PP 58025 1 Process for preparing acrolein or acrylic acid or a mixture thereof from propane Description
5The presenfina&#dn relates to a process for preparing acrolein or acrylic acid or a mixture thereof
from propane, in which A)-at least two gaseous propane-comprising feed streams, of which at least
one comprises fresh propane, are fed to a first reactign zone A to form a 10reaction gas A, in reaction
zone A, reacE,on %as is conducted through at east.gn(? cat%h/sfte Qﬁgnia% Wpc;%h ) rgﬁleheterogeneously
catalyzed de )58? a%noét%ﬁpo%r &%a&r pee'\rﬁ fgfﬂécn?gfecoulgrr?\y&]rogen and propv;lj ne; 15 molecular
oxygen is fed to reaction zone A and, in reaction zone A, oxidizes at least a portion of molecular
hydrogen prdgestripti@action gas A to steam, and 20product gas A which comprises propylene,
propane and steam is withdrawn from reaction zone A; B) if appropriate, in a first separation zone I,

steam Presertin SOl SRR bIERMAY A GARITBEBHISL ARGTLCRS SHISACI A BelewIcor direct

cooling of 25product gas A to leave a product gas A*; C) in a reaction zone B, product gas A or product
gas A* is use le\% %%@%ﬂ%‘ﬁgﬁ(?f“ n%%glﬁ%‘r'g%%%ﬁ, to charge at least one oxidation reactor with a
reaction gas B comprising propane, propylene and molecular oxygen, and the propylene 30present
therein is subfjécted to adhéaasbliengaserys AraReee RNpaSIsRRhSEaRMIatd WhiEhidkie@sblein or
acrylic acid or a mixturedhe eeof pristisc ey ergracke|Chra fiel adsa gl deattipeszZBreoAnfarisimg anconverted
propangyD) product ga%g&gcgpgég,lgt;ed out of reaction zone B and, in a second separation 35zone II,
target product present therein is removed to leave a propane-comprising residual gas; E) if appropriate,

a portion of residual gas having the composition of the residual gas js recycled as a
propane-comprising feell &R iﬁ?g‘?&ufﬁaﬁt'?gr%aﬁiéiﬁcgﬁgg%% B B8 Bne

catalyst bed in which partial heterogeneously catalyzed dehydrogenation of
the propane forms molecular hydrogen and propylene;
15
- molecular oxygen is fed to reaction zone A and, in reaction zone A,
oxidizes at least a portion of molecular hydrogen present in reaction gas A
to steam, and

20 - product gas A which comprises propylene, propane and steam is withdrawn
from reaction zone A;

B)  If appropriate, in a first separation zone |, steam present in product gas A is
removed by condensation partly or fully by indirect and/or direct cooling of
25 product gas A to ieave a product gas A*;

C) in a reaction zone B, product gas A or product gas A* is used, with feeding of
molecular oxygen, to charge at least one oxidation reactor with a reaction gas B
comprising propane, propylene and molecular oxygen, and the propylene

30 present therein is subjected to a heterogeneously catalyzed partial gas phase
oxidation to give acrolein or acrylic acid or a mixture thereof as the target
product, and also product gas B comprising unconverted propane;

D) product gas B is conducted out of reaction zone B and, in a second separation
35 zone I, target product present therein is removed to [eave a propane-comprising
residual gas;

E) if appropriate, a portion of residual gas having the composition of the residual gas
is recycled as a propane-comprising feed stream into reaction zone A;
40
F} ina separation zone I, propane present in residual gas which has not been
recycled info reaction zone A and from which, if appropriate, any steam present



2 therein has been removed beforehand partly or fully by condensation and/or any molecular hydrogen
present thereiffh&80a8en removed beforehand partly or fully by means of a separating membrane is
absorbed into an organic solvent (absorbent) by absorption from the residual gas to form a
propane-comprising 5absorbate; and G) in a separatign zone IV, the propane is removed from the
absorbate and recycled into reaction zone A as a propane-comprising feed stream. 10Acrylic acid is an
important commodit) ¥REMRSPRARITTRYSLReformandinadly 2nHdk s EPRAepRaiaRAGHEA¥rs which
are used, for exampheleauksfydeatistbteseoh theerin deadesedemnves biefoesbandfpaniroididhof use of
acrylic acid polymetsyistanisaff sUpsratasiotheris brafei § phenbezbichor anorgdher eldsiof use. Acrolein
is an important inteygladialentiasyeMNBRIGIPHES CRATBISNGAE W iarideindandnashipnins 1.3-
15propangdiol, 3'p'§8£'£¥|%aq%l'%ﬁc?'d and acrylic acid (of, for example, US-A 6,166,263 and US-A
6,187,963). Processes for preparing acrolein or acrylic acid or a mixture thereof from propane, in which,
in a first reaction zone, propane is dehydrogenated partially to propylene under 20heterogeneous
catalysis and fhe pidgyseRarmien&@ne Ve thp ApRANeFdRBaVAdHE T iepbsomatieaiddesveledd
propane (i.e. withoubiersestiog e o pylepedpane tbenpoisag deexhsiieang in the dehydrogenation
beforehand, as recommended, for example, in EP-A 1 617 931 (cf. also WO 04/09041)) under

bef nder
. for oA B R RIS S A AR R R AT 0 150 EPn

731 077, DE. KPR RRRE e RN SIS S5 e BHTEIs TP B EHDL A
031076370, W@augos® medivm sas dipders oy dugder fistd ofiuse ghswals @ssl patymerdisdoat @b 79s,
DE-A 10 2005089885/ REtsAn0oDAHDR44tb; Bt AthON4ES 86 1 SEE ACHiSnlis B ONPEEtaAtt 2005

0563775, DERBAACRNE, A4AB8MBIEE 1:IV0BRARAR 3 RFIG:R008 ARLGRiTeanbthe prior art
cited in hese dagURERIP ACANIAILRINE A L0R RIateraes describpddnote dsihah after the

removal of the tgr gt_ rﬁ)(i%r;t %roleln or acrylic acid or acrolein and acrylic acid from the product gas
35 mixture of th gropgy ene pa |)a| oxidation, at least a portion of the propane present in the residual
gas from the remaining propane-comprising residual gas is recycled as cycle gas into the
heterogeneoudigaestsly ferinpepacingd elayel ey enatioficodgitdopamatdyroihdset it Qthpanisdn the above
prior art proce@sier, ¢an s tivitidressentsiby dne ideayatnpniie pataiges sroppesd theiévo groups
are chargster gyl e Rl sRISNSHHIRM O 1BRASG LA DMIENF oAl J6mA (RE by absorption
from the prodycLgas mihie, £b-8423 & SLihe helaggencously caipivzeg partel dehydrogenation
before the prc?py eneis su ejecn[e T the Bre ance'6f the re aining Eropa%e 3 amapoxidation to

€
the desired teRFAINOERTBR(IE 1b1DOEERYFERRRNENOR RELIGPaRtAGS 6?%@%?89@811&@' RX@EPIBgenerally
requires at leésEffndd 20AES In(oihidsoJAO 40208 &)t underdwiem gensthusicataysially geguires
compression afibleinwdogigeamfiibadietarogineeusixtapiahsredfpart xhdanydrodenationmé the
p_ropanezgefo&@%gu@g?tg’cgp_m%qbﬁgg pihecAm@vad A f‘bﬁ-ﬂf ApYIBBE 895 PFnEPE present t_here_in,
since an absofpilye fEMAUEACA ARl ASHAE ellicientiyanyydaraessre. In addilon, it
silon O ed for the hetero

generally requires compressi e o>9/ger1 source us eneousré/ catalyzed partial
WO 03/011804, WO 03/076370, WO 01/96270, DE-A 10 2005 009 891, DE-

A 10 2005 013 039, DE-A 10 2005 022 798, DE-A 10 2005 009 885, DE-

A 10 2005 010 111, DE-A 102 455 85, DE-A 103 160 39, DE 10 2005 056377.5, DE
30 102005 049699.7, DE 10 2006 015235.2, DE 10 2005 061626.7 and the prior art cited

in these documents).

A common feature of the processes described there is that, after the removal of the
target product acrolein or acrylic acid or acrolein and acrylic acid from the product gas

35  mixture of the propylene partial oxidation, at least a portion of the propane present in
the residual gas from the remaining propane-comprising residual gas is recycled as
cycle gas into the heterogeneously catalyzed partial dehydrogenation of propane to
propyiene.

40  Otherwise, the above prior art processes can be divided essentially into two groups.
The processes of one of the two groups are characterized in that the constituents other
than propane and propylene are removed by absorption from the product gas mixture



10 oxidation and, furthermore, it normally requires compression of the propane which remains in the
heterogeneouBly 8802%yzed partial oxidation of the propylene and is recycled into the heterogeneously
catalyzed partial dehydrogenation. The processes of the other of the two groups are characterized in
that they recommend the use of the product gas mixtye of the heterogeneously catalyzed partial
dehydrogenatlon as such 15to charge the heterogeneously catalyzed Fropﬁ_/@ene partial oxidation (cf.,

for example, BENE 1§ier AR T S AL e RAME) ARMENPE§ 82 IRR PRIRTEHIE RLCBHIRR that the
molecular hydsubjentéskindokiverenetcrtgeev@mnganttpase ;sammpaéw@m@@tmmm the propane
does not havedasiredarget eifeghch (DE heZIDHONBORSIY) cCAtdiyaedhptadiabd fitbpianaftiwiptballene

"f}'ﬂ; éfé“ovvf 9 &%&Hﬂc ﬁﬁ%%%ﬁ@gﬂ?@%ﬂ&ef@%ﬂﬁwo s%t%méoﬂw@@aa@rmﬂ%m dwaf;g:h

i y i | i

(the hydrggenhgﬁﬁgﬁd?ro% ég%}g ocarono ;ﬂ gég e%g ej‘lg%tﬁ é%‘% o‘?re @(aég water (1120))

nor is detectaBtigh QWR%’?‘@BUg tEEtBrI’QQ@ @%ﬁaﬁlﬁ’f IR NG AREIREY ¢ R P&Hrormed in

reaction zoneo&)thenpmﬂﬁmmdmmmsomﬂmah@wm m@@@@'@ﬁ\f/@ﬁﬁ@@ﬁﬂb%ydrogenatlon

whose thermal@heaathcter perfoomisd sificidnadoxyigeimddqgessiien | nisadditioth éf geodaherathieesiic

hydrogen CO%‘:@QMVOP%@SMQH %&%H%%P%@@%&%@Q@'ﬁaﬁ% Hiawvhich free

moleciahVCIoRENds IEAL AL AN } %}r@pe%@%ﬁ'& {5t AL reaction
?1

COﬂdItIOI’]S an cata%sts an for the o tion; in gther ords,

heterogeneouS ()80 DERIRPERAOMN faaNE ;ﬁ”ﬁ ah%”uﬁ TS RIGPYERS % '?he process
according to t@%@wmtbw@@é@ﬁéééﬁam?‘%ﬁ%mﬁ%ﬁ%@%&hmw@ﬁ%@ﬂ%@stlgatlons
have shown tltisd ptieserideofwoaeagacasrthantstofiredlecthalr thggdnegemmetng treagsmonfdae mixture for

the heterogensi@ught gam&aﬁé)aﬁi@é ﬂéi@ﬁi&@h@éﬁ@ﬁﬂ@lﬁé& '&tmaeﬁyaﬂgg@r%ﬂaﬁiggr@haﬁ effect on
the by-pad U%S %é'?ﬂ 8!:8&‘1 ﬁ&ﬁ? rﬁ’M’E}Qa‘é’tHﬁe pagke @'0”
potentlal of th o en not| e lifetime of the cata sts to eu ed for the
heterogeneoﬁé/n’g %8%/} §Sb5h%sté" r% Hﬁﬁf 2niBfeaety 7 W&rdens
eaction gas BRIgs qaﬁp pegileta oekaaRIsORAYISgIA i BERBFIH (certain

r BRI Hap St 335 dilfetaeb Visgtalwrstrrrtiatieivd ft
construction matesi pispapgpararcadtl bdecnoladuasdpteot enhd retgrigdripdudie datatizin:

above- deSCfiQﬂ?t@[@il@ﬂﬁ@riﬁcﬂhﬂélﬁ%@léﬁee&ﬁ%ﬁsf&m@|6ﬁl¢|@’ﬁt@§fg@Ehé/\/éﬂﬁfhé‘rrﬂ@vamageous for an
PF 580254 INGIRAse &aet@»% yoag g&%@%ﬁ@hﬂé{%ﬁa%%@%@a H)frelative by the target

reaction stoichiomefr é%&lvg]m course prings Increased explosion rSKs molecular

in the C
hydrogen in rOXLHEH éW% fc?% d%‘ﬁll c?&la& o The {%tt%l@ g&%t °SFrholecular
oxygen requirdé|es e i drErcaRPibie fPééiﬁiUﬁ'Q%@f soralied R biFsEIERIYBR)gen present in
reaction gas BHegOpropylerizisadsblet the fetteafgeneasty caBlizad aabiivroggpoatdn((fis exeaple takes into
account a Iowmgmqfef%rm&me}egcﬁ@mmmm| bk wAeBrEbEFD s appliesesibrRImENAS an
object opghe @?%%H%&ﬁ‘f]%ﬂﬁf“%& %%Qﬁbﬂr% Qé%@ﬂé%ﬂ%%%é&&?%ddﬂﬂt@sﬁﬁ fpgamble of the
present documen as the disa tages, descri n redyced form at worst. Accordingly, a
process has & %8%’?%?%%&?&5 5%%?%8 }%%{81605'9’ Pu?gq}?éll%gpfro% BPopane in
which 15 A) dﬂ%%@ﬁ%@h%%ﬁaﬁ?eammt@éa ﬁF@dh‘é’WTﬁ@W&'%Hﬁfone comprises
fresh propandyareden itofarfimst eddedxirag @andrietonéolinicq treacepergiy ik didas difftonh zone A, reaction
gas A is condugigbHsendifiorslaagtamadieshenialy sharebintulighdenrirbhstatracnesmsly catalyzed
dehydrogenafiRidaf {he RSRRERS EUIRR, TRagHar JAYHLPGER, AR BRABNIE S the propane in
reaction zone A in the process according to the invention proceeds necessarity with
evolution of Hz). However, in-house investigations have shown that presence of
increased amounts of molecular hydrogen in the reaction gas mixture for the
heterogeneously catalyzed partial oxidation of propylene, while not having a significant
35 effect on the by-product spectrum of the partial oxidation, do (presumably owing to the
marked reduction potential of the molecular hydrogen) noticeably impair the lifetime of
the catalysts to be used for the heterogeneously catalyzed partial gas phase oxidation.

in addition, molecular hydrogen burdens reaction gas B with a potentially explosive
40  constituent having a specific diffusion behavior (certain construction materials are

permeable to molecular hydrogen). inseparably linked with the above-described

problems is the use of an excess of molecular oxygen, which is advantageous for an



molecular oxygen is fed to reaction zone A and, in reaction zone A, oxidizes 25at least a portion of
molecular hydPedEBopBesent in reaction gas A to steam, and - product gas A which comprises
propylene, propane and steam is withdrawn from reaction zone A; 30 B) if appropriate, in a first
separation zone |, steam present in product gas A is rgmoved by condensation partly or fully by indirect
and/or direct cooling of product fo;as A to leave a product gas A*; 35 C) in a reaction zone B, product

gas A or prodiictepasheatalist dfelime iodBmBasishordaliar &W'%@%&e "&ate Qe oxidation
reactor with ateegltieadiies Btoshipmsing propanbopumsy wingsingrersied @piesipnaiskand e propylene
present thereigrésende efteditwaddiptagmrenushctatadyredtpartiah gesyjih asiel exibatiargéd give acrolein
or acrylic ac'dp%cﬁrﬁ‘ %Hrﬁ%rs%rﬁedhﬁaargﬁé&%rewna@aﬁée iRraghid BamRIEnResing
unconverted pLORRNG 58%?1&? % e%ﬁ%q o@%SH%P&SHt?g‘FeO{c‘E%%CBQQ gepeBand, ina

pro eréimn Is remove

second s@paration 20 oo presen ave'a propane-comprising
residual gas; BERY'EP ﬁrBﬁ?&fgg ‘B%%H.Bh% R GuLP R OMIANY it %grﬂgﬁ%ytrﬁ-f?éémﬁal gas is
recycled as agnepame-swinasrrydtid eresaleneerristifMone A (residual gas cycle gas); F) in a

separation zone lll, propane present in residual gas which has not been 10recycled into reaction zone
A and from wi{glief 8%@8!‘5‘6‘:‘%@&%@?%@ 9W§§Bht88féﬂﬂd?%q%§’errﬂm¥ﬁﬂdﬁ€®fﬁ8ﬁﬂe partly or
fully by 9 ”de %9@ sé‘%%éBPd% “r.‘S‘M% FQ&%BIQB‘?%@% %r‘?{PdEs%ﬁrRSWr‘ﬁewgfar@Sforeha”d

partly or IIy mea a Separating’ membrane Is absor nto an organic solvent (absorbent) by
absorption fr ?H&%%Pﬁ%@'ﬁ??d edueR AE BMBMing 15absorbate; and G) in a separation

zone 1V, the propane is removed from the absorbate and recycled into reaction zone A as a
propane-compudsindingid s peaesfohapdeercialadiis predripgederaleiy coaypylsescidea); 20 which

comprises ox}qi;{u@Qﬁmﬁrﬁigﬁ%ﬁplwmmymogen to steam in reaction zone A that the amount
of hydro.gsan oxidized to steam in reaction zone A is at least 20 mol% of the amount of molecular

hydrogen formed in reaction zone A. 25 Advantageously in, ac ance Wlth he lnven at least
some of the r@at energ)"i‘g) ﬁ%rgi’é’ogﬁfreﬂés(?xﬂ?ﬁ% \éﬁ o?f Fﬁ%f%%rﬂ (ﬂgb ﬁI, reaction

zone A will also be use@"6CRIBREIHERERREPRFE Wﬁﬁ%&bﬁcfﬁ%é%aﬁ@'aﬂw @fergsa A as a heat
carrier, to heat (the) comsttdientgasf #e reaction gas A charge gas mixture (of the gaseous feed
streams fed to reaction zone A). 30 Advantageously in accordance with the invention, the amount of

hydrogegyoxidized to Stﬁﬁr@aa.mw&%‘acﬁdﬁ BLLoRY. E5npkGs BebsgRbinastmply preferadly
at least 35 mol%, more re eri\IB at I !J)ﬁ even better at | eaa} ;Jnhyd? %0 and most&referably

at least 50 mol%, base RELPIRARA R ogenation
the propane forms molecular hydrogen and propylene;

- molecular oxygen is fed to reaction zone A and, in reaction zone A, oxidizes
25 at least a portion of molecular hydrogen present in reaction gas A to steam,
and

- product gas A which comprises propylene, propane and steam is withdrawn
from reaction zone A,
30
B} if appropriate, in a first separation zone |, steam present in product gas A is
removed by condensation partly or fully by indirect and/or direct cooling of
product gas A to leave a product gas A*;

35 C) inareaction zone B, product gas A or product gas A* is used, with feeding of
molecular oxygen, to charge at Jeast one oxidation reactor with a reaction gas B
comprising propane, propylene and molecular oxygen, and the propylene
present therein is subjected to a heterogeneously catalyzed partial gas phase
oxidation to give acrolein or acrylic acid or a mixture thereof as the target

40 product, and also product gas B comprising unconverted propane;



35 hydrogen formed in reaction zone A. In other words, processes according to the invention are also
those in whicl?FrB88&tion zone A, based on the amount of molecular hydrogen formed in reaction zone
A, up to 55 mol%, or up to 60 mole/D, or up to 65 mol%, or up to 70 mol%, or up to 40 75 mol'hi, or up
to 80 mor/o, or up to 85 mol%, or up to 90 mol%, or ug to 95 mol%, or up to 100 molc% of molecular

hyd idized to st PF 58025 6 When the fact that t bust dation) of molecul
ndrogen to vioker HTSE GBS SFRGHEA RO SERIG AHIEHH € CarCChiEHS REABANBIn i the

course of the dehydeRfeHatfsas PHrdpelrrasaakibis iy & LABOMEThia RANE P By PRENGERTGI Btfe cular
hydrogen as a constétgidnalagfagaction gas B on the catalyst lifetime in the Spartial oxidation, it is
advantageous in terms of heat budget when the amount of molecular hydrogen combusted in reaction

zone A ingthe EFOCQPﬁﬁSBFQ'@Qat%g?ﬁot%?%@&hé?%%%qw%ﬁ Etr%rEBH{Ho%ftféthﬁ‘tHE"FéMQg@&formed

0,
in reaction zone A, is r%r/n %8 5%3 rrgg r%gcer%t rg‘roﬁ 40 t n'"ﬁ lté)r A rre%lct #Eri
molecular hydrogen In‘reactio .e. areactio gas W still comprises mo ular hydrogen) is

also advantageous Qﬁsacé"éﬁa@i’ﬁsgegree in that molecular hydrogen has the advantage of the highest
thermal conductivity among the gases. According to Walter J. Moore, Physikalische Chemie [Physical
chemistry], WBDEG iV erkapaBeidin 395 8), pragarie/dretent e rosid wal ghgotiith taderos teetard
15conditjgns s, forréé?é]é@‘ﬁ\tm@&%%%ﬁ@ mpg ASIRIARES mms bcangudbrtppigarbon dioxide

and about eight times, 3 pLas as- el OB RaR1 Of A6l &naaeéafwa Hpiag nreased

thermal conductlv%f on |bIe ort eselect|V|ty

Ich accordl
of CO" formation ifTREGH @é E@%Pﬁﬂ%%?ﬂéﬁﬁyﬁ%@%ﬁ t?ﬁ%é%%’?f% AR 1ower
than in the absenc&bMedie QflasRparaihmentigng 'ﬁn@‘?éqrzﬁﬁ?@'ﬁ@a@mé?w ﬁ‘diﬁ?tﬁe reaction site in

reaction zone B, it (zhsselsdotvby ebtaiydicsuirtzrodie mysetadtiges sntbaneopdipalyeactowmisinoportion of
propyleng full comhugtipuntd:-nisds especially true when, as in the process according to 25 the invention,

molecular hydrogen which has the highest thermal conductivity and propane which has the highest
thermal absorfency are involyed s ne ticall ether in the heat remova In princ reaction
gos 5.1 the pice & SRR ONE e BRORALG RORBONP s Al oS Baie B SRGLE
molecular hydrogelter ?ﬁ’r‘rﬁ'@ib@"tﬁé\ﬁ\%atﬁ’(EP@%&eﬁWHMﬁ'Bérfﬂﬂ‘?s‘étﬁeém@féﬁé%ﬁyﬁlﬁﬁaﬁnd steam

and is withdrawn frehicirepretioraliyrempcsedstemsell as such to charge the at least one oxidation reactor
in reactipn zone B. However, it is advantageous in accordance with 35 the invention to condense out at

least a portion,pidhg ﬁ%@'&ﬁé@%@éﬂ@%ﬁ@ﬂ&eﬂ%l@&?ﬁéﬂ%@’d 198RbMMHieRIRAd/Or indirect
cooling of product Qremove it from r(?duct as cave a rpr%\duct 983, A* whose
g at amu f noxu%\e 0 steam in reac |onzoe is at¥east
content of steam is lower
0 mol% of the amount of molecular hydrogen formed in reaction zone A.

25 Advantageously in accordance with the invention, at least some of the heat energy
generated by the oxidation {combustion} of molecular hydrogen in reaction zone A will
also be used, by indirect heat exchange with reaction gas A and/or product gas A as a
heat carrier, to heat (the) constituents of the reaction gas A charge gas mixture (of the
gaseous feed streams fed to reaction zone A).

30
Advantageously in accordance with the invention, the amount of hydrogen oxidized to
steam in reaction zone A is at least 25 mol%, better at least 30 mol%, preferably at
least 35 mol%, more preferably at least 40 mol%, even better at least 45 mel% and
most preferably at least 50 mot%, based in each case on the amount of molecular

35 hydrogen formed in reaction zone A.

In other words, processes according to the invention are also those in which, in
reaction zone A, based on the amount of molecular hydrogen formed in reaction zone
A, up 1o 55 mol%, or up to 60 mol%, or up to 65 mol%, or up to 70 mol%, or up to

40 75 mol%, or up to 80 mol%, or up to 85 mol%, or up to 90 mol%, or up to 95 mol%, or
up to 100 mol% of molecular hydrogen is oxidized to steam.



400ne reason for this is that the acrolein and/or acrylic acid target products have a significantly higher
affinity for water $802fhe constituents of product gas A, which is why target product removal from a
product gas B comprising elevated amounts of PF 58025 7 steam is associated with a significant
energy demand. Secondly, elevated amounts of stearg in reaction gas B typically reduce the lifetime of
the catalysts which general rise Mo.in gxidic form and are ysed for the partial oxidation, since
1350 mromor i R B FR e R AAlE) 5 RRIR AT EYSLROFE S VRIS B omcton 5
zone A and réRQi8iwisadat amgessaheshidiisrosiesdicn o afienie e tREreR &gy demand
to be expenddtietdatnivegeanaticougierepetions zekenbninadvantng dvadtition tedbe Bifrotwf better at least
10 mol%, evembietigaahiershdd 48 Yorpatieni afysadianigaeB usitial tagsyA0ifains imbee
advantaggously abieariahBe st r@%l%éﬂt@qé%agtﬁ@em@@h%ﬂd@éﬁﬁvﬁ@famgmi/@t least 35 mol%
e

or at least 40 mql%, Iggﬁgr at least 4% me g{gp%rg%:% {g?gé 05n0e ?rlno/ﬂ‘i G;)g;r%%é%r%%ﬂ%?gﬁ%:sly at least 55

mol% or at Iecf'g? 50 m dﬁ?@%’ré’BW 2 or af least , more k/ﬁat least 75
any cases

mol% or at ledBBHRF35eE ARG YR ABRIEHIBL Y 0968 B L Eac8B HGAE fiy
at least 95 md9§oQriat® axetEmbeetiaséras 48 o BDUeN6I% (but frequently not more than 80 mol%, or
not more than 85 mol%, or not more than 90 mol%, or not more than 95 mol%, or not more than 98

mol%) ofghe aleastpieSeBMENREIdSREAR MIRIFSTRAVRALKIRINGRNBAlIeNdeRrbdrrgas Bone 1 in the
Process accobﬁ%%t&ilrﬂ&ﬁﬁﬂﬁﬁé‘é@ﬁl LoRiPG o(gaﬁgﬁ‘%ré% LML SEB AT GAUERLIR 68?@@9\935 Bis

favorable in that It nor as an advantadeous effect on the activity 20qf the, catalysts used for
reaction zonet%?‘té‘&%@(?lﬁﬁé*i‘%‘{ﬁ@%% 3%?]% ﬁfi)Yﬁgﬁ%ﬁfc? ). 'IQ???L%%B%%HH% ‘&%c?e@? r?;t(%:cording to
the invention thagieteArsParive R Walter Hddretn PhastiarisshaRamig [BEEISA! 688'83t84n be
achieved by sikipE&cdenten) Beibn ( 2578 apapechioytre: hietvoes ceadotitvity andek staddasaction zone B
may noti@nly berdiateisiymedianmbr ydredpancisisl et tknangéies #rNBdwasieagdusiembmay

additionally alsqQi3vgib668 ﬁ}%gtﬁﬁ@é\dﬂ{e{m@s&‘ia@ 1R RaCHPMERRG 4 ARddsrilpBRropriate,

equally removed'é)artlﬁ or fully in separation zone |. 30 Owing to the comparatively high boiling point of
water, especiglﬁ/ actugi1 VAYEG bressures, the aforementioned condensation can normally be achieved by
simple direct and/or indirect cooling of product gas A. In principle, the condensation can be brought
about by singltisthigerereastiibthgened oinduativilyophiate igcerediog igaldanitt BStife3aien®ioh, the
condengHfiveisaaxpaisifigferviadasandtitivrysd ogh fedpaatidpyimihitiistagencealingolddyiantageously from an
application po{phge i @EefbRBEHE HIESHhEARURE AP RREIIRY St ithe ABLURS @R matika e indirect
heat exchanggrg fo etrﬁ‘.ed{f‘v}’ne”fb"%%ér?aos.s Rest'R l%”%iﬂ'r%rﬁ'lr%(e”P‘%Et.‘QﬁjEﬁ&‘i#ﬁ?&%@% eplypes.

% u tube Bu 5e heat exc angers and'p ate heat 40exchangers,

Among these. pretarence is yiven 1o using n _ :
For example, hFafRs 'C8&H & X@@%ﬁ@cﬁrmﬁr@&@%mﬂémﬂ DA IAWRSRERRP DR (typical

temperaturesriPRY e £oMbasIofr Tans iR P deiily 108 (DD @S i dherBisigess Rrsouiesdo0C; typical
working3fresshedavantived oeblgasak lydrddBrb8bR2b has the highest thermal conductivity and

propane which has the highest thermal absorbency are involved synergistically
together in the heat removal.

In principle, reaction gas B in the process according to the invention may, however,
30  also no lenger comprise any molecular hydrogen.

In principle, the product gas A which comprises propylene, propane and steam and is
withdrawn from reaction zone A can be used as such to charge the at least one
oxidation reactor in reaction zone B. However, it is advantageous in accordance with

35 the invention to condense out at least a portion of the steam present in product gas A
in a first separation zone | by direct and/or indirect cocling of product gas A and thus to
remove it from product gas A to leave a product gas A* whose content of steam is
lower than that of product gas A.

40  One reason for this is that the acrolein and/or acrylic acid target products have a
significantly higher affinity for water than the constituents of product gas A, which is
why target product removal from a product gas B comprising elevated amounts of



8 generally from > 1 or 1.5 to 5 bar, or from 2 to 5 bar, preferably from 1.5 or 2 to 3 bar) can be
conducted, in BAig80RAlirect heat exchanger (quite generally, hot product gas A withdrawn from reaction
zone A can be used in the process according to the invention in order to heat at least some of the
constituents or all constituents of the reaction gas 5 Azcharge gas mixture (to the temperature desired
in each case), and to simultaneously cool product gas A, b ?V\}%Ir ct he e, ifa riate in a
series of heatr,f Waﬁ@@r?%'srﬁﬁi aiﬁ'ggpprgg%gr%@nﬁiﬁl 38?5 é(hg a}%g %"‘Hép ? (5’9 in series)),
for example wﬂ%%f”d@éﬁf@fbgﬁ%ﬁtft@wlg@gﬁ%ﬁiﬁ WW@M&B@@'&%%H@%H@% Been
removed fromctivepsissdvioaitedxidie fenmatant zoe esvdfrolbereattd pxidajas), smegdbQeioinmeds as one of
the propane-camputsintfiofbsiRAHdpRt bRigssINFOXRATHIOZRIE Aniovitiieacestattiperature

level desiged %ﬁ&ﬂ%ﬁ‘r@@%ﬁﬁﬂ@é%@%@ (SNSRI r’é‘ﬁéffb%r%w'ﬁaérf@fh%@ftﬂsess
according to the |nvent|onh I gpxam Ie ‘%/ within thetr_lan ehfrom 400 C, preferably from 450 to

550C. In a downsﬁ\\éam &ond e SENEHg ger, t% prO(?L?gtoaézs?%\ cooled as described will
appropriately be conducted, for example, in co- or in countercurrent to product gas A, from which the

steam presenfevariroeRissiirehtppsidemeem daligheiitaesisitunelthesyesikaitercirieagin other words, it
is conducted iiﬁomalf%i.rpactwmiar@wscﬁrehtagmmﬂlrcbgmﬂlzmaerﬁmraiae\daraggémrxsla sefepserature level

as is suiggple @@%épﬂmi%%JPBG%M%@BH%MH% thaaropyime oaresst therein.
When It leave o“ﬁ'?o C E&éth Sﬂ"ﬁ%a%{%%‘oﬁﬁs R{Véhrg LM-F& 4bBAY &t
temperature ove ird | |rec eat p/or 1 gF ped S an air
cooler (for e c?f t@ﬁfﬂ \?v B’fez%?ﬂ%g ,th ri/ﬁ? Il'gcg Product gas A

will then be IM@B’@%@MB@%&?@%@M %@Ueﬁﬁeﬁ%ﬁ‘?‘@]\/ﬁﬂ%ﬁ@ﬁf@dﬁ?@ﬁbﬂh@ﬁ I§8%indertaken in
the 25direct cddlmolvhimteiddast90Thel tir gctreoyier tds ad teasi @Enoet onvaynbbeodxtrdesigrasaown per se

(for exanmple Wpnay oomasEoit e ey (REHGRIANFe an BantomabhaverteccsipBRYOItesrals (for
example CUStﬂHi%}Srf&H&?%%BW ‘E&?'HH?‘&?%:@HSW wmaﬁe BF ﬁB!%QP&QHQﬁ d%eﬂ%oﬁ’%‘i*mﬂ@ surface

area. In gener? oweverztsuc intérnals wil t}g)lcasy th e co umn {)ry of the
direct conden2&ria BERGT m&ﬂeﬁg'élc Iﬂaesfeqré‘ehﬁeerq gé) f:oo e S SO EL SRR i(r)\'?:rzease the ngat losses
through the CBTQWWFW@(%WWBP&&I ré’ﬁgg@‘?n(%dlﬁ’{d’ ?FB§WN@H@&%H PRI the column
surface. The cerstion geeBfisrfaveratiposthef itinecnativhing af pavantagrorpafifdchondngepiviigly be

aqueougphaset treneategshyeeddensaitivbetore Baaddsoiall pinahpeduciigasiimeviioRiteappropriately,
prior to use for direct 35cooling, cooled to temperatures of 5 35C, preferably s 30C, in an indirect heat

exchanger wiffy ”}Sv%r%rge?ﬁé’ Héggro%eﬁsf?(a%gé?’&’ﬁ'att%'Yhfé?rW ik %8?&%@ e MEYY %rface water).

