon dioxide, thorium dioxide, zirconium dioxide, silicon carbide, silicates such as

40 magnesium silicate or aluminum silicate or the steatite already mentioned above (e.g.
Steatite C-220 from CeramTec).



40 magnesium silicate or alumnumsilicate or the steatite already nentioned
above (e.g. PISB&i& te C 220 from Ceraniec). PF 54388 13 The geonetry of such
i'nert shaped diluent bodies may in principle be as desired. In other words,
they may, for exanple, be spheres, polygqgs, solid cylinders or else rings.
According to the invention, the inert shaped diluent bodies selected wll
preferably be 5 those whose geonetry corresponds to that of the shaped
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the fixed cat "bed. A volune-specific activity increasing zone by zone
over the fixed catal yst bed in the 15 flow direction of the reaction gas
m Xt ure can Adwerdiigioghd tvastivreitedadvantdgbsuwherethe ohemigalitargpdsitionhe thenvent i on
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mxture C@ﬁi &ﬂeoﬁﬁﬁ Gl t?‘-étrﬁaclﬂaﬁ{ %;99 gﬁﬂ&e%ﬁ%&%@%«% ¥crﬁé\;ed%§r ﬁ@‘b&i&sg' fferent

proportions el e ac conposi t1on reasin
proportion 0"?3‘/39 “(‘,edt”é{? 100 1p g HERle H%\“ﬁ'{; ‘Pﬂe@‘ﬁ@p P)S 89'9?'83%1?3/[7%(‘@“ of
active conyfost f’ocednalalylstabéjyzmnmth ahhigh ipnapiortionl of inerhshaped diheent bogies basenins
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reparation ing inert, dilutin Tatertals such
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proportion of shaped catalyst bodies having higher proportion by weight of actlve
composition 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

30 starting compounds to be calcined. Different amounts of diluting material added lead
automatically to different activities. The more diluting material is added, the lower the
resulting activity will be. A similar effect can also be achieved, for example, in the case
of mixtures of unsupported catalysts and of coated catalysts (having identical active
composition) by varying the mixing ratio in an appropriate manner. A variation in the

35 volume-specific activity can also be achieved by the use of catalyst geometries having
different bed densities (for example, in the case of unsupported catalysts having
identical active compositions of the different geometries). It will be appreciated that the
variants described can also be used in combination.

40 ltis of course also possible to use mixtures of catalysts having chemically different
active compositions and, as a consequence of these different compositions, having



I dentical active conpositions of the different geonetries). It will be
appr eci at ed Rh8438he variants described can al so be used in conbination. 40
I't is of course also possible to use m xtures of catal ysts having chemcally
different active conpositions and, as a.gonsequence of these different
conpositions, having PF 54388 14 different activities for the fixed
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according to the 1nvention SO ext e I ne cording to
the inventiiBpead of gMOUR ant ageous when neither tenperature zone A nor
tenperature zone B 20 covers nore than three fixed catal yst bed zones
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necessarl over b oth t erature zones).. According to the /
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conposition over the ‘entire fixed catalyst bed) advantageously increase by
at |east 5% by weight, preferably by at |east 10% by weight (this applies
i n particul afcdordingte the dnweotionu itiig particulatyarivaniageaus mherbibeieotiredixed catadyskntire

fixed catal ysdd &sbrises RoRBRItAAN fitd) a8vArtadeRRSIY noPmokd aR Fouf @ thrée figdi ng to
the inv I on vY|II ot _be nore than 50% by weight, usually not 35 nore than
i griedtic beiden

40% by gha. %s'to the invention, in the case of uniformactive

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), the volume-
specific active composition (i.e. the weight of the multimetal oxide active composition
30 comprised in the uniform bed volume) should (in the case of uniform active composition
over the entire fixed catalyst bed) advantageously increase by at least 5% by weight,
preferably by at least 10% by weight (this applies in particular in the case of uniform
shaped catalyst bodies over the entire fixed catalyst bed). In general, this increase in
the process according to the invention will not be more than 50% by weight, usually not
35 more than 40% by weight. According to the invention, in the case of uniform active
composition over the entire fixed catalyst bed, the difference in the volume-specific
active composition of the fixed catalyst bed zone having the lowest volume-specific
activity and the fixed catalyst bed zone having the highest volume-specific activity
should also advantageously not be more than 50% by weight, preferably not more than
40  40% by weight, and more preferably not more than 30% by weight.



conposition over the entire fixed catalyst bed, the difference in the
vol une- speciPF 843%&ti ve conposition of the fixed catal yst bed zone havi ng
the | owest vol une-specific activity and the fixed catal yst bed zone having
t he hi ghest volume-specific activity shaguwl d al so advantageously not be nore
t han 50% by wei ght, preferably not nore than 40 40% by wei ght, and nore
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accor di ng t ooftdnly tivo\iead catalyst el donsed cat al yst bed will frequently consi st
of only two fixed catal yst bed zones. According to the invention, preference
Is given to the |ast fixed catalyst bed zone in the 5 flow direction of the
reaction gasPerRoding o theinygniiniu Preference iswivenie thatgpifixed catalystled zaneyn tehsi st s
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when the heagjng.in.t ratfure zon and tenperature zone B is. effected 20
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A and i D tnpeans efreflowirg:heatcarriep whichdu pagh edserflows ipeeuntercerrendietha and
t enper at ur e pap®nERMixleRt ed by means of a flow ng heat carrier which in
each case flows in countercurrent to the reaction gas mxture). 30 In the
case of cocurrent flow of reaction gas m xture and heat carriers in
t enper at ur e Wognéhe fixedratalyst bed pensisteoifavidixed gatalyst bedzamgsnigistasnerally
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A and intc temperature zone B (in particular when temperature zone A and
temperature zone B are heated by means of a flowing heat carrier which in each case

flows in countercurrent to the reaction gas mixture).

30 Inthe case of cocurrent flow of reaction gas mixture and heat carriers in temperature
zones A and B, it may be advantageous according to the invention if the fixed catalyst
bed zone having the highest volume-specific activity does not extend into temperature
zone A but does not have \ts beginning until beyond the transition from temperature
zone A to temperature zone B.

35
The volume-specific activity between two fixed catalyst bed zones can be differentiated
experimentally in a simple manner by passing the same acrolein-comprising starting

_ reaction gas mixture over fixed catalyst beds of the same length but each
corresponding to the composition of the particular fixed catalyst bed zone under

40 identical boundary conditions (preferably the conditions of the contemplated process).
The higher amount of acrolein converted indicates the higher volume-specific activity.



zone A to tenperature zone B. 35 The vol une-specific activity between two

fi xed catal 588 zones can be differentiated experinmentally in a sinple
manner by passing the sane acrol ei n-conprising starting reaction gas

m xture over fixed catal yst beds of the qgne | ength but each corresponding
to the conposition of the particular fixed catal yst bed zone under 40

i dentical boundary conditions (preferably the conditions of the contenplated

process). TvRemitghetal RAPMR thef fixedicatadjstbédRVEitieaddvantigeatiem dcderdaheher
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fixed 160 100 cat@isinel8gioRor MIELL LADSHOR if fRTEABRHMBIURE iZaNe A to
tenperature zi@e B. Preferénce is giteéd in accordance with the invention to

the fixed calflya befBfireirandfion ROAGEMBARFELGIIA 5 Rrififalu/ a2 Del N
structured as 'ows 1n the flow direction o tHe reaction gas m xture.
First, to a length of from10 to 60% preferably from10 to 50% nore

preferably frrefar&ie i$ givdl ¥ aocdrdanse with diccinedoitipn tto then fkBd tataBstbdd inghe f or
exampl e, 10 &ob&BUbordingt6 M8 fiyerflion bing shcledUsbiiAbhYnd AP LediBntp 1. 20

m, each of e tota n catal yst 15 bed, a honbgeneous
mxture & t8 4340 43S MY Easi ng dil ution) successive honpbgeneous mi xt ures
of shaped catal yst bodi es and shaped diluent bodies (both preferably having

