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PF 57347 1 Process for preparing acrolein or acrylic

acid or a mxture thereof from propane Description 5

The present invention relates to a process for

pPE&gaﬂwg acrolein, or acrylic acid or a mixture

t hereof from propane, in which A) - at least two

gaseous feed streans conpri sSi ng propane, at | east one

of which conprises fresh propane, are fed to a first

r Beocessoior preparing acoldin onacaylic B0id oe a otixtone thersofArom priopane

reacti on zone A, reaction gas A is conducted through at
e catalyst bed in which parti al

B?‘E?énggge}]neously cat al yzed dehydrogenati on of the pro-

pane fornms nol ecul ar hydrogen and propyl ene, -

ndheeprebent imveptipanrelateis ¢ a procdssespraparing wcaleim yod aogieracid or a

PSS s Ain reaction zone Ato

st eamglq%érébé?j@?g&r?%ggtI?‘oalr?&?one A, and - product gas A

whi ch conprises nol ecul ar hydrogen, steam propyl ene

afil  pr oFaleastityo arsaoyP fRRA SirPRTS PRI SINGIProRFE, 3t leasf onepfa

reaction mmhe;oﬁipnsdsefrqsh peopabe, gesfed tova filst reastiond 2008A to form a

reacti (cj)n &R0 ﬁa thI 20 feeding og nol ecul ar oxygen,

s used to cha ‘at | east on .OXi eac

2" oatt | HeGAONonS AorReion g e S R AP LA oas! G gatalys

propane, bpd opyhiempartial dhetemgesenisyrcatalyzge dehydrmgenation of the pro-

propy! engapé %ﬁﬁstnotehﬁnaﬁhyardg%n%ﬁ@b%y@deto a heteroge-

neousl ation to

product/ 3%@ cg?é g t?ﬁ oxg%ﬁ)ﬁ‘@ ﬁ&a'pr:’(ydg |presegtclﬁaeagp

a m xt ur 8ag Adp W@eﬂdp@@?mﬁwd@ﬁﬂ%&m\#& B8Bd 25

pr opane, pmmluetcudsanrwlhimdwwms fioleauar In@rdyen, sleampdepyemeand

by-produ&tqﬂagﬁ Lh%PiwncﬂJﬂﬂea %ﬂghy conmponent s havi ng

| ower an I ng p0| an water, C) product
gas Bis conduct ed out of reaction zone B, and target

pBpduta, rembﬁ IZoniUlBi the prodda s AWIPOReN fdrh@uttion zand Aghit
bo' | idgy ﬁ’gﬁ 1 W@%e%r ls%ggéﬁ%aligg%q falaBt on%QJij%fr‘o reactor with
t er et F.o %

enoved atlion zone
a r es? EFASYoNSRS E| cqmrpﬁg "&B’T?Hlar Q?Hc%tﬁ%r%aa’]&r B’BBﬂ%“e and
car bonoleéudaricoegennahdthelpaapylene pregent thereio dnsidyjegted to a heteroge-

CONPORRS| cﬁ'ﬁwhétgpa?txél@ﬂ@ had@iokidBEbrR8 give atfeducteds caistising
e

uncorteETT e AUt Rd pr el %ﬁ%&@?%ﬁ*a°§%fzpitlﬁcpuﬁ‘%v9r@’d

af t emr%aaten@ﬁbcwérdyamen Qa3 [58bon digkidg @s griygueduct. gnd also
r esi chtadr sgeendani compenentd hadngioweraand highice boilirig pdintg thaa evater,

i f appropriate in residual gas I is con- densed out if
appr opr i at on z
B TPt e s roRdiies ot o eadioriagné B and.tafast apdydmater and

is d|@Gomagse@mponentsappn@phlgaerel}oulag paint thiab sater pegsamttberein
neas IUére removes |tt%iéﬂr@ﬁ :ﬁwﬂst%P&aﬁtSrﬁﬁﬁneﬂ tto 1aE8ve AresRBbIcHa8 N which
gas S,e ratl,n a

third® g%eg F AL on%gﬁ%% hb%n d"% IF &pgenﬁﬁfsog ﬁ seg?]r%ary
af t erdOMPROPRIR haviReL [owsT EO"'@W'WQQM%@”B?M EWPHP@Q uncon-

verted in reaction zone B and any unconverted molecular oxygen,

D)y - as an aftertreatment measure 1, carbon dioxide present in residual gas | is
scrubbed out and water still present if appropriate in residual gas | is con-
densed out if appropriate in a second separation zone I,

- as an aftertreatment measure 2, a portion of residual gas | is discharged,

- if appropriate, as an afterireatment measure 3, molecular hydrogen present
in residual gas | is removed by means of a separating membrane in a third
separation zone Il and

- if appropriate, as an aftertreatment measure 4, any molecular oxygen pre-
sent in residual gas | is reduced chemically,



sent in residual gas |I is reduced chemcally, PF 57347
2 the sequence of use of aftertreatnent neasures 1 to
4 BfebT8g7as desired, and 5 E) residual gas | (also

referred to as cycle gas | in this docunent) which
conprises wunconverted propane, and renmai ns after use of
aftertreatnent neasures 1 and and, if appropriate 3

and/or 4 is recycled into reaction zone A as at |east
one of t the seguencesd use ofsfiegrestomgnt measwept bphheing a9desired,
Acrylic aghd@ is an Inportant commodity chem cal which
finds use, inter alia, as a nononer for preparing

5 3% fé gﬁgﬁduﬂngm (@ls8 rateesh @Sas*eyaéi sééu bin ftrﬁ’i d@e&mb evhtcﬂ comprises

Fi of d BronyEheproadhe 1l e 4 ot el Bathapt figabies 1ana2
super @90t arpienrsiaten3 andion,ig r@wde@, ta ieACtion done Ras o leasipne of

of apﬂlheerwstrehhs%h@hﬁh?lpnoﬁaﬁl i mpor t ant
internedi ate, for exanple for the preparati on of

gl ut gr al de- hyde,. net hi onj ne, anedl ol i

10 3.M '@'&laicﬂés an [pRogtant Gommpacy 8*&’5‘113?'8}% Bds HFe Nt Gl 2s @
d esondniee doriprepaling peleaers|whiohfare el mdmﬁorMample in disperse
chﬁ:ﬂﬁwdhaﬂ irPaquBb@ MediGi. ARHH¥ fickd 8rAisE oPcrticricied pilyeners is that of

F oEBbscoh el B8 Afre ol B M bl BogicBH 6 (©1

differs fromthe simlar processes described in the
15 dowmmusan PipoAadtGnteiedisia 2or b2 8mpleforAhd Brepéralion digivtarade-

odP e fignentle, GEphredett Gptaeasib st Bie e, Soos

009 891, DE-A 10 2005 013 039, DE-A 10 2005 022 798,
DEFh& m@md&@b@d ®dbe peampled thsofBument foriprepaniRg AcoiEN, £5
59&'?_2:ryll5)50|8\0193nn3t5re(13&eof R Sr3pahbis RbweSIP @Gindilar YhanRert(BRtior ex-

20 A Wé‘%gﬁréﬂ%ﬁw%\éﬂh g’SALIJWj’?JGgaken on the product gas

awn fromreaction zone A before it is used to
charge reaction zone B. This is advantageous in that
pribdifiers frofn th@birdacprdcesses dpsclitiEsise thealoduraksts appar at us

ADER {024 099" PBEARSS OFRBAE 005 beopitpt ance

ERlos187 058 W g 7L i 95;8%04 WG B9y d o
25 1fAcid 2006089 89T PE-5 10ROOHPELAA DG 10 AIES QRZAMent | s

NaDE-aNMioi 2006008 3R DEACD 2809010 NO1, DECA 10345585 DESA 103 16 038,

r %V@ltﬁ 18M§§p%@ﬂlly ||n't|l|<aq nelsl.lbéwrge (?ergé\)sd @ru%%ﬁ%@ﬁ on 'tlfe product

ulrre

sl wdgﬂwn feaah@ %‘é‘@&w??é‘?’? 'te%ms’ﬁ%ﬁhar%fqagvon zone B. This
I—Iosvadr\eantagaﬁust ihéhad poiestof dalse anderkrgt lotdes aod tlse tappdratulide-

30 g%&ﬁﬂ?,%rrhﬁlyﬁatgé%rﬁﬁédyMS sléh Mﬁﬁfanbé refiNves ééb@malﬁﬁﬁ ROBEY of
© AT “erafaioR pentibsbae atorhd ?tﬁ@sésm{mom%f Se3 e prpgess
arﬁs:c:@nd@g @thedqreambie pkthigidepuraert isgiet petirely capablenefraygiding guch
apubstahcesrethenalnd sstead) likk alesyelegas plogessas bt tequitss raihfust atdshst
't"bn%"i%rco 6ER6ddco@etiBlit disd at (Tae%@l‘%hetst@gorﬂgc comfp oﬁQMFEJu{IQQH&Lever
35 | i BoeS st AR e culngt SRS Bnadiprt Bratrash i b ioves the

déﬁ?ﬁ?ﬂﬁ@l’y FymraRgntPace! injo heyidntiat t g@f@etmq;wtcr@m%ﬁ@ﬁd hence
I rto tHeepairg MesSubstant ccargitherpiabgradienis with a high level of energy and

apparatus demands would necessarily have to be enforced in any case in order to
reach the goal. A coupling of the secondary component removal to such expenditures
40 reduces the overall fevel of energy and apparatus demands.

An individually prominent secondary component in the relevant cycle gas process is
the molecular hydrogen formed in reaction zone A.
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the nol ecul ar hydrogen forned in reaction zone A PF
67347 3 In contrast to the exotherm c heterogeneously
CRF&ryed oxydehydrogenation, which is forced by
oxygen present and in which free hydrogen is neither
formed as an interme- diate (the hydrogen pulled from
t he hydrocarbon to be hydrogeﬁated is pulled out di 5
rectly as mater (H2O)) nor is detectable, the

t. d dehyd

B R B RSB R A RSBt i vien
f%@ﬁl\rywmﬁmaaregenaénd lny@vcbg@nawr@aen i Seithed darmed @k en (rderme-
edsat%(&femydrobylg%m@dﬂroﬁaﬁb%gﬁdrbmq?:mg be zuy;srggfal‘naﬂaﬂ%s puﬁ(} out di-
I REf 49N até rior isHeldd Faq{'hg teroden aly2¥d'detydrddena-

|

| Horcip hedpuied outireacionzna 4 i ua@%raﬁopiio 647 & gppventional’) de-

r bysredepatiaroisdindpibarmiad (}ar‘eaxdthernmc Bydrogenccamiblugtiningnaybe ingluded
O\ ELHMA 2 OULA as h%ﬂbsehﬂergtsté%?] aNedh WhichtfieR rﬁcﬂéc?wa?'hﬂldro?en is

Z .

clFBie 8 /Bash G5B TuprheliaR i dorinl S Rl ek cllsdpeons
i And difierentsatapsiado dhe oxygeliydraganatios. not a reactant in
the literal sense In the target reaction proceeding in

rﬁ\a&ﬁér%rdfso rBlevarit pfotedsd rBtSHedQf#Hééﬂioh&?ﬁ@ﬂ%ﬁﬁ‘s@ahlﬁwhﬁ‘@vo

[ s éﬂﬁgrﬁ% ML
h§ Grastpehinftas literal samse ietbe tasget rerctionprogeatingan saactionzcag ded is
t ﬁotrr@ﬁﬁéuwenmma iMtheSrBlevdrt ciife GasTBEHs8 S tlis AR for the opdtator to

é(}lar?n W wher raﬂ& ﬁ'ﬁ\ﬁhaq ?tﬁ'&rthg glg| legr N&?cﬂeq %Hneﬁ Eﬁ'?l%'acif?)ﬂezone A

éﬂﬁ@?ﬁouanv ﬁ@%&dttpé?ﬁ%%@n&)m shou st\ 9#@ @ﬂd FaAninithe ayele gas
dprovessrdescribbd (ih ¢hecides @ase, pne bydragen rialéculd is forated mpt Eropyihe

Ombfedslf TmelF Bodibh bi6n), DE- A 33 13 573) consists in

operating reaction zone wi t h excl usi on of nol ecul ar
oxygen and conducting the nol ecul ar hydr ogen forned
afi@raposaimadg in theidosuraents pithg clasest prartardsfsiongxampleey ond
SERA! 181|670, ERAC1 17 138 dJIEJAeT.B T38N3P borlsist ih ra;genatung/\nebbnohhene A

h%ltﬁ&wlﬁfon%%%f&mﬂ Eﬁcfgcﬂ rngfm HnSIQCLﬁ

dlct Hﬁ‘ ed
er 0 ou Si S wat er’ an
i apﬁtgatv.aﬁ neftaes pito bSpnd serarsioncns hanifﬁﬁ'éc
abmstlh@ rh Mh thet molecadari aomggenhmcomieded Inaeadiipo zougeB ufiderieterogene-
r &@fddt&iklgﬂthOQvé@tdnh redyaﬁlgftl‘?&%l@r foffHed lhht%‘éHﬁl'BtytuﬁIS reaction

oA andWips pt g el foseih hilybdéh B h bbb Zone Aunt
i Yegpecndnans thgrushdhe eircuidérd exclusiyply in sepamtios zpge | in its oxidized

ke Cspb&ﬂcdlly dt Garn Suthalprérgueos dibshantagesusanl séueral aags.
& ﬁs‘ﬁ ae&ﬁ‘ac'rvﬁd?ghé#wﬁlcg H?tﬁcﬂtbbgﬁ l;e%o%gﬁ’*:?rabxsereagh%w as B with a

con S uent
(BaipiaherraslvePTRHRSRHER BAS SRt Sarcdiciusba e certan

nesnstrudtion niajetialsgee peraredbla toreolesular mydicegenpand pmaded ireduction

( poleARUGENOURS GiS/ebitiatib ¥avb BHEwS thaviteédiab oPiheBassFanidunts of

' HSFeE&%ﬂ&de&BH iH dr%aafon g'%}? Perfé% ah a{i%e%qoélfda 6rpth5%%‘ﬁ{nh%@
%%t%w%tosbett@eeiord%ee%et?raaemesm ertal erseRAstiAl gps OXdata My 2@% sec-

peirdyi, #e tgrgst predetd haoio)be ramdyedsfean a optihgansidarmbiesament of water

PihQeparhtidhegonk ¢, WiHicH S BE3GRAtdd vath PsififificahéreRs rdalirMeRt, since

ass ocbet%fr%;y@f q‘[?ve bﬁg@%ﬁﬁ rgtfdrg t&gﬂgregsed%oﬂéﬁe of twater in regc-
tion gas B generally equally reduce the lifetime of the catalysts used for the partial oxi-
dation, generally comprising Mo in oxidic form, since Hz0 promotes the sublimation of
Mo oxides). In addition, in the case of the hydrogen combustion described, an ex-
tremely high heat of combustion is released at a point beyond separation zone |, the
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the target products have a high affinity for water

(i ncreased anobunts of water in reac- tion gas B
gPR&T3d7ty equal ly reduce the lifetime of the catalysts
used for the partial oxi 40 dation, generally
conprising M in oxidic form since H2O pronotes the
sublimation of M oxides). % addition, in the case of

L BeftuiwaRR 5 SEEMNUS Litie I&%ﬁﬁh'ah%@varﬂébe%&s mahRéreinkedtratly
S&éﬁ%{eﬁ%ﬁtﬂ?@ gﬁq%-deﬁcnbg{ﬁ@%waélth% ug? gp % %fc\ég%gf rﬂol?%ular

JPHYOPR (Rlatve & e tarpstaeacipn sioiphiometsy, wiikhdh peAsiAReOviAR = in-

| creessscaldlyst lifatirs® i the pattiali oxidatidneof adentien zhered bitedturally implies

pfn@l*éb?é\;ﬂéeﬁpg)sbhelskbslﬁ ré%fcﬂ@rgzécﬁé%@ﬁ\eﬁfac é‘c‘i‘dﬂs‘iﬁe ta r’%\/ I%Guct

- 25irs donf o ieehier BDmn B e Berpbmnilo ot

t a5 By mplar raf paraeire@ﬂar@mya@anfese@hmz@aféongamla teropyleng gresent

| thetdirest &b ldabicy ©83erbqeirgd (s difdaty Bkss ihtd dceawrt infior g mBus-

( acid I's the target product and the
(RS RGN LS, et al

of nol ecul ar oxygen required is added
bef orehand to reaction gas B, a nolar ratio of
B 8t altetnatyrythe priprastaited alsn offera atpranesg variabt inovhishdpey ertite

PaRSERbf mbleeuls HydRigeA formea i reicti%n SoneSA isSfkbiviss Gofdudted initially

a‘lﬁ a?ﬁm"ﬁg§l§8%f8 @%@argtﬁo%oﬁ%ﬁ } n'?“a{ en réijt hnrr?e%??&l fo re['n'[o%gtht%fentlre
aP@BU’BPf PRane FARERRYENGRFIsenLn r%'d»ﬁi gas 'tf'ﬁ@ dlpther gonstituents
aofresituad has1h ireliding thdwidisagdarhylioger énd nnlyecacﬂcy@a thecstrearm of

i és Mdf@é%b%%s W%%Hﬁérﬁfé-d it b aglndn\r/zggé‘% in H@ URtddQndee %wever
A s o

r vsm tha ahtirgamount of Emhudrocasbonsito thermoniiensed phasemangfthen to recycle

I @ riefBs@din IBERK irto theak peiagky t he nol ecul ar hydrogen, and
only to recycle the streamof C3 hydrocarbons thus

separated Into reaction zone A in an insulated nanne

mmmer prapesal RiARBgS 78 compisss terasabiiy qf exigizing th% mo-

| ecdsstodragee brmvied In rebetioneenk A dulll ity watef by ingarcsoof-adset molecular

.@.mH rESctBHQHﬁE AoéndG? e#méﬁl e&co%hm@ Sutlz® 1aba ﬁ&ﬂaemﬁéiwater
? Oy (%/_. fff%%mbacktnto Cded

§"‘ 5%5 ea’fd’ Kes 'WF ﬁ@ra’]SrFS’BBE%Q S Y/ o0r {9 cerdyct ivaddi-

c ¥ igdie enfice pmowntiivrmed ynte featiancions AgBethearardisadvapianenus.

hiestip asondérnsingeslit bNwateéritaig Rodimaef frobiudtighs Mo wertpiratlngs which

g%%%l%%lo@ﬂﬂggeng% eﬁﬂég?éqmru@ﬁgggﬁﬁbﬁl%r%%tl on zone A,

erther ¢ nsIng o east a portion of the
wat er formed upstream of reaction zone B and renoving
i Becandiyhthis tevaperature teduction das to beteffedied sRRingifrmaa vgry ihigh tem-
Baafafa 1bvé1 sﬂr‘iﬂé%hbﬁﬁfoﬁ%@' molcQar IRAFIdeR AEES a?&,t ntﬁieé theadnfount
a us nsina- out of water
?ﬁ‘%g@'[} %""&JHBr 'gscfﬁ%qat'ﬁgﬁqﬁ 5%“@%%6@?‘&(‘m es which
are wel | beI owthe tenperatures required in reaction
zMoeeoker, [Badom the\entitelHnsouneofpaatertobtainet drdthetreaotioh gss inseparation
eictn@qtr@émnﬂnagnt ,haeaéee%oeaof\s%rﬂmmrgdarﬁ ty, 39 aReiag igS ibed, and

si nc cular hydrogen affords
a%%l?fa"fvu %ghqrﬁgngpéalﬁﬁ "feﬁ%“eﬁg%?ﬁ°\ﬂﬁ‘|zé’ﬂ ?és consuned for
its formation In the dehydrogenati on. Mreover, | eaving
t Ineviemndfi thee prioratrdesaribedat wis arbstgeon efthe preisbet inveatitn RIprevde a
| BroS&¥e @t 8ddoRiAince with the preamble of the present document which has the dis-

advantages described at worst in reduced form.

The comparatively simple solution to the stated object consists in spreading both the
discharge of the molecular hydrogen formed in reaction zone A and the generation of
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zone | results In an increased | evel of separation
conplexity as already described, and 35 generally in a
sirprg7aaed catalyst lifetinme In reaction zone B. In view
of the prior art described, it was an object of the
present invention to prOV|de a process in accordance
wWith the preanble of the pres@nt docunent which has the

ditise disshérfetfagesved esr@lbw@wda,@b Z9R Sttthd ProbRR LA bBseRingBe pre-
Tl?gasu?sﬂg]%?un@c}ehéﬁlw%th%' bgrpﬁ %{ﬁﬁél\%@ 69&35&1% ts,ﬁo%tﬁ%ﬂg %bén%%ﬁvan

ALY foNYY um'ywtws PAgia! qischargsin ?emraﬂeﬂ &one Lip thefarn of wa-
géergenerated beforétand TBredction Zohe Adiy hgtragerecdnabustiary evatea of partial
r %kuaaﬂlah%afnédaﬁmasap nﬁeaéuoh %né)B %@ﬁﬁve&’gﬁdltﬁnﬂmﬁ BNy Ske in

X afnaepdh b i dresiesisr st ARaS e’ oo g sepapeteon
( @ﬁmeybalreﬁéy patially eQnprises approrflatesenataling AqWRMentat i on
zone | in the formof wa- ter generated beforehand in

r 9@?5 iﬁ&lgztﬂggolﬁ\t&yfoﬁ%jtb%eelﬂv&%@@%#%na Pﬁ@éé%ff rogreparlnﬂ ac-

orned | ne Feaction 20
B W'@‘”T@I?BVB%I acid af 7 Mbsiulp tRereat ”QWW%Q%'@ iPhicdepar at i on

zone | in the known processes for target product

L ;Nr}fg;’ |a|s esﬁ@eatsh ﬁ%r ?%El%ﬁbéﬁ?ﬁaﬁ%%m‘pnﬁhj B Fé{nd‘ at idbgtloh¥ of
Accordin g‘f’@a?f;?{ﬁprésg P E'F?S}bﬁo?%ﬁh %&qtéi#éﬁmlr{?%%'?? \;/:gneoIB Jtoefg{m a

i s a proctesgstiongasgr eparing ac- 10 rotein, or acrylic
acid or ainieaction gorie&résdtioh GETA B copdited ﬂhl‘bughla(:haﬁ)one cata-

at | east {0,085 AN ol AE e RABSHATRN3 g i S¥AERxn of the

at | east conprises I?‘c{esh ropane, are
to a fi rs’PmP%'chfPV'&san'Gﬁéar YARIPR AR ROPY®%et i on gas A 15
- i n reacmplecuiaonygen whichoxidizas rgdgcutanhgdrpgemmesgu in reaction

t hrough agad Rmsbadion z6@ Ato st¥arh isTed td reatdh GBnd Al dridal

het er oge nrgrg ‘,H]I!E‘J'l §D§ gc I%Zc%ﬁ, g?é}yrﬂ&é’%ﬁaﬂd Zﬁgbrggerf fstetan\e propylene and

propane f en
nol ecul arpfeRﬂ?éh%‘i’@W"B'deﬁ ign gNeR Ul ar hydr ogen
present In reaction gas Ain reaction zone Ato steam

i gyfef d %aEt?o‘ﬂ%h?@ ﬁlgrﬂ)‘?odﬁct g%eq\ @.&wa\«mmﬁ%amﬁaﬁew Witk

t
S??QQ#@S&"Q OO RIS FTYBSh i 458 3 F5F05 3 SR widaor reactor with
r eact B ogactiomeasd3 comprisingotioletulasdwdragen, stedmapropane propylene and

r e:gt h\%fécﬁlﬁf‘&yéen \Hnﬁ lthe drosyid A r{)é%régenﬁﬁbl%ﬁgls 8libjEctydIRIB hdtéroge-
us X

°  eah B pRY paEides sl iR ﬁfsguwaép sftprising
pr opaf@olejpr ep3aNdisEcis el amm@dh%reof@wgtawet pradugt Hgiconverted

pr opy pepane exenlar hydrogEn) steam sedtperndiedte 25 Dbyrprloducgand also
NEOUS e CaI-BhIAF gorﬁp?d'r{ah@haglﬁﬁ IONRRSR mghéﬂ%mﬁg p&lﬁtsgr'\ éler

product gas B conpri sing ol el n, acryltc aci
a mxture thereof as a ta@% roduct unconvert ed
pl%paﬁ@d“%laégu* 8‘?“%‘9‘89 S]] %‘h%ﬁ"e@ala% FArgRt Brqduet wategand

by- pr setwotary aomperents [E0ingta féghes baitingcznint thamnaterepresent therein

havi ngre r@%ﬁedﬁﬂé’l‘eﬁbrﬁ e fi Qpéédafﬂiloﬁ’ Pbit 150 1208 a‘f@&t@fa{ gasDwhich
{) ;?gg{% 58?1 E?con\\x%l?egfpurg?%e carbonoénoxlcee mo'lecular tqyc:’e rogen, sec%lndary

components hawng a lower boiling point than water and any propylene uncon-
verled in reaction zone B and any unconverted molecutar oxygen,

Dy - as an aftertreatment measure 1, carbon dioxide present in residual gas | is
scrubbed out and water still present if appropriate in residual gas | is con-

densed out if appropriate in a second separation zone |,
- as an aftertreatment measure 2, a portion of residual gas | is discharged,
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secondary conponents having a higher boiling point than
wat er present therein are renoved therefromin a first
Spp8ys7 on zone Ito | eave a residual gas | which 35
conpri ses unconverted propane, carbon dioxide,

nol ecul ar hydrogen, secondary conponents having a

| ower boiling point than wat é# and any propyl ene uncon-

verted i WJ Sﬂ%ﬁét@nasz ﬁ’teﬁr@AﬂQeﬂWeaQﬁ}%%n}h%TeEﬁlgr de Hldsent

oxygen, rtreat nent

di oxi de ﬂ?‘[e?s"@H?' GBY | RuBaAA Dy aees o § SSORSUG TR [y thire
and wat erseparalign @nesﬂbmd i f appropriate in residual gas

| is con4f &‘é:@fdi)ﬂﬁlteoad arl AfteRPIdtrANtinRdagured, anysiR6RBWar oxygen pre-

separat i f tment neasure 2, a
portion %P resi c1cJ 'gas rleaufl:e%&&%tcal ged, PF 57347 6 if

appropriate, as an aftertreat ment neasure 3, nol ecul ar
hy dr dhesequepepftuse ichaftesiséamant measulesildo A deing s deyirade amdb
of a separati ng nenbrane in a third separation zone

E i BLARI LA B rBed b oS 0 BRIPA I BAR ey i
redu d@ﬂ‘P@P&ﬁ#f@aP‘fﬁﬁed PrRPase a%rﬁ&é“rﬁﬁiﬂ%@ecﬁ* aftertreatment meas-
af t erdre=dbne D andidfappropsiate 3 andér Bds ROy idRIeadidn zomdA B at

afteri&és‘?%ﬁ%ﬁfih@%f 1A by ééﬂ.l‘“éﬁﬁ‘hsi%’"‘c‘g‘%@% ah@ as cycle

gas Int docunent S unconverted
propane and remains after use of aftertreatnent meas-
ures Whereid 2 and, if appropriate 3 and/or 4 is recycled
into reaction zone A as at |east one of the at |east

two feed str ri sin r qpane ei 5 an
Lo o4 B aediea hyAP ORGP et P ol b B, than
but n@d mads of thétotal agBuNtf Mmotsicutahkydregeal predusedhin redction zong A

ol ecaiif aBMr@Pﬁbﬂé.rfe@fd}db@[@H zbib A R25ddiZa t& SfR8mAn reddibn 2dne
approrlate ed to reaction zone Ais oxidized to

steam’in reaction zone A. 20 Preferably in accordance
with the invention, the amount M (al ways on a
clerefezstpyindicoordartz@syith)thé sveritioh,ahs smaont kb {diwdystonrantornespanding

tlli‘é%% 'IH%L:A?O NQI‘%%LH Bl r%r'ét%h ngdrlﬂ (941 é‘breMratBl t9d amount M

| t E

R s me fota ?t”rﬁcgsﬁ?an%fdnﬂ%r éxm ﬂﬁaeh%%ﬁ%ur?wa afgest
niﬂ molY%Ebemotipes thareBRmalsh\Even meraprefenablyvithesaraount bis at Ipgst
225 WBlYblrwot Mote thar B5 MABA E{en BBk thEumduited isedt ledsh®0 mol%
R mdd 6 il 48P ovalalBl L Al BPat s i
nHest Gésn% Byenckattgr tha araount Mis abigest AL mal% dubpotimesg thang
nd0 obitAt best, tve rmotiich isG Ierast 45 méits dnebnal michethandt mol%
' ﬁl P40 8PSk VR ﬂﬁﬂicu/‘lhﬁf‘ 911 E&Fs% bbdanee With the imdntior0

| %is very particular advant ageous in accordance

vvlththelnventlon 30
An important advantage of the inventive procedure is that propane, in the course of its

entire circulation, remains predominantly in the gaseous state of matter, i.e. does not
have to be converted to the condensed, liquid phase. This is advantageous not least
because propane is a comparatively nonpolar molecule whose condensation is com-
paratively costly and inconvenient.

Another advantageous characteristic of the process according to the invention is that
reaction gas B necessarily comprises molecular hydrogen in an amount restricted in
accordance with the invention. This is because it possesses, in addition to the disad-
vantageous properties already mentioned In relation to the teaching of DE-A 33 13 573
and of EP-A 117 1486, also the advantageous property that it behaves chemically inertly
in reaction zone B. In other words, at least 95 mol%, usually even at least 97 mol% or
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An i nportant advantage of the inventive procedure is
that propane, in the course of Its entire circulation,
r @F&GT7047 predom nantly in the gaseous state of matter,
i.e. does not have to be converted to the condensed,
l'iquid phase. This is advantageous not |east because
propane is a conparatively nofhpol ar nol ecul e whose
Cangas19aimaMni of theGRsieculr hpdrb@én 1€ toreB&tdhl2¥n@Bdemains chemically
! Hﬁ&ﬁ}é@&i SV pagsBOIRS h?é’éé@ﬁﬁ RS characteristic of

t he process accordlng to e rnvention is that

reaction gas B necessarily conprises nol ecul ar hydrogen
i Howavetnibsimultaneously bassthe advantage of thernighesh thérmaheonductivity

i BMBAG ir@ggasé@? iABcdr8ing &S WHRS Ji Mo@rfé?lsl%%}krﬁﬁsché @héﬁl{& Phiicdl g
| |
- SPeflsaa pta QOIA0BRNT (i3 Bhdd 1) AeBEY SEOLARRTHade)
1 $tandarg congitians is, r Syaple.Jpes tandenlives 38 larastasithe thereal sgn-
C Hastivityadflcarbonelidxidg and abowt @ight imeszaslargB.as ltinat of neleculer togen

abyr inBRellarbkyg&H, % usually even at |east 97 nol % or PF
5934@@ aat ?ge}last 99 nol % of the nol ecul ar hydrogen fed

to reaction zone B renmmins chenmically unchanged as it
pHdslbis indreased thermaloronductivitywnich, aceondingto,table | of DE-A 33 13 573,

s bﬁb&ﬁ%@?é&ﬂbnﬁ&% fériBe @Qy@iow@o;fforhﬁggminq@@%séﬂwdﬁjm

c e cor . e

Vi *M%%ﬁsﬁs%@@%@?&%@% ohzphe Rt B el
vaolegylar midregen. Qwingdg mopaygeid heaf ranprort fiem the location of reaction in
c wmaw it caukas relsthvelydow datalgst:;tffamembsrﬁteurm and acgordingly
©X 3Wr BropBRIoR of PdPyikrd ull sfich. TRls W espechfirid \Whdt s in the
e ot TR bR ool b
oRNdbighly r@rmallyi abserbing prepane arsdovalvedtegathes imal synergisticynanner

W tedhsp@iigiietit Bgay.0 table | of DE-A 33 13 573, appears
to be responsible for the selectivity of COx fornation

in the presence of no-_|ecul ar hydrogen being

o INJhSoBLRRLy rash AP i WABISICOA 'S DR HopRRAWITEN hanot vet

atakem part ofa dehytiegeradion myrdactige zondOh Ingeteralni isfed apa donstituent

pspécrmiié GO (Which fafeférhay kM|§&r}e0{¢f§g?dtiSﬁg§v¢ogg?g fo é t5

< BFrA A4 PRt o 202 43 25 L A somer3Ps §EeantSlnts of om-

p PRt other thdn prepangl Sueh drudd prerangus; obtainablaHprsexagple, by the

te RS dsddsyritietiue DBk 10 2605 (22 Tikalb.eln gBRergIc6ly Pebidbar=3d aftertreated
| | . :

R Al B by 1B i R Yo R e

i Addiarda fregfyeropane tofeagticy sRNed-sti ¢ manner i n

transporting heat away. 20 In this docunent, fresh

PLRe PRocbs 4Ry 13 e ivenlor Brobraiar S gltth Wleadiy eth pifane

o BrEGRiYER itp rPacTon EonecA 33 B3 RoRpank i he Bl s Pt fap ifaction

( pnech Ip pancinie il i alse pessitlesfor prrtiensed s fraghipsrpaae.der rgpsags of

t expRisioh shildy, 4b10 ba el inb-tife dHargeddas mikturastuf tHe findt 0d/or second

C 8{idtios 8Bage R tdaciiidRt & of com 25 ponents ot her than
pr opane. guch crude propane is obtainable, for exanple,

bé the process described in DE-A 10 2005 022 798. In
gBRegtian gag Bi yithy whirk (Ractiofezone Bds chargeds iy thig document appropriately
equally satisfies the specification recommended in DE-A 102 46 119 and
DE-A 102 45 585, |n addition, appropriately in accordance with the invention, a me-
chanical separating operation according to DE-A 103 16 039 is connected between

reaction zone A and reaction zone B.
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in accordance with the invention is fed as a further
propane-conprising feed streamin addition to fresh
pPEBAB4T t 0 reaction zone A. 30 In the process according
to the invention, preference is given to feeding fresh
propane exclusively into reaction zone A as a
constituent of the charge gas®ni xture for reaction

g ]?ﬁ‘éfltc])ém?ér; 81; ﬁ&ét?]gétl%g catifag%ihé gzéa%ﬁ%rpgféﬁ WBII;( ﬁalaﬁ:ﬁ’éno%&rifn [u‘?dé?ystood
o indhB b it K BRERE amobin g FRAaITst n s B s (el 5T me

f ¥elame iriiers thad Becmresponding ameHntf Erpetiast gasveaidd teke upHeder
BstafdariReartditions (€S 1 Bar) wihich is\dtnalictécthedugh dnd (e ofkatatyst bed

Chgy j LS propriately equally
sQU%?ﬁ’gls?l?ﬁgB%%ggﬁ%ngét}fhgﬁpr econmended in DE-A 102 46
119 and DE-A 102 45 585. In addition, appropriately in
all toatstapaseible forthe lading vebe based oalyop-one iIsamstibusint of the reaction

igﬁ@lrﬁ?bg&sg@ﬁiﬁ mné &ﬁb@fsﬂ@? !cglﬁatih@n@ﬁk (Sgﬂfﬁh Jﬁhi?r?’% r(]‘,bﬁducted
, | Z . |

o PUUHicBE 1B BRE Raraly e ol Bt AP (AL oo RiErsL B! rd RordRilfec
ainrtee fxadsatalsbbed)i When biacaialyst kpdsongists atie mixtwe f catalyst and

t Imest sHapadroedles| the ading f wisendiie tightisned iceaedpondingig Smaynalso be

S PG drl & USurhE uhit O eERlyst pRSentvOl UME T 1 Lers that

e correspondi hg anoun eaction gas woul d take up
under standard conditions (0OC, 1 bar) which is
c britlis cloexmerttraniogrt gasds benerallyainderatoad! ysmedreal réactidrogas constitu-

eéﬁl‘ﬁﬂicﬁh tfeifhé%ts‘il%tlﬁhﬂéﬂﬁ clbé??&ail HerthUnder thlé cbifditRing @f the appropri-
PBR3erifuntd. shOT naR Pedclith o coRstiPF faveh o 12Gug Homping ghe-
t FRlly apehanged o arredent ehygerett mel%, peferahly faan ewtent 9f mare

Cthaf 9Z ek o by arligdiert bEmbiettedn @ mblke cat al yst bed per
hour (pure inert material beds are not included 10 in

the .fixed catal yst bed). Wen the cat t bed consists
o RiCak SRS Age< B rHARIon 10§ S hprarin £ Prosiss
| ecobrding tovesinverttion baveethe faliowidg conterdsipondi ngl y, may al so
be based only on the volune unit of catal yst present.

In this document, mnh%ﬁ%tg?t%ﬂiﬁig'e@ﬁ?ﬂémw under st ood

to nean a reaction q%gg c?q’s I'ch behaves
substantial Iy chenf®&P1q79°ALY ¥olymERERPPE%e condi ti ons
of the appropri- dtom b&aBi% bnvalmue obldgh | nert reaction
gashconsfji t uent ta\'Kﬁﬁ‘B%‘?é%%yQ%e%@Gg:&ﬁl chem -fcal lb?/
unchanged to an exten re than nol % preferably
to an extent of nﬁ@b@ﬂgﬁ%ﬁyﬁaﬁ%e&? ‘0 an extent of
nore than 99 nol % 20 Typical reaction gases B with

WRb&d ﬁgﬁﬁs@ ofePB8 iFaccBiliah ﬁit}ﬂﬁﬁﬁﬂ ﬁtfbntrﬁ_@e HeFefwing con-
gl e ? ol

afec[%( g to the invention have t oW ng contents:
%8 4 to 25% by volunme of propylene, from6 to 70% by
vol unme of propane, 25 fromb5 to 60% by vol une of H20,
from8 to 65% by Viadm t6% 02 velade of propyléne3 t o 20% by

vol ume of H2. from 6 to 60% by volume of propane,
from 5 to 30% by volume of H;O,
from 8 to 35% by volume of O; and
from 2 to 18% by volume of Ha.

Reaction gases B very particularly preferred in accordance with the invention for the
aforementioned charge have the following contents:

from 8 to 14% by volume of propylene,
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Reaction gases B preferred in accordance with the

i nvention have the follow ng con- 30 tents: from6 to
1P 8rg4wvol une of propylene, from6 to 60% by vol une of
propane, from5 to 30% by volume of H2O, 35 from8 to
35% by volune of 02 and from2 to 18% by vol une of H2.
Reacti on gases B very particuFarly preferred in

accordance W th tiae 20088 Wivoludie, blRferatiy RERPONS USREH vol-
charge have the fupr{ 'ﬁ‘ﬁkﬁgl? §ntents: 40 from 8 to 14% by

vol ume of propyl enée, 79 from20 to 55% by

vol ume, pr ef er ablfiPT 11250 byovolusog hHs) - une of
propyl ene, from Ifon 60 @532%5%0Yy wobireypreiérably ®ormf 150208 Hyovol-
25% by vol ume, prghéesadmandf rom 15 to 20% by vol - 5 une

of Q2 and from®6 fo % volune aof H2. The advant age
of noderate propaﬁ?g1 %g%ié%%vc?'wn?gﬁéﬁi on gas Bis
evident, for exanple, fromDE-A 102 45 585. 10 Wthin

t The afvancagenf mededteomomEmeichhients i maetivargas B is evident, for example,

f Aupr e osfagygshe nolar ratio V, of propane present
inreaction gas B to propylene present in reaction gas

Bis from 1 to 9 (i.e., advantageously in accordance
wiv¥ithirt the afoneneerttioned camposibprafianevalidtie faverhie whzni tbemolar ratio
agg of Stophel esdht R464960 dds B & prBSyIdHeSTRERPER rdhdtiBn gad B is from

21 dp BB koo DN 35 B InE o « Bopanetpppens sere-
ofatieplaeeqiting to WQJ&iP44 beanmne dispenserowithyn gdditign, itds advanta-
Pgeq_msl withén the afopetheritionéd>espipositioframéivark wheo thelralioV, ¢f.nfolecular -
| LxigenHeBnafl BRI O byt pLGAYH réotiod ad BRI 1 0
f PomiiRATO AVaRIE0pRYS e SoeXiGH the RIERPNLRESTIPR ithip the aforemen-
r dansd eompgsitiorBirarnewark woen tharatio\drod geonylene presentiimreaction gas B
I @@ bleBilardi@irogeh prefseMiin babtidnQad @gs frbmicss {%lm }t%@édﬂ/aaﬂ-
O Eab et B el BhETEASHES  IRAR Whlof The hALFHARE b of
g&team Rresephia reantian 9ane ia the telelmolarameauptefpecrang and propylene

p prgsphtem eeaciioregesiB is fromr®8Rtod0. gas B is from 0. 005 to
10. Particularly advantageously, V, in the reaction gas

BL,used to charge reactiqon zone B 25 (ip reaction. gas B
PHEn Aty o aRapEUsFS Ut bk oEn Sag P Lt Ip Erfiepgiiod 2pne e
6 (in zerstioragas & stading ynixteralisifrat ytoffrasie 4. ardrop) 2 ter6, fand parycwarly
t eavérably flom 2 So 808 fomres R4 R if ako pReRicddor rgdcioR gas B starting
S @Her}%eg 'Ugﬁfwn% .‘Q‘]& Q.Ovér from flﬁ%ni % %ista?sozac%nt%ecfurs%[n reac-
1. 0 1.78.° 1S al so advant a%eous Qr reac-
tion gas B starting mixture when Vs is from 0.5 to 15, or from 0.5 to 10, or from 0.5 to
1.5. Correspondingly, Vs in reaction gas B starting mixture is preferably from 0.01 to 5,
better from 0.05 to 3, advantageously from 0.1 to 1 and more advantageously from 0.1

to 0.5 orelse 0.3

Preference is given in accordance with the inventlon to nonexplosive reaction gas B
starting mixtures.