In the direct cocﬁ ueous dlrec coola e con ucted in co- or
in countercurRElIR "é*ﬁ&P&g profefennd f@?ﬁm%'@b@ r’i’(efl?)'\"rt?'%'i’/\ﬂi’hsfﬁ@ Sud of separators known

per se (for exePRPRNBItIRTEans of mechanical droplet separators), the aqueous phase and the remaining
gaseougphase can be separated from one another. After cooling, to be performed as already

described, OfW@cé?F@ﬁW@d%Etﬁ%@%e%étﬁirheﬂﬂﬁam@ﬁ&ré‘é@tW@h@?ﬂ@ﬂBrﬁ&QMJEd to the
direct C°°"”9f8rf 5? RIGIH" 5’&&?285%%”'!?&8386&8% éﬁg nf quem

described, it |st uct canber Jse to a temperature g&rogd
partial also een used s an inert ailuent gas In reéaction zone A and 1S, i approprlate

equally removed partly or fully in separation zone |.

30
Owing to the comparatively high boiling point of water, especially at elevated
pressures, the aforementioned condensation can normally be achieved by simple
direct and/or indirect cooling of product gas A. In principle, the condensation can be
brought about by single-stage or multistage cooling. Appropriately in accordance with

35 the invention, the condensative removal of the water will be brought about by
multistage cooling. Advantageously from an application paint of view, direct and
indirect cooling will be employed in combination. Suitable indirect heat exchangers for
the inventive purpose are in principle all known indirect heat exchanger types. Among
these, preference is given to using tube bundle heat exchangers and plate heat

40  exchangers. For example, in a first cooling stage, the product gas A withdrawn hot
from reaction zone A (typical temperatures of product gas A are, for example, from 400
to 700°C, preferably from 500 to 600°C; typical working pressures of product gas A are



5 oxidation of the propylene by subsequent indirect heat exchange (already described above) with
product gas ARSib&02fe freed of steam. In principle, it is also possible in the process according to the
invention for steam present in product gas A to be removed by condensation only from a portion
thereof. The product gas A* thus formed can subsequgntly be used, as such or in a mixture with the

portion of product A not 10treat. condepsation (in the inventive sense, this mixiure is likewise
B product gas RSB OB e B o LIy E o SRR o BB R burther

0]
. . y catalyz :
advantageous8fé& %WP@@%%%@WWBEM%@WW&M@ eRR At R LIRS 98 Bved
beforehand byvibedsEnonriestiopradue oeanMepiesdritbiyeorseb peadiring Hetiecvieahge) is
generally thatitherdietet el itdesish siiaresithly ddistingsiahouliacdegttsdias ofthe yealidbpadcles
Fresetrrl]t iﬁptfoﬂl&idﬂaé g?swﬁ'%&tllrma&tﬁéi_ts ; r@@é@r{é\ﬂqmmﬂéﬁbﬁaéﬁb’ﬁi Q%Hﬁb?n%étﬁﬁgrfring
rom the heter yze | rogenation ropane, whi ing to the
teaching of D &?%gggfggg%%%agﬁ’ E%B\}?eé%?tho% %{égﬁ%? %f e%?%%%%%ﬁ a"%ﬁ,‘f.%‘gf ﬁgtﬁegr%i eneously

seque
catalyzed parfAFBBRB B HTBYBREreRidS @éﬁf@ﬁ‘ﬁﬂ‘?’?rﬂ@%ﬂé%ﬁﬁ@%%bm%%dﬁl Oor product
gas At used t§@IRFD MRk BiiGambSBINSSHIPIEdS holeas RiFaaRiwiyeh cRRHeeSvords,
appropriately prepeoer dandesvitbeth eemoead dopatheeebsoriesteSe paga joopaad v @copadieg to DE-A
103 160130 isyditezRnanatbierrBmgd LA WRe BT BRCHRIpIRERAnpRdingastanrZzeaad, even if only in
the form of a disggt,caaling, OLIRAGHIBMR Acth DS RELIRIEM - ers iR 12srLhegoadensative
removal of steam fg\) rqduct gas A In Sp aration zone | Is ver ParEcuIar(I}/ advantageouys when it
comprises a a%?@c_et cgiffﬁgok?fpﬁ?g%%? éfé@ E@Qi’tl_‘?fq’ﬂ'@gﬂgrrfﬁ%ggg Ef ?a%ll?/ Pesr%g%%”gg r8hand from
product gas ARI@YIRE (BréaamiP bRMINEER Hatanan gl 08¢BRY dgurssireahad@mmoved by
condensation4 de S&WEd wil dpwrstitgrstiecondgridisadideedd edghangancthenirbdtat ¢asdcovered in a
simple mannefodidexa tuiertud MeRippriieiaeyas sqvase:df RPRIRIAE Mndrioraduced pressure)
and can be regyGlRgHiinFRASTABERNGA ASbWARIAIRPRSH YRREAINAdRSH RieaRadpe direct 35
and/or indirecf cooling of pradhict gas A far the purpose of condensative removal of water present in
product gas A'IS; genera\fy associared with a p?és%ure r%e?{ erem of b 1'bar u%uaLny dr..‘scgar,

preferably 5 (P8 B&C I LEHEmRsPAvGIaR 4t hyl Rf&@ﬁ?ﬁfwa?éF AALGB TR ES e performed
40 after the aékigl SiétehlsRibapRIORE RS Joethe sHbabguR)HParia auise taprb HmeraPdfiien the course
of the h&@rogeeesenisiyeceaitalyeshphidmlcdahydragenibtidnent pezparehdoyexanohectdesncearitain partial
_con_verlsion V%@ﬁérﬂﬂﬁ)@tiﬂ%@ﬂ@@fﬁ%rﬁﬁ%%%@%@E.ﬁﬁ%@iﬂc@iﬁ@i@iﬁrﬁm SldHanse \_Nhit%h arises
in single pass,qf: e n 0 | e
invention, at ?a%*"sjzajjp‘é%“%ﬁ f%‘ﬁ‘é’h%%ﬁ'é%aﬁ%ﬁl}é%ﬁg%cé%%%ﬁ‘@% O o e to

water before I8 8?%2%\%?5?0 ééW%’&r@.{HE? I@fBrSSH%?gi% ﬁﬁﬁ%%ﬁgﬂg‘?’gﬁ%%éo it reaction zone A
5(based on siEPaLEDPRARIGR Gas hetreB\RyR! fbgdriesshean) ther brERISHEIRIMINTAR procedure is
advantagfeousifiestipanlehathicHofolhoiel rbive nilf enbleolga digsttagen draer tneg duaildi ute g the
heterogeneousiy#waisdy zedidebyskue Raian cehRdtpEM 1o a rectification column) and may have
the customary internals (for example customary for rectification columns) for the
purpose of enlarging the heat exchange surface area. In general, however, such
internals will be dispensed with. Typically, the column body of the direct condenser is
30 notinsulated. Preference is given to all measures which increase the heat losses
through the cofumn wall, for example perforated sheets or cooling ribs welded on
parallel to the column surface. The coolant used for the purpose of direct cooling of
product gas A will advantageously be aqueous phase removed by condensation
beforehand from other product gas A, which is appropriately, prior to use for direct
35 coaling, cooled to temperatures of < 35°C, preferably < 30°C, in an indirect heat
exchanger with the aid of cooling water {appropriately from an application point of view,
surface water). in the direct cooler, product gas A and finely sprayed aqueous direct
coolant can be conducted in co- or in countercurrent. In general, preference is given to
cocurrent flow.
40  With the aid of separators known per se (for example by means of mechanical droplet
separators), the aqueous phase and the remaining gaseous phase can be separated
from one another. After cooling, to be performed as already described, of the removed



equilibrium position toward the desired propylene formation. However, it is also 10additionally favorable
in that the he&fo$$888tion obtained in the hydrogen oxidation compensates again for the heat of
reaction consumed in the dehydrogenation effected beforehand, and can provide heat of reaction for
the subsequent further dehydrogenation. Advantageagisly in accordance with the invention, molecular

hydrogen (at least in a portion) will be combusted with molecular n ip reaction 1 A no later

than when 907 H]%q%sb%a?esre Wherf r%tf)ﬁ(% i %%apo?ﬁaé%%eu%tdg m%(o g‘iru %[h%%%g%rf) ?S?r%ge% in reaction
zone A has b8&# formed. Preferably in accordance with the invention, molecular hydrogen (at least in a
portion) will béheotemgsratiigitf felEnririohaRsesehesenia dhe rerodassribRanihinde6s mol%, or 55

mol%, or 45 mpaidtdighe Ad)abarhe vaiksef oicenipetatdre geprigmiatdfon teactioscadmaAidias been
Lormﬁd- ng ﬁnaaﬁw@%m@&%%@&w&@%m@%ﬂé&@M@é@é}%w&r@mmwenfd firstly
where (w 0 [ r - : osition
cgrresponds tSﬁléjJé? 5? {t%#g} é(i&%l%% ﬁsf@f{?ht%%ﬁ?gr%od;ﬁ@%%mn\ﬁ%% Pﬁqgﬁ% évﬁ%%%nﬁ%%r?ﬁg in
separation zotﬁs Hf%CSB%HBE?é%I'}%‘gEE '(i."&'\k'ﬂﬂ@?ﬁ%ﬁ%%hﬁ’éﬁﬁ% ?daﬂjfﬂ U§ZB§? t(t)?] t%%nes 111/1V) to
reaction zongAMEYEERARRgeRsatiRTLPEIfmiBAriemth A ek BRFEAGUSH AasRe thieidemmsdoxygen,
since the aforeanentisaqderdhideal gets geaachlly ik cortprse tmitudauutirrost/pradeshpisyddoh excess
in reaction zomeatbd38ylBonddiiaition pantRIsAVBatind yensedry theterNigieics ahibawrhage of
reaction zonexh with catalvisl TBISoSBAEHA QORI DRYRRFbRtaRd sl wikheatalyst which

exceptionally IS l(?t%tlvel catalyzes or#g tion of molec IL?r n with r’qgl\%&Hlar oxygen to

xid hydr
water. Other catlélygt%aarveag B St e%t!r]angérﬁcigfleo&?\ge?ﬁ %’an%ﬁéfn’g%ﬁ’é %)é%nﬁarogenation. In
general, thosBHSRYFROIRT CRmpLedhriprenaEBIg oA BsatiRaH R BT H25 & RSB @b le of
catalyzing thedgidtobeindiveabbeabexdhanbintiscasrerally that therrizaty coglnllsiotmesing/the activation
energy obthegaiigs spactiardppsitidady maseid paAclsstbiegntimentuceghsropmighimanpderstood to
mearll péopa%mfﬁlﬁ@fﬁ%oééﬁ%&%ﬁﬁﬂfﬁ i@a% hM%M@?@WW@H@%&g%QSG@é@L ittiS oF
supplied as a gonstituen ude propane (which prefer satisfie ifi cording to
39025 11 DA pag o S R SR BT S RER e AL G o MEREE & oot

other than pr&fiafe! GUEFPS B AP bpgHa TOBBESRDN & MRS & e SHPS5P 1 POL REIRISIRNGMSE in DE-A
102005 022798 alyzge maipliaxdrlicoptoneyieigopands aseenmivirdear e tageraiveggsding feed
stream £ tooreprciinctzpasesA isdl eoprbargksthe Gandiad gial Htienrstdindonpisstrerpotgeaiz removed from
the absorbatejaregeal aH OmeeMids (aperdbARRIPRTIatR oripEEaRtAftheslietiens Lidedatidal
separating operation according fo DE-A 103 160 39 is quite generally connected
between reaction zone A and reaction zone B, even if only in the form of a direct
cooling of reaction gas A to be performed as described.
25
The condensative removal of steam from product gas A in separation zone | is very
particularly advantageous when it comprises a direct cooling of product gas A with
aqueous phase preferably removed beforehand from product gas A and cooled
{preferably by indirect heat exchange).
30
The aqueous phase removed by condensation as described will generally still comprise
dissolved propane which can be recovered in a simple manner, for example, by
heating the aqueous phase (if appropriate under reduced pressure} and can be
recycled into reaction zone A as a further propane-comprising feed stream. The direct
35 and/or indirect cooling of product gas A for the purpose of condensative removal of
water present in product gas A is generally associated with a pressure drop therein of
< 1 bar, usually € 0.5 bar, preferabiy < 0.3 bar.

The oxidation of molecular hydrogen to water in reaction zone A can be performed

40  after the actual heterogeneously catalyzed partial dehydrogenation of propane and/or
in the course of the heterogeneocusly catalyzed partial dehydrogenation of propane, for
example when certain partial conversion values have been attained, based on the



In the process according to the invention, preference is given to feeding fresh propane 10 exclusively
into reaction ZAN&248s a constituent of the charge gas mixture for reaction zone A. In principle,
portions of the fresh propane can, for reasons of explosion safety, also be fed into the charge gas
mixtures of the first andtor second oxidation stage of{gaction zone B or at any other point in the
process. 15In this documgrant the lo Ing of a catal s‘ bed wh}cagraczﬁt?e%geg '@éeactlﬁnesélt&p with reaction

. ONYersion of propane whi rises In single pass o
gas is unders{:ooaeto meanpthg amoun O?reactlon gas |P1 Stan

_ ; . EPI'—'Jg the volume in liters
that the corre3pBRANGHAHIARERTFARRSTYLermE iR ARS Dpantiae: LFrFAR tri8R0c, 1 bar)
which is condbxgeepe it euistized doliverter ivragtionaansoh isahnsryividizad s vetdeiietbar. 20 The
loading may alegdiedhasediantesnediarcbasti itemteositreatesictidnaf aeopariban ozesetjon iscthe Amount of
this consgtueni3dd 3A B @@@ae%w%thrmm%ﬁrﬂedmrpiéhs Aqtysdepchrgaeur (pure inert

material beds are not counted toward the fixed catalyst bed). When the catalyst bed consists of a

ixture of catalyst and inert 25 d diluept bodies, the Joading, when it i tioned in this context,
may 5o be KB BFRUT 5 OANASIHR LTS Ge et LR EHE AP sl b

understood g&ReEraNg eswiibaH pEheibatereoecpriRlverrtaAlvied, daiysFeaenadrnitrbiito e
correspondingaegibtiom paditwe S8Ges ten tialiratwhpprcal fpimaticen tHowaetr indstaisaction gas
constituept conprifRreMpians-agRMANS Ghe Riaaly reashionasthiteanntiée Ry o @ XRRIIAS mol%,
preferably (0 afGslgRLTA RAt HERI3P LRGN CEHERAA IAIFE KA dIadBaSS, bireligources for
the molecular o%(%/%?lnrrﬁg?#l%? In reac |0E12 ne A arted n a(¥dlt|0|”bt0 35rﬁﬂdHﬁengas cycle gas stemming
from separatigﬁ one i’ Be%?ﬂ]a?rB\)’(&(/S&e ¥4 c_’sﬁ%ﬁ?(')rna %i)ﬁ%%’ o??ﬁ%?ec_u'ljar O0xygen and a gas which
behaves chefRWHTTHEPRION rAdaRIAIRAS K IbRECHTHADFE WHBULR METRBLEPIEEY B ample noble
gases such abyarggeniadleestan aipogion) stddre coarbastetioxilenetecyian oxhgeminmgactrnmolecular
oxygen mfay kedetaniagastian eariinaizeneA etiengwn TEses|robhtesadiaaamintiyf 40 volume,
preferably nofaRi, Hiaky 4R RYNRILER RLRAbMASR MR- Blch st erfbyapipgeously not more
than 25%% by YAUMESLIOTIRCE LIBNAR bR NCRaL PiLoadiamaRRan Sl il more (han 15%

by volume or fotmore an 10% b 6302 volume and more pre more than 5% by
volume or noPW@%M%%@Wﬁ%@%@%@HBF i e trneets SR hEm SRSl taPoxygen).
Since the oxyefemaémandimaeldcabihe dptel ArosohiiaratRaipidwdrPeemieamnsgnnacariion reaction
zone B idthe zamuedssaadmmndfiogtedhe invention, it is, however, also favorable to use air as 5 the

OXygen SOUrCEHOKiHE XVEiER MRTBaNdr RySRghANZeNfdibH 1A RIBSRSS ARROIIHE Kethe invention,

especially for(iﬁ‘ﬁﬁ%ﬂ@éd?fr@%%ﬂg%@h%k’é@”%)Frﬁ%ig_cﬂgr%%’ﬁééﬁ 5 B 1RIBAL OS5 OAIMeS to be

conveyed and to be compr , preference Is given to the supply as pure oxygen into reaction zone
A. Propane cycle gas recycled into reaction zone A (coming from separation zone 1V) comprises
molecular oxyYeerigRergRy (gsEcRMPRsERNTEErafpRide iR @THBsIresideasamiRf iifhe same way
to the s@pply wiothan erctenuriaingxegeluabgmsrsmriainercinosereraid homthkis wondsctéd asippp of
molecular oxypernasdieexyganrsugHae agReaERbris: thevwgeactdemasid @f readingone A and

of reaction zqna B, gapeciply-hAcAUSHIAReS naturden R 0asals AP ofdle Bracegs.according to
the invention With inert gas, which has to be |ﬁch ped agaln in ]ftrﬂg further coursg@({)f he cycle
o 3 X5 i

process, ovef %8"&%% @%’ﬁsi' Y h@&%ﬁ]ﬁf& ‘c%ﬁ'%p o et RHANHER i6h zone B
can be charg8¥CRPHE FRUESZRERding to the invention have the following contents:
30

In addition, it can also be influenced by the configuration of the charge of reaction zone
A with catalyst. Thus, reaction zone A may be charged locally with catalyst which
exceptionally selectively catalyzes only the oxidation of molecular hydrogen with
molecular oxygen to water. Other catalysts are capable of extremely selectively

35  catalyzing the dehydrogenation. In general, those catalysts which are capable of
catalyzing the dehydrogenation are alsc capable of catalyzing the hydrogen
combustion, in which case they are normally capable of reducing the activation energy
of the latter reaction particularly markedly.

40  In this document, fresh propane is understood to mean propane which has not yet
taken part in a dehydrogenation in reaction zone A. In general, it is supplied as a
constituent of crude propane (which preferably satisfies the specification according to



20from 4 to 25% by volume of propylene, from 6 to 70% by volume of propane, from 0 to 60% by
volume of H28F@#2$ to 60% by volume of 02 and from 0 to 20, preferably up to 10% by volume of H2.
25 Reaction gases B preferred in accordance with the invention have the following contents: from 7 to
25% by volume ofpropylene, 30from 10 to 40% by vojyme ofpropane, from Ito 10% by volume ofH20,

from 10 to 30y yalipe 0102 pd MO0 Ladie by valums glhiz. 3sReclon gases B very

particularly prerer with the invention rémentioned charge have the following

contents: fronYABRENSE: BYIINANLERFBBylene, from 20 to 40% by volume ofpropane, 40from 2 to 8%
by volume of 2O EsHEL BrepaTRisIBPtAINGPIE, dE0 2 XaTaPif PYPTOBTs ey desitiredMBPEBF 58025 13 The

advantageougdii2es H DRI ategerEpaln ¢ crithéotsionfeshchiopaes, Bréscelydartheoprepanle, from DE-A
102 45 585. ¥piieiHsAiaarashiiRRat FUPRISHNR ampeitedids tverallg whesiHiemielar ratio VI

: _ g _ e
of propane presgyl A Eeacion 895 PP RARNESS ULILFEASHOB AAR BRI A AofLiS also

advantageous wit P &? aforementioned composition en the olecular

n
oxygen preseﬁlpl?mga 6?155%@@?5 BYSW@ present in reaction gas B is from 1 to 2.5. In the context

of the present invention, it is also
In the process according to the invention, preference is given to feeding fresh propane

10  exclusively into reaction zone A, as a constituent of the charge gas mixture for reaction
zone A. In principle, portions of the fresh propane can, for reasons of explosion safety,
also be fed into the charge gas mixtures of the first and/or second oxidation stage of
reaction zone B or at any other point in the process.

15 In this document, the loading of a catalyst bed which catalyzes a reaction step with
reaction gas is understood to mean the amount of reaction gas in standard liters (= |
(STP); the volume in liters that the correspending amount of reaction gas would take
up under standard conditions {0°C, 1 bar)) which is conducted through one liter of
catalyst bed (for example fixed catalyst bed) per hour.

20
The loading may also be based only on one constituent of the reaction gas. In that
case, it is the amount of this constituent in { (STP)/Ish which is conducted through one
liter of the catalyst bed per hour (pure inert material beds are not counted toward the
fixed catalyst bed). When the catalyst bed consists of a mixture of catalyst and inert

25 shaped diluent bodies, the loading, when it is mentioned in this context, may also be
based only on the volume unit of catalyst present.

In this document, an inert gas shall be understood generally to mean a reaction gas
constituent which, under the condition of the corresponding reaction, behaves

30 essentially as chemically inert and - each inert reaction gas constituent considered
alone — remains chemically unchanged to an extent of more than 95 mol%, preferably
to an extent of more than 97 mol% or to an extent of more than 99 mol%.

Useful sources for the molecular oxygen required in reaction zone A are, in addition fo

35 residual gas cycle gas stemming from separation zone Il, molecular oxygen as such, or
a mixture of molecular oxygen and a gas which behaves chemically inertly in reaction
zone A (or a mixture of such inert gases) (for example noble gases such as argon,
molecular nitrogen, steam, carbon dioxide, etc.). In other words, the molecular oxygen
may be fed as a gas fo reaction zone A which comprises not more than 50% by

40 volume, preferably not more than 40% by volume or not more than 30% by volume,
advantageously not more than 25% by volume or not more than 20% by volume,
particularly advantageously not more than 15% by volume or not more than 10% by



10 advantageous within the aforementioned composition framework when the ratio V3 of molecular
hydrogen pre®nb&028action gas B to propylene present in reaction gas B is from 0 to 0.80 or from 0 to
0.60 or from 0.1 to 0.50. Frequently, the ratio V3 is also from 0.4 to 0.6. It is also advantageous within
the aforementioned composition framework when thegnolar ratio V4 of steam present in reaction gas B
to the total molar amount of 15propane and propylene_present in reaction gas B is f 0 or 0.001 to
10. ParticularP: %M@Ié}e\ﬁrﬁbmé’%iﬁ{gx 55%’ e‘fﬂ%"&%gfgr@'rg%gﬁfn y Yin the reaction
gas B starting’Aliaeref ahesensas (ranstiuenty Adhentha® mate paai QRN hVBRRLH8 XgSom 2 to 5,
or from 3.5 todemahdsratseqiaferad fois thenREmadigatyrqra i Bataringpmisting ivheacti@nigérom 1.2 to
2.0, or 1.4 or &.th (heHRSRBBADEIYHIMG i tHiLifeastion 9as RowWarkntaisddaveribry efeisdbifeam 0.015 to

5, better omQ.01, i a6NAIRIALEN SOMAALAS ih AR R UEHE N ANABIAGRRUSKSAR-0L 0 0.3
or to 0.1. Preference is given In accordance with the invention to ! nq;rplostve reaction.qas B starting
mixtures. 25 WHLE ST I RRSRLATR (RSl SRR IR LR DS BRLRP LI e is
explosive or riBIERRARSPLENSEIR RS CAOHRYSH, AEHIB OB SPMRIERSE b PEIBIEGE tRIHES Y 82 (for
example glowsugRiyeaimpuievixgenintaoreatiter zbeenixrcpane systeugricrecy tlathitiongiactien(pressure,
temperature) gsrioh (Korily Frb67Sepachiine 20r@NGHoTapliseSATtIEONaNOANGD4B0F#0E )oWhen there is
spreading, the,miduse-FlBrAasaHiRM BpE S ERIARING IS BIRerR 4T RPISPRAPIDDriHR Mixture is
classified In iy, docyneg) g noneI0s e e e g GagHon 4o Rl IF ol @p Ryentive
partial oxidation 18 NONEXPOSIVE, thig normary also Applies 1o the reactjon gas mixtures formed
therefrom in tREYES0r2% R Y ARTHP AAURRIGITRE SR TRIJ% A% FeR %%Bdg%fﬁg?ﬁﬁ'ﬁniﬁ%n@/pical for
the process abcdpigesctieniaoenforspriiale hetaussritdeemnpbwdendhagassteeamn@hture of
constituents gitveetizaacpoatiyteteethedieentian yith dgehgsteamicp topsiochantidehalgedisgmieinand
moleculas oxyggRigHasaliysa PRy MalurBge Sy, Bvier UnBYaKBlid R iSiddigsdmsspiume, or 55% by 40

volume. Up to 80% by volume of these other constituents of the reaction gas B starting mixture may be
ethane and/or. methane. Qtherwise, such contents may i@é%articular be carbon oxides (CO2, CO) and

noble gas, bul S8 FEREIOR asaS R N UL IRATI P e 5= 41 R fhRrEE £ dN&IPREBinaldehy de,
benzaldehyd@casding eIt inxaniontiavpiopiotrvidsomeMacrylic acid, etc. Of course, ethylene,
isobutene, n-butane and n-butenes are also included in these possible other constituents of the
reactionpgas B starting mixture. Th@g@niestiscths, reacki odasdpataéing mixture of molecular nitrogen

may vary within 5a vv_ide range. I_n RFINAIBIR %%@ygg@%g%tsm be_up to 70% by volume. In
general, the content in the reactlong%%? mixture of rplo&?cular nitrogen will be 5 65% by
0

startin
volume, or 5 60% by volume, or 5 J%gpﬁ’ﬁ%y 5?@%6‘%% voblume, or 5 30% by volume, or 5 20%
by volume, or 5 10% by volume, or58b8 1R, &R RYe A BRRiiMe 2 N2 content of the reaction gas B
starting mixture may be vanishinglyfrod$htalR0A prefirabiatipriof & Pyvotwmernfibizhe reaction gas B
starting Z8ixture minimizes the gas volume to be conveyed and to be compressed in the process

according to %Eﬁ?@é{é@ﬂ)@@%&ﬁ SELBIRRARE RARUAB BRSHOM UOIRS HiRbRIHPIen reduces
-produc

propionic aci%gm o formation in reaction zone B. 15 In principle, all processes for
heterogeneously catalyzed partial dehydrogenation of propane to propylene known in the prior art are
useful for the heterogeneously catalyzed partial dehydrogenation of propane in reaction zone A, as
known, for example, from the docuffgnts W2 ¥y 7e870e WO 01/F62WIeER-A 117 146, 20 WO
03/0118m, EP-A 7 310 77, US-A Jrdh2 1600 \WB0dy 0l Koe DE-A 33b@né3, DE-A 102 45 585, DE-A

103 16039, DE-A 10 2005 009891 - 140, g%oqu,%ﬁggg,of H.0,
from 10 to 30% by volume of 0, and
from 0 to 10% by volume of Ha.

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

from 15 to 25% by volume of propylene,

from 20 to 40% by volume of propane,
40 from 2 to 8% by volume of H.0,

from 15 to 30% by volume of 0Oy and

from 0 to 5% by volume of Hs.



DE-A 10 2005 022 798, DE-A 10 2005 009 885, DE-A 10 2005 010 111, DE-A 10 2005 049 699, DE-A
10 2004 032 FPFOS8IRE.0 2005 056377.5, DE 10 2006 017623.5, DE 10 2006 015235.2, DE 10 2005
061626.7 and DE 10 2005 057197.2, and also the prior 25 art acknowledged in these documents (this
is attributable to the fact that the oxidation (combusti@g) of the molecular hydrogen with molecular
oxygen in reaction zone A can in principle follow any process for heterogeneously catalyzed partial
dehydrogenation of propane. In principle, the heterogeneously catalyzed dehydrogenation of propane
and the comblREGIFHISRRUABESH BF GRRdeHIh TG GANIEMS IR (RAFHPSIFE BdRrRYIF80bUPIN different
reactors, for example, react®IE-@otP2dtetBSpatially in series. In this case, it is advantageous that the
reaction gas B starting mixture in the process according to the invention does not necessarily comprise

moleculag oxyggRn QWIS HRIFEANNNLEBIISSSERCRAFILMR R BYSHHRE Méﬁ%ﬁﬂ%&@ﬁ%&caﬂ be

performed ert@e onI asrp Ienr[egctor r, for eéatmglrg masepeess ctoHnggé n of An e 1an one
reactor. 35 Ba§e elé) AT {ﬁgc gﬁ% q r%‘é%?or?zo Atﬁrou ac on zone A,

reaction zone A &n S ST AIY Sﬁﬂﬂﬁl‘ﬁ‘ n RFEIGBPes ﬁBﬂBt?ﬁ O HRCMNE W Rtuid (i.e.
1&3’# R @&I§Bﬂ1@f Bipeed b éf & Wit

liquid or gasethesitieat-cefMiwieasdardnehouesice! indedoipn@ss R.teipweyensyieshatdame reference

basis, it can alsachenpgstoBMetond it Glly, theccaraendiathe witsent suehnieamtidiessbeat exchange

\évrth geard:ar%r»saﬂ%@%?e%ﬂﬂ.%@Q%gs;%tr%mﬁ» oL IRERIEGRIR viRErlRS a8 ch{ahracter
ased on sin c i e

memsures o TS R T DR (P e B

below, may bg%r?ﬁ[ﬁ’u?é% é’ﬁHBfﬁé%ﬁ%Qa%?ﬁ&faat.Qe @roe@e Lﬁ%‘fﬁgﬁ%a{nﬁ (@Egé’ﬁﬂmﬁ? 16} or

exothermicall-fplo<ifl. in dse adamipasais svithiariinfuafroaniigres rarpposiberiEamenrrk
aforementionedietothemesits (atzluding dtearpnoesettickieactiedged B ithtrectdiat tmantshoutiieprocess

according to thepareriitpieryRIBGIRS s HithhetRIREFHROBSY festaty ged. erarane dehydrogenation in

reaction zone A, irrespective of whether it is operated adiabatically and/or isothermally (it is also
possible to aIE—z H from batrc to |s§thermal an reac%on zor{%%and vice versg

performed eit aMiA Peeé’ct%?’( A g‘%ﬁﬁ%‘f HFTi% d“888 SRS LA Pe onnected in
series) or in a('ﬁﬁi\ﬁﬁ@%@ﬂ"b@qmﬁiﬁéﬂ'%a‘%aﬁbrsﬂﬂmé RfePidhitaloBVAE RS backmixing,
especially forpasticingriyfatieardageoustyfsor st detingpniiviore ddae dhistianaengieratlier ifveeaction zone
A by hydmgeresetivhysisan itaresg iartgasvharenisiaeculateorygen hassaltemdy been supplied to the

reaction gas &St Figi o) .J.%Eyrgml% Hé% '@e—;ermerrﬁ&rtﬁly.e%r@rserpﬁerﬁlci@hy%oeenaﬂon of

propane to pro IePe regldreo om %F'h trve n¥gp ad:Hﬁ)n te' r&t; ?estarl van vat%)?le gonversion of
propane norma yreaches the it OF ¢ namrce Uit rrum @% reactioh tem eratures are

from 300 to 8608 Qrpﬁrc‘ﬁpt?oqtt? fgb® r%fref?é‘ﬁﬂ%g"tg%gb@c@ﬁ@%t@ EINEAHIFGER is generated
per molecule siNgxiesivcredetinnlangchateding prispyfrine. According to the invention, the working
pressurgdn the overall reaction zone A is appropriately from > 1 to 5 bar, preferably from 1.5 to 4 bar

and advantagenupiy drasPicuAdintig RN GHATLING: RFETSUER R ERRAHRRAREANAY also be
at higher or "?sY"cSE YoRHS *ﬁr £%%W& ?ﬁgﬁsﬁ‘gﬂ&nmb‘?\h RPIPSER é PR, H}@é&‘l of the H2

reaction product tthe ogenatron equll] dsrtr ninr actron Z0 toward the

propylene to @gr*@m& ﬁ%&&ﬁlﬁ?{%ﬁ@ /g‘wrng platlnum wrre) spreads under the mixture present
under certain conditions (pressure, temperature) or not (cf. DIN 5164¢ and the

30 experiment description in WO 04/007405). When there is spreading, the mixture shall
be classified 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 normally also applies to the reaction gas mixtures
formed therefrom in the course of the partial oxidation (cf. WO 04/007405).