substanti al | st s afénh BeRR U b Y eo%n?eeffﬂrsﬂ frof fUt%FH@J%,in%}e%T’efér}&BgE%m gp! uent
bodies is sgch L/hat the vo# ur@l- e&b | ﬁ ,%CYI VE’ conmpos| tion Ba§¥: Or#] @ bed
consi sting ofIA P ENIFRISER @‘8’[‘ SUPE& - 4,107 FEAAPF R AERSRPT PBH-1D to
50% by 20 welpdhiQ mpprefesakiyfromfd. 82020 ;) AShipf theetotshtengihcof ths tixedreatalysdbl y
]t r omt 2;5 10 3R B)horﬁb?ﬁﬂéﬁus rﬁiﬁt@ﬂa{ &k the (h&/irﬁgr@edlr ?i@ﬂon)tdi'ﬁc§e§sh¢’e5t hor | t hetSﬁ
irst two zones are then. advantagequs ol l owed.to e eng
of "the. 11 xedieeanays Bty SEMaBES Al nties oniaBed HieRt Bodes (o' G0 % o
3.00 m prefrietembly having substantiallyzheeamp gegmetry ) iy which thedoreportiereofsihaped
ggt ?Ihys]E _ botcﬁi?.@ntcﬁddietsesis@dﬂ tHaf the Qo!&HeQHHeei:ﬁc a¥iveYomdo8RiBn | bask@enfal He‘éi} ?L in
e firs 7 a n._un i e
cane shaped CAPufS BT Bt aped RatauRt Bt Bod peBLiaNUREERV AR o BB S ones.
The af ordhenveighteprefgiably &emi 30 94504 byiwaiohtwnchmpteepreiespidyifremt28itg S6%emli es
used in the wéigkehcsrding ystheMB@nasre ti6ie Atst or Lat@lindstwd 20ng6 af thepat ed cat al yst
spheres (in Qo%%“aﬁ%&rly followed to the end of the length of the fixed catalyst bed (i.e., for
example, to a length of from 2.00 to 3.00 m, preferably from 2.50 to 3.00 m) by either a
bed of the shaped catalyst bodies diluted only to a slighter extent (than in the first or in
25  the first two zones) or, most preferably, an unaccompanied bed of the same shaped
catalyst bodies which have also been used in the first zones.

The aforementioned applies in particular when the shaped catalyst bodies used in the
fixed catalyst bed are coated catalyst rings or coated catalyst spheres (in particular
30 those which are listed in this document as preferred). For the purposes of the
aforementioned structuring, both the shaped catalyst bodies or their support rings and
the shaped diluent bodies in the process according to the invention substantially have
the ring geometry 7 mm x 3 mm x 4 mm (external diameter x length x internal
diameter).
35
The abovementioned also apglies when, instead of inert shaped diluent bodies, shaped
coated catalyst bodies are used whose active composition content is from 2 to 15
weight percentage points lower than the active composition content of the shaped
coated catalyst bodies at the end of the fixed catalyst bed.



30 those which are listed in this docunent as preferred). For the purposes
of the af orfm®M88oned structuring, both the shaped catal yst bodies or their
support rings and the shaped diluent bodies in the process according to the
i nvention substantially have the ring gggrretry 7 mMmx 3 mm x 4 nm (external
dianeter x length x internal dianeter). The abovenenti oned al so applies
when, instead of inert shaped diluent bodies, shaped coated catalyst bodies
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advant ageousn thenfiver difectiom efthapgddtioageemixiarent of view, the reaction stage of
the process according to the invention is carried out in a two-zone tube
bundl e reactor, as 15 descri bed ex | 9910 19948523,
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gener al 130 saMecepsiaceordmpdo teravaitied ar ound the netal tubes. The tube section
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exarl o a S8C broa o hosng, e MegRidlny pl e LA llHiSce | O
(t enper at ur evitioiRe inventien (RRERY Aith slownptream aRd/aaupsier iner beqs) dgdisposed in
the metal tubes of a tube bundle reactor and two spatially separated heating media,
25 generally salt melts, are conducted around the metal tubes. The tube section over
which the particular salt bath extends represents a temperature zone in accordance
with the invention.

in other words, in a simple manner, for example, a salt bath A flows around those

30 sections of the tubes (temperature zone A) in which acrolein is oxidatively converted
(on single pass) until a conversion value in the range from 45 to 85 mol% (preferably
from 50 to 85 mol%, more preferably from 60 to 85 mol%) is achieved, and a sait bath
B flows around the section of the tubes (temperature zone B) in which the acrolein is
subsequently oxidatively converted (on single pass) until a conversion value of at least

35 90 mol% is achieved (if required, the temperature zones A, B to be used in accordance
with the invention can be foliowed by further temperature zones which are maintained
at individual temperatures).

It is advantageous from an application point of view if the reaction stage of the process
40 according to the invention comprises no further temperature zones. In other words, the
salt bath B advantageously flows around the section of the tubes in which acrolein is



(on single pass) until a conversion value in the range from45 to 85 nol %
(preferanyPFffr 50 to 85 nol % nore preferably from60 to 85 nol% is
achieved, and a salt bath B flows around the section of the tubes
(tenperature zone B) in which the acroleyg is subsequently oxidatively
converted (on single pass) until a conversion value of at |east 35 90 nol %
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mel {1 eli@l | \fadeQuifniPing @Aftick AR e Sl dna0sd haPlAGibldl idmbdign RaE e ! ar

t enperature zone, so.that t | VI nperature zone corresponds to a
t ube bundl e @H&ﬁ%&dsa%a&&ec@qnﬂl@dewow desghlbaa i r‘Ai7'}9(’%?-"-1 ar ’?(ﬁf@@ﬁgs i ch
resul t s ovendlith iesults ovesallde aimearfdedmg flow brdfie afftheé heatlesahargeahedigre imedi um i n

a | ongi t udiifitugiRgideRfior IFFUGAMnS BRtaaltabe Blindiaibe bundl e. 20 Typically, the
cat al yst tub(ggdliunI t he altforerrentionea&t wo-zon% tube bundl e reactors for the

reaction stage according to the invention are manufactured fromferritic
steel ar® tTypicely, ithe triatpstaubieslin thehafolenentiondd tmoerong tuke Bundle redbters for nt er nal

Cengeh’lo| SRt tepd et Bl A ki g sl Thel
temper at ur o ALY VENE el 46ioRRess of Bor gk S ShaCery 2idetetis GBRIAY ot
| east 75% droma20 tae3Bmnp dequerttlytiioen 2etog2thmot. Thiie lengtieis adwgntagaeasiiifiog 31 engt h
is, if apprapuirifefcribhtPEes IRBastehipRidtuRRSBne | the fiRePEMANEIABRAYLELHIEO AN
R 3 A e A e
Frequent |y, lengh isuifippropriate, occupied by an inert bed. It is advantageous from an
application point of view for the number of catalyst tubes accommodated in the tube
bundle vessel to be at least 5 000, preferably at least 10 000. Frequently, the number
of catalyst tubes accommodated in the reaction vessel is from 15 000 to 30 000. Tube
30 bundle reactors having a number of catalyst tubes above 40 000 are usually
exceptional. Within the vessel, the catalyst tubes are normally homogeneously
distributed (preferably 6 equidistant adjacent tubes per catalyst tube), and the
distribution is advantageously selected in such a way that the separation of the central
internal axes of immediately adjacent catalyst tubes (the catalyst tube pitch) is from 35
35 to 45 mm (cf. EP-B 468280).

Useful heat exchange media are in particular fluid heating media. It is particularly
advantageous to use melts of salts such as potassium nitrate, potassium nitrite, sodium
nitrite and/or sodium nitrate, or of low-melting metals such as sodium, mercury and

40 also alloys of different metals.



of catalyst tubes accommobdated in the reaction vessel is from 15 000 to 30
000. Tube 30PHAMMEE reactors having a number of catal yst tubes above 40 000
are usually exceptional. Wthin the vessel, the catal yst tubes are nornally
honogeneously distributed (preferably 6 @qui di stant adj acent tubes per

catal yst tube), and the distribution is advantageously selected in such a
way that thelngeparahin ahotthe gheveragntioned flow arrargenasntsinghe twergeneiube puadip acent
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accor di ng t oM¥8iONnvention, the flowrate within the two heat exchange
mediumcircuits required is selected in such a way that the tenperature of
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It is pointed out once again at this juncture that, for an implementation of the reaction

stage according to the invention of the process according to the invention, it is also

possible to use in particutar the two-zone tube bundle reactor type described in

DE-B 2201528 which includes the possibility of removing a portion of the hotter heat

30 exchange medium of reaction zone B to reaction zone A, in order to heat, if

appropriate, a cold starting reaction gas mixture or a cold cycle gas. The tube bundle

characteristics within an individual temperature zone may also be configured as

described in EP-A 382098.