A crucial factor in answering the question of whether reaction gas B stariing mixture is
explosive or not is whether combustion (ignition, explosion) initiated by a local ignition
source {for example glowing platinum wire) spreads under certain conditions {pressure,
temperature) or not (cf. DIN 51649 and the investigation description in WO 04/007405).
When there is spreading, the mixture shall be designated here as explosive. When
there is no spreading, the mixture is classified in this document as nonexplosive. When
the starting reaction gas mixture of an inventive partial oxidation is nonexplosive, this
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tion gas B starting m xture when V3 is from0.5 to 15,
or from0.5 to 10, or from0.5 to 1.5.

Cpr srgapndi ngly, V4 in reaction gas B starting mxture
is preferably from0.01 to 5, 30 better fromO0.05 to 3,
advant ageously fromO0.1 to 1 and nor e advant ageously
from0.1 to 0.5 or else 0.3.1®reference is given in

Gkl i kol RS R B DDA PS5 b MGt o
rﬁ%\“%'? @ﬁﬁ?&@&@. on of whether reaction gas B
starting mxture is explosive or not is whether
C Ot sdliico niséd 1on{thé)omoledisio bwyen Which g teqaiteichat baaction gsh@l B but is
' %\b Q&ht |§&Hﬁ§c§ £d B a?)ﬁ%gﬂ'? I@cu?ﬂrB? gaQ's@éH BHE B )of mo-
S S under ce taln on
q:ﬁy%; gﬂgea)an @ gasw (c@fbehﬂeﬂ chemig ydrpﬁjtlx |ﬁéeactlon zone B (for ex-
| ramde hola games dachcas ggom maletuldOniOddedn) $iéorh) cartddh dirdale, etc.) (or
t hﬁh&tdr@oﬁ%ﬁﬁﬂh@ﬁseé it (Sﬂa?ﬂp#h’aﬁr Phafelabhan @S&ﬂr&'ﬁ%&%ﬂh the in-

reaJ

h Won

VoS B RIPG AL Bieyaf 4 ﬁuapﬂﬁéasoao%%m@m s Aot e tan
WiSH byt yrlunae, praferably nebiwerediangfse Ry yalime aﬁfflafaﬁﬂqu!% Aet ere
pahdn 20% bx velame anoreaduanmaeplisig hotenord tHas 18R e, Better not

a'rﬁ& %%'1'0%b 6 Sﬁd (ABr er%&tn‘d{ fdre tﬂéﬁ@g b&%fuﬁfefd?mher
int arti 0X f?c

RGO R R G AR e s FplseHar
wieixggen te be supplied to mctma:one B1is fed thergto ruits puse fosmnot

present in product gas A may be nol ecul ar oxygen as

S l"ﬁ\'& afoggrﬂgntmnéa Héﬁleg n| éﬁﬁmP'eqﬁ he% mg)ﬁ)(a%?\g fariﬁje ﬁlogéﬁg oxygen to

( fb@rfe‘é%’ reagtion @onyP insthg Q%QSSSQF@WC’E‘Q t%F"@dWe“H‘?ﬂ @vey pag above the
nirholegian oxydeagneseoh ifapprogiiaieiitthe aftedrepted cesidual gasdtrecyeled into
Ofre§dﬁ8||? 26MEA, tH Sls )sm&é 91"9 e%aﬁ& frp rea&foﬁfzﬁﬁé‘hllé’ cdnfibara-

" SR 1 A PO Be G A BB prlaB s S 1 e Ggfnand in
sareecmyn zonein the pecessasicordingtto therirventinin esrBuially for caagens of
adandrmgeRbslyy not nore than 20% by vol une, nore
advant ageously not nore than 15% by vol une, better not
nmpre than 10% b voI ume and nore Freferabl not nore
t AR a@%"ﬁ?te%? | gas |5eeysied i@ iR C("oi"ﬁ@f‘ P rReRsE agrosding
oxty teripvention witl gpasrailycsiil aohpriseanvmeculdr exygee merhbiaing in reaction

”tigﬁ& BlaAl tth&S@@ﬂ chteM®f Mé%hr%gtea ‘?esﬁcﬁf%%ésq raeayarét |rﬁo teaction

L 0% BZATR BTG B bR ENEL L Ages Akt o Y fichél 6sking of
W"@WMP"W@Q reagtiorzonedovenandsahowe dris. Homevex, the aftaereated

prr@mfaﬂsga?ecméyélerdgntb @edclién zdm\e@mn AdouAde Wiltttha rveatidnheeed not

a t e&#%@g PQ éxgggﬂ-cgfngﬁaﬂg lnr @g Cc%@é@: a[%coﬂdgnéerl?th the inven-
z diRB. 3R adqiga]l oxyges;f %‘Stf pRuiIred ingi E?F"aﬁﬁﬂ?ﬁj“ i g “ea&'db?’b?f-‘ done in
z dimeefosn DSpwenpmea o2 On the foerin\of b anixturietof melesbiianoXygem ambore or

[ OnotE QastsiwHich BeMBvEONEBRERIF Hefthyan Feattidn@nex X I8 '(foﬂ@iﬁ?rlﬁﬂb

| ol A5 L 4805 Lol B 058 o oL Bk Baccor

V|d§B‘P9 W'fr}/theWS”%H“t I—’:fstqﬁéﬁtﬁgd‘ me&mﬁpaw@cm O?@E'}F@F &gt more

i bam 30aby valome gmeferzblymot meregthart 28% by eclome| artyantageously not
more than 20% by volume, more advantageously not more than 15% by volume, better
not more than 10% by volume and more preferably not more than 5% by volume or not
more than 2% by volume of other gases other than molecular oxygen., It is particularly
advantageous at this point too to feed pure oxygen.



25 to the invention will generally still conprise

nol ecul ar oxygen remaining in reaction zone B and this
oxygen content of the aftertreated residual gas |

r ey Into reaction zone A may in principle even be
such that it does not require any further feeding of
nol ecul ar oxygen into reaction zone A over and above
this. However, the aftertreat¥d residual gas |
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OD,EQE naize% 0CaLBE5, BE-A 00 2a0sdEbyid ¢, Dibamoaods oye 699, and also from

| 4 08bQpponic acid, nethacrylic
acl d etc. bPlcaWE%e@pdgr eogl ated that et hyI ene,

i sobut ene, n-butane, n- butenes and nol ecul ar nitrogen
35 ainotheryworis bpsrien single passef esuensine fest thapaction zene A Breugh
ofedctien zomadX, resatigragond Astenriia dogfigured igstBerntdliyey eirtue ohwntrolied

f Hgéél;eglsﬁvgnab r@ﬂ!a‘ﬂﬁ??gﬁgﬁ dée L?s@hé\at%taﬁgﬁ@ébgdeaea aﬁs.de reac-
o Thie A Py e g 5??‘8&?"6’%‘3? B eB) 28 P deSiged adigber-

2§allyr| egegbmmlaw without such 2eneptraligd deatfaxoinange with heat carriers con-

40  ducted outside reaction zone A. In the latter case, the gross thermal character, based
on single pass of the propane fed to reaction zone A through reaction zone A, by taking

measures which have been recommended in the above documents and are still to be
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5 to 15% by volunme of CO2. The CO content will normally
be :5 5% by volune, ors 4% by volune, or :5 3% by

VveF 57847 or !5 2% by volune, usually :5 1 % by vol une.
However, it typically conprises :5 20% by vol une,
preferably 515% by vol unme, nore preferably 25 5 10% by
vol une and nost preferably 5 Lo by volunme of N2. In

pdésteibed BeloMSﬁéyﬁe d¢onfigead enddthermidallyAn@dativé)l dr akidtharmally (sub-

Er@%ﬁ{ aﬁ’l EHlséx\Sth%% gglyﬂégmt% ft lsa%qrualﬂkeﬁsgfbggt'a% ITEDI C{}r{ﬁ%\gtawﬂs

%ﬂPWE""eﬂlﬂ%“@ﬁnﬁs D48 PRREPSHCHA TG o the inven-
EfiorA lr‘V@‘lnCMEZ the3@etensSzeneBuslbdataivied prpadé Helpairagenaienpin@spective
cl) & vHodner s &ﬁ%%d gé:aéa‘iéau 1s%th’e9§al Bcdhis canlié':e“dht lthet M0
o e vt O s R B q@%‘eé’ggd (3 {in e T bk,
othgdattpr i iable gereciails for heading of reaction/gas MbewigIA statting mixture to
DiheAeddlioR (Hinpebat@re 12 Bactin dohe Atbydydiogenisomustiatlinaaaction gas A
S d@%’% O reaction zone A
th’ﬁ%tg% ea{%%[ln {;@ezsgﬁ]dg&%%‘?o t)lton zone A can be
configured isothermally by virtue of controlled heat
eXymicatiygshehethropengaysly icatalyzéd pariial dehnydipgeoation)of peapane to propyl-
caﬁé reaﬁﬁescabﬁﬁufetneéiy Righ $dt8orf RAperatured) ThE @%lé\labl'd%hﬂVﬁﬁlon is
e a
%sﬁ'e{gla t??lf\e {hgmo%aﬁgrﬁ lg%gudltfrlluﬁ\ &y@% é?:g%rgﬁmgg%ﬁﬂes
cB‘i‘i’thQBT B%torﬁgﬁtc erdEama ARt 00 1e- iPngimalesulq @l hydregn is@btained per
dmoteedle @bipropalee dehgdiohevatebio @robylehe. ThHeavdrkibg pressuas & reidtion
gﬁcg%sA ks 6&1 ﬁe’??; %ﬁfﬁr 3Ztg)k?§ﬂ'gfer iR b%rr(gaglgt@?@h ‘H{Ze oltr'\]w!?eh%hon
DeRiting Fenuite [TTREcoR Pore RBVIP LS Pol, BrRd RAL BB 4 may
aBlsg be Yp i barsVWhan reactionszang A 18 gpasateprt werghigh ppessures (e.g.
desmr- Herch 016 120 War) aY abBast@n fan@uhiesd hedrogémenioh cartdsponds to at

( fé%%%'ﬂ/"&f)thf otdl %Fn%ﬂedi‘ [ﬁ%rhé( ?x{uﬂﬂ hydrgéé}r:?rb&tieﬁ irf %‘égﬁonofone Ais

qdhiherain; 1[5 A antagaous R aTaBATes PIOFLOtRS ARYEAIPROIRRD
d et ammslsn turbiné, eanp o usssthe avdoperdiomipd arditiosallyrte drive theé oompres-

I gbr%ﬂtﬁ& géﬁgj?fn ddd¢ ph&itts t9 809 SQUSHINg. %@f@'s‘éﬁ%‘imﬂ!’ BRAN& gas A
RS PRERRpEAD re@zﬂf?@f%affml"%fo%sﬁarﬁa&h 'BREE! bighTemperatyres
o@fd emovalof the He reagtipe raguef shifidbe @nuﬂ@rlumrpoalt%tﬂwagd the target

oprotilidtiirdieactbnixede peact or (owing to its backm xing, the
latter is suitable especially for heating of reacti on
gs mxture A starting mxture to the reactio

t

Wﬁ%ﬁﬁtﬂﬁ%@%‘?ei’%‘%ﬁt yred SgRvdiogepatigndeadion pms@&vltfbrﬁcreas
[ mg velaoiei the cgaersion gdmare ingredsed dy soweriog ther pastisd presbure of the
° enétfén]syaaueﬁl er% %érﬂtfé MIngﬁgeatﬂégﬁH@ruarﬁ@F #orexaiple, by
|
@%ﬁxd%@sgﬁgﬁ%ﬁ% Lireh e BpEBE R oh At B e yBLoressye
a@?ﬂeea)la@p&ar&aﬁweaa iPF &e qa@'v%kf?trfeﬁ)laydlpéax PAiRGRHbEiANtally inert
t tikentoghsas forcexaopplel stéam which hypiadwtonstiatdsianinert gas for the dehy-
815HEahbM Fé%‘étlorﬁrAQ al flieHBr a%niébegﬁﬂﬁbrpﬁltﬂ §t84mh ‘b@ﬂerhﬁy cHI9Es re-
I
O&gcgggg%%a Go‘% of %d:{ag%%f ué.% gmﬁathﬁ 8%#% aé(gm@? gr%'#\ forfbd by
p%ﬂuw@e .°ﬁcqaé a%'i'ﬁcanon Thp 8eat cagadity pf ¢eam s a'%%pebls of palanc-
oing dubpart of Mrecéretotiiel nyicitynofdlocdehgdnogenatiob.h t he i nventi on,
the working pressure in reaction zone Ais from2 to 5
b‘Whlle gtrear%?n ﬁ'mi?e%ramol_&\(\sqg %cr)fméllyt( forﬂ‘%a’ to be beneficial for the activity of the
partial oxidation catalysts In the downstream reaction zone B, an amount over and
above this is disadvantageous in reaction zone B for the reasons already mentioned.
According to the invention, a portion of hydrogen additionally has to be oxidized to
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al so be up to 20 bar. When reaction zone A is operated
at very high pressures (e.g. from>5 or 10 to 20 bar)
apd 53847 east an anmount of hydrogen which corresponds to
at 20 | east 50% of the total anount of the nol ecul ar
hydrogen produced in reaction zone Ais conbusted
therein, it is advantageous t'® deconpress product gas A

b!teﬁﬁﬁpr@ﬁ%g% e Aaﬁ tsetﬁ%fb?é Qﬁbaﬁi—érbgétﬁ% ag&g%atn@? g@ﬁ te\Rvention
r Bhen RE'RLRER sfEapl st fBapton'Bod hy 8aia R e RGER ges Aed to
t H@ @tﬂr@t ¢hange of;seayagra, gor@a% isas 20% B youmeapretanaRly &1 By vol-
r enuiane chotepreferaihne 1 0%y volumeehcjeheoral, ene@mdint & ddéam fed to
ﬁ’df Hé %Soﬁﬁe%%erb%%vﬁlh n8|fma}'||2%oli§ dff 69&5'19% RS in

pmaamseﬁﬁ% RV RSS AcEhby SaEE S GodH B 5 Soh P

cat al yzed dehydrogenati on react | on proceeds with

: AGAIRA BiluchRGUHABIL R thd Kifer6 GBS @dihalﬁl.“a pASpdnB GeRAF& enkton
r n

oSl BEerhels Riogh afl?&%%?%‘%%a ds e, Re AN AE HERRE BN, s

eRUAASCO 502, aetipae ape athane A giluenisimertionpd may he sised addition-

( hlty\/ﬂmefr alonesrfim thedororeofakiffecdnt ait@rds. (Wisshsthie aforeénentioned diluent

g f;

aﬁ%%% raa'r é’s”é e,q ta%ﬂhgtcpae ne@ioxe%g %@g@g i&the invention
fgrarg g&ﬂr F'& Ges PRt q}) a §l6baroe fean approniate;amount
gasrecntmedumme @e:lopss akcoing-o itherinvention, iwbich iwhya tortrespending
aﬁyﬁma%g@ed 16l lof loiyi ﬁaéfer\thm%@cﬂaar&ewwé Mvérios SoweRes it is

F(gsg%le R gﬂﬁé’bl&nﬂ] @;rg@ o%% Q:?or‘:diﬁt 35 %%m\{éﬁggn tosélrgﬁls e eahs%Pstantlatly
cBRNS @égmpw@f # gientrgas aNdde replaca @ttendapt ogseéamh.fgesas%

capabl e of balanc- ing out part of the endothermicity

Ofn rﬂﬁl Qei?%‘ﬂ?l%@ﬁi@édeﬂﬁtlonv%'tdg%ltssz)%g‘hb@rd Hb%%?l c%lHBH:BB ro-

| et S beraloh Sl of TgRS Ry Bieih i el b ki

r emchlwmo tworgroums. speciicellyrinto dvase whish arepfxisic natyrej(for example
dcr&aﬂw@mworlammmﬁ bkigg) ahd o thob@which eonsisi oPatdeast one

éé l\g CH?IB% a \Fbynobléa}gg@ ﬁ% naf‘"‘@l ﬁ)‘b‘ﬁmtnﬂygr% g@ﬁbra@ Dyidjc sup-
PFO 7T @aﬂefmﬂrowe Gatplystswhichmay b used thyg inplyde ﬁ'é?fé'FQﬁeéec
adwmehdaiio VO I0n/98270) IEPah T&1 OFF7 | DE-ANE21 1R7ENDEeA 1018128V, t he

awwgémsﬁsgsusm 7881310 EPSRG 7HS 138 WS 9dr20B8E -8 220991,

R 85 20/ Sk} Son Ea TP B oIS, o
LBE-i9 o105 anokFeeAd8,3750T peicwien thecsataiyst aewising to exam-

t pie 126%4Mple 2fexaiPRIB diexample 4 GFDE-A DY 3PN O7 rayde e
same basis, wll normally hovvever be 2 1 % by voI uma

in many cases 2 2%b voI ume, or 3% b é vol une

f Fhepg e Aghydregenaion cafaly whlqhmompaﬁe iem B 4e 29.8vs Mm'@t of

f dirconioe dietds, Ggmricio BOPybyorigit pf aldmpuopadide, silicone dioxide andfor
deaiidmeasitddiron € to | ®% bP WML 6F.at Riabtl (M@&MemeHR BI e first or

gé‘écg@)d ﬁ'lé%zgrgl?%?fgr}] QlSm%QPof‘}Le tﬂpdjfrﬁt%ﬁ ordigh et dhele rﬂr gﬁ%@
nﬁ@htﬁéraﬂﬁw 9aer oitee P ergdic Table ¢fdpe Elegratslanthanym enq'ferrtm with
ofhegrdvisertbatithexsund ofths perdrtagdshsy vedight edd op tcoHd: by weight
gases are fornmed as a by- product in the cycle gas

DARS 551852308 o i LRI Bl e e

a ﬁh'é gpeumasitarount is requi red in the process
according to the invention, which is why a

C8EAESROIMI dRflydrogenation catalysts may be catalyst extrudates (diameter typically
from 1 to 10 mm, preferably from 1.5 to 5 mm; length typically from 1 to 20 mm, pref-
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15 fresh gas feed is of | ow preference in accordance
wWth the invention. However, it Is possible in
prAf%A3dre in the process according to the invention to
circulate a substantially constant anmount of a dil uent
gas and to replace attendant |osses with fresh gas. In
principle, useful dehydrogena” on catalysts for the

giéw,om Y ﬁb ¥ ggataaiems%fﬁmy thragaﬂérdj??éiﬁfb‘ﬁg Be R MR &xdidates)
.l | .

o Ut AR e AR e oA BN i 2 o

t FOSE Qe IR mip.vithiskness apmarriataly e te 18 mmm. o tah manicnia

03 rdm). diocbaay oal therheterogenediisly catalyzechdehytifvgesatiohiirca fluidized bed

© 4 Hoving 8od Thoro sl oy oS il decbiaB 1Rl J<Y8, preRAHcE is

TN i orEREE P R et dned e af OheSAEN Farii

thus include all of those rec 25 ommended in WO

014 Bénkfdl, thEQerydrehtadtion datalydtsl(Bgpetaifpthodused iy Wal2 éxample in

ihp
od)15 B9cHfeAfend ok, Sediferidetyin bk-£190. 5P 307 E8pscdil the srgmotary
369talyats. okthis BE-A))2rg suphat theyars parais ofselalyzingdotiving gehydro-
amgendionAf p@Padyariiie combystion ofoudlecularthiyerogen. dlhgsbmbustion of

aAGyak érﬁ‘ﬂro&ébc@ﬁr@?rri%ﬁh%éfe e the ca?di@mha%o@ﬁaﬁ%n to the

ex e 4 of - 9 37 107 ,mmy be, used. .3 ese are

SRR Santalion Toapana /86 cAnf ArOmBRIER $09B0m 10 1o

99. 9% by wei ght of zirconiumdioxide, fromO to 60% by

}N_EFioﬂhfe pefforhandk BERE hﬁieﬁ:@enﬁddsiy(wﬁ@zgd propaits @élﬂ'ﬂmfgenation, use-
[ , ) 3 .

| (SRR Hel B BroROS v .95%9ﬁaﬁ?c*ﬂééﬁéfntﬁ@%%wg%ﬂf,P"°'a”-

ofPesFIRUPRHRFUCH PropeRs arants ateRissent. f5$xaMBigpin &l prigrprt docu-

e lmeamtstited fvith nagaBd tocthe Hetydtaganation icetalygiscand the pricnart cited at the

Peiisefbrahid abdutnedt. t he El enents, |anthanum and/or tin,
with the proviso that the sum of the percentages by

wei ght add up to 100% by weight. Al so particularly )

s i gompaeatively caapbh eriptipn Af defiygogenatios egpcpsses guaitable in

waktordgnceithithesinverftioh It sisciresemeint Cataltic@®ratudies DivisioneOxidative

?@ﬂgﬂf S S RS SRl goh S BudiS S NIARS 4102

| G5 T80 4ohiPerciign Frive, MashRin View CrbiB, SASTRAR T2 Pt R

57347 14 erably from3 to 10 nmm), tablets (preferably

f: he ai‘irea?y SIAtBB NS5 eh&aétarrgule lof $hé QaQEEFrHétE}aétfh‘ébusfﬁBé_iéIQied dehydro-

i.0Qs i . |

c GeBRED 5F popBOF Gl 5508 it an) i RS bt heiRalen

t IGrayk rﬁéwge%@p%@mﬂaaﬂ@nwﬁm%mmrqddeq@omﬁmRﬁraty@ andithat reguired

g (ﬁtg?a:ééﬂ'éhctio'ﬁdiasads bg’smp]lc:fd taﬁemgf Vgg@@ﬂ ﬁgmfbleﬁoraﬁhdlagdféjln the
oY %B%P% 3@%5:3‘@' ah‘* bd 85hy! Ef:n ion! if HE;YrF te) $Eaction gas

more fine LVI de atal'ysts, accordi € usegl.

prdjas e HidpY the o Bl EoRirah o eet Cor gﬁém L on

to a fixed catal yst bed for reaction zone A In

?W@ddﬂion, bwing tethl Bighgeaulibh @nperdtarey fdqbiré® KNEBHRAI of heteroge-

g en%@ﬁ”%{é@dpgee L SRR o1 molocuier

o elDE SHANIC PAMBSHNs ayiag @ piohhelngeoinY yp i ancinelielngcarbon. are

t fferned apd argriepbsitedfondbe eatglystisgrianet thus Heaalieatingritoln order to mini-

g eMlad thruisakvartajeais aéddehphRgng SHEdGmehen) i proParRCidnining reac-

thgﬁ 8&9& wh}ElH?s fﬁm&écﬂl eﬂe@ated temperature over the catalyst surface for
the heterogeneously catalyzed dehydrogenation, can, as already discussed, be diluted
with steam. Carbon which is deposited is eliminated partly or fully under the conditions
given in this way by the principle of coal gasification.
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hydr ogen proceeds very nuch nore rapidly over the

catal ysts in conparison to the dehydrogenation of
PPPBABL7 i N the case of a conpetition situation. 15 For
t he performance of the heterogeneously catal yzed
propane dehydrogenation, use- ful reactor types and
process variants are in princ¥ple all of those known in

t RBotRér RgarR of remd?ﬁ-% ebPJ:t'eQ @érbﬁfa c&HﬁanB& 96‘1%%‘?5 MAIHARS 8 gas

o FuE a0, PRSP e i the Aosnes S piosreoas 3t ey BFclh tre
t Aehygragepatippicatalystiforatime m@tim@ at @@tataﬁftemne@tmem@m efientjvely
Abgraing @ff ad SapoyitaioapionhHoweves, adpiaini sppprossicr of the formation of

ﬁé.s%&o%gaaésgadawq rnaia!:@%a e ogsﬁﬂjs Pp }c%reagae

I.nven

Dggiygfc@ﬁ”a€§PE¢£’|“9@V°QBE?%P8@QHEPP@W i fecpongdcaachauer the dehy-
Ddﬂwgdmailgenatalyetratléteaetedmmerﬁurady Nunber 4192 OD, 1993,
430 Ferguson Drive, Mountain View, California,

Sl b eqde Bpt R oSl G5 b Bl langc mbdre b spam ey
denipayiac hydeagan to the pronsne &b@dqmanogm gst endet|baterogeneous ca-
etatislshadditionedf Imolecﬁlar Aydregendo thedistdrbgenbewdly ¢atalyzeardptiydrogena-

F GSHbF] a‘i‘l@ %IthF mermﬁé’glregffo@gﬁ‘or{ %Hérfee(grc{pﬁai@ﬁé Oﬁ}opyne

ur e require or t e reaction
b@r@i&?g‘it'ef"&fst%c’f R ﬁ on gas A either beforehand and/ or

In the 30 course of the heterogeneously catal yzed
dekusd it aOsIRsibledn the! simRER casY todéeds orﬂyef?é“shlpﬂfbaﬂé%nd dlb?‘gast iQo

ard%g{iq %n& G0 Eor%ta r%{aﬁt@%%%g ﬁﬂ? gég?#ﬂ(yc t eéﬂ 'Ithg% obist ohl cata-

r bl heddalso rqferreéi tp ypﬁh@aiocweméﬁ ehyge gam@ ¢ pf r@aﬁ&ny@@@A or
dedayttbnage redtarting mbdturp). Theogeld dest nteyedireadynanmirise tHe amiaint of
f%EMLP&x é’#wm%h &g &Feéjri‘br‘afﬂg %Hz?ééﬂﬁé E&lﬁwsﬁgn 8 %gn :

0 _an car pbon @d
ok AR e o nyeplaiia (Rt 2ongyfy T ' ecause
dealeculauexygen istprefenablyuded intexcessin reagtionezoné Byelative fo the reac-
diisheslyianibrASR oA sk amamuing @uﬁ?&lﬁﬁl}kﬁﬂ He cybleas | in the process
pg&g%?w’ﬂb 43g reac- tion gas which I's to be
passe e a od tenperature over the catalyst
surface for the heterogeneously catal yzed
dmhwcmeieatnb@u abowe theayclalgas betyl awosegmacbpmpeseﬂum&mdgh
4&&4@;& RGAGY 4 g%ver m E . @gg fdr &b dvardh!probeB@idaeiner

byt @fﬁaﬂh@ LIRS o Ao AskSzath A o e e
amae; e iy _RAMBLdig mler gareous stmemsdntpdhaeggction
cmmstme réhcfibr Gu¥ired infre8&BN Z6MFR Hrdekeds IA%MERIMass of reaction gas

t he absence of hydrocarbons) to flow
rou |Je%&%ln)c%ehgérogenat| on catalyst fromtine to tine

at el evated tenperature and thus effectively burning
oft willtiseappeguimted that itiamlso rpossllnje\m#eed instazer arad/er molecular hydrogen

SIHRRIERSS toifesA réﬂaﬂetaﬁa 3@1 | @ fo?nﬁ%@@&noﬂ%@%‘ th be 'c§nducted
opigaR i U o A 8ad T 5 el 50 s atonr
c%tta%wgﬂ gojrerigr Bydregangeseribad &t 1Big degwnenthBhefBelpr ratio of molecu-
diaoiyeinegendo prophpd indhe etiargd gasahietire afmpactian Bores A Istgenedally s 5.
bﬁ&ﬁ%?ﬁh@bﬁ&{eérﬁ?& perﬁwe%’ih%‘ dMaldelgas AiOre®f rsdlcliorPone A may,
or exagnp"ile be)f}o 0?0 33 approprleﬂgly from 0.1 to 2 and favorably from 0.5 to 1.
It is also possible if required to feed extra molecular hydrogen (in pure form and/or as a
mixture with inert gas) and/or extra inert gas to the charge gas mixture for reaction
zone A, The reaction desired in reaction zone A can then be effected again in single
pass of reaction gas A (of the charge gas of reaction zone A) through reaction zone A
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10 nol ecul ar hydrogen to the propane to be

dehydr ogenat ed under heterogeneous ca- talysis.
Apgiaraen of nol ecul ar hydrogen to the heterogeneously
cat al yzed dehydrogena- tion of propane al so reduces the
undesired formation of allene, (propadi ene), propyne

and acetyl ene as by-products.515 Thus, it is possible

| withé @ fiFihepyRebus Sfnisbengest A Mdng fifee®BctRINGRE ¢ ARBocument,

cyecl t Z

¢ §75,8a0183 ppinn 9B 1R AR b0 ubort BT Anden Bt bt i3y
( 8ropgne whigh jsfad toyepstion pag Adgionaiisirstnass Hispyah aj legst one catalyst
mbed of readion zese A ttwoughmeactian aone A esaffuratiorgeisthé\dstydrdgienating
Medrivérsion (thEDnearsibR irRe hbteFTR¥nEYLS K 28 Miye OMREHySIRgERstion) of this
amount of nol ecul ar oxygen which'is requiréd in order

t 8™P4l%e the conmbustion’ of hydr ogen 20 which is

required in accordance with the invention in reaction

z preuitdble idactdr fobm BrGads & heteRigesedusly catalged piopamy édhgd@dbénation

USRA sin?le?éﬁ?éﬁh% Qhefrgtﬁgési rﬁi?‘lu%ﬂﬂ?ou?g e ycgﬁt/faﬁmg{oﬁ?ﬁfer-

tiron, stolrchi gnetr I’T‘Br% mal Ns substanti

i Mmediate gapdpedingis. fr oxampike tefse@ bed tubareasingortidbe hrndle reac-

i tarenthisreact2t thendahydrogersation eatelystisdispdsed in ondreadtipa tebe or in a

D B B R e o AP odrt U VS oaf e

o g8toxgenes A et hap SRR “BeRlRNRR e riaflon &6

c 6eRsting in rnction Fangriopjepeads endatherminally: darepctionubes avilcappsopri-

d ety b resteaitfaneoutsibe infaccsrdamcer@tichd mvéretied (it wilitbe@ippreciated

gﬂ%f%g rr%k 2R3 doBibd iftr&glirka‘?%ik Q5h bé ot quQEarhﬂé‘,%g' com-
esired 1n reactron zon proceeds | n suﬁg_‘ € pass of

r B4RlNP 3r9agfer exgrle 3 RydserfPanesyER pomelBRe Imtheispags symoyading

atherreadtian éubes Hbis favorabie talapply this dirdet form of éatalgistitubestteatimg only

gwg Firsf 2 RCIVEEF thy ﬂiéﬂ%ﬁ an'? o ﬁéia?'lﬂr?i r@ﬁahﬁigfﬁeﬁﬁehgﬂft@ RRdR-
o Bt Baiof Rtpdch e thida e 58 five MerIBBated i tibourse of com-
oPuRioN: g thizvay.@p apreximnieinisaifemal resstionia aghiewbles Sultalle reac-
atich tubé eterhal didmyeiere @anfrahe absut be tb 15crh.hA fypidalcdenpdrbgenBtien tube
gﬁ%@% Fe%gtbp%é?ﬁ;%rﬁr% ﬁo "392 g{: 1 q@g(& g%ﬁé‘eretg&idglrt%f‘ :Fh rﬁpg?ature in
THhS iR Ty ey kel aTeS WP B Jahenet oR SOB R Fost e rably
misitiblo the rahge ke D0 to 708%e. Advasiggeoublyr reastiomglae A dharting mixiuie is
gfeton #Hatu w&irrr@mérqira{emédrt@ meﬁeéqrfb@ tegnpyaﬂufean & pHabilefthaam
. | | |

ohobf o3 cuilng B B3 RO RRMRn b wiGEHEREp 8 iRy 5g 0
199°Gr Howpyer this enliet gerseratiie/may aisq baNghasor abths saime fayel. In the
C bisrgeergesedprataduree, theruseafotidio dehydayendtion Batalystsdsed on
TSRl blod 88 i 50 Exe gl AR YL B ER o
sl ShoeBE g, O st s st st handd e
wactbrsisan be operateddm parelal apd thel produeti gages Adseding otyre toe
I efRGe RActihtZone BNIfh prsErdeﬂs, WTeAlke podsitfe fof 381y hvdofitdde redttors
r . , , ) ) .
Rt R e e T L
bERAGIE its first pass through at | east one catal yst
bed of reaction zone A through reaction zone A as a
f MnRfgieqizse bf thBehalgh s PemigatrédttoPzerRNN €4rPaifdbd éRted in a mov-
CRRRE 3} Allaizdy 6:{6%%@{::9599&%39&&3 bof e%&HhALYiA BIE-A 102 45 585 and the

e y rogenation) o hi's™ propane.

e
literature gited on this’subject in this document.

In principle, reaction zone A of the process according to the invention may also consist
of two sections. Such a construction of reaction zone A is advisable especially when
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A suitable reactor formfor such a heterogeneously
catal yzed propane dehydrogenation wth single pass of
t IPE 57347 ge gas mi xture through reaction zone A and

wi thout inter- 10 nediate gas feeding is, for exanple,
the fixed bed tubul ar reactor, or tube bundle reac tor.
In this reactor, the dehydrog€nation catalyst is

direpia’ gae f6HEadtiOR SN dbadiRt Bsmpride@ny RomstuRr 8kygen (this may
r

4l @l HOGERER. fireh éﬁf’eoé’%iﬁe%hchﬂﬁ AR ROt Shygen)
reaction zone Ais such that the gross reaction pro-
c ¢rettismgse,the actodliheterageneoullyratabyzedl detexcogehationicaa bk effected in
t g ﬁrﬁ%&ﬁdﬁ%nﬁuﬁ%‘i aWHtérrr@@@fe%Rbly Ebmalelidr B§odeaid?st a mixture

b EpfEFAIE SPaer T4 601 Pohe e e ogecgeis e et o

r SEpgen Efuired i ascerdandseviidrthe pvendion tan berfigrirddn theysesend section.
busting a gas, for exanple a hydrocarbon such as

ﬂ@ﬂ?nerél&a{)e:agtlo%%ﬁg AﬁH{r{ ﬁnv&fgé@gccof% tg?ﬁ&#\b&ﬂloﬁ Wﬂ%%propn

orm of caf al

t GB%V brooRerated triugh af"@yttﬂ?é- hasedsen 2 gingls PeshFRUSh ﬁ%acﬁ?&é%e A,
bérdmensl motth e 60 trioidé, reefaiablyripmbe ¢0 et ths 50 molfe, mere poeferably

g fromess J ﬁ\?ﬁ/& %005;4% RERE A 2Rl iRt ;srbfe%@ltwlrﬂs 2D HHIBtd ¥B5MedM, of

- TlsrBf ambid oF FoBIaT e Ten R zomx pte oy ool peoodting
sifianaey ie rea@&@n zanedn Suerb@ restrictadisanversiemvistreaalio zeng A drnormally
akoffitiediOn becoldancawiti\the)inieffidn hehysdrthe rinddiniogamolre of uncon-

b VQr‘PéqeprBSé'}\%thﬁctlﬁﬁ.{PIMb%t%ﬁﬁallp 'é? Dot bé’% Iﬁ qg&d&&ns’ffgérﬁ reaction

r eact g]jyf ure 1 n e reacti on @a

i ﬁ?@ gpd t"§/ 'Tey CrLPe éh‘wnt’?ﬂt'Me pR&eduIR @ L SRTYS spipstan-
700, withoef lesstbloyeRfiomeerte A Thi @dvantage of a@EnecedQretvath 100 propane
AQYNREAGES ek, Yon iR Bf ﬁ@@tloﬁ g‘éts Arth ﬂoﬂ@h Feaslion Bnb R, tHeed

h I
t Sy el rgciwrreﬁi&éﬁ LFBraiEh deioRebliien i Payely ay and
AcPiaparativelyaw reagtien mpp@méewmwuﬁcwﬁﬁéplamtee%ww

50 to 100C. However, this outlet tenperature nmay al so

ggggérg{h% 8 naatcc&las gé}ﬁ% t.ﬁh at rtnaf as%ireémvésgé%e

t
QR ML R e N
applicafly (fertaxampleovithaiogpangesinlovaropaat sbywrsiony. This means,that the

CERArGY 985 MBlirk tr ehctiéAzdrBEA Wil esdrallydirst bedeBteddo a temperature of

p#rg a%o'ggé’ 7@6 ? é?é’ﬁ’"ﬁ #?(gw%épd@e(for g’fﬁ?@ﬁ% Ey élé&?ﬁn% of ghe dsurround-
a lrm wally Normally, asiaplgadiabalia pash threnab acatalyst Had wﬂlﬁmra@eesufﬂc'ent
i in drderctb achipaststipthe desiredadehydrbgenatig tdmeesionanditits comiustion of

b ﬁgﬂrg’% SRy ErRIS B8l hc® Qlﬁﬁ |%ﬂﬂ%\h i {fe EOGsE afﬁluﬁ’ﬁ'ﬁ'le reaction

t {
< 68t Pty d he paeiesie g ageqﬁf@uaﬁ Aehifipeeditionan sxother-
c e mr&twstm fhydeogeniwillibedented - ba epgledax balhavelin k diermalivegtral
I eReherin tHeSgrossvaiubtdh. PfelérefoedsBiven Ini decdiiadvelith thé in8tion to
agﬁ aEhQSaticld Paﬁnﬁé H\roﬁe fﬂ J«rﬁé‘h A8 rézﬂ: ioh ?q]éétliogﬁt ,Xﬂ% o%t 30 to 200°C

e, reac
D TERTELE Pisc B FEqUIF 5% BoRont! ORAT LRy 2208 . Reliegenormsd i
t {he dedidrogenatiorserrnbespastoembusted Linder beteragaoeusieatadysis with igter-
adhedRedl fed esdhatiad bikygeW Tl ddmduéfich/cah equallyetdanicgitout 8diabati-
reacti on zone A does not conprise any nol ecul ar

oxygén (this may be the case, for exanple, when cycle
gas | does not conprise any nol ecul ar oxygen).