35
Quite generally, it is typical for the process according to the invention that the total
content in the reaction gas B starting mixture of constituents other than propylene,
molecular hydrogen, steam, propane, molecular nitrogen and molecular oxygen is
usually < 20% by volume, or £ 15% by volume, or £ 10% by volume, or £ 5% by

40  volume. Up to 80% by volume of these other constituents of the reaction gas B starting
mixture may be ethane and/or methane. Otherwise, such contents may in particular be
carbon oxides {CO,, CO} and noble gas, but also traces of secondary component



Since the heterogeneously catalyzed dehydrogenation reaction proceeds with increasing volume, the
conversion cdFHEBiRFeased by lowering the partial pressure of 30 the dehydrogenation products. This
can be achieved in a simple manner, for example, by dehydrogenating under reduced pressure
(however, performance at elevated pressure is genergjly advantageous for the catalyst lifetime) and/or

by adding essentially inert diluent gases, for example steam, which normally constitutes an inert gas for
the dehydrog8RARIIRIESEHEM 2R loAmaldrdy den et @'Q?BH%%’OWWCE?E%%%‘%%Ceﬂ‘éaawoé’éﬂ%‘&s reduced

coking of the agithiJ@thaenyisipce. this SRifoureactsNIRRG APRBHIF MBI B RRAPA AR BP L 5]
gasification. Eieshndtidepacityest phessicantieaiznsipente ditbe ngaetisaijag Besotng ofixtiee.
endothermicityref ébaigietndregenstion g¥éiBleatang mindiiréted-aonsyunis igrogen alayfoandinhhave a
promoting effecyfor the A0ackivin abthe Rk R EHIaR: FRIF KEtaINdrR AWnREAR) figaction zone B,
an amount over anq a}aove r% lis IS %hsagevantargegg n rﬁ%Ct'r%Px@?Q% mef&g E;h reasons aIriE%og
mentioned. A%%B%?rfg 8 The |n\}érr\ 0?1, aeﬁg%slga por ioN OF the drogen a&'a?tionacfg/ 'BF 25 16 has

to be oxidized PSRV HUFRRCHOR SB1ePK VRIKNBREFOPE ARIAMRAERSUY i HRERIAALE FitATthe
invention wheh30% &mnetinmsf, sfes20fedyovndemgoarzone’Abpaschinen ehé PSadtiorplyareAlfed to the
catalyst chargeimdipta atiorNz epaténtisfah0MabiiorolagB, saetetahiytord piabyevadnsisrayg more
Eref_erah_'ﬁi 5 %ipﬁmimm&almrﬁogmgmlﬁa?ﬁeam% Ry IRE e Iﬁﬂ&%&r@niﬁnﬁf same

asis, will nor, ve [ ume an
frequently 2. 0, gsvv(%@r%s_ﬁa%%#éﬁaﬁ&%%#é@ﬁﬁa%@%%%%%ié%ﬁﬁ%%ﬁsiy”%%%ﬁ{eﬁ*e%%ﬁﬁﬁane
dehydrogenalidfi¥%re, for example, nitrogen, noble gases such as He, Ne and Ar, but also
compounds steAvesselp aatiiption sihyeastisncamBnathmalacdatiestd RIVAEHPEPIRSIG asher alone
or in the formbytphbtduwerformatice i WhetivtheatdBementioned diluent gases are formed as a by-product
in the cygle gas process according to the invention, or are supplied as fresh gas or a fresh gas

 onefe ing to the invent upplied as fresh. 9 |
nicn s why B B R B B o o, Such

on re erred in ac
possible discRRRRARRSPREE KRR R dDe RS A BB HHKS I REAer s tion zones Nl and
IV. In principle2'@beed ganipdniveserenatienpirrehenfinearigefenady Tatdg¥8d 0 propane
dehydrogenatieanarie dtoof the sedumoentsVile0dHbIEaM0 TWEY CHAGRE tiBedl tdlighdp.into two groups,
specifically inypolusye Wb BreAT @Ydizmalsa Bore:enple deerno) DEGezNdisraluminum oxide)
ggdggittoe (tjhgﬁéE‘lﬁ.'%f%%%_%?b@-f%%??%SQPB@W&P%@BB@MS@{P@EL% W@%dﬁ%@ﬁi%@,p'le Er']"i";wr‘:]m)
posited on g agnerallyexislic SipRa i sxaZIRle ZUEoRLM sile MAdsom el

oxide, 25silicon dioxXi foxide, e -and/or éerium oxideY).

drogenation
catalysts Whi@ﬁ%b@%&@tﬁggﬁ%ad@%ﬂﬁ 020 BeferdeE PRy @3%5: =I§g-AO731077,
DE-A 102112096058 523502.328 97, 2005 99/46880 ausRE 1088083 DIF A 2,68 d 3d0AMe p9rr9420, US-A
4 220 024, Usr¥ackAck 22ged b tAcsSdaaafe b (hhid 1 altibuidblé\td 99343100 ahe Ad88t3A 105,

US-A3 670 Oddnbaehion? 3r3R8 méfeliSe %W%%ﬁ%l%%ﬁéiﬂﬂrgé@@éﬁ%@éﬁ\h@aﬁata'yﬁs

rdin xample 1 mple 2. ex I nd example 4 1 .17 m :
Finaly, the il RS Y o e R e B T Rt ST
catalysts to b BERPRS: IRCUMHDIG SR RSIRTRIRNEAEIS P8NESR JRRKY RERRYRIRIRRAG O the
invention, theasis daeatpsrduntignodd melerlchydipaenusistiirseerhion zaastibczomMsAbeinaeiasey generally
also catilyzedilitarcoiffdrestiesnoforspfecelanipyldrege owitomnetesdlapanaigen skripsinaiphes eaeatalytically
Fowevor, T B onsist o
catalytica{lly %%&@gséﬁgf)gg% %ﬁ)%%ﬁé%%%%ﬂ y\?\%ﬁ%\%r @%ﬁ%@%gg&gp@%ﬂ m%% gh%%é@%odies may be
process according to the invention in reaction zone A can be performed either in only a
single reactor or, for example, in a series connection of more than one reactor.
35 Based on single pass of the propane fed to reaction zone A through reaction zone A,
reaction zone A can in principle be configured isothermally by controlied heat
exchange with fluid (i.e. liquid or gaseous) heat carriers conducted outside reaction
zone A. However, with the same reference basis, it can also be performed
adiabatically, i.e. essentially without such controlled heat exchange with heat carriers
40  conducted 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 the measures recommended in the aforementioned documents and yet to be




manufactured, for example, from fired clays (aluminum silicates) or steatite (for example C 220 from
CeramTec), drfofiféi2®referably essentially free of pores) high- PF 58025 17 temperature ceramic
materials such as aluminum oxides, silicon dioxide, titanium dioxide, magnesium oxide, lanthanum
oxide, cerium oxide, zinc aluminum mixed oxide, thorjgm dioxide, zirconium dioxide, silicon carbide or

other S|I|cates such a H1 esg sﬂmahe% %%I%f eﬁme tloned Taterl §15qu ementloned
materials are asfgo u? aW He appr0|5a a¥ fida Be)ao 0 F%ed caraVét bed of the

process accofﬂﬁ%ﬁ'lﬁaﬂ%zﬁ’ﬁ?éHf|8ﬁ°$ﬁ%%vmloﬁ 'Ezﬂg\ﬁbé Reesikiss? fMRIAVBmprise from 10 to
99.9% by weiggtabybigrsmommatidsitie, the aforeseotionsd WetyinesitalimslnaingShrierieilRdn dioxide
and/or 10titarduknsideddeddn thiseerdoclieehdYdhihwpigbésd atdeatihgte thkementtiohtie first or second
tmhalr; gro%p cﬁrﬁﬁ.slsm%]hlefé%@éhg&ﬁ Rrsitin.e JQBQ'EQHQH?SQé@ﬂBﬁ ﬂ'%ﬁb{ﬁﬁ&%ﬂ@t?gfoup of
e Periodic e of the
percentages-[?g\%?) L& ag’?&ﬁ’éﬁ?&?&%& %ra%/vgélg Gt E% 3 artlcu'I ?Néiﬁ?ﬂ? i is tﬁggaehydrogenatlon
catalyst usedR 51?18 B‘rE‘H'F'gr 555%5%?9%%0&8&%{&{9’ Jj f@ﬁ%ﬂ’% Vifdrementioned
dehydrogenatgi$@ara)die perfpmmeas sithaidn @rfé‘@‘lbbﬁérf?@@@éf%’ A @%’@btw fisggelad one element
of main groupdaatetd| fanekatrplestorme atbhie st oé shamrgeoupvihghedonr ¥idizd cabéelrstaoter element of
20transiipn giALRattcinslyGiBsILoMRRISas: 3LIREINE s ARG &Lewmgfdfwmetgmgasv”l, the
active compoalg@ﬁ%f tﬁﬁxﬂ‘ﬁ@%i@%ﬁ'@%%ﬁ%ﬁb@%ﬂﬁefﬁF@QB&&QWé’sﬁ (? ?Eﬁmd/ or palladium,

more prefera atl As elements o rou e acfive

atoremention B TR B RAE R GBI A BT BN YRS ALEE SRR LI
elements of tF&AS W@Poﬁﬁtﬁm@ﬁ@?ﬁﬁfﬁb the lanthanides and actinides, the active composition of the
aforementioned dehydrogenation catalysts preferably comprises lanthanum and/or cerium. As

elementssof Mapcagyuhé hatagehéolngyasitasy campesdiorgidigetatiementipadelghydrogenation
catalysts prefgigRieRoreflies eaﬁ;syrén%pﬂ RRE AT MsAiRlB.CoReisifp pltoron, gallum,
silicon, germanlum tin and lead, more prefera re{era e actjve osition of the

ti OMo th
aforementloneor| &%”r?'%l“ ?8 aﬁaﬂr? 85’{5‘? S 5r88m nsﬁ-ne%:r[nrto ’i 5 herm nam|{: equr'fgéépﬁ]case from the

aforementionE¥PERd nﬁ%?ﬁtﬁfbtfﬂéo%ﬁ%tHé?élﬁ/etﬂ%"aéﬁ%?o%gn%ﬁéﬁﬂa%é%% e eatatelirudates
(diameter 358pHS8I1¢ fone Mmelesulerofydnpaeprisioenisnpidpel Haleeuia @l pspranaypically from 1 to
20 dehydrogenated to propylene. According to the invention, the working pressure in the

overall reaction zone A is appropriately from > 1 to 5 bar, preferably from 1.5 to 4 bar
and advantageously from 2 to 3 bar. In principle, the working pressure in reaction zone
A may also be at higher or lower values than those mentioned above. High
temperatures and removal of the H; reaction product shift the dehydrogenation

25  equilibrium position in reaction zone A toward the propylene to be formed in reaction
zone A.

8ince the heterogeneously catalyzed dehydrogenation reaction proceeds with
increasing volume, the conversion can be increased by lowering the partial pressure of

30 the dehydrogenation products. This can be achieved in a simple manner, for example,
by dehydrogenating under reduced pressure (however, performance at elevated
pressure is generally advantageous for the catalyst lifetime) and/or by adding
essentially inert diluent gases, for example steam, which normally constitutes an inert
gas for the dehydrogenation reaction. As a further advantage, dilution with steam

35 generally causes reduced coking of the catalyst used, since the steam reacts with
carbon formed by the principle of coal gasification. The heat capacity of the steam is
also capable of compensating for some of the endothermicity of the dehydrogenation.

While steam in limited amounts is normally found to have a promoting effect for the

40  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, at least a portion of the hydrogen additionally



20 mm, preferably from 3 to 10 mm), tablets (preferably the same dimensions as for the extrudates)
and/or cataly$thrib@@2@external diameter and length in each case typically from 2 to 30 mm or to 10 mm,
wall thickness appropriately from 1 to 10 mm, or to 5 mm, or to 3 mm). To perform the heterogeneously
catalyzed dehydrogenation in a 40 fluidized bed (or rm)ving bed), correspondingly more finely divided
catalyst will be ug For reagu'g 8sdzone A ﬁ?reference |3ﬁ ven |n cord nceﬁl with the invention to the

use of fixed c'&?glys Beod%d'zlg %"lg'l ?)? e 5@”% 85%? B1Re caLfaIyst eometry to be
used in the flﬁéﬁ%a?é!%f‘%@d'é?é@b‘ﬂwaﬂy‘ih%g"@éﬁﬁ%‘l“%@ﬁﬁ@ﬂ@?ﬁ%ﬁf&ly@@'%IZWFI"I% 37640 the
geometry of the tihereshigredasotifed to the gstalyst changrebspelionrding fo ihe AWedon are there
5any restrictiopminraicitaay iregdchty uskehgamn aitespretesalily ylidtddsg violllow aylinders (rings),
spheres, 530n%En@h&ﬁ'ﬁﬂ@'§rﬁ89’n@@%@ﬁ?%é'@r@é&%@ﬁe%ﬁgﬁﬂ%% skadis, and maemaliths. The
longest dimerigjo,of the §h@g§g saifhetasies nchotibe. e (ARed Podes O dpgeshgirect ine

connecting t 0|nts Qn the surface) may be fr m tol rom 1.5 mm
to 80 mm, anﬁqﬁ yf?’(ﬁ’rlf'l"ﬁemm to 50 mm or to 20 mm. In general, the dehydrogenation
catalysts (especially those used by way of example in 15 this document and those recommended in
DE-A 19 937 Afith¢e siteerdad s titatdx éon tharietetadesisonkthisablif-e)) prepsnelddgtitbggratiocapable of
catalyzing b%%%@ﬁ@ﬂﬂ%m OhFHRAARRABGHI8098) PUSHAR AF, 'POleRdaioRysiaegs and of
propane/pronylepg (15 O%Ehs AU RE0S peﬁmuﬁaA@@@ﬁa{ee@lyspafatmompaﬂson to
the dehydrogenatlon ane in comP?nsor\e&? exagn'p 895 %p bustion In the case of a
competition sﬂﬁﬁﬁcﬂﬁ Qe'[’)?/? ’ﬁﬁ%ef& £& Qﬁgﬁseeﬁergy for the
combustion JPFﬁtﬂ@&ﬂ&r%ﬁ%é‘ﬁ 4] B@PM‘?@@%W@GH%W%‘%MU&%WPW Piréfane/propylene
generally prosegplEthag fresharasrapidfietiregethecdetitydrogibrationessercturding dedhys ipvenikon
aforemagtionedansnedigihamgkesdipessibbadhg manger withdhesusieyof esheansnaibgai@yst type in -
reaction zone, A IRAPIASSS RACA LB G e AUXATIAISALA HodsHiBWdcha gasLred that, in

reaction zone A when ve|i reaction ? prises molecylar, ox nd cames Illnto Spptact with
B ? he differe harall nes r] é’ Ictlar ara 10N Z | |a
above-described ca alysts, 1gacton gas pn Ll | R e THE EMOUAT & ecular hydrogen

relative to the amount of molecular oxygen present therein, since the risk of combustlon of 30propane
and/or propylersintinewisefisdehudmoratiofetalanizfanidie batssagenenestongi@iddpropane raw
materiakin thprppacessagsagingtiontheeialrentitssiskasivie ddiHdtiouese, Theycadalpstdivised for the

CO{nlbustI%n QbR PIRaMB RIS AL LT VAEIB fﬁ@gélWh.éﬁ%éom@%neetmse%mekisi)?egggfy
USA iessa'szég??ﬂm“ ?*’!?&%@@ a8 o E@%ﬁé%w g%mégfﬁgg%%? % o the
heterogeneoggﬂ%%l é@&'@&%ﬁ&ﬁ%ﬁé‘&%‘ﬁﬁ%ﬂémﬁﬁmﬁa afb?o%f‘&%r %Ti/nants are in

principle all oP4{EsBURRET AR eampieZircaDm cheripiomagnhagivim %%ﬁ%mﬁ@soé@epresent, for
examplg5in alllipoodartide, titanium dioxide, lanthanum oxide and/or cerium oxide). The

dehydrogenation catalysts which may be used thus include all of those recommended
in WO 01/96270, EP-A 731077, DE-A 10211275, DE-A 10131297, WO 99/46039, US-
A 4788 371, EP-A 705 136, WO 99/20420, US-A 4 220 091, US-A § 430 220, US-A 5
877 369, EP-A 117 146, DE-A 199 37 196, DE-A 199 37 105, US-A 3 670 044, US-A 6
30 566 573, WO 94/28021 and DE-A 199 37 107. In particular, the catalysts according to
example 1, example 2, example 3 and example 4 of DE-A 199 37 107 may be used.
Finally, the catalysts of German application No. 10 2005 0442816 should also be
recommended as catalysts to be used for the dehydrogenation in reaction zone A. In
the process according to the invention, these catalysts may be the sole catalysts used
35 within reaction zone A, since they generally also catalyze the combustion of molecular
hydrogen with molecular oxygen.
In principle, a catalytically active bed within reaction zone A may consist exclusively of
catalytically active shaped hodies. However, it is of course also possible for a
catalytically active bed within reaction zone A to consist of catalytically active shaped
40  bodies diluted with inert shaped bodies. Such inert shaped bodies may be
manufactured, for example, from fired clays (aluminum silicates) or steatite (for
example C 220 from CeramTec), or other (preferably essentially free of pores) high-



documents cited with regard to the dehydrogenation catalysts, and also the prior art cited at the outset
of this docum@ht58REE68026 19 A comparatively comprehensive description of dehydrogenation
processes suitable in accordance with the invention is also present in Catalytica(r) Studies Division,
Oxidative Dehydrogenation and Alternative Dehydrogenation Process, Study Number 4192 OD, 51993,
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absorbate in $8psiehistioganatiomsatalistsimseshoae arichf eremiisefeynmedn S8 L& arriabmprising
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elevated temperature from time to time and hence effectively burning off the deposited carbon.

Howevers a caidaipaminneessianpldhe thy merirnfcsatRencdemnasitteand ienosriny eraainegsof the
catalyst lifetirgeyis @lﬁfbﬁ’ﬁ%ﬁ?ible by adding molecular hydrogen to the propane to be dehydrogenated

under hetero eneou atal?/ d[s |t iS co ﬁage&i %P‘ ﬁﬁrothee deh g Sgatlon cataly t at elevated
temperature ﬁig S 8 en %85%”&%% a %\/é 3&1prpeo t?y, appropriate,
in a simple Sﬁﬁé?”?e?r%% QHWH%W@ELBH?%H%Q%‘HE%‘ ‘p"r’és%ﬁ‘?‘i?f‘fﬁg reAia s rring in

separation za@mg Ritleasifeomdigreshnkrodia sepur itingdiee ivb2ibat jrark ane sieyopatafion zone il (or
beyondzepatedieitigogeollp Rndcharegyaliteatitise daaciivnidencsd tl@feﬂetﬂf@r@t gt teaalsiigpossible at this

point to use @mﬁwﬁr veliRgen é@%@%ﬁ%%ﬁ@%yﬁ%@%ml fnopsrdaiiydrogen may also
still be prese%ln e [e é{t@l Hgd%s S GG rﬁ gl eCye r?rg ag I C? ﬁnu Ag%?élr% gr&e éa Of course,
the possibility 290 eXiS s o IXture of stea the fopane to be
dehydrogena?63Bh @B kbR gER @o?%’?f%ﬁ%f RO Pe § %%'ﬁr&ﬂtﬂﬁ?ﬁ Hﬂﬂaﬁ' n to the

heterogeneoQWWMéﬁ?M@ﬁﬁWd@W@ a?écﬁf‘é@@ﬂ@soﬁéaﬂﬁ'@jéﬁl%@l%ﬂﬁtation of allene
(propadiéne)inghogivinetendrabetydizseng stipiozd the. active composition of the aforementioned

dehydrogenation catalysts preferably comprises lanthanum and/or cerium. As elements
of main group lll and/or IV, the active composition of the aforementioned
dehydrogenation catalysts preferably comprises one or more elements from the group
consisting of boron, gallium, silicon, germanium, tin and lead, more preferably tin.

30 Most preferably, the active composition of the aforementioned dehydrogenation
catalysts comprises at least one representative in each case from the aforementioned
element groups.

Generally, the dehydrogenation catalysts may be catalyst extrudates (diameter

35 typically from 0.1 or 1 to 10 mm, preferably from 1.5 to 5 mm; iength typically from 1 to
20 mm, preferably from 3 to 10 mm), tablets (preferably the same dimensions as for
the extrudates} and/or catalyst rings (external diameter and length in each case
typically from 2 to 30 mm or to 10 mm, wall thickness appropriately from 1 to 10 mm, or
to 5 mm, or to 3 mmy}. To perform the heterogeneously catalyzed dehydrogenation in a

40  fluidized bed (or moving bed), correspondingly more finely divided catalyst will be used.
For reaction zane A, preference is given in accordance with the invention to the use of
fixed catalyst beds.



This allows only fresh propane and propane cycle gas to be fed in the simplest case to 5 reaction zone
A to form a reBEtfiPdas A to be conducted through the at least one catalyst bed (in this document, also
known as charge gas mixture of reaction zone A or reaction gas A starting mixture). The propane cycle
gas may already comprise the amount of molecular ggygen (for example when the propane is removed
by stripping from the absorbate in separation zone IV and the stripping gas comprises added
10molecular oxygen, for example in the form of air) which is required to bring about the hydrogen

combustion réRTBERIFaLELNEENED (BRRTthieiRrRIglY $h 9836y KoRe weed Mbrdixedseatal¥ibn gas A
starting mixtubedadgsprecialy toipoaeel GrayrpoitedcaRyiReNYrBiarieasfaiodhs agemetidotl gas
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develop its a antagﬁ p to erties 'for the’ overall process, In the above-described cases, there is not
necessarily aW)?% thé §rﬁp?ﬂ§; H}qﬂ?{wé‘cf'gaseous streams into reaction zone A. The conversion
20desired in reaction zone A proceeds in single pass of reaction gas A through it. Of course, the
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through reaction zone A and out Intermediate , for example, the tubular

reactor or tube %ﬁﬂ&?@@r’@&é‘fl I. ﬁQHPSGr%%@f F??ﬁ '&W b%éssﬁ(gﬁtg&%\tﬁ/st Is disposed in one
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25  catalyst type in reaction zone A in the process according to the invention.
Advantageously, it should be ensured that, in reaction zene A, whenever reaction gas
A comprises melecular oxygen and comes into contact with above-described catalysts,
reaction gas A comprises at least twice the amount of molecular hydrogen relative to
the amount of molecular oxygen present therein, since the risk of combustion of

30  propane and/or propylene otherwise rises and the target product yield based on the
converted propane raw material in the process according to the invention is reduced.

Of course, the catalysts used for the combustion of the molecular hydrogen to water in
reaction zone A may also be those which specifically catalyze this reaction. Such

35 catalysts are described, for example, in the documents US-A 4788371, US-A 4886928,
US-A 5430209, US-A 5530171, US-A 5527979 and US-A 5563314,

To perform the heterogeneously catalyzed propane dehydrogenation, useful reactor
types and process variants are in principle all of those known in the prior art.

40  Descriptions of such process variants are present, for example, in all prior art
documents cited with regard to the dehydrogenation catalysts, and also the prior art
cited at the outset of this document.



required in accordance with the invention in reaction zone A is such that the gross reaction proceeding
in reaction zdPle #38f2dceeds endothermically, the reaction tubes will appropriately be heated from
outside in accordance with the invention (it will be 10appreciated that they may also be cooled if
required). This can be effected, for example, by combpgsting a gas, for example a hydrocarbon such as
methane, in the space surrounding the reaction tubes. It is favorable to apply this direct form of catalyst
tube heating only to the first 20 to 30% of the fixed bed and to heat the remaining bed length to the
required reacli¢@mrAptalreomrsabengierdesativianceiidevasaenatiop PIRASSESS sPtBRBstion. In this

way, an appresioratehzéseiihahe ibvesiitivis islsxhievabldn Satalfica®@LtidiesUDiwignoriaxidativeters are
from about 1@mdrsganatibmisal ArbydieecnatiadrigrdiondHeteasiSteeypiinesfomzB00 o 1000 or

more reagtion §4les s RS GBI MRJRAGLAN BRInIsrelomliss withia he range from 300 to
800C, preferably within thé range from 400 to 700C. Advantageously, reaction gas A 20starting mixture

is fed to the tubular reactor preheated to the reaction temperature. It is possible that product gas
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dehydrogenatiSAABIAGBAH S ANRE TIRARKI R IRIAGEL B RTORARE SR HRAR (GRAEB 9% N single
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charge gas for reaction zone A does n rise angl m eculgr oxygen. 40In this case, the actual

£ com .
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inventiqrpcarpheigteairgd diniegecsmnarseetiendépuiraaancnallprirRantai conedsiictivprocess
according to fagdpve BRI ARRIOBHARNSBS ARCSAIPHR SHIBR WR/Ciah dFRSRD a single pass

through reaction zone A, from 2 5 moN/O to 5 60 mol%, preferably from 10 mol% to 5 50 mol%, more
preferably from .2 15 mol% to 5 40 mol%, and most preferably from 2 20 mol% to 5 35 mol% of the

total amount%%éﬂ"eﬂm&ﬁﬁ%mﬂt%d(ﬁ?ﬁ%’?t@%‘?%ﬂ@ﬁ%%&éﬁ&iﬁ%ﬁrﬁ{br in reaction
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inventidis be crshse ibire reivai Riag 1 gsh it aisuregeaslest predatpdutetiofns teisyantgdly as a diluent
gas in the doyyRaRAEh| AL ER R RraRstuld TS WL ARHESS A HBS¥RBE R BGRHES, can be
recycled subgiapialy WIoL Ipss nia [eagion 29hS f, TNEAGVANIARE A1 A BIBESSS W relatvely
low propane CONVersibn 15 that. on single pass of reactioh gas Ib A through reaction zone A, the
amount of hé AR ir8R5enRE arriBtRINeh LR FRRGHATRIME: WS AIERRRRUNAISK 20 Smparatively
low reaction fepifreratiiedregensigrfiesepronnaeitche debysbegensted. under heterogeneous

30 catalysis before it is conducted over the dehydrogenation catalyst at elevated
temperature. This is possible in the process according to the invention, for example,
by, if appropriate, in a simple manner, removing any molecular hydrogen still present in
the residual gas occurring in separation zone Il therefrom by means of a separating
membrane upsiream of separation zone 1| (or beyond separation zone 1Il) and

35  recycling if into reaction zone A. Of course, it is also possible at this point to use
molecular hydrogen from another source. For example, the molecular hydrogen may
also still be present in the residual gas cycle gas recycled, if appropriate, into reaction
zone A,

Of course, the possibility also exists of adding a mixture of steam and molecular

40  hydrogen to the propane to be dehydrogenated under heterogeneous catalysis.



Advantageously in accordance with the invention, it may, as already addressed, be 20appropriate to
carry out the BFopgdbdehydrogenation in reaction zone A (quasi-)adia- batically (for example with
comparatively low propane conversion). This means that the charge gas mixture for reaction zone A
will generally first be heated to a temperature of fro gOO to 700C (or from 550 to 650C) (for example
by direct firing of the surrounding wall). Normally, a smgle adiabatic pass through a catalyst bed will
then be 25suAENFIGRASIUALHERIBB 1 HHE BEErRAPREPRNGRANERY SENARIGRRLRN e
combustion diapansgasoreflveed theasndedied éownatinnedhatenibtRrvpasicoshreeoBf VeHAEKE the reaction
gas, dependingetyieiine apiantitativetsatio of endothermic dehydrogenation and exothermic combustion of

hydrogen willipgs hasipsdoRs ﬁ@@ﬂﬁ&é}ﬂd?%fw propdhe thalioas W Bkmannahdsthpesesasyaluation.
Preferenge IS gé\%ggb F?‘pﬁﬁ;b wé é‘% Qé"i\ tgoﬂq@qmgjgu%q%tgq d&d&]@ which the
04

reaction gas coo n sin ass ired, Tn a_second section of reaction
zone A, hydrSEE‘}ly 'rhﬂ?f'?e 88HW‘6‘ aﬁﬁttg}?‘f?%r‘?gg e dUBi‘é'&eLmdS?ﬂa%ﬁ? 8[55
catalysis witH A PRIHALR SIS ehEIkin EW@RPW&@&B@%W@W@%%TB@S% d out
adiabatically zp&Retarkatedyyizs pagily (foraekabatie whendtiomrapsinglie straftvied bgcripioor which is
flowed throughbaxind\apashsuteanisdydputieacting I9esnd iRsSulfisting gasctxastibasd@asdor. In the

smplesi gasey isBASAR RIS bIGGIRRINE RyGRsslo A asgnimal diameter

is from 0.1 to 1 é) bP}ﬁq and |nt t‘h f[)xed cata s bed |spplaced ona
support dewc@%f‘oage?(é:r%p iy ﬁ&?qll"n r@a%?%?{%oqﬁ?nvé"wﬁlc 'rr‘m‘ées” IS ed iR catalyst and is
substantially H@ﬁ'ﬁ"?‘F@%%%‘lHéﬁlétéﬁwadﬁ\ﬂafﬁ% @Bé@ﬁ%ﬁ%%@ﬁ%ﬂ%bﬁféﬁény by the hot
reaction gas WeRANEriginpamprre oot anchrabidugamacisiergas be eitinh castcthedatieramavlar or
extrudate-shggegisSitnaphecrartéanariygercan be realized in this case by a very inexpensive
apparays, a'irpéﬁaé}ﬂ%ﬂ%‘géﬁig%w%?htﬁ@ﬁ?of% E9H|'é‘6¥4%"tﬁée§f%%ﬁ1éﬁf BReI eI Grble. These

are in partlcular cataey QSL%P”IC?GTI St% ICE'“I Iar etﬁqwty vo e or re mes{t:%mture form, for

am arm
example monRoNths Of fon OW Of 1 eac ion g com prising propane, the

reactor may, 18 Mﬂﬁﬂ@ °86?+§1'§f'8‘i" ﬂﬁ/ée@BH%ﬁﬁﬂ:e c%‘fl|?ﬂ‘ﬂ|@‘§l}’§]ﬂ8ét§i%?)Y%@ﬂ%%%ﬂ@f’ﬁﬁﬁe?he catalyst
bed may be &fihgeudratiripcasaulatimpbovatteselibbdtesesdhene impeinssessaolany turn be
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catalyzed propane fa¥aaeRNAIe MR ESRECIAlBMR LR ertabisHiRAIosadDdRE-A 199 37 107, in
particular all of those disclosed by way of example, and mixtures thereof with 15 geometric shaped

bodies inert with res ect to the hetero eneously catal dehydro enatlon After a oIonged
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zone Ais g erally usua y < in many cases £ 1or s

The molar ratio of steam to propane in the charge gas mixture of reaction zone A may,
30 for example, be from 2 0 to 30. Appropriately, it will be from 0.05 to 2 and favorably
from 0.1 to 0.5,

Mareover, it is also possible to add exira molecular oxygen (in pure form and/or as a
mixture with inert gas) and/or extra inert gas as required to the charge gas mixture for

35  reaction zone A. The conversion desired in reaction zone A can then again proceed in
single pass of reaction gas A {of the charge gas of reaction zone A) through it, without
further gaseous streams being supplied along the reaction path. In this document, the
reaction path in reaction zone A shall be understood to mean the flow path of that
propane through reaction zone A, as a function of the dehydrogenating conversion {the

40  conversion in the heterogeneously catalyzed dehydrogenation) of this propane, which
is fed to reaction gas A before its first pass through at least one catalyst bed of reaction
zone A,



gas under otherwise identical regeneration conditions. Appropriately from application point of view, it is
recommendddfié8R2h the catalyst with inert gas (for example N2) before it is regenerated. 30
Subsequently, it is generally advisable to regenerate with pure molecular hydrogen or with molecular
hydrogen diluted with inert gas (preferably steam anglfor nitrogen) (the hydrogen content should be 1%
by volume) under otherwise identical conditions. The heterogeneously catalyzed propane
dehydrogenation in reaction zone A of the 35 process according to the invention can be operated with
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temperature 'S9elalibaiienemrntienerRioedumishaceCl R dircdeRyrEosrine eRIRRSgenation can

thus be realibedeat @xtienvralyriooxidegrelanates)indric xisiéos rmp pocpagter fitel sk farapatddidor the
lifetimezaf thedtugdicaiavatpedsRebiasniiued 0 MesaHeNSEPEJHB 8 oINS edavalEens, the
reaction gas (il GI5-ARROR BLely SANAHAE-HA i ALY Hroaea R 9 GLYRREN ARG 0 higher
temperature%O(tcrﬁ%%eerpeae}/Cg‘gnu%%% B. If appropriate, it is also possible for only two of these

reactors to be in dehydrogenation operation, while the catalyst charge is regenerated in

the third reactor.
30

A single pass of the charge gas through reaction zone A can also be effected in a

moving bed or fluidized bed reactor, as described, for example, in DE-A 102 45 585

and the literature cited on this subject in this document.

35  In principle, reaction zone A of the process according to the invention may also consist
of, for example, two sections. Such a construction of reaction zone A is advisable
especially when the charge gas for reaction zone A does not comprise any molecular
oxygen,

40 In this case, the actual heterogeneously catalyzed dehydrogenation can be effected in
the first section and, after an intermediate supply of molecular oxygen and/or a mixture
of molecular oxygen and inert gas, the heterogeneously catalyzed combustion of



35700C) and kept in this elevated temperature range within the tray reactor. It is even more elegant to
carry out theRmbo8a823Utlined intermediate heating in a direct way (enables an autotherrnal method). To
this end, a limited amount of molecular oxygen is added to reaction gas A either before it flows through
the first catalyst bed 40(for example as a constituen&gf residual gas cycle gas and/or of propane cycle
gas) (in that case, reaction gas A starting mixture should advantageously comprise added molecular
hydrogen) afSPBeRTETBLIYSGRXEHRR wiliDeiBetion afh s pie ”|§Pr§§§69§d25 (generally
catalyzed bys¢®digehydrogenation catalysts themselves) to bring about the combustion, required in
accordance with the invention, of molecular hydrogen which is present in reaction gas A, has been

formed in theypaurge-kig Relereacoraysiy aiwrad PeRRsRf@abYHEcsERIVANd/or has been

added tqreagti i ' r ' d ' appropriate
fom an SorEAlo B OF spRFaler R %@%%?Jéﬁ%% ﬁ%?%‘%t@g %‘é@il(?%'r %iﬁfé@“f%ﬁ?‘%@ with
catalyst whiciPp&ritclifiRy shakiedn <é@l’§' i@el%eé%ﬁ%ﬁ 2the @)H?B Qi § Hpaiénggﬁgfgxamples of
useful such EaEE@FaRYfiNGR 1[56@@"’%@16 abcehenand)mont aretesatin frens 2,28 B%038, US-A 5 430
209, US-A 5536 k1% @SS dalagvdatino piohheNBbiedSitichhrenamdeosneHarhtalgst beds may be
accommodatgshiatbgaRalnis AeRndn ialeERaERdAdNE bads saspiittdetvdioganaliontalyst; these
fé‘éiﬁi@irﬁs%%%%ﬁ?h%ﬁ%%‘ﬁf%%ﬁiﬁ%%ﬂ@ﬁ ?%;ﬁé@@%ﬁ”ﬁeﬁ%ﬁﬁii@%‘? eaciion
released thu8™§ Wsoan(?)? 5W#i8f883%iﬂ'§%%%%58\5§%ﬁ1, iya% fé%‘ﬁ)’fﬁ%ﬂ%’g\ cr)lﬁerating mode
overall (the flo¥8THEAMIPERHPAGENSEsANA AN NG HRBRS LU eRt L AR IR RYETIErFENGENTRIE overall for
the heterogebe axsiyied bzt fathpaitealt sl oge nesidion/coniecis dee kil aotdderdatime of the
reaction gas prodiR G diatrREVES RIS Bfoftied aBaveRliydiotenabaRisgiB wapossiele:tbtlgateasing or

substangally £qasiait feRRsFNRe VN LGRARES PREIGRIATREICRY HHEURGsHRGRNEEN tWO

20regenerations and is preferred in accordance with the invention. Especially, when molecular
hydrogen is ggr]_] 6%988%&% 'ﬁ1°t?{1e1pcaéﬁr'§8q %?? eaﬂet%orgné)gﬁaeg&&goc% aﬁ'/%{éoﬂ%wggff%ueljggt%ﬁ] of

propane (ph&gfiggahig arkievedroreny§erebusly catalyzed dehydrogenation of propane (phase 2), it is

appropriate in 25 accordance with the invention first to cool the reaction gas of reaction zone A present

after complepanzpittigedigigingraenisiycaininedndehyoliogerayias, andhdyardsseuytach it is fed to

the fi ntaédwd %mapq%iam 'Shﬁcfiiétﬂﬁﬁpﬁh@edéh%x%gfﬁm&@ﬂw b@d&@fpk‘%ﬁ@_ﬁ @%aypb@uéﬁ%natlzn cycle

gas into reactign zong A as one of.the propane-comprising feed streams), by: change
% icaaP Ff rtﬁ)éaw% wntir? &rgggﬁc&%@&i@ﬁﬁ&ﬂaﬁeoﬁgﬁb%lql%ﬁgﬁé Mlér}qggﬁ%e R q

with the constelituen s'of th reac o%, er than propane cycle gas a
dehydrogen&liBrE8yeaS GduL P ApartiaR 2ane AoMibormRAN: i Be fes! %%’o% Refé"g%rt?o#]zone A, to
#€ before it is treated

cool productftRis AOReWee’ Byl andirerbhBAe 828Rah(fer BxammE pYdhmet fERge
further. This ssrespeditgwiileNonea g actmgizattabatcquasighrodgxn tainst dbd ovi thibndse
25 sufficient in order to achieve both the desired dehydrogenating conversion and the
combustion of hydrogen required in accordance with the invention, in the course of
which the reaction gas, depending on the quantitative ratio of endothermic
dehydrogenation and exothermic combustion of hydrogen will be heated, be cooled or
behave in a thermally neutral manner in the gross evaluation. Preference is given in
30  accordance with the invention to an adiabatic operating mode in which the reaction gas
cools by from about 30 to 200°C in single pass. If required, in a second section of
reaction zone A, hydrogen formed in the dehydrogenation can be postcombusted
under heterogeneous catalysis with intermediately fed molecular oxygen. This
combustion can equally be carried out adiabatically.
35 Remarkably, especially in adiabatic operation, a single shaft furnace reactor which is
flowed through axially and/or radially by reaction gas A is sufficient as a fixed bed
reactor.