35 Normally, acrolein is used in the process according to the invention which has been
obtained by catalytic gas with oxidation of propene. In.general, the acrolein-comprising
reaction gases of this propene oxidation are used without intermediate purification,
which is why the starting reaction gas mixture according to the invention can also
comprise small amounts of, for exampie, unconverted propene or by-products of the

40 propene oxidation. Normally, the oxygen required for the acrolein oxidation also has to
be added to the product gas mixture of the propene oxidation.



It is pointed out once again at this juncture that, for an inplenentation of
the reacti orPF 8438fe according to the invention of the process according to
the invention, it is also possible to use in particular the two-zone tube
bundl e reactor type described in DE-B 2204528 whi ch includes the possibility
of renoving a portion of the hotter heat " 30 exchange medi um of reaction
zone B to reaction zone A, in order to heat, if appropriate, a cold
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oxi dation. P vant ageou such ca trc oxidatron~of propene

to acrol ¥ n inventine inythe Sﬁﬁ%ﬁ,cbtwop@ééé’&%i?@- the process according to the
invention is carried out in a simlar manner to the process according to

the | ti - | th
e inven Iwor%&'?gﬁéﬁcﬁﬁ@E%&e&%w isWipdsBE bRIWEERTRe ath iy pbgs t he

i nvention, , reactors can be connected I N series or
combi ned to é?th@ WO RRANOD §lages. evE; SUFR ap igrmsdiate ineg bed cap also beor

exanpl e, i n dEpedte@6864 and t he propene oxidation is carried out in the
first twpzone portion and the acrol ein oxidation according to the 10

i nvention in.fhe second two-zone portion. Normall in the secqnd case, an
rer bed 1 cOlfEitE B ebsi GisTioR Rlads Fan 2% 5ok sdhiase’ cngizoph SRRy RECL: o
st ages. Howekeettor eaie witich hasbesrdtambinedisan appropriate mpreriwith thit spensed wi t h.

15 OF cour segudsBgudMt aBRRM SdalRhistiyest age can al so be a separate one-zone
tube bundl e reactor or one which has been conbined in an appropriate manner

with the subsequent acrolein oxidation stage. 20 In the event of
conbi nat2bn, Inttheevent gt eproinaties, thedendtly af thalseactipn tukesyn Bask sasasor r esponds t o

the sum of tgerdsporests (e surh ef BBt Gdhd U BmsH @bs 8asdi@Fsactofse propene
content in the starting reaction gas mxture in the process according to

the invention can, for exanple, be at values of from4 to 15% by vol une,
frequent |y The propene content in the starting reaction gas mixture in the process according to

the invention can, for example, be at values of from 4 to 15% by volume, frequently
25 from 5 to 12% 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 carried out as a
propene:oxygen:inert gases (including steam) volume ratio in the starting reaction gas

30  mixture of 1:(1.0 to 3.0):(5 to 25), preferably 1:(1.4 to 2.3):(10 to 15). In general, at 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

35 tothose of which less than 5%, preferably less than 2%, is converted on 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

40 remains after the removal of the acrylic acid from the product gas mixture, can also be
a constituent of the diluent gas.



25 from5 to 12% by volume, or from5 to 8% by vol une (based in each case on
the total VIO 84388 Frequently, the process according to the invention wll
be carried out as a propene: oxygen: inert gases (including stean) vol une
ratio in the starting reaction gas 30 myxture of 1:(1.0 to 3.0): (5 to 25),
preferably 1: (1.4 to 2.3):(10 to 15). Inzgeneral, at |east 20% of the
volunme of the inert gas will consist of nolecular nitrogen. However, > 30%
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di l uent gases generally refer 35 to those of which less than 5% preferably
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stage; in a 4, Qn no r.nitrogen, e are for ampl e, gases
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nobl e gases)z 604 byoob®neyor %70 byuyolvroe, 75 >nl%bpNdumer er »B0%Hey vohare, odi | uent
gas in the pﬁ@%ﬁ@@ﬁ.ﬁﬁ,@rﬁ%l&ﬁléhﬁrob@%emi on can consi st of propane. Cycle
ns arter the 0

gas, as 40 renal renoval the acrylic acid fromthe product
gas m xture, can also be a constituent of the diluent gas. PF 54388 21 The
cat al ystH) f ohdvantigeausigitne inertdilperdpas ¢ heiptadess acconding ¢o thadnyentisewdr e i n
particul ar BR- -A
Tomsso1. 5 T oy 18 PR neiR o0 A om0 0 L s R
invention may consist of 20% by volunme, or > 30% by vol une, or >_ 40% by
\t;ol urrF, or SAPadmyleiv Mounespaze veﬁﬁ&febysfwﬁv&%ol!@mmﬂ-Epﬁfemse\oolruﬂq!acu)fap_ 80%
y vol une, of_ 2 9 % o o n. 10
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i nvent i olP wi ¥ CORHIEAGN SRale PRTR) SUEHADBIOPRIE. "ENAGRL MEthapp PUME. PEBRINTO to 90%
by vol une of COZ.CQ\steam ahdlonndiieighsessp esvemnadroledt | es of above 250 1 (STP)/|
h, the use of inert [lacuna] (inert diluent gases are generally those of

which less than 5% preferably |ess than 2% 15 are converted on single
pass) such a‘éWB'rQ?p%‘PPé‘?C'@Fq’Iz}?é?/heﬁﬁﬂﬁﬁ??e‘?a“lﬂﬁ%%f's MRS hougpPaceo, st eam
and/ or nobl eveajestes. it & alscpossibteitodusel an ingrt badeorsgting of artlg dné hamotehthar ocgases

can al spe MsRdapdvehfiiBbndiydsky space velocities. It is also possible to
use an inert gas consisting of only one or nore than one 20 of the

abovenenti oned gases. Normally, the acrolein hourly space velocity in the
process accoNaimaly.ttbe abmleimbauntyispace welbdityriotheeproessd acherdingl ta¢heoihvedion |

(STP)/1  h. @@_n%@i&bd%ﬁ@oﬁéﬁbl&%)ﬂmﬁew' ar oxygen required in the

process according to the 1nvention are both air and air depl eted of
nmol ecul ar nitrogen (e.g. >_ 90% by vol une of
' 25  Useful sources for the molecular oxygen required in the process according to the

invention are both air and air depleted of molecular nitrogen {e.g. = 90% by volume of
0., < 10% by volume of N,).

The acrolein content in the starting reaction gas mixture for the process according to

30 the invention 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
35 acrolein:oxygen:steam:inert gas volume ratio (I (STP)) present in the starting reaction
gas mixture 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 aiso be carried out
at an acrolein:oxygen:steam:others volume ratio present in the starting reaction gas
40  mixture (I (STP)) of 1:(0.9 to 1.3):(2.5 to 3.5):(10 to 12).