Remarkably, especially in adiabatic operation, a single shatt furnace reactor which is

flowed through axially and/or radially by reaction gas A is sufficient as a fixed bed reac-
tor.
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In this case, the actual heterogeneously catal yzed
dehydrogenati on can be effected in 5 the first section
apg,s7aht er an internediate supply of nol ecul ar oxygen
and/or a m xture of nolecul ar oxygen and inert gas,

t he heterogeneously catal yzed conmbusti on of hy- drogen
required in accordance with tte invention can be
effected in the second section. Cyite generally

OB EPIeh e, s 5anaeKpeat BRI iseA, At o essel
waroseniatenah dlamtems fEOn$ Drge &0 pasesstbllyrwg fromelag ta Do, anchis
Awhich ke fixdd %aﬁ%f’/setd% éi%d@ét?ﬁpoﬂ a@\flﬁ g&le&aﬁgem %3“ /1 dj.Orhe
CPepgtdrpyapiine R bed bepewﬁs%sﬁ jh Eotalptans e e
nistsyiated in Mébqhstoaera&%@ fiowesd thiaugh axlalivivdhe botreadion gas A

Z ooveprisirgy opaney €iid exlalys gaordethyrdayigesitver sytherical bnafinulan or ex-

r §86dth Qﬂap@angm thgqu?bﬁ@n W%ég re%ﬁ%\fl% ﬁusoéqasb B ayery| inex-

reaction z % ¥ |C|en I N 8
\NP?’P?'WPFW&? i Eﬁ\a'b%ga?@%‘ ??h‘@h'F'é @%‘u W E’:‘?ssure rop
uncEomeferable. &heserare imparioutac tatalyst gsultnemamwhah leadds adarge cavity
d ublu.aebr Sl%Sn 5tudtited MF 6P RBRSIHHRdr hékEyRorBb& e, reéll?.e

asg&?‘%ﬁ BElep Rl oBE A ariepSion PioBite. B BERTEAY. B ekR8 conss

hiwogonqaméricerylinghicalpalds fiiseosgd dra shall @ndithercatalyst ped pan ee ar-

c canged #i their asnuldragap. |19 th&ad“%bﬁ%:;omstheh}elae ];abiln vmc:ulcgmuqék bed

t : , the amount of heat require

fﬁeﬂyﬂg "ﬁe%%qwgg?#g&%é%ydr ogenation i s conparati vgl y

| ow and conparatively |low reaction tenperatures are

s Bitabtd ieventive catelysteharges tor e hetecogehesusly catilzed Reppens Heghydro-

gemsﬁz bﬁéaés@ecnwdlsdths cétﬁMﬁQHls@lB?ed ih DEBY 199187 207, GRshtticular all
DRt oy VR TBAL g Kh%ﬁegg*“%? gifrneid Shaped

ba iesinesy with mspe%é%ﬁleéwewr@qenewanaéawzeé|d9hwd6weaawane

conversion). This neans that the charge gas m xture

f ﬂﬁeF aeﬁ'ﬁfohg& g&?@ﬁt.\f}% {ge%?d? @J&{o}{ecf b#tﬁést?@?ﬁfieﬁg efina
t 0
( F'g’fﬁfeéﬁaf?ﬁﬁr By ap il &gmreratuie Pmt%??e 609G gfauentiyfro %400 to
wab0°L, inklaliyessing ai (sreferdbdy) dititedbwith oitrpgessandfor steghn aver the cata-
C@”s%ééﬁﬁ f J%?ﬂs \éhérhhdnhs%be@.eﬂfétfaidlﬁ't @3l Iohdin@Wike FegkReration gas

o el Ve e g RS AR A B8 827

V\/D@frﬂf@tl‘?@ gap vy thiedrem Qﬁofﬂé @ 80 d¥ velEM@hi ch the reaction
gas, depending on the quantitative ratio of endothermc

Wﬁ-r:?{ﬂ%é’cﬂ.ﬁﬂﬁ@h@é} %&i‘\e{%ﬁﬁ gtgées E‘sﬁpo%%ﬁ‘féhb{ﬁr 94 thl'é endfdtion
n8&% wnder otpgryise; identicl Hegejregatign é%ﬂ' (¢8a¢- |4HFPF°PIE’P@?VJFC@?1 Rplipgtion
g poietofiviewa it (sonedemmendeidtth fludincthé patalpstivath inent gasr{fondxamtpie Ne)

Opé&bat it Bdedgipd@tdd) Whi ch the reaction gas cools by from
about 30 to 200C 35 in single pass. If required, in a

Econd section of reaction zone A, hydrogen fornmed in

g %H%de@ﬂ&f‘?@w %isape %@F%ﬁ‘lﬁlﬁ'{"é’(ﬁ!"%‘ﬁﬂ'@ma' hydrogen or

hwttlae matpenlepysiregenailyted withvinet gas {preferabtyditetme aryd/éradtrogen) (the
RV REdEnonfeKY EHdRid bEE @/o%?'@'@ﬂ%) Orbief BiReMisEAlbMicBconditions.
carried out adiabati- ly. 40 Remarkably, especially
i n adi abatic operation, a si n%l e shaft furnace reactor
whhe hetﬁ@ge'ﬁ%‘ﬁlé Ga'ﬁl’!?%@fﬁp%ﬁé qghygroganatien inrgaftian ggneyy of the
r p@céssarcgamgAo the iswhfiorceanrie aperated wikesbnipacdativeladow propane

Peoméitbh (§ % mol%} in all cases at the same catalyst (bed) loadings (relating both
to the reaction gas overall and to propane present therein} as the variants with high
propane conversion (> 30 mol%). These ioadings with reaction gas A may, for exam-
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In the sinplest case, this is a single closed reaction
volunme, for exanple a vessel, whose internal dianeter

| BF57847% 0. 1 to 10 m possibly even from0.5 to 5 m and
in which the fixed catalyst bed is placed on a support
device (for exanple a grid).1 he 5 reaction vol une

whi ch has been charged with catalyst and is

spibseafidrn a0 16 40800 or IoNS00GH-€ dreiuientig frafaB00 o PO 1t i.@rin m@any
f Lwe dolniBHBboas sdhd ¥+ by the hot reaction gas A
conprising propane. The catal yst geonetry may be either
spherical or annular or ex- trudate-shaped. Since the

r bercpartigvlariyleipgenigaannies thechateregenepusly eatalyzedqsopanedehysirggena-
i mmqn ré&RA6n meaqoré@p@ﬁan in @b ageadfatopahe eamdﬂseswhusrro

e o BRteH it @{é%arsaf’%*ﬁp%iﬁ“ piin Mty feforcomet i os

which lead to a large cavity volune or are in
s This edactoe dorhprises nfcoe thaw anp tatalystived ctialyziog tecdebydrogdration in

Tgpartﬁpéubae%s.oﬁ aﬂieaéatd‘hlrs%éd)ﬁurﬁ&?ﬁ{a&% ﬁsﬁﬁ B szoawrbﬁrramy from 2

C 5 ERC 1T Py Pirapoet ey eping FABIRATS oA B2 SRpYee pgessingl

t rRadvawitl ipereasiRginurelier bbtrays- Thegatalvst beds: ae prefefably paanged in
gRddial binaxidd Suckdssida Abpropaaély froMenrapbriatisedint oiielrlthe fixed

tb'ata‘l}r]%{%e&isy %tr]%['géﬂl"l‘¥ dhrbsﬂ'gfr%&‘i’or' f appropriate. Suitable

i hventive harge or a heterogeneously
cat al yzed propane dehydro genation are especially also
t Imdhe simplegttase dihe Gkarbetalysh béts-iv\a 588f BiThate Teactan are arranged

péiréliycdr' irthe ﬁhr'rular‘bfapé B%ﬂc&it&%ﬁr%ﬁ@al@‘rdWowﬁveleﬁ%&&possrble

m Xt ures ere ric

oarend e SPoliAEasPin Sarbr ke e i and (e o oas.
défrﬁr itrhag easped é@ﬂlalmﬁrrergrao'msewﬁgtept%tbe naﬂ.sagment@ovq her be-
alarienent i oned catal ysts can be regenerated in a
sinpl e manner by, at an inlet tenperature of from 300

to 600C, f tl 400 .t itial
BRRPHER Sl S3HPe 28 AL PIecien i BiprRRqAle feplragEisitay figm one
statalpstved to thh aextaatalydtbady for ekaraplé by pagsifg iravgeheat ax¢hanger
SE1#ERSs (e k) PbHealew Hith (nlaﬁ@asela easy ;r&smg ithnrb FdsHealil with

115 oghtfflon Bpids (MR¥cuitnd BB Boship & s Thuploecfyd Bktha i
)

negTasEoRdNg M@ ENor 0.5 to 20% by vol une. In subsequent
further regeneration stages, it is possible to use air

awhten%eft%@‘%%t&t.é ORerwild Rt iRbafl |§. i §fobréa% b&ally for
eneration co [O tel ¢ at
PRANafenyeraips P SR @%Jﬁﬁ&rﬁr%a' B PHIG 4 e descted i

V\DEm 19937t 107 aespecially thrsagfithe m)nplameembedrmentssto conduct the re-

I 818R gadiBiure O HRYSH rbg@natusn ﬁeﬁct&%?@ﬁéﬂtéd’to%qwnﬁé\%{uﬁe bfGrom

AR on it %5?# ﬁr@t@é%ﬁ A RBE5 s ol onae

svininihg i@y cwaqtﬁrt gy @Rgng thatdhe aRtige er@er\net@ﬁrtverﬁaeweu cen thus
?bel rebtizeyl ab exteamm)ly lowdemperatuessywvbich isdeurtd to b padicdatly fangrable

TP thaaiteed? RIS KateRitded BEwBEP AR 1B gsHRRMBHS IR Alghér bro-

| %a/r{gnct%ﬁrsergggsﬁ ﬂgaere&t%ﬁ ggggq.xma hcf@ r%;%&%@f c@h{i\gcté&nio Re dehy-
pd smom@ae@ﬁm@hgrtsr’r toghigheh tampesgtures (thege maskaurio 10REC) and

sleemindbrs &leysted (dyembratleadngegsithin ibe &ray rgactwot h - to t he
reaction gas overall and to propane present therein) as

the vari ane Si 0
"B 2380 A G dink i i Dt Pf RO REH TSRl heaindbR = direct
swau(enalges an autothermal method). To this end, a limited amount of molecular oxy-

gen is added to reaction gas A either before it flows through the first catalyst bed (for
example as a constituent of cycle gas 1) (in that case, reaction gas A starting mixture
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pie, be from 100 to 40000 or to 10000 h-', frequently
from300 to 7000 h-r, i.e. in many cases from about
588 578471000 h-'. In a particularly el egant manner, the
het er ogeneously catal yzed propane dehydrogena- 5 tion
in reaction zone A (especially in the case of propane
conversions of from15 to 35 | % based on single pass)

C ghibuPadvaagemislyedmipfseladded yndleaRE Bydrogdh) Snd/eetstwden the

8%(9&5%% cggr ﬁt B«Qﬁnlt EQR¥SC&1EQL%§QBFQ?£|8 %%%ké’& %ﬁ@etdgﬁxfdrogena

ro
R R v A L - e
1darto@ véth tlmlnvmt@o df muecBlar bydsogenmdhiahds pebsentdpeeaction gas A, has
C DERHEBIHENA tHePdbuhR Y rféYél‘ngdnBSLﬁsﬁiﬁédté] e)d préRRb ¥hyirddanation

pFicPi%s ;?7 AR BPachor v p e ear LBt BhectE o bprotea man-

Appr(d se|bg gpptapriate frappan QP@lKFB@ﬁﬂ peintaf view toiinsqrt catglyst beds
f lnmdtray:mtaabywhlclb ark dhgryed with m@@sﬂvﬁhlcttpditlcﬂlldrlyapeclﬂcally (selec-
bﬁ\%y ) Qhtal ;.éshtlh? chi Sus?i'gg'el‘ ﬁ%‘%ﬁ?&ar% of Lid ﬁé“ S ts include
gAY K0 o S, DR LT 5
HOGeA 8630 1T1,1US-AI5037 538 ainth US-A § 5611814 foy @xample ssugh icatalyst
IB&SS rhaly SeLaitBMirodaRe ifhe By Alielon R alteMatidrPtodRe BetisicokripAsing

gg%d{oggasron'caggggéﬁgs a5 Led oLy 0¥ 0%, ACATERL

next
ysiregsin cembustionrie a se¢and sgetipn af rescianzose AP Depending on the
ameurmbd maleeulbeiatdrogen @ombisted\the Heaboh reaitenon csl¢asleyl tHuslaticlvs an

t@x&t reeaﬁaraql b?ﬂd&é‘ov&%ﬂ’ or&n%ut fh@m?él% 6&61&e'réu he

e at ed

P tioos, heiitel FSigrier s substael” ‘E%?)o?fgq% &g fm Goeraing oo over
halt foc thetheterogenegusiycatylyzed peapane dehydragenation! Avthgsslerted cesi-
t gerpbftinrRiof th reaETRAIgat & the 6htaIN&t bed irkreadbs, pPdpans Baydray@nation

@gsaqoss,ga%@ dbltgadiic sheRally eo%sfam%p@@ﬁge W&t&qb.es

caeﬂ)@mvd?fp ' ?tm@sévwnoﬁsvo rqseﬁ%’ﬁmrmnaﬂs Wﬁt@ﬁeﬁm Oﬁdﬁ@ce
cwitathpsnventiescri bed in DE-A 199 37 107, especially
t hose of the exerrpl ary enbodi nents, to conduct the re

turelnot nat i.on. react.or
BeRGah R A bl SRS O R 25 co
( mﬂw@ﬂry@nyorf insheaway wasmeewmaon@nwwcmn g6 A.thaged on
t mm@rroahwenm@dum hyavogéri presdnethiereiry is fedme 0 Grto 500t 1 3tB@amMsVol-
t r
r E@ E;@m%!}}ﬁc!n%@{ooﬁﬁ ﬁy 9&@}{% L%%ﬁﬁ‘@ﬂgSH s%@eﬂhél&def (Rh 1 pure
¢ Hologd By oRn(pssieyed 96roigAnce Wb thepiREnlio ¥ FTplectier pRgen
f dijubestl veitit inéry gés, e dzabpie Ok ICQWS; ardée neblagasess butespecially also
hhlﬂfﬁéfg&rog |§gc&ff‘d§ﬁc§ QALY ﬁ'fesih\%'i‘lg%r} gﬂ%emélﬁéﬂér' RgdddSfed in as gas
B e eS RBLEPT ot BY Ueline, HetpAbly oL gt s by vo-
( ¥mesadvaripgenysiymot Horedhrr) 268 Y vRlepe. mere@rdvantagesysly aet more
t thap d 6%t hyrvelunes) detteninbhmoretihen 10% by velaraé and micte prefeeabimot
'TF%F‘e tRhE Ig‘gyrﬂy vbglgfea‘ﬁ]f lo¥he? Hﬁse& I@&h&qﬁ’éf'?ma%dlér'}ﬁggen) ePSarig:#Iarly
BORERRY” et esdng srechiis ofesadl pb% Bne of
m)I ecul ar oxy- gen is added to reaction gas A either
béihece theicomblstion df h meal ghmblbeuldrihyaiogeratocH Isdffoldsthbpliniwice as
e%ﬁEFPér?er@? aBpioR 0! KU asthe G g f 4 infbl b Grbpdri %6 pro-
CnteI a%la I-%atgp;?;ox 1% klllnm%l rgnxg ot?ei%gl cﬁ? gg}r’atlon of reaction zone Ain
an adiabatic tray reactor as described is particularly appropriate to the aim with regard
to the contemplated advantage of the inventive procedure, in that it entails merely the
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20 shoul d advant ageously conpri se added nol ecul ar

hydr ogen) and/or between the downstream catal yst beds.

| e gyahius possi bl e (generally catal yzed by the

dehydrogena- tion catalysts thenselves) to bring about

the limted conbustion, required in accor- dance with

the invention, of nolecular h¥drogen which is present

| BomBadibh Bf‘argé'rﬁonﬁ,t opﬁﬁiro%eh%? gbcfu? 50 Rick gf thggm%ﬁHtr o?&o%fcular

t he het eégﬁen,eousg%acat %_ze rrgr o,oane ydrogenat i on

af¥ireehEMebin e dafdropgnation it rBriog 28N n a

particularly selective and controlled man- ner (it may

?h—ﬁ;@.'eb@. TR RIeAtAGRL & tid FOEeRB aadpdihg B the MverRioRtdo8é natichly come
r

oo B Bt iy o) o i o F Pk e e

( Sragen formed ipyeactipm Fonedt isicambugathindeAGAN 8¢ned-dreeash this ad-

( aatepe esnayf intosdfectleveneher at anyait of hyucdgedof fraf 5th @S enad®,

t rersiaply FBR 0 tYS0/hdl: / B8rebidrerably 1dnfH PRR5MS9%, Bringte pref-
EORLA MR R
ad 8 omiboemepdnare atvantageaysly feera 86 to 65mal% andmost@dvantageigosly
b%ﬁnl KPB1B0INSdIRDr reMsds gsmiopme@moahwwoléoh%saﬁ%o en

C I . - i
et Ralll 280e R ISP 1 e Waley RREIEMNIR fle ot

z Sﬁ%crﬁﬂ openalingnedest @A adigbaticirayieafAr - of nol ecul ar

hydr ogen conbusted, the heat of reaction rel eased thus

[{e]

[
"

0t Qe lop ANOLR (Rl osRRl el o IPSHBLR LR B dortareh S thit the
C RAYaSB ERPIen Lol CoAsLon b A Eaged o (7 amstniit Pebads AR Fiopyiene pre-

osentdnerei. isfram GYker-0.51d 3% by velkmehet er ogeneousl y
cat al yzed propane dehydrogenation. As the sel ected

35 soSREE Ts RO A0 0 e A5 Bl can o
pdeRPycurher by ncorroratigo glosed trexamplg tyRulariptenglg which have
t davpeatdyt butot mdvessariyn bbéreevacpated befaledilling in ihagpadesdeiwees the

AL (ST Sl s et
F ERalvAEPRE Toarearteials caBBISE wilBhle SIS o s R ERRorate or
adedraayre@ certain tgMmperatyre ang oesumerheptasthehdasuapdwhen the

t hemppeatoRTaiEidnthisofalueteshde st damkh ahd relaasheas theg do so.
anount of nol ecul ar hydrogen present therein, is from

0.5 to 50 or to 30% by vol- une, preferably from 10 to
2890her peanal healingrtle chagryeas misivrelesthehetererenpeisl Gtalwed
mplapané dehyarxopgrationpnm efactionexdne A tatreaeqErdeeaativn tenperature con-
| 3S&NR b&ﬂ?&us‘i’iﬁ Hloﬂlfﬁlewﬁé‘ ancﬁ%rl MY s it tHBrdiMSY hedlRSof
far ex%nBe Hand/ or n?I_e%aﬁizs utt. one A (f

o SIREHEN PYyasn BEPSSR e chiviasazr gityreion S ElysReliongops A (for
t lewampie ewerisuitable srecitio Icomblsiion oxtalysts, fosexapwld by simply@essing it
Wit r6ligHoahiditor ipsSing Vobverdng, by mBartQfateyhasd bilodtnbupticdl thlisvielessed,

N@kn D3R reafiids e eactioiBem ALY RIFOYRF e iihydFBidhation
B et L B e s
meeastys)y ef erably not nore than 5% by vol ume of ot her

gases (other than nol ecul ar oxygen). Particularly 35

a 5’(9:5 ﬁ%hﬁ’theta Své? fich Io%%‘ﬁ &Qhéj sjst:’lggor. Mg to the inven-
i

e bEr A0 EYHO 1839, Pulwikutherdiffierease thatthd ehgrde ggemixture of keaction
MBbnePA BB AMIXILR Gistrarm? YreSSropdlth 4l YABRESX Rebelidn zone A is
gﬂ{qﬂ%énteé‘gs 2 e Qfe PRty Rliana 0 ol Yo WwRn E586 L1 E20s fPLErably

fixed beds) are arranged in radial or axial succession. Advantageously, the number of
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40 an adi abatic tray reactor as described is
particularly appropriate to the aimwith regard to the
C@H symfrat ed advantage of the inventive procedure, in
that it entails nmerely the PF 57347 21 conbustion of
an amount of hydrogen of about 50 nol % of the anount of
ol ecul ar hydrogen formed i n22 he dehydrogenation in

r%«afaﬁ rﬁwcﬁ%"fﬁa eré%crt]& th?éévﬁfé?é?gﬁcqu gfvgﬁtootfa fﬁg%ut the
e?f\ege& e\ﬂﬁ%ﬁ?ya??té}‘ﬁﬁa pfﬁ%}ed%g ngengB%wutg%ewmll% $rthis end,

t redimited @mount of mglecliar axygeh prisush@mikloreneamprisingétavathi inert gas is
Z iifed\tol the EIRTHe! §aflixtune 6840tIbR BoreON Beydnd tsfirsB(fixed) Batalyst bed
h}asyead;h%%ﬁh G bl B T et Bodk il ?f?eaan“‘%m%a%i (fred)
bpedip flaw girastiopathus, sqnsm"xtsate &SZEEH)VrFB? Ye{Raenatipncata-
p rly-:dis themadives, fimited mmstm(bf hpdlra@er\efumneddattteecroufsemm%dim
eﬂ@éué?y ARivzel RHdph Fog@?\aot@m éhdlﬁ }&oﬂﬁgte@of BiPane and

nor e nt & eous ro

RUSEAIS05 20 TP SRietl A 5 RBCSH PO orwiSe e aBS e hgrmal char-
nEAct g\ﬂbxawalhmmualr@ﬁheﬂﬁwmfanatmwtﬂnwg@iuref orned in

react| on zone A is combusted to give water (preferably

tr aDthb?m%ﬁ/bﬁ‘\)e p‘3@%Fﬁét&%ger%gg{i?%t&g%dmﬂ%ﬁ%&%n Qﬁéﬁdng is
1 Sa S tEboPEER T HBPA OLRE Uit hisercaa SREISUP et e gonversion of
oxyeproparendoaducted intocthe teaptor, gasedon fiegle ceastor pass, srapprox.

szoﬁﬁ&%a(n%mﬁﬂéja SR LRS Py alﬁt?ﬁé 36 H\%l‘%@' d 4o'n$o|%r 6180 mol% in
ndPePBGRT e f%?ﬂéwryfe@g@ T aree ik O biiena o Bl Senivec

bds regolariy/Be awsel Tharmsaxemumn gontrikudiph of 2:singlg tray sted conversion mi-
eXgrated Rorh WiAratt badkMard iRdlbw dikbitioh with eredsiig@pattilg tideltin gen-

n%tral i %é@&eﬂ SN q%;t??%geﬁé’rﬁt‘ékl ?&@F’e dﬂgﬁrﬂfd?ﬁ& % hd\.@glrécﬂori E‘r%wdes

SG‘&%“’?HW@FW&”E“’HW tat '&%C%éerﬁ'PaMaﬂtﬁg?P‘FWethﬁé?Qﬁ'"8[#'8'? is ef-
c dé¢cidéd/wherbibd carbbeizaionrof elf tnalshas ettgnedsan igenticabéxterd.ol | ds
or I|qU| ds which evaporate or nelt above a certain

at heat th
P8GR ey PSR P BRivseekniet pEfersbne @i cali2Ba par-
adial dehadr@gert_atieagéprnwle whentthreipadieg ewthe tafaiarmeLnt plcatalysbfsum
hQﬁéﬂ dbedbpwitae gftal @afunit of brop@nd arid Hropylered ie REDeN €STRYIH and

0%6 ‘F@TF‘% RB8E 95 Dé’sdérg%WdO? (STR)LF ﬁ?c?%dlﬂ AG H} The

O [ urre eactl on
c Ry fﬂ}csorp'@mpﬁamrw 'n@nﬁf}dmﬁbﬁxgH&PWS%ddﬁ adyanta-
t lgepesiynkdpy atfean SOWC t8 600G (eclol 650° C)xFarticulanyessivantagevusiycthe
chag @@ ggé%liﬁrétféi'rréaéﬁﬁn s&tew |n' thé Qbé\ﬁ%%brméd mfb%g%nééuary cata-

A R wnrsfiﬁﬁ gy 5 PR ol gosh Bropane
p&sd |trnagcmc{e ggséwplcaﬁgs fegm hn@aﬁ@mxlctﬁhon into the dehy-
cmrdmahumrarﬁhstemmlgefmme pahiai exiation, geaertally bemirizas b Bafficient

rﬁdgﬁt Srstah] BRedupi® Eéﬂs\‘gcf‘orﬂﬁ firh& 6 tﬁQPeIﬁsﬁlﬁ?genat c?n catalyst

rogenati on suc proce ure is
oned) advant ageous especially in a fIU|d|zed bed
35 reactor). In accordance with the above, reaction
E ndisadvanhitagdef the abmesiescribed @ratess i tHah @irtuliyedcatalysts vafich cata-
205 @gé@ﬁ oA BEETRb R slid el tAg oS i pion of
diPfREPe AL PPH& ng fpsapieg, ides, a%d Wmf@reﬂanﬁéaepr gpilene with
molecular oxygen, and, as already stated, molecuiar oxygen is normally present in the
cycle gas | from the partial oxidation which is recycled into the heterogeneously cata-
lyzed partial dehydrogenation of propane.
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40 zone A used is a mxture of steam fresh propane and
cycle gas I. Reaction zone Ais inplenented as a

( predfagabl y adi abatic) tray reactor In which catal yst
beds (preferably fixed beds) are arranged In radial or
axi al successi on. Advantageously, the nunber of PF
57347 22 catalyst bed trays #H such a tray reactor is

Le%s&r gmgﬁﬁbémlﬂ%ma? 1it:§7|59izh\és§&ngﬂrétc?ar;itér)é¥:t@e gg gtvidirtgqhe product gas

d&&fgw%,a St e Hetdrolenaion 2Bt micyolbrIong Gt jdentical copsepgition in

a to fged pely ene PhPe fyq/RRstiPNs o hedatial eridation as porEetioas Ay

i while the dthree ipbriga s resyclegidate the dehiydiregeriatioyes gasnstituehifeeaction

Ofgat Rafitd HBIeE@ﬁ%yﬁréﬁ@M BREeAtethls dyeib ghb 11°68RngGRhRIhY SEhydro-
ga g

bed 5. d .t hr. d the (fixed) cafalyst

p e AR8F s diahiterioaso profee Persrossts ai@;{fa?apbﬁ'%{?ier‘éﬁwene

f Ipsagedt in e dharge grs mixtugderseadtion zong Afrpmdie mpleculer oxygen which

dedeivig resehOReret Fhis phttdction féfb&‘:iﬁi orPthe fadt EAat 8@ combustion,

C | u

nBBHY <82k AseroRB L BUTHS sahe' BB, b foicugrtigroen to

( fader is pretepsd kipe l@!'&é?veﬁhed%m@swf PEYRAPG PEFEr Rrepyiene.

m nor extent at nost) is brought about, whose

explidihdine Rk DEDRA02 1028C IddeRithaderBiidrRddsYcircutation will

mai_nt ai.ns, the dehydrogenation_.te ature,

AR fiatgly i?PY'?aq%%bvp@?ﬁt RPmRSpasRle 118 35ars/ened toias jogp mode).
d dhipcogeaent alssraddrespesapa nessibility efadding imelacylap pydregasdrdditionally
dits theicharige Ga9 widture st rbédtie@z@%tmbsfﬁxhhérfcﬂld%ti?rugbtebhm t he

c &l ; r

o BEe 18,2005 819 609 ekl T BAAIUEldHfend B %fgg_@%“eﬁ.ﬁeﬁt)?gﬁtef
withe mpleculardvaeaegh e thaamotive JGHQ{/ the| PURP R a 58rtaR ferd Rigranspy.

nmol % or 50 nmol % in the process according to the

aoFEangR the BRNEEF PR 16 200 goR RIUA B 0 a0 O 036, the

. 0
o SRRPITGH povc %5, Bt pahas Mol S stgms frpm the het-
geErgenequslyrpatahaed pamial axidelionwill apyanfageausly el bejupdenaken into the
| BRsrga gy mixtyre farithengetérog@neolisly gatalyzeepktial plopassdeblyiidbena-

C 138k Ista, Erﬁ&:%ﬁgfgiﬁ& g,go {éﬁfg%n%gg R FJHcficgw ic[gﬁ%h Wil nbt %ﬁected

0 B GHEr R par A AR EaGRrAIGr GoVETRP, DEchid 2004133, 129 @fsb proposes
f addieg extemal mblecanHydrugea pietaratlf additionallyaty shehetarget gasirmetdre of
RedcflanErB) pRdF Sl rebjoing: I BIRNASEA £) 2004 60 9DGBEE propa-

{ Saies A B e Y ﬁﬁnﬁﬁrdrssﬂﬂgﬁﬂﬂ TS Rt PPl oﬁ;f il pro-

t 66dure dnetivatetés exsiusiply $he qrsigraas dmcysied fremth 8 oxigatien into

e
L
t e deplyaogemaiont of propane and propylene is 2 500 |
(STP)/1h and <_ 200001 (STP)/Ih (typical values are

from 15001 (STP)/1h to 25001(STRP)./I-h), T Xi mum ,
+ Bl ER e SRl e IO EAPTIa o Rt 012060 T 8.2 o mode in
c athighyika cheegk gas raidtuefionthe dnventileyedatipn zene A ismonposed efsycle
6987, oPfreshpréfide) of Rl faledlibyhydtbgen] taefitum amhbant of exter-
C@%fsﬁl&an%ﬁd @aaggar Gs 11 hcyb8a Fhine &é?{}ﬁro’é‘ﬁhapioh et (it would then
above-descri bed ﬁe?erogeneousl cara . yzedep opane
d&l59 e AgeRie ivispense Wi theRxer 'é%\élaél") whrsefereblyRoresriovsd
f thesdin.ghepootive jednsed i@ roiytotesof drash propanie; Bxtearal tnelecular hydro-
:j Qel, DyEl gh$ PRorh i il bAbiatidK iafd bkiemal a%@n .lt\lvmn FRRAM to the meter-
r n
o SR AorcB B UheehN ¥ HeBilzqeol Bl I Vi BBt e R,
r B&M 10 ?ﬁo%o@@%@%?@ta@@vmtmwwcew"tenéatlon.
dehydr ogenati on catal yst beds. 35
Advantageously in accordance with the invention, cycle gas | generally comprises not
only molecular oxygen and steam but also molecular hydrogen, carbon monoxide and
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A di sadvant age of the above-described process is that

virtually all catalysts which cata- |yze the

demarsepenat i on of propane al so catal yze the conbustion

(full oxidation of propane and propyl ene to carbon

oxi des and steam of propane &r;d propyl ene with

nol ecul ar oxygen, and, as al r€ady stated, nolecul ar

?W@@ﬂ dio%ide O eet ?@pﬁﬁﬁ;;geﬂeréllp alsB@orBrises G Peemrablyfi 88or-
A . i b

naprl e BELRR, OBR 31 Elael A B s o o1 00

propane. PF 57347 23 According to DE-A 102 11 275,

t Widsardageobdy mmaccordamet with thy indentiod) theg ptddactyas dueithdgae from

Wird 57 Y8hel A AThd HBcERBLEEraiag itht fVertRSiak Meolidling contents:

portions of identical conmpoSition in order to feed

only one of the two portions to the partial oxidation

as product gas A Propdfiel e themdbtef0%by volumei s recycl ed

i nt oAt h_elz_hdehy;jroglzfagénﬁog aford 8GO PS% by weRmedf reaction 5
gas A e nol ecylar hydro n S
uh, AGR oS S8 oy Vol e rbatfehfly 8339

Il comng fromthe dehydro- genation’i

intended to protect the prBp¥E™&ind, if appropriate,
propyl ene preserf0 n t he fetmalde25fadywdumeraadf or

reaction zone A fgom the npdgsw 1B8R0%BHAIRMNMY) FreRuentiPto 15% by
i kewi se present therein. This protection is based on

the fact that the conbusti ‘6%",'me'nor mal |y catal yzed

het er ogeneously by the sane catal ysts, of nolecul ar

hiTte egererdtoreldd prsaligiigat 3\ i9 iyplcally fesih 400Met7100%0, Ipyeferably flohet50 to
f ykhoccombusti on of propane and/or propylene. Follow ng
the teaching of DE-A 102 11275, the dehydrogenation gas
circulation will appropriately be realized by the jet
puhp pressure iopihe praduci gasal leavimgefeactivacdoh® Ads; prajenablyirdagcordance
TRt tHORWRREN, FRNSDIALIBEr S SHsvet, fil@néé&?ﬁﬂ, bt birdady MenBéltidNBe up
nPI ?Eul ar hydroge_n additionally 15 to the charge gas

mX l?aé" for reaction zone A as further oxidation
protection. DE-A 10 2005 049 699 nakes an appropriate
shat@amg to 108 ifvBftioheprodiict GBHA, witholEdrefurtlidh eedonday tbmponent

F FEARR T 0h B 15 f0 R oh st e RGN BB A gl g
2051 repgory gas %nd DE- A 10 2005 013 039, the 20 recycling
of a cycle gas | which conprises nol ecul ar oxygen and

S @ UEtddeB R, M8s B@ficief i 995 BOHSs o &l 8 pro8Stt BaS Al amount of

oX] flat hon WK aﬁjyant e\%ec*ustw nqt brg g deét gﬁenn 'renatcﬁ’on 2o

t fPeCUROPYgen YOS FERiPdie) the Attalpraent o G‘Sr‘? BGEYS) one

c 8t ahiy additignamnay il pripeiplp ba&ffeeed as pye naygeniosAs aIniguede.g. air) of

t FofechiREMGHeMENd &ﬁ@orﬁﬁﬁétbbsﬁ% v]gjﬂ:ﬂ'l haie Ermiicall iherthyie rebction

C .

G 88 B8 B RELES) ndiadse S0 PRoEBl W vordagos iy e

piypetiossit iseffgetad Ag 2 9RE whish comprisss BrHPom bR by volume, pref-

p eebiyrreb mpreaitidn £5% x| vbyumeoadvastageeustyenof aorenthan @0% byfvolume,

I aRpd bdvanﬁ;s@sg it hridFe than 459 yveribe! bétbr nbtrrradqﬁéni ?w by vol-

- r -

r el riele Bl ap a0 n8 T SO B AR dctord B Bt votume

i A{/RengpsesPther hammpleculaTAXygRn. Vet Ragticulagly gdyapiaggousat this

cpaihtis dresusie of perpaixegbnt Nomailpdh@amourdlof meiedsiai-axygemted in will

t Be sge t]rigcr tRE MBIk }'aﬁiﬁ-of #RietQbf %}gprb%t i@ﬁ'@ﬁéd’e@brgient in the

N A S e R AR

r Bgfere tha makralanoxgen nfpe diaipredudt ges &, product gas A is cooled, appro-
priately in accordance with the invention, to a temperature in the range from 250 to
350°C, preferably in the range from 270 to 320°C. Advantageously in accordance with
the invention, this cooling is brought about by indirect heat exchange (preferably in
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gas |, of fresh propane, of external nolecul ar

hydr ogen, of a m ni num anount of exter- nal steam and
ofpFcgm3de gas 11 recycled fromthe dehydrogenati on
itself (it would then 35 al so be possible to dispense
with the external steam) w | greferably be enpl oyed
therein. The notive jet used % a nixture of fresh

prcamaeurr@%séraﬂén i SEtahaht dhpREsquits @@nersmbmua& Heat ex-

r ega g‘&qr? trﬁ)ia#cuﬁlg{‘lp ﬁhlg?st égx%f‘%tg)'bqat% E)tﬁr R@J h%act&)lgy&slgd is pref-
@(a the Eanglon 99s A F‘ﬁ@'“g BV TorGRaCYPN £9Ne Awich s §ippitaneously

Dﬁfwgmﬁomréaa% térfergiureedesied indeattivmaa®us (in principle, the cooling
r %QRHESEQ aifeQ8d, as ‘lai?ea’ﬂ\fﬁéiﬁ@w Hr Hé’oo'rrlbré?ééﬁnr@ rirggrgﬁﬁpgptubn turbine
ﬂ?ﬁ sgi"'k] Preg%ﬁgrﬁgisﬁﬁ”gﬁa&}ﬁ E}PJ? " mol ecul ar
hydrogen carbon nonoxi de and PF 57347 24 carbon
dil®a iskififul thanrek hedccovdaste, withithgpb@itioh, thie Rleding ©P G doAgBising
C%qlé:c),rufafr Sﬂﬂ;@h Yo fh@ p?&ﬁ%qas%aﬂ'gﬁrﬂ‘%%ogg Gs 'dP¥&fﬂB& ?B‘ n be
AdSE0m 'a%%ﬂﬁacp et pendict oas Ads u3adas A MRIvedRldh oPesRle alfiump
pmdnihhcompesesfa mbtivechoazie,  mixing>one actiffuser aahaesstiomnezzée, the
ggﬁf%zfmg%%&{oﬂ 'o?‘ﬂagtn?b}tgﬁl t H@éb%b‘rééé@% ﬂﬁ@gmﬁe &B{IJeC}WzBG via the
F PO 2q1e andofiE By hRBtAGB e iehoRind e TR one RBRf eacor
f ipaelion|Zpne 8. abihe soctiep actisinafthe splONFozAP polnﬁngznsmanecnon
v @F thesoancd ohe gks edsmansawgtr@olé?@ﬂér RYygen lantthe dasegn@risihy tHeano-

'1$e/c9.1EY X 9{3 5% e-drr}"le @éz?ﬁrgs %r%‘f’é{&ﬁ Qﬁés&nbﬁ noz-

C
R AR Ml em%ngp%%aer@tt’;@ @‘M%rwgﬁ"ﬂ ianeous mixing
r edibttheomotiverjet, #nd e reactidregasB staiting abderedermed beingtréleased into
| mveEilet Ofthe §800RY 2odcBorfzdPad B, ofiAMENEhiet bf theBYleddt©Ae ofidation

alréa%?oq)éf ﬁ?%ébo%r&ergacétgﬁ %bﬂoe B. 2Iﬁe a?or%rﬂg&@ked eﬁ'%ﬂ[ %hﬂ:% Jn?ployed
s @é@ﬁﬂ?&v wheg ﬁiS’GH@rQ@S Arf@ﬁ@mssure&f R ‘aas oF PbMeFeaPhig 4 bar.

the at | east one oxidation reactor in reaction zone B

W'Ilt I B@g;r%ﬂré éle@ﬁ'% t e gas c@tger?étﬂgarﬁ Qéb?érlbmr égudgﬁ also ber mixed in a
© RAVeR TN anrer Wby PG iy g0 e 425 BT Berepghon
t lreneB (rekctiongas Bfstartieg mixjuse)t Awomnataiseracapc@marmweth tim inven-

Thibs, effledHahieal sepiratiny dYdrdtioh Rberéiey &f DAL B3 18D3IPWAE be con-
ané&%&‘ bveds réaciindotb A Vén% rga%u h%neoé mol ecul ar oxygen

one-or nore ases ave Chemcally inertly
in reaction 30 zone B (for exanple N2, H2O, noble
gdrsa manfiiknowRipef s, diel heteropemecusiydaatatgzedigas phdes partial oxidation

' '&Y&BH}% to'atcrylnéaaé fvﬁﬁ hidtbcaiar SkyBers probedds it PSR twé Sfeps
successive along ?he¥eac9|on coordnﬁ)ate of which the first leads to acrolein, and the
second from acrolein to acrylic acid.

This reaction sequence in two steps successive in time opens up the possibility in a
manner known per se of terminating the process according to the invention in reaction
zone B at the stage of acrolein (the stage of predominant acrolein formation) and un-
dertaking the target product removal at this stage, or continuing the process according
to the invention up to predominant acrylic acid formation and only then undertaking the
target product removal.