In the simplest case, this is a single closed reaction volume, for example a vessel,
40  whose internal diameter is from 0.1 to 10 m, possibly even from 0.5 to 5 m, and in

which the fixed catalyst bed is piaced on a support device (for example a grid). The

reaction volume which has been charged with catalyst and is substantially heat-



Generally, oxygen feeding as described above should be undertaken in accordance with the invention
in such a waPiEz80B8 oxygen content of reaction gas A, based on the amount of molecular hydrogen
present therein, is from 0.5 to 50, or to 40, or to 30% by volume, preferably from 10 to 25% by volume.
Useful oxygen sources include, 40 as already state d?both pure molecular oxygen (preferred in
accordance with the invention) or molecular oxygen diluted with inert gas, for example CO, CO2, N2
and/or noble'@%&%@ddﬂtqgéﬁgﬁlﬂpﬁ@@%r‘.SIﬂFEY@Fa"IBF?HQ%@é@ﬂﬁa%g‘ﬁ/ﬁﬂttﬁé“ﬁWBWthe PF 58025
26 moleculaconpgisingsmaspanasthesalalyst cempeise Ay cibenSATE0vRIY @olMas QSreferably not
more than 25¥irbyatelsinapeddSmatatieoesiytiontusionestban 29%6aliyadinithts casechgdvestageously not
more than 139 valeagpheiles, %%T%F%%QMWHrﬁ_ﬁ\é@ﬂm@@@fﬁﬁ%’e@@bféme than 5%
by volurge 0%95@3&3@@5@&(}&%&%@%6 Sl esl, S i AN RA R Diafhe 0voen
feeding described Is effected Iin pure form. Since ]; e combustion cg 1 mo|o moleculatl_ ydrogen to H20
affords abouf AR YYRRLRHAER LR EIBFELCE R0 RO FIRTRE TR RS 0S8R 1 R0l of propane
to 10 propylefaligndadialdavs ahieactianues. A PONKYISIaY PErPalRothe ieRe s AT fafi 6 BFRAction zone
A in the adiabarigisraf tweactoceaste syl aagride dispaserbith efibehtiydiitt thmlyehbeh piated
advantage obghgrigngsdivetRencatiier aienrhm Bambatic paecisply rhetendnussan pf prasaount of

hydroges of ghaut, ﬂéﬂ%%%ﬁﬂ&% Ht, of molecular hydrogen formed in the dehydrogenation in
reaction zone A. 15 However, the advantage of the process according to the invention does not only

come into effect when an amount of hydrogen of about 50 mol% of the amount of molecular hydrogen

formed in reaiGRISdnentie GRS ERIRGR ¥R SIBIRI NPt RRIENZSHREMEMe comes into effect
even when afehydegerstinpdmsgespedifihnal2s tedBialpils, dectoses 1008198503 Artid.30 to 90 mol%,
or from 35 tg:8hRitneiiealPsiitanaetidol a0l wag ot eRahpIE ARmikiaray themsdblid 70 mol%, or from

35 to 655molia ariRnaiihin BOIRRHeRwiRT45ie R HRAl{BRATG BsRmalecular hydrogen

formed in re%rc)é i0 .zone ﬁ\olg combusted in reaction zone A to give water {preferably in the
above-described op%raﬁng mode of an adiabatic tray reactor). 25 In general, feeding of oxygen as
described above should be undertaken such that the oxygen content of reaction gas A, based on the
amount of priteireraienged peeretne tins therelaraméioned tatalpsts teaBihehpgeneniéce$doThe
isothermicityeshitygid) et aplecushneatalyatarpsopancedelyeragesali oroeed0DadBEpoged further by
incorpargtingralprpil(irsrR @D RIS BIOBIaNiMaIE Pais NG 6P (Brverkbipr e P WiRAliRsges Sarily, been
evacuated b&g&FSer %%&E?tﬁ@%%‘?aﬁﬁ?%ﬁgﬂ ﬂﬁ Fﬁ%&ﬁ?ﬁ&%&?ﬁ?&’é&g ' I:f.%'d?h internals may
also be placed into t _gbpartlcu ar_catalyst bed. These égterna S Ico rise ::%uta ;{é ids 1oral;ﬂwds which
evaporate or288 R HhGAE LM 998 For At IR (CESHBIIRE HRAIRT AP S5 Hha2ihen the
temperature fRIPYERVFENS VN e sraenesaligg ARsdRa R HeB Kb hra s fhisy 4836y volume.

25  In subsequent further regeneration stages, it is possible to use air as the regeneration
gas under otherwise identical regeneration conditions. Appropriately from application
point of view, it is recommended to flush the catalyst with inert gas (for example Ny}
before it is regenerated.

30  Subsequently, it is generally advisable to regenerate with pure molecular hydrogen or
with molecular hydrogen diluted with inert gas (preferably steam and/or nitrogen) (the
hydrogen content should be 2 1% by volume) under otherwise identical conditions.

The heterogeneously catalyzed propane dehydrogenation in reaction zone A of the

35 process according to the invention can be operated with comparatively low propane
conversion (< 30 mol%) in all cases at the same catalyst (bed) loadings (refating both
to the reaction gas overall and to propane present therein) as the variants with high
propane conversion (> 30 mol%). This loading with reaction gas A may, for example,
be from 100 to 40 000 or to 10 000 h?, frequently from 300 to 7000 h, i.e. in many

40  cases from about 500 to 4000 h-'. The aforementioned loadings can also be applied to
any catalyst beds used specifically for hydrogen combustion in reaction zone A.



Another means of heating the charge gas mixture for the heterogeneously catalyzed propane
dehydrogend&tfoR%&action zone A to the required reaction temperature 40 consists in combusting a
portion of the propane and/or I-12 present therein by means of molecular oxygen present in the charge
gas mixture on entry into reaction zone A (for examplge over suitable specific combustion catalysts, for

example by simpl ing it PE 58025 27 through and/or passing. | . and, by means of the heat
of combusti(fﬂ%%%@g%saaﬂ.eg}l ﬁﬂgﬁa"aﬁﬁédﬁ %@gf%g. ﬁg%%uti%gaqc\{%ﬁlallse%%e%ture desired for the
dehydrogenSEEMYQeENIBAIRLBARIGE ER8%idasTSHaIY Shitg) Case-TiBIpRstIe E8BERiAIRI ™ A fluidized
bed reactor)frenpP o5yl hdleered Aoesingle PREMFaRtmimplarientod Meastnay M ercisnigifed
adiabaticallyigextgrresityitheronal iy prstdegbig)comprisesdd heastvitietbechveastoreaction zone A of the

processsaccording to the 10 invention can be configured as described in the documents DE-A 10 2004
032 129 an - td {erengsit FH?&H’&I reaction zone
A used is adr;lﬁ(Eur gﬁoﬁggﬁgﬂé%ﬁﬁﬁgtg‘\gﬂﬁgmg{%ﬁn r E%éb? e’EH gags&ﬁ% %fr% ﬁr&frl%e
molecular oﬁ?& 'ﬁ-ggﬁﬁ?ﬁglﬁ )ﬁ?iaﬁ%‘!@fgé’% &ga%geg_ %a%%zﬁ’ rznoiio sﬂ%rl 'fé‘@gﬁ §§n a (preferably
adiabatic) trdy PeBetaHsA FantA kafalngr FIRTBREII M ABIRTE 1580 HREUBMENJBEr GRP X or axial
succession. reddinwitfemestasihe mumiisecdtraxtalVise lsathtyat/badssarehpseferghiyarrengethiee.
Preferemce iragideoriaxpasyite@itthageipiegendas Mrcappizadbpasinl o opa)enddixedrogenation
autothermal%g%p&gr{gyp@igm@piﬁm 959}%'5&!:!@ oxygen or such a mixture comprising it with

inert gas is added to the charge gas mixture of reaction zone A beyond the first (fixed) 20 catalyst bed
passed through and between the (fixed) catalyst beds downstream of the first (fixed) catalyst bed in

flow directiof (1B SraRFsIECasdRe isen fRiBIES1BessdR B 8hab eyt (RedRAIRA 23858 zed by the
dehydrogen&#iatcatan e ahepisesans dhspederdistavstgrice! aydrobiewsyandds@igrenassiele of the

heterogGneduﬂmmlmdmmﬂagaﬁehwmaﬂam @lﬂeih&pﬂmi&i&o abpdopatne gad/or prppylene
to a minor 2agxtanka4 PARSBIYRRAPIRIRhalReYhesE iROIheHRIg taarat eiakaciesessentially

maintains th Ydrogenation temperature. Appropriately, the partial heterogeneously catalyzed
dehydrogenation o?'propane is essentially operated distributed over the three catalyst trays such that
the conversion of 30the propane conducted into the reactor, based on single reactor pass, is approx.

20 mot% (it ARPEPEShadicRstamaeR MigsHEeckRAI0 NEYMSORterhePiNG S ENL 8RFHIIeNN the
procesalaccitsdiay footheneverititys) bEHdcstble ciavit gath lysh e ferfexarapenbaghassiad isaegularly 90
mol%. The MaxirexiRARRIIHIRRO{ARINB Hetd® Wit FRNYBEROBrBIDFARIMEGMMIAadRoNt backward in
flow directio,y H@&WW%@BS@H%AQ (%‘?@@Cﬂ'eéhﬁ AR FRHgqdSHRgpnerated before

the third tray n flow di ectioP rovides the maximum c tribution to the_convers_ion. Advantageously,
the regenera'trt'lgﬁr?g %ﬁ@c‘?&S \Rﬁéﬁﬁg&%’?%ﬂ O OP ! ‘trays has attained an identical extent.
40Finally, in a (fixed) catalyst bed arranged downstream of the dehydrogenation, after preceding
interméd@iate/éhgm drefeadiegctes e ntlhatyissl opeatbdstibebeficadie dukas ifiidmy @speoiedistobe effected.
This can in prigsiple gmiersitelz afdegoardhatithgarticular when using the catalysts described in
DE-A 199 37 107, especially those of the exemplary embodiments, to conduct the
reaction gas mixture into the dehydrogenation reactor preheated to a temperature of
from 450 to 550°C (preferably from 450 to 500°C) and to keep it in this temperature
30 range within the fray reactor. This means that the entire propane dehydrogenation can
thus be realized at extremely low temperatures, which is found to be particularly
favorable for the lifetime of the fixed catalyst beds between two regenerations. For
higher propane conversions, the reaction gas mixture is appropriately conducted into
the dehydrogenation reactor preheated to higher temperatures (these may be up to
35  700°C) and kept in this elevated temperature range within the tray reactor.

It is even more elegant to carry out the above-ouflined intermediate heating in a direct
way (enables an autothermal method). To this end, a limited amount of molecular
oxygen is added to reaction gas A either before it flows through the first catalyst bed
40  (for example as a constituent of residual gas cycle gas and/or of propane cycle gas) (in
that case, reaction gas A starting mixture should advantageously comprise added
molecular hydrogen) and/or between the downstream catalyst beds. It is thus possible



PF 58025 28 product gas A which then leaves reaction zone A essentially no longer comprises any
molecular hyRfrdgfiil28it is quite generally favorable for the above-described heterogeneously catalyzed
5 partial dehydrogenation of propane when the loading on the total amount of catalyst (sum over all
beds) with the total amount of propane and propyleng is 500 | (STP)/1.h and 520 000 1 (STP)/l h

(typical values are f om 1 00 | /1.h to, 2500 | | h The maximum reactl n erature
i an i LG SOLEA RER AR R TR R CEDB CRBY (TBS0C). 10 A
d|sadvantag6%‘1‘%@‘860@@&‘&”!)@%6%@@%% Wi tBeréH Ay MAUBEHEFE MBRIEVHNH dfready
comprises ngksRIbinaRpgteni gak . \naaawamcmymmnmwm@wmnﬂsraehmg@nanon of
propane alsesalphsdpibpaanehstias dodtiondation bhpepaneidsd prepdinedascarhaen oxides and
molecur %rfd%ﬁ‘&%‘?*l%%%%w e T goscrived. this
can be coun?gtpac (‘))?dlr!g gifg'v S% %\S?[% Tcltﬁsyg%%gd ﬁc] '%H%e %?v??tﬁ?%g from the 20
dehydrogen&ﬂWﬁ‘%ﬁWﬁfEH Eaﬂ'%alf&léﬁ%cdfﬁﬂ]ééﬁﬁ@ﬁtﬁ’ 3 ﬁ?ﬁ/"éﬁ%ﬁﬂ@ﬁ?&%‘?&% bustion of

molecular hyti&igean isrrmpiasortiverfdfsdeh gt vsmipekite thpssrdidhrderneiks Sie of the two
portions (if apRrGpeR1ale-prée8diogaarsah & 400 comhisios BRonecUlBrAydTeRGaedent therein)

to the n@rtlalwﬂ%@@m RIGSIUSt LRSI eu&fegwssa%& whjledhreihenfaitiendaneaxsied into the
dehvdrogen%@aﬁ% ransHenb RPEiB s, AasaraliAbneEREonEs Asbieae oas
mixture). The molecu en pre |n t |s enation S comd ro
dehydrogen&fidA ﬁ%é‘l‘r"fé [v‘?{?%rl’ r%&’f‘?o AEPGIRG r‘?é PS5 rfé’g'ﬁﬂs %’QdBl%B?%‘EB ﬁ% Sﬂ@ﬁ) presentln
the charge g’&@‘iﬂ%&@%ﬁem%ﬁﬁ@wﬁ@ﬁmﬁé'ﬁﬁl@@]ﬁﬁ“@w@@ﬁ%ﬁmﬁpﬁ hixeigisdhsresent therein.
This protectioeaisob ssmdian rdleatet that, 2ie89 airesoihartaie dptitetognindsioneratroradly catalyzed
heteroggneaiiabtiaie SunAisgiabEsoRiranqipedrsavHEgRIN dﬁdﬁé’%ﬁ%? i m&émﬁwrﬁi@mly over the
e PO S S
also referre ?ﬁ%%r 88” é&SpLU?)ep %803§él é)§ ? é?:a[% )éri'lvgJ iﬁ)cﬁ@ s110r8 entioned
document alg6" 885‘?@58@%9 Séﬁkﬁﬂﬁﬁﬁt%hﬁ‘ﬁ‘ﬁcﬂeéﬂ@? Ry AR5 R 8H9ﬂ£f”f5‘%”¥é charge gas
mixture for rearstentemeekadieré.mihishoxiddirspartteiamnliengdiietipetopatwanplecbe molecular

hydrogem whigfehaateeraremopeidnedisansataraepaiting #oeeimbrane from residual gas which
stems from separation zone Il and still comprises molecular hydrogen). PF 58025 29 Typical reaction

Cremion e LR Sheh SR U D AR e o

Bsﬁ@%eneously catalyzed dehydrogenation of propane phase 1) and after th

heterogeneously catalyzed dehydrogenation of propane (phase 2), it is appropnate in

25  accordance with the invention first o cool the reaction gas of reaction zone A present
after completion of the heterogeneously catalyzed dehydrogenation, in the amount in
which it is fed to the final hydrogen combustion in reaction zone A {a portion can be
recycled as dehydrogenation cycle gas into reaction zone A as one of the propane-
comprising feed streams), by indirect heat exchange with the censtituents of the

30 reaction gas A charge mixture other than propane cycle gas and dehydrogenation
cycle gas, and, after the final combustion of molecutar hydrogen in reaction zone A, to
cool product gas A likewise by indirect heat exchange, but with propane cycle gas,
before it is freated further. This is especially true when reaction zone A is configured

exathermically overall.

volume ofpr

35
Generally, oxygen feeding as described above should be undertaken in accordance
with the invention in such a way that the oxygen content of reaction gas A, based on
the amount of molecular hydrogen present therein, is from 0.5 to 50, or to 40, or to
30% by voiume, preferably from 10 to 25% by volume. Useful oxygen sources include,

40  as already stated, both pure molecular oxygen (preferred in accordance with the
invention) or molecular oxygen diluted with inert gas, for example CO, CO», N2 and/or
noble gases, but especially also air. Preferably in accordance with the invention, the



from 0 to 10% by volume ofH2, from 0 to 5% by volume 0f02, from 0 to 20% by volume ofN2, and from
5 to 15% by RbI8BM2DH20 10 Reaction gas A charge gas mixtures preferred for the process according
to the invention (the gas mixture which enters the first fixed catalyst bed in reaction zone A in flow

direction of reaction gas A) have the following conteggs: 15 from 55 to 80% by volume ofpropane, from

0.1 to 20% by volume ofpropylene, from 2 to 10% by volume ofH2, from 1t 5% by volume 0f02, 20from
0 10 20% by JAGHHPCRIOAF 5 %gﬁ%%fﬂ@%masm.Wfﬁ%ﬁ?ﬂ%r%%?‘ﬁi%%nsmuems o
the reaction RESRRIYAGLGRE tHARLARY BinkpiHae AR ASIBASCYS NG FeTR HaReAIR/AH total 5 10% by
volume and pokfevabiyieivbytagecokiyret Typiedhanothicthyasdemehbetietheotatiovdtigcontents: from
30 to 50% by 0RlwneoniprepabendrepréfeiabBOfothroreltiae S¥pmpydames 30 ttier @aeck0itzy volume of
H2, pfeféfabth(afﬁ%fééelQ%J%é/rﬂ'.%ﬁieﬁnbﬁy H&\mrﬁgﬂgbaé% % VRU YRR RRERRY HouBBda k%6 by

volume ofozeﬁlngé“rjow %rtg f3,m4) by v_olumt_a ofN2. 35 The proportion of the constituents of the product
gases A other fan the constituents listed is generally s 10% by volume.

Since the combustion of 1 mol of molecular hydrogen to H;QO affords about twice as
much energy (approx. 240 kJ/mol} as the dehydrogenation of 1 mol of propane to

10  propylene and Hz consumes {approx. 120 kJ/mol), an autothermal configuration of
reaction zone A in the adiabatic tray reactor as described can be combined efficiently
with the contemplated advantage of the inventive procedure, given that it entails
precisely the combustion of an amount of hydrogen of about 50 mol% of the amount of
molecular hydrogen formed in the dehydrogenation in reaction zone A.

15
However, the advantage of the process according to the invention does not only come
into effect when an amount of hydrogen of about 50 mol% of the amount of molecular
hydrogen formed in reaction zone A is combusted in reaction zone A. Instead, this
advantage comes into effect even when an amount of hydrogen of from 25 to 95 mol%,

20  orto 100 mol%, or from 3G to 80 mol%, or from 35 to 85 mol%, or from 40 to 80 mol%,
or from 45 to 75 mol%, or from 50 to 70 mol%, or from 35 to 65 mol%, or from 40 to
60 mol%, or from 45 to 55 mol% of the amount of molecular hydrogen formed in
reaction zone A is combusted in reaction zone A to give water (preferably in the above-
described operating mode of an adiabatic tray reactor).

25
in general, feeding of oxygen as described above should be undertaken such that the
oxygen content of reaction gas A, based on the amount of propane and propylene
present therein, is from 0.01 or 0.5 to 3% by volume.

30  The isothermicity of the heterogeneously catalyzed propane dehydrogenation can be
improved further by incorporating closed (for example tubular) internals which have
favorably, but not necessarily, been evacuated before filling in the spaces between the
catalyst beds in the fray reactor. Such internals may also be placed into the particular
catalyst bed. These internals comprise suitable solids or liquids which evaporate or

35 melt above a certain temperature and consume heat as they do so, and, when the
temperature falls below this value, condense again and release heat as they do so.

Another means of heating the charge gas mixture for the heterogeneously catalyzed
propane dehydrogenation in reaction zone A to the required reaction temperature

40  consists in combusting a portion of the propane and/or H, present therein by means of
molecular oxygen present in the charge gas mixture on entry into reaction zone A (for
example over suitable specific combustion catalysts, for example by simply passing it



The temperature of the product gas A withdrawn from reaction zone A is typically from 300 to 800C,
preferably fr&in @@L 700C and more preferably from 450 to 650C. 40 PF 58025 30 According to the
invention, product gas A is then used, either without further secondary component removal (but
preferably after mechanical removal of solid particlegzpresent therein according to the teaching of DE-A

10 316 039)ﬁ1r gﬁco densatjve | emo al S(EY tabP %f relct an /or |nd ect c?olln of a
portion or of 78 %f".fﬁ%sﬁ%arﬁvﬁr gau%t gg@ & %I?ch *‘)2‘ 0 charge the at
least one oxRISEREBBRW HE F@é&ﬂ@ﬁc’zgﬁe"@%ﬂﬁ‘ FEERRRNY Bs'fﬁ% %‘V fatign
condensativéskshe\riPotdiecs fiemalseaducnepiioned) adyandraesiusespesiaty rom%@'ﬁ!ﬁéd@ﬂd ance

with the inver@atoth cool the hot product gas A before its further use in reaction zone B at least by
indirect yeat exchange with propane cycle gas (and if appropriate other constituents of the reaction gas

A charge gag iy ”%ré’é%lc}’aﬁég' ﬂH‘ﬁ’nQ‘?n qkhe r?&‘é&%ﬁ%#&&‘%& ey EBHﬁf?m;?at propane cycle

gas (and if ig ropriate he other consti uents 0 eaction gas A char Ixture). Otherwise,
for the use %?BEHE? BRSPS ARsHR8Rharge the at least one oxidation reactor in reaction

zone B, it is sufficient to add that amount of molecular oxygen which is required for the attainment of
the objectivdnraceantante with BréoaBOverceactigasohoitof pheguoteessadonting daltheon can, as already
stated,1ip pfiiﬁ@@iﬁd?ﬁc@ﬁ%%rﬁ@@‘é@%@@h@é@ﬁw%%@%@Msﬁl}ma 20D BOteEEMEOXygen

and one or rﬁ%@xq 71 SRR RS RI I inaclianeane Aildorexeron 4@&&2 H20, noble
gases, C02 5re erre to |n document as r|ma‘z))/%(‘)_é(ﬁ(gng ources) efera

accordance ?ﬁ enfion! )ﬁHSG &%Bpégp S ihica ks O RRO R %%f r}\;olume
preferably n@PHEBPé‘QF%W@S%'B&W&%%ﬂﬂ&@é%ﬂgliﬁhgﬁw&ﬁéﬁ Feortinzanme, ’Bartlcularly
advantageoimyetoentetasmplsetably asliatvasc sty reattmdanemhiah doely bl begs tmestetdbivore
preferatdy naksaasedsicnorayged inmadis|netaxiaresddhaon Kabniajsnesyt aiberugasasodther than
molecular OW%%%VM%’}QWQI&S QQVQJ'FQS@LBH% %@58 mé%&eqstaeéafwamsm thprmally, the
amount of nholgcu ar ox ﬁncg I eze su t rgt g 1e o@ar rat}ecg1 g &E rr%xtfge.po%eféent to
propylene preserﬁgl R [Re f8 zone eac ion gas tar g.mixture) is ? 1 and 5

3. Before th@?ﬂoﬂat‘ﬁl’&?do%é‘ﬁt EBW\?JEQH@'Q{\EQ@%%‘MWMH@ HEIPSbAIRIGRE A% its
temperaturedagdseendsdo dorisharmscoradistee @ eeoelion aptfhEyong Bredrstihxadilarly
advant2z@eoustulfrtmedithte &P fftouheagd betwepnisieg(firednadedyta bedy gewispeasent thahe feed to
reaction gasn&toar HamgasHRa GOMNRARRIJA AdPSasHERAR WiisRdsMprmelhoalaeee the pressure of
reaction gasA-enAs\FapRY rﬁ%% oé‘?a Daiy %‘%ﬁ%ﬁr%&n&?@%‘ﬁ&ﬁs@%@ﬂ?&Uleasr oXygen can

be throttled |n S|m e ma r into eact| n € 0X% source us ir, itis
normally P a bUS'[IrC]m of hydrogen fo rn’cile in the co rseo t ehett\épogeneously cag:\qy g

propane dehydrogenation {and, if appropriate, of propane and/or propylene to a minor
25 extent at most) will be brought about, whose exothermic thermal character essentially
maintains the dehydrogenation temperature.

Appropriately, the partial heterogeneously catalyzed dehydrogenation of propane is
essentially operated distributed over the three catalyst trays such that the conversion of
30  the propane conducted into the reactor, based on single reactor pass, is approx.
20 mol% (it will be appreciated that it may also be 30 mol%, or 40 mol%, or 50 mol% or
more in the process according fo the invention). The selectivity of propylene formation
achieved is regularly 90 mol%. The maximum contribution of a single tray to the
conversion migrates from the front backward in flow direction with increasing operating
35 time. In general, the catalyst charge is regenerated before the third tray in fiow
direction provides the maximum contribution to the conversion. Advantageously, the
regeneration is effected when the carbonization of all trays has attained an identical
extent.

40  Finally, in a (fixed) catalyst bed arranged downstream of the dehydrogenation, after
preceding intermediate oxygen feeding, essentially sole combustion of molecular
hydrogen can also be effected. This can in principle go to such a degree that the



compacted by using a radial compressor, as described, for example, by DE-A 103 53 014). The
temperatureRff 898as comprising the molecular oxygen is normally such that the desired temperature
(frequently from 240 to 300C) for the reaction gas B charge mixture is established. In general, this
temperature of the molecular oxygen- Scomprising ggs is from 100 to 200C. Typical reaction gas B
charge gas mixtures comprise: from 10 to 40% by volume ofpropane, 10from 5 to 25% by volume
ofpropylene SISO BRIMERSAS SSFEIRNHPNS SoBa 5y VRt 8995 SRAHEBRREM 096 by
volume of117Q/epyiachetFeggBaction gas B charge gas mixtures comprise: from 15 to 40% by volume
ofpropane, from 7 to 20% by volume ofpropylene, from 0 to 6% by volume ofH2, 20from 15 to 30% by
volume of02)t anglite Hehdmifybahprvdlemts BidiZbovelddbeipsacassragensdingyiedbsyitwention, the
entrance prasseHif alrigAeHendiEn Brioplir aieAsheneaxg don cqaaics AbiRpGTiedgge B il
normally ap ro%rlg\t;el aﬁ; %ﬂw W2 >tt%Le a{a‘% 4 bl% ufsul%LIjI;}/ ;rggl (]{.Brgarl é%esib§r556 q@n\;ﬁ,@ﬁes from 1.5
to 2.5 bar. INE MAanner kno er Se; _ﬂe h eorogéjn 0 s?y CANZeH GAS pﬁése artial oxidation of
propylene tc?eryIRCAGE WW%’I@&U@F@%@W@’&@%@§WBM %ird ﬁ?‘n‘ ﬁ?/gygdf%[l%yé%ive along the
reaction cooftidmexiofurhienctienftesn pesely e withinan individoel ged catrlvsbhedigolein to acrylic acid.

This reaction@esiagesushiwsp it S sLS0eTSiedtiT ¢opRes50IE Yhe possibility in a manner known per
se of tggninating the process according to the invention in reaction zone B at the stage of acrolein (the

stage of preqoguoa acielel Qg a0 33undsiiakg e taigs! BOWEREIYRLgIhis stage, or
continuing the process according to the invention up to predominant actyfic acid formation and only

then underta¥Ri AIECRHY COMRIRES: RARGYAT XK F byl RILFFRY T WEH\RRIAR s carried out
up to predorfiipaishuerggenatiasiafrarananerilsosatalaatiipeensiHstiondfdbrxidalien #ierpanton to
perform the pndgeepyletedostades) tedes vl ciedat)af stapasssananyedyiteise Méd, molebidhrcase the
fixed catalysthgdro be used and preferably also the other reaction conditions, for

in addition to the measure of adding a molecular hydrogen-comprising gas to the
reaction gas A charge gas mixture as already described, this can be counteracted
according to DE-A 102 11 275 by dividing the product gas withdrawn from the

20  dehydrogenation zone (which can be followed in reaction zone A by another zone for
combustion of molecular hydrogen) into two portions of identical composition in order
to feed only one of the two portions (if appropriate after preceding partial or full
combustion of molecular hydrogen present therein) to the partial oxidation as product
gas A or product gas A*, while the other portion is recycled into the dehydrogenation as

25  a constituent of reaction gas A (generally of the reaction gas A charge gas mixture).
The molecular hydrogen present in this dehydrogenation cycle gas coming from the
dehydrogenation itself is then intended to protect the propane and, if appropriate,
propylene present in the charge gas mixture for reaction zone A from the molecular
oxygen which is likewise present therein. This protection is based on the fact that, as

30 already stated, the combustion, normally catalyzed heterogeneously by the same
catalysts, of molecular hydrogen to water is preferred kinetically over the full
combustion of propane and/or propylene.

Following the teaching of DE-A 102 11 275, the dehydrogenation cycle gas circulation

35  will appropriately be realized by the jet pump principle (it is also referred to as loop
mode; propane cycle gas may function as the motive jet). The aforementioned
document also addresses the possibility of adding molecular hydrogen additionally to
the charge gas mixture for reaction zone A as further oxidation protection (this may, for
exampie, be molecular hydrogen which has been removed by means of a separating

40  membrane from residual gas which stems from separation zone I} and still comprises
maolecular hydrogen).



PF 58025 32 example the temperature of the fixed catalyst bed, are appropriately adjusted in an
optimizing nf2h#8P#P each of the two oxidation stages, Although the multimetal oxides comprising the
elements Mo, Fe, Bi which are 5 particularly suitable as active compositions for the catalysts of the first
oxidation stage (propylene -4 acrolein) are also capadle to a certain extent of catalyzing the second
oxidation stag {agralein 4 asndic.adid) prefetenes isarmal glven arils ReaapAaridation stage to
catalysts whosé active composition is-at feast one multimetal oxide comprising the elements Mo and V.
10 The procBad I HRESSEFiEaSIR e AOERIAVEBHENE Y & feo FalE AN R Bt vention, for the
heterogeneously catalyzed partial oxidation of propylene over fixed catalyst beds whose catalysts have,
as an active composition, at leasfromeS tdtbt#tdlyosatieneovhprisingtbaeiements Mo, Fe and Bi is thus
suitablegn particular as a one-staggnlOArecess, By PERPAEIRY acrolgispidgwkacrylic acid if appropriate) or
as the first reaction stage for the fwo- tﬂgqeota,{)qu\;gﬁi_ﬁ)%cgfacrylic %ild. The realization of the one-stage
heterogeneously catalyzed partig| oxigatti%q ofaprorl}/lene to acrolein and acrylic acid if appropriate or
o8I 0FRL

the two-stage heterogeneously 2 A Iy% Ofe2tion of propylene to acrylic acid using a
reaction gas B obtained in accor@QftE Wiﬁp?ﬁé’ﬁ’n‘{féwﬂi@rpfnay spe’&#i@&ﬂiy be carried out as described in
the documents EP-A 70 07 14 (fiflstimeattidhstageclasdetcribed thete, but also in corresponding
countefgurrent mode of salt bath and starting reaction gas mixture over the tube bundle reactor), EP-A
70 08 93 (second reaction stage; as described there, 25 but also in corresponding countercurrent

mode), WO g%gﬁg;rgws(ﬁs&%?ialls}étgis g{)cumen isr‘%?égrQed as beinzg agrié}%egq{ hpeart of this
document) (as'a \_/vo-%?age proc 5 3 W btk ) [ A ESffg?f &‘I:I‘_St reaction stage), EP-A 1 159
248 (as a tWHXGBRIRN 1Rz 88s)Mbxtre YHiSH enfErabediat fRgdicRiRish B dEPTRREIPEFINS 8 a
two-stage piite sineaien Afreacligrrgas(As kewumdhstiajiowingeasiemE-A 101 01 695 30 (one-stage or
two-stage), WO 04/085368 (as a two-stage process), DE 10 2004 021 764 (two-stage), WO 041085362
(first reaction stage), WO 04/05534@, @@WAWQUW), W%%Qﬁ?é%S (second reaction stage),
WO 04/085367_ (two-stage), EP-,{A?O%)%“ ?{gzll:j@oﬁ%]vgﬁ%g% and %R}f I%n]e% 5_98. 35 This is efspec[ally
true of all working examples contained in these documents. They m )}” e carried out as described in
these documents, but with the diff@P2ad8 8% VYRR reaction Gas mixture used for the first reaction
stage (propylene to acrolein) is di@actiEhigasrrgbmesied in accBrdance with the invention. Regarding
the rerflining parameters, the pionedute 20 %soinvtlenodiing exahplasdof the documents mentioned 40

(especially regarding the fixed catahs RetsaBd veretansfloadingtefghe fixed catalyst beds). When the
procedure in the aforementioned working examples of the prior art is in two stages and there is

secondary en feeding (secondary air.feeding in 8. PF 58025 33 manner less preferred in
accordance W %ﬁrﬁé’ ?rﬁ%%”n_ﬁﬁs)eb"é’méﬁ Y Sefﬁglae? %%%'&Q %Sges{g}%req?e%acﬁnn&'}fgj ﬁ%%%%g g‘napn an
appropriate RANEL FRASUERNRIRIIAFSNHTDINRS 10ePERPIAE FRARMIR RRIOP hB¥cular oxygen

to acraléin ineheneharge gas mixture of the second reaction stage corresponds to that in the working
examples 5 pfphaidesdnregizseenianethe following contents:

[+)

from 30 to 50% by volume of propane,
from 15 to 30% by volume of propylene,
30 from O to 10% by volume of Ha, preferably from 0 to 6% by
volume of Hs,
from 10 to 25% by volume of H.0,
from O to 1% by volume of Og, and
from O to 35% by volume of No.
35
The proportion of the constituents of the product gases A other than the constituents
listed is generally £ 10% by volume.
The temperature of the product gas A withdrawn from reaction zone A is typicalty from
300 to 800°C, preferably from 400 to 700°C and more preferably from 450 to 650°C.
490

The pressure of the product gas A leaving reaction zone A is generally from > 1 to 5
bar, preferably from 1.5 o 4 bar and advantageously from 2 to 3 bar.