02, 10% by volune of N2). The acrolein content in the starting reaction gas
m xture for RF&43P8cess according to 30 the invention can have, for

exanpl e, values of from3 to 15% by volunme, frequently from4 to 10% by
volune or from5 to 8% by vol une (based i%a each case on the total volune).
Frequently, the process according to the“nvention will be performed at an
35 acr ol ei n:lt Bepphasized ebimis jumaure thatthe olultimetal axide domppSTigYg ofpr esent in the
starting reasiisoreddse Bledist sd\;ahaﬂgesas foﬁatr@ﬁx(ae chdiydPbed thQ P?&éss preferably

of 1:(1 to 3): (0.5 t be appreciate hat the process
accordi ng to‘)‘ctcﬁ'?"?grﬁ’grﬁ? ”&ﬁ'gttoé?n al so be carried out at an

acrol ei n: oxygen: steam ot hers volune ratio present in the starting reaction

gas 40 misxt L!Dééléds df 2 tRb)zoRE tdbe(&maletreaétosﬁaré%r&petne partfa) af.a&.dnostég@ PF 54388

22 It is e as 28 uncture conposi ti ons
of DE A 1000 oaREE e badOh St aEbbRe s Ble MR B R 2R oGRS T e
process accancardagw with the inyrndinn ican hawe hedolipwinameonstrugtisnthecdetailsd bundl e
reactgr fO{ SonREGBEsIEoMAE tomdtrueidrigdn Waﬁé&ﬂbed)rn&ﬁ@dtumgniobél d@ﬂ@étlb?ﬁ tSL age
accordi ng C eQ nce w e

i nvention ca#zﬂﬁ%%wﬁgobgqlg%b an%g‘ﬁj&a%ﬁg%ﬁ“ Qﬁeebggt f %onfl guration
of the cthstPUTEPSR/ 14287 FRECHEP é‘é‘rﬂ%@'oDG'HEPﬁ%”ﬁWQ )ity nodel applications
202 19 277.6, 2002 19 278.4 and 202 19 279.2 or in the PCT applications 10
PCT/ EPO2/ 141@@@ ?ﬁT EP02/ 14188 or PCT( EP02114189): Catal yst tubes: materi gl
of the catal ferritic steel; 15 dinmensions of the catal yst tubes:

| ength, for exanple, 3 500 mm external dianeter, for exanple, 30 mm wall
]Ehi ckness, f@atefdidfihecatAystubgrunberersific statial yst tubes in the ég_be_ bundl e:
or exa : in addition up to
10 ther% d@g”Q?'Q“ é%gfgﬁaggg‘“bgg Ei‘g’ﬂggg%’efég’ na\’s@BQﬁ,ﬂlz 70 065) which are
charged in the sane way as the cat al&éf "Q'Gl?@%et‘?ﬂ for gxappleadl MWinner rotati ng
fromthe very outside toward the i nwallahickrieas, foxagpme, & mihe sanme | ength

and wal |l thickness but having an external dianeter of, for exarrpl e, 33 4 mﬂ
and a centered thernmowel | of external dianeter, for_exanple

thi ckness 2BHrpjer of gatalygitBesin the fbe bypdigsfor BRTRIE. J&80R: OF &% 99@ &r 383009he
cat al yst2@d ubersd4 000; in addition up to 10 thermal tubes (as described in EP-A 873 783 and

EP-A 12 70 085) which are charged in the same way as the catalyst tubes (in a spiral

manner rotating from the very outside toward the inside), for example of the same

length and wall thickness but having an external diameter of, for example, 33.4 mm

and a centered thermowell of external diameter, for example, 8 mm and wall thickness
25 of, for example, 1 mm;

reactor (same material as the catalyst tubes):

cylindrical vessel of internal diameter 6 000 — 8 000 mm;

30
reactor hoods plated with stainless steel of the type 1.4541; plating thickness: a few
mm;
annularly arranged tube bundle, for exampie with free central space:

35

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
2 400 mm),

40 normally homogeneous catalyst tube pitch in the tube bundle (6 equidistant adjacent
tubes per catalyst tube), arrangement ir an equilateral triangle, catalyst tube pitch



cylindrical vessel of internal dianeter 6 000 - 8 000 nmm reactor hoods

pl ated with BE &#¥8%ss steel of the type 1.4541; plating thickness: a few mm
annul arly arranged tube bundle, for exanple with free central space:

di aneter of the free central space: for anple, 1 000 - 2 500 nm (for
exanple 1 200 nm or 1 400 nm or 1 600 or 1 800 mnmm or 2 000 mMmm or 2
200 mm or {(eepayetiomyf;theicentral intérngl axesobiomeediately adidcgnt catalyat tyhiesy 135i-n t he

tube bundl e 4Eﬁmﬁﬁ%r@x§ﬁ1@@3@ﬂhﬁ%€98mnﬁ QD ! ort by S 44 HIR®) . ar rangement
in an equilateral triangle, catalyst tube pitch PF 54388 23" (separation of

the central internal axes of immediately adjacent catalyst tubes): 35 - 45

mm for exanpp&ayshivbesprezzecriad and seglegrby togir amisnimcaigtyshitpbanplatespoen al yst

t|UbteS argsfe@u@%dmmb@dcmmﬁg&anhamﬁss If&@f@h@i@@fwclubﬂoa)&na?%d(dagggr mi)
ate and | o n 0
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(tenperature zone
t enper at I} e gashdempeigiuse gere isrﬁ“fbdezj iBtoud %ﬁllé@'ﬁﬁﬂt 'PM@‘ﬂt’lﬁﬁ%Pn%@b@‘?f@%“%y

deflecting mph@kes;, the deflecting plate preferably has annul ar geonetry,;
the catal yst tubes are advantageously secured and sealed at the separating

pl ate; they are not secured _and 15 seal ed at the deflecting plates, so that
the transver e deflesting piate Breferally bas annuler ospnetivinthe satalysh ibep @& er y const ant
each zone i sagwaatagdeuslysddureband sealdd atsheasdpapatingalateahepyrei rict seoumecahd punp;

(he e, ki o o¥ing decscho Rl ra il e SPOLSH il o

t he W|th ovet ecting plate; a substream
is, for exan?ﬂeezonreé%%(‘fof’?a?ﬁ both salt melt circuits and cool ed, for
exanple, in one common or two separate indirect heat exchangers (steam

generation); a?c'ﬁioﬂe‘iéﬁ‘rofnhé&hnﬁ%él?m t*&@ a%'t@&lmé &ﬁuté‘&bﬁ sﬁiﬁuﬁ@ﬁ“théfe%‘ﬁfded
conbi ned wi tFF'1 Fr{)thcu ar %s LtFll ﬁ %{éssu”

reactor by tW@Sﬁg Stds, Il B3PS ﬁ{oﬁ’ fgefle B%P@’ﬁﬁ? e%ﬁﬂ{aa\fa En®inel which
di vi des 2the sxanmpleysbbvetherdefleetingiplatenf er ence of the vessel; 30 the salt
melt reaches the tube bundle through the wi ndow di sposed in the reactor

ket; the fl t to th b bundl
| Gach zones SURYeSH b AP EmaVe S PAE sl il B oS ioh ar oa by

the defl ecti e»mmpie in one common or two separate indirect heat exchangers (steam generation);

25 inthe first case, the cooled salt melt stream is divided, combined with the particular
residual stream and pressurized into the reactor by the particular pump into the
appropriate annular channel which divides the salt melt over the circumference of the
vessel;

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

in each zone, the salt melt flows around the catalyst tubes as dictated by the deflection
plate, for example in the sequence
35
- from the outside inward,
- from the inside outward;

the salt melt flows through a window mounted around the circumference of the vessel
40 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;



pl ate, for exanBIe in the sequence 35 - fromthe outside inward, - fromthe
|nS|de(mﬂva% 388 salt nelt flows through a wi ndow nount ed around t he
circunference of the vessel 40 and collects at the end of each zone in an
annul ar channel disposed around the reactygr jacket, in order to be punped in
a circuit including substream cooling; PF 54388 24 the salt nelt is
conducted frombottomto top through each tenperature zone. The reaction gas

m xture | eavs shifmeltéacdrductet flonebdtRactd tOp tHrbagresuhiteeperturepehe.eam S of
the reaction stage according to the invention at a tenperature a few degrees

hi gher than the salt bath entrance tenperature of said reactor. For further
processi ng, tNereastiongassnixiyse leayss e geactorgiihavieagion aage eRWrERdUssYeasin 220C
to 280C, r edfenatdaptidr stage 3dit®toAhe Givehtiorpatseieaipatatureld fevcdegless I‘Mhefth i's