When the process according to the invention is carried out up to predominant acrylic
acid formation, it is advantageous in accordance with the invention to perform the
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erably not nore than 25% by vol une, advantageously not
nore than 20% by vol une, nore advantageously not nore
t pgg73820 by vol unme, better not nore than 10% by vol -
ume and nore preferably not nore than 5% by vol une or
not nore than 2% by volunme 35 of other gases other than
mol ecul ar oxygen. Very parti c#fl arly advant ageous at

t bro‘éesslqmt\?d stb§e§ h@ st & daﬁbH ﬁa@é&yﬁ% ed\l‘ﬁgsﬁﬁéicfih wﬁu&?case the
su

a iy
£ TR Kert PRQ (304, 8o B BRPerg 3 b o e BB 1 SRR o o
pﬁ@Q@nthe tqmner?éure@ﬁﬁueg’@e@a@ialvai rbe¢ 25 BPRSPPriatsle adiugtedhintaneopti-
r enzig Wanrgmin dchtohtHeitwg oxitiationstages.s 2 1 and <_ 3.
Bef ore the nol ecul ar oxygen Is fed into product gas A
roduc S. CQ ro 40 pri atel
b eltes bﬁfgeemwtfmﬁta! %gqsrﬁ?mwg&thete@ eyr%PUW@Ch Aret Rgticu-
r &anlg suifabiEnas2dsfiveé com@istiGns for theeatalysts af thetﬂnsel oxidatiph stagenjpro-

2 B%ﬁé’—ﬁ%‘?&tnﬁﬁ¥ alkb %Qﬁéﬁlﬁoyabéé?ta ﬁ%&%ﬁg@f%w&;qhe g&%nd oxida-

Ihgége Q glg(g{:}:g%%n (—»F)acgyllg,ag%} >;:rrqf@re;mpﬁ- I panally given for the second oxida-

c tiomstage:tmrcamn,tstso.ﬂmsatacm cotripbsiticont i bilsast ona pktinastal @uide eom-
hla%le‘hfénis'}ﬁb LY heat ex- change in this docunent,

exp Icitly stated otherw se). The cool ant used
|s pref erably the reaction gas A starting m xture for
r he piooessz torkee oarmidai ash ini reactionabried incassbrgandsr withthe inventionefor

r ﬂ%%lté?agénea@sw @dtél?z%d%ﬁia[ &ﬁ’ddﬂﬂn bﬁ@sﬁwé}e o&emeé\caiaryst beds

rLncl coo ect
P IhRSe Srstisit Fmecs = g-te eobredod s Fsebons TR ulianlPade comeris.
t tmngtthmelemﬁm Mo, fie asd s thug spltam;prpemcglas@ﬁ a pre-etAge process for
hpeatiny ddrdtein (@apdcellic atia ifapplophatédr agBifrEt redction stage for the

aglpoogtggggrgpwaﬁ&ecagm@g{g@tl on, the feeding of gas

conpri oxygen to the product gas A
preferably cool ed as descri bed above can be 10
athegalizatibe df the che-stage hptemgendouglgcatalyzed partial oaislation of propyl-

nBhd fb%c)rcﬁém t,:-lf"'?d QWIFCE’JC% iPagprdprite %Qtfg@rﬁéiéréﬁ‘eﬁeéusly cata-

75 Bartal RSt BYAPGG o el GFA gEng Bosrdpr e P aplained in
d ecasnganes withi tnehnmmgtbn MRy spasifically becaeried out as deseribed ix thegdocu-

z ﬁeﬁtsamﬂAt7b@7duf(ﬁrmseactpﬁ 'sEHgbné’s de3tribetififerk, rduems@fn dovesFind-
in reaction zo

| 8 ou P RuRen aftds 37 a9 8l o e FREL I dhs e tysFiRE tube
t hendig reactor) obP-1570038 9seennd reastion stegr; agaleseribap them iyt also in
Webreéspbuedingnmeracmﬂt mb&)g.tae (AA0BEB6SP (ePedidlg tHi®doduaient i re-
O
Xr% ?? g&:ﬂg aft? ﬁgeggéi gPFE oPtis d%%u#.grﬂ}@@g r{?’B %ﬁ% 8?c%cgas)
© MY 04/B5 363 DA 071 S 817cl 15t eativn Siagel G 1o 1248 (as a two-stage
sprméssa,rEFDASI 1559&45 gsecond feattivg sra%ep \Eﬂ?-Aé %1,59 and (ashetwo-séage
Fb%&és;? HEldsi o6 48128 ‘(#EQMB‘ Qf&r%r process)'B %P@EZ eor
reactl 8
Emo staga, WG 043as 308 {ab e wp e mrspess): DB 10580 d2¢ 5t (P
t Blage)eWEher/PRA36R (fast reantion Blagah WhP4HPEE32 A (sesnedireaplidntage),
C RO b4/085385 Qyednd Asaptoh Addey, WD®Z/03688LGIo-grage )/ AERS29D 636,
pEPSA%‘I“f)S'I 867 M&@@%f% ar or nore, or to 4 bar. It
W t

be appreci at ed the gas conpri sing nDIecuIar
oxygen can aI so be mxed in a conventional manner with
pThid iscdspegeisllyAruef gll werkingeexainpieg eorgaisedrintbheseaiotoments, They

R/ bk r%?rg%é oa%edécrwee thk S dgtAmeRks St With e méﬁiehkseethat the

o Renih redaton dan Palre oo ertﬁ? Pl San iAoy gs 1 appien i

132089 gasrB ganetated inrccardanceenithvdieminyeasdion.i Regarding:th remaining

I paeinkefels, B Wokdure is as in the working examples of the documents mentioned
(especially regarding the fixed catalyst beds and reactant loading of the fixed catalyst
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In a manner known per se, the heterogeneously catalyzed
gas phase partial oxidation 30 of propylene to acrylic
aprG&7a4z h nol ecul ar oxygen proceeds in principle in two
steps successive along the reaction coordinate, of

which the first leads to acrolein, and the second from
acrolein to acrylic acid. Thid reaction sequence in two

SB&nﬁ WH&‘?@%%M&%durB irf ﬂh%fd?@ﬁé}ﬁnoh% W&ﬁm?%ﬁéﬁﬂéé bitthe prlorart is

c“g’?gpﬁq S ?ng%’enf ﬁ?/%ﬁf"i%‘)% r?txfg:‘?ﬂ].f ”?319'1% n%{ﬁ ot iediing, in @ man-

sﬂardésaﬂrefaﬁ%lneacrﬁor(i@mf@ withdbeinygntigh)hpbrganthe rcieastiop stages,
f trerfeddingniy uadattaken inderdppkoprigte nfaanérabglad acﬂ]nsieldlmtrtsme'rmnﬂb the

aEfféc‘i' that &B%Qcﬁar er'io cﬂ‘%Hlécﬂlé'r By Eﬁ‘fb &rdl ﬁ %th@%ﬁﬂ? PQQmu&&e of
gpPep

& Y PR g8 P RRFAGER AN P YoreRHaples o by AP

4019Vli$é'ﬂeﬁtin@9¢arocess according to the invention is
carr| ed out up to predonminant acrylic acid formation,

AR Eegyolcd A HAHiEn, td dnblil LKAGE B '994°9°“

t FRNEH APRUCD that Proged 033 Pé‘ﬂ'@%‘tﬂ“ﬁrﬁe%:\é'?m&eﬂeldrﬁ%\’iﬁ’ﬁ”@ﬁ °&9§8 ap

t hmpnétebyé@m%xﬂéltgs% Hyeiume, bdvantagebusiydraom &taeb% bl wolatreopref-

t @ﬁabe rﬁgﬁ{ 2 (% k/%luﬁxeg ﬁhdlthb ‘étﬂﬁ offa?fv%-gfgge gfﬁgkﬁurb e aforemen-
ﬁ{ﬁ P{quﬁg%{hﬁ’r}S%'{ i&? Oxﬁicg‘w scg%qs m zi ng manner in

each of the two oxidation stages. 5 Although the

miviuttimretal akide xatdlysts pertipulany suijablé tor Secpadiivular Mactidregtagsi have

Weé&hdé&.wodaaﬁédquhesleb%gdgg@érbaJ%h ﬁn@ﬁ" l%%ééé%kllled in the art. For

< BEPe 2 250 o 1963 SR bR o ertenaina it e "t o a

certain extent of catalyzing the second oxida- tion

s Fagrali|@catalysts for the weticular oxidatiof stagp bR SisEdisclodedl by

”BF“/?M 41 85% gk B on{o idbﬁ 058 Q%‘anfﬁt Gy 4Ly ?49? Thigepelifly true

nf tFP%/Pe?féhe %ﬂeﬂ’é 06'6 m‘f‘gg'ffgaft”ﬁé‘e&"&?éﬁ’PE”rNEPt%r?@“\S’”'a"V

Thedvaptageessgatdlystdier thampartiedaoaxidation stege tieatisciosae bptherdocu-

gﬁ@ﬁfsct?mq Wik Ihg& hsE-AR¥8 251487, DE-RM03158 @ghl g?lsgfxqglg)@ggugl y
CBER Y6751, 8L bk gt s aBORREGEET O S Ly e

conposition, at |east one nultinetal oxide conpris ing

t Fer thé ewentive rédtiorstagefbr fBie heterdgerigouslyi datd)zed igas phase partial

98{. O+thJH loﬁ{:roﬁgeﬁe t%’ﬁ%ro?éu?&ea&ﬂﬁ |? GE&td or 5 R'rlxtur@rt!)%@&f' 15]&&{[ Enultlmetal

f P¥'§‘i qu@m?tt'PBﬁa@t"aa@"GfPéﬁ al&rn@tlm@taﬁa ERgEtipns @MPFRng Mo, Bi

aang Fé as theiadtiveXdbmpositioreal i zati on of the one-stage
het er ogeneousl y cat al yzed partial oxidation of propyl -

£ VBeseract B pateulPs B ndlibgal ik Bofhel couoBiots ofaanasa {tmuse
of of HAYISBRE 176, the multimetah oxide active gompasdions ptihe garera formula |
O bt PE-PEBSi48 523 100 Friltintetal \bkite attive compesitione f fReYyeneral formulae |,
S n%ﬁﬁ ilE@%E % 4@8 ?"? ?gﬁ I?éijMEe%%)ﬁfesﬂlb%) %jmbcﬂsltfong oﬂ.ﬂg p%neral

" FBniles bl andi U B DR A58 A8 248,400 3 THlimelaLAv e 2eive positons
mJﬁibe génesallformusseH, lhart lﬁtoaDE'rmyQQ@tﬁﬂi ad ajpdthemuttimetal oxide
OX@&ive tBRAPpddRAs specified in EP-A 700 714.

Also suitable for this reaction stage are the multimetal oxide catalysts comprising Mo,
Bi and Fe which are disclosed in the documents Research Disclosure No, 497012 of
08.29.2005, DE-A 100 46 857, DE-A 100 63 162, DE-C 3 338 380, DE-A 1938 02 562,
EP-A 15 565, DE-C 2 380 765, EP-A 8 074 65, EP-A 27 93 74, DE-A 330 00 44,
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bundl e reactor), EP-A 70 08 93 (second reaction stage;
as described there, but also in corresponding
cPHEET84TuUr rent node), WO 04/ 085369 (especially this
docunent is re- garded as being an integral part of
this docunent) (as a two-st ag@nprocess) WO 04/ 85363,
DE-A 103 13 212 (first reacti stage), EP-A 1 159 248
( E®-A5THS7 stV aged43801 T Diek 386559 ER- WO D8/2E 4G, DE-A 487 481810

I @R6dd &mhé%%ﬁ?ar forBaAY) 1.1Pl581/§éz723©6ép-ﬁ 408228 RAIEP-A 700 714.

PR SBiles reBarthdardo s easmsfaw arihoolBents f WasB G s, apd
( a5'oRg theee partigdarnreiessy is given igthosndf A 15655 (ERv3-575 897,
S DEge 197 Y2 (N ABDB321 9Bf55raIB. Patictilar @mphasig)s)giveV this context to

0;5@%%%? é’cggu?%% %x_érﬁé\&% ﬂv%%(‘faﬂ 82 gg%%ié fbségag:;] sttgbe
99(?'98'396‘ in a§8”§905& '_“Lg 27"?5(5’?“ whpse getve | sis
e spmpostiomMa.sNiesZoiFealBil Powdads beOg » &K il lémpluasrstlaalse givemto the

t Eﬁéﬁplé ﬁswﬁ@mb%ena'r @M ber ok BECR 58 w9fs«t§tcogﬁoﬁﬁw i bed

o Mg CErre P Beeorsin Oy 28 Ay brbar i o shERE atpi P ot ddtnetry
r 88 ixchmeag ey (Axtammal diametes x deigbt xinternal slagmetar) anckbalsa torthe
ganAsUppatsehativgtal OxidCIC eatalgst @CcomMibdtol dxamplRVESIDEBA.197 46 210.

R%ﬂfl(ﬂ’l ﬂ‘%ufdrh?ior t?e'mbéu &Qhe Bﬁﬁ@g?hg){l caﬁ%thﬂfseﬂlﬁrﬁaiZ(jY The

S en

etz eaPacAy SR MIPR BSBh BOIoMGHNAGES NAYS GeRBREY BS M X
r @awrh art 5 monor Bgnok 2trire xf 2 mel ochimad y 8 mnPF 25T@Aar ©Mm x

begsh x a\/hhﬁno.tmnpf @gﬁﬁurﬁnﬂlnreesdn%meﬁwéranﬁ hYR fritdri4l
CHREBIET Aot Bostibh Shiafiice gme%ﬁ 2R coafare SRS

meKampie lengisis7 pynearnd tﬂreruetlen BT oF leagib 8 4mmiandidiameter 5.7 mm).
i nvention) between the two reaction stages, the

f %"r#ul{’tg%é of tHE! ﬁw‘ﬁh%‘fﬁ %%uh{ a&{&ﬁ %8@58@{0‘:1@ & aﬁmﬂﬂhe s%étfro'ms
r afqpa_sea? tonaﬂr@@maa ﬁeapgmaf@oa%c@rc@mn PR EPFRMRAIFHRY s

nmgearaldorafula vhe second reaction stage corresponds to
t hat |n the wor ki ng exanpl es of the docu- nents

msntl Y agequsly in accordance,wWth the
i nven PB ‘F?"% i % of oxygen in rea@ on 10 zone B
are such that product gas B still conprises unconverted

NN WGieH e varatlse aré @lch @TREd asfofdws: from Z 0.5 to 6% by
vol une, advantageously from1l to 5% by vol une, pref-

erably from?2 to 4% by volume). In the case of a
t%o st Aigfel PAYRTPERe, t he aforemen- tioned applies to
exéh othallilre, dm\EJkali)«netaltandmran ajgihe edfih Metdli net al oxi de

09{“ al yghes gﬁ@ﬁhbﬁk‘ c 4 g;'pa%tﬁobg an Qé?luﬂmafetaH%HgBF tun%sten,
HHsEe

CtIan e}g F een esSCr | nmany times for
a d = ar ®"RB1 FURRYRn tf'B'” FEMY®d in the art. For
exanpl e, EP-A 253 409 refers on page 5 to correspondi ng
Ug Patfedih 9.5t6avor abl e catal ysts for the particul ar

oxi dat osed by 20 DE-A 44 31957,
DE.A 1*6@83’3%25&5%?{8’%%%& A"44 31 949. This is
e€peci EM Y 1 1 QPrefgrably iy % he general formula | in
tHe—tV\bormﬂm enprefieiabhydtomie.O2teedit s. Particul arly

agvant e 0us 8 CitbrtabRiffont 0fo 4 he particul ar oxidation

age | osed by the docu- ments DE-A 103 25 488,
DE- @%‘?926 j@ |‘1)§DE A 103 53 954, DE-A 10344 149,

n = anumber which is determined by the valency and frequency of the elements in
IV other than oxygen.



10

15

20

25

30

35

40

DE- A 103 51 269, DE-A 103 50 812 and DE-A 103 50 822.
25 For the Inventive reaction stage for the
heregyageneousl y catal yzed gas phase partial oxidation
of propylene to acrolein or acrylic acid or a mxture
thereof, useful multinetal oxide conpositions are in
princi pI e all multinmetal oxi d conpositions conprising

MTheyBare obtithabR iRS nidheeexdoiw epefzsmo@@@ ifbr exBmpRODESS 02312%9) and

O? rilistont: ﬁhﬁﬁ%beln%kété%?tt@ .V%Ebr%‘?elsagﬁfﬁ f%@ﬁg&hdrteisgrﬂéed in
miftef P%g aﬂ°ai?9|°6? YatS: | PreshARRSINe!] SHRROY PodinfCRptafyil) the active
f cemposition. Thy riviy- of cog8e 4Bo 52 Bsedt dsccatalysts inpowkenfrim for

agkarSle HORP ASiHEEPbed @Ectblt&ﬁ general formulae I, 11 and
11 of DE-A 101 01 695 e multinmetal oxide active
conpositions of the general 35 formulae |, Il and |I]

ofn Pinciple] gctivagompgsitiong of the generel famiula IVosandee Rieparedsin a simple
C eiEPAS Byl abieiningé vedyentigrins hadferbbly fivelpeivided by mirtdred Havingfa

ccopdstin X Sindhi 7P b0 ﬁgﬁ%ﬁ%%ﬁﬁabﬁ@%?’m‘e
f Sgﬁ'leﬁlaécqr@%i@?ﬁa And Fajglaing ft &t ewerstires ﬂféf%ﬂ
c ablaihgticnsmayorepeffesied githvir, unddOndst gasmot uﬁamlwwaaweatmosphere
d‘f&‘éké’rﬁﬁl@ alrgmtxﬁ@e Qﬂﬁé’rﬂﬁé‘g'& '%Q Ghd Qhé Ghds dréd gg
ination time

01 00
1 BfRosnsle (tor SIS e 5 '“i’é%asoﬂ“'@ Sl e
DEaleer%@ fe@ minutes ia agey hoursmnd typicallypdectenses witipempesatare.
OQsértil sdifced fordife @8mehtBl ddnbtitedHdy of théomAltithé BB diide adiize A

ol ina e b Shp it do bl iodiodns

EBOMPags yich carrpe §°’2§1§ ped to0xides &PF‘T"E‘QI g eqsg)mttheepresence of
exgygehary enbodi nents in these docurrents and anong
these particular preference is given to those of EP-A

P A 575 897 197 DE- A 19

o T30 igp s (6,3 P2, ABF FeeT slar P Purchndlhe et et
c attratepsiormaes odalatgs airates Apatates, certopatas Emine ¢ENEIE®sand
abmdnmgasanataabmsmyd&mdee (camippRAdeslich s NHZOHT ANHARCGA, NH.NO;,
c NCEop CHCERS NS At Silcbrl sk irion gecomnage
EAP¥AREaS hecdegpmposgr\peraterralaning & thaialest e Qlvesgmpaunds which are
S egl¢amled irLgdsesus3fofm oan BREaditibaBllyShcdpdasatés into thieiiatimedte gy 10
I\WE}%YFGSBI 0.sKo.o0eSi 1,,®9 as an unsupported hol | ow

er catal yst of geomatry 5mMmmx 3 mMmx 2 nm

(external dianmeter x height x internal dianeter) and
alTbe stading lsempoursis fiererepadngrmuttimetal axideadtive compesiions yé can be

aftiattiyvaixb® :rﬁdﬁﬁplhﬁvelfdﬁrﬁ \QEevAthla?Zre“rﬁtxé’dm dry Mpm! the Btarting
oo /ﬁ%%fz%%ﬁg Ul A Al bl 53 Bl B RtR

t ﬁ@lg@amafrewetmguqﬁ'd@pgonabwwcg@a ﬁ@wayﬁrowrekr@cm savepsos

mintimate rhiximnin @st formm Ty EicAlymine staZtingroompouridsrare mixgdwithyeazh

MaihePin tﬁe fy’ﬂw)éfg’n e>6u§sc§l‘TIonQarnd!Br m&‘pé Q?or{“ﬁa?‘hcﬂla InfirRdedry
ext )ﬁr nal _ di

PfiEs arscadiadin v raa*gvﬂlprogcsm?w@ WMy Stagiph maggriats are

aﬁéclwefmat@s of the elemeniatponstiluentg irmdissoivedrieram dbel selvant gged is

7 prefaraigly wheh Subséquéntiny s udbdniidbsiliory obtithed is dried, and the
drying process is preferably effected by spray-drying the agueous mixture at exit

temperatures of from 100 to 150°C.

The multimetal oxide active compositions of the general formula IV may be used for the
‘propylene — acrolein (and acrylic acid if appropriate)” step either in powder form or
shaped to certain catalyst geometries, and the shaping may be effected either before
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20 A multitude of the nultinetal oxide active
conpositions suitable for the step from propylene to
aprgrayn and, if appropriate, acrylic acid can be
enconpassed by the general formula IV

Mb12Bi , FebX CX2dX3, X4 O (1V)_ 25 in which the

vari abI es are each defined as’%ollows: X = nickel

anaftar treeofinal alcinGtior. Ron @kdrhple) un8lippaidibatalysts abn bé Prepsred from

akdeAl e ﬂ'ﬁ'i)hthgg:?\’e’co%ogfﬁon or%t%'ﬁﬁcalﬁ#l%smagﬂr %31 lly calcined

arseni c, oro cerium

¢ BiRSUEsGHcompgstion BY porearing.io 8 HRRTeS ERipFH a9 sample by
z itab(taﬁng anextending§, if@pp®paate eith theladditibn ofassistabts, for Bxample

b g&ibﬂ stedric@id4sti@®ritants 3Rd/6r s‘haﬁlh@ H&s@st’éﬁts TN remforclnr agents
P oot Blsrrbrs B dabe ofsiascaifogh BB of BotBay B Bonbisad of
5 graphite, ﬂtr'%ﬁlﬁQJPPQﬁ'biQ)toaﬁG hexagopal harapevtridghasan assistant in the

dehsping, ae cecdsnidhded By PRY1(BZID5/037 gV Examplestdnsuiablenent s
! 'ﬁnsuApﬁ 1{13%6 &ttgfsrt ggm&né’g(ﬁgﬁ& sdi E c;ﬂlﬁe o?ﬁollomn&rrseh?vmg an

DE’“A’”&' @2@9‘2‘39'7" 2 jeAath.gf from @s‘PdPrﬂ?"i‘ I'@/ '?r?&ﬁ% af the Poliow cylinder, a
s wiali thickness af frgmvetosionerie advantaggsusoThe ymsupdmﬁsi catalyst san of

U%SQ‘sé Biso hB& JpPemap fedntyeshdhé 3bnerta didmeler dah B8 hdRESo

3 rt_support bodies coat ed wth the active

ition. They may of course also be used as
cémﬂrt;nylaﬂv favorsdlecheoniow eylindgrasemetreisrpmes $ mm K& mm (external

f diantbteradegil x irt@phiidmeter), lespédidlg ifthe caseCéfiundupported catalysts.
corrp05|t| ons of the general formula I'V can be prepared
manner obt ai ni a. very inti
orbe evl&w&emr Iche 9°fHFPQ§ tigaar '&ﬁR}"‘fﬁgH!?fﬁ PR F1 9@“%98“'0“ which is yet
¢ toiposaltineziandéor pesiplynchlairgdtnoayt di ebutrse; aloo biasbapsdrby applyimg to
swetsﬁme% |§éw&aﬁé1§st@.ﬁ aolﬂe Theléaaﬁr{ 5 Sr@B&héd Mgﬁéd‘uc@%
8

|
 Godedeatiyas ﬁa%?nsgﬂgwr@ewsﬁma St TRrataRle agH 3 gistigfed for
u nmplarby@&-dam 09572t RiB4398889 or EBA Ebdaifd) To geat the support

( Bbdies|tife PIwden Edrhpdbition &b SPLNIEE IR)apBioPridtbly Indidteityd ahd dried
Nggéfﬁ %& ar?g Jyﬂ&ﬁ’ jr’ e?ﬁé@rbgmﬂp PhdFathHeecogflr?# t@ﬁ';k#esg %?the

I
f @Wﬁ!ﬁrﬁameesmqs' 3ppi %%omwpgﬁ 33@% ?E%[PPW?J&&?'@%%WW fh?

t eangefidtrutCeto 1060 pise prieferatdywithirs the vangetfmmeb@toe500aim and more
Cgﬂa?érhﬁlt' GAthiR tr%f rah efrnﬁ;l'ﬁd) {Eﬁisﬁl oxi de active

conposi tions ose conpounds whi ch are al ready
oxi des and/ or those conpounds whi ch can be converted
t &'seful shpporth ynatesiatsiang)the austbmarytporaus o sonposausratemiogim oxides,

OX R Hiowdt, tHoriaMdidxideNzitcaniumalickded SificonTdfdidd Sraflidhtes such as
% I’lésn G SHERE BN gam{n %l s“%gte' 'Phé?r% Eér%w Gh abggub%?a%tlally inertly
with regard to the target reaction on which the process according to the invention is
based. The support bodies can have a regular or irregular shape, although preference
is given to regularly shaped support bodies having distinct surface roughness, for
example spheres or hollow cylinders. Suitable support bodies are substantially
nonporous, surface-roughened spherical supports made of steatite whose diameter is
from 1 to 10 mm or to 8 mm, preferably from 4 to 5 mm. However, suitable support
bodies are also cylinders whose iength is from 2 to 10 mm and whose external
diameter is from 4 to 10 mm. In the case of rings suitable in accordance with the
invention as support bodies, the wall thickness is also typically from 1 to 4 mm. Annuiar
support bodies to be used with preference in accordance with the invention have a
length of from 2 to 6 mm, an external diameter of from 4 to 8 mm and a wall thickness
of from 1 to 2 mm. Support bodies suitable in accordance with the invention are in
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nitrates, formates, oxal ates, citrates, acetates,
carbonates, am ne conpl exes, ammonium salts and/or
hpgrsgxades (conpounds such as NHAOH, (NH4) 2C0O3, NHANGS,
NHACHO2, CH3COOH, NH4CH3CO2 and/ or ammoni um oxal ate
whi ch deconpose and/or can be deconposed on |ater
calcining at the latest to gide conmpounds which are 25

r sérﬂamdalgomr@a%feméwwmuﬁ&m W 28l eint [eXtbhdl Wiameter x length x

{ﬂ?e%ﬁ %fa%egg' 'Tﬂ% dn 4}9%? oﬂ&ngn@%ﬁ;‘ 'il%%c]:tme ﬁeﬁéﬁsl‘g%sg@ns to be

aé?ﬁ'*@é t%@ﬁﬁé@aqeuqim auvpefhbpddés ofiGrpisRAFEIRd 7 tedlepiredgopting
othidknessgtf, EBrAT1ANION they are mixed in dry form the
starting 30 conpounds are appropriately used as finely

di vide owders and sybjected to .calcination
My e L Bt SATPORAASR 4 P, seciih e 8PS MBI aryiate do perolein

glandrif appropriateiamgytieacid)ara glso norisitions ofi th& genecalifdbrnula Vie
starting conmpounds are nmixed with each other in the

formof an agugeus.sal W LORend/0L ,suspensi on
Particul arl igi"ﬁt"i e°ﬁf‘§/’°Ynﬁ%q{ﬂé’s]“ are obtai % in the
m Xi ng process described when the starting materials

almenridéh thi earitblesalry eashdetinsd a5 folidwa: el enent al
constituents in dissol ved form The sol vent used i s

g%f;.erab%@m@ Ea 0 bse %qqgﬁarﬁ?%gg‘ggfsqllgnu an |rtnor9yr,]t|n

pr ef earabdoppert f ect ed by spray dryi ng the aqueous m xture
at(z €Xinb| bde?nﬁ'ﬁﬁ‘dr@&d&sé‘ﬁ &fm&fﬂa@h&%n& fungses. 40 The

0si t| ons of the general
?g mﬁ"hali%*/ rﬂ%‘? g‘éﬁH@ea&ao r$ "propyl ene acrol ein
(é{nﬁ 2rcalkaling eadh metaf, nigspl mbﬁlteqoepver RaRgANese [nc, i cadmium

powdedndigrmeréury, shaped to certain catal yst geonetries,

a 6 t.Fb% c?hrﬂﬂ'aﬂﬂ f'?%(stlaﬁe &f tﬁ@gfeﬁ'lgnﬁ'cwbﬁ{mlh%ﬁgwnfn‘: 57347

exa
uﬁsuﬁl?ﬁ?@ﬂ“%éf%?ﬂ&%?%’%ﬁw YAnEMEDar ed from the powder
f ¥F m @fare bartrametal dtaoiminy aissoniuo) niobium, santahwra, rbémiend, rathehiom,
parti mbb.umcalvea G, aIBAGH St MR sHicoH) gaungrmmasad ng
tOttS eS|r yst gerrery(or exanpl e b
t abl efPHY" 8'? ‘tff'%'"ng) if appropriate with the
addi tion of assistants, for exanple 5 graphite or
sye.ardr&n 80Hdo 8s | ubricants and/or shaping assistants
r.cihAg agents such as mcrofibers of glass,

besglF r'%qstlglalacon carbi de or potassiumtitanate.
IﬁS'teféR!I“QﬁO graphite, it is also possible to use
heé»adgeomaD td20d,on nitri de as an assistant in the
sga_,pi >@stoggcom’rended by DE-A 10 2005 037 678.
Eﬁ f_suitable wunsupported catal yst geonetries

cl u&%“g P cylinders or hollow cylinders having an
1@=exfm§mﬁa¢1@| aneter and a length of from2 to 10 nm
|ﬁ]’ £heon¢a$@1@f the hollow cylinder, a wall thickness

L0

o at ﬁq&betréjwr?i’f:ﬂg?e' dseté?#\Yn%pthQ'EeoJ\;éiengg Ergdr H@éﬂ%%fttﬁ?elements in
and th% ofishiBAN 0XY9€qi@fet er can be from2 to 10 nm A
pRat= ot teerd whassvosa egdtib és fromh DAvio @l | nder geonetry is 5 mm
Xx 3 mmx 2 mm (external 15 diameter x length x internal

e e 3RS roiteq Pos Tl HRICH soSURBRY: RGOy ptcn ave
palinited framithejy Ieeaj ERYoNEEARYENg fodheivgiiferant compasition from their
local environment, and whose maximum diameter (longest direct line passing through
the center of the region and connecting two points on the surface (interface) of the
region) Is from 1 nm to 100 pm, frequently from 10 nm to 500 nm or from 1 um to 50 or
25 um.,
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to be calcined and/or partially calcined may of course
al so be shaped by applying to preshaped inert catalyst
sr:p@g%g-,s. The coating of the support bodies to produce
t he coated catalysts is generally perforned in a

sui tabl e rotatabl e vessel, as disclosed, for exanple,
by DE-A 29 09 671, EP-A 293 829 or EP-A 714 700. To

coat the support bodies, the powder conposition to be

applied is appropriately noistened and drjed  again . .
a?gréi’“'%[ﬁpﬁ‘l‘lvé'ﬁgg%? "TVSP“%MFHF%”W”P@HW@%W"H& a’gi%".sefh@h'm
c¥5is ionly bismuttkness of the powder conposition applied to
the support body is appropriately selected within the

A PRl bR g BT e SLARalptB B B (e

range from 150 to 250 pm Useful support materials are
t he cust 0[Biﬂ&-ﬂp};-ohﬁ2Z?£-Z‘YJ-GBJ'-E§FZW§7"-@,-HM num oxi des)
silicon dioxide, thoriumdioxide, zirconium dioxide,
silicon carbide or silicates such as 30 nmagnesium
sinwhichtthe wariagles reashsefinedasdollomsey general Iy behave
substantially inertly with regard to the target

react | [ o0 the
i%y?anltn?is RQ%@W%@%%E@HQS%%%@%@E% ste@‘an have a
réezl gicke)ang/pg tar shape, although preference is
gZven thatiume gu bikall petaharpiéat as wfialine edsthanadsl, havi ng
digsL i Bﬁ&spﬁib'ﬁg.gﬁferﬁcoBSI}&Heaﬁ'ﬁimoBWtin. QXprR/o? RIART es or

hod | ow. C rs. .Sujtable support bodies are

sgéb=st Shiedna ANy, H@HEB}%UE‘{”% Fte-roughened spheri cal
sdpporceppensilerendistedd,i t e whose di ameter is from1 to
10 mmor to 8 mm preferably from4 to 5 mm However,
sui tabl e ort bodies are also cylinders whose
I@n@tafﬁoni' gﬁ#é’gm 2 to 10 mm and whose external dianeter
i 8" Frigtm 22t®210 mMmm I n the case of rings suitable in
accerfaamGeo W9t h the invention as support bodies, the

L i is also typically from1l to 4 mm
w"nulfgérm gléﬁziéfp%ftﬁ@%ﬁﬂl es_to ge used with preference in

acoripmiLt PERY 3 have a length of from2
tD 6 from OdmSexternal dianeter of from4 to 8 mmand a

wWel b gdih 6kgss of from1l to 2 mm Support bodies
Sk;‘j Z:f;‘ble iin, accordance with the invention are in PF
5h347oM 0

tcb?;rrti cular also rings of geonmetry 7 mmx 3 mm
xX"4y" Fmunbeisevhicti ard idaieonioed ky thevglehcyxand frequemryl of the elements in
di amet\@rolher #a@ dxjgeaness of the catalytically active
ox) de conpositions, to.be_ applied to t sur e,of the
b B iR e BHE BaroREl (T et A B
coating thickness (cf. EP-A 714 700). 5 Miltinetal
Oarhdi\%rﬁﬁéniétﬂarmf?ﬁd;é is@iven td)t_hfb@e comepdsitions Vine umtc:ap from
pyORY . acr-l el appropriate acrylic
a%i”d) atlg‘!bgtehﬁs%%cfgﬁpo@}o{#@%@r@fz the general formula V
(Y'eYZO O .1alY3c'Ya Y5e' Y(Y'Cc' YN O'1la (V) 10 in
whiscisa ddyantagécus iwten at ieagt 26 mar¥bf(pretedatis atfledst 50mol % and more
Oprleferdbpartédst P00 MbSANGF theddtel prbpdrRSdf [P, 0 1 U IBR-Z2-Ox ) of the
SRR ki bdthhdon& 0 h el blidk coMisbsTORPS suitable in

accordance with the Invention in the multimetal oxide compositions V {multimetal oxide
compositions VI) suitable in accordance with the invention is in the form of three-
dimensional regions of the chemical composition Y',Y%,0, [Big-Z2O\] which are
delimited from their local environment owing to their different chemical composition
from their local environment, and whose maximum diameter is in the range from 1 nm

to 100 pm.
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15 Y2 = nol ybdenum or tungsten, or nol ybdenum and
tungsten, Y3 = an alkali netal, thallium and/or
sppargaym Y = an al kaline earth netal, nickel, cobalt,
copper, manganese, zinc, tin, cadm um and/or nercury,
Y5 = iron or iron and at |east one of the elenents
chromi um and cerium 20 Y3 =33phosphorus, arsenic,

thnHEIegu%rr‘@"o%e RALINP e statdment@ madt for Wﬁﬁ\truﬁgttg%xﬁc]ie composition
A e A o A e P

i ndium silicon, germanium |ead, thorium and/or

UTBé préParalién & mlﬂtlrﬁétﬁmxﬁe%liébo&lposﬁonszv fsrdeBeribed, forexdthple, in

nggﬁﬁiﬁér@riso% Ag{;é)gg& o 20, from> 0to

romOto 15 from8
to 16, x',y' = nunbers V\,hl ch are determ ned by the
vaheinen sappbrifmatetids etomnehderl sboesremtsd usefuY/ imtehulia, diaert

Omé%glglsq&qhégéﬂﬁoﬂ an%@#ﬂgﬂﬁftﬁlom?&% q%r%gﬁﬂg iQad %t% {gé? Bbds, r as

nensl o
cﬂ@Fﬁ"E’%ﬂa%n%Pp‘B@Fri pratecty therp apsionfisatsihe ma@r?m ted from
their local environnent owing to their different

CPhAe %éd ) sferpqmetst%@drfd méc@lﬁﬁ‘ktaﬁé}vihb‘?lﬁfg‘?é’den é’ﬁfﬁ?&‘é
Zﬁﬁﬁ@aB@L?ﬁ% 50 of 3eoRig 0 sw'ma'dcaﬁ?ﬁ@e?ﬁ'vag°°m?eas'ﬁ%1#?f"he

onatalyets sanuired are( analeaatin slaledon principle ak giullimeta! oxitle gampositions

t BorAgHAINgMo B Uenédamnpld thodeldt DFIA 100 2§82 im or from 1 pm
to 50 or 25 pm PF 67347 32 Particularly advantageous

inventive nmultinetal oxide conpositions V are those in

whirewititude theeeob farexamelmthase oD RS 18 ecarphesncomnagser Py

Othecganénal fotmua b/ t hose of the general fornula Vi

[ Bl aZ2bOr 1p' [ Z212Z3cZ4d. Fe, ZSr ZegZ7bOY)g (VI) in

whi ch the variabl es are.ea I ned anOHO\éﬁg 10 722
S

= ol ybdenum or Menﬁé& é’ﬁc Igev)'rﬂfés&)nodenum and t ten,

Z' = nickel and/or cobalt, Z = thallium an alkali

MRhvilicHARE v Sfafd ok K&y d'é‘ﬁné‘@ﬂfﬁlldﬁfst al, ZS = phosphorus,
arsenic, boron, antinony, tin, ceriumand/or |ead,

X'= W, Nb, Ta, Cr andfor Ce,

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

X?= Sb andfor Bi,

X*= one or more alkaii metals,

X® = one or more alkaline earth metals,

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

from 1t0 6,

from 0.2 to 4,

from 0.5 10 18,

from O to 40,

from O to 2,

from O to 4,

from 0 to 40 and

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

0 "o a0 0 o oW
il

Embodiments which are preferred in accordance with the invention among the active
multimetal oxides Vil are those which are encompassed by the following definitions of
the variables of the general formula ViI:
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15 Ze = silicon, alum num titanium and/or zirconium
Z7 = copper, silver and/or gold, a" =from0.1to 1, b
=pFrsygyp. 2 to 2, 20 c¢" =from3 to 10, d* = fromO0.02
to 2, e =from0.01 to 5, preferably from0.1 to 3, f
=fromOto 5 g" =fromO to 10, 25 h" =fromO to 1,
X", y" = nunbers which are det¥ nined by the val ency and
frequency of the elenments in VI other than oxygen,
Pt Q.= au rs.whose p"/q" ratiois from0.1 to 5,
pXeFe%HBf%‘Bg’Bﬁ‘f'o. 5to 2, 30 and very particular
prérefutieCpendgipies to those conpositions VI in which
ZX’k- 85 (tungsten)b. and Z212 = (nol ybdenun)12. It is
aksQ eous when at |east 25 nol % (preferably at
Ié(;st ﬁgéﬁ%fl@ﬁ) and nore preferably at |east 100 nol %
ofX Ehea: Fta/%HP8porti on of [YL,' Y2bOx]p ([ Bi eZ2bCe] p)
ofX®t=h8i, ABandharlTi,i met al oxi de conpositions V (nultinetal
oxi de conpositions VI) suitable in accordance with the
I nvgnfi on in the nultinmetal oxide conpositions V

( AuTt "Bt °%%i de conpositions VI) suitable in
abcerftam®d iz h the invention is in the formof three-
dichenghAaad to2gi ons of the chenical conposition

Y, .Y2b Lia Z2b. Cc1l which are delimted fromtheir
| 8cal TEAVIP bnnent  owi ng to their different chem cal
c@nPpo&Pmi0dpa040 fromtheir |ocal environnent, and whose
mpod Niemaditamedngr is in the range froml nm to 100 pm

PE 57 (1 ! h ' {

s B apmpe it 8 cBRAReq bAwE ER ARdHeaubits, i W diTEHS
appl yin\g! oHerthafeeyPedxi de conposition V catal ysts. The
preparation of multinetal oxide active conpositions V

B e AT e O i
r SReJRYRItieAredpRseSt fiegeqprabioads Hﬁ, inter alia, as inert

materials for the dilution and/or delimtation of the
appropriate fixed oa,alwely2bete.o00r agymg prelimnary
bed which protects them and] or F1eats the gas m xture.
10 For the second step (the second reaction stage), the
h#theieogeneousl y catal yzed gas phase partial oxidation
of acrolein to acrylic acid, useful active conpositions
fq,ﬁ=t W?no‘f t‘fg’ysts. required are, as already stated, in
princi pie al'l "mul ti metal oxide conpositions conprising
MY~ g@nguendieelNi, exanpl e t hose of DE-A 100 46 928.
Y®= Ca and/or Sr,

Y® = Siandjor Al

a'= from2to4,

b'= from1to 1.5

¢= from1t03,

f= from0toO0.5,

g'= from0Oto8and

n’ = a number which is determined by the valency and frequency of the elements
in VIt other than oxygen.

The muitimetal oxide active compositions (VII} which are suitable in accordance with
the invention are obtainable in a manner known per se, for example disclosed in
DE-A 43 35 973 or in EP-A 714 700.
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15 A nmultitude thereof, for exanple those of DE-A 198

15 281, can be enconpassed by the general fornula VII
MORR 9734 X2CX9dXeX5TXa90n (VII) 20 in which the

vari abl es are each defined as follows: X = W Nb, Ta,
Cr and/or Ce, X2 = Cu, N, Co,__Fe, M and/or Zn, 25 X3
= Sb and/or Bi, X' = one or n@?e al kali netals, X5 =
oni@ paifcipie Aultinkel dxide Rtivé boripiskibiss suitXle Torhe “abtoleil s acrylic

angli oty sop%% fy thigld Fthergdrdr formgla;\'lllf SorepdBd th 2 sifnpie
fromo. 5t § 8:,f_ro?nn% 0 4 éE,é:_HT%r Ay ?oaz,, EE
f MapRes Ry gbtaging a yerLinimas, oe RNl d‘—”'dfdrﬂcj)’hﬂlé‘?”rﬁﬂwﬂg a
| scagposition nercespyndirigto dzdireataighiconedryffroaysidtable sobircedief their
g o beis e g OB RO e
| N W i nvent i
iR e Sairef oh s Rar Gider BETadd & uBFan BERS Afposphere
ar for exampigais grigueof inea gasiané axyggnidand aipe Ledes ageducinge
VW aéth’?bbme @br dxampwgmfés of Plefigheand dedudifg §§s’éﬂpé_h4as P, NH;,
xaC O REPGhE g achloim of o pingBafhalfioné pedsdyed Tre
anggicination timg can pe fama fswinudes toafew houmagrtypicslpgecreases with
f r emperaturé.d)sgful solrees fooie etrmenfa) constitaerfits ohth®niuttinata ,oxide
= 5408 cEnpbitbnéUH include those compounds which are already oxides and/or
those compounds which can be converted to oxides by heating, at least in the
presence of oxygen.

The starting compounds for the preparation of multimetal oxide compositions VII can
be intimately mixed in dry or in wet form. When they are mixed in dry form, the starting
compounds are appropriately used in the form of finely divided powder and subjected
to calcining after mixing and, if appropriate, compaction. However, preference is given
to intimate mixing in wet form.

This is typically done by mixing the starting compounds with one another in the form of
an aqueous solution and/or suspension. Particularly intimate dry mixtures are obtained
in the mixing process described when the starting materials are exciusively sources of
the elemental constituents in dissolved form. The solvent used is preferably water.
Subsequently, the aqueous composition obtained is dried, and the drying process is
preferably effected by spray-drying the aqueous mixture at exit temperatures of from
100 to 150°C.

The resulting multimetal oxide compositions, especially those of the general formula
VII, may be used for the acrolein oxidation either in powder form (for example in a
fluidized bed reactor) or shaped to certain catalyst geometries, and the shaping may be
effected before or after the final calcination. For example, unsupported catalysts can be
prepared from the powder form of the active composition or its uncalcined precursor
composition by compactirig to the desired catalyst geometry {for example by tableting
or extruding), if appropriate with the addition of assistants, for example graphite or
stearic acid as lubricants and/or shaping assistants and reinforcing agents such as
microfibers of glass, asbestos, silicon carbide or potassium titanate. Examples of
suitable unsupported catalyst geometries are solid cylinders or hollow cylinders having
an external diameter and a length of from 2 to 10 mm. in the cass of the hollow
cylinders, a wall thickness of from 1 to 3 mm is appropriate. The unsupported catalyst
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15 n = a nunber which is determ ned by the val ency and
frequency of the elenents in VII other than oxygen.
Heresygyz nul timetal oxides VII which are very
particularly preferred in accordance with the

i nvention are those of the general formula VI11 20

MO 2Ve' Y1b' Y20, Yer Yeo. On' (VI36) where 25 V' = W

angl of cdibse aidhaveGphatitd! gdomdtry, in Whick ch&k A8 €pilricaldiamet§ may
“Lovo Ao bt S P B0 b Do Trom T o 15

=P 1 00.5, =fromOto 8
and 35 n' = a nunber whi ch is determ ned by t he val ency
afiitle pulearulentcactivd cdrtipositibe okitst puiverutent/preicusbhesmpasition which is yet

OWleeEhlclﬁ@aecamélf Eédi‘?é é\&o B btiped by hﬂ;ﬁ‘y:ﬁd’l‘&ﬁﬂé&h&b&ﬁ“ﬁeﬁ }',@tla%/st

suitab

S PUSRAEE R PG 5 o SRR POsRIRATapare tbg COT Caiglispspeneraly

dperfaroed in 2 suitableDRtayableessel G isglosed f@rexmnvlmbWDE-A P09 671,

SEBYN 26¥859 o b 'EPI& iTRs g0, mul ti netal oxi de active
conp03|t| ons sw table for the "acrolein -. acrylic

aci d" step gem ally those of the general formula
ViTp cogtdhe wparft pdiP® dhq pPWses campasition i ifcapaligd SIAPRIOATIHEY a
va’fo}sten@ti lantisedried raghinraéiér appfidation, Yordixamnpie by dngansokiial a2, The

éti‘ﬂﬁ ttﬁckn‘é?d"&?ﬁé Eadv%r E&E;Fc%ﬁﬂﬁ %Eblf&g td ?Ie sﬂSbth dy is

StOIC e sou

It
o BORFERIR1Y BeIteted wikin he rahas Tt 10 7 1060 M. Btelarably ity ihegane
ofrofmré@rie S6DLM@NE M piEfarably within thetrange fromy 1 8ktoc2e0nsmed
out ei t her under inert gas or under an oxi dative

ga@ﬁauvpma Pl S oy B fg i pHEU TS Sior
flaxde.dhorum dipxide, gircaniuan dioxjde siiaen easbide prsjlicgtessyciag h

amabﬁgsudwrlancaté?@ alifihbanRdicas AT iy suppsrobadids rRay hdve a regular or

r S . ,
GRG0 Ry WIRIRS, il el Lo s rae
higtinet aurtace yoHabRessy for exarenie srhevis 9 hollwnpytindars with adayel

s Suitablessupport bbieeinelodnsubistantially nohpeeouss swfactheughened, spherical
MeliddoR® Hriakie Bf(éétffute %Fé’ SiamelEP RSt PR3 C?thnh dr’?&b Hﬂiﬁ grétessly

BB AAIA A2 cihes 1 dBe = EapE sPResaag R el aS i He dpmates of

aB.2lremar Silrmmhidowemen seitahie siippont bogies algbinciude cylinders whose
length is from 2 to 10 mm and whose external diameler is from 4 to 10 mm. In the case
of rings as support bodies, the wall thickness is also typically from 1 to 4 mm. Annular
support bodies to be used with preference have a length of from 2 to 6 mm, an external
diameter of from 4 to 8 mm and a wall thickness of from 1 to 2 mm. Suitable support
bodies are also in particular rings of geometry 7 mm x 3 mm % 4 mm (external diameter
x length x internal diameter). The fineness of the catalytically active oxide compositions
to be applied to the surface of the support body is of course adapted to the desired
coating thickness (cf. EP-A 714 700).