Advantageously in accordance with the invention, the amounts of oxygen in reaction zone B are such
that product a$8028Il comprises unconverted molecular oxygen (appropriately from a 0.5 to 6% by
volume, advantageously from Ito 5% by volume, 10 preferably from 2 to 4% by volume). In the case of
a two-stage procedure, the aforementioned applies4g each of the two oxidation stages. Multimetal
oxide catalysts particularly suitable for the particular oxidation stage have been described many times
before and are well known to those skilled in the art. For 15 example, EP-A 253 409 refers on page 5 to

corresponding IS PaEnReVERIBN Badrt Qo fisdhen e S ﬂaﬁﬁﬁ%ﬁ@'}ﬁr SERYERY¥l0sed by
DE-A44 31 99MrDEeAt 1&0Ed (babniaisrahly piermackanza remevial e§palidapgrticiesdirafese of the
general fornmtbéatin doedmiingtorttr exduhimadgd BEcA NG IECOd9 orsafRRarttmrsalvadeattegeous
catalystg for(Hig Rt istbat W@%&%ﬁ&?&ﬂrﬁﬂ%@i%@ e by dhp dieaunenisedntifedOst #5488, DE-A 103

e s g&  BEAA0OFIRAUIDE A 103

50822. For ntive reaction st e fo tero eous cat gas phase partial 25
oxidation of B’l‘ fé'ﬁéeﬁf%ﬂ&é?ﬁ%'f) thereof, useful multimetal oxide

compositions are in principle all multlmetal OXIde composmons comprising Mo, Bi and Fe as the active
composition|riéspeetaeahwiaticulactreensitive rehwydechetater darmporsitiortges thésgeneral formula 30

| of DEtf 19¢hgeriak@ntheisnipproptaterdeasdspcomprsid ongepfithagensifasnmiaduet DE-A 199 48
523, the muiRalAaeRarir ARPRTEanRATLLR eaReldo A0 hand i ainBE ¥ 01 01 695,
the multimetal oxide aci ve com&?% |onrsoo e aﬁgrecr;% ?ltue iL L re PI of DE:A %59 48 248 and
the multlmel%PBXICFngC N oSifiBRS 8% e enera oAU ae ? q‘%?é ﬁ"j’t g:% 168 and
also the mulﬁﬂﬁm%@%’ﬁ‘éﬁf @é@%ﬁ&gﬁmﬁéoﬁﬁééﬁ%qw&ﬂ%b@@fﬂs RS RARRr this
reaction stagicts gasdand if apprimidticteartyetcomtiivkstagpiioe Biagtidrreas/hichaige digélosed in the

documents Regaemsch Disclosure No. 497012 of 08.29.2005 (inadvertently, in the working examples
there, the specific surface area was 40 reported mistakenly in cm2/g instead of correctly in m2/g with

cr 1 sot L W RGBT b0yl O bt co

575807, USRS ERCISE N SRIBTETR S IIEE! ek 167 AT aHBGES e general
formula I1), Syaegwhigh iz oxquived foythe aitainmen o thecbiegtiveis EFshes gPparmdalar to the
exempiéry gmizhaingesta or theseddotgasehts, and among these particular preference is given to those
of EP-A 15 565, EP-A 575 897, 5DE-A 197 46 210 and DE-A 198 55913. Particular emphasis is given

in this conteh 0GR ASRUNNORIATAISEIATbE RS R A algetocs gelalyst o be

prepared in a.c ondi anner e active composition has the ¢
M0I2N|ssZn51l9(§ ‘P QS%PE%RQ 8&83?5?[6"%18?%%%? q%?sogfngrg \%ﬁ%\?’hé&ﬁ trh%\fe having the
serial numb&PTicAfyiNEAYingesstenzensBrfenfemprio Mot RPERD 5591(RI8Bx) as an

unsup@brtedeiesited toyhirttisrdamatysnicigeimanryy gemso@ ean) . Prefarabisitezneddianceteith height x
internal diaroeignyémtibals0sefectemas Rzeriatiomdbineisdonidendreoteayst BRasy disigrie example 1 of

DE-A 197 48,280 MERSANSTRAHIH 259, By %ﬂﬂﬁ&%ﬁﬁﬂ%ﬁ%&%@'r@f'%@fﬁ%ﬁ%@%ﬁ -A 4,438,217
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than 10% by volume and more preferably not more than 5% by volume or not more
30  than 2% by volume of other gases other than molecular oxygen. Very particularly
advantageous at this point is the use of pure oxygen.

Normally, the amount of molecular oxygen added is such that the molar ratio of
molecular oxygen present to propylene present in the charge gas for reaction zone B
35 (reaction gas B starting mixture) ts = 1 and < 3. Before the molecular oxygen-
comprising gas is added to product gas A or product gas A*, its temperature has
advantageously been adjusted to a value of from 250 to 370°C, particularly
advantageously from 270 to 320°C. The gas camprising the molecular oxygen is
present in the feed to reaction gas A or reaction gas A* compressed to a pressure
40  which is normally above the pressure of reaction gas A or A* (if appropriate up to 1
bar}, so that the gas comprising the molecular oxygen can be throttied in a simple
manner into reaction gas A or A* (when the oxygen source used is air, it is normally



1I53mmx3.5mm,or5mmx2mmx2mm,or5mmx3mmx2mm,or6mmx3mmx3mm,or7
mm x 3 mm REAG802Feach external diameter x height x internal diameter). Further possible catalyst
geometries in this context are extrudates (for example length 7.7 mm and diameter 7 mm; or length 6,4
mm and diameter 5.7 mm). 20A multitude of the mu§metal oxide active compositions suitable for the
step from pro ene to acrolein and, if a priate, acr I|c an be encomp d e general
formula IV 6FPHF3SIER @B%f‘?@zﬁ@%ﬁﬂ%% i a}l’ﬁg \cfgﬂ%‘i’é@pé%bé’a%%sgeﬁug as follows:
X1 = nickel Qﬂd)oﬂ'h@lﬁ%mpﬁ@tﬂrmaflFbﬁwg%%ﬂﬁ!ﬂﬁ*féﬁdhﬁﬁw&caﬁraﬂ&m‘?@ ERHMAaPUSHX3 = zinc,
phosphorus ffzattweiciesveshteamaraturg, (fireoeentiyiiéead4hid/ SOQTRY Ste thexeactiiicaas Buminum,
titanium andéaBAECAIMIR: R EdttisRe Ihydharinmhie Rinseatore tsrmelyrnisrulit@dygie = from 0 to
10, prefgrabgéﬁqgﬂwsﬁécbég sdfmﬁp%@tgpz%opteferably from 0.02 to 2, e = from O to 8, preferably from O

to 5, f =from 0 to 10 and n = a number which is determined by the valency and frequency of the
elements in 401V other than oxygen. PF 58025 35 They are obtainable in a manner known per se (see,
for example,TRCA @@Q@Qﬁsﬁgﬁfgecggﬁdﬁimﬂﬁgﬁﬁﬁﬁ’d'?ﬁ ‘substance to give spheres, rings or
cylinders or else used in the form of coated catalysts, i.e. preshaped inert support bodies coated with
the active composition. They may fedraowr $& 4096 lhevasensast catalysts in powpleptoren (for Sexample in
fluidizeghbed reactors). In principlgy@gtive, eamnRsiinsobthe general formulady ez be prepared in a

simple from 0 to 10% by volume of Ha,
from 10 to 30% by volume of 0., and
from 1 to 10% by volume of H.0.

15  Preferred reaction gas B charge gas mixtures comprise:

from 15 to 40% by volume of propane,
from 7 to 20% by volume of propylene,
from 0 to 6% by volume of Ho,

20 from 15 to 30% by volume of 0., and
from 1 to 7% by volume of HzO.

In the process according to the invention, the entrance pressure of reaction gas B into
the at least one oxidation reactor of reaction zone B will normally appropriately be from
25 > 1 barto 4 bar, usually from 1.3 bar to 3 bar, in many cases from 1.5 to 2.5 bar.

In a manner known per se, the heterogeneously catalyzed gas phase partial oxidation

of propylene to acrylic acid with molecular oxygen proceeds in principle in two steps

successive along the reaction coordinate, of which the first leads to acrolein, and the
30 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

35 undertaking 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
40  acid formation, it is advantageous in accordance with the invention to perform the

process in two stages, i.e. in two oxidation stages arranged in series, in which case the

fixed catalyst bed to be used and preferably also the other reaction conditions, for



manner by obtaining a very intimate, preferably finely divided dry mixture having a composition
correspondiRFtoaD@sr stoichiometry from suitable sources of their 10elemental constituents and
calcining it at temperatures of from 350 to 650C. The calcination may be effected either under inert gas
or under an oxidative atmosphere, for example air (gy’xture of inert gas and oxygen) and also under a
reducing atmosphere (for example mixture of inert gas, NH3, CO and/or H2). The calcination time can
be from a fe@Kamigdbedaimestataerafdhe iypitemtaiethedsate amprrentipeiariivsiasjseal sources for
the elementabtionisiiiy erdsred thesauhlbibaheaxiskidatitivestagapositions 1V are those compounds which
are already oxides and/or those compounds which can be converted to oxides by heating, at least in

the presenc%ﬁwﬁ%éémwgit$%g% %ﬁigﬁg’tﬁggﬂeﬁﬂl ﬁt&r 'Q,g Eﬁ%m%%s include in

particular hali it ormates, oxalates, citrates, acetates, carbonajes, amine complexes,
ammontim SARLCHIRIL PR GEAC (X6 YRR IR SRR S Iﬁﬁ?‘ﬁ%@’fmﬁmﬂﬂlgggﬁlRICHoz,
CH3000H, NPIReYEB02> Aspisipraractioranaiigttoefai esiepcdcariydng dhesieatdmposed on
later calciniraxiaation Istgt {acpokeircormpmyitdscidh phefor A% dteaweatkily giveados tfarsecande
additionally GasnerrdebEte BRINEIE W SELEREHEhpDRRGIasRICRIMIRURURIfAE RIRRAIING

multimetal Oéf%qﬁﬁﬁ%mégetﬁg%ﬁ?g%% ar\]{be intimately mixed in dry or in wet form. When they are

mixed in dry he starting 30 compounds are appropriately used as finely divided powders and
subjected to calcination after mixing and optional compacting. However, preference is given to intimate
mixing in wet 16rATCTSAsCIDE SRITREH fHy THRABRMERNEB MREPHARGSRTOIRINYPIIORofRT of an

agueous solthéometerdEnsosplyrtsataly fedrtadiaryxidéitioatef dmp it esarrixed tedte gsirnbems mixing
process desgHBes yuhapsio e siarticamatavalssniBoinpiclisely seuImesabicorigenental constituents
in dissolved dafiBlig ARIGORUREANS PEISHRRIY WHIGE HBBRINGATEJI? adUcpusseapgposition
obtained is dried, and the drying process is preterably effected b ray-drying the aqueous mixture at
exit teﬁ]%era?m‘é‘gsgff?(o%e%\ént@%?%6%’.”4@"]%%0%{}&%@ K 4 %%%é) (o 8%5? AR general
formula IV n§t8eBdqides tup-gase RiphREAtcECHASHY @ABI%Crylic acid if appropriate)” step either in
powder form or shaped to certain catalyst geometries, and the shaping may be effected either before
tF;lF 5802d5 361 AftpranerispHeariaataie hokrahaitshnaBneEegaainlyatagen sre prepared from
e powder 0, : in or

comppo 'tionBt?; génqgg?:?%}ﬁ%ﬁ %Q%?ng (%é{g?flé? E[Lc?ﬂgttgr &rllg{r.gy?ﬁg! %%)ﬁ@#%%@%fg %ﬁruding), if
protate AR EC AR P AT AAICPH 1 8 A 6 A AR O e ARES s ancler
shaping assf@FRSEARCRTYID AR ueRling nRrsascifaibribr cacTeg 258 25 desstedindbR carbide or
potassium tidacateemtes e GOJIA it st readtionpxiagihlestdeseiteck ymaabiioaiso nitride as an assistant
in the Sh?D“_El@rré%@ﬁ&ﬁ@ﬁ&@Dﬁ‘@cﬂVr&Erﬁo&@ m 8aih @E@-MH@OJ%&B&@%M@@J@W ted catalyst
?eomzet”efoiﬂs'ﬂfb%%ﬁ)ﬁ%@#&é‘éﬁﬁ%ﬁ "?W&%’Bg‘{?&%&%ﬂ@gcﬁﬂr#&%é%‘?ré?Bgé.%ﬁt?éﬁrtﬁé}%,a length of
oM 2 Y Bsd i Cofaeponding Countersonent made), WO 04/085369 (especially this

document is regarded as being an integral part of this document) (as a two-stage

process), WO 04/85363, DE-A 103 13 212 {first reaction stage), EP-A 1 159 248 (as a

two-stage process), EP-A 1 159 246 (second reaction stage), EP-A 1 150 247 (as a

twa-stage process), DE-A 199 48 248 (as a two-stage process), DE-A 101 01 695

30 (one-stage or two-stage), WO 04/085368 (as a two-stage process), DE 10
2004 021 764 (two-stage), WO 04/085362 (first reaction stage), WO 04/085370
{second reaction stage), WO 04/085365 (second reaction stage), WO 04/085367 (two-

stage), EP-A 990 636, EP-A 1 007 007 and EP-A 1 106 598.

35 This is especially true of all working examples contained in these documents. They
may be carried out as described in these documents, but with the difference that the
starting reaction gas mixture used for the first reaction stage {propylene to acrolein} is
a reaction gas B generated in accordance with the invention. Regarding the remaining
parameters, the procedure is as in the working examples of the documents mentioned

40  (especially regarding the fixed catalyst beds and reactant loading of the fixed catalyst
beds). When the procedure in the aforementioned working examples of the prior art is
in two stages and there is secondary oxygen feeding (secondary air feeding in a



a wall thickness of from Ito 3 mm is advantageous. The unsupported catalyst can of course also have
spherical ge@m&gp2and the spherical diameter can be from 2 to 10 mm. A particularly favorable hollow
cylinder geometry is 5 mm x 3 mm x 2 mm (external 15diameter x length x internal diameter),
especially in the case of unsupported catalysts. The,pulverulent active composition or its pulverulent
precursor composition which is yet to be calcined and/or partially calcined may of course also be
shaped by aP|9ie§ @pRIsiRfRbinReceRNgs Wilip BisHiEventionbBaMpEenihe supRAE#RNYies to produce
the 20coatedtegtdytis feagimeimiiygertidendd an appridpbide otatelsle MelSsaedmstdisalosed, for example,
by DE-A 29 G@h6ids {5 Bré\ 31365 efcTRom T B0mbRegat Srgguinpastrnslien thedangier
CompOS't'Ohngas%?w%ﬂﬁ RABRONIRIEN MU0 ARBSHIRAGGRN AR ABRIE LBniBlsxample by
&

means ot alr. The coating thickness of the powder composition applied to the support body is
appropr%:\telﬁétb% %‘Wﬁmﬁqﬂ@%%ge from 10 to 1000 pm, preferably within the range from 50 to
500 pm and more preferably within the range from 150 to 250 pm. Useful support materials are
customary padvastegemmhooascaiutancanwitkite snedition, drexaieetintsiohoxiigoeida, reactoium dioxide,
silicon carbiggry BileaiarrWe pRodlatAABTSUIMINGH R RIBRIBHBEHERIGUIN Sy generally behave
substantially ingrndil a9 815 B0} LERAHENLA0NNIGBING HRAESS AE5LY Vit invention is

based. The sug e, although preference Is given to

? n hay alar or irregular,
;5 g@ﬁy&?ﬁﬁ%ﬁ%’e@gﬁggiP?ﬁﬁf?%?br?t’:&hu‘?fg% é?%ﬁ@ﬁ??%’%? 5rPE 3‘?‘%5[8‘§ feres or hollow

regular1 shd}
cylinders. S@EteIS@UNGA BBEies reagiatirritng SxdRiRNcHEg8Ssurface-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, suitaitie siappatidoadinysal pareurylindaranid lesenie peioaraidation Staentang whose
el BB i) B [ Sroel RIS ARG R heinventon
used V\ﬁé pr%’fgpé%%e%ﬁggad%@céev%ﬁﬁlg Weéi%ﬁ%%ﬁ?@ %”%H%tﬁ of ?r%msz to 6 mm, an external
diameter of from 4 to 8 mm and a wall thickness of from Ito 2 mm. Support bodies suitable in
accordance Fatlorthgdnataliists foetie FRiIB6D2 532 Stagaratselsmdsdbsmbbyetry 7 mm x 3 mm x 4
mm (externaheiamates BienaE-AiNer0sh daseisndhsEineness gidherraiakisadimigotive oxide
Compostoner B IARIELINIE AINIAES o e RpaRILRaNYIS Al sl AEluRlifldne desired
coatin hlc@e s\‘&cf} EP-A 714 700). MLiltlm%ta oxide active compositionsto be used tor the step from
propylérie to 3538 W&%‘W?&S CRENE n%féEPd %rrta 'é%rooé% ﬁ%%% %‘Ftﬁ%’%%%%ﬂiﬁormma Vv
[yia,y2roody&RyeReymenis B frdPicf @4 88 itfich e darfifieRard datR3Rahdatald follows: Y1 = only

bismuth or biShdth1d8d RE 1aasidonmt 28ahe e rheh D181 rameh PERBmoRptiBand copper, 15 Y2 =
molybdenum, or tungsten, or molybdenum and tungsten,

For the inventive reaction stage for the heterogeneously catalyzed gas phase partial

25  oxidation of propylene to acrclein or acrylic acid or a mixture thereof, usefut muitimetal
oxide compositions are in principle all multimetal oxide compositions comprising Mo, Bi
and Fe as the active composition.

These are in particular the multimetal oxide active compositions of the general formula
30 | of DE-A 199 55 176, the multimetal oxide active compositions of the general formula |

of DE-A 199 48 523, the muitimetal oxide active compositions of the general formulae

), Il and Wl of DE-A 101 01 695, the multimetal oxide active compositions of the general

formulae |, It and Il of DE-A 199 48 248 and the multimetal oxide active compositions

of the general formulae |, Il and Ill of DE-A 199 55 168 and also the multimetal oxide
35  active compositions 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 (inadvertently, in the working examples there, the specific surface area was
40  reported mistakenly in cm?g instead of correctly in m#g with the same numerical

value), DE-A 100 46 957, DE-A 100 63 182, DE-C 3 338 380, DE-A 199 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,



Y3 = an alkali metal, thallium and/or samarium, Y4 = an alkaline earth metal, nickel, cobalt, copper,
manganese,P#880#5 cadmium and/or mercury, =iron or iron and at least one of the elements
chromium and cerium, 20 Y6= phosphorus, arsenic, boron and/or antimony, = a rare earth metal,
titanium, zirconium, niobium, tantalum, rhenium, rut&gnium, rhodium, silver, gold, aluminum, gallium,
indium, silicon, germanium, lead, thorium and/or uranium, 25a’' = from 0.01 to 8, b = from 0.1 to 30, c' =
from 0 to 4, EP - RERBBABAAIREH. Db 0BT 3 INOOX2H 196- bt 496 48240 from 8 1o 16, =
numbers whitiicaeefithe ganesa iynhda/blofyAS1d29430@1ck-6f 298 2khaedtEMA/78th&rthan oxygen
and 35p,q =Trigdeitew ioseridglaate tsfexentphip b csimprisingttuseddicnensitnahtegions of the
chemical Coqmeﬁglmyéigﬁaﬂar\ﬁm@}é{se%Umaﬁ%fr‘tﬂe},éfwEb@@hs@e@@ﬁ%@wmto their
Oifforentcomoalidhy 18 el d%oe 9 ey P S MBI AR R Uapesirect ine
passing through 40the centéer of the region and connectin wdjpomsfs on the Surface (nter ace) of the
region) is frahFaiAKHBCEOF G (9 EXRIBRI SR & Frfd ﬂ?%@é ARY SisedmasatastEe B¢ 25 pm. PF
58025 38 Pamnaatlime\eantespanding mantstab oiidiose apusitenPusiainmé theaccordance with the

invention aredhqsssittow MohNi; 2 osFy-BisPgthks A eng biese Fpiefaiss cedisgiyearindtine to those of
each dnined s O osten. 23 = kel
and/ori%baﬂ@%iﬁgofﬁgﬁld% &ﬁ%&gf};ﬁgtg@]ﬁgﬁp §rr1t%€ké:ﬂfr?é~ & ﬁrﬂ\é?r?e%%ﬁ#y&ﬁig&%%ﬁbrus, arsenic,
boron, antimtbf th? AUH? AMa/EPiesee! tigraeterii eI ntRiRe! famais LI F SR HiEm, = copper,
silver and/orgkpreredmopitongtad axide [l catalyst according to example 1 of DE-A 197 46 210.

Mention shouid also be made of the multimetal oxide catalysts of US-A 4,438,217. The

latter is especially true when these hollow cylinders have a geometry of 5.5 mm x

15 3mmx3.5mm,or§mmx 2 mmx2mm,or5mm x 3 mm »2mm, or 6 mm x

3 mm x 3 mm, or 7 mm x 3 mm x 4 mm {each external diameter x height x internat

diameter). Further possible catalyst geometries in this context are extrudates (for

example length 7.7 mm and diameter 7 mm; or jength 6.4 mm and diameter 5.7 mm).

20 A muititude of the multimetal oxide active compositions suitabie for the step from
propylene to acrolein and, if appropriate, acrylic acid can be encompassed by the
general formula IV

Mo 1aBiaFepX 1 X2g X3 X400 {1V)
25
in which the variables are each defined as follows:

X'= nickel and/or cobalt,
X2 = thallium, an alkali metal and/or an alkaline earth metal,

30 X3= zinc, phosphorus, arsenic, boron, antimony, tin, cerium, lead and/or tungsten,
X4 = silicon, aluminum, titanium and/or zirconium,

a= from051t05,
b = from 0.01 to 5, preferably from 2 to 4,
35 ¢ = fromOto 10, preferably from 3 to 10,
d = from O to 2, preferably from 0.02 to 2,
e = from O to 8, preferably from C to 5,
f = from0to 10 and
n = anumber which is determined by the valency and frequency of the elements in

40 IV other than oxygen.



from 0.2 to 2, 20 ¢" = from 3 to 10, = from 0.02 to 2, e" = from 0.01 to 5, preferably from 0.1 to 3, = from
0to5, g"RFfE@0L6 to 10, 25h" = from O to 1, = numbers which are determined by the valency and
frequency of the elements in VI other than oxygen, p",g" = numbers whose p"/q" ratio is from 0.1 to 5,
preferably from 0.5 to 2, 30and very particular prefeggnce is given to those compositions VI in which

Z2b- (tungsten)b- and Z212= (molybdenum)12. It is also advantageous when at Iea§25 mol%
(preferably ANEREFSOHAGPLHA MBRIBREAIANR PRIGHISRE) ' TR MBdAiBAbFIRE Boxip

([BieZ2b-Ocjrg efstamesiv shanechinoxibistansafo dverephe(atfingstar exinders PipeisRigAsAN suitable in
accordance thifctive ohueatéancatdiyetsn Ll petshapeddreonspositit bediefeokitetbtatothdexatisenpositions

V) suitable ihaprRitENCcmBjthfioiienioninindhadarm eiMyess tHpenakrtahiegians of the chemical
compo%tlone\)glaa}x g(p\( ﬁﬁi’&' e%bd élr\évg SE}re delimited from their local environment owing to their

i
different chemical composition 40 from their local environment, and whose maximum diameter is in the

range from 1 nm to 100 pm. PF 58025 39 With regard to the shaping, the statements made for the
multimetal CRGERGRIR GSitvR sompasiians abibg asTaAlIREMISKYIEAERAPERRBAANASITRE.  The

preparation wianmetimetdtairide actve intmytesitrers abig fiwtye dbétkdalne Rexyie havBER-A 575 897 and
also in DE-Ad o8 3ofrBSpaading RAEiM AR ARimsaqaromendasabove sy efatsaruseful, inter alia, as
nert majeriali Ak cRRLARALAL AR BN PIEB SRR A G ad SN ot or as an

upstream bed which protects them a ats t as mixture. For the second step (the second
r(faction sta&@%\{ﬂ%@ﬁe%%é’gn%%ﬁé 85‘?5?9&‘8&5E‘del%egr%%%%wa%?ﬁd%?%%ﬁ&?3_ Wocfgﬁ%' 5eacrylic acid,
useful activdEEHHBRIERS\foixtie hinpitanfcrNfirayarsd) 28 MEadiNIRiR AP PMciple all multimetal
oxide compasitimsheanifonsraniie anigtiefof iogetrppte litrhs €0f DB HOD A2 ivatiamtitnge thereof,
for exampleghose abRErfevd Iidnetdd LRWIRERMRARASEE N I BAeges it termpelatvit.
M012\4%X1%%%02%%%(%%@1%0&@4{%@ constituents of the multimetal oxide active

compositions IV are 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.

20 In addition to the oxides, such useful starting compounds inciude in particular halides,
nitrates, formates, oxalates, citrates, acetates, carbonates, amine complexes,
ammaonium salts and/or hydroxides (compounds such as NHsOH, (NH4}:CO3, NHsNO;3,
NH;CHO,, CH;COOH, NH,CH3CO;, and/or ammonium oxalate which decompose
and/or can be decomposed on later calcining at the latest to give compounds which are

25 released in gaseous form can be additionally incorporated into the intimate dry
mixture).

The starting compounds for preparing muitimetal oxide active compositions 1V can be
intimately mixed in dry or in wet form. When they are mixed in dry form, the starting

30 compounds are appropriately used as finely divided powders and subjected to
calcination after mixing and optional compacting. However, preference is given to
intimate mixing in wet form. Typically, the starting compounds are mixed with each
other 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

35 exclusively 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.

40  The muitimetal 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



20 in which the variables are each defined as follows: = W, Nb, Ta, Cr and/or Ce, = X2= Cu, Ni, Co,
Fe, Mn and/6FZ8026 X3= Sb and/or Bi, X4 = one or more alkali metals, X5 = one or more alkaline
earth metals, X6= Si, Al, Ti and/or Zr, 30a =from 1 to 6, b =from 0.2 to 4, c = from 0.5to 18, d = from O
to 40, e =from 0 to 2, 35 f= from O to 4, g = fromy@ to 40 and n = a number which is determined by

the valency and frequency of the elements in VII other than ox en' 40 Embodiments Pich are
preferred in 8?:68?(5ﬁﬁ%gW)%qtﬁaﬂﬁ@%ti%nﬁ%eémﬂlﬁ'tHBséf@Wg‘?ﬁy AIRNEP GRRBE Pfl‘?%%e\f‘?{négg' which are

encompassdtenyonderoinsmintiar AatticrroaeRtipar Rible Sotalsngd RBEHPF AN ARICIDEDS 8025 40 = W,
Nb and/or Cpré2irsdt epMpdStiemtjordrepaXBng Sbhthe NdsirddaatatystrdepXdty (far SxampliobBa, X6= Si,
Al and/or Ti tabidimgfeBxinaatag), L BproaaOsiand sdaifiembPadrtant Fdrexathine?,
5  graphite or stearic acid as lubricants and/or shaping assistants and reinforcing agents
such as microfibers of glass, asbestos, silicon carbide or potassium titanate. Instead of
graphite, it is also possible to use hexagonal boron nitride as an assistant in the
shaping, as recommended by DE-A 10 2005 (37 678. Examples of suitable
unsupported catalyst geometries include solid cylinders or holiow cylinders having an
10 external diameter and a length of from 2 to 10 mm. In the case of the hollow cylinders,
a wall thickness of from 1 to 3 mm is advantageous. The unsupported catalyst can of
course also have spherical geometry, and the spherical diameter can be from 2 to
10 mm.
A particularly favorable hollow cylinder geometry is 5 mm x 3 mm x 2 mm (external
15  diameter x length x internal diameter), especially in the case of unsupported catalysts.

The pulverulent active composition or its pulverulent precursor composition which is yet
to be calcined and/or partially calcined may of course also be shaped by applying to
preshaped inert catalyst supports. The coating of the support bodies to produce the

20 coated catalysts is generally performed in a suitable rotatable vessel, as disclosed, for
example, by DE-A 29 09 671, EP-A 293 859 or EP-A 714 700. To coat the support
bodies, the powder composition to be applied is appropriately moistened and dried
again after application, for example by means of hot air. The coating thickness of the
powder composition applied to the support body is appropriately selected within the

25 range from 10 to 1000 um, preferably within the range from 50 to 500 ym and more
preferably within the range from 150 to 250 um.

Useful support materials are customary porous or nonporous aluminum oxides, silicon
dioxide, thorium dioxide, zirconium dioxide, silicon carbide or silicates such as

30  magnesium silicate or aluminum silicate. They generally behave substantially 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 bedies having distinct surface roughness, for
example spheres or hollow cylinders. Suitable support bodies are substantially

35  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 length 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. Annular

40  support bodies to be used with preference in accordance with the invention have a
length of from 2 to 6 mm, an externat 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



e=from0to 0.2, f=fromO0to 1 and 15 n = a number which is determined by the valency and
frequency oRfR&&0@ments in VII other than oxygen. However, multimetal oxides VII which are very
particularly preferred in accordance with the invention are those of the general formula VIII 20
Mo12V.Vb WC Y5f Y6gOrt.(VIIl) where 25 Y1=W agyd/or Nb, Y2 = Cu and/or Ni, Y5 = Ca and/or Sr, y6
= Siand/or Al, 30 a'=from2to 4, b'=from1to 1.5 c' =from1to3, V-fromOtoOS '=from0Oto 8

and 35 n' = RAHGWR TR PSS BEASMAIY By‘fﬂé‘\?’aﬁﬁ%y%\ﬁmr@&ﬁéﬁ@bdéﬁm?éeéleﬁ?gﬁ E ih VIl other
than oxygennEneahfiamedes). dliednanaes cothpesitariicalipoti pxte somppRitipnadedi®ance with

the inventiompgkedittainaklatiace of #nneapranuope issef douraxsadjistetisol tiseddniréd Piatihg 3 35 973 or
in EP-A 714{@RnRE (eBEHR A ¥ 18 phiciple, multimetal oxide active compositions suitable for the
"acroleip acrylic aC|d" step, especially those of the general formula VII, can be prepared in a simple

manner by obtaining a very intimate, preferabl |nely dlwde?‘ﬁﬁgf mixture havm%'a comEﬁ sition

correspondift 1R *%’f@%t‘%ﬁ‘ﬁ%ﬁ9 ?ﬁ'té% PEIBREDLTR SIFR Jiam BFIRY DR R AETHE End
calcining it defehiepatopsatsfaeafic3BINRBDRIE? TrBRASPREiBhthegeperabierEtBuY either under inert

gas or under an oxidative atmosphere, for example air (mbdure of inert gas and oxygen), and also

under a reducing atmosphegre, (for @xpRlempsiveyQivingst gas and reducing gases such as Hz, NH3,
CO, mgghane and/or acrolein or the reducing gases mentioned themselves). The 10 calcination time

can be from a few minutes to a few hours and t p|c decreases with temperature. Useful sources for
the eIementéﬂ %’fﬂﬂhgﬁﬁr@% ‘ﬁﬁ?’i} ?553%3%& &'Eomposmons VIl include those compounds

which are already oxicies and/or those compounds which can be converted to oxides by heating, at
least in the pfesenoly dfsoxythesr. iSmuth and at least one of the elements tellurium, antimony, tin

and copper,
15 Y2 = molybdenum, or tungsten, or molybdenum and tungsten,
Y? = an alkali metal, thallium and/or samarium,
Y4 = an alkaline earth metal, nickel, cobalt, copper, manganese, zinc, tin, cadmium
and/or mercury,
Y5 = iron or iron and at least one of the elements chromium and cerium,
20 Y%= phosphorus, arsenic, boron and/or antimony,
Y? = a rare earth metal, titanium, zirconium, niobium, tantalum, rhenium, ruthenium,
rhodium, silver, gold, aluminum, gallium, indium, silicon, germanium, lead,
thorium and/or uranium,

25 a'= from0.01to8,
b'= from 0.1 to 30,
c¢'= from0to4,
d = from 0to 20,
e’'= from > 0 to 20,
30 f= from0to6,
g'= from 0to 15,
h' = from 8 to 16,
X'y = numbers which are determined by the valency and frequency of the elements in
V other than oxygen and
35  p,q = numbers whose p/q ratio is from 0.1 fo 10,

comprising three-dimensional regions of the chemical composition Y152, O, which are
delimited from their local environment owing to their different composition from their
local environment, and whose maximum diameter (longest direct line passing through

40  the center of the regicn 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 pm to 50 or
25 pm.