?nggggegndbgﬁﬁ He‘i%ﬂq%ih érma@&%‘ieq'ﬁ'ffér?{ure Jf%a-ilaqr%a@{ [“?-"09 ﬂﬂ{h%F g?o%e%&f rtf?é < of
ferritic ste@pctioggasinixiyee §t9@é?“t§9%%{5‘w@9@|d tg F‘%QY?SO G/rﬁ‘? 3%0 ﬁ?awé%rabbém y of

fully wound mCaanmﬂ[agemUéﬂ)a;raﬂerdﬂ'emd)bteedlhlchtlsaccbrfrecteldtcbwmfrea)ﬁ ofths t ubes of
t he afterco‘% &by in order to inprove the heat transfer. 15 Salt nelt: The
salt nelt used may be a m xture of 53% by wei ght of potassiumnitrate, 40%
by wei gW( of sodiumnitrite and 7% by wei ght of sodiumnitrate; both

reacti on zonbws aftedcatiertihgeradralyrilangédon adivartha peeo fiibe pliste aadsatmaliyel t of t he

saire_composi gngiis e Wi lieel>Slan sl TS néfet%étatggﬁaug%.erﬁnahser eact i on

zones ma appro r zone. ontr e
react i onygaspar?&z? JX ly ‘?’?H"dpﬂrﬁﬁg gsﬁ%a'tyl"aiwd&eﬁ' Qe dRiEnior of thgubes B{nﬁ"?op to

bot t om t hr owaftercduderr ioacdearrto im@rovestheheatdnsferel t s havi ng di fferent
tenperatiyges of the individual zones are advantageously conveyed from
bottomto tog Cat al yst tube and thermal tube charge (fromtop to bottom,
for exanple: é\J)bm ction 1: length 50 cmsteatite rings of geonmetry 7 mmx 7
nm x 4 mm (external dianmeter x length x internal dianeter) as a prelimnary

bed. 35 SectTisalt méieGsEd ma¢Be 6 Mixture of 53% by weight of potassium nitrate, 40% by
weight of sodium nitrite and 7% by weight of sodium nitrate; both reaction zones and

20 the aftercooler advantageously use a salt melt of the same composition; the amount of

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

Flow control:

25 The starting reaction gas mixture for propene oxidation advantageously flows from top
to bottom through the reactor, while the salt melts having different temperatures of the
individual zones are advantageously conveyed from bottom to top;

Catalyst tube and thermal tube charge (from top to bottom), for example:
30 '
Section 1: length 50 ¢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 140 cm
catalyst charge of a homogeneous mixture of 30% by weight of
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.
40
Section 3. length 160 cm



catal yst charge of a honobgeneous m xture of 30% by wei ght of steatite rings
of georretryrf,}g%gé 3 mmx 2 mm (external dianeter x l|ength x internal

di aneter) a by wei ght of unsupported catalyst fromsection 3. 40
Section 3: length 160 cm PF 54388 25 catalyst charge of annular (5 mMmmx 3
mmx 2 mm = external diameter x length ysinternal dianeter) unsupported
catal yst according to 1 of  DE-A 0469 st oi chionetr Bi 2V\209 X
2 W3] 0. 5 [ Mb12C05. 5Fe2 °§%@3ge@é J(g @%‘rﬁ?%s “zﬁe’ H/&IS“

t ube bundl e reactor for xtlhmthe}rlmemahdlamtﬂr) msusper@i caiaie&iraﬁbmrgmgdothe

i nvention which are adeaagzacw D@A%QB@@?”(%%@M&%W“PB%W}@HQWOs] Gan be
desi gned as fol |l ows: |ng as. in e two-zone tube bundl e reactor
for the propene reactlor[n gtzéé%‘:‘ O’Jf he thi ckness of the upper and

| ower catdal yst tube plates is frequently 100 - 200 mm for exanple 110 nmm

ortﬁBO mrr% c%onﬁ ﬁraﬂﬁfhs &a ﬂvzozo][ﬁﬁ}ut%ﬁéb&% ﬂémt:toiﬂaﬁtr@féc@élémcrbsénoh%ayesEenzee\h )
Wi i nste Q e S ube a _hoo ic
5" Connect cepg a8 DL nMoR wrich o RuPantBiecl A RerdRBihes Mk ape PaghiPie
product gas Wﬂ)bﬁuﬂeétgn?%ésﬁpéfﬁ tenperature zone is zone A and the | ower
tenperature zone is zone B. Between the outlet "aftercooler” and the inlet

advant sg@ouEENHERE B8 maBAF 1 BE R Mtacdt e BRSO o Rrage, o 1 ey
tube and t heroever, amtwmeﬁjeof(tme bmqr@pdﬂqu%@ﬁtabﬁ»j tubgwlatesis fieguelyedl 00pe as

fol |l ows: Secd00afimlfor brataplB 120 ne) &rt18atmrh Sorr 15008mObr TREOABY, by 190 M. X 7 nm x 4
mm (external dianmeter x length x internal dianeter) as a prelimnary bed.

Section 2: length 90 cm catal yst charge of a honbgeneous m xture of 30% by
wei ght of s-'fr@aﬂfﬁef@ofqrﬂﬁg@sﬁﬁ“%@mt'ﬂve?dr?h?QP@"?ﬁﬁgftDP FatRlyebiviegsependManet er

X 15 a hood which is connected to the vessel at the lower end and has an outlet for the
product gas mixture; the upper temperature zone is zone A and the lower temperature
zone is zone B. Between the outlet “aftercooler” and the inlet “reactor for the reaction
stage according to the invention” is advantageously a means for feeding compressed

air.
20
The catalyst tube and thermal tube charge (from top to bottom) can, for example, be as
follows:
Section 1: tength 20 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 90 cm
catalyst charge of a homogeneous mixture of 30% by weight of
30 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
section 4.
Section 3: length 50 cm
35 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
length x internal diameter) and 80% by weight of coated catalyst from
section 4,

40 Section 4: length 180 cm



l ength x internal diameter) and 70% by wei ght of coated catal yst from
section 4. Sb4¥8 3: |ength 50 cmcatal yst charge of a honpgeneous mi xture
of 20% by wei ght of steatite rings of geonmetry 7 mmx 3 mm x 4 nmm (external
dianeter x length x internal diameter) d 80% by wei ght of coated catal yst
from section 4. 40 Section 4: length 190 cm PF 54388 26 catal yst charge of
annul ar (7 mm x 3 nm x #atatystcarge phannuiardfene x 3 mm eAgim Sexterpaldigmeter

di ameter) coated catal yst|eAghoifiefthl HRn %iééa’iédl Mﬁaly@@@wmg&oﬁmﬁaﬁe

10046928 (stoichionetry: %? el pene
stage catal yst tube and etx%i)%\? % 4 °ht‘&f‘&§; O‘z\é%é{ﬂﬁﬁ‘%‘)ocan al so
have the folAgfpatyelpibeRrensde sta;g@(,qaﬁagyﬁt lUbeI%\ddhﬁ"@d)t%@?%(f*’P@ PP iys of
geonetry 57 ravtiemy camalsohan@tHechsliowingbppbarardeer X |l ength x internal
dianeter) as a prelim nary bed 10 Section 2: length 300 cm Cat al yst charge
of annular (5 nmmx 3 mm X = external diameter x length x internal
di amet er) unRRYpRt ed cé?’?ﬂt@/égcﬁ'ccordl ng to exanple | of DE-A 10046957
(stoichionmetry: [Bi 2V2O8teatiBMBRis®f geprivbty Codm SFefimHdSirim fOdenalsinddipr x 15 20
25 30 The acrolein sta t t charge can al so have
9% QlirMeQ‘r%gl &Qﬁe%@%s aﬂ?r%ﬁgl nahHRs. 9

the follown earance@?? tto ection 1: length 20 cm
steatiteli ng%C'BF geomet/'$Rgty 5 7 mm X 4 nmm (external dianeter x length x
i nternal dianeter) as a Gatalstchageyf heollarSEatmorsE dm k 2mytils edéinalrdiarastat yst
charge of a hombgeneous xrfén?ﬁt? x%t@?na?@%’ﬁw@hé n)‘éﬁisﬂﬁé rR=1Td ca?élgﬁtabécﬁdlh?@(gs of

geonetry 7 mmx 3 nm X
di aneter) and 7.5% by wéXgmpleot ofddaetPOsaped Sﬁﬁ‘{"’f??rﬂﬁtfy {Bie\VpQ@ex BWOs)os @

[M0,12C0s ¢Fe; g4Sis.50Ko.080u]1).