Favorable multimetal oxide active compositions to be used for the “acrolein — acrylic
acid” step are also compositions of the general formula 1X

[D],IE]q (1X)
in which the variables are each defined as follows:

D = MouVyZ'wZiZsZ'eZ% 250,
E = Z,CurH:Oy,



10

15

20

25

30

35

40

The starting conpounds for the preparation of
mul timetal oxide conpositions VII can be intimately
nPR&EWI4A™M dry or in wet form Wien they are mxed in dry
form the starting conpounds are appropriately used in
the formof finely divided p%}yder and subjected to
calcining after m xing and, i*f appropriate, conpaction.
HeWwever , Wirhes, dieefcend/g Gg.ven 20 to intimate mixing in
wet for mCuTNi de BeMPhSdb 26, done by m xing the starting
c ound @pe anot her in the formof an aqueous

s9) utTon an%"/door uspenS| on. Particularly intimate dry
n¥xt uT es M@, 8bRBi Gre@nd/aril. t he i xi ng process descri bed
waen £ he Mg, @4, Bnandi@rtter i al s are excl usively sources of
2 e t he elser%nf d;op?,stltuents in dissolved form The

o) vent use g}éa{, 6/{ tb r@ﬂ svgquently t he
a%queo‘Us - NOANAEs & Riefgracly Me araio™ Wnd t he dryi ng
process is preferably effected by spray-drying the
agueous Moxf Yifeg at exit tenperatures of from 100 to
1 C. SOfThe éi gl ting multinmetal oxide conpositions,

peC| aII "WT L 0of the general formula WVII, may be
uSed ¥ or frome0 &c2%| ei n oxi dation either in powder form
(gor .exarfmrreo'tcnsm fluidized bed reactor) or shaped to
?rta.Ln q@ geonetries, and the shaping may be
effected ore ‘or after the final calcination. For
ekanpf e, fPAsQPdrted catal ysts can be prepared from
t gle p@vvdérom‘@)tcrﬁmf the active conposition or its

ﬁcal.ci nq%gp sor 35 conposition by conpacting to
e desire ?t t geonetry (for exanple by tableting
of extr udfo § proprlate with the addition of

ax's’ st antrtslmbecsrwmc&'aarp Idetegminphby theyaleney an frasiuardydf the
| ubri cantefenqérid mnx@h@pthagogfggh%hgnt s and reinforci ng

GRS YGRS o AR o RS rg 11 oo

i de or assi u ana Ssui't'abl e
unsupported catal yst geonetries are solid cylinders or
hand whicte grki obtkdnableltgrdeparattly mrafoanihg a malltincktalroxide composition E
length of from2 to 10 mm In the case of the holl ow
cylinders, aovvall thi ckness of froml to 3 nmis
appr ZiCHl!'é ¥The unsupported cat al yEEt PF 57347 36 may
of course al so have spherical geonetry, in which case

tmernaigwdee%r f(@i Bﬁtt\llo ahfl Mseqlihti} the aﬁln@the
°"tﬂ°é'8

t t
oprel oI o ol g?%%%wwt ol of

Ssuspetsiorcerlintp adidely dividef dwmcmee sourcpe ofthaglethents Mo, V, Z', 22,

aphizy i Mz tWdichrcOmpaRRdhe BIsvemeAfichkd Slemehtsi el stoichidiRetry D
coat | ng of the support bodi es to prepare the coated

catallésts i.S_0 erallé per f or med maswtable
r ot at %h‘é&/l&%sé -Ledsrdlir scl osed, for@xanple, by DE-A 2
909 671, EP-A 293 859 or by EP-A 714 700. 10 To coat

ﬁfpbg@&iji)‘%ﬁ thetdeglrélpﬂ‘ﬁl %g.tog@rgge%ﬂet écﬁ’:@oﬁ&mﬂﬁlre whlch may
%?L't 20 e BB 7SS oy afFE RS RRalin bitofiiy Sle R4 g
c@@?f@@drﬁﬁpfém%@ t@ﬁoomtomae desirap satatyblaeometyi ed to
the support body is appropriately selected within the

fﬁr‘é@e?e c(e 4381 Fthelﬁ’Q@n@EBl oﬂ&@&?ﬁ%mﬁnﬂ%sh 'vJPncW?ﬁe préfidfed
og{ﬂs gtcamggﬁp IS mc%tr)pro?atgd into an aqueous startlng compos%o%% ata
temperature of < 70°C. A detailed description of the preparation of multimetal oxide
composition VI catalysts is contained, for example, in EP-A 668 104, DE-A 187 36 105,
DE-A 100 46 928, DE-A 197 40 493 and DE-A 195 28 646.
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15 Useful support materials are customary porous or
nonpor ous al um num oxi des, silicon dioxide, thorium
dppsirglezr zirconi um di oxi de, silicon carbide or
silicates such as nmagnesiumsilicate or al um num
silicate. The support bodies may have a regul ar or

i rregul ar shape, al though preé¥erence is given to

; m]l:l'ré’ddrd’tofihﬁﬁlﬁeﬁblrﬁu eQtdteREHE Radé oY mgn@ﬁ}nﬁtgﬁﬂédﬁcaomposmon
Ul eGSR b o B PR R EBale ™ 1o e

|nclude substanti ally nonporous, surface-roughened,
shktimetah bxide catplpsts svhithdee atstadiragly suitabletfoydhee 'Gicrbait er adngic

f 585‘“ gﬁe JaQs 'fms@ of DB ﬁg ﬁ1egﬁ:{e9|§'e)%’)r}?gfr{lgqulﬂnétgl cﬁld@gctwe
er,

I n ot sui tab erlc I es may
dfenRAsLipas git ese@f?h#?fawad suitabl e

support bodles al so |nclude cyllnders whose 25 | engt h

Lﬁd\farnﬁagbaudw uﬂ.Q% i w&tmmﬁﬁ?ﬁb EE%EEI’or ﬁhb%ﬁfﬁigg pﬁaggé%
¢ réiBiaiand Fhptef B (0 rorfa oo Bip RGo R REMICSS 1

Annul ar support bodies to be used with preference have
aThepariommancef of ¢g phrtiad ofidatish ofihe @)ﬂc@ﬁﬁ@dcordﬁig&ﬁﬁeﬁthvdﬁilon from

f Br%?}égrlwé 8 dirdiih fsﬁﬂ a%uavY‘@‘Jaéxd ﬁEb&Fﬂ’r‘a‘feﬁ r‘HE bé QéFh%d b& with 118 cata-

e Su
otystg&garip 9pp exaMmples insinglerzong rt"é%t'%fsfﬂ wstav%fﬁ@eie%?ﬁaﬁmf
| esgeseribed byt BE-A4 3 SETelnahip caseh esatiioregesguixtufe artddeat carrier
cmeai éskh&f&el rﬁemﬁ M8y m&ﬁeu&mceﬁb&rfém 8r in cBursrcamdth Vieded

ﬂ_g surface t he support body is of course adapted
t8ve(r 529, ed coatl ng thickness (cf. EP-A 714 700).
Favorabl e mul ti netal oxide active conpositions to be

U$ﬁéire%6tiontd3&suﬂﬂﬁ Qjpidally in the&@hyé irém 1353 dat ghd thé everall space

ity gﬂﬁﬂkh 9:?% eyg{/ %etrdlrbz ﬁ sH) ghﬂf%@?]}a *obﬂd@b e 8000 or
f BPACIURTPMth 95 morg i he\psopy| %zf@dméthz@@pszzgaur@,@pa@elocw
Zath etingd QtalyﬂFBeB)TSbelcaI}’y frafh 96-td/FOONIS TH)&sh, or @& 3GIBSDP)/1-h or

Cﬁlorezaro‘p ere in g:Qb VQS'I@?IWI OF = A0 | (ZSZ-'%)II'h P and/ or
aﬁ&?& (Sg II IZEgrh 1§p I éﬁwareaw%}aripre%rred lﬂ,ﬁg/&ygangé wﬁb the
aindéndion T&mce@ehwrahe ytaMmg aeattion gas/ mixtute for feagtinnlzone B3 owing to
1£P|e resenéd SMinBordicHed Proparfe ard hé1EEIAR hydrogeh, caGses TavioF4Bi8 Kbt-

géhawor (all of the aforementioned applies irrespective of the specific selection of
the fixed bed reactor).

The flow to the single-zone multiple catalyst tube fixed bed reactor of the charge gas
mixture is preferably from above. The heat exchange medium used is appropriately a
salt melt, preferably consisting of 60% by weight of potassium nitrate (KNO3) and 40%
by weight of sodium nitrite (NaNO,), or of 53% by weight of potassium nitrate (KNO;),
40% by weight of sodium nitrite (NaNO,) and 7% by weight of sodium nitrate (NaNO,).

Viewed over the reactor, salt melt and reaction gas mixture may, as already stated, be
conducted either in cocurrent or in countercurrent. The sait melt itself is preferably con-
ducted in a meandering manner around the catalyst tubes.

When the flow to the catalyst tubes is from top to bottom, it is appropriate to charge the
catalyst tubes with catalyst from bottom to top as follows (for the flow from bottom to
top, the charge sequence is appropriately reversed):
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e" =fromOto 2, f" fromOto 5 15 g" =fromO to
50, h" =from4 to 30, i" =fromO to 20 and x",y" =
n whi ch are determ ned by the val ency and
frequency of the elenents in |IX other than oxygen and
20 p,g = nunbers other than zero whose p/q ratio is
from160:1 to 1:1, and which 3 e obtainable by

separ ly
i Czikg {%%@;rf’éf%ﬂ%ﬁp q‘r'td’fﬁﬁﬁhfdrﬂé'cgt%p&tq hocathgr only
con‘po§?'lalyé B mixjye %ﬁ?@?@ﬁh ipsrt mategplp e datishpaseron the mix-

pr ef otwredmaking ap 8 papbiting by weigbiséfup dn3Q o up to 2@% Eyowaigntsec-
sol ut kigRcy.an aqueous suspension or into a finely

di vided dry mixture of sources of the elements M, V,

Z', Z2, Z3, ZA ZS Zwhich conprises the abovenenti oned

el erre felewing thindo atenaihofdivet 28,tor5030 tav#P% of the total tube length, ei-

| 2Ve' Zhdv'oRatdRet srdehituid o catdst &sd inert hﬁﬂanﬁpﬂ‘fedstte‘rl beaiged on
\%}1 in tﬁ$ﬁ|ﬂ$§'$¥€ngm£ﬂadﬁrgg+rﬁon W\Mél o? nﬁt g§vat§htx(§él;rtﬁn

e res
precu@oﬁ" conposition before or after dryi ng at 35
tenperatures of from 250 to 600C to give the desired

cat aI YAl ?%OJYEH tH of frori Q'tc?ﬁbrzl’}g ofl‘ He WidUbe IQng{tl’?% bed of inert mate-
o i o Tt éf‘-‘i‘PHé‘ R I rRletaiyrsefectac et af Lot BB Fepsi bres-

aqueowyrestrep.t i ng conposition 2 at a tenperature of <
70C. A detailed description of the preparation of

. I i . osition VI catalysts is
ggﬁ#@?%%,”%?%ﬁiﬁwggpu n EP-A 668 104, yDE-A 197 36
105, DE-A 100 46 928, DE-A 197 40 493 and DE-A 195 28
64be an‘Ferﬁgrﬂléﬁe&&;arw Wﬁlahﬁg ll:s;iécta(ry imoﬁiatﬂowmegx thé batalysts used
Staré UF@ &: FH?r%e(o Fférsé ¥ DIEIob i Rio? 9?@1% £ Sﬁpﬁ'ﬂ)b@ xample
Vi a St to mJI I et al
et PRsR 350 1508} Breaapriin trbrarsnla p pEDEAMEAR Siesnd the mert m-
ouerial asedi is stegtits ringsalfidvingftbe gedmetrydonmlxel mm-x 4zomyexternal diame-
o T B e e e e e
ﬁ%r';fﬁeafée%ér%\é ;bgFr?ﬂPlﬁ | of this docunent.

Advant ageously, unsupported catalyst rings are used for
t Mawelepthepeomiapy bEthe phdial cxifatibrein fetion 26t B drom propylene to

c %E%llé{ri{?n#ﬁgrgﬁc écﬁ& if tﬁgﬁoéﬁaﬁa &h@ﬁ@ﬁ% Bérﬁb@oﬁtg\r ?\Ctﬁé/ Ht?lysts de-
t ﬁé”RﬁdOQS’éQ’Sa"&?!%d'P EI“‘I’RJZQQ? rayiple Fﬂ)é‘Vﬁ‘ e fixed Bﬁﬁ’ r b)ﬂs@ﬁe
t Gerbmidlydd A (1980 0506,yDE-4 1005 009 agf) IDEA 1012604 03@mI2%he
CEHE”A% 2868 o¥4 b3b fHDERID 2ob}1%b§f3§'€%ﬁ& EFS%E Aqg 2005 010,111,
exa SI n% dzone ? e ca nyﬁ | xed
Egt g& Sr""bm’e -destribed cases {nf'lnd quite genera Iya the process according to
the invention), the propene conversion achieved in single pass is normally at values of
2 50 mol%, or 2 95 mol%, and the selectivity of acrolein formation at values of
2 90 mol%. Advantageously in accordance with the invention, the inventive partial oxi-
dation of propene to acrolein, or acrylic acid or mixtures thereof, is effected as de-
scribed in EP-A 1 159 244 and most preferably as described in WO 04/085363 and in

WO 04/085362.

The documents EP-A 1 159 244, WO 04/085363 and WO 04/085362 are considered to
be an integral part of this document.

In other words, a partial oxidation of propylene to acrolein (and acrylic acid if appropri-
ate) to be carried out in reaction zone B can be carried out particularly advantageously
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as described by DE-A 44 31 957. In this case, reaction
gas mxture and heat carrier 15 (heat exchange medi um

npy spgs7conducted in cocurrent or in countercurrent

viewed over the reactor. The reaction pressure is
typically in the range from1l to 3 bar and the overal
space velocity on the fixed4fatalyst bed of reaction
gé\ﬁér 8 fkéd edtai < vbe@hawﬁg .ﬂereeas'%%rweﬁhg@&dw and it @Q&wa tempera-
(ST or hore. The propyl ene 'l oadi ng (the propyl ene

h y gpace veIOC|ty on the fixed catalyst bed) is
typlcally from90 to 200 I (STP)/I1h or to 300 I

(B ER} rddard) refergneeis nidePivt exenple) SEPAST 88034 and WO 04/085362.
(STP)/1h or a 140 | (STP)/Ih, or z 1501(STP)/Ih, or t
1601 (STP)/1h are particularly preferred in accordance

W I{lehpqrégngqc,q\pé Hiei sgrondssterin thefese qf 2 Frq-tage pajtialioxigation of pro-
I poertel to dcipen, ire.Xhel partialxidationodf iacioleiroio aclic avid myayt e ca2ded

t 58 With 95y dLRARNY B b4 ME GPA BRe e&sie Aokise %@[yst tube fixed

NG 2G50, e e Rl Fﬁ M A S

stereeand heat etriertcas be icreducteddn mutrerairV)ewevmerrﬂh@watCtprtln general,
sthegretugiage nidlite dikiee sraésingSivehtilesorbpyia gaehl baddationto 8d-
%.n%fe rﬁi@ﬂ{ %c@;ﬁesconﬁlgctga %{Jéﬂcﬁ éﬂf %op?éﬁ'fa?erﬂgl }htér[n%p“a?ebc%ﬁnaﬁ (tthls
nBpy be sﬁw%dr'a@ireyﬂwr@regw bygfos xasenls a@mxya?n addition (or
pedcasddry air additicr ie a(kii03) lesssteféied mtaccmagd:et witlf the ordtention))
mhte{e'opg.e( )seco‘ﬁ r9 cor%égf‘iekﬁ%re\qﬁ#t&hﬁa he QQEoﬂﬁ%ébﬁ?m stage, i.e.

g um nitrit
fergiey %9"' 1°@ht of sodiumnitrate (NaNGS) 35
Vi ewed over the reactor, salt nelt and reaction gas

NThd Mbl@cuﬂayoxyg@ r%huu%@CfUr thé 8éRFd stlaE thé apdleat ﬁin@ bkiB&tjon! may

oA bt B oS KRR i &g lfdon Ry el o=
tfiea te épraley‘s Howgassit may aiso bR @ddecnartiveriully diratvity the Rroghistgas

| mixture 61 the first eabiinistade, i.4. thesproprepartal exme:uoﬁ haageieinlithis
4%n°d%t é#eil?ﬁ irf l’tﬂE ?osrp}%ftsg?o‘ﬁﬂgﬁla}fsléut Ha ?r&?r‘ab@ ?fe&ﬁ@ inARe form

SRR PUUFR o1 RGeS A BPY SRL g (Wi PEsFerh £0% B vor-
f ums,tor t40%eby vwihghed) ook 30%edy vélimen 0r802@% by golao mfs 1d¥e by vol-

C@héloy %ts% HP@olurﬁ@ng B, 2"/?!:} \l?lfﬁlméw |IrYesp€&fv§'oY§1Te p%ceaure the

mxture

ARSI G oS Bt o B 1B L i bt e of acrolei
mveuagryllc a¢td agvantagsousiy ha;apihe foliowing byntems:ght (sec- tion
C; S5 following this, to a length of from20 to 50 or

to 40% of th I h, nly catal yst
or a m'xtureﬁ'glf‘"ojf:tgt2 ‘\ﬁtvolgn fnert mtaléfqleé'ﬁ) t he

latter, basefHo®P totsﬁ% t?ﬁ‘b@il{meeof maki ng MAYEIaso8YEsNt i on
by wei ght of from gte 74@%yoslumes ght (sectgrepaneB); and 10 -
finally, to cnlnelln"gforfE Jﬁdﬁfﬁe}& to 20%6?&&4?%8&9%?4 and

tube length ed | ne rial ecti
which is pref@?‘%otpfggeqyeé’[ué’}?n%uch t hat'§%™ causes a very
smal | pres-

The aforementioned starting reaction gas mixture preferably has the following contents;

from § to 14% by volume of acrolein,

from 6 to 25% by volume of molecular oxygen,

from 6 to 60% by volume of propane,

from 2 to 18% by volume of molecular hydrogen and

from 7 to 35% by volume of steam.
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sure drop. 15 Section Cis preferably undiluted, The

af orenenti oned charge variant is especially appropriate
WRRSME catal ysts used are those according to
Research Di scl osure No. 497012 of August 29, 2005,
Exanple 1 of DE-A 100 46 957 or according to Exanple 3
of DE-A 100 46 957 and the in®tt ma 20 terial used is
stTeatafdrementiogsd StaMing gedctien gesaniRiure/mdst referaldly mas thedolioiing
(extigh@al diame- ter x height x internal dianeter).

ith regard to the salt bath tenperature, the state-
ments of DE-A 4 431 957 apply. However, the performance
of the parti afroroRitel42% by volumeehct i on zeereleB, from

pr opy! e_net t ;) fro’%ﬁﬁ@&f.@%%%%lﬁﬁ@@f agr yl It Cn@{‘eﬁﬂitailfq bxygen,

appropri ate), e qarri out w e

catal ysts de-frgsﬁg¥Pg°e§§/° BYOADG | e, i nPRPENB- zone

mul ti pl e cat af3Bf te % byivalumelséd r eact Brolecular bisirogen and
scri bed by DHrgn 19% 28% bPGolurhEoA 10 20§eaf09 885, DE-A

10 2004 032 129, DE-A 10 2005 013 039 and DE-A 10 2005
009 891, and also DE-A 10 2005 Q10 111. In aoth of the,
alRRreEee Franges apRlWag indepridentiviat oprArathar| Sut aAvantageously being
prealiesd simataredusig The nit@Gen banténtirethe iatongmeritiorepmogreesewill gen-
c lha <O ' | bR B0 ' < 109
iy o S e LR
oo ANEmPS] BiETRERLR 5% bRYRIMES TBY rap Of e gpotar amouns of Oz an
Aderrieimpresent in/the gharge gasienxbse far the senend oxidation stage,tGre acrolein,
| %/ @BYdntRyeBadly indccrdhncedathitRinOéntiBh YeRBRIY © 08dral 2, frequently
or, %{#&g acid or mxtures thereof, is effected as de-
scribed i EP-A 1 159 244 and nost preferably as

descri bed in WD 04/085363 and in 35 WO 04/085362. The
date mEntcente- A the dHafyeZdbs middGre(ids tAE 586aBd aridalidh sagebadifrom

a8 Q@%sﬂyq@gﬁ%, Bgiir?]rh? té/\’grr)‘!g B SOURE H3fdm #io 30% By volume, or fre-

docu t. s, a pattial oxidation o
pFHB’Er}E’SWE"?B’H{:A/PBYé‘%H’"?-and acryIOi c acid if appropri -

ate) to be carried out in reaction zone B can be

g B TRAttogRA0N St BRIplIsRe o LraRRR R toaClbr pEssdrelh tne sec
" §58 réhstion et BT 1 66 e AL PY 4 FAT I MeRh IR o 3 bar
r @gd the tolabspace velecitynithel xedicatalyskadnf éstarting)rpaciion gasmixture
24gtprafeeabi0rdid 1 SEHBER00 0PE0TNe (FTEM Profrites: THE atlirsieadingl (the
SLERdihdU 5% Mool WA SLPERABENAL 1Bkt B0 f 10,
pro-_pylen 0 acrolern, i e, ?1 parti oxl dation o
aéﬁﬁ’)@%{h Ok tg 288 (SRR er MorarAgraisin leadipgseabove (185 |(STR ) tmeor

ca} ubé ﬁ@)%srrr& m,(gfegfmnm%STm)nm mq:ezt‘rcalerly pqeﬁ%rged,
Mlrkb BleSs EHlontqh8 SnifiLré a0 be G i SBCBincd Mifl RRFinidiREh,
B K e
c botspotdehaviprewed over the reactor. In general, the
product gas m xture of the preceding inventive

SRS D BB BB bRl B e v

i Hleeﬁ"ﬁE&PtatYét hedaf thegpecend axidaliay siage israprropartely farmallyt | v

E)F-' 9Bima%tdng the acdooparyingye!extivityert aoglio acidioyrgationaoil moléh
or
The flow to the single-zone multiple catalyst tube fixed bed reactor of the charge gas
mixture is likewise preferably from above. The heat exchange medium used in the sec-
ond stage too is appropriately a salt melt, preferably consisting of 60% by weight of
potassium nitrate (KNO3} and 40% by weight of sodium nitrite (NaNQ,), or of 53% by
weight of potassium nitrate (KNQ;), 40% by weight of sodium nitrite (NaNOC,) and 7%
by weight of sodium nitrate (NaNQ;). Viewed over the reactor, as already stated, sait
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secondary air addition in a manner |less preferred in

accordance with the invention)) 15 thereof), i.e.
Wpt B@s4y secondary conponent renoval, into the second
reaction stage, i.e. into the acrolein partial

oxi dation. The nol ecul ar oxygen required for the second
step, the acrolein partial oX¥dation, may already be

PMER 8Ad relaet.ddb%s rnﬂfagiel rﬁé‘y E@&n@uéé@%ﬁHeP 7 dasbemém sr ih@burtBRur-
0_ac

PHEREEE S B belin b fopoled i< pBeieBus Pignd Faft e
peAeyeitubess ni xture of the first reaction stage, i.e.
the propylene partial oxidation to acrolein (this can

bWh H foﬁﬂg b nﬁfﬁysft ﬂfg@s %ffroﬁ‘?t‘c‘)P W@J%rr?lit is a[g)lf%prmaeyto charge the

pre
?atﬁ'V§3 &'tBFaﬁaHéWor@B%t ohie tﬁ&%@ﬂm"ﬁm t h pref erabl y S
50% by vol - ume, ors 40% by vol une, ors 30% by vol une,

ors 284 kya réﬁgtH'B?frorﬁfs‘é td- 8328 769 of v dHtAlyst QJbe%rﬁ%r B¥her only

vol une,, Or.s Lrrespective qf

pr oc e FRIFESt °fﬁg' ﬁrﬁdﬁ? ﬁ%‘al %§"Fnr3ﬁ'tuﬂ’ er%ﬂﬂ? F’Iﬁ t L?%egco[nltg?]mlx-
gas niue, graingel asprepprionrweighit obup tﬂ)a'iol {onupip 2@& Probyeweight (sec-
to acfigd ¢ acid advantageously has the follow ng

contents: from3 to 25%by vol une of acrolein, 30 from

5 to 65% by volune of nol ecul ar °O)%%@n %$)§16 tqQ 70%
by vololigwingthisfaperath of frefhag 249% | b gRgihither only
nol eccdtalystloy d ndgenme cﬁnaialyﬁtrammur&rttmat%a}’ptbq lattet, basedain the mix-

st ea”iur@?naﬂﬁ% B Opr 8P Wgrﬁto%ﬁ {05 dr ?% hoR bg%lght g_sec-

mxtu %qerably has the follow ng contents: “from
to 14 ume of acrolein, from6 to 25% by vol une
of nol ecul ar oxygen, from6 to 60% by vol une of

pr opafically, 46 aﬂér@m & fiioh aﬁ;%dwomné tonas tubk i6HYRIE @Weadlof inert material

2%’2}2?&%@&% wh](_{hqggl%fer g apl?é/c{%’ll.fra th%usseg%% ?nh:all pressure

I'ng reaction
m xt uP@Pnost preferably has the follow ng contents
from6 to 12% by volunme of acrolein, 5 from8 to 20% by

vVaLYiSR Ak g@%rﬁ&%h@&uu%yg@% %@téé rﬁ@t é’ca%@% e H&EMEEne—
nSHADeRAYZSH gas Pz Porl BXds) 'aﬁ%aw"cac (grpetiglly Lhish
paebleinrieatingsmgdise Bedicaialygt baudmddigheatadny carfterds of the ohdrge gas
2%";@% ﬁél'glgﬁ SQﬁ%J Mscb@dn@ﬁt ofrtﬁgkuc%:@%u%' dﬂ’drlr){szﬂi&fﬁggﬂ (for tHdgur-
ot Fiip g ctens singsrelus ARLNO L edipsraty e Seqsityl, From
vb¢ttmeto tow rﬂest pite e tadld @m 20 f@% wplght/@ﬂlraﬁfbnahdalrmgtsubsequently
pwer f6abl20% by wightto B0 lokiBRI0%TBewéightiop ineft nidiriditdeation C is then
nﬁ'%tg'] b} ?r{dll% and acrolein present in the charge gas
X e second oxi dation stage, 02 : acrolein,
For flow to the catalyst tubes from bottom to top, the catalyst tube charge is appropri-
ately reversed.

The aforementioned charge variant is especially appropriate when the catalysts used
are those according to preparation example 5 of DE-A 100 46 928 or those according
to DE-A 198 15 281 and the inert material used is steatite rings having the geometry
7mm x 7 mmx4mmor7mmx7 mm x3mm (in each case external diameter x
height x internal diameter}). With regard to the salt bath temperature, the statements of
DE-A 443 19 49 apply. Il is generally selected in such a way that the acrolein conver-
sion achieved in single pass is normally 2 90 mol%, or 2 95 mol% or 2 99 mol%.
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15 i s, advantageously in accordance with the invention,
generally 2 0.5 ands 2, frequently zland51.5. The CO2
cBR&EM7 of the charge gas m xture for the second

oxi dation stage nmay be from 1 to 40% by vol une, or
from2 to 30% by volunme, or from4 to 20% by vol une, or
fre- 20 quently from6 to 18‘%’by volunme. As in the

f Howdver, el perfnimsih @0 tHeyattzy beidtion of agoleined agrylid 4v&d may also

rﬁ‘@&fr"n&%tﬁ With e %tél%ﬁ H@s 1:99 Qijarﬁ @‘?r'i b %Fb §$r%9ﬁﬂt tiple catalyst

6 Bred toreadty o it APt skt B o8 aslgis cogespion
tlhle abbyecslateaenlis pply bBsb pfthg sasaiin whigh am eeroleinopartipd oxidation as

NHeschibeR abavé & d@ufr%ﬁ%ﬁ@el ﬂ’\efsé&lﬁﬁ %Ei@@ ot @ M@&Qg@broﬁﬁ@r%lparhal

L Hlgatoh T R in f05o-Aifern it ﬁa@%vsga\%aﬁ('irs? b feadloE e

t SArasgasyMiKiugnisBringgeadtion gas MtHR /wslhapnseprta@lsem)ol?tamed di-

( REM) by thufgrthapfcauct/gee aligire of thaParaboxidtiys ditkeed to the first step
((%1%{ }19 —é%;oﬁrﬂ;f' @réﬁ-gr | écﬁlﬁ mdfe[ct br Jil%g( ¢or%§§rﬁél‘a Ibg 'su;?;?]yeng
sbesPRdany On@&ek 'P@Hﬂ@%e FPoling ﬂr@rqqﬁ (B% h%Fs@EPaF’Y] baen-dasarhade
waltdve). Tae bxygentréquired &0 trevdcngieih partibloxjdatiereis peefarbblp adesthie the
afbﬁn %P@@g »ﬂqo@écum;@gﬁnf aﬂlp'rtfﬁ?mesa?soﬁﬁﬁlé'ﬂ)ﬁn bﬁ.#ag%a%rﬁ of a

CrETe oL RGSour e AT P RRLa5 VDG e e S oE Gl grferably
t ﬁéo%ubxerdlum alresprefeeadlyof 4G9 by sscdumen cbr 300l turae, avgé 20% by
apdNiree) 'evenh séuérﬂquw %tufvﬁe 3r Qe%rm«lv%uﬂm otfl.e.% by volume é‘and, for
a an ect) Vi
oSO TR 8 o irbl ol bR 1. 1185 AR Rl fadd

t RATtal Pxidatipnpreilerk toacreleink: hl@wevearlgr@agaﬁo a%i atrpadiedgssribed,

| dllcady b€ prisertert mblyarfirigrBadion yes mikiee e e futTbaINOR stage.
medi um used in the sec- ond stage too is appropriately

a salt nelt, preferably consistin 0% ﬂht of

0 s o Drsaen plaueRyoTeR S0 A58 Vil GiRct B PRlckas ghe
nprodudt gag MR »f the lflrsoﬁteﬁ 8Pthb partiaksixiglatioroto qbetgastm savond step of
MHhk Ip Qﬁﬁl %M@ﬁ twd QHB-BheWRUIBHIS cﬁglyﬁ%etﬂ}ba bbd féa%to('ﬁ\ﬁ{\mah

and

o LR Calys iRty duld duaran B case RbHfRCe s over
nblqoummurreacmd@rbegrmn méaction gasnang sl bathr{tieat catieviewed over

' !he mtﬂufnelatreélﬁory 61r WO Wid- gérfettl'huttrﬂléaaétalyﬁhﬁae?f&leﬂ bB® hdactors will
refera Q opducted.in a [
DSBily bR B ERELTY saref R e e oo BB (e 1 FERSe or
c\él@QaYej'éﬁ) lidb%eoﬁsé?'a‘romtop to bottom it is appropri ate
to charge the catalyst tubes with catalyst from bottom

t Qet%vggn]@ r«f:'%tc% g\qﬁzg tkld s%%edté?'bﬁte}ngé%% ciert \ﬂ'ﬁ’éﬂ rﬁQS{  8pptBpriate
CERMATE fnegibegs whigh GRRPETOTEA fiteytupct BT RA Dl @R rgjure of
t lrneltlblatcaetyst thlas exchciors fohibe firsk stefl Of thel tveg-stagd partjal idation of pro-

pﬁyﬂ&?ﬁﬁb Ia@@l.cbycm«ﬁlgehérawfrdm 3(90%&@0(@ The Rak Bath %m,%rbnare of mul-
el Siopgho o rrane e A i el il
%ﬁrﬁwﬂd e partisl Rt ntien ef acedein tg agryliaagidi Iﬁ@ﬁva"ﬁﬁrtom
t 369°C alh taelditior) aiseteh 20 axdhasgeninkdia iivefetably, saltmleltspare moanally con-
P&W thioBgh e ruBl st nufthleWatdiy3t RBe Aked Hod Badt S aP¥uNRHthts
t%atcthe difference between their input temperature and their output temperature is gen-
erally s 5°C. As already mentioned, both steps of the partial oxidation of propylene to
acrylic acid may alsc be implemented in one reactor over one charge, as described in
DE-A 101 21 592.
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tion B); and - finally, to a length of from5 to 20% of
the total tube length, a bed of inert nmaterial

fsegidg;on A) which is preferably selected such that it
causes a very small pressure 20 drop. Section Cis
preferably undiluted. As is quite generally the case

for the heterogene- ously cafélyzed gas phase partia
Ibxhaléd & emnbeMmeatomdddiane that apbibnh of aeirdadties pes iBadtryin@mixture for

tRE GFst sREN Y&yt eQaAG RIS oMM Eiixed geat @drﬁlﬁg fr*éﬁwdse%@%tlon
{Ungt? aﬁdﬁg@s%g tlsaftg?"treg % r? o\%%n%g%t%ﬁhmn{s rlﬁroﬁ

section may al so consi st successi ve cat al
dilutions (for the pur- pose of m nim zing hotspot

tenper afeemearaheloespat ctarsperatoneierablyns btoriidnce. wiRrtoenn-
ROtibeMedRicdeRclubivels bs Wdid galp) hR tﬁ@hét@l’og@ﬂéo&@;b&atéiﬁie@mropane
@hyd%ﬁéﬁat%ﬁtxrﬂda@bo%ewQﬁ@%PSﬂ%F ih Iy\@xEIUsrc gL> c%Ps%‘?tLpé/nt of

eria
B8 Lot B sPnuls T aias osfle f’?w@ateneﬁ k6t PR
hgie RehfrashyRePENBaY PP AAle6E REHITE Y 6P PeRdheltaass gss mixture
fouthe fich akigetidnsstagparapihe chargelggs mederesedhe $heond oxidation stage,
afPesipNéicofrare GRANGEnMréantd inSaceSRBEEaN Y INRDRIOPEH, Rtue:t
IWQFQE Fé@gra%%t1ﬁls¥§1%%ayése|qford)é$ téf’lru@e uhz%rﬁsglg@%fq{é’]&aﬁ'& gas mix-

{preparation exanpl e 0 or those

accor di ng to DE-A 198 15 281 and the inert materi al

used is steatite rings having the geonmetry 7 mmx 7 nm
Rveralingtobe Funeg seaztopmitkin 3vhinm ¢ natlelistrhessecierpeys arropriately
doramet efdividuah eatglytt tibeswier ¢whpletioarse trer frst rdbdtionrsega(sdett Hvo-
$thee §@M|erbeaﬁam.£|%rmena¢suﬁ & S|4d@re§E 3t %asug%t o e@%pﬁ\e 443

39 553208 Yo o rd 3, D20EL 3L ¥ 28 oEL ofl b 00 SHEN IR e

t'he "acrol el’n” con eved |
‘B@éeé“%@tﬁdrf‘?fm phthg t"%%‘?ﬂ“% S@rges?fogé‘edd’lo%t%‘fs o t@@%@ y/da-
iR FETBADPABNE Hoawwisracid Hepperfige manceargk of e qeéalyst dlbes with

@xdigatd inrropteadyalnahdnt atedaradd ¢ acid may also be
carri ed out with the catal ysts descri bed for exanpl e,

in one nultl |l e cata u xed bed .r

et EPe B e e lo TogR BN tRhne b Syt S R i SRR o
iwerves BInsHE systaies abheoeed iaissienthesaFRvyre proged 1 efeeactar.
ioasechi qaseectinareiioadrool elentupabtndd tooke deter brvedsinBle is formed by
£188<€ bi iRedRROMEWHISh Gt bEhnAHbdAs! hhige sRs0aduSs e ihpHo-

rYé‘?ei?%Qc%gs;Bﬁaoo‘%yfoﬁ?%ﬁ?eﬁ% htay 8{%?@sﬁ)ér%%e%@rgﬂghé@éocar%ﬁhé’ oy a

I g R P %‘P{e”ﬂd’erdeaéé?md}? qies o ey

ghave. Apenogebetieltye o it ! g dindles et thyraigre @stergmphiaied in
waﬂd|w@epg@$e fdaxiord. én @éncrflearpatdrinalia@dodat isofsiiseeob@tken the
t% thtgl,ﬁb ddresrtea?ttoﬁaQH o(c%r Q(pbéldgggan ac‘?E}lEW p%'sn‘))n{bhg tion proceeding in
tﬁB%éoc@r&%a raix ure W“'&ﬁ ave hqut O)(Ldtag?n éone Tﬁe aerg?:llgn g¥nperalure

ate coo
‘Pﬁ'@%@é‘ff?a%té)@% ar% 9 “been Edasvc@%r@é%l'v 20w Lo 4PiteC . pref-

YRYylg & Bpu 2€8°F. drhetrhzctigo teyh edratu gain tthealirsioneia diean e @crolein
pr et g ably isagaeciy motnheEo 1b ar mdofrepusrely fohezad @r33oxy gere reac-
{drf praPRFORHAAL Sxi@diRA s’dbe"s head sy fbh o0F 1ol Nudh8uf@Edn

%Jouglﬁ fr%]n?q i’g§b?rf THQ'\O %H ?{ b%%?ﬁ) natPug OQIbIa{ d}\eégtalggg/ogeachon

an | ner
th rﬁﬁveﬂﬁ.‘a@ﬁéf%m%e”@ 9%'BY° tFot e <§BP>§‘ R
&Sd'IPMTb Tkmlgacﬂ@g/@uyopylene or acrolein may be from 100 to 200 or 300 and

mere | (STP)/«h
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15 vol une, even better <_ 10% by volunme, ors 5% by
volunme, or '9 2% by volune) and, for exanple, added

gk Eef47l y to the product gas mixture of the first step

of the two-stage partial oxidation (propylene -*
acrolein). However, it may al so, as already descri bed,

al ready be present in the st%tfrtl ng reaction gas m xture
horingiple, the had crxiealohistayes irae .pr@sd acarding testhageepadrt imay be

xiiglabd QQd@sfané@pW SRRpIDIAOEW 193 ACs T WLA 19 ReGhs,
[géjrﬁ\t;g%q E% 9119%r %@t gas mxture of the first
e partia a

step of oxl dation to charge the second step
of the partl al oxidation, two one-zone nultiple

|6 &8I rpastion rmes | MCBéa:lofrré@ie@Lmrsvxe@m elagine to g @mmpant required
ih aackiragncewithniee cacadrysbichietetrasad sn gihidheaggeneedddt yn theekinet-
i6ASahe PAAERAENRESHaSe 9&#5%xm‘aﬂo&9&lﬁ$rﬂh‘élﬁaﬁaﬁy@t iERde.

bet ween reaction gas and salt bath (heat carrier)

vi ewed over 25 the tube bundle reactor) or two two-zone
IFBI P 5 PP e! ERISRARPEE PEUDE T 75 B NeERICIBRELYY §al@lyRed gas phase par-
igemetaioh yf bepglenatriegicianiddemi esirned out kedcgmpneswith the inven-

mrw_@@wgmu{;@fi@ncz@r&uo»f\@s 7MBRs. Hoth Pcéa@ﬁbd/ﬁéﬁﬁbrobé;ecﬂh%ﬂ oxida-
RASSAdRbr .E%S@e&tlﬁ oﬁﬁ%F R c\Eﬁ?é(l Q%ﬂbé&%ﬁ gl[?wposmon s a

| r

BONBP L %qwh BB‘BE”%}%N A e Lo ofcata-

lf4icte dpactivhef B feastehstephgersarala st ghargmgpp ppeaarse change

watiloysly of abeptieaoctote réam:oh keciinast OStepsofit khessible in one

dritdraRhader BRlbvERlveaxbd gan@f oREQonRY hRPSIehO 1 AEdTYilol i in
di OQm o tvgc?gﬁtli%'on}étggreg% rge tcﬂnégrgg to-!;gﬁly%alftlltyp%Q*e carbon

R RATeSTa Peisng1ove FASTISH Ay 55 P DR TR S SR Sae anc
a7 Prezeniyn itfee prefiel! gehe paeteayingdie dat Povetoh straedl e Hig product
g@emylkiuee, #eeglirebsbalsmaal it padseamn2iI0 toseondoliGaudmsiage. Prefer-

efh‘élg'st »OJh |nta|3§orl3§r§5e \ﬁnﬂh@r}%nm%%eketr @ %Qwuré%}htch does not
pro\f'? rmal |y con- ducted throug he rel evant

p?lrgu a?a‘?%vta tube fixed bed reactors in such
anounts that the difference between their input
Wssfperaces @ anetmehigity oogep idedingmpaieaitaut betivsegdre twaraxdagion
Sadele. ard\asalire eafitateaNhiaaieh thot (prabefs, Othel Perepasikdddr oxy-
cfj%d!@crﬂilaq oxﬁﬁe%mﬂb%@%v tthQner @szgu'cﬁ a@%‘i’]& Ef%yn@i)@%ap@s N-

one reactor o
ad‘gzoéﬁﬁb’&je RydragarpREISAP R asly x%@cforqgﬁc%ygayh%&veqtpn the oxy-

gshcgh tbeaiogwribes frediteiyvetintre peferaby <0fokt vonmef mpigegoreferably
1 86 bl 9BlLUGRS e Bershafet préfgratiyxe 209 bf @blunichBetidrisst0%s bepolume or

4 SRINIRBIERE of « 28CEHQY 8L DotheMBYn PRIJESE gwengas | com ng
fromseparation zone | and/or residual "gas |

aftertreated in accordance with the invention 5

PR BFESS AP EENP (B HRRi BRialNy2s B S¥argplg, cold oxygen source
tpitesf eroaldt gas mixiaieor tharfget pairtiah ox Hationrstageerani sy, brimgapoleebol-
|ﬁg(018lct§df vehyirast royelefgas id udeatiotti:has heloastageneoustayting reac-

é)%ls)ﬁ%ﬁgraorfjptm@%%cor%eﬁb\(ﬁgl%Q@Qtﬁ}n's.Q'bé n reaction zone A
appropriately exclusively as a constituent of t he

reactlon as A starting m xture. For the sake

ABRPPEERESE BcPerdprreg 5§|'E’@Eitlonh&eeoaﬂ%Px'F?%hOf&FE%%{’ﬁéo
avayic beidriee Erass agddi sciileathin I5P-f it G Bgt ntmecst heafere by &g de-
qurikd uihevO@4aas3ehend inngD @xasdar ). onvedvageraatntb e gharigac-

@Ak WitHrtt?e Iw@éntltoh@o §§ﬁg9rbq t@é(élg'ﬁ‘ﬁwh%‘ac%tyﬁggs miireQ@Lf: Jsmg

acn%[ mt%stalptmge%?ctgﬂ ga%mtlxturF whnggw Q(he @rgducqggf mnﬁﬁre ogﬁg nven-
ttvg dEst-sjage prgisr oxigation) % piﬂw'en@m @%Fun» ¥)ichhas HererRrae been
gas m X- tures.
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15 Overall, a tube bundle reactor within which the
catal yst charge changes appropriately along the
Begipi,dual catal yst tubes with conpletion of the first
reaction step (such two- stage propyl ene parti al
oxidations in a single reactor are taught, for exanple,
by EP-A 911 313, EP-A 979 848, EP-A 990 636 and DE-A
szspraﬁem@afvtﬂwcsrurfmehh@ec@h&ngﬁtma tkipaesBthakt o8 §-958 of ac-

r& Qfﬁ ||li YPT% r@éulg % Hlﬂ?#@&%@ ?an'[L‘%‘ SVYR eg&?&?‘se%onﬁ B% toc] 5 The
i 50 385 RL9R L RSB STe L. A L Al e

ahatigpypspar §“f‘ﬁtd@W’UB’t‘ted by an inert material bed.
However, preference is given to inplenenting the two

I@Mh@&%b@i@ SLAgRAIpdNE oki@bIBradf actodh tdheyRUWRM &n be carried
o%Y@ﬁ@%re%QQ@SE@E% l'ch\iAﬁf Ea&%tasggg%?ﬁfo Y, e gé%@grc't?e% \.M‘ﬂch has

e react ranS| ron’fromo
a? &t ti‘)"ﬁﬁﬁmBerlaB”fﬁ%”e&t her tube bundle is forned by a bed
of inert material which is not accommpdated in the

@atadl ysbo-b1zhe paanRdoiisatiapprf proppehdaioelcyyliace@ssil Ple@erafly be car-

F=00L) as moh@ea hesatal ggstastdhess SogeRerRlidy okjoguest.

around by a heat carrier, this does not reach an I nert
mat eri al bed accommobdat ed as descri bed above.
TRGVARRUEHERUB MPictprRY e \Wiep Rt @ oyidptianuB & esaftRdes t By gscordance
vithghe froe eticad etbertoe fitsband/or 189 sspat! irgddign separ atngrises substan-
tiaRAEdr6IES. orlaBr/ € BEE & a rdftuienheebBsl Bt €argOQYr&duch inconverted

%p%qgsr%glepﬁgy\ﬁ%‘?oéeme steLMfopMQ%?H%g g‘?ocfu%@glli@cé[%sog agaqgrﬁally

acrol ern

R OP 05T ATV EUFS MRELR PRATB AV T ERggheiiste of he
C@sﬁlﬁﬁ §556. ¥ Srignicarhdavose e therpyedet apneent imthe meeduct gas mix-
tereat bobrpasitzdgedéipmopydesne for sasmpleestit)frdns ageas nal oyt % bero!-
w300 4 A&DGne PR vagd R B é/ecfjﬁ@é'ﬂ/ 32QobenddingThgner and lower

gﬁlﬂgg ?1% t%%g%{e?& ¥§xe{nﬂ)1é B%%) IOr StB 5%&%;;89? %ﬁé}%&?necarbox

OB (DR PIOPGT 2901 HPEBRCTHS r BHEL AT 0e, benzal-
dyss,hbcées@rcmatﬁ dedtchy Attt dnorpr e algess oy Bpa o prd it (e 19y PRIhaKE
Dhidrice dchanzoiadviantrasongeaissk yurfheoRydtodoh@sbhérr eXfreple C, ny-

d-Qaddd kb 6RdRA LAY pegglwgm@xm@tés%n%a& @J:)M@tc%s&ffurther inert
reaction stages is frequently

“?'Foﬁwgi’%%so &Xil@ﬁﬁtﬁ? (STP)/1h or to 4000 | (STP)/Ih.