The starting compounds for the preparation of multimetal oxide compositions VII can be intimately
mixed in dryRF 58028 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 20to intilq?te 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 ar@aticlugichgvaniagenus PEtlimelahoxitacoorsiitionss\irs disblgve @topnanpe witlvent used is
preferably wiateinenbse gre tbysdhe wigigrausscomnppisiiathobtained is dried, and the drying process is
preferably effected by spray-drying the agueous mixture at exit temperatures of from 100 to 150C.
30The rgsulijng multimetal oxide compositions, s F]E&['I se of r I%frmula VII, may be
used forg the%%%& L#n Bt {%%rgﬂﬁgelrslﬁnf)%r\}v' jru %r%et( or%ég%n%%%mg?#?ﬁﬁiu% ed reactor) or shaped
to certain catalyst geometries, and the shaping may be effected before or after the final calcination. For
example, unsupported dBia&fetSdan[BéagregarEaZ5m e ewder form of thel¥ltive composition or its
uncalcined precursor 35composition by compacting to the desired catalyst geometry (for example by
tableting or gxivHENthe i AHuMiER Hrdewei Jbshad ditiamelassistants, for example graphite or stearic acid
as Iub%ants and/or shaping assistants and reinforcing agents such as microfibers of glass, asbestos,
silicon carbi%tz-:- or VB_.otassium fitanate. Examples o;;suitable unsu[f%orted catalyst geometries are solid
cylinders or fioToW"SHRRFSI Rt g8ieh eXBPAGRARRAISNES R Mgth of from 2 to 10 mm. In the
case of the BdFowisKah@epioacmadthickness of from 1 to 3 mm is appropriate. The unsupported
catalyst PPZ3802hdlllumay b baiinsetal s iavesphietioal getnnettsl, in which case the spherical

diameter mas be HaR3EhERUED JRIEN(E; Bofd, BRErAbSy LM Bdrledpdiseigint active composition or its

putverylent EE@U%?ﬁ?!oﬁomBm‘&%‘ WQWD&?%%I/C} %@&qﬁﬂpined can of course also be shaped by
applying to %;eshaped |he[t catalﬁ;trsu orts. The coating of the support bodies to prepare the coated

catalysts is eﬁerﬁﬁ?ppeérfﬂ Yriedn itable rotatable vessel, as disclosed, for example, by DE-A 2
909 671, EP-A 293 859 or by EP-A 714700. 10 To coat the support bodies, the powder composition to
be applied ig"apptwpnifitéfprhoistened and is dried again after application, for example by means of hot
air. The coaging thigknesa®pthe powder composition applied to the support body is appropriately
selecteg withinthe range t(g,m 10 to 1000 pm, preferably within the range from 50 to 500 pm and more
preferably within %he rgg%e frgm 150 to 250 pm. 15 Useful support materials are customary porous or
nonporous a uminum oxi é%, Silicon dioxide, thorium dioxide, zirconium dioxide, silicon carbide or
silicates suéh a5 ey R dmSsiReRiRsaaliamuhi%icate. The support bodies may have a regular or
irregular shéipe, dtoddh preference is given to regularly shaped support bodies 20 having distinct
surface roughnegeorfp0 &xaople spheres or hollow cylinders with grit Layer. Suitable support bodies
includesubstantigly,npppprous, surface-roughened, spherical supports made of steatite, whose
diameter is from 1 to 10 mm.or,to 8 referably from 4 to 5 mm. In other words, suitable spherical
geometries ﬁfgy-hgylglbd‘?ésrn%?écr% 3 .ggrrl&nmo%c{sgi }riﬁ?n\fn] oW \?QE ﬂjﬁﬂ‘éﬁ'ﬁé’ %aﬁégr?%{)nd?éisa{?so include
25 cylinders Whosé(llé’ﬂb%ﬂ?ﬁé?ﬁi’% 10 mm and whose external diameter is from 4 to 10 mm. In the
case of rings"as suppuretsodlesethe/gvadtihiskrendid Wso pyplesalyyfiform DD 1 thm. 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 ang a %%%%k?nﬁﬁ%%frﬁﬁ@réréﬂc?e RGvel i e s BRAPdRiies ' alRRAN Particular rings of

geometry 7£9br~n=x(tungg?en)b- and Z24, = (molybdenum)z.

It is also advantageous when at least 25 mol% (preferably at least 50 mol% and more
preferably 100 mol%}) of the total proportion of [Y'2Y2,Oxjp ([BiaZ2Ox]e} of the

35 muitimetal oxide compositions V (multimetal oxide compaositions VI} suitable in
accordance with the invention in the multimetal oxide compositions V {multimeta! oxide
compositions V1) suitable in accordance with the invention is in the form of three-
dimensional regions of the chemical composition Y'3Y%,Ox [Bi-Z%-Ox] which are
delimited from their local environment owing to their different chemical composition

40  from their local environment, and whose maximum diameter is in the range from 1 nm
to 100 pm.



30 4 mm (external diameter x length x internal diameter). The fineness of the catalytically active oxide
composition®FoS862ipplied 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 35 acid” step are also compositigns of the general formula IX [D]p[E]q(IX) in which
the variables are each defined as follows: 40 D=Mo0i2V0-Z1b22c-.73d-Z4e-Z5rZecOx., E = PF 58025
43 W, Nb, T BregRif iiBe sheringsithe stEempmsMars o hemeimaiplrede sAMRONECK | Rb, Cs
and/or H, 5 D6 catalysGeardhyaiodioipeetziozgie Apmpegitinor V cakatysts, V, Nb and/or Ta, preferably Mo
and/or W, a"=from 1 to 8, 10b"=from 0.2 to 5, c" =from 0 to 23, d" =from Ole 50, e" =from 0 to 2, f'=from

0to 5, 159" 3fRarpadaratbhorHofhfet 8lde active compositions V is described, for example, in
5 EP-A 575 887 and also in DE-A 198 55 913.

The inert support materials recommended above are also useful, inter alia, as inert
materials for the dilution and/or delimitation of the appropriate fixed catalyst beds, or as
an upstream bed which protects them and/or heats the gas mixture.

10
For the second step (the second reaction stage), the heterogeneously catalyzed gas
phase partial oxidation of acrolein to acrylic acid, useful active compositions for the
catalysts required are, as already stated, in principle all multimetal oxide compositions
comprising Mo and V, for example those of DE-A 100 46 928.

15
A multitude thereof, for example those of DE-A 198 15 281, can be encompassed by
the general formula Vil

M0o12VaX 1o X2X39 XA X5X8,0n (VI
20
in which the variables are each defined as follows:

X'= W, Nb, Ta, Cr and/or Ce,
XZ2= Cu, Ni, Co, Fe, Mn and/or Zn,
25 X3= Sband/or Bi,
X* = one or more alkali metals,
X5 = one or more alkaline earth metals,
Xé = 8i, Al, Ti and/or Zr,

30 = from1to 6,

= from 0.2 to 4,

= from 0.510 18,

from 0 to 40,

= fromQto 2,

= from Oto 4,

= from 0 to 40 and

= a number which is determined by the valency and frequency of the elements

in VI other than oxygen.

35

JOo o0 a o o
1l

40  Embodiments which are preferred in accordance with the invention among the active
multimetal oxides VII are those which are encompassed by the following definitions of
the variables of the general formula VII:



i" =from 0 to 20 and numbers which are determined by the valency and frequency of the elements in IX
other than oRyge#0ahd 20p,q =numbers other than zero whose p/q ratio is from 160:110 1:1, and which
are obtainable by separately preforming a multimetal oxide composition E Z712Curi-H,-Oys(E) 25 in
finely divided form (starting composition 1) and subggquently incorporating the preformed solid starting
composition 1 into an aqueous solution, an agueous suspension or into a finely divided dry mixture of
sources of the elements Mo, V, 71, Z2, V, V, Z5, 76 which comprises the abovementioned elements in
the stoichiomtefry ¥, 2 BNBD €2V erb” ZW3d-Z4..25e769.(0)  (starting composition 2) in the desired
p:q ratio, dryfAg tlaualjydmantMztre, which may result, and calcining the resulting dry precursor
compositiompaforsyor after drying at 35 temperatures of from 250 to 600C to give the desired catalyst
geometgy. F’Refsrm,cg,ia;g,l\f@,n to the multimetal oxide compositions 1X in which the preformed solid
starting co bo§iti§n Jﬁ’i%\qcfor%?rated into an aqueous starting composition 2 at a temperature of <
70C. A detafled de8e [5 Of ik preparation of multimetal oxide 40composition VI catalysts is
contained, féf Exathieand/ebIi 668 104, DE-A 197 36 105, DE-A 100 46 928, DE-A 197 40 493 and
DE-A 195 28 646. PF 58025 44 With regard to the shaping, the statements made for the multimetal
oxide comp@sitiofrdH ¢Hadysts apply to multimetal oxide composition IX catalysts. Multimetal oxide
catalystg which agpogpg_sgquingly suitable for the "acrolein acrylic 5acid” step are also those of DE-A
198 15281! esgegia”}/é'lg\fing multimetal oxide active compositions of the general formula | of this
document. ,&dvantrgge us 0, tnsupported catalyst rings are used for the step from propylene to acrolein
and coated Qat_aIJE,‘PWr%@%r the step from acrolein to acrylic acid. 10 The performance of the partial
oxidation of ¢he pfeeesstadcdrding to the invention, from propylene to acrolein (and acrylic acid if
appropriatek, mayfbencasiechadit with the catalysts described, for example, in a one-zone multiple
catalysigube, fixed R FRAGIAGIER HeRFHRSSHY, e fatthcllaPa frdudie £ b the @RFHEAtgAS mixture and
heat carrier 15 (hea\t/ﬁé%tpar}gg n&ed&}gy) may be conducted in cocurrent or in countercurrent viewed
over the reactor. o Han oxygen.

However, multimetal oxides VIl which are very particularly preferred in accordance with
the invention are those of the general formula VI
20
MO12V3’Y1b’Y2c'Y5f’Ysg'On' (VI

where

25 Y'= W and/or Nb,
Y2= Cuand/or Ni,
Y5> = Ca and/or Sr,
Y8 = 8iand/or Al,

30 = from 2 to 4,

from 1 1o 1.5,

from 1 to 3,

from 0 to 0.5,

from O to 8 and

"= a number which is determined by the valency and frequency of the elements

in VI other than oxygen.

1}
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The multimetal oxide active compositions (VII) which are suitable in accordance with
the invention are obtainable in a manner known per se, for example disclosed in
40 DE-A 4335973 orin EP-A 714 700.



The reaction pressure is typically in the range from 1 to 3 bar and the overall space velocity on the fixed
catalyst bedFif 8882fon gas B is preferably from 1500 to 4000 or 20 6000 | (STP)/111 or more. The
propylene loading (the propylene hourly space velocity on the fixed catalyst bed) is typically from 90 to
200 I (STP)/Ish or to 300 | (STP)/leh or more. Propylene loadings above 1351 (STP)/111 or a 140 |
(STP)/111, or a 150 | (STP)/111, or a 160 | (STPEhTh are artlculiquﬁrgferr d in acc &dance with the
invention, sICE BRI BHIVRSLR] Bk 85H5 A RRoRRT J ORIRGYIZS the
presence ofa#fEcHeRreaPpriRlx Hacsn @f W&Wﬁhﬁ@%éﬂblﬁ?'ﬁ%@fﬁmr%d?sé@f&i?&ﬁable hotspot
behavior (alivefrier dfocbtaiimpaeempplivs e ¢spiectibly 6hehedipdeifidryataxtion hving fixed bed
reactor). Thediavoéithecenespengingubimeicsiasbinee fed bethtaaetreddhe elaarge gas 30 mixture

is prefegably, fémrﬂmsm%mg%mém hatlmudsadramoR sk sasiomae preferably

consisting of 00 %?{ t of |trate %) ryawe tof sqdlum nitrite (NaNO2),
or of 53% % S Jdg/e ec?EJHP ‘g? soréffjm nltre[e (Ri%l Eﬂ')eand 7% by
weight of s WPJR@NW@? MW&QW%&@EQ@@&IPH@E afeANeiRgion gas mixture may,
as already sitiregpberectindexaerpisithirtivesodfinerhpes andoadising geses Buersas heliself is
preferably coqyweégshifeanganiesiat Ganeceamomybtie caiahiRined esmodiie). thesflow to the
catalysiubes, SXgen mé%éwﬁe%ﬁ% E@W&@%&%@Wﬂ&ﬁ%g %ﬁebfﬁ;ae%%y@mma'yst from
bottom to top as fB%OWS or tleouq_w r tROtt m to { % S% ré% ﬁ?\g eNEE. s 7 ;E)) %grlately
reversed): 845 ?eslf 0418 ﬁ M40 30 E?B or 16 bodk he'cata yst tube length, either
only catalys?%‘f"'& ﬁﬂﬁ’tﬁ?é't'ﬂ’lsai'ﬁwggélga ﬁﬂ%@ﬁ%{@%ﬂ%&ﬂ&%@f&%@@%%@%m@ making up a
proportion bieseighrpbupds BEaby aan tee2@wivbitaddiybxidgasdup heglindoBdIgR) htbeto a length of from

20 to 50 or rdddceldnsxiatat. tube length, either only catalyst or a mixture of catalyst and inert
materigg the Iatter based on the mixture, making up a proportion by weight of up to 40% by weight

(section B); f to a Ien of rom 10 0% oft total tu f inert material
(section A) |c?| é%i? SrabRy 3 se%ec e a? c%':usgs aé\)/@r?)gma%l ?Qétégﬁ?&%% é%%Section Cis
preferably U B‘ﬁfy ﬁﬁh’é?ﬂ’%‘n&@b VYRR B RIXAS Qp%? ﬁff&téqﬁrﬁ?ﬁ'ﬂg catalysts

used are th@@@a@@eeaungat@mm@t@ly pssel b3 dire laon #Hfoely divisegpavederagsswieeile 1 of DE-A
100 46 957 forcatdoircraftéo mdngrde B dlapirofriie, 46rdsatton thewaest, 20aefnbecalisigbeers steatite
rings havingdheigRMENALNG MWeX oM X 4 mm (external diameter x height x intemal diameter). With
regard to the salt bath temperature, the statements of DE-A 4 431 957 apply. However, the

erformance qf th xidation in re one B, from lene to 25acrolein (and gcrylic acid if

gppropnate?%ak] aﬁ@ H?Jf“\/\ﬁtﬂ-'ﬁ ﬁ%@ﬂ@%@ﬁ%g 3P LRRIARE, | gét 678 eymultlple
catalyst tub@8TiRAUESEE $e&tt,'fan ans/9e sHRPRRPIN mcy@'nmtgmnm@@wmse% A 10
2004 032 129tHB mikidg (20066 He G 3dahdizh A1 S12005 a6 s dalbsiDiy AdLOc28@S 010 111. In
both of4he ghouradiertiieerstaraRdandishikaenenalindsBIfcRIQERISASRIER MY Wa18Fhe invention),
the Prope”%%BQ%!&&%%%@%}sﬁgdﬂssé'a%o%ﬂ?t%'BBIQHEG'B éﬁé@}'ﬁﬁﬁ ['?Je drying process is

preferably effected by spray-drying the aqueous mixture at exit temperatures of from

100 to 150°C.

30 The resulting multimetal oxide compositions, especially those of the general formula
VH, 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

35 composition by compacting 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

40  an external diameter and a length of from 2 to 10 mm. In the case of the hollow
cylinders, a wall thickness of from 1 to 3 mm is appropriate. The unsupported catalyst



90 mol%, or 1- 95 mol%, and the selectivity of acrolein formation at values of 90 mol%.
Advantageob8lp#d2&cordance with the invention, the inventive partial oxidation of propene to acrolein,
or acrylic acid or mixtures thereof, is effected as described in EP-A 1 159 244 and most preferably as
described in WO 04/085363 and 35 in WO 04/0853g2. The documents EP -A 1 159 244, WO
04/085363 and WO 04/085362 are considered to be an integeral parﬁ_‘of this document, 40In other

words, a paffiaY hiBRISH BEFBRFIRIEICA FEMHdLERIFE G278 e sBIFl S 6L IR out in
reaction zorkeHrear’te tameu(ew: Saftiolany. PRMB025 46 advantageously over a fixed catalyst bed
having increased propylene loading and at least two temperature zones. In this regard, reference is
made, for exaepigv iR idhtadie Soidoaen¥ate i fent prEberps tommsyoaiiR ReCoad step in
oy Sl B B B O AR 1 Bro S AR iple
catalyst tu b@?&%@ﬁgg}-ﬁ%?ﬁpggﬁ%&ﬂ%)& ﬁgbﬁﬁeﬁiﬂ PIPRSS {'ﬁ? fha ?é?é%%r%% 2 ,er%%ré"twléﬂn gas
10mixture aRETREEESHA@BulRPIRTetRiRRIesesiFtas iR sREWRHFABIRIfe PeitEoh 4 P8R, the

product gastErbauz8308 3RepbydgethiAg Mvédlive propylene partial oxidation to acrolein is in principle
conducted as such (if appropriate after intermediate cooling (this may be effected indirectly or directly

by, for gxample. R0 dani s KagrRadiliBn e saiBoate Ao B iiRNdA | Bingsrdesy preferred i
accordance with,the que%%ég@aéé here .e. with econd%a%or%%nengfrﬁépgi\( h|nto the second

ot [ Ithout
reaction sta@eqlf.tgpﬁ}li@ t ﬁ%'&rﬁ %’BQ%DX%SHOH' r.r%)({ﬁtran %xyg&r% requlred'for?ne second
step, the acFORRSHEHFENBSIRItBR AowgesFeamP iy aralifdridribe 84ener BREYES starting mixture for the
propylene papiabpietrig setrctedaritoinitheHongs/konit 1dg A0S benapuder ahiythyithirfulip dangasly to the

product gastronitere® Gt fiisine astiepréagablevith pepdieRehaties ed@ingnio acrolein (this can
be effgged in the form of secondary air, but may preferably be effected in the form of pure oxygen or of

i . : o 0 )
mixtures ofg_r;ﬁesrb}?as and oxygen with retferaklgélgy %r%gs/og%/w volume ol 5 40 /05%%. Olumﬁ‘l or 5 30% by

volume, or BY fgr\t/(r)?ume, S5 o%r{}av Bme, 0 g@g%ry%so[a\ulflnngngrrn ?Eys\'/b arr]ne)). For

pressure and & PAIHE SiANE/SIERALTY FigKd SHEreLaRERhaligsiRe SUR Wi stated for the
primary oxyJw@gresinte siicetpecaarifunesiicaiediing, sueponargdigfmayinene dgeatieg eeaction gas
mixture) of suehutapakizpepsitatiom pfeferstaia itoghaylio agidiadyahipgedcugipdrbisdtiesollowing
content§:  having distinct surface roughness, for example spheres or hollow cylinders with grit
layer. Suitable support bodies include substantially nonporous, surface-roughened,
spherical supports made of steatite, whose diameter is from 1 t0 10 mm or to 8 mm,
preferably from 4 to 5 mm. In other words, suitable spherical geometries may have
diameters of 8.2 mm or 5.1 mm. However, suitable support bodies also include
25  oylinders whose length is from 2 to 10 mm and whose external diameter 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 x
30 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 {0 be used for the “acrolein — acrylic
35  acid” step are also compositions of the general formula IX

[DI:[Els (1IX)

in which the variables are each defined as follows;
40

o
I

Mo12Vard 'y d2Z3g- 2625280,
Z71:CunHrOy,

m
It



30 from 3 to 25% by volume ofacrolein, from 5 to 65% by volume ofmolecular oxygen, from 6 to 70% by
volume ofprBpf}dPom 0 to 20% by volume ofmolecular hydrogen, 35from 8 to 65% by volume
ofsteam and from 0 to 70% by volume ofmolecular nitrogen. The aforementioned starting reaction gas
mixture preferably has the following contents: 40frogg 5 to 20% by volume ofacrolein, from 5 to 15% by
volume ofmglecular oxygen, from 10 to 40% by volume ofpropane, 47 from O to 10% by volume
ofmolecular%ydro'gen oh?5 Bao‘wgb?%olume ofsteam. The aforementioned starting reaction
gas mixture#hostprefriblyiHas the MIk#§=Edntents: from 10 to 20% by volume ofacrolein, from 7
to 15% by vdlume ofmleentiipoBigen, from 20 to 40% by volume ofpropane, 10from 3 to 10% by
volume ofmglecutar hydrogerkare fonaddyde I30% by volume ofsteam. The nitrogen content in the
aforementioped rgixtur%y@gggpgﬁ@ygr%fs 20% by volume, preferably 5 15% by volume, more
preferably 5_10% by vc%um ﬁnd gzors%rﬁ preferably 5 5% by volume, The ratio of the molar amounts of

02 and acrofein presen nthe' & ae as mixture for the second oxidation stage, 02: acrolein, is,

advantageo@sly iff acclieraffed/ With 2R fhEhRERTfeRRN%MMAAYY Yad 5 2, frequently a 1 and 5 1.5. 20
The CO2 content of the charge gas mixture for the second oxidation stage will generally be 5 5% by
volume. As g1 thesfirst fegstion giage (propylene acrolein), the reaction pressure in the second reaction

stage (gerolgin - acryliggeid)dqg &5 typically in the range from > 1 to 4

¢’ = from Q to 23,
d = from 0 to 50,
g = from 0 to 2,
f = from 0 to 5,
15 g = from 0 1o 50,
h" = from 4 to 30,
i = from 0 to 20 and
Xy = numbers which are determined by the valency and frequency of the
elements in [X other than oxygen and
20 pg = numbers other than zero whose p/q ratio is from 160:1 o 1:1,
and which are obtainable by separately preforming a multimetal oxide composition E
Z712CuyHr-Oy (E)
25
in finely divided form {starting composition 1) and subsequently incorporating the
preformed solid starting composition 1 into an agueous solution, an aqueous
suspension or into a finely divided dry mixture of sources of the elements Mo, V, Z7, Z2,
23, 24, 75, Z8which comprises the abovementioned elements in the stoichiometry D
30

MO VaZ o 222324 2528 (D)

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

Preference is given to the muitimetal oxide compositions IX in which the preformed
solid starting composition 1 is incorporated into an agueous starting composition 2 at a
temperature of < 70°C. A detailed description of the preparation of multimetal oxide

40 composition VI catalysts is contained, for example, in EP-A 668 104, DE-A 197 36 105,
DE-A 100 46 928, DE-A 197 40 493 and DE-A 195 28 646.



25bar, preferably from 1.3 to 3 bar, in many cases from 1.5 to 2.5 bar, and the total space velocity on
the fixed cataﬁlégggé of (starting) reaction gas mixture is preferably from 1500 to 4000 or to 6000
(STP)/1h or more. The acrolein loading (the acrolein hourly space velocity on the fixed catalyst bed) is
typically from 90 to 1901 (STP)/111, or to 2901 (ST&)/111 or more. Acrolein loadings above 135 |

(STR)TLLL g8 AA08 STEV L 3001 2, LOOL (SN2 160 (RHENA e papieapy preferred
since the starting réaction gas mixture to be used in accordance with the invention, owing to the

presence of PIGEAESEAPR L HISmEal AYIR GRIPPOHSRLH, BIREE results in favorable hotspot

behavior. 35 The temperature of the charge gas mixture for the second oxidation stage is generally
from 220 to Rilithetal bride talaipste wiosiare batstdaingipgeitabisfof e ‘eeackim-gasrptiture through

the fixed Ca_@é}@t Qeg_é’gfetﬁ%ém@o@ﬁﬁaﬂ%étﬁﬂ%i PRPERAIRIRbvNe Mativallongdadhand the
accompanyig 3%%%)?%9?%%25%%%?&5@%6‘2@2@39‘90%%% PF 58025 48 The flow to the one-zone

multiple catalysttu eac rge gas mixture is likewise preferably from above. The
heat exchange medium used in the second stage too is appropriately a salt melt, preferably consisting

of 60% by WARYADEAYSONRIWSHRPRIEE (@Y PHIBEGUS BYSOSRIHDBEERRIMIRT MEIARYIBNENRD2), or of 53%
by 5 weight a¢ptinssicostesteatikiid BhgsFes e etegibof sciem titaiteyliblabid?2) and 7% by weight of
sodiumgitrate (NaNO3). Viewed over the reactor, as already stated, salt melt and reaction gas mixture

may be condeled FENL BRIl B IFILERLERe salb Rl IsaitimpeniRiRResonducted in
a meandering manner. around. the catalyst tubes. 10 Whe j1e flow to the catalyst t Fles is from top to
botiom it is ASRVATITALR 76 Bt 2 e S I PR IR A B IR BN 1%, 1 a length of
from 50 to SeAHYEY 095’ EiaKATRbAE R ZONsN 1 BIaF R JubR BeRmiErreReRfalyst and
inert materidls s tatter bpéddHA4ldd AiXturethinskisry gactipnops toixtine weihheatfagsrter 30 (or 20) %
by weight (sgeiiRexs)iarigbansagtisniy Bdenatuokion:3e.iechdyp bf dbentetalittdie lesng#a, either 20
only catalystpsanpixdyee,pf catalyst and inert material, the latter, based on the mixture, making up a

proportion by weight of up to 50 or up to 40% by weight (section B); and -finally, to a length of from 5 to
20% of the total tube length, a bed of inert 25material (section A) which is preferably selected such that

it causes a V&K GREHIPPRISSTHECHRYP IS BHTe FapesrEPMIY i lafRndntbs LY B §BREFally the case
for the hetensieeisclxely zathlyathsid-afognstinn oariBtivprefeiahbidhion Bflylie 4049 30(especially at
high agoleisdoadif®Irantihe caidlyshbecbpneiugbasfingteopiepiient theudhargegasiogiure), section
emperatLTe L B ot oo oo A tor 20) cfc, b
weig ht of ineg}a?rrgat%ﬁiﬁ?gﬂg Ig § glsr%sgu%ngtw \jvl%% ﬁ‘){%-lrrj?f %Ei %y@vﬁ&ﬁf FC?EB \gr{’ to 4%% _bﬁ/ weight of it”IEIX[
2 150 H{STP)/l*h, or 2 160 [ (STP)/I*h are particularly prefefred in accordance with the

invention, since the inventive starting reaction gas mixture for reaction zone B, owing to

25 the presence of unconverted propane and, if appropriate, molecular hydrogen, causes
favorable hotspot behavior (all of the aforementioned applies irrespective of the

specific selection of the fixed bed reactor).

The flow to the one-zone multiple catalyst tube fixed bed reactor of the charge gas

30  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 (KNO3),
40% by weight of sodium nitrite (NaNO,) and 7% by weight of sodium nitrate (NaNQOs).

35  Viewed over the reactor, salt melt and reaction gas mixture may, as already stated, be
conducted either in cocurrent or in countercurrent. The salt melt itself is preferably
conducted 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
40  catalyst tubes with catalyst from bottom to top as follows (for the flow from bottom to
top, the charge sequence is appropriately reversed):



35material. jgﬁélé)é%g is then preferably undiluted. For flow to the catalyst tubes from bottom to top, the
catalyst tub Is appropriately reversed. 40 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 ine#&material used is steatite rings having the geometry

PF 58025 49 7 mm X Tipatnty 4 1I8HGROF from 2018181 & SoBOYAi5f s Bataiyst qubwy el giiaraigier x height x
inrernal dramerenolBeASRRIIA IR BUBIRTPSIATEN Macialmenita! bisea L) 49 appl. I

is generally selected’in such a way that the acrglein copveysio leved. in.single pass.is normally a
90 mol%, or a 95 m‘éT%eoP?fb@ %PBOPI%@%Q/%K W@E&H{)‘#H%ﬁ%@%f'ﬁ&p%?é?fag’é |3§|Q)t5n of acrolein to
acrylic acid may AserHencatiied out with the catalysts described, for example, in a two-zone multiple
catalystitube fixed bed reactor as described in DE-A 199 10 508. For the acrolein conversion, the
above statements. applsiidkiagNHREtE 2FIR Math Bicoa 20 BN Py ake stkpkaatastdieedesgithed above

s carried out as thersecand ieagfion siAgk of 2 arsiRoSREPRKE R RARIBHRX datoR Je@epic acid in a

two-zone multiple catalyst tube fixed bed reactqr, the Char as mixtyre (starting reaction gas mixture)
will appropriately Bﬁeeé?) \ﬁ%d%%%y %{7‘ Bg?t%’ aﬁ’é‘%ﬁ’oﬂﬁ&ﬂggi Lfﬁlxlinl?r /?) \ged%r izg?%{%agtion directed
to the first step (pﬁ)b?féﬁe acrolein) (if appropriate after indirect or direct (for example by 15supplying
secondéry oxygen) intermediate cooling thereof) (as has already been described above). The oxygen
required for the acroleifnaaytied @xedtioafisaveierabhoadoradndhe iarenaigmra seletinaroxygen (if

appropriate also ip,hiearmeafigy &Y mmﬁ;ogmfgiaw@éﬁu%efmqm{q SRR AG{gRTt gas

having an inert gas fraction of preferably 5 50% by volume, more preferably 5 40% by volume, or 5
30% by 20 vqume%srsgrﬁ(?J/c?%y volume, even better s 10% by volume, or 5 5% by volume, or 5. 2% by
volume) and, for example, added directly to the product gas mixture of the first step of the two-stage
partial iidagiectiGer Gpiglerefeasbitaindilttediever, it may also, as already described, already be present in
the starting reaction gas mixture for the first reaction stage. 25 In a two-stage partial oxidation of

| t i ' ' i t i i 1 f th tial
bxctaon to oSG GHEhHEHA CREI L IAREATE Siaa o AR E W, SISIRRE e e
bed reactor?r(%\f%ﬁﬁ FECHARL 10 %‘ﬁ‘}rﬁéseéfﬂawst@%a“,%@@ &6&’%&%@@ Eégapb?eference is
given 30 to ¢s¥RFerit 1B AE BeR\wasserting toguemmte shf (R ABA AEFhEIRGdhRineTer the tube

bundle2feactoa}epiatwedvis-zteaditentitiys! & adtg Yisé wexerfetad7rech nedctonswdl ing@r{esddisnbe connected in
series. A MigRehsasiSsHeHSCHRSMBNaFABRAVALEY A BfdviIseneesaR bistintempessiiis. tRe Between the

reactors maé/tggrggﬁgggg)@_r]\igtggmggiﬁ%?{g@oler which may if appropriate comprise inert beds which
[ ath te

can perform a filter function. The salt mperature of multiple catalyst tube reactors for the first

step of the two-stage Egrtial oxidation of propylene to acrylic acid is generally from 300 to 400C. The
salt bath terip¥RMehsT RAapNacee0) Hheunsstial QxigrionieadiorerarB. dIMePRRYENSRation of

propyléhe 4atookimylandeichyticeapariiapprigeitide) ohag ik ecamigtioativthshes oaliyyistsm 200 to 350C.
In addition, HedpadersiBrassdia tReiombiaaideike)srepe sl ysonshrtaddyirough the
relevant mulfiale;catahshitlRe, Berh e reRciotD Boshho 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 010 111.
In both of the above-described cases (and quite generally in the process according to
30 theinvention), the propene conversion achieved in single pass is normally at values of
2 90 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
oxidation of propene to acrolein, or acrylic acid or mixtures thereof, is effected as
described in EP-A 1 159 244 and most preferably as described in WO 04/085363 and
35  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.