15
The acrolein stage catalyst tube and thermal tube charge can also have the following
appearance (from top to bottom):
Section 1: length 20 cm
20 steatite rings of geometry 7 mm x 7 mm x 4 mm (external diameter x
length x inlernal diameter) as a preliminary bed.
Section 2: iength 140 cm
catalyst charge of a homogeneous mixture of 25% by weight of
25 steatite rings of geometry 7 mm x 3 mm x 4 mm (external diameter x
length x internal diameter) and 75% by weight of coated catalyst from
section 3.
Section 3: length 190 cm
30 catalyst charge of annular (7 mm x 3 mm x 4 mm = external diameter

x length x internal diameter) coated catalyst according to preparative
example 5 of DE-A 10046928 (stoichiometry: Mo,,VaW, 2Cu, s0,).

In all the propene stage charges mentioned, the unsupported catalyst from example 1
35 of DE-A 10046957 can also be replaced by:

a)  a catalyst according to example 1¢ of EP-A 15565 or a catalyst to be prepared in
accordance with this example, except having the active composition
M012Ni6.52n2Fe28i1PO.ODBSKO.OGOX * 10 SIOZ.

40 '



Section 3: Iength 190 cm catal yst charge of annular (7 mMfmix 3 M x 4 mMm =
external di dMedd388 x | ength x internal dianeter) coated catal yst according
to preparative exanple 5 of DE-A 10046928 (stoichionetry:

Mb12V3WL. 2Cu2,40 1). In all the propene s%7age charges nentioned, the
unsupported catalyst fromexanple 1 35 DE- A 10046957 can al so be

repl aced by:bla) exagwieaNgs? oaaléxfrt98r$g9t3)a%aanp$tmpme®holawwhmwetataiystaf

catal yst to be pijcRB@tGES i x 3eHAKXPIAGELNE i f Difn R2aAME €, except having the
active conposition My12Nifi.5Zn2Fe2BI 1Po. 0065Ko. 060x 10 Si O2; 40 PF 54388

27 Db) exanple No. 3 of DE-A 19855913 as an unsupported hol |l ow cyli nder
catal yst of geontsuprartadmultinmetahpxide lcatabist acoepding to examelo1 g ¢)

unsuppor t®d nmul thewt td7462i@le |1 catal yst according to exanple 1 of 5 DE-A
19746210; d) one of the coated catalysts 1, 2 and 3 of DE-A 10063162, except
applied in the sane coatlnéq t hi ckness to support rings eonetry 5 mmx 3
mm x 1.5 mm® mene o thgypeated eatalyts fp2@nd 3 of K-8 0083 yg)fceg arRligd iytheo t he
exenpl ary enbodl@ﬁésoamhgﬂ&'emew&lﬁ%&n ringx cfegEonsgtny! S rach X B nirh& 1S&®n coat i ng

t hi ckness suppor Sn try 7mmx 3 mmx 4 nmm or 8 nmx 6 nmx 4
mm ( ext er nal minﬁe?gx rﬁengtﬁm&mternal dianeter). 15 In the above |ist,

t he supptﬂt material used is preferably steatite C220 from Ceranifec. In all
t he abovemeng) onedosed chtalyst sccagingcth dnegesenaqdag rethbogintents bEDEA/ 9815081, t he

ted t al t | 5 of
L I A e Ty M TR
active conpositi®f XﬂBHt‘ é?ﬁts 'B'T“ "267 My 4 dexteraudiametss i ength xiivtrmEs s of 230

pm 25 b) a coatdidmetr)al yst according to exanples 1 to 5 of DE 19815281,
except applied to support rings of georretry 7 mMmx 3 mm x 4 nm havi ng an

active corrpo tent of 20% b c).c

bi phasi ¢ act " ée EQ tthebﬂ‘%’f:’”é‘?%?% |u8?ﬁ’e r%téfgﬁ}bﬁﬁ agg%?rgééeram ec?
(CUMDO. 5W0. 5(4) 1. 6 prepar ed according to DE-A 19736105 and having an
active conpogid|itRd absvehfitiod ZP3eRYstaR dHakgesaRBbidRg th nd Rention, the

coated catalyst can be replaced in accordance with preparative example 5 of
20 DE-A 10046928:

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 um;

25 b) acoated catalyst according to examples 1 to 5 of DE 19815281, except applied
to support rings of geometry 7 mm x 3 mm x 4 mm having an active composition
content of 20% by weight;

c)  coated catalyst having biphasic active composition of stoichiometry
30 (M010.4VaW, 50,) (CuMog sWi s04)1 6, prepared according to DE-A 19736105 and
having an active composition content of 20% by weight, applied to the
abovementioned 7 mm X 3 mm x 4 mm support.

The fixed catalyst bed for the propane oxidation stage and the fixed catalyst bed for the
35 acrolein oxidation stage according to the invention are advantageously otherwise
selected in such a way (for example by dilution with, for example, inert material) that
the temperature difference between the heating point maximum of the reaction gas
mixture in the individual reaction zones and the particular temperature of the reaction
zone generally does not exceed 80°C. This temperature difference is usually < 70°C,
40 - frequently from 20 to 70°C, and this temperature difference is preferably small. For
safety reasons, these fixed catalyst beds are also selected in a manner known per se



abovenentioned 7 mmx 3 mm x 4 mm support. The fixed catal yst bed for the
propane oxi ¥t $4¥B8st age and the fixed catal yst bed for the 35 acrolein
oxi dation stage according to the invention are advantageously otherw se
selected in such a way (for exanple by d%guti on with, for exanple, inert
material) that the tenperature differen bet ween the heating poi nt maxi num
of the reactip8hwsgaskilegindheag (fon exareple muidilitthnewith, éreixamplez heeamatadal) ine
particul ar ts@Rarayunst thé péil@toﬂmctblr?ératdr@@énﬁﬁi.l‘illgra@dleﬁné@iﬁ%mﬂm1@65@@ 80C.
y :

Thi s tenper astéuceopi_:gf,?Lorer}cﬁiq ?’EE%U@ I'5 70C, frequently from20 to

70C, and this™ tenpera rénce is preferably small. For safety
reasons, these fixed .catalyst beds are also selected in a manner known per
se PF 54388 Afkrcdotertangseactdrifbd thd acrvldihfeaatidn {theé arXaMpEeted Yy didonhédimgwi t h,

for exanpl e, I ' h a way that the
peak-t o-sal tt-u%é;%ésré;ltgh@é @g)rs%lh{%{'vzl%ﬁﬁ/ as defined in EP-A 1106598 is s 9C, or

< 7C, ors 5C, ors 3C. 5 Aftercooler and reactor for the acrolein reaction
stage are cdnatiscéethgiys whicio follewtand@isdtinliiee rshoweatramgintent abbwes thetdrmmia?5 m I n

th | ich ' L 2 th
annul arshaEae G e bapes s B Minlid SipelEAEh S pAICARTRE A R 1T
acr ol ei N0 eatagerAMAISLPARPIACEA bYsebersal shaped divenspodiph apd saferisa3haaedi | uent
bodi es and sptetyst badiies (emghdhaviogaahyties fromdl ©5 heasid havingwan activadonpofitiam 2 t o
5 d havi i ol d 030% b i ght,
roquent |y 1onert B REh 1K S BOMM o ed @il fom Ho (208 BElT e tvon °

steel; external dianeter 30 mm wall thickness 2 nm internal dianmeter 26
nm | ength: B&bhples and al so a thernal tube (external dianeter 4 mm
centeredg n the mddle of the reaction tube to receive a thermal el enent
whi ch can be, used rmnpe the te rature in the reaction tube over
its entire I%Fﬁf{cﬁ?” {“gegﬁ%’?a@aneww 8%5%@%%@%%%‘%@%%?%@9 tion 1:
| ength 20 crdigmetet 26 em,ilength:GS0gsumadjsora termal Tubetextermnaidia(retaret mad)

di anmet er 2?< lde‘ﬁf&%@inﬁhé Hiicﬁﬂé‘@fl th@'r@éﬁﬁbﬁ'fﬁbe&fé réceiled haHMaTeYerR@l whith c%]?l b'é5o 48
\?:f;;]? nof. L?srégtto dgt%rn(%irrrl]e?haetf%n%sé%at&reellﬁ fhe r%:act%anl)tgr.sp ee?tg%%tir@!égg%)(%s %harggcf) y

20  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.
25
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 coated catalyst from
30 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
35 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 x 3 mm x 4 mm = external diameter
40 x length x internal diameter) coated catalyst according to preparative
example 5 of DE A 10046928 (stoichiometry: Mo4,VaW, 2Cu, 4O,).