The | oadi ng of propylene or acrolein may be from 100 to
L2R0U @Focd Ok santhcARvimm e obt (r&IR), /M dizrRndSé3dntiadbcorhifonents hav-

iRy i BﬁérﬁJoﬁlntgth%tst tWQn %'te‘#%r'th)@pr%r: ea%cbr‘@hrbh@ Y BC&EIBN in the Arst

BRI bR (5 IR AR BES s 5t PRer B TRe e 2fpAn
509" abEara 9ghe e EGBE%ﬁa'S@E@tAth%W%Qt smonyErssRm the
gaegw@tsi lohestaglessecarhasx. dessxaofolaipl @owi@ive exygenonrdehsdtivee
rieasURe amduBlcoh@sisbi8dr absbrpfe9hdaiGeadMehhy t.b&et @800 Nac-
St %:&hhtﬂ)@eb"y)ﬁahﬁﬁoea&h oa&l\e%@s.%g@éﬁ.%gqﬁfrés%# Hb kg ckdr nﬁ{her
th %ét d& ‘?erf?é‘vr 'T%%Fﬁ Qr'i‘ém@l 8&54 1&hn o9§ f‘ér’f‘&wﬁ”m% Bnver-
St%‘scg ‘é’ Eteé pEIOé’éIF ‘Eéh? %‘dﬁ%?e@ "‘é?re%%%el Kfocat ar Yréghgalse con-
VBREFETpARL SEron¢#rdIcopRE tritd oy uf hipropplienecint her yrise present
idcagdtidrogdsel camveedndrrtsed phagcoridance ravhdve the (prfeeably in ac-
cotdRRce WitR (& R rRioh Wiearhsndbesib 8a6t &nvased @l thowsnaRebf phase
rh%ch aplréa%tt ||@/£ gﬁﬁgr@bf N s ﬂé‘r tb'e \AE - 168k ?6 oMY, Gl
%rggl H 9 ;ﬁggtl t t Oz 1GHGQL7oNG
RYHPEET PR eé“*b JWEH t Phet ‘?ac%(”%@ Wﬂ%EH“ OcSPPﬁF ”ébeé THe
Eeloe rert srefsalFef Br@nBic airnt Bregapabb@dest qeata
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lyzing the reaction of both reaction steps This

catal yst charge can of course change 15 continuously or
@PErEyl y along the reaction coordinate. O course, it
is possible in one enbodinent of an inventive
two-stage partial oxidation of propylene to acrylic
acid in the formof two oxi#ation stages connected in
series to partly or fully renove carbon dioxide and

@Jeﬂ.ﬁ@b%b&rhs haYRef F%;ﬂé v?atg'yagje%gygglul 5}15 %kfr'orrgcatmc sol-

B o A T A R L R Sl e
PP R C-PoehasPHtEr d isi Fordeqefticed| rewev%}%f tprge} groduct, water
gréssechdarny ¢amtgonehs feetgrtbhex babitd points tregeyater efreety leness a
reSId@H Ye8 whithaE EQIPaNR Wb tHe ddnBehsMenbi®hand @orﬁ@%s@gtcbnsguu
eé\tsp f%e?di}é{ k@'fkhq%%é al9ke b%ﬂl%" de Fh% Vﬁf}m@ areeQ&S’rM

r |nterne

Bay dﬁﬁ%@@%ﬁ% TS uheas B PR ta%sey BhebSaey a4 Lo
oelling RQY 8t Herderd piesalddilt Pem s 3R ¢ CppiF éﬁ@moé@rt indg fRsidual
qanegererayw e ox yolugenfreguemdy 20 kary \wuyrgenn diahutesks 2 80%
By olun ) 8Lt LGBy 80N, Bsvddide). ThaseNQBlR GaseBy uNdnvand/ ©b-
E%%Sﬂam’o}%{}%ﬁf@&ﬁ& aib%igd %g*&‘r XoAvEnQ&}SFH g@ng yL@Eon

e.1ln en SO rce CO
e PR SO S OB AT bG8 MG Py L points
TB@%‘BVF Vol axgePieevenetiaie msiedner ligiognecasepbly iy sooF &ﬁ%es s noble
deets é1.9.51€1 0% Byeteo! Tore siight 8lterd, (HeYeiyual glsimey abtao commike
&fy|.ga5@3ar@tel'1eénd/&am OTPt&EbAIn 8XYBRMce MANREINPERGASSe resid-
g &! ishQ <t-f€, Ly b”\‘/&%é%bvaﬁfﬁg%ds@gc &1, f\f&Fun?g( é tieu arly

ce ur
eSSt AT PO Saup el b @aﬁiorg%at‘%dﬁ Sl ges Mormely
fettn (Paggfgen therastsinby’ Fﬁo@ﬁﬁeélf@sﬁﬂbmeé’ﬂ”ﬁé‘ﬁ%ﬁélq”@y tgiqpgegt least
fouk v harieass 9@%-q0 s et ARt oofo) st tak régiguat gacforr3&d tni toe first

@RsrabX ks drrfis the - &Pe N thiPadd bt @Xingkad)i efidsdiage
Advant ageousl y in accordance W|th the |nvent| on_ t he

E%prtl? r?m at i onofaroed %% ic acidis ‘
PEEDUN UL NG EP | BRI IF F8PC %Ps’fdi)w SN Rkl Prbas”tso one or-
genisfseivgb). pt 188sicFesecond rasethal FRADTDYE D8 5BET VEHE PHPPAIF and any
04 H0853d @ropvmne ey enepailgfodtameien isspayhienzdne | dicas40 on propane
rodaneteimitshid Bt infeakdh HendighBoht RnAiRLresiiahtdaRy is nor-

rﬁsg%b&gnt%g \@ét(%én%ra\ql\g@%d /S'dlgﬁga@%@ cork 59 8?9'9{)' s s

SR B oo e Cre B8P ot BER Pt pp oot o
YcopueEred @ranenacro ey ANcatEtes prasy\étic. appr opri ate been PF
57347 46 supplenented with sufficient secondary air

13 wéfuhh@r dotdeQs e REE1H BEHRXYVIEN St Mafifes addPdr@icQoipihvd RE

FSRNbt 0% LA LA Dl £a5L LONCHAS FIALULE J ok EAG GRS 8
WA PO FE=dn Ao 19 VB 76 HHPBS I i Pl R3F PBe frélheqPs Phase

qratiegielediant thof dadmimende (sreeitdans resrust ey wor ds, t he
inventive partial oxidation of acrolein to acryl i c acid
|6 &0s biseC Blerd Bdof @) WedidLdl BEY eRsedeatHakedtidueagiNdorms the
t QV&HB&Q%@@%aP J‘%ﬁ Binkh X6 L8k )’)Sr*e .QSQ %;\leﬁh M2Red Rlsepa-

At S @ oae e Pag?l“é‘ O TENaPG 198 A g Priual gas|

(peeterubry (Beh)cardud pedout as descrl bed In EP-A 1 159
248 or in WD 04) 085367 or WD 0410853609.

Preferably in accordance with the invention, the target product s converted from prod-
uct gas B to the condensed phase by fractional condensation. This is especially true
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The product gas B which | eaves the partial oxidation to
be carried out in accordance wth the invention (after
A shibrst and/ or the second reaction stage) conprises
substan- 15 tially acrolein or acrylic acid or a

m xture thereof as the target product, unconverted
propane, nol ecul ar hydrogen,48team (formed as a

wWh¥n O eh pRdEag ablsRdadd didie0aaklidabicas odedibl 8 M g8@Fdauct
IR B LML DU B v
PSR b ES\IHRTIG FRNSROER” U LERE" YH<ohe’ BF GRRIEE SRR de-
seibed if thegdaspmgate? oartlicdl® 45%i Bath dhoE {8 esS p&33 oY (processes
dexa@ifrpt! @ thstafdremeniamedtdot wastts dretesbecidfb leyomolen28d fanmedrolein
r@hel, =l BP-201 Beg sby -Hi.AdUTEsSs 0 DEEC pNtes §4 € EPATeRIs?,
v@@‘éhfblget% Hieh %%l J(;Q‘,"%ﬁ-;\ Pgﬁé b Y9 \;’f'g@%%zﬁ ,%o"@f/ﬁ;ssbf or
éjj@%&%@% i LTS, e e & Al b PR e

AdP3 SREBsI B AritiydraSddS- A2 P26 RENPJEB HrFRat i
DEah BO& Y6 8Z 7 ARl -ds1Sned HIZ6NBEIAC1 CadbpxdyIDEcAasRyardsdes (e
Fo-Riebbeks & p-ardey dial der anfobenzoiee. ae i o) 46 | FE-ROIBEOLHTES
Sk PR R Sl e s
ol de P SR PR T A P G s -3 2 287
Efs P8 2p7 dttedses Fotttr BRovi tgTe afF g&E-PrIGaGEE7 'wat er and
Des 0840 252 dDPoNtatt 27 Svay £P A g2high EP-BJi U68rg 4pBP it § 066 239,
=Fhan oestan, Wor od/fesea! AeESS seERonELAgod 63 bBE ahAEed boN2ss
P delhEe Ts'gﬁ% zo$8n§ﬁllt?§1‘|£§.tn'f.§n7 %@%ﬁwg@@% LPaPLinchRl & all

é.l

C I n r rdin rior art. An
R dHeRif OFadrured b ERuLa Rt SO PRe TRRP VY Ristle et
e darIBIOCRESeE SRsEIEE M hesRrEMRN!s YU 8HGE3 1. t'He OéoRathses
OEhagse? 48 Ges5 exdME-& 1by 3888 orpte fuehandicessicgpntensatey e acid
OARFMIBE be R LA EONARNS 3ERR s Qh-aRS PERRLEES A&V 01/77056,
V\?@%%%‘Wﬁ&{, !wOwro%ggeéﬂev@m%& 5?98Ca':1oI\JVbe®3fgd}%t3'3! lative,

crystallative, and/or desorpfive measures for the

purpose of further 35 target product renoval. Toget her
Aoringhigatusg gethe phodutarsrang Porcessislivldsmircefe "eohuned) 2
sge@n oofestduel garigetchprooduicts thaintyheosorohetisedispiiaseiuct gas B
wWhBES BoiMf OSSR St RIHGRALd s rl 1RGO sweY @1dn 1BE€@AMANdind is usu-

0 r t s, .hav I I i ] I -

JEE S S e RTS8 MO D00 RO DSl o
MY “HB%E% erTBIeTARRE (7 %ff‘g‘? gﬂtlg,ﬂ@rrpegecatreg,ca‘gﬂwgé:o\%ppﬁmg
sepreafinovieieriabh Nntanhamp@ner efctiss emaigasdhivded. dar @x@mpise nor-
ne0ndeasedeqirasered Oavdibrchdidest @tolih@dsteol Havd g, resicual gas |
iRy efoR eahthMe 8disd SRSonBRsE PO stucRBILEN a8bidaRRSTd A0y LnRI

and nore preferably at |east 95 nol % of the total

amount of steamformed in reaction zone B (or {%r?

NG HTPG IS Ot PRSI T INE CABUINEO P SR TYY e B e
shigynts opprogrd4ips Arare lgsEingd. mbidinb e BAT@ERrddee! proguct, in con-
dexspirese Wedrelensagareeass sladsatis gms ralydéopyer ganride ol and/or
vanRt sottdrer exanpl e m xtures of di phenyl and di phenyl

et her or of diphenyl, diphenyl ether and o-dl nethyl

ht hal ate). This "condensation' (remval), of target
PRI e dPl oo S RERERE A LB RE AR  Shavt o Ohi gher
boiling points than water nornmally | eaves a residual
gas whi ch i s nofromoneelXfedy touitdel condén®ed phase and
conpri ses const irbh-40a8%8%0hy @IaLkist garéandi ch have a

| ower boiling pgiaty Hhd M‘@«Bcﬁ&mé@ﬂ areqgonpara- tively

difficult to condense. ?%ese are typically those
conponents in particular whose
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boiling point at standard pressure (1 bar) is _< 30C
(their total content in the residual 10 gas is

geppial |y a 60% by volume, frequently z 70'/0 by

vol une, in many cases z 80% by volunme, but usually <_
90% by volune). These include primarily unconverted
pro- pane, nol ecul ar hydroge# carbon di oxi de, any

unconverted progyhene, 3030%y u@g@gofverte%rgndecul ar
oxygen and ot herrc ecgnd /yb q}g} panent s t&%ong | ower
Y Por e

boi l'ing points an wa xanple , et hane,

met hane, in sone cases hQ in some cases noble 15 gases
Tte cqniepol agieipanggeryle a%lsaaeglaraghtn enct gase <t1heby volume,
resi dual gas may also conprise acrylic acid, arolein
|ﬁ@we<arreaﬁa@d BRI ARE W ﬂhnh@ﬁqc&n@amw 1 Je@dwe%as | obtained in

seB%(rg%H QJ?T& Q? brgc%odﬁo c%@awg%%%rt%%mént%n%sasgres |9{S anye[-ssentsal

VAR H5OUEI S50 ol FRV S SRATE S Go00 101 necedsariy
oefogrEadent PO e ey dUrgbidgalsiandrimalhey wofdsy ivenay beswdramiate in
dehe dameunth O irpeapane darresenhe bhetrehtnent FRasBi@hividh a portion
fo? }éPérﬁ[ﬁé b¥iyate ‘n%ﬁ)t reSiQuB Q% Oror@te lb%@§%o§r9@f9é'swﬁfal L&astn this

%tIQer %urﬁ?%?grzwe%ntr%ated 8S§|on {hqu} dﬁmoum? of reﬁidua Ogi:é)afs I a%gjtof the

rererre
r%"égt(ar‘rﬁ?%)VhFB§P@Ba$ESq%{§PEI“e angdpEinaprly Refetrameay geasure
hee bderctariisd comfeths ethehyoribs of e hgalpynersbntthefesdial gas | forms
tigarots asoLiMelTtafte@tealc@asiid @l as DMk Tesl eisaluaggss |} which can be

SGQJ@H%H & ﬂlgthgrn»ﬁgéhh\éw?é %ﬁ%r@é%% Mreéﬁbfnd%%t #A ﬁr%?\(%%tp%%ons

rr?%n%EXe may Eo av%d[ Eﬁ 8hetm1%% comf}osmc"orpaTErom tPe 'cﬁal amount of
IS

fﬁ%%ﬁt?@dﬁs'fiﬁdilgﬁ%' F: ¢ PmB'f‘Se(Srf@ICﬂ‘)\’eft@g Ip(ﬂPélnﬁééig rcf|n§~ngs afler
afleftertigalntant s\plastrancadideyed twer nqcgestey al lhg peesgbgase have been
casigalduy, a€ieadO¥porfitn b rb8/cd i0Bccordgnke withitse insention inlo reaction

z@ﬁé W a*%létt %@?Oﬁ&%fﬁﬁ@&iﬁ@&‘i%@ %@d Rbasq whi n@hs &9 r%%a@é %Qmomer

A ReBoRiTEa B oy B o R TG FUPE P Colped S5p 0P
afeh é?(‘iyrcﬁét‘m@éhe Pé'i"idlf IraePYE XAyt alapacf (REchen éP/”&rB in order
toledjostpbé weplodon pevaalor of theheadham gat ageothgebudly osre ichestituent of
teopstensatraRases. t hi s unconverted propane and any

propyl ene i s normal [y recycled as a const i tuent of at
eas red to

A ga@eshfgawfcgpa%waﬁﬂw ket g EPRU Ryl BeddleP s
| #4dE haphees gRegEAERHT AJCOFESPaNAD Mpaaventian @ng seieay R i)ac-

coemindeialth gesinterftion imBo tdzetiont odnal A asmiusdst ofie petiedu &Easgia® feed
sheaM\beama%&g,ss@%@@w)berrﬁ&s@k@l s@aw nlcgrr@hg@d £88hsk Bo mol%,

Pl ra@ﬁéa‘%rag 3t bﬁt@ﬁat@%t@%} n(ofe?% dea%?éz lﬂol“?s or at jeast

N N P i O&%&ﬁf%ﬂf%ﬁ%ﬁﬂ;}uqtﬁ Sute?
reRction darc WAhhtsiﬁoqLﬁégﬁiﬁw@eFﬂlfr WYLIT‘HQGP@F@@WB?%U&G ¢fgpcted to
coerve theshriia primpn oekctiue torgas. |Bstta . thencoavdended \phagkirality
dp¥ifkFsaCide@malntcap@aemsabvéMeadihsohs aespeci al |y true PF
57347 48 when the target product is acrylic aci d.

ln Véec:éﬁ{e’xt ta l e $r r%%%?seesm {esosrenhﬂfgﬁure of de&%%ent%aﬁ@*@l the
Sﬁﬂ&‘ﬁ%? Oé 8%[%@5’@”9@%?‘6%5 C%§§%§Utfﬂ@rreﬁ'f’%'§é§ | sriobiligty n accor-
deoerl @3 Hiei loventiamdn foler erdsworslea cofirst diecHacang e medice 'of resid-

u@egas | and then subjecting the remaining amount to CO; scrubbing, it would also be
possible, for example, to effect the CQO, scrubbing first and to discharge a portion from

the residual gas | scrubbed in this way.
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scribed in the docunents DE-A 102 13 998, DE-A 22 63
496, US 3,433,840 (processes 5 described in the

paf ggmgpent i oned docunments are especially reconmended for
acrolein renoval). EP-A 1 388 533, EP-A 1 388 532,
DE- A 102 35 847, EP-A 792 867, WD 98/01415, EP-A 1 015
411, EP-A 1 015 410, WD 99/ %6219, WD 00/ 53560, WO

02/ 09839, DE-A 102 35 847, WD 03/041833, DE-A 102 23

@ver%ﬁ%@%é%%@%gggﬁ%% é%ngga%g%e | eé'A %ﬁﬁg%%&ence of
RIS 6571485 P BE oL 31 96T ETR 197120 255 er o the
applraaeent g36e (BN NCggRa 2B ). EP- A 1 041 062, EP-A 117
146, DE-A 43 08 087, DE-A 43 35 172, DE-A 44 36 243,

FDﬁ é\pér%gn %ﬂreﬁ%aal dak- l@wlﬂ-t%gdlg%a?g'ia% @’f?edd %34%8149%02(-{"555 s@@
Ch{'ai%y%?é '3 OVféa“lﬁéo%Si higglissEage mR“i’g%”% "@hF O re-
SEF’aWagZ@'S&U%SeCEFB ggngraffe et T4 an PIPOAS QOFO@GS“QB)QT“BY E@xeﬁthi same
cOBPo2MED, asVE: 0 h3564) | iMO)F.00/535G2erBl- e HRQ253 W86 trand
aFRBuA 09%20;3%@3 : S%ﬁf@rtr?en@l?cr’a?gtﬂ' r‘é@fhé] aE,@Hanrﬂgm?eS l:»bébd on t

a%wggh Qéér%:h ggg%ne ed |n o(?he oc ss Jel u'n? megw ta[@ ot/c e er

ul va atents
“rfet dds®rar & ”‘Hloféd’r 'BP’o‘c@é’é%@D'dé‘s"cor B ”P?ietpfféerab'y
S&U@g'ﬁ‘eﬁm%mv\@@qfﬁwmss mal®c04/1358%4, 20 DE- A 102 43 625
and DE-A 102 35 847. The further processing of crude

W’é?é Yd &m@Git df preBhdl Nedh,a t@%e%ﬁd‘h%ptn%q thd YorBXHIBh &S v

(/\%%%rj/ d%lég OFC\B%%IP%L?Q%‘%d diew%g%&ﬁr%%@an i\{sgf_‘% car%ed ouf

spehigl e 8F“°PHbDfé’r5%‘iPé‘e§@ éPéPi%@j'eB? BI&E88dR thgamgynt of residua
9a$ I werpydisapatdedne meyed 280 Afeansdfargesitdrdisciyage Pmahnichs a
r€QNRF (VBB prﬁyaﬁb ¥int BOE rop@Bst Fdmeat sn Ofs pEoRUCingRst & resid-

%Qg%%qahe tehRY iP QLM g:Ake ShARdAL . RLRSSUre (1 bar) is

wer than that of water and is usu- ally < -30C (i.e
the constituents which are difficult to condense or
Aglirgleeaapiipreie ABFEMeRICNS rEaiRE H NSty fB RERPPIS, N&P PRENT
theogp podpriateearpaurtt o€ Wsanalsepa mab iargrebabulmhigtierpimios Prgnic sofvent
(SFeRAMAL & AgIrbpi idedfent, iftH xawpRSIBtrh QBHe S @Bs pr oduct
&3, Qkér?’eszqgwhfc f r@ﬁ%%lng prcﬂ) en%?a@érbét@y I%FeIQﬁt%(WGbﬂg

p?’@ﬁ%hﬁ Or}@%[s”f‘smlﬁge[‘;e}g °f rSF'g%é%Q P SB%Oébg‘!i) ex&BWper PPl

PaTY it g T@@oﬁﬁowewééﬁmﬁdﬁwwy|arecre&@veefﬁd Yy audeguent
deowpticrs@etiérondwiad tphesss e disatating acobusmpping nita k| gas mediahl iy not
dlshese: b@ﬁﬁreyaloataoh@ AGRIexshbik lé,eé%s 1 fle RIR I GderdARIBLRF Bydio-

ggpgﬁggﬁghe QS é%l Hrgr J]%O“ﬁ%rélgo [cgr z a wg%eg/egrﬁ% dijgthe aﬂen
GRHESTT P ooRs i SIS P A 1S 013 ¢ RSP EBRE
liygy finecyiel §f Preipae AR RSP 8BS Gt stritednp PEsRd OtRas 032 129. When
tHeoddcmwidagervedremd sil, which ik teaaspteft 0o @D%chyr caot winih of: itHHOL o,
i irendkert e 1203 bys s o gab tiriepanen, it fin ewd)st-arshQ%nbyo a
QMIQIIOH %?re%fdug’ gasﬁ’%né?&%%nﬁ/glo afﬂo%nanftttq)e ér%%%rbé’p?é@!aﬁmﬁp%fduct
gas B. ape erably in accordance with the invenlion, the aforementionad propane portion
is = 50 moi%, moare preferably < 40 mol%, more praferably < 30 mol%, more preferanty
< 20 moi%, even more preferably £ 10 mol% and most preferably < 5 mol%.

After a portion of residual gas | has been discharged, COy present therein will be
scruobed out of at least a portion of residual gas | (in a second separation zone 11).
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frcm> 0 to 2% by volune of CO The content of acrolein
and acrylic acid is generaly in each case < 1 % by
rbrewe. 5 It is then required in accordance with the
invention that the residual gas |I obtained in
separation zone is subjected }o certain aftertreat nent
nmeasures. It is an essential™ feature of the invention
Whert rashiealpgestliatwl @mpattetdOeadr@nt smeasitreg witeathuiaheous

dMeERSS Afdubdbn chehé:%rebgar @%e@no bheizeid pRE¥nAferdresdAuale-
éﬂ:ﬁ%i &]as Iléélec& U&%to bg ‘?or éxtamg%yb vgpgﬁt%gg %p@i}rﬂ:\tégata!ysts (if

AR T D B b BYRPo o ot 1uRe i I mameg berore:
BEYO fasEueheas) Thesitlists rga@ﬂm)m@fd ip O 3¢ |73%mrwe>fo¢mdes
of egiidhimmhetgasu.Ces I, 1 ihese xcdsen 0t0heo SBmnalfy * ke thuntsragat g si-

POt th® PreBbnd el bt Allardiyaredtn Howenst dual a @ascdnvanibrab not pre-

fEr?@d |nra%§erHﬁ‘ée \gi{i’r?th\éﬁ?ﬁv%hh&rp'mrs iS6S: EQW%I’TMH# ﬁrﬁgbl@ﬁas I

tertr Sur een car
B e HeRer *DBPLFBHIGE YHETdr L0 AnBAAE GF e et foop
ip EXCHIRFCgAS Y orBrend AhusHestaoradl akardigh'n tg aforementioned CO»
afdbeimor Batvedkrr s it abnvgeston captdi Jenewbdmpesied sahulgasolds)y by a
el Eibn 680, bese SURFafdeAgd0 it NeEsdnveBLiLVS gas | This reduc-

LS LLALTERL {8 £01d E3RORIAQ, manner (the portions

ment1 oned may al so have erent chem cal

conposition). Fromthe otal amount of (aftertreated)
Ip@gheahalt ‘@‘&é"q@ﬂ/\ﬁi 2IFOEERPT e HeuncnYRPEI¥ AR prropame Rl the
Cenmenstaf teedualadds talit @rit AdeatiageEntsipaas Clescobhsigaell leg un-
dedtalén AELRBSAS prebdird NELIENIOFOM 3 CASELNAVRIPREM 20 30 bar, pref-

é}%lg 'frgrq BOQtZO t?&{tl rln r%sﬂref@ra%gﬁwn?% \Pod grct}ﬂqqug ' QHd apﬁrofgrlate!y

accor dance

'Q?C'foégasricedﬂ@nt%? rt"ﬁ%*'o& b¥ @&é?s ?#v@obTSéce(éP @F é%?r%tegsense i

conprising propane Another portion (If appropriate

Edesi0 sachioasi@iduarstinaadese tbrpaamnplenorgbnic esindisaducgas nignopty:;

Adar@RPrRREbus &l@ionBer 6rReY:E hethddt @r tien bk bSinoabgth@ioiamine,
31@81,@8{93 rq@l';ﬂ %FOQ')EI Lﬁfong %F‘Qc‘i%e%[l éﬁigl@m@[ep chrogﬁéte sBQJtlons or

ust the ex
Sibar spdbosPaRe! Roebra m%anindd%'ka%z%et?w&d e
e heiegwg a0 347h<§’v%fﬁfta§b{é@a§40y05]rﬁeéfﬁt@d - MBRlIoR; B
dduecinsmutionaemptibieg #oD0nwilldke uses fauaD: gasbidg. Weeiths ltasaque-

DREBIAEELHELSRNECL RS SO dans WEDNi{ iRe] BYBNtioen ARd
K@céfﬁﬂ% & of &A@%ooc%ﬁéngﬁd Wbmn ?J%f@h Nyv%%féggg%bl?tsgch an

%%Eﬂu%ﬁtéﬁ%%ﬁ%rb%ﬂ% P '?12;“?3?855H'é‘5v&°f‘le”b%f fF%‘é.%HH%gO or 40%
bygedighthaers ereteorhr Pidessn af td fas by 8Gictbdidlionpf efner appynls of
Ataliireasithy8oxniat (%g BOH) anovad 1hk @agéc BGinmINT@al @rbatatd easion

|t+6ﬁél%to Q)E nddad Lagihe ﬁgér HR e iRt in lfRS to Q@Utfmke/%nyoéal
b‘%&gl ceﬁ‘?c}s LO) Lméé%a%fdhbrr%l c?P%Qrglw %,n(g%’}?ent 91 ém L amounts tcriw

rec

ne
rﬁi‘ff‘“‘?{ééé‘%ésFé‘r"Pr * ‘W“&PW’%W%@ ’fégso‘%ﬁ’és AHoP PHE %sﬁ@'cﬁcﬁom’m
- Pead Ko z%?fé)'\fAd n pgteERdratprf aroal 'so?. e doies geried ad-
veintagabidybeiB% from 4) thfzefemt weigeldWioiavssrpdirs bl ¢ Busetivateerons
mheachiing KZoog issonkErddie weMextunef ot KiegCabrpvge course of the

SHALFIRRISo., AR, @S@@@%l Lalfeatyure of the invention is
that the sequence o aftertreat ment neasures carried

out o!'n residual gas | is arbitrary in accor- dance

FteRd PHE IRt 16O $E Ot DB RYES OfiFrRasEdigusk 15 3i8t possible
tdicsthavigha ¢ Ga spobbingnfooexanggé dvid0- Qat!'atege foramticnt herprding Lo
8¢ jaeehb REEPhecs@ema ni ng anmount to CO? scrubbing, it

woul d al so be possible, for exanple, to effect the CO2
scrubbing first and to discharge a portion from the

resi dual gas scrubbed in this way.
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PF 57347 50 However, in a manner advantageous in
accordance with the invention, the sequence of

B Eef4d7zr eat ment neasures which follows will be observed
(they relate in particular to the aftertreatnent of
the (main) residual gas 1). 5 First, a portion of
residual gas | wll be dlsché?ged the di scharge is
necessary espe- cially in order to discharge inert

Wﬁm ? dc@&rrdggcéc\@ﬂhﬁg%%'n@wltA”yCW U} E)thr_?%tvﬁlec% ngfdertaken mn

nol

d\ivas?rhcollumn aa%%uc,ptun {%uéreghiﬁﬁ{esbqﬁ[ %as l tp ﬁae.lcrugggd penerally

f@ivs gt %ed?Oftefng@wer%rwwthg SALPPIBI AR BfPTgas oYYt S the
seeypbhvavaeiunime Isamanior KEmMPosT B&.0nhe as ublhieg cgsinduampgess ihter-
rdissehith inthiase Wd heageneianbé yubretdhes TasS Magbe tiRiom packag-

BPONAYs rofasF 99@%%%9% Cf,rﬁlv% trafge Hisghar, acr% p%%ﬂH&"

gas | per unit time based on th amount of Tres

opane fed into the process per unit tine. is 5 30
/ﬁﬁhe%opkpéfrteeqcr@brr‘@sc%wp%tm scgubzt@dﬁ%y%al gps kis afga%geg)ugly dis-
Peefedraabltye SquEdumebMiompmeprisingfreedthiyantis poBiseioh Y yangpencar-
bopate (pr &f eqably CO,-Satiidt ¥ Qfiord isl (dRexYenpkd adinedeBesly with-

cgg\gh’ghrggfr? RERRARE hglsé&ggmg%gluhq pgr %g{beer trlrehl?d’!toﬁ‘ﬁesoluhon
POrETRRE MRS %r] KD e omh Pl s o e 2h

carrled out such that the anmount of propane and any

Iprajgliene pr esemtinioring hguean® poassfimrgdicgeatarbgase bdlotidyeal-
16 gaatvg e chSarb&TIY Rbddis cialdd thbenly shafmaef arddeo,, H,0)
zgrdstﬁ@@w? IQ&@%HQB be %ﬁvé’j}] 3!.9 r?eséﬂu'éo% pé!\@éé%&}nl% %ﬁgt% S%T]UQOH re-

ene

gl E@lﬁ e SRyt ek porelbak SEAA- ROk Tt g course
of hPEATIR IR, bwwﬁrprﬂ EterRr=Of BF U afsreamsstquoaBgescribed. The
gvepovadn cohstcaicnsédsicexanplass berppeaiédctntingoudhiey evaporators
IR PG ih@tiBe 8OMMAL TS afbRShHahe OBSs ceiatbh [k dbptdpralar ablwse
L{?T%milgipllnlé (Qﬁ m |Q E&ﬁ&l s‘rr}gslme\[r?em W rgﬁ’ nQPJq%E %K@Pééf e‘i‘change surface
TS e Qe r&awggr“%r%’?wcmc a8 ¥t witn an.
I HRFAREIRE AlehrEPrEOaRe oD efasr S it 99%@ PaF 86l glepm is
dcventoy dverslyden st the e seafonrcé giedwalmigasd the aar ec@bsosdsedn car-

dhele RXAIRILadnsLBRlsYy inPa&EEENG: i1k thb0HgRY.mEhe
propane and (any) propylene are recovered by subsequent

er re ced pressure) distillation and/or
i Edr% R 5 RETRT € RoT 63 Rbt o I MAE s e arogen-
eothS%rﬁ*éorAIS(rrc@frera@Waq@pr@ it ehppvatel Euear By dhe de-
wobecialegratby dysoem geaCandlpsingtcssbcin@r of tgasci(Bong solution and
reXRY @g@h@@ngarcro.a rh@a@sécrb%}énasr@pu?&ae@br gridche @gf&weéns of
a?ﬂv%n'ﬁn%g' (‘-z’r%g?r%ﬁﬁ'e e fr%”?ng df@ cyprere*P&brFEPr?& YLE I™o-c.

TEAHUBP G IGAS PR CASST P PH SLARPOTRIN 1RBOSGA 1R Tageratue
afffen &4 ieel “aevecrdesericbydrareAdimal |0 whienhvarsely gggdual gas 1is,
pveftege@dlyiin aacodxdance tne trrhem'rcineccbn’ai\memtiiirmn,thc{%ﬁ:riusaing column
dindembakene bhird RGO RS 06ES A6 pRIEILAY fbe 1de dongesd BB scrub-
dida N&%Jd rn%&%é a%'ieen% DUt ¥ it 0 (PRFET 9 Dhnil §SHOMAL s5-C.

gas and s only to a portion of t he propane present

i n product as B. Preferably in accordance with the
55@%@“‘/ Wren ‘?’ﬁéa&PB&OéﬁéFﬁsid@ﬁe%spr%pﬁ%%?‘?fbrot@%nscr%b”@ lggac-
waola%E oy eapy et ethalshypressi0 ohtas¥yanmrse tp ref igesthiry preferB01 for
thOTY, sbRbBnpireh @ruadntyor stages {for exaimple with the aid of a multistage ra-
diat compressor; beyend each compression stage, comnpressed gas can be withdrawn).
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< 20 nol % even nore preferably <_ 10 nol % and nost
preferably < 5 cool % 40 After a portion of residual
Hj257447has been di scharged, C02 present therein will he
scrubbed out of at |east a portion of residual gas |
(in a second separation zone Il). PF 57347 51 \When
residual gas | also conprise® CO and 02, it is possible
(with simultaneous chem cal reduction of the nol ecul ar

TQESMQI@”)es‘oQJap&%sq'@ﬁe @gmongqafrpﬁ@gﬁg%s% Qr(fo(?c'imgc' odtﬂglwnver\

wn!w aporessure ofe> ¥8 ?é b(al' fpréFrgg b%{ ﬁe%&qrg%eneously
bﬁ@é@?w%mtcgow%?ﬂ il aﬁﬂ%&y@%f?cw@qﬁﬂ\fﬁ@ao?%'weH.astFESSwe
oplippceseichef ore pEitrand Moo * 8giidudl. 5 gars Fh)oradihé eabalapst svith
theeiaogrmen dedcion 206 Blié 6P 3R a (€ anmpd BXredxizdeBar &Hd < 3 bar, pref-

'%} 9'?'5%@ y SCBéXIGTESFe X &R wgkﬂgqaréssurgsrfﬁnt@r gcruBﬂngar?é
:fg{ﬂ LT st TR el Sl RO RpE o s

pre- ferred in accordance with the invention. This
is because COremaining in cycle gas I would in any
rpperiately ieastorpaicelvwithhre exbelioned ct0pE@SRoh Bf thBesiduat gas to

U@WQ&% s%aarlﬁ %éﬁlbﬁ’%*@& ofLQxdnn)lé ﬁ@r‘ﬁtf D ?9'@)@5 Shen car-

r%?%ygﬂgn{r% clggw&)re&aon 52 mdg@m@ stagehgorc%ample turbo-
CEBRRSER] (Gl %ﬁﬁ”“ﬁ[%éoru gr ﬁmﬂﬁﬁﬁihéd‘ﬂ@‘?Wp?érr‘i’gb'l\ﬂé‘P’ﬁ/egﬁ}P”é
OEdMGT G omanfy) GZopelesedto heremesiydegbs gasnprewsdrh VHRn it is not
tHE @RBEY of fes1as) dé@d'thﬂ%ssdbje-ﬂ&dﬁo C@%@rubbln@nth@&élsq&aﬁ @a@ﬁ‘com

pr@%@%ﬁ&&% obf |saaéngv|r Hleﬂldﬂ&ﬂf“ﬁ[] ndo‘Pt o%%%?fo%'nrcit EorhBosition.