40  In other words, a partial oxidation of propylene to acrolein (and acrylic acid if
appropriate) to be carried out in reaction zone B can be carried out particularly



PF 58025 50 amounts that the difference between their input temperature and their output temperature
is generally B5E680% already mentioned, both steps of the partial oxidation of propylene to acrylic acid

may also be implemented in one reactor over one charge, as described in DE-A 101 21 592. 5 It should
also be mentioned here that a portion of the reactiogggas B starting mixture for the first step ("propylene

acrolein") may he.r |§ | gas coming fr tion zone 11. 1Q For é teness, it
should be ef%gvﬁgg?‘;% ‘@r? Raf fr'égﬁﬁ?%%%%ig%%ége e e?éa%agopd%ipcﬂgﬂ%ﬂ?%? %ﬂgﬁéﬁ charge gas
mixture for tF8S YD IGTRIAILEFEUH the charge gas mixture for the second oxidation stage, or else
only one of the two. It is not preferred in accordance with the invention, but it may be favorable in some
cases, in ordrethie retmai) refentnbiity ofdie Orangergds, mikBras! 155CQvdratidnobedtndiifiéeactor
within wich the catalyst charge changes appropriately along the individual catalyst tubes with

o ; . ' | Al oxidations in & s t
taugnt,for o e EA O aREe S ﬁ?ﬁ%@@%ﬁ%ﬁ%@%@% 55%%5\33@’308%956 orms the
Simplest 20 ARRERAGT RiFn 6 NSRRI RS0 SL 5F RN B PSR 1THE AP 3R ton from
propylene t&ﬁ%‘t’ﬁﬂ’t@@i@?tﬁ'éﬁﬁr‘é‘iﬁ?&'ﬂ@?%@%ﬁ&@@'@f the é’&%ﬁ@_ﬁlﬁ@é’ﬁﬁ)ﬁtﬁﬁ&ﬂﬁ%ﬂ% fﬁ@frgpted by
an inert mateeidrdsiotH-mvdeseribecbie 2Rde 44 §iveéAG 0l mmtipkeraactitvgsthgaweastiofatiea stages in the

form of @5 twiktuREAHES! LSRN SaAIESHRU R S ATl 6Sc GRS/ IR DSVEIIRe FeacRONE reactor, in
which case tha tansfiics 4o aae MR ROUR BREANERRRRREIS iSO BaRdIRkANR of inert
material which is r]o.t accommodfttedl t%ve atal s%l(x e (and IS ap OPr'?t%% C eSS|q1e on foot).
While the cA-R80 BB 0 HERlE Skt s L paitennaid el IR oo gomils, an ner
material bed!BEcoMmsRitesiedindracte apddstiv kY, KIBXRHEE o SSRPFRNNFSYERRARREHME bundles
are thereforéoaseomnaary aieddditpaitadyrseperdessquetored ingmeerdines vitbrine dizembovler is
disposesl behwasifthe twithblie&ioidisryeacipihinbrdeniall eaidan e pycastDielt positagahustion

proceeding jrxdhaPramichaasmigHERiMhich leaves the first oxidation zone. The reaction temperature
in the first reaction stage (propylene acrolein) is 35 generally from 300 to 450C, preferably from 320 to

390C. The reaction temperature in the second reaction stage (acrolein acrylic acid) is generally from

200 to 370cESrBQIRSHIR] AOYESGWTese! thRersartsieprdis ATaeRABRI QX YoTBaYs
appropriateBieady SelpresEnbin HgveaetipaariBratatin@roBisaiorthe Raeape #etieh/141) on the
oxidatzin cajalystiswtoaaotiem gasvielzeilt reag st Jageddd 4aftgaurdolly dheatit SO thé 2500 |
;iLP&’éél.‘gf%ﬁfé D BB R P according to
the invention%n%g%('lb héoﬁ%é%%egfgg é@f&ﬁ%ﬁ?ﬁ?ﬁ%ﬁ%b‘@gﬁﬁ%@ﬁt ?5"'?%‘?’,8 E%A 199 10 50%,

effected in the form of pure oxygen or of mixtures of inert gas and oxygen {with

preferably £ 50% by volume, or = 40% by volume, or < 30% by volume, or € 20% by

25  volume, or £ 10% by volume, or £ 5% by volume, or £ 2% by volume}). For pressure

and temperature of the secondary oxygen source, the same applies as was stated for

the primary oxygen source. Irrespective of the procedure, the charge gas mixture

{starting reaction gas mixture) of such a partial oxidation of acrolein o acrylic acid

advantageously has the following contents:

30
from 3 to 25% by volume of acrolein,
from 5 to 65% by volume of molecular oxygen,
from 6 to 70% by volume of propane,
from 0 to 20% by volume of molecular hydrogen,
35 from 8 to 65% by volume of steam and
from 0 to 70% by volume of malecular nitrogen.

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

40 from § to 20% by volurne of acrolein,
from 5 to 15% by volume of molecular oxygen,
from 10 to 40% by volume of propane,



DE-A 199 10 508 and DE-A 198 37 519. 5In both reaction stages, an excess of molecular oxygen
relative to theFab80@ht required in accordance with the reaction stoichiometry has an advantageous
effect on the kinetics of the particular gas phase partial oxidation and on the catalyst lifetime. In
principle, it is also possible to realize the heterogengpusly catalyzed gas phase 10partial oxidation of
propylene to acrylic acid to he carried out in accordance with the invemiorhin a single gne-zone tube
bundle reactor as follows. BSRMELGENSRHOBBES in an oxi@XISRYRLRISI AR charged with
one or more catalysts whosd&@ti@docifpbsiveHmeLmultimetal 888" which comprises the elements
Mo, Fe and Si and is capable of catalyzing the reaction of both reaction steps. This catalyst charge 15
can of coursphehFoaeePNERE@ EViAG BAERYY glenauthed aasiiqidrerislinaie. thY rOMBRGIt is possible in
one empodiment of an inventive two-stage partial oxidation of propylene to acrylic acid in the form of
two oxidation stages connected in series to partly or fully remove carbon oxide and steam which have
formed as a by-product in the first oxidation stag?e and are present in the product gas mixture leaving
the first 20oxidation stage frRTHIQ iy 88UcPYSTWIMGFe, if requiRsi®!BBYore it is passed on into the
second oxidation stage. Prefemanttoidiiven wlaomoeflance with theldsulamtiviygerselecting a procedure
which does not provide for Suef aoesunalblseliuhemirces for injespageiate oxygen feeding carried out

betwegg the two oxidation Zﬁéﬁ"i‘%% 360 8% glicaytated, in a%@éhf@rﬁk}df@b%#éﬁﬁs preferred in

accordance with the inventigpc)me’ig{er e molc?cular pxygen or rpolecular oxygen diluted with inert gas
na/

such as CO2, CO, noble gases, (/)"r sya}’l?r%rt%%%ydrocarbosnes!af'rﬁ’referably in accordance with the

invention, the oxygen source comprises 5 50% by volume, preferably 5 40% by volume, more
preferably STBe%tiyoeslaamtsrive the efergrsfatianpd 3chaures il gesienaity, Re 0561096 by volume or 5
5% by volumeiateh piddpsbip kintobgaskeneihesid arefaciBiydar kgevoluniésehid maderials for the
inert shaped,difupiPedasdp JBRiARIA KR! BRI M ReiMOMELRLON BI7dRe aEribRSSr¥daish have also
been recom@%d&g ;og tha?sd”&%org Pofrqf% ggcaﬁglg% J%,%gﬁ gqare?aqﬁ%on a%?% inA'is.ln the process according
to the invenhon, metenin o_f,n?or examp e,,co?g oxygen source to the product gas mixture of the first
partial oxidBRUBIROUSK Q?&Wﬂ%"&ﬁé’ﬂ%@@li'H&WW?HYr@L&?&RQ égfoffg%%%d further as
a constituert dfRdeatiAg 40reaction gas mixture for the second partial oxidation stage. PE 58025 52
Advantageously in accordance with the invention, the partial oxidation of acrolein to acrylic acid is

effecteghas frsebedomddr ohthel GRS RBMMARE RER AL SR dRaESIRR Cska Y QiP4/085365 and in
WO Q4l085?;994393‘/“[%’?5%8?{@%9[5 given in a_ccordange with the_ inventio_n to using, as the starting
reaction gas mixture comprising 5 acrolein, a starting reaction gas mixture which is the product gas
mixture of an inventive first-stage partial oxidation of propylene to acrolein, which has if appropriate
been suppldihdntba i erstienpesedsrrions R dRiVathedPATHREAIEFIXEIEIN® acrolein in the
resulting stagorndeaatbongeiagaifdonsdes in aacticasid ftomiOtppicallysinThe rdogerfrents BReM 1 159 246,
WO 02K8586rapidichHBaP 3 8GatapnRidRinddassdhemn istewad part afdhideeu’eite In other
words, the InyapiyS PRILalEy! é&%t%&f&?'&k%r‘iﬂfﬂ%&%ﬂ‘ﬂéﬁé‘ﬂw%? ré'gpef&%w*?rﬁ?ﬁreased
Aol oA D Y Y b R or aard TR AOISin [RaSing R Acroish oy e zones.

space velocity on the fixed catalyst bed) is typically from 90 to 190 |1 (STP)/l+h, or to

290 1 {STP)/I*h or more. Acrolein loadings above 135 | (STPYI*h, or 2 140 | (STP)/I*h,
30  or2 1501 (STP)/I*h, or = 180 | (STP)/I*h are particularly preferred, since the starting

reaction gas mixture to be used in accordance with the invention, owing te the

presence of propane and, if appropriate, molecular hydrogen, likewise results in

favorable hotspot behavior.

35  The temperature of the charge gas mixture for the second oxidation stage is generally
from 220 to 270°C.

The acrolein conversion based on single pass of the reaction gas mixture through the
fixed catalyst bed of the second oxidation stage is appropriately normally 2 90 mol%
40  and the accompanying selectivity of acrylic acid formation 2 90 mol%.



15 Overall, a two-stage partial oxidation of propylene to acrylic acid will preferably be carried out as
described inPERB&025159 248 or in WO 04/085367 or WO 04/085369. The product gas B which leaves
the partial oxidation to be carried out in accordance 20with the invention (after the first and/or the
second oxidation stage) comprises substantially acgglein or acrylic acid or a mixture thereof as the
target product unconverted propane, if a propriate molecular r%dro team \é ormed as a byproduct

and/or used 5@0@9%9@39'&‘3&%%5 W SRR fikeP he r&ﬂﬁ bR U RRIPE SR w to the
lifetime of tHRiskIRSikewise, preforablydmpmaakar e d ieHertrxdshgedardivmenethittBoroduct gas
mixture of bethqral st gexidatio agiageiaisiyfarsakangttieyrefirfinycahiistsiglod 0% Hybyeightiofe), and also
other by-proshigtsinhsetisl aancompRNAS havigH ERIgang twn%r(mwmwerrﬁm%water (for
exanpg el ver{%rsetﬂn*g/ft & iRw%rﬁ,' e@?t?agr 'Bfas%gﬁrn‘?rﬁtrr?& 6 i acid and
propionic a ma Ic_anhydri romaitic carboxylic aci f% |c carboxylic
anhydrrdes 3 |§° d%‘? Of" %éegﬁ s3oA 8? a 830 t?éts for
example C4 H?@@a[ﬂﬁﬁﬁ'@"(él@s BlikHe T%E%!QHR’QS*%F%‘U‘E&ﬁ%%?"rgﬁﬁqn'gome cases further inert
diluent gasexuoteexanepte TH2)sallsuki self éspesfdabipmuovdngtesrgets preaudeire semtmeproduct gas B,
which is gengsaty #5s eaaRBiegbsisnultaneously by removal of water and secondary 35components
havingmigher boiling points than water for the process according to the invention in the second

separation e II ar r| Ie aI esse kno n thi [eg; rd in the r art An essential
SNt s reomd lndhs pror aty Ancsge

feature of these Frc‘)% &t p? (?uctl nvected SRS & gaseous tgrﬁte condensed

phase, for e%ﬁ%?&%?%%ﬁ%%é%%@ﬁd@“%ﬁwe measures, and the condensates or absorbates
are subsequently 40worked up by extractive, distillative, crystallative, and/or ciesorptive measures for

the purpose of further fasget arhgth tfiorvabOto @t ive tawitshet theget gysttuticdadgin felkveing the
convergion of the Jargehtar L&té%ﬁ%@liﬁr?ﬁ@gt %éfiﬁe;hﬁ:%@erf’alf #ROZRePSpREeESeRdYPically also
convert steam a t r boili a sent in reaction
gas B to the con(ﬂ' ense phasecinépﬁgr%greﬁﬁo %1? prae[#egrl% y .Brfzgmm {tah the invention,

an amount of steaRT T4 ¥bHVerted in separation zone Il to the condensed phase which is at least 70
mol%, 5 preferably at least 80 mol%, better at least 90 mol% and more preferably at least 95 mold% of
the amount of steam fdvtioadnign théadbanleagte Bf forrmziacpéoferaliiyedbthietdrairengthpeitiberesent in

produgigas B)). Wafehaparoes siiichde ciRanxpanelhanairiieft e maelupassdasiiiag organic
10solvents (for examale MXRIG 2O HPIRIMLARY ARGRIY GG 50 LPLERNESY b RIS

(section B); and

- finally, to a length of from 5 to 20% of the total tube length, a bed of inert
25 material (section A} which is preferably selected such that it causes a very small
pressure drop.

Section C is preferably undiluted. As is quite generally the case for the
heterogeneously catalyzed gas phase partial oxidation of acrolein to acrylic acid

30 (especially at high acrolein loadings on the catalyst bed and high steam contents of the
charge gas mixture), section B may also consist of two successive catalyst dilutions
{for the purpose of minimizing hotspot temperature and hotspot temperature
sensitivity). From bottom to top, first with up to 30 (or 20} % by weight of inert material
and subsequently with from > 20% by weight to 50 or to 40% by weight of inert

35 material. Section C is then preferably undiluted.

For flow to the catalyst tubes from bottom to top, the catalyst tube charge is
appropriately reversed.

40 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



ether and o-dimethyl phthalate). This "condensation” (removal) of target product, water and secondary
componentPra@B@ghigher boiling points than water normally leaves a residual gas which is not
converted to the condensed phase and comprises constituents of product gas B which have a lower
boiling point than water and are 15comparatively diffgcult to condense. These are typically those

components.in %artjular whose bo%g%ﬁqm tat sta dard essure 1 b%gl -30C thelrtotal content

in residual ga&’ BRI 569 ue twr% APOREE K 80% by
volume, buthd%ﬁ%ﬂly inigooal lgjﬂmﬂtﬁﬁewam@@ fAdritne ﬁﬁﬁw%ﬁ' t@ﬁlﬂﬁﬁ@@i’l@drﬂﬁ'éﬁ)ﬂﬁ@e&ﬁ%ﬁn dioxide,

any unconvéted padplletteapply. Unisarerenaly seteteddn 20ang gy, iiatgpeopsiateimolecular hydrogen,

and other seepRERITABNRARRITES RYINBAONeMoRAL ROJOtMENGY) vrai@s fabekampEoGiaBthane,
methang, in some cases N2, in some cases noble gases (e.g. He, Ne, Ar etc.). To a slight extent, the

residual ga als com ise acgh%% cr Ielq% d/o¥ acrol lnr Jerablé cord ance with the
invention, the r‘gé\’(?u SRS 8‘98 Iav% & aavant%aeous?c% "ﬁ% Vorime and
particularly Q&\Féﬁfﬁ&éﬁﬁ%@tge/ocﬁgﬁb’éiﬁrﬁ%sﬁﬂ?gafﬂr RS RIBr 1 AT E?fé?j%‘gﬂl?a?ﬂég’ #ormally
forms (basetloh fikeddrad eeaciopassioseripess P érdRD 10 kB thhetheagsrrieingroxttsineast 80% or
at least 90%ey sideastbMentsnappd). lisben enidialegasvitomed aribleis el sepatiaticsszone 1l and is

referrefhto indBigisiasaRMRatiaedrmaliesidnel RendddashsRslbewbes (hs-Lmge pRiggIesiS condensed
by absorb'”g N NSaRsSh ‘fggc‘%ﬁé‘”%ﬁdsﬂ‘é% -azto'ﬁﬁaﬁ%@ai g&%:g%ﬂﬂﬂ%‘ﬁ%ﬁ bR fESu unconverted

propane an gﬁunconver ene Is general aration zone | ased on propane

present therSf CRRMERBRH MK UBGHB rﬁf’?ﬂ@"h%dﬂ'lxﬁfrﬁ%‘glpl)ap §ﬂﬂﬁ@tﬂ§§§§i§ BRfAally
substantiallAiés pgmﬂpespz@ﬂ)@cmwml@% tiee Bastial exidation) firpsteddattisoiiigble to the
condensed plaaspropitintornzsaism phitaphrogriaesaten iadreshbofivemtdforertathpi®ppane and any
unconygrted ppmHgrRcindas,fy nWHé'fﬁlQ&Eh@ SdIRgliversiptiltalings ﬁlﬁéaﬂaﬂéé% and/or desorptive

40removal (g‘t#g;’ %@5&9\5 Iyet (\S‘% ; .s'%[@ petbo]ra)lzm% Vere%qﬁbmsqégm%ﬁqs éﬁ unconverted

propane an 54 ¢ nstltu nt of at least

rma
one further §A8S5H ﬁ fe?%%éﬂqjg% ﬁﬁl@xéfé% rﬁe?ﬁpég%g@oﬂa% it gsf?fUéP 3¢ 9h'this case, the
sum of (mauﬁoertégra@cﬁlaga%ﬁa FEEURRIR PrYSRIVANE 25 1DAM A BYHa 1 amiRRThe8S feagtienl gas
remaining iroSpedestin 26060 hywblemeor{sexpredargblyesitilfal magdilsmbtaing B¥separation zone I,

the (mgzan) resigwal eas L@wMaMa@yetmtmle@moom By ieNmeEl gras A 35y korwie asr(total) residual
gas). Preferably, ip Agg WBP S}éefé%%dtﬁﬁet&f% e Muét%vmfmé@%qrmpduct gas B

to the condensed.phase b tion. Th 1 th t product
acrylic acid 8 ﬁaﬁe?u.t e%%%%%s%% R B AR ORI S B8 A6l l of

the absorptﬁ@éﬁ&@ﬁ%‘ﬁﬂén@'&%%@é@%@ﬁ fﬁﬂh?cl?b’ﬁ"ﬂﬁdaﬂgﬂ%ﬁa%%éﬁﬁﬁ f%[ﬁBEfJ'I’ﬂer workup of
the "conderrsatiicdestagded in the documents DE-A 102 13 998, DE-A 22 63496, US 3,433,840

25
In a two-stage partial oxidation of propylene to acrylic acid with direct further use of the
product gas mixture of the first step of the partial oxidation to charge the second step of
the partial oxidation, two one-zone multiple catalyst tube fixed bed reactors (at high
reactant loading on the catalyst bed, as is quite generally the case, preference is given

30  to cocurrent mode between reaction gas and salt bath (heat carrier) viewed over the
fube bundle reactor) or two two-zone multiple catalyst tube fixed bed reactors will
generally be connected in series. A mixed series connection (one-zone/two-zone or
vice versa) is also possible.

35  Between the reactors may be disposed an intermediate cooler which may if appropriate
comprise inert beds which can perform a filter function. The salt bath temperature of
multiple catalyst tube reactors for the first step of the two-stage partial oxidation of
propylene to acrylic acid is generally from 300 to 400°C. The salt bath temperature of
multiple catalyst tube reactors for the second step of the partial oxidation of propylene

40  to acrylic acid, the partial oxidation of acrolein fo acrylic acid, is usually from 200 to
350°C. In addition, the heat exchange media (preferably salt melts) are normally
conducted through the relevant multiple catalyst tube fixed bed reactors in such



15 (processes described in the aforementioned documents are especially recommended for acrolein
removal), EFIASB@HR 533, EP-A 1 388 532, DE-A 102 35 847, EP- A 792 867, WO 98/01415, EP-A 1
015411, EP-A 1 015 410, WO 99/50219, WO 00/53560, WO 02/09839, DE-A 102 35 847, WO
03/041833, DE-A 102 23 058, DE-A 102 43 625, DEgA 103 36386, EP-A 854 129, US-A 4,317,926,

605 736, EFIL U9 B ARGl P PR e A 0 70 o
36243, DE-ACTRSBIER I gopekalins 855748 aliaagE mentensy. ot ﬁﬁ%ﬁ:ﬂ/ﬁ%%’ﬁ?&t@moval can also be
undertaken eXidation of pepyere krapndg Boidanralacpsing IsgwnisE.in 20a regcar7oYsE ReE 96 06877,

25 DE-A 192h#bd25 2s[dEs#Aibes i DEAX, 1BP-2 $20.408, EP-A 1 068 174, EP-A 1 066 239, EP-A 1 066
240, W@ 00/53560, WO 00153561, DE-A 100 53 086 and EP-A 982 288. Preference is given to

removing a8 J a&%@%ﬁﬁaﬂdm e Retl FE2A0AIAATE LERARBRIEquvelert
patents, Favor val met ?ds are alsgi gﬁ yéqfsses 8d F:'Zcrl |nt ocuementg
04/063138 %184{}?&?%%? SBrfﬂg H'90»2 B RY6923883 FOTHY: cirﬁ'e‘cf roc gsmg of crude
acrylic acid &Bf&iHed can be effected, for example, as described in the documents WO 01/77056, WO
03/041832, WO 021055469, WO 03/078378 and WO 03/041833.  Typically, product gas B is fed to
separation zZegrate witket BECHRIMEIEHYQSSUSBANIt b3 TMipitis idgauas RadieshantpdpeAegmmon feature
of the above,sepaiiaG BERERENY St G liAaR é@%@%&ldr@f& FESRE Slidisfish elgas which
comprises ma Qse constituents % PﬁOdu geﬂs I%%es oilin ?lnta sto%nda{r%g ssure (1 bar)
is lower thar tf?%ofcwal%r A Ty G Tan eSS € (:on§Eern(te WAICh e Bifcul'td condense

or else volaffiéy ‘Pl%trﬁﬁﬁfﬁfr@ﬂéﬁ‘@%@?ﬁr%iéth&t'ﬂ’f@"fBﬂ"oPtﬁét B 80 SRR RP e UmN
comprising Sepasating diercmalls intogoitabiitiooidhe ebatge mrrimixtyeesB is fed, for PF 58025 55
exampid, normally after preceding direct and/or indirect cooling thereof. However, residual gas may, for

example, a'@ﬂzé‘FmtCQ@B@%ﬁzﬁB@%@BF%ﬁhv@rﬁcﬁm%ﬂzﬁHﬁFQ@%ﬂaﬁé@é% Ysasegtion of the
g ARG ggggf&ﬂ,%s SRER e SR pLAoRich AR s Rpfeined.

including the ar arge pr In condense ase ense a ueous p ase Is generally

removed viZG88 RIRRYSPRIRAIRL K HIARSHD ﬁﬁ*f‘?fﬁcfﬁwt%?éﬁwsaf@& ] fap¥ses the following
contents: fr&fH-f @12EBpERARE 818 2BP- -A 990 636 and DE-A 28 30 765) forms the simplest
20  implementation form of two oxidation stages for the two steps of the partial oxidation

from propylene to acrylic acid. If appropriate, the charge of the catalyst tubes with
catalyst is interrupted by an inert material bed.

However, preference is given to implementing the two oxidation stages in the form of

25  two tube bundle systems connected in series. These may be disposed in one reactor,
in which case the transition from one tube bundie to the other tube bundle is formed by
a bed of inert material which is not accommodated in the catalyst tube (and is
appropriately accessible on foot). While the catalyst tubes are generally flowed around
by a heat carrier, this does not reach an inert material bed accommodated as

30 described above. Advantageously, the two catalyst tube bundies are therefore
accommeodated in spatially separate reactors, in general, an intermediate cooler is
disposed between the two tube bundie reactors in order to reduce any acrolein
postcombustion proceeding in the product gas mixture which leaves the first oxidation
zone, The reaction temperature in the first reaction stage (propylene — acrolein) is

35  generally from 300 to 450°C, preferably from 320 to 390°C. The reaction temperature
in the second reaction stage (acrolein — acrylic acid) is generally from 200 to 370°C,
frequently from 220 to 330°C. The reaction pressure in both oxidation zones is
appropriately from > 1 to 4 bar, advantageously from 1.3 to 3 bar. The ioading
{I (STP)/*h) on the oxidation catalysts of reaction gas in both reaction stages is

40  frequently from 1500 to 2500 | (STP)ieh or to 4000 | (STP)/I*h. The loading of
propylene or acrolein may be from 100 to 200 or 300 and more ! (STP)/i+h.



from O to 80%_by volume ofN2, from 10 to 90% by volume ofpropane, 15from 0 to 20% by volume
ofH2, from 0413) "’)1/ 5oy volume of02, from Ito 20% by volume ofCO2 and from a 0 to 5% by volume
ofCO. 20The content of acrolein and acrylic acid is generally in each case < 1% by volume. Preferred
(main) residual gases comprise: from Ito 5% by vol&ne ofH20, 25from 10 to 80% by volume ofpropane,

from O to 5% f = 9% from O to
5% by volunﬁe o}}é%g e %‘1‘30 69? agoﬁég 893?&\{]% é %R'g ’4% t 5%%%{ gas eBz%\%es
separation z?ﬂ{ngﬁqt?eg ﬁ?&é@?% Co A @tﬁ%% %% % u f arand s 3 bar,
preferably SBEFHEISH %QPQIIQ%Q b3®. 3rhel®mperature of the residual gas is normally S 100C,
generally 5 50C (but 35typically a 0C). Appropriately from an application point of view, propane present

in residual opspisiRbsAHRsK] Ith§EHHRURBANT HABRIRRRIRM¥AicAaRveIsUFR ahituim Reguedar,
preferably fram 1340.72d0fn!tha &%’&}R{ﬁéﬁﬂ?é% rﬁ'ﬁ%J %?h%ﬁ%ﬂ !e%%\é'%ﬂedcq a“O” zone 1 will
normally be compres (?tot ressure advantageous for t t|v e propane (this
is advantagégl?é'gﬁé?é% 93?3?5@%%)0%5?&8?3 Hen QE Tffg Sntlon a
compression of the residual gas is PF 58025 56 carried out in a flrst compressmn stage with the aid of
a multistagelinforiesiplaplas taidoquussiple $s oefliad itlechatgnesswEn delyeaalFiedofdb MBI B type from
MannegmaniaR5iMAGatiee sy sheselerrs dad &y eaederid vat rsceoranreeseithiha working
pressure whijel SFERPR BB eIl Iab 8l fi?&é%r%léﬁé’ra%{ﬁ%@&ﬂﬁ@% 20 bar to 2.40

bar: in gener e com Ion 1s effected efirstc ession stage to g pressure which is
somewhat a?{8989tﬂ£‘v9 rﬁm ﬁ?@s@%c’él’ﬁ |8 é%q qrgggt%%z%}?eoA ?gﬁlg EH@J) j‘?@? dual gas by,
for exampIeaeﬁ!}’ﬁ)CQUIBOWI%HStﬁ%ﬁ%ﬁﬁ@%%%ﬁﬂ@%tﬂ%@’@%ﬁa%f ® P Rine
absorption, tnel iesigivsttigad caipriessthe esadbsomibedifsrappiiopstapy dhridedalyss tlvargertions of
identice  can of course change continuously or abruptly along the reaction coordinate. Of

course, it is possible in one embodiment of an inventive two-stage partial oxidation of

propylene to acrylic acid in the form of two oxidation stages connected in series to

partly or fully remove carbon oxide and steam which have formed as a by-product in

the first oxidation stage and are present in the product gas mixture igaving the first

20  oxidation stage from this product gas mixture, if required, before it is passed on into the
second oxidation stage. Preference is given in accordance with the invention to
selecting a procedure which does not provide for such a removal.

Useful sources for intermediate oxygen feeding carried out between the two oxidation

25  stages are, as already stated, in addition to air (this is less preferred in accordance with
the invention), either pure molecular oxygen or molecular oxygen diluted with inert gas
such as CO;p, CO, noble gases, Ny and/or saturated hydrocarbons. Preferably in
accordance with the invention, the oxygen source comprises € 50% by volume,
preferably < 40% by volume, more preferably < 30% by volume, even more preferably

30 =£20% by volume, better £ 10% by volume or £ 5% by volume, or £ 2% by volume of
gases other than molecutar oxygen.

Useful materials for the inert shaped diluent bodies in the catalyst beds for the two
oxidation stages are those which have also been recommended for the dilution of the
35 catalyst beds in reaction zone A,

in the process according to the invention, metering of, for example, cold oxygen source

to the product gas mixture of the first partial oxidation stage can also bring about

cooling thereof by a direct route before it is used further as a constituent of a starting
40  reaction gas mixture for the second partial oxidation stage.



10 composmon The groportion of the smaller portion may, for example, be up to 49%, preferably not
more than u or up to 30%, or up to 20%, or up to 10% of the total amount. It may also be a
10% and a 49% of the total amount. This portion is available as residual gas cycle gas immediately for
recycling into 15 reaction zone A. The other portion B2compressed further to the working pressure

compression s E R 39%%@’4% e o furner
compres&onaﬁgg(égﬂﬁ"%%%’gﬁ Cﬁﬁﬁ%se Th s{lsj@eg‘é\%/se%ﬂﬂet a? ha,qﬁfhe compression of a
gas (as alresPRREE iR THE %P@B%ﬁr@@glﬁhvﬁ@&é%@smﬁéed \Hﬂ‘?f%[‘?@?ﬁdél%{ﬁﬁ%'ﬁ]crease
thereof. Conversetiantewiticte preesiion texsingias i stadiparreastiongas MmisbitRePHRSIEINGIch has, if
approprigte, heefemjetiethtprasctith memhisane renaviallie prsneiates wikttuwedfrgnthereof. When
such a decomvm@ﬂrﬁ-aka‘ig@ E%QFB%:SMH% ﬁéa@escraré.mdm%h%%tl%ﬁmﬁteetween
heated, compressed, ynscr wutFm ﬂu i gas, go I¢ d %cl)rqh-:-q tﬁngk fim &%%B%'?% éj]ppoed residual
X exc

gas can be undeertatl'éfs ebe?ore R he a 1 each Lase. ange iIch may be

additionally SPBEHER Wlﬁwﬂ%ﬁ%aﬂﬁﬁﬂﬂ%%ﬁﬂﬂwgﬁa L ERATFREY I 448 beemployed
before a first ExpdacidieMs BR-6nkd508kbe W4 PR and Y SR4HARGS! ¢ ofrieprsiBMAdPany steam

still present ibghke istigudbgasofita documdrgrein). Advantageously from an 30application point of view,
the aforementioned expansions are carried out in (advantageously likewise multistage) expansion

Lrbines (s geiues [N IEAYSINAT SOmprassion eoPL Ly Aber s e mechanisal eneroy

obtained in the eannsmn especia comparatiye examples) be

utilized eithePtir% W'aéesﬁe&ofzﬁf%ﬁal ’8?%@%%%?%&“@@5%%@@@% BRRPSR Y% enerate
electricity). DepearlivpoanmeretirmEOs8S®HN or expansion stage, the difference between entrance and
exit presdure may, for example, be from 2 to 15 bar. Before the propane present in the compressed

residual gas dRaieBaaiemge parthl istKa 6 éhﬁ%ﬂ@ﬂ\éﬂb’ dredheigampseserbresiiual gas into an
organic solv rffé)d(gﬁ{ggt&%g l%teﬂf F‘?ﬁzgmqgi?sugngln i fugig SrWB%ﬁW'C solvent

(absorbent)), the compresse re5|d al gas can r separation zone to another
membrane seg@ aration, in order to remove at least a portion of any PF 58025 57 molecular hydrogen

still present th Qm@@ba?ﬁtﬁ]@’m%@&ﬂ%ﬂﬁé%'%@m@a% GRE 96 ek HhaserdAdteRatic polyimide
membrabes With éxampatiboeffeothe fidd andistitessiettbnimxidgtitre d&igesn), coenptizese types A, B-H, C

and D in parkgyiassigiyisrialenrateia seineyal miiiicuinsa it el enctaig @iyesdiacthe use of a UBE
Sindustries Lid, \';‘éﬁé? b%g&@‘ B?‘B laliQ BYQJ&QFH @ﬁ%‘?&ﬁ%ﬂ%ﬁ%&% S membrane at

60C is 0.7-10-3 [S t d b
passlesd thrOLPdﬂ Cé Cgpgﬁaeé:ﬂﬁ eef'ﬁlﬂl FHE@H%SIQP%H&BS%&? Izi(’isI & a?’ls%gﬁ]r:)djle are

also useful) SMehanEam @d@ﬁr‘lﬁfﬁlﬂl’@ shiacatrlvsieleeetart iy brogaly femer bear hgdrogen thus
removetd magdygamseshidiLirtties praxthetrgasaniidalesphtivdis pertinldiekdiopathpeedycdled into reaction

zone A (appegpemiRlysa8 fdrRasiBHeN sftéesercliensas Anehaso s HlsdRictd e membrane
separation OEQBWA?M%REE{% HQW\&%B%‘?WI&%@PH&'HQ&%&%& than water (for example
CO, CO,, lower aldehydes, lower alkanecarboxylic acids (e.g. acetic acid, formic acid
and propionic acid), maleic anhydride, benzaldehyde, aromatic carboxylic acids and
30 aromatic carboxylic anhydrides (e.g. phthalic anhydride and benzoic acid}, in some
cases further hydrocarbons, for example C4 hydrocarbons (e.g. butene-1 and possibly
other butenes), and in some cases further inert diluent gases, for example Ny).
Useful processes for removing target product present in product gas B, which is
generally accompanied simultaneously by removal of water and secondary
35 components having higher boiling points than water for the process according to the
invention in the second separation zone |l are in principle all processes known in this
regard in the prior art. An essential feature of these processes is that the target product
is converted from the gaseous to the condensed phase, for example by absorptive
and/or condensative measures, and the condensates or absorbates are subsequently
40  worked up by extractive, distillative, crystallative, and/or desorptive measures for the
purpose of further target product removal. Together with the target product and/or
following the conversion of the target product to the condensed phase, these



appropriate in accordance with the invention because it is carried out preferably 15likewise under high
pressure (foP )éﬁﬂ%ﬁe from 5 to 50 bar, typically from 10 to 25 bar). It is therefore advantageous in
accordance with the invention to carry out a hydrogen membrane separation to be performed if
appropriate from residual gas either immediately beg@re the propane absorption (propane scrubbing) or,

alternatrvelymgs%r 5%%%%@%%@@38% q]'@ﬁ‘?éyhﬁm‘ﬁ tnrarpéppane scrubbing

20(propane ab orptlo resr In order to t [% ,Ielze gﬁ)re S evelrrﬁ)/hlch has been
increased ort?e Qﬁ"ﬁ ﬁfbﬁ@fﬁﬁ)mﬁ dP TRRGHRMARS E‘ﬂa’t LRRISFLR ﬁﬁﬁrﬁ'&d &RfiSranes or
capillary mefﬁﬂr%Yﬁeg‘qf"H@rﬁféfﬁbhaﬁe%CMW@lM@rhrﬂ@rﬁbr%m&) mﬁrwrh?fa%@%émr for the
hydrogen reccovatisthiaisepamatidrdzametetontzy céodensedpbabe vituat ésfetveast 70 enfd%, mm. For this

purposes 25anRANapN Y EasheduhasObatishs kit RRFDEN R PRIRradi adisast such tube
membranesdg (ast 3/ 'HPﬂ‘?@SrH&RPﬁt %l%%%%é& PRGN SbHEEYBEMDI BidstaR I (Hbegembrane,

reduced press re(<1 bggé) ai sdégge residual gas under eIevated pressure (or of
"propane- sc?t? Bea™ ey 8u9? ard one of the two plate ends and forced through
the tube interior to the tube outlet present 30at the opposite plate end. Along the flow path thus defined
in the tube ibtesfol avssidmts ihglxsy dor isxatads cdatenveaqubtud sgfbtibesiapdierergable membrane. The
performanceeiigrtsahsaspiiaplohibeupseRamieigpsenagipiaon eiaddndhaisiasrsc apheepartial
oxidation in ERaligRA0RR RIS ﬁé%%ﬁ%%b%%mﬂnwﬂmrﬁé@aﬁ BreRgEEMBARINRaRMaining

residual gaS| dessentﬂa ect to n restrl tl% rpsplre means for thi r ose consists, for
# on nts ﬁ pom 1ha v»{ ater norm Jg) ﬁ
example, in conFa(E;[l ? e remaining resi ely'in accordance Wlt the

as (W pria
invention, hé%séj%%@dﬁ ﬂ%‘rﬁ%%%@éh?)%ﬁwqfaﬁ?%Eladmpétsgﬁaressure of from 5 to
50 bar, preferuistitdents ebpedEchaasBitkhichdigenicleerdrmilipepeiabifanydetptamiarahose 40
tempendgureciengshratitagedititiyiiio toddente0Thae tetafybidanmtiRéstocobiponetts40 Gadiod|ar which
propane anqvﬁaeeyaenﬁgaﬁerﬁpépémé?@Breég@éedr Bé?)f‘f‘sfecm:k%i% %ﬁ&&%ﬁoﬁﬁewﬁrnthe other

Subsequen: SESUAN AER GRS RERY SRR P B P B 8 e
inertly with 2808t RIURRRYRvalY(S Q)(&%Y@ N@?hﬁ@)‘?ﬁ%'@ﬁ%@ﬂrﬁgrg)’r\é%%cfﬁﬁ?ﬁ?ﬂw|s reaction
zone (for exBIPpRE&IFFPaNStxidmirII e rTamEed|arcPxRIEh ardUREPNYaRePraReaBlg steam or a
mixture0of steaaeanif appteptitae mylgesiaphpdropdnrand stbansecwhaary camements tevipgopane and, if
appropriate |GW@P YR BARIXTEFESERER e SbsRat DNt aRBAFIARRONE J¥mYBiEed Qugan be
recycled as QropARcSUTRUBINGIEY G NS RASINFPBS%Ayht extent, the residual gas
may also comprise acrylic acid, acrolein and/or H20. Preferably in accordance with the
invention, the residual gas comprises £ 10% by volume, advantageously < 5% by
25 volume and particularly advantageously < 3% by volume of steam. This afore-
mentioned residual gas normally forms (based on the amount of propane present
therein) at least the majority (typically at least 80% or at least 90% or at least 95% or
more) of the residual gas formed in the second separation zone Il and is referred o in
this document as {main) residual gas.
30
Especially when the target product is condensed by absorbing by means of cne
organic solvent, at least a second residual gas comprising unconverted propane and
any unconverted propylene is generally obtained in separation zone Il (based on
propane present therein, its amount in comparison to the amount of (main) residual gas
35 is normally substantially lower (generalty  20%, usually < 10%, or £ 5%, or < 1%)).
This is attributabie to the condensed phase which forms also absorbing a certain
amount of unconverted propane and any unconverted propylene.