Steatite rlnsof eorretry?rrmxSrrmx4rrm(externaI di ameter x length x

i nt er nal é?g and 70% by wei ght of coated catal yst from section 4.
Section 3. l ength 50 cm catal yst charge of a honpgeneous mni xture of 20% by
wei ght of steatite rings of geometry 7 x 3 mmx 4 mm (external dianeter

x length x internal dianeter) and 80% by wei ght of coated catal yst from
section 4. Section 4: length 190 cm catal yst charge of annular (7 mMm x 3 mm

X 4 mm = extEigfrst s frem top td Bt ave theiheistledbyan@inerof aGaabath &at al yst

according to [

Nb12V3W. zm%”ﬁ%%fmbwt&fg@é@“%ﬁ%h*?? @%3@%%}#‘*% ER gt o

t her nost at t REtHP RHEIRET iprounterslreMat h A punped in countercurrent. The
second 1% cm are thernmostatted by neans of a salt bath B punped in
countercurregh ijiiese oxidation: The above-described reaction tube is
conti nuously c%grge W|th a starting reaction gas mxture 1 of the

follow ng conposition, and the | oading and the thernostatting of the 10
reacti on tub&haamveatssetibedsesétiontulbeois wontimmiouslg cbarged with@ Saftiby reaatiompaof
propene, 6.0 0.8%
by vol une ofnﬁé%ewcafwogém@hgﬁngb%%@?w oa&”gg 8@?%&@%&8@\9 é\flﬂﬁ?ogen
20 The r‘l@dctreaﬁt"ﬁ‘a@b?@ﬁ‘{%@ fl ows through the reaction tube fromtop to
bottom The pressure at the entrance to the reaction tube varies between 1.6
and 2.1 bar as a fuglga Y volimd BEackGkl i n hourly space velocity. 25 A small
sanple is taken fro duct as m xture at the reaction tube exit for
gas chromat ography eR)P‘fO m%’f REhd of reaction zone A, there is

| i kewi se an anal ysi s6.0fdiyolume of molecular oxygen,

15 0.4% by volume of CO.
0.8% by volume of CO;,
9.0% by volume water, and
78.0% by volume of nitrogen.

20
The reaction gas mixture flows through the reaction tube from top to bottom.
The pressure at the entrance to the reaction tube varies between 1.6 and 2.1 bar as a
function of the acrolein hourly space velocity.

25

A small sample is taken from the product gas mixture at the reaction tube exit for gas
chromatography analysis. At the end of reaction zone A, there is likewise an analysis
point.

30 The results as a function of hourly space velocities and salt bath temperatures are
shown by the following table 1 (the letter E in brackets means example).

TaTe, are the temperatures of the salt baths circulated by pumping in the reaction
zones A and B in °C.
35
Cjc is the propene conversion at the end of reaction zone A in mol%.
ci is the propene conversion at the end of reaction zone B in mol%.
40 sM is the selectivity of acrylic acid formation in the product gas mixture based

on converted acrolein in mol%.



30 The resulpPs54888a function of hourly space velocities and salt bath

tenperatures are

means exanpl

of acrylic acid for /LT ON I'ht

acrolein in

shown by the following table 1 (the letter

E in brackets

e). TA TB, are the terrperatures of the salt baths circul ated by
punpi ng in the reaction
conversi on Gt E"“®ntk tie Higheet feaperaime ohthigreaBlidle gasCRiRUrS withia thy eRetish
conversion at the er%g QJAaﬁ@‘éthea zone Bin nml% 40 S Ais the selectivity

on converted
T#led PF 54388 30 TnaxA, Tma"Bare the highest tenperature of
the reaction gas m xture wthin the reaction

zones A and B iRC

zones A and Bin C Table 1

e product gas m xture based

C. 35 CBS is the propene

Acr ol ei n hoyr u ty BT ﬁm"ﬁlu"nug\%B\A“ S A1 (ST Tga=106
(E) 260260302 aé)é%ﬁyggﬁ?) 5, 4* 108 (Wé) 262p5931227584. 89 z895 C)ESZ S
( E) 263269303 3B¥cRavelp8Y 305 8 5 Cdnpar at{ve exanpl es Everythjng islcarried
as in the e @r’(gtrpﬁ].rhﬂovxeveh the length of the charging spctiong of the
fixed Cata|)\,b6 t—s—echanged—as—attow 30 16 CAAtiUIB 65 S OZJU
cm Section|4. cmlnsg%of ZPB %’h ul t s gr %% Q_? l e
(O neans cortpafBrive exap®2 15 268bl e 212\cr alﬂ5n ho @18y s%%ae véﬂ5di:| ty
TATBTMTmex CAGEBES) (T (STP)£43 )| 269 303 287 788 993 |958
5
Comparative examples
Everything is carried out as in the examples. However, the length of the charging
sections of the fixed catalyst bed is changed as follows:
10
Section 3: 65 cm instead of 50 cm
Section 4; 175 em instead of 190 cm.
The results are shown by Table 2. (C) means comparative example
15

Table 2
Acrolein hourly [ Ta Ts TR TTe T cac cxe  [s¥
space velocity
(1 (STP) o h)
103 (C) 265 260 323 276 80.8 99.3 95.2
106 (C) 268 259 332 275 84.9 99.2 95.0
150 (C) 267 269 326 287 78.6 99.3 95.3

20

In comparison with the results in Table 1, lower S* are achieved at comparable C;©

values.

out

50

2.



103 (C) 26526032327680. 899. 395. 2 106 (C)26825933227584. 999. 295. 0 150

(C) 267269326489438899. 395. 3 I n conparison with the results in Table 1, |ower
S"" are achieved at conparable CBS 20 values. PF 54388 31 W claim 1. A
process for partially oxidizing acrol ei n 4,0 acrylic acid in the gas phase
under heterogeneous catal ysis by conducting a starting reaction gas m xture
5 conpri si ngVa&sadmei n, nol ecul ar oxygen and at |east one inert gas, and
conprises the nolecul ar oxygen and the acrolein in a nolar 02: C3H40 ratio

of > 0.51in a i er. a fixed, catalys whose i

conposi ti onn1|‘5 a‘é%f]éécﬁaeg%%éi)éﬁgﬁ%%?'@g5‘:,'%%3? &oea%fg]}%arﬁ%dsﬁﬁge %se&éqsgﬁféﬂﬁ Mo and
V, with the provieierogaagousFatalysifcby ¢onducting: astaging Feartips 9as FAYEd in t wo

tS|oat i al It 6 SUCCeSGd;&Mﬂisﬁr@lmﬁlmhumelecﬁﬁﬂmg?n ath abriabt driganére gas raat l¢bﬁnp_ﬂ§e]zs
enperature zone I .. tenper e Blisclsic] a
tenperature in the n@%%}éﬁ]ﬁ) r%%@%g ag?&'f' 'nl%%%}r?éﬁaﬁfégg_&boaﬁﬁ @gﬁ%ed

consi sts of at |keastion stagepriadixey catatystibed whose aclive cerapesitjastis Bblgastangs, and

t he vol ume- speci fnugined! oxide tokipkigihg e Glerhbse M aidV YWith thegsoviso®at S
substantially constant and increases sharply in the flow direction of the

reaction gas mxture at the transition fromone fixed catal yst 20 bed zone
to anot hy fixed catthe {ixad ¢atalystded is amanaedip byasnatiallyyiccessivedenwesrtyg to a
conversion of the aciakeimnBof from 45 to 85 nol% 25 - on single pass of
the starting reaction gas m xture through the entire fixed catalyst bed,
the acrolein conversion is ~ 90 nol % and the selectivity of acrylic acid
fornati on based on Svtettenraatuse of iemperaturgzonsfognd the temperaivemel in time

i n which the reacti asmgasiture xbhe B if [sit)a téraperdtife intRe raigetfemesatasanccones A,
B corre nds to the al phabetic sequence of the tenperature zones, the

hourly space vel oci t?‘/ gf the acrolein conprised in the starting reaction
gas m xture on the fiNgE¥eLeatalystbedisonsists ovatigast tyvaspgtiay suesessied Axad of fi xed
35 bed catal yst h, catalyst betheonbs rd theoslumaxspecificlactiatyByitHio one fixdd catalydie

hi ghest tenperature @E?&ﬁﬁ isUbstantiafy doptht MY PESaS<indrBly e Wol i N
tenperature zone A, cfm .t he . . "
irection of the reaction gas mixture at the transition from one fixed catalyst
20 bed zone to another fixed catalyst bed zone,