B Rl S G HEE 505 (7 IBAL T £ eSSl gueupt. The
PPN afNiGt s NadeARtsales\Gs Ity COp ﬁ@ru@wg scpabB R 'wem rep@y for
regy<lidentoaketioatzoed évabedhpobesiumes( it gpmpalskyd furonrt ® the work-
iRObrbadure bttt @blafduam Be tow.30- Bahg. pFietan & abhy farom® tianer

cggar@glon np;lrg@ ip{)\@%\%rr aﬂvanfaéfocm FQQH tIQCOZ(g)%I‘Q% \foP} 1%@1:9@59% at

S AR R RS SChpdange oDuhey PTG baguse
a&%ﬁ'mﬂegw%:wmg%reli”Qj@ﬁS@sofﬂr?cwd%ab?@@rai%&\aﬁblt%w%@'@aﬂ%
Cameresly sthe ieasnpresoet (kapamstdrani the C(acpredisdsediatsd gas | ofthe
V\er@la@bl@sﬁﬂb @Efsropf.@té rexasRli®; o reneetAanal dRk&iated with coot-

ﬁﬁéjéoa's&% bedv‘aetsf’ililualn‘}équ %hgr$th%q eldgllngf'%%sgﬁ 9I%§/%léscarrled out

al caroona
B S BonaE sl Lans oL caleoe sl itians,.
H@E'otRehesnBorRbeyeee catedofpreseka APt Eybhedsesing gas | and
cOBEB 5347y dedPCel, exalbyd razidaacgrsdabos svhtdl ckbieangevent alempe

loy2d LeRUsy §é¥brlétthé>ﬂrs§@m%ba§h gk mqwde depBed Ok at
e%% @8%@?5&%&%{9 b m%an é‘%@ﬁf apg%jaag% Htrés%l%]g b% C%Ci accur

HiE " ﬁ‘lﬁgip%r%”??sf\%a%%‘re"pé‘lﬁs'ﬁ?s K5 Sy 2N REBRYS Al RAPPfFation point
WEer carm@j%wt'rageéi@a@tﬁge%ud'hewﬁe ﬂ*&dj@é‘@@semﬂnawiwmﬂ% (this
seakbotmatreves chuprasnioch&setghe Feotadis:cooneeinin aofexbeorerl@apa the
3 r&ncedR¥ 20 Ryt MRl @hitt praBdRe B2ef ieF aklnypiofod FOM220 10 Bar.

25% by wei ght. Addi t| on of snal | armunts of al kali

netal h aI I
g el bRl i b i Ty po S B0 g b
MW EPP R PP HP” 118" Han S uBbichg s o Uo? é)r Pfeos“ﬁé'dt'?%iﬁﬁ‘eiéab'
aginscrered dwoxyddpersicn dsnqé. g. acetic acid, formc acid,
acrylic acid) present in small anounts in
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residual gas |. Favorabl e aqueous scrubbing sol utions
are al so those which conprise 35 KHCO3 and K2C(O3

gk 58Qved in a weight ratio of approx. 1 2, their
solids content ad- vantageously being from20 to 25% by
wei ght. Wth absorption of CO2 and water, one nolar
unit of K2CO3 is converted t®*two nolar units of KHCO3

Apfﬂaréd?@t@yoWeS@n@Lﬁmbh@oz SEUDBRY 810 obKeLBas e 1éirantdddt of CO,
éntgaqpesgot QO,LEQSA g@t?:i gof carrying out the CO? scrubbing

y neans of asic lrquid, it is also possible to
carry out the CO2 scrubbing, for exanple with
e P LRk ECRIPEY FREIIUSHO et FRMPFeE GO hio R AGHIYAGMSE in
rEmYA28689rdrR B tPR 05784015 Re oPpPropri ately in accordance
with the invention, the CO2 scrubbing will be

S’r%rtﬁ@&@ s&rﬂbbé’d %@@%Bal%‘stﬂ%ﬁ%mé&s?% aﬁra@wgeemb toa
f

PG SRR i g TRLSSRTLBRRE |1 B I 19 BRARE! g & borton
C&H‘ﬁn’ﬁﬁ‘ﬁ%‘“@rﬁmﬁ@e&i PERSbIE IR %Pr@rrﬁs' dy 9gs ﬂrﬁﬁﬁ@fc'q@n@twﬁeacmn
ee Asdis tnhesge miibix lagercednsridliconpr bees conmperativeiglssall amount
oMl Elagé B IceABastth e REBToNEXEH AN IR Sk ha CRnb8ResTBSB e MMhis

J&ﬁte&?é}‘é%} 8 arbrﬂgmc %@fa?m&é N b‘?e(ne"sri%}’éxér‘ﬁ 5trﬁ9§é% UBE

cture packa
U e A e SR e [ R
BeNFAPEEGEGUBTE BN IS 90 et Frageds ah Uﬁﬁéﬂ%ﬁh@?ﬁu@d SEIMIIdEN
eempiens bhye - B dore. Maatyyropot @ssivttohyde dgencar hisbomatrene at
doot lsa@ 7a@uqsm|s - @sat-Bratgisodrutik 0ok, hé 0D, 8XARBEE residual

g%q\f% Qé’sseldXhPM.lé Ehe%@r%raﬁé mchgggggh} R Q(L o E:L? shape (but a

C”éw calu, ol ST S e botron ool / BE molecuiar
fwatqgéﬂo hegmglequiar] iy dregep deietsdon BT WHO I8y tO8IFEF T8It eother
chg @l sy nedteass oumrlydnpgescardionatetisologtinenwah residombgas |
diit@ahied PgRMEHRORUERIHY P8 HS8QG. aliedsd ResIME ky/inklige the

@@r}%%%%c?{mﬁh%lsw%ly D%%iscqﬂg eg’g?to U% ?{ﬁ‘w%e t 8} pr% aiso the

driven ou Ueou g _assl m car %f on
FEEOEOEF B ff)Fﬂ Ry PeEAcT ﬁoé]’?éﬁél ?3 A 'PC‘”" Al
evaporation of steam condensed in the course of
ldiaggioe, #td faiph bbiters eyoleddh sdtacatibheo@ORnsg balsbiing ttoalbemen-
tAE irRGheRifibn aB, RRSE thdRbineEhen 2R rev@paidtsuppy of ak e incin-
Sondensed SteAmM LAl Ab50iPss 0paraLed éﬂﬁtdﬁ%%ﬁs' y by

evaporators Integratéed 1nto the col um

af orementi oned dissociation is appropriately |ikew se
ermenbrede reinarat ol maacanpiagiends prateer Nalike ik eined out under
Higtcgreasee ttheeheate Rxaltange wmunjacey frames f1orbaexanpl e
(sieve) tray, columm with structured packing and/ or

lFB'tr‘rHFQon% é% 59%}? \qoangrggkéen\% |r%8ﬂ@t9\vt@%taﬁ'?%%§gnnﬁécﬁale!y

1 ONn
%ZQISH%%{:;@@E@P?P’?%BF Mingsreely ller!n %&g} "ol gh”gt( HE&'<GHt Pirine
rasidual 19as hfueRIsC peYansadcgHs e dvice bratle REFUe givef igereased
advantaagiéou s patemerontaoed watind hentbogesfor thgllarglnuemizranes, pipe
¥ benéh @ o R f6&T HERbraged)Sn P&@E85aDE YiseUSEILeGr 0ld nvatogen
rleHWv£| @%H{aﬁlan{e'[@ nﬁ%dfo%%}lqpl‘e‘a{éi’f%}ﬁta%ﬂ' SPRC R ;% For

DRI R bor LS Fodied aaTe e b g SR fgindre

Qﬂ|3§‘§b%'P%ﬂeﬁ“rPr%ﬁeSt'hé“%6H®BBEF H‘@tes'meat:h giFeai @OF BRiRR CRls Butside
tee pebbiang rknguihate 14 refeditss eoibedd pRssse apprepr Tiat ekygual gas |
whEeetedebycatans:- ofar)sé eamuwai G(h Arasna ol espen @tcw end®f ana

fBFoQ&'\rJrS’L%h tHe il:'ﬁ)g uquruprrlgft & ﬂ!?é Mulp { pu,sum d]E%QJ 59)0%? Q\;i_ Along the
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The aqueous solution to be dissociated is appropriately
introduced with a tenperature of from80 to 120C, nore
preferably from90 to 1 1 0C Conversely residual gas |
pPSg73¥y advant ageously in accordance with the invention,
conducted into the scrubbing columm at a tenperature
of from60 to 90C, nore preferaoly from70 to 80 C. and
the scrub- bing liquid introtficed at a tenperature of
fforaratt? hut @eB0G in prefee alidpr fri@rula Hyarcdeh G reidaspe citadaty

Miesh oRl .- SrRehbik O afesi dual gas | is subjected to
CO scrubbing, it is ad 40 vantageous to carry out the

nerreSS| on of residual gas | to the pressure pr eferred
tB? I EECEeR e ﬁ@%b?ﬁ@“?ﬁeﬁaﬁpﬁ?’%'lbﬁ@ {oubt o'Alegeiqd rertion and
@xa]ﬁpiaéewetawdm@éuoam darobe eecptiéd pStcagesd @io @iaglion zone A as one
of OTgEt @SB0Tvo flaey enskrecdin 8 RIMRrEeSst A rehage Praenpressedrdance
@Mﬁ(h@ﬁfﬂelbl%n”ﬁe@ﬁs@waﬁ reggueﬁagg’?a@treéré'@1nca¥cl356ran5§§zlﬂq alin-

v%ﬁﬁn%r‘Hs feeaaloergacsfggggs A,stsrra]]m,igor%x ure tc ‘h%&aﬁﬁéiﬁe?%x u(:rcogref %3

sure ar
398f Mpreferably < 2.0 bar. The het er ogeneousl y
cat al yzed dehydrogenation in reaction zone Ais
rtfeenice s gdyraintrgeadsdeywiat iha ifeassubanSnantifd omt&di?e trowhich

tﬁe_hfﬂ;h@ﬁrwor}gﬁg?fn%gé‘,m;}'evfer |Q'5]'esegt Iﬁ trli Doprﬁceé s'%_’epp@frthe COK scrubbing

af reSéJUéx %ggs I %%g%cr\&egqﬁa e 1?%!3% theO'DCfeSS) aic%gmg éch@e m\fnpcn to
t}S"aﬁa”'eﬁ‘r%‘F W"EN&%PS/OWV Q”%C%WHGSSOZ (Betsroly qitempltierer rastp! com-
prRessker nglig ie $s o pesificned GERvesorfubit ag caresidufirgam! 3nt & BGerub-
g of regiddal §8s BEspadiallyWetddconmedcitp 230 Bamd rpsaber-abt B, there

§ ra%rghgv\gn r%t%@cé%rsanh? amPnd& o us%q f@ﬂ%’r%@[n'p?és%Mm't% %rocess ac-
CO an%toe}Fe mggnt{on FiPﬁ%\x%fwtll tig rglpreua?ertqjlhatS'%uc:% A f?r'l er comr[])ressol

%aV(LF‘?JH“tE’Q FPINE ERRFOES2 28 @ END IiF VER'G hen car- ried
out in a first conpression stage with the aid of a
AlrhésddBgetag of thexpadielk € acdaidih®to 160 IMIELSSE0E tdt adinables the re-

aq:iQém)rn%Wimuﬁp&rc@éﬁgﬂ)gt?\eaﬂs fddll\{kmial EM&% Jﬂtgwpocabwllty tha the

rl\/hn.nesrmr/ln 1E DEN GE sQ ? erre he as
8?/0(:“108 gags ﬁlar .Wlxélél‘ (g(%lo '%%ﬁ” 4?n< nr’ﬁ]oLfal ytcr?mpnﬁﬁ motef/;u ar
PYFrquE s MANERI Prefas!s tha Mgl 0GaEb e e &6t é‘dhisél"’@@g %‘t‘#%%t‘ﬁoﬂb‘?omb“&
tichevithessleluedd cgagen presem sprélssedisisn desonitiyedBased on fresh pro-
p@ﬁ@ﬁ:@rﬁlfelrtaﬁethbé relé Wiks G Elorh H r Bl VeWOh O b d D RS0 bt dkent tiealrinaily, it
5%8 Q3idh %s;zeJ Bﬁceo%g%ﬂtrhgf QBés] é@r%c@d@&!ﬂhe pffke ?X&'SR! fa to tha

rom
A T L R A
ArpRfed irat R I FelEY EOHORY FeEYert¢ig NRtio aveded'T onilez pprarally in
the c@nleysdthe foothhem qEortdtion zbsescampies sfedpooe dshecotdngt thene
iMnkon 1 Ng pressure contenplateu for the COr scrubbing

i bis can be done in only one further conpression

wever geo in accordance with thu
Tsyﬁ\?%ﬂt 02?38 g%& el% In%wgqauvptzfqg? A COMPY'ES%i on st ages
will be enployed for this purpose. This is because a
si mul t aneou$cterplerd@tubevd rgr ease of the gas i $ropane.
associ at ed woinh- 0 ts5 080pIRaS s Dor. < 2% Gonversel y,cd he
deconpr essi @p(£xpanshLen &f the CO -scrubbed fesidual

gas Ito the, tlgl;_rbg RI essure appropriate for rc%:ycl i ng
into reacti ?n zo K associated with cool -

in
t he CO -scrubbe H‘Or%)Si’ BYJ‘&‘P Yas |. Wien the decofp ges& on
is |ikew seffeardioed. aguentintaSplbyral ety of stagesindit

i s possi bl efrbef®ffegtéralyiext = sttages%myeachf case ptapyiene.
undert ake
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i ndi rect heat exchange between heated, conpressed
unscrubbed residual gas | and 30 cool ed, expanded,
S0Zr56r ubbed residual gas |I. Such a heat exchange may
al so be enployed actually before the first expansion.
As a consequence of the indirect heat exchange,
condensation of steamstill Yresent if appropriate in

il dUHouBBRsd HE aM pRESAY thithRl&l dhzatthan@bied & BRNM hvaneskided
vﬁ‘?éﬂ%%ﬁa%%d %‘wgses%\éﬁngtgquFéAa}(atf %%@ﬂgpa%m geﬁ)@! I'L'l8rr11 zone 1l

oLnt 0 V|em4.caréle out in (a %gq%a%eous ééﬁlﬁﬁmnsg
%M F%‘ihafigéy"wsmiﬂ RIPTS 257 HeSTEPRiL 9878 @rRrgSs (i itoTs: Far-
lie@agy, 8itag Grip Pecsidreanrthy Y veron ceadpr cefpte pseihiagine and
tiex panyi etherstfagdrogtinene. diréfeerentreolbel seeygem|retezandthe effec-
tiQbiAd8lof QB &izBBN inhiBlorSXATHE® oblEhdd 19MhE kR eddadRhding (o
t*é’]ing%ﬂ%ﬁ%lah bgt ol’n?qugi f§91 n&'roq(%\nlrlgé%ﬂbrk éro@hct% mlttior%%j imﬁe%
of at |l east 80 npt-% and 11 - Many cases a ['east or
Ve R LT 061 B oy BTRE /0P T e CRre BF S LT FR PRIPARE
WgEsare 1 Mroppredirrieibed neudlutere iddpdy ang éwicebine 11 PF
57347 54 Appropriately, the anmount of C02 scrubbed out
EXAFRSRPAS A dibe ckoh @bs amount of CO2 forned in
reaction zones A and B. In general, CO2-scrubbed

residual gas still conprises from1 to 20% by volune,
lin  STHERHY REBCTY G PIPEOYEh G BF T ot e TR s Ication
t he CerryEhabbedyicesidindhe gasenpe pod tidbo Aprsesseed, nelecdzmy-
al sarbgernsubj ected to a nenbrane separation in a third
separation zone Il in order to renbve at |east a

or td t he l_ecul hydr.ogen ent therein
lﬁefg%%%F%g%pdgrygggewpPg%Fég?%Pe&p?ﬁ%ggreaction 10 zone
A (this neasure will he taken especially when only a
conpaaatdryes|tye Sihphdaimpgice of hydrogen is conbusted in
reaction zone A). Separating nmenbranes suitable in this

Tﬁ%?&%ﬁ&w%ﬁgsmEQﬁg%%%@%?%gw%%PEﬁ&éE$9§£%ﬁﬂhﬂﬁgﬂ&ﬂfD@B%&m
s ol IR E% SR, s i il 2
“rBVal , particular preference is given to the use of a
UBE I ndustries Ltd. polyimde 15 nenbrane of the B-H

T peernih@aty dir og@s cuedr Autratt s patren. fToe iH2rrkodiathbies of the
JRERLANGa &kpprBP G0l 0. 7. 10" [ STPcc/ cnseccm Hg] . For
this purpose, the CO2-scrubbed residual gas | can be
passed t hrough the nenbrane which generally has a

AL SUCR NS RAPET bR ackelgh &Y I@IST Wbt 1B H (Y & Brad1ase respec-
tigeigsi bl e) and which is perneable only to the nol ecul ar
hydr ogen. The nol ecul ar hydrogen renoved in this way

RXoficl BP0 (LA RGh, 408 o, WL G ERER S0l R XRR RASRR
codEmanal Diskees? g e e o) Ve s OCIee SAth o i HBe
thehey NAVEHY $5R! Such had tdyd GrpeEst i @ch Gaphererd thasd aggpase
at dleeapedafdivehetatmesios 6n sisapky miendi sUrarage éxéhanoe pregium
(sdinmspberse)rinandsEt 39 gyht anpeadssine pindensateas, Jagmed sbdum
REPRALAY TNLZONES df 80 EmIrirdi®) L4 Sicldaed Nenakl QiricARebdb:. in
ARG %l%bre E%‘r‘? L %f?!% E%%'nt.gﬁfb%uﬁo%ﬁwg%nl ﬂs%?&%roq}t%r%naﬂzo?ﬂ% don-

I nay e sen to ﬁe af orenen- |_one(§3 I NCl nerat | on.’
95 BEAVEY e RS IREFIREF BT YRS i eoe & TER sappItsP ot the
hghy eXPhendentdpdil Meralt pushpasian clelgen o risds of 8 reedapbenp
as described in EP-A 925 272. The nmenbrane renoval of
Al eaidAn e YA RAB 8 tothBbeTe [RRE Yed B FREF & e heat

el{&ga%rge medium to the desired level Otherwise, there was air cooling.
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30 high pressure (for exanple from5 to 50 bar,
typically from10 to 15 bar). It is therefore
appropriate in accordance with the invention to carry
PrlsAQYt i mediately before the G2 scrubbing or
i mredi ately after the CO2 scrubbing (preferred) of the
residual gas | in order to advantageously twice utilize
the pressure | evel increased?35 once. In addition to
pl ate nmenbranes, wound nenbranes or capillary

1es,. pi pe nmbr anes__(hol |.ow fiher nenbranes). in
R Bl b bt R O R RoaP Ly ERE T e
Their internal diAAEESRS FYUres Pl ahpires r9setof G crraged
hmtc a few nm Foeocuriens Thechaose gaanmatogeustrygd the frHestage
tubes of a tube bumdbreattreacd@m thafs @xampteintahbussten wbe
of such pipe membrANERLS£38 L1 hEH-@ AREPEALL 1 n each
case at both pipe ends tside 40 the pipe nmenbrane,
there is preferably reduced pressure (<'| bar; The
residual gas | USRI E1\PAIBET Hieey 4 €2 (Bee Hag pt ihg bottom
conduct ed t ov) ar avibreetegfpetdige thiepllet e enldslrian duidedrioedt
t hrough the pipe thditc@rtidra emokhgu BT walth vels pasent adbve
the opuosjte en, .. Along the PF 57347 55 flow path
thus defined in the tube interior, nolecular hydrogen
is released outward through the H2-perneabl e nenbrane.
Ot herwi se, the rdsivsANGES 30 &F e PERET 18I0 @Y BEd
(sum of aftertreabedrponbi ®hs arich mbi%iysingle pass at the outlet of
non- aftertreat ed Rorki SateaBtdde recycled as required
into reaction zone A as one of the at |least two feed

stre c ri sing gaseous propane. Preferably in
C@S:aéﬁ?g‘g’ﬁccggp%th the invention, the entirety of

(res iRpudogag warditeshet deedh i°A caccor dance with the in-
vention is fed tdrelecictriyordgasicAilssandrengl axttar ef 4-6anm.
the charge gas mixture of reaction zone A). 10

Preference is givg “émaggﬁ%q@ﬁgﬁ with the invention to
i n I C

an inventive procedyre t he hi ghest workin _
pressure |evel i §%¥é§§ﬁ?rgfjﬁf?ﬁ@”‘ﬁ%%eé)é‘g IR ?Jfa%t’“h% weight
C2 scrubbing ofcf pEeslitguiaps ghgeamixd Heses Ned 2 iR (gxternal
enabl es the procetsnaecokdging ibteridheainawendndrDt ay vwegght of
carried out W th use,Rkh0abQNe§eBRLASS0r (preferably
of a nultistage radial com 15 pressor) which is to be

posi tioned between formation of residual gas | and CO2
scrub- bing of reSFdvat 'l§aeN*PCE8peci al Iy bet ween
reaction zone A arrdklyggbeicent aonearBy nrnarSenmiss nas = external
shown, not necessg@médtyr arygneatietai tiamederf Wduppsrted catalyst

COMpr essor i N. tNechl BFESS i€ AlADRIA kL B) LB IMGBALARy
oot ! AR Lt D 5 bl

according to the invention. 20 A further advantage of

t he process accorsichgn Poletigie 1i0rmvention is that it

enabl es the re- aldwaat-ean veti onbBhitimmgs oicgdoatdign
streams in addi ti;gfm & nPPLASHHR LBRaPASRERE kidiyid Daternal
the reaction gasd%waggilrtl ng mxture fed to reaction
zone A naturally conpri'ses noi ecul ar hydrogen which
protects the hydrocarbon present in this starting

m xtUPEFHBA LRI 18 WS INGSIP QP IS CABE ] @rreoRy gepecondary
pregesit sinultaneously in this m xture. Based on fresh
FBF ®e purpcse of intermeaiate cooling (indirectly by means of air}. the product gas
mixture leaving the first fixed bed reactor was conducted through a connecting wube

(length 40 cm, internal diarmeter 26 mm, external diaineter 30 mim, wal! tnickness 2 cm,
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pane converted, this results in conparatively high

target product selectivities. Finally, it should be
BphaS zed once again that a basic principle of the
process acco,ding to the invention is that non-inert
secondary conponents which are forned Iin the course of
the process according to th#invention or are
didtieedste@dwb M Parbind@y € cthhgidsuRubd Blatdial) Wiadd Wad Rodfled cen-

“a’ﬁil&é’%@é@i@%@?iﬁﬁn 2y BERRAL G KRN e BB

18, pageees Aecpld e Me b eI e o ThELeolY s npgono

Frestiv goe the oeloslege cARlystgfPepr opane, from > 0 to 5,

usually to < 2 or < 1%by vol. of CO froml to 20%

e NOdiuc@bfé‘hwixttﬁré @MWal s teptedf b Y oN@lcin®tune@ a teﬁb&mué%/b% T
V, ; ¢ t A& O 0 DYy

BT L s TR AR AT T PRI Y 45 S50 by

vol . of propylene. PF 57347 56 Finally, it should also

MéheapheldNg eeNERENY HbE yRRPFURIOXBEET HHIDPISF Y apve! @l thaged-

et dedmixivie mas onders edo plrasesdgealict gdomhhxtura Bepasatnwoges

ZiQMee lchan@ JaB n$ DR Bt ireReédieoxtdation Ws8k UhastsiRiucted directly into

tRQ lsé@g%[:ﬂs_ : c%%l;l/sl?m%g) Wh&h%ﬁee?ﬁﬁeplrehn&k@ ﬁ%nﬁéétihb@&ﬂhas

rocess inhibjtors. Par- ticula L% sultable 1n

REUSF AR S P P HE S O & BOPBPT GgRpIasiered in was

PR AR Hicdz'aeradnd’ ©- peecmat Mplrewt eroasfmikide Soifreleineresent

iPtlesendiéngdasmoixecaivas 1Gdxygen i ncreases the effec-

tiveness of the polynerization inhibitors. Acrolein

obta&QQQN?%ahgga%%8Q§%§“ ggéging to the invention can

be conver he acrol ei n"reacti on products

mentioned in the docunents US-A 6166 263 and US-A 618
AroBalyekabiplixes tefl raedie e sed adidhora vl derntigeitcgsigneéo that for the
fist3xpropaseds st mat dridotiarge, gl nuik arakdehyteuand in cocurrent
el LAkt DR redlloEXAERAIE SRBEIEIMATAL ML BXABR 68 gds mixture
FOg: LRI EPRRALTAD O & el AT ogeneosl K68l al Ugeds 1o rosui
) mn-s;ﬁge ﬁgr I'a OX|d§t!on of_ﬁrog%ﬁener$o %cr% I C )
REP GCTFT VAR & 2aha Uit i Y ke pinasetaca FhH et B secon
dridatian si@pagen oifhe Galharcdlvasayeisrerie af C seeipT'of t he
reacti on apparatus Reactor for the first oxidation

THeAGR: A0 1UHR& HERRGTOM tROBSEHS 66luat) @ad.acket ed cyl i nder
of stainless steel (cylindricai guide tube surrounded

by a cylindrical outer vessel). The wall thicknesses

W Al wayseTHHAY 8t o 5 nm 25 The internal dianeter

of the out€pstean priedl sigRditedngnmf gFreeinnt exmald rdinaneer (ex-
of the guieten tidbetavaSe@pPk MxXernBQidMeter).

Section B: Length 100 ¢cm
Catalyst charge of a hamogeneous mixture of 30% by weighl of stealite
rings of geometry 7 mm x 3 mm x <1 mm (external diameler x length x
intarnal diameter) and 70% by weight of coated catalyst trom section C
Section C: Length 200 ¢m
Catalyst charge of annular (7 mm » 3 mm x 4 mm = external diameler x
length x internal diameter) coated caltalyst according (o preparation ex-
ample 5 of DE-A 10048928 (stochiometry: Mo 2VsW, .Cuy 14O,).

Section D Length 30 cm
Downstream bed of stealile spheres of diameter 4-5 mm.
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At the top and bottom the jacketed cylinder was
concluded by a lid and base respec- tively. 30 The
Hjot-gaet tube (total length 400 cm internal dianmeter 26
mm external dianeter 30 nm wall thickness 2 nmm
stainless steel) was acconmpdated ;n the gui de tube of
the cylindrical vessel such that |t just protruded in
each case through the Iid and base at the upper and

g)om@fesgﬁsdaém@eﬁ éﬂ(lﬂdﬁn%‘?ﬁie%rrgﬁgmgﬁ 2)[ thg ?%%% mixture of

eXC gr o>u i\ e e\ G wd et e se-
Sto%P HQSS tpr'%ﬁ &, %Ww ?/\?e []mH“
ni t r%ﬁt'é't%?lfcﬁoﬁd/@ Wld\,(grng?ﬁpn éq%sgg@ldwrnq)qtp éqaéjm%@ges and based
encloosedvérted frepdsrid) mahs iatredys\weBlsebl’)l n - order to ensure
very uni formthermal boundary conditions at the outer
el |Th%fcpo%S|99rmoHTﬂ§%ﬁ rtgl%‘lgg ﬁuretf&QhQ'ﬂFs't Bﬁdétﬁ)‘ﬂ%&beqxlas sub
contact, hy e wthin t € cy rical vessel (400
heat® €X¢ ange nedi um was punped in circulation by neans
of a propeller punp 40 An electrical heater attached to
the outer jacket%rieguliaifed t heotenperature of the heat
exchange medi umtea g he desiredd.evel O herw se, there
was air coolings,PR, 57347 57 actor charge: Viewed
over the first- égagf rgﬁctor ?ﬁ@ It nelt and the
charge gas m xt e firs t&ée reactor were
conducted in coBtrtert ofhe chakge gas mi xture entered
the first-stage 5 reactor at the bottomIt was
condueiestait Bt Bel-BactibRABHEAMsHBGd Wethy dith epReKALAY iBledfem-
165G tn,each case. The salt nelt entered the
cyl indri cal gU|de tube at the bottom with a
tenperature_Ti and |eft the cyllndrlcal gui de tube at
10 the |op W tfHstPdeiperadeir e TodtCwhi ch was up to 2C
above T, To(ameg ddjdsicedtege) #5¢t© al ways give rise to
a propylene conversion of 97.8 0.1 nol%in single
paSSAf@F ah laSer%Hﬁg%ﬁrihe Qf 3 goﬁthtshﬁ)e uﬁIEIStheér'a%Eé RR St age.
Cat al yst tube charge: F om t he bottom upward) Section
A: length 90 cmPrelimnary bed of steatite spheres of
di amet er of '4{fsiRydationsiag@k i o’ 1 ength 100 cm
Cat al yst char geecofd axibaivmpgéarnes B85 xt ur e of 30% by
wei ght of steatite rings of geonmetry 5 mifmx 3 mm x 2

bffm (T%)été% Emoﬁibiatﬂ@tcﬁgrgé g€ RGDXof tﬁé%F@@kldgﬂl&r@éﬁ\lfas sub-

and ? melgh unsupported catal yst from
sectiHH®
7% by vol of propeylene,
12% by vol. of O,
5% by vol. of H.C and
78% by vol. of (NES

At the start of the reaction apparatus charged freshly with catalyst, the inlet tem-
peratures were;

T (first oxidation stage;: 320°C
T (second oxidation stage): 268°C

Alter an operating time of 3 rnonths, the inlet temperatures were:
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Section C: length 200 cn Catal yst charge of annular (5
mMmmXx 3 mmx 2 mm = external dianmeter x length x
Ardanal di aneter) unsupported catal yst 30 according
to exanple 1 of DE-A 100 46 957 (stoichionmetry:

[ B12WOgx2WO, ], [M"Co; sFe2s.,Si- 59K ~,-0'1 ).
Section D: length 10 cm Down® r eam bed of steatite
rings of geometrstyoxdatidn sapk): 3 ENC 4 nun (external

di ameter x repgibn&otidiRhRflge) dramet er) I nternediate
cooling and internedi ate oxygen feeding (pure O as
Sec dar as) 40 For the purpose of internediate

cool N%es%if?{ "PRATPPOBYC REAASTIHORANE)(@ SIFREY BPBGHRY Sgifs's g8
m xtsgileed eavi ng the first fixed bed reactor was
conducted through a connecting tube (length 40 cm

ARSI RIS of 20sHEMIuRXELiRak SRR s 3PayBhctWehhd con-

figmeal%g%%gti%Ilgrufhi@:haSs?tﬁ[Aé?a fééd c%@%%e%%sar%h?%rn SVL\Bgensgion in flow
roun %/ ©mof insulating materi al ch wvias

BT e TRHICH AP RIS VA PG EINEO A BW9CHP hidrigEas Weeh ™
nagshi idptratasd inthestesias imeativonadgs flof dijedivel ngrt7natenast (g drivaht:
26 Mmnstaat(exprer eabt didraset es (X 2lsengt bnxainntierensliresh dehydroge-
n}?!i&l'@étﬁ?at a‘%ﬁ%é’éﬁfé Jpjh@{&qgiam@h—{lr_ﬁ@ bYe. ORD it B®ed volume ratic of

rst- I tube. 5 Th 0 moxt ur €

L ALITRITETH S, Yehuk UBReo= W B GHEe A%, ML EHLSg o
s poit fogisp de gpagayCdnd’ FREYST RULWNEI'SE)t enper at ur e

above 2C0° C and bel ow 270C. At the end of the
Lpemast of agehtikbe bet @gidsat aGxyigens atixdrhengaessitigentnelata-
el g,tegdft:w %%}r g»]r@cﬂlrgs 3R p%éﬁélgﬁag @ngﬁ] é‘!?ﬁw‘éﬁt@%é Rta_‘hdtl_%ﬁn oxidic
s %eﬁé%s&n%ex%"ﬁc}@“’?%ﬁ“*ﬁ%8Uf§re%%n@“j~ai‘-‘rta Sefans :*aé%?z S
OCIGR Gt rEN I EE FIPH Hed sSiAEISERG AU N A GRS AN Y8t 1€ (e with
maxirnkin ehapiiex. dooverentr, diretigodnedtin iy ¢lebent@agoichiometry
(bkewtis e cfldangadoby) 4iF% ehhek: @ad K, Tireo aneuend. ) of (catalyst pre-
CORLEEMb AL HOX YL ATBEST 8dnd RetBSat-RMCRs t-haknthes Bl ar
d@kl1%2qg ¢, present in the resulti'ng gas m xture to

acrol’ein present 15 in the resulting gas m xture was

1.3. Reactor for the second oxidation stage A catal yst
Thalheter pocadobrdeatelsescopariva orarsed dahichosvagonfs dagent dut al
stteghgmttintthatraf @actoh@escZBed. iMhgtioiigat ihanotat Ageunt Satdtalyst
(EF a8 COAT Qe 88 M S i1y WG, PFORAUG eshd NsFoEMLT ent

vi ewed over the reactor. Thé salt nmelt entered at the

bottom the charge gas m xture |likew se. The inlet
SEdfp e dPUr 8h Phregetiarheassaplenting I ixiwies Tad{ 3 el soY48an are fed
talhedys cemlysesed ih flolvdimnticcsral feiva ticotwlerisp onmebsi®g 3

0.1 nmol % in single pass at the outlet of the second

oxi dat i 9, . 1 el I to
o éboi/gﬁ)Té/toggﬁ(STl Oh PLydNgSallh MEkIOWRS, &lpays up

acrolen 0.C1% by vol.,
acrylic acid 0.C1% by vol.,
propang 63 49% by vol.,
propylene 0.66% by vol.,
H. 14 50% by vol.,
Os 4,72% by vol.,
H,O 2.056% by vol.,
CcC 1.17% by vol.,
CO:x 11.17% by vol.

- 3091 m*(STP)/h of steam; and
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The catal yst tube charge (fromthe bottom upward) was:

Section A: Length 70 cm Upstream bed of steatite rings

i sggenmetry 7 mmx 3 nimx 4 nmm (ex- 30 ternal dianeter

X length x internal dianeter). Section B: Length 100 cm

Cat al yst charge of a hormgeneous m xture of 30% by

wei ght of steatite rings of beomstry 7 mMmmx 3 mMmx 4

mm (-ext egFial mdisamener cudk ergiahs XnicBaohiit eeNalopdh@neireddent

and 70% by. ywi gbt,efncoat ed catal yst fromsection C

Section C Leng h 200 cm Cat aI yst charge of annul ar (7

mm x 3 mm x 4 mm = external di ter Xx

REACEPhas 6i5%%FYt%%&®éte€éf%“ 9%tc ‘chl@ér%l Piﬁg“dt%d neal ex-

Jheegparih Puduebcasanidl ©5%1°6f PBE2. A8 28048828 uds pochnoivetvaperated

H\fb'ﬂxaéf%\/éff the 42048 :9ndeAbatEeBLkIMRA iDsedien@inhzodd | cavid Wa1er
PawnsEr @@d%@ﬁ‘?}a%xéia%?é R E&Tb%g@ﬁe %oxga ﬁﬁ%k%froé&@ c

usg ?u e{ 0661&8 Eit%r oonH%}s eﬁfir)z?%r} éorbef]n(&{rﬁ al}nPIfe :rlJ a dlrect

C&ﬂ”&l?ai'ﬁ %ﬁogi‘rﬁbghﬁtsf?@”p'ﬁ@ﬁé%@'q YadPrgeRaye 961516 A5 par

(STP)/1h, the se- lectivity of acrylic acid formation

Trres@ssarh oveE fRdthtaleasdd feestiagegh BnekRaseges A s@ing mix-

1GRNY &L 5@%@29@%%@ WA ahWwRys 2 B4 NEA e@erh?e)r'n-ﬂneof 549°C

OB P S 2t T et T 10 706 by vol - of

propyl ene, 12% by vol of 02, 20%% by vol of H2, 5% by
vol of H20 and @%by vol. of R20%By Ail..the start of
the reacti on appas@tdse charged EreshbyvoM th catal yst,
the inlet tem peratures were: Ty 6Ei4Siy0xidation
stage: 320C 20 T’(‘) (second oxi dq% 98[} st acge) 268 C After
an operating ti i %f 3 mont hs, tEnper at ur es
were: T10 (fir$t“oxidation st a@e)”’ @B%C""Q@ T (second
oxi dati on stage)@: 285C b) The c@nptsivti on of the charge
gas mxture for the first oxidation stage was sub-

ﬁ%@ﬂéiirﬁbh%émperature in the first catalyst bew 1s 592°C.

The leaving amount is 63 392 m? (STP¥h. Beyond the first catalyst bed, 886 m3
(STP)/h of molecular oxygen (purity > 99% by volume) are metered into reaction gas A,
The oxygen has been preheated to 176°C !t is consiricted to a pressure of 3.20 bar, so
that the resulting pressure of the resulting reaction gas A is still 2.91 bar.

The bed height of the second catalyst bed is such lhat reaction gas A leaves the sec-
ond catalyst bed with a temperature of 566°C and a oressure of 2.90 bar with the fol-
lowing contents;

propane 51.91% by vol.,
oropylene 9.55% by vol,

H- 10 88%% by vol..
H.O 15 38% by veol.,
CQ, 9.57% by vol. and
B 0%. by vol.