- the temperature zone A extends up to a conversion of the acrolein of from
45 to 85 mol%,

25 - on single pass of the starting reaction gas mixture through the entire fixed
catalyst bed, the acrolein conversion is 2 80 mol% and the selectivity of
acrylic acid formation based on converted acrolein is 2 90 mol%,

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

- the hourly space velocity of the acrolein comprised in the starting reaction
gas mixture on the fixed catalyst bed is 2 70 | (STP) of acrolein/l of fixed
K bed catalyst - h, and

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

40 : temperature zone B is = 0°C,



hi ghest tenperature TnaxB which the reaction gas m xture has within 40
tenperature zone B is 0C, PF 54388 32 wherein the transition from

t enperature PBra3%8 ¢ o tenperature zone B in fixed catalyst bed does not
coincide with a transition fromone fixed catal yst bed zone to another
fixed catalyst bed zone. 5 2. The processyaccording to claim1l, wherein Tna'
- Tmaxs is ? 3C and s 60C. 3. The process according to claiml, wherein
TmaxA - Traxe i swhersig the fansiirn from témpgeralurrzane Atadsieriviegoas P iofixed aj ms 1
to 3, wherein t heatalgstdedidoes ootrdojnciizawith a kBnaigindeanh yne fixécheatllystegdzanal yst
bed is a 70 1 (an{om\rl\lﬂ%étéﬁbgd(zﬁg)/l-h. 5. The process according to
any of clains 1 to 3, erein e propene hourly space velocity on the
fixed catalyst bed is ? 150 I (STP)II.h and < 300 I (STP)/1-h. 15 6. The
process aco2di nfihe prosass adcording escidimt 1 wheram & et nTTHds ePandtLBCof
reaction zone Ais from250 to 300C. 7. The process according to any of

laims 1 to 5, in the t f r i 0g., ' 60 t
S80C. 20 8. Fhe. pibEECE RO S ParoIR s arvs T1oe B 25 g £AFC 0 1©

tenperature zone A extends to an acrolein conversion of from50 to 85 nol %
9. The procegs agrOpHCEEs Aoriig BfaryAkRind 1 103 8vhetBiRMHed BerbRIASILAY YpSceZOne A

accor di i t o any varoi e Y Gredlelind i 0TI o e Sed A stk o Tre

starting reaction gas mxture is ? 1. 30 11. The process according to any of

151 e i e e a1
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bed conprises not nore than 4 fixed catalyst bed zones. 13. The process _
accor di nfs t ogany TRé fﬁ:’céésf@cc%rdiﬁg th2any Wi efafthd1 t9\B8khdrEif tRCtdnRratGRIosi tion is

uni formover the entire fiéeé} cahgé)é/s:%q?lggd, the volune-specific active

conposi tion in tFECHIHEPE+ BIIDAYOE tHe r eacti on gas mi xture increases by
40 at |east 5% by weight at the transition fromone fixed catalyst bed zone
to another fi Xe?‘h&f)ﬁo%leys'sécc'éﬁﬂngz@%y JrElaris’ 8% 33wdtein TREtRIRFRSR giccor di ng

o any of ol aims, Lt 12 RS doo LTS active
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8. The process according to any of claims 1 to 7, wherein temperature zone A
extends o an acrolein conversion of from 50 to 85 mol%.
9.  The process according to any of claims 1 to 8, wherein temperature zone A
25 extends to an acrolein conversion of from 60 to 85 mol%.

10. The process according to any of claims 1 to 9, wherein the O, : acrolein ratio in
the starting reaction gas mixture is > 1.

30 11. The process according to any of claims 1 to 10, wherein the chemical
composition of the active composition used is unchanged over the entire fixed
catalyst bed.

12.  The process according to any of claims 1 to 11, wherein the entire fixed catalyst
35 bed comprises not more than 4 fixed catalyst bed zones.

13. The process according to any of claims 1 to 12, wherein, when the active
composition is uniform over the entire fixed catalyst bed, the volume-specific
active composition in the flow direction of the reaction gas mixture increases by

40 at least 5% by weight at the transition from one fixed catalyst bed zone to
another fixed catalyst bed zone.



conposition is uniformover the entire fixed catal yst bed, the

vol une- speC|FfF|Q4 88ctive conposition in the flow direction of the reaction
gas mxture increases by 5 at |east 10% by weight at the transition from one
fi xed catal yst bed zone to another fixeg catal yst bed zone. 15. The process
according to any of clains 1 to 14, wher ? when the active conposition is
uni formover the entire fixed catal yst bed, the difference in the 10

vol ume- specitldi c ﬁ@tpru@es@@m@ﬁin@t@anpetmm 11ee12f wiedirc ahah Yisd adivd zone
having the | oweg po‘&mﬁm?s Lﬁ%ﬁ% é?r tﬁé%bt\{rletf e&‘@&\ah Fodd oﬁgﬁeagﬁﬁrgbed zone

havi ng the highes ure- sp eC| mor e wei ght .
16. The process ¥ EAMPREIA '&H}ﬁ W@r%tlmo th%eq@onm'éﬂ*éxtwetm@e?%tbyf i xed
catal yst 5 15 bedhtiea3e10% bylveidht @utrei trapeitibe frof orid fixed atlyisbbed)fshetoxt ure is

undi | uted and C%#h%‘i’ﬁxé’d“&éfﬁl?%t b%?%gﬁg catal yst bodies. 17. The process

according to any of cla wherein the fixed catal yst bed zone
havi ng the hi ghest vol une-specific activity extends into tenperature zone
20 A 18. Ths&. prumegsscesaetotding tbenmfyclafnsml @i 15 wheitein, When Wheadive the fixed

catalyst bed  cambipafofls ditdm blaefle Shalny F,Qtﬁ&s eliferb s s

cat al yst bed zone | C activi ty_ extends
bot h i nt8 terrper‘ﬁ’!L{J”F%SQQﬁ'f@ %&t"ez@’ﬁﬁ’ﬁf' loﬁtt@t‘t’ Pzi'f‘ éaté'dﬁ@eﬁ zopg havifg
process accordi rpe totweanyolmﬁesbamsﬁrsactwltparithhevﬂxed eatalyshisgdezdne Haeingtieensi tion

fromone fixed qﬁ#@sy%u@?gpégﬁ%ea&%@gcat E{orés %Héﬁq‘gg’aﬁ‘?ﬁ’gﬁht bed in the fixed

O where L is the Tengt I Xe the range of X L
10 30 catal yst bed and Xis the point wwthin the fixed catal yst bed of
transi ti on fiSom THegmpersatascerdingrie ady biclaisspetoats, whemimibe Bast fixed catalyst

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

17. The process according to any of ciaims 1 to 16, wherein the fixed catalyst bed
zone having the highest volume-specific activity extends into temperature zone
20 A

18. The process according to any of claims 1 to 16, wherein the fixed catalyst bed
consists of four fixed catalyst bed zones and the fixed catalyst bed zone with the
second highest volume-specific activity extends both into temperature zone A
25 and into temperature zone B.

19. The process according to any of claims 1 to 18, wherein there is no transition
from one fixed catalyst bed zone to another fixed catalyst bed in the fixed

catalyst bed within the range of X+ L - Tg—o where L is the length of the fixed

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