The maximum temperature in the second catalyst »ed 1s 595°C.
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30 7% by vol of propylene, 120//0 by vol. of 02, 5% by
vol. of H2C and 76% by vol. of N2. 35 At the start of
Hhgy44@acti on apparatus charged freshly with catal yst,
the inlet tern- peratures were: Tn (first oxidation
stage): 320-C T" (second oxidation stage):268 C 40
After an operating tine of 3%fmonths, the inlet
ﬂr@Wr@tMﬁ@ﬁthﬁ&,@%ﬁﬁd BA4ih. 60strelin( éﬂtﬁ@%taﬂ%hﬁﬂ& ld@Rosed up-

&E%%the&%‘r‘& chtanydt ped, é?&el‘ﬁ@'{@rﬂj?ﬂ datd |Q&J1£to§9§e)n § 59 d9% vy

TR 525 PIERALL AT S LG o8F h Dol L AT RLAPANS (8 cocc
tign @8?@: gtﬂ%“@f" g9 §f?§ﬁ“c'refouFW&(@@JIVré}a@f’ﬁPr‘d@’élﬁg'ﬁéﬂ” 480 par.

tray reactor and con- figured adiabatically, which has
Thierbee heigked teatrakiystalRedsd Rrsuam gedrdabliGUgRes $a08s iha third

?@w{ & 5@{%69& gad PEWiRRA [dnfithaliof dr %8¢k (Péf‘icﬁn'h%%‘res%% &S a
o ARORT 0o 2oL, o8 ot cel wire 10 mesh
range th Pres’ nentlonedlnflowdlrectlon)
|nert mat eri al (bed height: 26 mm steatite spheres of
diameter 1.5 topRpsnem) and a nitkf@reyofo!l fresh

dehydroge- nati propgrhal yst and st eskityecspheres
(diameter 1.5 t@,2.5 mm) in a bedayolune ratio of
dehydr ogenati on talyst: steati her s =123
alternatively, ’_{ggl s al so p035| fgtsépb is point to
use the same amd¥it. of catal ys? RE)LPthu‘delqr@t ed). 15
Upst ream of eack:fixed bed is dP¥posell a static gas

m xer. The dehydrogenation cata- lyst is a Pt/Sn alloy

Mai Ghihas 1Bes RIS Vﬁgwlr\‘}dctat}al}shgeaﬁls%q@%s Cs, Kand La

in oxidic form and I ch has been applied to the outer
and inner surface of Zra2 SIO2 m xed oxide extrudants
TORESRY NSt BRI Ah (SR r MBS R SHeD M HHYE2F RS A
staotriPmipidre cogtk PHPdR0l gad imumeae@pperok298Cm) ;. 6 nm
dianeter: 2 mm) in the elenmental stoichionmetry (nass

1520k G @Q‘PHWO?&O@&QI@F’BIQ@W Rhyp> 3SNCS Lx,%u%raré@%(éé&ho this

prgc{ucg)é& gﬁT —%?% cog%/t I(\Z}SQE ? greﬁglflegfg ﬁ%%)g Huf resinn? pres-
SPES 20011D rqsy“@mm%amﬁ%ofﬁa? é%@%ﬁ@%wtveé@f%@%}%@ab'e (reaction
gaa bt statting mopenee fod E1eyfd s logeird b oFt onss tageer of indd oorg el prrtial oxida-

i8hbaingropadiesorednt Rexrbd@y gh€BCd akrylesed hileexks-Fhad 1.75 bar.
| oadi ng on the total anount of cat al yst (caI cul at ed

ert mat eria of aI ane
107 ) 0iE g AP RoREe Ty Y o IAetT O aes A
agtigyy tupﬁijarm oep (igused Fs E"‘%86’2/31351&@29’9@”5'&?'?mﬁ‘ﬁé3@ Egn. vagl thick-
rtees £ en finlestal catretey 6 nedength f 35w ndifrecttho repatdy have the re-

dchén f.8kd ol g BRMRASIdsoN

Section 1: Length 50 cm
Steatite rings of geometry 7 mm x 7 mm x 4 mm (extarnal layout x
length x internal diameter) as an upstrearn bed,

Section 2Z; Lengih 140 cm
Catalyst charge of a homogeneous mixture of 20% by weight (alterna-
tively 30% by weight) of sleatite rings of geometry
5mm x 3 mm x 2 mm (exlernal diarmeter x length x internal diameter)
and 80% by weight (alternatively 70% by weight) of unsupported cata-
fyst from section 3.
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- 50 870 mB (STP)/h of cycle gas | wth the follow ng

contents acrolein 0 ,Cl% by vol., acrylic acid 0.01 %
Fb;ygmly., 35 propane 63 49% by vol ., propylene 0.86%
by vol . H2 14 50% by vol., Q2 4,72% by vol. H20
2. 05% by vol., 40 CO1.1 7% by vol . Co7 11.17% by
vol. - 3091 nB (STP)/h of steam and PF 57347 61 -

8512 m - (STP)/h of crude propane which conprises

Rppane tq@]@t@@m of > 98% by vol une. Reaction gas
A starting,r s -heat ed f 0" C 438"

i ndi r ect nea%a?)(/s&chgrgg, ofl;ixanula/I (tSHnm X 38\178} gém rmé/éjﬁneter X
C, P = 2.88"garyntempedigngge Lb‘%‘ﬁfé%ﬁ’é icat éﬁ%ﬁoé‘%”é@m Bpmple 1
means of tdH&@EGUEOUYS BBndensat e obtai ned in separation
zone | (acisthivmdreet BizvIBQWd.RAMECH: freat, sexshamgRr). -
The condensate cooled in this process can be used

T UE]E grer eigﬂbﬁ?r%twelya & eps%gt{loss@%q]t | OQD usg o}eepo [')t%t I qys% EEJC 1
steamis afdiiabf QO@WR%G?@H&?%Q%%N%F‘9]?@2@”%@@@‘ Bar200°

10 The bedtheeirgin tiof spehidc Burfate acetsalepstedibd o howedorking ex-
t hrough byarhgagtirom gastthnstantinbgealy Xorréddl'i€ nbScrsUg But m?/g).
that reaction gas A |leaves this catalyse bed with a

e ture of 9" ressur e, of
T PR R b AT ot ?fga*ea{wgf’@@?doww?“a“ vt A
%F@SQI'%%”?IQW%%SF (orz [ lon gag|, B ® sggmpbyfa\,cm arg thq\_qn‘(gstated itf
alsag8w Bypuvekd n cc@(ﬁér@ﬂ@?ﬁ%ahyamm gas &nd 20 02 0 '-- by
vol  The maxi mum t enper at ure in the first catal yst bee

ﬁh% ég %xTJEﬁlo,wg?a\ﬁanhk]% m Iﬁtu@g ré’%rqﬁwgﬂgﬂﬁg ({]}nperature
Ratod e skl bibkes B8 /g LB el dBr LR B B or e

into reaction gas A. The oxygen has been preheated to
SEc6@ 1t | sLecgtisiGeoted to a pressure of 3.20 bar, so

that the restitiings B RoHIH©S TwalmtthmﬁeﬁU'rﬂimm&térﬂémmrﬁéterx
gas Ais SIHég!;tlw x%ntgrg:nhp@%met-gneasbc?g'ehghg?bc%f the second

cat al yst 'S Su reaction gas A | eaves the
sec- 30 and catalyst bed wwth a tenperature of 566C and
Sechredsur BP0 bar with the fol -

Catalyst charge of a homogeneous muxture of 25% by weight (alterna-
tively 30% by weight) of steatite rings of geometry

7 mm x 3 mm x 4 mm (external diameter x length x internal diameter)
and 75% by weight (alternatively 70% by weight) of coated catalyst
from section 4,

Section 3: Length 50 cm
Catalyst charge of a homogeneous mixture of 15% by weight (alterna-
tively 20% by weight) of steatite rings of geometry
7 mm x 3 mm x 4 mm (external diameter x length x internal diametar)
and 85% by weight (allernatively 80% by weight) of caaled catalyst
from section 4,

Section 4: Length 190 cm
Catalyst charge of annular (7 mm x 3 mm x 4 mm = external diameter x
length x internal diameter) coated catalyst according ¢ preparation ex-
ample 5 of DE-A 100 48 228
{Stoichiometry: MoV W1 2Cuz.0..



[8]]

10

15

20

25

30

35

40

| ow ng contents: propane 51.91 % by vol., propylene

9. 55% by vol. 35 Hz 10 88" ;, by vol.. HHO 15 38/ hy
PfObz347 CO2 0. 57% by vol. and GO : 0 by vol. 40 The

mexi mum tenperature in the second catalyst :red is
595"C. PF 57347 62 The |l eaving amount is 66 058 nB
(STP)/ h. Upstream of the sta®c m xer di sposed up-
streamof the third catal yst bed, 918 nB (STP)/h of

Frmﬂnf%ﬁéi grdo%msea* w(eome 1% &n g%%% %108&9??9@&%6@1%@.&&1()
e

consdrl ‘? %eﬁ Oy b
HAIPS Y e Ee" r%rﬁerﬁé% ﬁ\re 8" PRS UINEiSHG”" &' Spptated by
PRI A Prglt Palid? PEMPERS RUNSIIIEN 10 2)0FapHIN. 5 The bed
hei ght of the third catalyst bed is such that reaction

EpASedh heavesxitibfort dihded is gdpaey st bedudse ﬁé&@&@ﬁar@@ﬁcw‘bled by

r ol
Jnlg Cf’il %?Bﬁﬂﬁ \gwngvﬁl\?ﬁE‘he ;%%cri]&t ﬁ%‘sdoft n§f|8¥ Sﬁtgérjitreo%fgggf cé‘n X
o Uil E L Lo fonLel by hane, ST T o
they s @fyﬂ%waroxw QuDty ~8%y by spluimahd 15 02 0% by
vol. The maxi numtenperature in the third catal yst hed

Wh% é{%@neTB&i|rh§@le%g:aWBﬁarb§ obfe ﬁgo%at(oa-rs@d@ls selected to
bt, 5I::f§$P atThgxglt %ng é@}ﬁy {«8 ﬁ!r{f%@aﬁ bé/ oﬁ@@%&%&lﬂ@)

era
71’3%@8'% ( l’?ab‘f P‘E’é"UngP'ebW@’éfﬁfWﬁaru ty > 99% by
volune) are nmetered to this product gas A (T = 176C,
constrictedThe @apressure of 3.7126- jm@ry. The resulting
pres- sure and dsResresulting tenpesardre of the charge
gas mi xture thus obtainable (reactl on 25 gas B st artl ng
m xture) for the first partial oxidation stage o
JUt 5@%@%% Prﬁéﬂe“dﬂ% SEP&AN S MElREEDICIPY P@ﬁiéctpqaésf%'h%’ reof
than fifst oddrtion géameBhatdhaowld iCe : agpidinapio P3Be Gsahids Eh@ge gas
wiglure fol e ddcbsd onXdtdatstaR iSt agerh-sadoloulibadinben meaat=orst
c'HQMJeQQ tﬂ cbﬁﬂg%ﬁtﬁows‘%a 00&gy IT@?J N8 Tﬁ@bré%@urfpuak?% Al o

ext

Con Rlﬁg lox dﬁf%rkstg%e ﬁ‘ tia ';_\r;[lr])e reﬁaft.émngfls vgﬁehe Jn{%@edsa% cooler
r@rfg&eﬁweafsw ecf)rfn%@:rcoﬂf?q the ity deraetiaivag o “1? ﬁBarﬁgJaamf gy into
theibendogide har glege as25BOT | TowsroBet paomixlure keigtinst5Qidehen

slﬁg%a{d'sttﬁ?@ fdIiBgsyRbn@eg@metry 7 mmx 7 mmx 4 mm (external
ayout x

acrolein 9.02% by vol ,
acrylic acid 0.61% by vol ,
propane 39 5% by vol,
propylene 0.£3% by vol.,
. 9 . 9% by vol,,
OF 3.90% by vol.,
H:O 25 75% by vol. and
COs B.77% by vol,

Before entry into the aftercooler, the temperature of the product gas of the first oxida-
tion stage is 335°C.

The product gas mixture cf the second oxidation siage (product gas B) has a tempera-
ture of 270°C and a pressure of 1.55 bar, and also the following contents:

acrolein 0.045% by vol.,
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35 length x internal dianmeter) as an upstream bed,
Section 2: Length 140 cin Catal yst charge of a
geneous m xture of 20% by weight (alterna- tively
0% by weight) of steatite rings of geonetry 40 5 nm x
3 mMm x 2 nm (external dianeter x length x internal
di aneter) and 80% by wei ght®3 alternatively 70% by
wei ght) of unsupgoiid &64 cat a- Iy@ﬁg%r!gmosectlon 3. PF
57347 63 Secti ngt% aCh]ength 160, v%I yst charge of
annular (5 mm x = ex d aneter x
|l ength x intern&l OpaFearreter) unsﬂ% % “tat al yst
accordi ng to exampréna 5 of DEUASHCU VAPG 957
(St oi chi onet ry: HpBi 2W20ex2W3] o$ [R RCo+, cFe2 ; nfSi
e,Kc DBO ]i). Aternatively, itchs @lwn possible here
to use one of theycatalysts EUGA, o4, EYC 11 from
Research Di scl ogt&re No 497012%.@9 ust]29 2005 10
(the unit of th speC|f|c surf ate ardad P8forted there
in the working & anples, which %% Gherw se
nunmerically correct, is not cWg but n2/g). Fromthe
AseRescmanwand 2©d5mojdsﬁstthé553d©m F-8 shekiastiptethddded in a ray

cBBANSs prargno%aio'he ath A punped in countercurrent to
react| on gas B. The second 175 cmare thernostated w th

15 a salt bath ed in countercurrent to reaction
A§dRe ISt frRe | é%lé%(ﬁd’f B'EF@QWFMPC&%B&@@C PEids (/e @dgucts). etc.) are
ferbitotting wedelure éaoteoatidnavi ng two tenperature zones. The
reacti on tubes are charged fromthe top downward as

Ff@rh ltr%\@ecog&)ccﬁ%%ﬂ 7;Pt|?ay1aboig qgé geggf S@j i alg IBtlﬁtOthé] gﬁy 9(.f>|umn

2?32%?&’*&@* AEEP R GTARAEry 258 56 BHBTP D AT S lemperaiure
oBeT T B L9V RYtte DO Ok YS d@é’t &F y8$CrERe & HROQ/035514, this is

sherangien eowssallivied taft e eadrfitic2 59 @ ynalle ghint ¢latdter, ra-suspeedign crys-
139 Yl R dm 0fc Sbeet iiduer In et 0f waeoBBLMYs dndMAcXmStner
lnﬁﬂlcmlg(re%y &'\%(ttng ?ﬁ%en@b% c%rn gg@&trgﬂ&( n:\f\]/beid@fl()%om The
i Sia ¥ éﬁs rnatlvw%f \eay | s
%&%‘i 1S E L ERP AT I EES SFT O CRet I b %o & Et
sgitaieyi¢rigelyém F@@%Wsﬂa‘%’ haﬁuﬁér%ﬁofﬁ'”ﬁoﬁ@@f@ﬁ@dars“% n the fy-
gmnxtsacter.of 15% by weight (alterna- tively 20% by
vvei ght) of steatite rings of geonmetry 7 mmx 3 mmx 4

;f%h vgét% Engérténgn%g «mg@t}ﬁ%ﬂﬁ o ATBLSE) o3
5{5’%8 watiugtoed B it

e condensatlon co\umn but not re% cled m o the con-
deﬂsat[on column is 18 145 kg/h, has a temperature of 33°C and has the following con-
tents:

0.11% by weight of  acrolein,
1.30% by weighl of  acrylic acid,
0.95% by weight of  aceuc acid and
95 6% by weight of  water

At the top of the condensation column, 3 379 m3{STP)/h of residual gas | leave sepa-
raticn zone | with a temperature of 33°C and a pressure of 1.20 bar and the fellowing
centents:

acrolein .03% Ly vol.,
acrylic acid 0 0Z2% by vol.,
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fromsection 4, Section 4: Length 190 cm Cat al yst

charge of annular (7 mMmm x 3 mm x 4 nmm = ext ernal

AH gymber x 40 length x internal dianeter) coated

catal yst according [c preparation ex- anple 5 of DE-A

100 46 928 (Stoichiornetry: Mi2V2W 2Cu2.,Ox, PF 57347
64 Fromthe top downward, t%e first 175 cmare

t herrnostated byrdgeass of a salsh Jathy &I, punped in
countercurrent o, RGereacti onog@s/o ) second 175 cm
are thernostateg by neans of g, ﬁ t bath D punped in
countercurrent t6 the reaction et ween the two

oxi dation st age? i s disposed a tgclfkfe bﬂ‘ﬁdl e heat

exchanger cool elit:@y neans of &dlute bavd, with which the
product gas of tdwe first oxi dati9 B agea@an be

cool ed. Upstreamef the entry ispt@sthe,gecond oxidation
stage is disposed a valve for the supply of nolecul ar
oxygen (purity > 99% by volune). 10 The propyl ene

O b RyvOrME Reresi-al 9ast! aé%%’?‘ﬁ@r%?’ W‘H’éthf?|CP§P°6‘$&‘Prd%ftrP8H“a' gas
Is2sie thist foell.ected to be 145 | (STP)!I-h. The salt

nelts (53% by wei ght of KNOT, 40% by wei ght of NaNO2,
TA%rBYa WRl Gt o P ON@MQI Jaay ortIP\%wEQJ L|ﬁ’¥| mGubnl el referred | to be-
lc%'gggerrgé%i é@;as Is‘!s coirﬁéa s%?f?’rgw 2 g? 19880—%3 %P%Cf" 7 cbmp:essor
Sages 8dny! %St’t?@’f"e’aﬁi"’b‘é‘%f&ffre@%?é Fﬁ?%” sgalgre ofypddyq pag ! rises to
WBX¢ desicon! saaige tUehatividdrenigoivaha@@s odidedlcel sprmatsitioni @ne half
dirbetlyrfesid 4 bagot bamgeygagag Oredjedding dkatydnn@nsec 0Rd other half
o@?‘és%! ] eﬂdfﬁo'in 3 b ba@gigb@b& h QadicBey %W;Br'egsor
Ea%%ea !}(i%h t% é}cr)q?’téssur sndw%ﬁé\eatoélgﬁ (_ie(rmlt %:(1:% d to 781“% wnilhout
a&%l‘:a%ﬂ‘%”éﬁ‘eﬁ’%'ég Cé)of“B'i Ghespscruphed Fesittt o 'g%{éf 'P%%{V}'é‘ée 42°C
andef preseyraddisata voul fes beah dhrlatet efpwtatiar eydh o260 gt of
sthe=dushietetprgperaht aod stidteqodral gecgaseBied e dxbidsion tur-
b‘irl"é? 6559[%@5#5 &Xr‘n&#@%! Qﬂoo%ﬁ @@%éu&ueﬁgi Gs cEBl%d %WHPE: t983°C with-

o%??ndﬁn%eﬁe forwfagor% n ag%rpwg( c?q%prgsw@?agg;g\?s'd%al gasef |s ?ompressed
froe) 80 b@rltfﬂ@ %K}ar\,@ the co%is%ﬁf%cig@lsg%ate&yf %|54 f‘ @075”(3
propyl ene 0. . 3% by vol . H* 9 = 9% by vol. 02 3.90%
Toy re@dival gh‘QQhZ5 caﬁ%ebyed/i@honm{bd |53@,th§£o?v5%59%0\ﬁ@f a column
with random packing (separation zone |}, At the top of this scrubbing column,

18 000 kg/h of an aquesus K.CO- sclution which has a femperature of 82°C and com-
prises phenothiazine as a polymerization inhibitor are introducec. Al he {op of the
scrubbing column, COs»-scrubbed residual gas | escapes, which has the following con-
tents at a pressure of 12.C0 bar and a temperature of 85°C:

propane 85.94% by vol.,
propylene 0.89% hy vol.,

H. 15.13% by vol.,
O 4,.91% by vol,
H0 2.7 6% by vol.

CO 1.22% by vol. and
CO, 7.75% by vol..
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35 Before entry into the aftercooler, the tenperature

of the product gas Df the first oxida- tion stage is
PEXFG47 The product gas m xture of the second oxidation
stage (product gas ) has a tenpera- 40 ture of 270C and

a pressure of 1.55 bar, and al so the foll ow ng

contents: acrolein 0.049% by 'vol., PF 57347 65 acrylic
Tae it ey dyeswlal gas HEe e nadBbaP0n269Msicteg] o a bundie of cast
ppeop@neradss &3%rhy pvdsure 0. PEAPYLIGIRBIOS3HaNe o Ohe B-HbtybR from

L%EE’I%JQJQMesVQB ’and% vgs 9% hy O\ﬁcb'ar’ " EQQ %ﬁth]tge/‘?cm%w\ngleontents
. 72% by vo descri bed

vo
| n V\D 2004/ 0355E4)paf‘(ﬁe pr oduct %% yl‘@ fractl onal |y
condensed in a Pfwylengol um (sepdPativoivl.zone 1). As the
first fuel, 118Hkg/ h of high boi$.eks Hypel yacrylic acids
(M chael adduct@) etc.) are 1bgbed,tthe residue
i nci neration. FhO(B’] t he second C?| b(ecbtl ng tray above the
feed of product gas B into the ay dol? um, 23 577
kg/h of a condef&td crude acryl i€2&dYd'%hrA8% i t hdr awn
whi ch has a tenpérature of 15C &R® 196:999% by wei ght of
acrylic acid. As described in W 2004/035514, this is

129 nﬁmee%esexean%mt@té 284, AGLEr ( z@‘i@ﬁ‘hﬁ QBTPfmAs #ldecom-
p?ewggd Fr?m “12\1@3t bar’t%g ﬁga%ﬁglpc?f?olecpfro n)é hC d) AZSP [n |nd|r%ct heat ex-
CE%”W'@D r&ﬁﬁu%@smhﬁ@rwnqsdr@m bqps’fart‘éﬁ;iet‘%tja'”l%rt?? ftqs8 com-
pearaee msafiisbsiaps thaBOascrdeser frskid: dav/aN RE0YW 20385 1dhedhe
fiotr 42°¢ t0B7 thennrsbediBIUSREBSIRB | Gy &al & §& & sQXingHhhye for
r%ngn@o&fr&‘%i{e)ﬂér Q\rttﬁ%cg?lgggwélfsof o] etr%m & In m;a%ﬁtg%leﬁs)are-
[Etugl % Irf]%gt\/\{%e%agt%neag? ndensraguegn n%rl?d?&é% Esid water

condensate vvlthdravvn fromthe third collecting tray
Taboeeneaih etrée d o nprBTAET hgashaBoiiaw oo tdhdettondensat i on

col unm but not recycl ed into the con- densation col umm

is 18 145 kg/ h, tenper at u6e of, ya;bg and has the
foll owm ng con- 50 tent 0.11 BB¥ V@ ht of acrol ein,
5EF 5

1.30% by wei ght "&FY§8Fyl i ¢ aci d o by wei ght of
acetic acid andH? 6.2% by vol.

H20 27,2% by vol,,

CO 0.15% hy vol. and

CO» 12.39% by vol,

It is sent as the fourth fuel to the combined incineration plant.

21 846 kg/h of aqueous potassium hydrogencarbeonate solution are witndrawn from the
bottom of the CO» scrubbing column and, heated (rom 75°C o 100°C by inchirect heat
exchange (the heat carrier used is dissocialed potassium hydrogencarbonate soiution),
introduced te the lop of a second column with random packing (dissociation columny}. In
countercurrent, 26 m# (STR)/h of steam (144°C, 4 bar) are conducted inlo the {ower
section of the dissociation column, Tha gas streani escaping at the top of the column s
subjected to direct cooling (coolant: condensate formed beferehand) and the agueous
condensale which forms is introduced to the ¢olurmin as reflux. Tha escaping CQO» s
sent 10 the combined incineration plant as the fifth fuel. 14 968 kg/h of warter are evapo-
rated off from the effluent of the disscciation column (32 968 kg/h). The remaining
amount is (postneutralized with KOH If appropriate) recycled as scrubbing solulioni lo
the top of the CO. scrubbing column,



35 95 6% by wei ght of water At the top of the
condensation colum, 53 379 nB8 (STP)/h of residual gas
de 48Qye sepa- ration zone | with a tenperature of 33C
and a pressure of 1.20 bar and the follow ng contents:

40 acrolein 0.03%ey vol., acrylic acid 0 02% by vol .,
PF 57347 66 propane 61.J7%%y vol., propylene 0.82%
uy vol. H2 14.02% by voi. 0.2 4.55% by vol., 5 H20

F%egl'ﬁo/f’o%yarg%cmerat tokegf%(‘?nbé/n id hera%}gpla%mr;a dd%ﬁ)éoé?%lr

mf% 4 g y VO resi ual gas | are discharged

E Ph 08 osition of residual gas 10 | (as the
third fuel). The renmi ni ng anount of residual gas |

(for linguistic sinplification still referred to be-
low as "residual gas I") is conpressed from1l.20 bar to
3.20 bar in the first conpressor stage of a nultistage
radi al conpressor, the tenperature of residual gas |
rises to 15 92C. Residual gas | is then divided into
two hal ves of identical conposition. One half directly
fornms a portion of the cycle gas | recycled into
reaction zone A. The other half of residual gas | is
conpressed from3.20 bar to 5.80 bar in a second
conpressor stage. This heats it to 127C. In an

i ndi rect heat exchanger, it is cooled to 78C wi t hout
any condensate form ng (coolant is CO2-scrubbed
residual gas | of tenperature 42C 20 and of pressure
4.25 bar which has been depl eted of nol ecul ar hydrogen
by nmeans of subsequent nenbrane renoval and
subsequent|y deconpressed in an expansi on tur- bine).

By nmeans of indirect air cooling, residual gas | is
cooled from78 Cto 54C wth- out condensate formation.
In a further conpressor stage, residual gas | is

conpressed from5.80 bar to 12.0 bar, in the course of
which it is heated from54"C to 75C. 25 The residua
gas | thus conpressed is conducted into the | ower
section of a colum wth random packi ng (separation
zone I1). At the top of this scrubbing colum, 18 000
kg/ h of an aqueous K2CO sol ution which has a
tenperature of 82'C and com prises phenothiazine as a
pol yneri zation inhibitor are introduces. At the top of
the 30 scrubbing colum, CO02-scrubbed residual gas |
escapes, which has the following con- tents at a
pressure of 12.CC bar and a tenperature of 85 C



propane 65.94% by vol., propylene 0.89% by vol., 35
H, 15.13% by vol., 02 4.91% by vol H20 2. 6% by vol.
CO 1.22% by voi, and CCU 7.75% by vol.. 40 PF 57347 67
The CO2-scrubbed residual gas | (24 528 mi (STP)/h) is
conducted to a bundl e of cast pipe nenbranes (externa
pressure 0.1 bar; polyimde9nenbrane of the B-H type
fron1 UBE I ndustries Ltd.) and leaves it (p = 12 00
whaP2 1 =.85C) with the follow ng contents: propane 66
‘i W VGV81 , 5 propyl ene 0.89% by vol . Hz 15. 03% by
voI , 02 4.92% by vol. H20 2. "O@bby vol . CO 1.22%
y vol. and 10 COP 7. 73@6 Itlsta e
ex ﬁéﬁ%’ﬁ%‘-ﬂ IPLRPBPHES B F gyl “Ctjj% “1"{1‘24‘ UEFIHEL SﬁF‘j‘f )
mopm&,nh@ﬁmﬁecon} pressed from 12. 00 bar to 4.25 bar and
cooled from85C to 42C In indirect heat ex- change with
residual gas | which comes from separation zone | and

haﬁ) Pees Q\Q(ms_;s@ow ﬁ:§§§lqjc Infy c.%nfﬂtrsﬁ{( [§B|§‘91@ dltlt%ﬁl one ol which
C02- scr ubbed and H2 P eted residua i s heated
rs

Comwrrssﬁfmm)lp@alwmedﬁdjtqrs e eyelianzas ﬂeybfloenglaswww@A in
acf@AhHE AN 1 Qe AR,

react oget%(%r tc\%\n@tﬁﬁﬁ‘{;ﬁ’stﬂ Q?quﬂgff%Mé?&l{ ﬁelc. }béﬁ% llﬂgsl%gp?n Ahtch

Pm“4thA@mmagwﬁubbéd)ﬂk@ﬂWdeuamog@$Hk[ﬁnmnwﬂhenfma@tm@na

hyd1‘%%&}1‘112\[]3}3&%}%%1}5;)%%)! ﬂﬁi.g%t %ﬂswlﬁTh idl-l;lgsemp)ﬁ.u a 1\dt§g£|1e[§lglcm
in re@etibA%nb otaction ppmp,yllenlem@ |£)ﬂe%tbyumobm /01H2/\5<61da%>dh)u gas A

Whibﬁbﬂmfé'b@dwm&UI‘“ FI'Vd“theY‘ sth rﬁ“’é?“{%“’%f%ﬂl? Nk 1? \\|1|hﬁl|dwn thom

reactoidaina@d i nci neration plant 30 21 846 kg/ h of aqueous
pot assi um hydr ogencar bonate sol ution are wi thdrawn from
the bottom of the COP scrubbing columm and, heated
fr omid 8Cedctod QOC BYIhE PEHdLECTas Retihdrawn from reaction zone A, with

lfeeding of molecular oxyvgen, 1s used to charge at least one oxidation reactor with a
reaction gas B comprising molecular hydrogen, steam. propane. propylene and molecular
oxygen. and the propylene present therein is subjected 1o a hererogencously cataly zed
partial gas phase oxidation to give a product gas B comprising acrolein. or acrylic acid or
a mixture thereof as a target product. unconverted propane, molecular hydrogen. steam,
carbon dioxide as a by-product, and also other secondary components having lower and

higher botling points than water.

C) product gas B is conducted out ol reaction zone 3. and larget product. water
and secondary components having a higher boiling point than water present therein are
removed therefrom in a first separation zone | to leave a residual gas | swhich comprises
unconverted propane. carbon dioxide, molecular hydrogen, sceondary compenents
having a lower boiling point than water and any propy [ene unconverted i reaction zone

3 and any unconyerted molecular oxygen.



exchange (the heat carrier used is dissociated
pot assi um hydr ogencar honate solution), introduced to
the top of a second colum w th random packi ng
(di ssociation colum). In 35 countercurrent, 26 n8
(STP)/ h of steam (144C, 4 bar) are conducted into the
| ower section of the dlssaﬁlatlon col umm, The gas
stream escaping at the top of the colum is subjected
t opydli ant n Gedval ae | e
befo Sjl ﬁpqlat)gggllfn@gw gﬂgl egﬁgtb%ggﬂoﬁé%g%?g”\/\ﬂflgﬁld*lgrbﬁé ] ilSS
%mumnﬂpgdmubﬂw%eﬂtheﬂtmbumtnmanUHeﬁ$UMonTheﬂescwphngdanﬂna
sn.n.oligds?n.l}ﬁ%#lon ZONC Q ‘§6§1nqh}nthc:dll}1u% nﬁ'ﬁ?ﬂtg'_oggpmon OAOLSISL{d?adS ]f If’
discifargoh b[lﬂ&)neﬂf ILuelntlltefuetxhamdlnmam at nmommol by oQS]ZnIQ&BH in
_‘dkgﬁp% he renBining‘lanDu ég stneutr |ized w
residREgT g s ‘bB\%bﬁ‘ at'gy %%cwé'&“ag TRV g RIS ot ‘bW"f_‘& one
11 dlt(h@)[tdﬂ@l]}chlbtlhailemaﬁl@dhu bltnge eolmioleRRaSA34én fsciftuel s
? |nC|neraEed together in an incineration
lGSldHflldﬁlﬁ Wi LtL “‘é&d’lht"mb“ﬁ ]bfIhhf"?‘“"(“ft‘?‘”(%'?ﬂ“hﬁ'“Z' gemj)}%mmuggnu I 1o
4 beWBat dbsre@l @iamed is: 1. A process for preparing
acrolein, or acrylic acid or a m xture thereof from
propane, in which A) at |east two gaseous feed streans
CoﬂpﬁﬁéhUge@RQQﬁnﬁgh@Rwh@aéhnQnﬁsQﬁuMmé@Qimgﬁﬂﬁrmﬁﬁénams
~ fresh propane, are first reaction zone At
afterfuge m &ffqr eaémeowngégt% l anﬁ 2 Peacttivonlly dnedar 4ieeet 4'%1'110
reaciiSzfie IS CANAEL Rt RUOR il ERS Lo.@ﬂﬁ; | RALBRYRE Whedid o
whi ch part het er ogeneously cat al d
amoga iy df ogvd;nat ) d)ndl@g,em hélupn@pja{n@l f orarde ol we uhar than 93 mol %
of thlc“{tq lngl?ﬂln"tap nBR‘BRPu L\e(ﬂg Ll1n9L)§L?LLL| ‘f% {LLILL)(LQ1 /onw'u cilhd O )lmnl Iy,
oxi di zes nol ecul ar gen presen I'n react
fed th meaceac borenA zomedided @ B¢@am uusutroedfutlof\r eact i on zone A.
and product gas A which conprises nol ecul ar hydrogen,
steam propyl ene and propane is w thdrawn from
2. redbdt ponczonentAingB) clama . naaet: @ﬂnﬁ@ne M3f nijolh.&nbﬂf eglauogm

whic a?é@ﬁ‘}l@éﬁUg{éﬁé’gHfllrl?cénn{j)gggltalpg)ladwg géﬁ( [A)tu tpléggilola é)l 1190|LL1I|JI

hydrogdidabil idieagtQ6n MWrieha and.lopashd1en[@as r&caomRHhSh NGoxidized
nol ecul ar hydrogen, steam propane. propyl ene and

“’“nﬁpebﬁPﬁP”“G%yden and the propyl ene present therein is
subj ected to a heterogeneously calal)zed partial gas

. bhase oxidation to give a product gas B conp r|S|ng

3. acd Bf BIRESSrCAE M P €ladpi ld VorTe T i Re WK & Pher st gy groven

whicl ﬁg qet. 1&59‘?’1%% bHﬂ%?rMﬁé hﬁq ganQRan &y uﬂ%ﬁ@ Hh'n@[.m oi molecular
hydrogen, steam carbon dioxide as a by-product, and

hydrgpgomed e 1gg@)@h@largﬁﬁec@mn@ﬁpgﬁlha{/qdng réigiier /almjf\ is oxidized

toﬂbhgﬂ?uigthkﬂg oints than water, C) product gas Bis
conduct ed out of reaction zone 13, and target product.
wat er and secondary conponents having a higher boiling

4, poﬁﬂ‘é )F @Q du..‘; %Tn HI‘ %?ﬁ%ﬂt] (xh@ﬁﬁl i %{ﬁunlrﬁwnﬁﬁt Hh? h@Ithm
In a ]l % ﬁ ] aua\

uhhmhbohkmmnﬁmmsesbuwnnmnventmdwpn@paneHuﬁambGWOdWOMHMGuuHm
lmhrJQz':ne;%%ldﬁ‘&d |Xg£ QA& /onsee.&%ﬂg.aorpymlqzﬂﬂp?udelgtl Baction zone A is oxidized

10 steam in reaction zone A.



having a | ower boiling point than water and any props
Iine unconverted in reaction zone 13 and any
unconerted nol ecul ar oxygen, 70 D) as an afterueaunent

nmeasure |. carbodi osidc present in residual gas | is
scrubbed out and any water still present in residua
gas | is optionally conden3éd out in a second

separation zone 11 as an aftertreatnent nmeanu e 2, a
5. po”k ;91?) obfb drgemdm 1% of L.| I]]b l, l?) 48(\:\11am9n iqlértuunanéés l% With

as an'ar reat neasl Fecu
whmpnMSenmmlnncmeSmduabmgaSsLhnsuﬂennMedﬂmMnmpanSumi a
Faratl nbane ”n a third separation zone 1I1l and
P81, 7o 38 VAN Ry @ri A rent  neasure 4, any
rmhemtd lar’/'U%(yg@ﬁlupfuﬁﬁ%IMp1|nD resi dual gas | is reduced
chem cal | sequence of use of aftertreatnent

neB@dréQ‘%”tB‘“ﬂmBeﬁHd Ps desired, and f.) aftertreated
resbiiual @as bl vWhiheh repmpei ses unconver t ed propane and
remains. after use of aftertreatnment neasures | and 2
andomdpt foHalR by v8luidy!diz 4 is reeve led into reaction
zone A as at | east one of the two feed streans
conprising propane- wherein an anount M of nol ecul ar
0. hydhegerrennicehrdig: @rany @askigs 11191visgduthqec iy estthanh
\\l1ltﬂ$|1t1:llf:li'9 1{)1/9/8\1%1&%'1&&11%1 ﬁgwm [9(. nmkﬁ&ul&}ﬁ Ihydr ogen
produced I n reaction /one A t1onal T
r efiemitolw /30mey AclusicoxXipdenédet o stean1|n reactlon zone
A 2. The . p e C .ng to claiml. wherein an
an??ﬁ%Bﬁﬁbfgq §ﬁl”e(ﬁﬁuﬂjﬂgogen which is at |east 10
nolrofo Dt 30A0 by nohectdtdn@0 nol "' o of the total anount
a duced in reaction zone A and.
op&"&)’Seo ?’Ib¥eépw qﬁggc ﬂon zone A is oxidized to
st gam i w Igeast konnzanel-A. 3. The process according to
claiml, wherein an anount M of nol ecul ar hydrogen
which is at least 20 viol o/, but not nore than 80 no
7. "I ARfprddies febalinamuunty ofv irRlieall aslar Ayidrnogenpradusednt
in reaction zone A and, optionally, |'ed to reaction
“‘“2%h@Lﬂbﬁ§°6%ﬂﬁﬂ%ed“‘$6‘@teéHPP “Téétbeh 'Yohe A. 4. The
process according to claiml, wherein an anount M of
nol ecul ar hydrogen which is at |east 40 nol o/, but
8. nofhypicecsasera0eiprc! M. phereHehe Groadr l&%ﬁ(ﬁﬂ)lmnpdnt present
in urmln%QHL Ao plM%@Qﬁﬁt&r@n%ﬁ%hn rgachi.en zope A and.
optionally, reaction zone A'is oxidized to
steamin reactlon zone A. 71 5. The process according
9. fMotlﬁQXmQE %ldu% ﬂhﬁw to dIQ) {Llone lg;)mdg\gﬁbuﬁl?rﬂg%é)pﬂu A& I]C):?’ the
molahiar geeLehae,qttrhre if o&alcown mgwdbnnem goldenamody deo 025%)1I\byt of

IﬂOILLLILH Oxwen qlefl ||P&{t5tr s wlgab/:(bnpl\ilsg u%nglfet%dnlgtm bfy v u Luge %)t inert

gas. 65@6by volune of 02 and fron10 3 to 20% by volune of
112 .

10. The process according to any of claims 1 to 4. wherein the source used tor the
molecular oxygen required in reaction zone A is pure molecular oxy gen ora misture ol
malecular oxygen and inert gas which comprises not more than 0% by volume ol inert

IRER



6. The process according to any of clainms | to 4.
wherein the reaction gas B with which the at |east one
oxi dation reactor is charged ha, the follow ing
contents: from6 to 15% by vol unme of propylene. from®6
to 60% by vol unme of propane, hom5 to 30% by vol une of
1120. from8 to 35% by vol G&e of 0, and from?2 to
18"/ n bH volune of 112, 7. The process according to
claim5. wherein the nolar ratio V I of propane present
in reaction gas 13 to propylene present in reaction gas
11, 13Thspifor@maledrding.to 8ny ﬂ'lrkﬂaiprstlBSJS WaC 8O di;ngmt;o ugdaiom 5.
w herein the nqlar ratio V| ane pres
molFRBE OO GG BTE b BT Kb g Db T et gh B e

ONY “lLS lJLﬁlle Iy fQeifon Sne e |ﬂf;016365.8l|laﬁ@ﬂr“dh RPahasaRYooholecular
clalns | to 4. wherein the source used or the

0XY 2B P BE (124 YU RY L B Tore taackiPoRy yoha e ipgt prir e
nol ecul ar oxygen or a m xture of nolecul ar oxygen and
inert gas which conprises not nore than 10% b~ vol une
12, of lh\n@lot.c.ssglatsoullrg o Wtjb‘l‘li‘)'@éslsmalct‘@ﬁGl”hﬁwt'b‘“’é‘ﬁy vils 3 with
“lmﬂﬂﬁd anm‘sl bnd Xidai MNEEEEN, LRG.SPU GRS B @1 (LB by volume
nmol ecul ar oxygen required in reaction zone Ais pure
ol Cqpl ecul ar oxygen or a mixture of nolecular oxygen and
i nert gas which conprises not nore than 10% by . pl une
of inert gas. 72 | |. The process according to any
l?’bteﬁakﬂt&xbuﬁm;ﬂunmhéRéWHSﬁh@4S®Unc®lusedtmmlunﬂBBGMhdﬁdl
the (19?(exgeor1]1e roquu |(r)ne(|jcdlt. )1 15 (.‘ﬁhll”hq Lom nbvﬁ“mm 1‘%509 b\ VL nu. ot CO»s.
ce use no 5 ¢t on
tone Bis pure nnlecular ox)gcn or a n1xture of

14. r’ﬂg&g&?@ﬁ%“ib@égen“\?& nl%rﬁ l?%‘sw%lxvlglég e ?_"%URE[‘L?‘E’ I’;b\éh \%hich
mcanQQR@LWguhQO@nMLQﬁlﬁﬂahﬂﬁkbnhﬂséne@UEKebﬂmhha|ﬁ&BCMh@n
. gas 13 with v Bich the at |east one oxidation reactor
MO char ged conprises from0. 1 to 306 b- volune or
CO, . 13. Ile process according to any ofclains | to 4,
wherein the reaction as H %% Ah Wel| the at |east one
S ki O P ERRYE Br D ! eRANY SO o FIgesIog T g 2004 Hyed
,mdygmymp of CO2. 14. The process according to any of
claims | to 4, wherein the reaction gas A NO "Nell the
at | east one OX|dat|on reactor is charged conprises 55%
[6. lm( p\(&Q:Is KLV{\!oRfunnRa' ﬁRL{ItQLumg'ltt& Qg@nuu:l-ﬁL lLThﬁ /Bﬁpgﬁ§§[u]s_md as
according to any ofclains . wherein reaction zone
atraprastogont 1 gui ed adlabatlcally-. 16. the process
according to any of clains | to 4, wherein reaction
zone Ais designed as a tray reactor. 17. 'fire
|7. Proresss agoofiog mgutymt‘ahymeﬂ teHaivheein thoalleriwhied edsmlitihg:s |
lkL\’;bﬁE]é{lLAl LBbltll?Her{lg gg]%lg ﬁ.ls HPL)IbLLB(dI \c\.:”l.elgtsllekglflhplnro kILI.IFII g\ le”Lll
CO hyidrogen.

18. The process according to any ol claims 1 to 4, wherein the altertreated residual gas |

recyeled into reaction zone A comprises [rom 3 to 13% by volume of CO);

19. The process according to any of claims | to 4. wherein CO5 s serubbed out of



CO and CO,. 18. The process according to any ofclains |
to 4, wherein the attcrtrvated residual gas | recycled
into reaction zone A conprises from5 to 15~(, by

vol une of C02 19. the process according to any ofclains

| to 4, %hcrein CO is scrubbed out of 73 residua

gas | by means of an aqueods$ sol ution conpri sing

pot assi um carbonate. 20. The process accordlng to any

1CSIL1?IL]C%L1 08 y nlmd 1s Pflan X‘(@Jt‘()&& {')I&lm% Lo(f‘ﬁ{pli”gth r}%ld%blllq Lc QLI%H;dlL

to 50 bar 21 The process accordlng to anv of clalns I

20. '@/‘\c&g 0\7@5 dLLOI(PHL, Qof m\,\(laif cm]uarl n% Mluué]ac‘t suL EBT:\(G) &g) urTPui'

usuh&npmedsﬁbntdumnmd@&hs@aSIBonngsepamatlng zone |. 22.

The process according to any ofclains | to 4, wherein

an :unount ofwater which is at least 90 not %ol 'the

lawmw@mwt. et (f.onmeEdidin, neact wencmane nddin S 6 enPWah is al

product as 13 in separating zone |. 23. The

“““ﬁWdE@s (%HEUFHNHQO{BthVJBFdéP ‘%%mlﬂfb'h“‘mﬁ§P%lH°Whe
pumaaqggg,th@nmeggmpnesent in the discharged residua

gas | per unit tinme is less than 30 not 3/ based on the

amount of fresh propane led into the process per unit

22, Flicﬂ#oue@ﬁmuﬁhﬁn@[‘ooﬁﬁsosf RGHON ngh&%nb{\ Qlﬁtﬁl ﬁbm\ﬁul whRh s at
. Wherein the anount of propane recticled into

lul“r"é’ab@h ‘ot Zonendunt pl afitee ferpedtied o egi dudl olragiored Buat
pl'L)dleela.:Sltﬁ' I}9|g s@[‘i;galn%lznq’l%w amount 01" propane present in
product 1 ,as B

23. The process according to any of claims 1 to 4, wherein the amount ol propane present
in the discharged residual gas | per unit time is less than 30 mol % based on the amount

ol fresh propane ted into the process per unit time.

24, The process uccording to any of ¢laims | o 4 wherein the amount ol propane
recyeled into reaction zone Ain altertreated residual vas s at least 94 mol % of the

amount ol prepaiie present in product gas 3.