In the further course of the extractive, distillative, crystallative and/or desorptive
40  removal of the target product {within separation zone II) from the condensed phase,
this unconverted propane and, if appropriate, propylene is normally recovered as a



Suitable absorbents for the above-described absorptive removal are in principle all absorbents which
are capable %'Fz?gggtfbing propane and propylene. The absorbent is preferably an organic solvent which
is hydrophobic and/or high-boiling. 15Advantageously, this solvent has a boiling point (at a standard
pressure of 1 bar) of at least 120C, preferably of at &fast 180C, preferentially of from 200 to 350C, in

partoular 1oz 250,18,300% 10 B HIRFEDNLLM2004A EFer ABREPRIE i dstiooint (o a

standard pregr%gé e SPf ]} ar) Is i ove 110 eral?y suitable as absorbents are relatively nonpolar
organic solv c:.-q PR ARTIES ﬁ’&ﬁatic 20hydrocarbons which preferably do not comprise any
externally active polar group, but also aromatic hydrocarbons. Generally, it is desired that the
absorbent hirsthis eagditirelsoiingf poriniviesidiralgiamend sdeeengaignesidusliggsdeprstage and
propylese. Bxgimesuaf aloseibesnigdschmsisifighaiefydionarboa s, iahexampedstdans-alkanes or
alkenes, or aropmatichyqroRAthRRRNGL SxamRle sAidilar! frantipRailiom parfinrsiziigtion or
ethers hawri% b%@f ?Tt]%n%fgyrdglrdnaqdl¥iaqro S on tréeégzgfe?eensf%orp Jolf mixtures thereof, to which a
nt, lethe'd Llﬁi.'ﬁ ) -pﬁﬁha%te & tIos din LE/—Q Af%

polar solvent, Tor example the dime 08 087 may be added. Also
suitable are esters of benzoic acid and phthalic acid with straight-chain alkanols comprising from Ito 8

carbon atonfyefgreldsmapteyidms vitethe Btrsn i bateraehprastiet éntenvasietiyehthalate, diethyl

30phthtiate pesilicisas\biid e doreisnsad beateay iacithalchnasrdiptienyrhis hesyteitiligr and

mixturels Zf @H@@wlﬂagramé %%&wb@aleﬁrs%%&éﬂfw%ﬁs@e@vﬁw@ﬁ%ﬁ@asstwwaé@ne& tfr?r

example 4- -A'-be iphenylm and its is - -2'- i ethane,
-+ enor el IR SRRy T e el e A o

2-methyl-4-benzyldiphenylméthane and 4-methylZ-] ¥
somers. A RIREERS S0 IRRERPEPSHELTOBRPRIRIGR: BPUIHARy AR BhLIS IR R T erably in the
azeotropic cephpdamidn teeslecimes Aot D824 BYHeight dLZdiFRA%. BRRAIALRAAd about 75% by
weightiéf digpergkstisate$orisecin phe thierBipdaytionabtiziaab En toanenespealiyl (f oecorametaldcbm Bayer
Aktiengeseligghptdidii eamandly, Hps/ooluenisamdirecompsises aotakanbarhsas dpnethyl phthalate
added inan @épfﬁq@é}oll 392386 by Wright40hased QJEtQ?OEW shenigmixture. Particularly
suitable absgrhents are also.octanes, n e anes cane C \Jridecanes,
tetradecane@ éﬁé@é%gn\gg ﬁé@ggaﬁﬁ%i :5(1?’:{%13& Qr%@éti%? cﬁé‘g %$%\/%$C$l% radecanes in
particular PREI802 93 faveliedn (o &8 EhafiBohik s UEimd, 3169800 le when the absorbent
used fbtly #lfifs Bves@bolEena6 86363 IDE-polADEN t3m ol Atlfhie4ade. tbke does not have too
high a molegi{arweighs, AevAgas ¢e8sirP e BI0MeT BP weidht ohde ERgothentds, DBO0 g/mol. Also
Eamplos of s e, B B O M apasos |, such
as Halpasolaféjoﬁg f§§'§?§§£§%\ 3%?"27%9'?1 g%raoé’@}oc%ﬂr%ﬁ%tiﬁk’ ﬁ{éﬁiﬁ&@ﬂ%g‘ names PKWF and
Printosol. P%‘?e@e?ﬁ,%%§7gi@@’nﬁ&%&ﬁ%ﬂ@&%@@&ﬁr%%@c@ﬁdﬁo‘tﬂﬂcﬂé, e ngﬁﬁ)I@%%@@gf-the PKWFaf
type. [RheyRorApisedd 21 DieAdIRE A70PAALIES doARNMOthiEhay] PABN it i1 1968681 ibed,
advantageoBphabeossiee vy torEisatowanolrs3adso (o AdsBa kB eie d oy gBEssignificantly
ihagol()5 o B e e e P B R cucta 5.
aly) or SASE TR0 008 T Ao IR e Reat FRISEls e AT SO P PR ik 15 The
contents (reyBPEEiRTaFEESEE eI BrgdR KR SRABEAD MY ARAIDERN IR O Mbtérréftioned products of
linear BYdroB&rhoHate BzdiealyDE-AGER BDEH/CTBe liesthéen pnotessitef3oude4dyylicagd20 to 33%;
C16: 18 to 2Bfaired CabbéoeBBcl8d oo axamiite, as described in the documents WO 01/770586,

WO 03/041832, WO 02/055469, WO 03/078378 and WO 03/041833.

Typically, product gas B is fed to separation zone Il with the working pressure with
35  which it leaves reaction zone B.

A common feature of the above separating processes is (as already mentioned) that a
stream of residual gas which comprises mainly those constituents of product gas B
whose boiling point at standard pressure (1 bar} is lower than that of water and is

40  usually £ -30°C (i.e. the constituents which are difficult to condense or else volatile)
normaily remains, for example, at the top of the particular separating column
comprising separating internals, into whose lower section product gas B is fed, for



A typical composition of the product from SASOL is: Ci3: 0,48%; 014: 39.8%; C15. 20.8%; C16: 18.9%;
C17: 17.3%,P 1%.0851%; C19: 0.21%. 25 A typical composition of the product from Haltermann is:
C13: 0.58%; 014: 33.4%; C15: 32.8%; 016: 25.5%; C17: 6.8%; Ca: < 0.2%. In continuous operation,
the composition of the absorbent will change corredfbndingly as a result of the process. 30 The

absorption rBgyrhadRiEFalp A RN SEEAAL BRI IRBFECABRBAL okdsrpAaHbleL0 work n

cocurrent or Fablg In countercurrent Suiﬁble absaorption ?olumns are f [Sxampie, tray columns
) BSI ua ga ag,. or example a]sos: omprise oor&s’u u&nts uch @ ge 4]
(having bubble-cCap and/or Sieve rayss, tolumns having structured pac mgs? or example sheet metal

packings ha@ﬁﬁﬂ'ﬁ%dspecific surface area of from 100 to 1000 m2/m3, or to 750 m2Irn3, for example
Mellapako 250 Y) and columns having random packing (for example filled with Raschig packings).
Howeves, it |s #isdgeassiblgito ubtheriokiaratidgspsayriowers) ahaptabebtbeleabsaibties, surface
absorbers spghsfBHEoH Foaet bdi-BIR S BBRIABES RIS I BE-BeI REGe( R IUERTAY SCrubbers

pr

and rotary s .I ity 0! | lace in a
bubble colur%BrH]J] leﬁ%%%g t%%%bl(l?tg n#gﬁ%ﬁ%%@é%%|E?ﬁ%%%%&iéj%§n%eﬁ%%@é§ﬁ§£ propylene
may be remB (?q‘t’ﬂ"f‘nﬂi’ﬁg%%rbent (from the absorbate) by stripping, flash evaporation (flashing)
and/or distillation (rectification). The propane and propylene are preferably removed from the absorbent
by strigping Byaitdity; (fesorptsiduBhgadesonptisasitzy folloesngedaenta: a customary manner by means
of a pressure and/or temperature change, for example at a pressure of from 0.1 to 10 bar, or from Ito 5
bar, or from 1 to 3 bar, and a temqﬁmuﬂr 9hBor0 04Rd%E, in p@.qg@ylar from 2010 100C, more
preferably from 30 to 70C, especi%:?ﬁipég igﬂgy rog 30 t0,50C. A stripping gas preferred for the
stripping is steam. A useful 10alterriati 3 GIBELY P'r?i?r%en or'gzmixture of molecular nitrogen and
steam. However, carbon dioxide dFafixieitedtersorlihefam aRteRMtrogen are also stripping
gases Buitable in accordance withfttie ihteeatitnbyerticotanly suitable for the stripping are also bubble
columns with and without internalgoh% 0T{ae1prepg@ianth Hfapprogrjate, propylene can also be removed
from the absorbent (from the absgrhate)RyHaeapsalmdistillation s regtification, in which case the
columns far_nllla_lr to the person skl}lr%d %H%%r)}o %ndvh%\r/ﬁrégc)?tructgf , pa_tcklngs, ra_n_dor_n packings or
corresponding internals may be used. Possible ¢ nAItioNs In the distillation or rectification are a
pressure of from 0.01 to 5 bar, or from 0.1 to 4 bar, or 20 from 1 to 3 bar, and a temperature (in the
botton?Pof from sonterscdesipigimand karfioracid s @ensGlly Besard ktasascbadyNatyBgeaction zone A,
a propane cycle gas obtained from the absorbate by stripping can be sent to a further process stage in
separation z9aeNod irdar) Rfd e ﬁggg@@&ﬂg@@duce the losses of entrained absorbent (for example
separation in demisters and/or depth filters) and thus to protect the reaction zone simultaneously from
absorbent. Such a removal of the absorbent can be effected by all process variants known to those
skilled in the art. An example of aH@hb&ufeRY $PYURA Y removal preferred Ti%he process according
to the #fvention is the quenching D@ R Btksaralti®mahe stripping appdr@REN&ith water. In this
case, the absorbent is washed outrahtim|atiemyexibsteaf with water and thid: exit stream is
simultaneously laden with water. fhig wesbirg byedhigmaugnching, can be effgcted, for example, at the
top of a desorption column by meﬁﬁﬁ. qftg HE]%CL gl%)mgqﬁray, by countersp@;’/ing of water or in a

dedicated apparatus. To promote the separating effect, it is possible to
PP P from 0 t% 5% by volume of P CO and

30 from 1 to 15% by volume of COo.

Typically, the residual gas leaves separation zone Il in the process according to the

invention with a pressure of = 1 bar and < 3 bar, preferably € 2.5 bar and generally < 2

bar. The temperature of the residual gas is normally £ 100°C, generally < 50°C (but
35  typically = 0°C).

Appropriately from an application point of view, propane present in residual gas is
absorbed in separation zone |l appropriately at a pressure of from 5 to 50 bar,
preferably from 10 to 25 bar. In a compression zone, the residual gas leaving

40  separation zone Il will normally be compressed to the pressure advantageous for the
absorptive removal of the propane (this is advantageously effected in several stages).
Preferably in accordance with the invention, a compression of the residual gas is



35install internals which increase the quench surface area in the quench chamber, as are known to
those skilledhl 28t from rectifications, absorptions and desorptions. A decompression of the
absorbate comprising the propane (and if appropriate propylene) to the pressure appropriate for the
removal of propane (and if appropriate 40 propylen&pcan be performed in the process according to the

invention, for BB % PSR 8oL BLDMERRSSRI B MAIREBHIRA: daligehanical encrgy
released in 'ih case of the Invers S, appro riatel Nl accprdance W|[h thﬂnventlonhalso PF
58025 61 usg}%?&porﬁ]sspergg ébas§%‘éﬁpefse%r of p?( ')é ﬂ}f& appropriate ropyrfenesn&oPexample
in the desor&ﬁm%imqugtﬁﬁrf?@é%lﬁﬁﬁ%?%%ﬂ@\"&ﬂ)gaék%WBﬁésﬁQ 8 8t¥EiRthe can be
reused as abseapeetwhjshropraseiynite assertiaty dovitiat ingaactonisanect divpesaswdetirene absorption
pressurg by 1esaiRs b 2. PO 16 genwus Heropapaision esifierkbgas thestrpbcatignaienl .
Psrtlcgla:rly SARNGIGRESB @ﬁ&wmw%msdoy%é&%rmsw@m@nﬁ | B hirom tth% )
absorbate i ratjon z ssure of from or a o 5 bar,
Ne cR%r? 9%1% Rg' j@ eat <] re tdga §ra%ﬁ9’ f8{ro Q [J’Bq %H%) MSH‘ it 3

more prefera% y from $har an mos pre propane removal from the

absorbate apﬂﬁéhﬁfSF@FﬁghﬂUﬁé@%ﬁ@ﬁ §§H@§qtf%?fb%ﬁﬁeﬁla fﬂ{%{h d5594R9A%e propane
cycle gas ols@iirieaethasalorsritag pr@@gm@r%n @Jélqi@dyet@d\mreeﬂyonﬁ@fr@'aeﬂ@ﬁl zone A. Such
propari® cyctergassition 1Hie pregdriksntoé theosivaljet fariiod ety rog enatrguec el e g s 4854, by the jet
pump princiat@@%mmﬁws@h@aﬁbiW/Plér/&é%@#%ub\wmiaéﬁwpimmrsﬂw with the
invention, thepr %ﬂmwﬂﬁayﬁéé b%npr,mgp%tﬁz&yzlqg% L\gméngtmventlon heated to

eac

temperatures appropriate to tion zone A y indirect heat exchange with hot reaction gas A and/or
hot product gas A beforehand. 20 Typical contents of propane cycle gases obtained from the
propane-cor%b'ﬁi?ﬁ&'%%ﬁ!ﬁt’é‘@? A% 5RHNGhIRTTYP 8 iR IS¢ iRtel ferareyshing iRteeparation zone IV
may, indhe proctys zwwidifbdottiey poréoton chm redstidvistizEfiothe8@ackd9.peesasal® of propane,

from O to 5 rHienpifnEAviene RBgHE B A RONTIHG ciinl id 2Pintiple st/ Re8sd theuseBtNts of
bropane cycigAas YRorA JBTLARL MBI SABRBALGLIHPM drlB/AREL G BERKIRRAN from 2
to 15 mol% othHZ 35 P rp%rcgs pat asngle rom fl %s g% ﬂo rcﬁ' as :—}cosns ent g'ecrude propane)
and propan Ve S"‘é% an 5 156% 5%‘4? ot Bh & é a p 8 ro Tia cé‘%pressed)
residual gasof: ﬁéérﬁﬁwﬁr"ﬁ(ﬂmﬁ’ﬁi@c@ﬁ&r Biﬁﬂ@ﬁqyo?ﬁfﬁfjslﬂérﬁafg%%@%ﬁaﬁﬂhally fed to
reacticiPzoriiadeitie asseiiated pdtheadrthpesatusidoalagas tyreofjdscandrseihéhmolecular
0Xygen-ComjyisimgraasicieeaRisiprpte spfapanansepplisatiossidual gas (which has, if
appropriate, been subjected to an H, membrane removal} is associated with cooling
thereof. When such a decompression is likewise carried out in several stages, an
indirect heat exchange between heated, compressed, unscrubbed residual gas and
25 cooled, expanded, “propane-scrubbed” residual gas can be undertaken before the next
stage in each case. Such a heat exchange (which may be additionally supported by
indirect air cooling of the compressed residual gas) can also be employed before a first
expansion {as a consequence of the indirect heat exchange, condensations of any
steam still present in the residual gas may occur therein). Advantageously from an
30 application point of view, the aforementioned expansions are carried out in
{advantageously likewise multistage) expansion turbines (this serves for the recovery
of compression energy; in other words, the mechanical energy obtained in the
expansion can in all cases (especially in the examples and comparative examples) be
utilized either directly as an additional or main drive for one of the compressors and/or
35 to generate electricity). Depending on the compression or expansion stage, the
difference between entrance and exit pressure may, for exampie, be from 2 to 15 bar.

Before the propane present in the compressed residual gas, in a separation zone I, is
taken up absorptively from the compressed residual gas info an organic solvent

40  ({scrubbed out of the compressed residual gas with the aid of an organic solvent
{absorbent)}, the compressed residual gas can be subjected in a further separation
zone to another membrane separation, in order to remove at least a portion of any



40point of view, mixed beforehand to give a first gas mixture and this first gas mixture (preferably after
it has been fiéa %ﬁ/ indirect heat exchange with hot reaction gas A and/or product gas A) is mixed

with propane cycle gas or a mixture thereof with PF 58025 62 dehydrogenation cycle gas (preferably
likewise after corresponding heating by indirect heaBZxchange with hot reaction gas A and/or product

gas A) and the eSulIRGpasM Bt dS R MAMEIRISRIL SR M ANSR SO AR AN IR &yaRAT 0 9as
mixture. Advant eous lmolecul h }fﬂ‘%n IS aI 80 adge to the resmtlng@gr% ure before 5it is
fed into reac%g oRe HY <85l ff’sy arge gas REUre, xI’:]heprequwement or molecular

g

oxygen- corﬂﬁﬁgﬁ'ﬁ@e@aléqnﬁﬁ@ﬁ%ﬁé cHRIMI BRI R AnBor IS, AR BHRRBIHIAA"EN application
point of vievuseikb T (ceuchea yéroaval, camicvder sothrence isgbsralinghe use whaklidh, the crude propane

is appraprialauevkeAmRIEE-H\bohadeahenitiens arecohyaingeripeanastitamateer iiffar eiample acid
water) by ingiigsbheRl Seienge FrreopsiensaieRoled in g 3y éesqﬂefor direct cooling in
separation zone I in.order t tam cond te). Alt ( hich
approprlatel es?er%dpr)eesrlaﬂjre o5t %%fo” 5 g%%ﬂ’p%% erz;ﬁli)éi1 ﬁ%@%ﬂ%ﬁ{@fg@% egtljsed as the
heat carrier i‘/dt?LﬂWé HaredPHER PR RAMRM RS TIRd ‘Hﬁrﬁr Bt %ﬁﬂgﬁ?ﬁﬁ’ Rityis B? 'B&ﬁ 810 further
heat the crugiehptopmaoieaiiesieemaske Hasgaciaay Roh¥Esass THERamRYy St radnPesefbr example,
at 5 battandfiH2EE inwtheh dbdyinah By rdbéasredr plidetfllpaaly acoyqmd dhtotreatiieprooess according to
the inventiona28(Eyrarappie BonaitRHiST Bl RraeeH 9h8R sragrsgdieabeligined in the course of the

partial oxidation), is generally employed. If required, a small amount of absorbent is discharged

po worked U] 5488 TOITEATBA TN MOCUBCOE T e Ao WA R

decompresﬂPE@ﬂ%@dﬂmoﬁﬁﬁﬂ%ﬁﬂmt'ﬁﬁﬁéﬂ%’%ﬂﬁéﬂrﬁ?ﬁ A mpeiRsaRake, subjected to a
membfdne Hikevasenndgnbigh sepsnezdity seampiedsitu in &0 bantitypisify domdibéeatfohyrlt is also

possible for iighrepdRre RIVAEGIDUBIRAIGIINBRRAGMIRING atleeaus rRossensateshifarayeample acid
waten) formegiA2RBaHaRARAAY b HoARBRY ARBRISRE M NARRRAAIANARRE Il and separation
zone lll to be con ut%e% to thi %mcmgratl ki)l' ap]gr %%gg rﬁugfpo tt(gzrd qf\g/fe gmg natural gas
and performed usw? é(w% fﬁes Sfniols cor%ﬁ’u 8Q 'hg as or thisin |nerat|on IS
typically usﬁ?@fﬁﬁ%éﬁﬁ?@ﬁi%éﬂ'ﬁetmﬁtwmmb 'Qgﬂ%qé’c@'gt@ﬁﬁﬁ @?&fﬂ@ﬁrﬁéfé@ﬂﬂ%leased into
the atrddspHerepareraksityplion) cdithposeid eslgasivelgrasoioniviee utidizexhg driesaviedengt nitrogen,
molecular hythioyeasivekadneasasioxitee finalyudishagidereanpladsiz eddiiahwdpaéyer condensed
phases COW@%B%%Y%@H@@&H&%@&M?E&&%W %msraﬁeeeﬁfbaqﬁeman&%nawntlon the
same POl ELEHenIALPIBANASE: el o RRDISHAIORBLUBI FR G R cibie all known

process |nh|b|tors al"[l le’in’ accordance wi einvention are or examp e

phenothiazif B REFIHERh %ﬁ’@fﬂ@'eopﬁ%‘?% [RYHE RIS DBy rﬁ%@'&ﬁl&i‘@ﬂf&en increases the
effecti¢g@nestnatogrruptyieribe zubemahaitibsr Sureie seactsr, for exampie, a bundle of such tube

membranes is cast into one plate in each case at each end of the tube. Outside the
tube membrane, reduced pressure (< 1 bar) preferably prevails. The residual gas
under elevated pressure (or of “propane-scrubbed” residual gas) is conducted toward
one of the two plate ends and forced through the tube interior to the tube outlet present
30  at the opposite plate end. Along the fiow path thus defined in the tube interior,
molecular hydrogen is released outward through the Hz-permeable membrane.

The performance of the absorption of the propane (propylene unconverted in the
course of the partial oxidation in reaction zone B is generally absorbed together with
35 the propane) from the remaining residual gas is essentially subject to no restrictions at
all. A simple means for this purpose consists, for example, in contacting the remaining
residual gas (which, appropriately in accordance with the invention, has a temperature
of from 10 to 100°C, preferably from 10 to 70°C) at a pressure of from 5 to 50 bar,
preferably from 10 to 25 bar, with an organic solvent (preferably hydrophobic) whose
40  temperature is advantageously from 0 to 100°C, preferably from 20 to 50°C, or to
40°C, and in which propane and propylene are absorbed (appropriately preferentially



63 Acrolein obtained by the process according to the invention can be converted to the acrokein
subsequent %Fo"tﬂ@é mentioned in the documents US-A 6,166,263 and US-A 6,157,963. These include
1,3-propanediol, methionine, glutaraldehyde and 3-picoline. 5 Preference is given to processes
according to the invention which have the maximung8vorking pressure in separation zone lIll.

Advantageosly. @ i NOIKIRBIROSHIGS B dRIREINGAL G20/ GRS BIe s Wapse into the

particular zone) in the ditferent zones of the process according to the invention, 10the following
correlationst'l—;1 %ﬂ%ﬁ%ﬁfﬁéﬁgﬁgpw: P reaction zone A > Pseparation zone | > Preaction zone B >
Pseparation zone Il < Pseparation zone iii > Pseparation zone Iv> Preaction zone A. 15 although
separation ZtRreekanplaisyibeedispdtissenaiion (fashrirpomationyeaidation @pdsuaisrRrBerding to the
inventioh to witie s iwnige tritiecsiineaslinitiprsped (e spmtieHyzorieA (feecammpesdmolecular
oxygen, at valurs: ¥ RAFAE RIS RN GAMAS RS SRR S BIIAR bPERSIHE Order thus 20 to
minimize unegiiedl gompuston (cachions ahddGermaldecpmepsiions, esbreialy sbaroane
Examples and’ compara?lve exam%?,es 55 .Longg?er‘rﬁ opera fon © a%e?erogeneous catalyzed
two-stage pIHIECHIAHAANIIEST PrTIXIESSTRIRAMR arftaly FRN TN EL B ang BF@géfnce of molecular
hydrogen ApCaerigtexpenyirnaan soniptertferchetasaisotedius SPrRatieiordor IMe wikithxidation

stage 10T hecmabtorenyolzstas mbpgackermddriphy desditstarmlass staeligoytnelrisal guide tube
surrounded by a cylindrical outer vessel). The wall thicknesses were always from 2 to 35 5 mm. The
intemal diaragjel ol Hb%&ug%{tﬁ@mgags%é SR dd SHOLRTRA ?%?ﬁ(?%%n%fi Frftifi pe was approx.
60 mm. 40 At the top and. bottom, the jacketed cylinder was concluded b [ ase respectively.
PF 25025 APFREPEA )i BEF (BT LA RSN AFREATE APARIAEN SR THE GREPHAT dimeter 30
mm, wall thietgiesably ahorgenicisslyenbshiais Aydrrhiahimand/er tHehbaiB@ube of the cylindrical vessel
such that it jdvantagedesiyntbiscivivage thsculbilihg tieird fdt Bestaratatieposgseranti 1 dasrad@d thereof (in
a sealed magaer) 2bhe, hesferxahanae saeditsn B (srligrelisnnsisitig 200888y waight of potassium
nitrate, 409 MR RHTLHIES ABR HE RN IOl EORSIRLABbNERRDSIORRA I he
cylindrical VﬁSSﬁ,‘L Lnt?r(?er to ensure ver unlg rm t ermbal bpoq ryd:ondl jons tt%e outer wall of the
catalyst tube BVEFthe Eénefirsé%n%r% SF 3%¥5?y%t(1u%é Withtd the cyIi%‘drlga \5?93’53_5"?28 gr%) the heat
exchange nfRSRIERELHRUIRISENEH BRERRBONSRNIRSaNE Rl A0RIBPEIR AIRITARC

20  hydrocarbons which preferably do not comprise any externally active polar group, but
alsc aromatic hydrocarbons. Generally, it is desired that the absorbent has a very high
boiling point with simultaneously very high solubility for propane and propylene.
Examples of absorbents include aliphatic hydrocarbons, for example Cs-Czg-alkanes or
alkenes, or aromatic hydrocarbons, for example middie oil fractions from paraffin-

25  distillation or ethers having bulky {sterically demanding) groups on the oxygen atom, or
mixtures thereof, to which a polar solvent, for example the dimethyl 1,2-phthalate
disclosed in DE-A 43 08 087 may be added. Aiso suitable are esters of benzoic acid
and phthalic acid with straight-chain alkanols comprising from 1 te 8 carbon atoms,
such as n-butyl benzoate, methyl benzoate, ethyl benzoate, dimethyl phthalate, diethyl

30  phthalate, and also what are known as heat carrier oils such as diphenyl, diphenyl
ether and mixtures of diphenyl and diphenyl ether or the chlorine derivatives thereof
and ftriarylalkenes, for example 4-methyl-4-benzyidiphenyimethane and its isomers, 2-
methyl-2'-benzyldiphenylmethane, 2-methyl-4'-benzyldiphenylmethane and 4-methyl-
2’-benzyldiphenylmethane, and mixtures of such isomers. A suitable absorbentis a

35 solvent mixture of diphenyl and dipheny! ether, preferably in the azeotropic
composition, especially of about 25% by weight of diphenyl (biphenyl) and about 75%
by weight of diphenyl ether, for example the Diphy!® obtainable commercially (for
example from Bayer Aktiengesellschaft). Frequently, this solvent mixture comprises a
solvent such as dimethy! phthalate added in an amount of from 0.1 to 25% by weight

40  bhased on the entire solvent mixture. Particularty suitable absorbents are also octanes,
nonanes, decanes, undecanes, dodecanes, tridecanes, tetradecanes, pentadecanes,
hexadecanes, heptadecanes and octadecanes, of which tetradecanes in particular



An electrical heater attached to the outer jacket regulated the temperature of the heat exchange
medium to the éggﬁgd level. Otherwise, there was air cooling. 15 Reactor charge: 20 25 Viewed over
the first-stage reactor, the salt melt and the charge gas mixture of the first-stage reactor were
conducted in cocurrent. The charge gas mixture enfi®ed the first-stage reactor at the bottom. It was

conducted IRiQ N EteAIR Eutb%wgh.@uis .?éur@ Rfid ERferibRAFASARR dfterdrittnelentered the
cylindrical g}_udt? tHJ K Ethe bo\}teané i ne ratur(?bﬁﬁ) Saeré% 'J‘% t tg}em égg{lc%%%ggs'[%%? at the top

with a tempera ou Wh Wa up SO as t Ways give rise to a

us
propylene cBﬁ%FQR)H'%If‘ §elery ﬁﬁ&%gm* %@"E%%%oﬁf%éhgdﬂgte&f" R “fﬁ@ch(sﬁ on stage. 30
Catalyst tub@bsnehget o rPthe/ betidisupvitakissuetiba rarifigeisciessihestie BE Hedlol Steatite
spheresof didddiavidgSromms SethicarBodestgthsl @xanpksCatalysbieammeefdehprodgenenas mixture of

30% by WeighicalcBsamiEDy 1SS BERMSIRh B8 Wa i ASBRN X dcMaR (@issssl zhiermataraniength x internal
diameter) aql (0% bycyoil ;thré?gﬁ%gn f jé?% R BecHants PRpEARPERRAgrding (o
i

example 1 0 46 95 M012C sFezﬂ? S|I 59K0.080xil)
Section D: E’Kgﬁ; PRI SHBMRHRTIAGS: Srﬁ'ﬁ §r8 tﬁﬁrﬂ? ﬁ mm (external
diameter x |

?{fWiéQn'éFWrﬁ@%%'se a Smﬂﬂt@ﬁ’r‘i’@é‘iaﬁ@E@@%@@H@ﬂht@m@@ﬁé@rﬁﬁaémeedmg
(pure 02 as ssxdasgaihet gdsifepaoeshy tross aféntbymedifiteticoaind) diredisecphiobyantelb@és of air), the
product gas|gisteteiteaving KignifishitkeBered 10a0tppivas sRghicrRtHYOsGlaBlconmanmiiube (length
40 cm, intergRl e ale nasafafh RIEe: h\e@mﬁ Lefoft3 sty LralbiiualRess & AaRLABIR Steel. wound
around by 1 m ich wasmoyn Y 19,8 0 m, charge
with an mer%‘ %ﬂbd% #Qs%eiﬁg%mg%st%&ﬂkw ulgus a é“p ﬁaly]) EB‘%%L aly ée 9\ formmal

paraffins (heavy) C14-C1s from SLO NAFT in Slovakia.

15
The contents (reported in area percent of gas chromatography analysis) in the

aforementioned products of linear hydrocarbons are typically:

total Co to Cia: less than 1%; Cia: 30 to 40%; Cis: 20 to 33%; Cae: 18 to 26%,; C47: up to
20 18%; Cese: < 2%.

A typical composition of the product from SASOL is:
Cis: 0.48%; Cys: 39.8%; Cis. 20.8%; C1s: 18.9%; C17: 17.3%; Cqe: 0.91%; Cqg: 0.21%.

25 A typical composition of the product from Haltermann is:
C13: 0.58%; C14: 33.4%; Cis: 32.8%; Cis: 25.5%; Ci7: 6.8%; Cais: < 0.2%.

In continuous operation, the composition of the absorbent will change correspondingly
as a result of the process,

30
The absorption may be undertaken either in columns or in quench apparatus. It is
possible to work in cocurrent or (preferably) in countercurrent. Suitable absorption
columns are, for example, tray columns (having bubble-cap and/or sieve trays),
columns having structured packings (for example sheet metal packings having a

35  specific surface area of from 100 to 1000 m2/m?, or to 750 m?/m3, for example
Mellapak® 250 Y) and columns having random packing (for example filied with Raschig
packings). However, it is also possible to use trickle and spray towers, graphite block
absorbers, surface absorbers such as thick-film and thin-film absorbers, and also plate
scrubbers, cross-spray scrubbers and rotary scrubbers. In addition, it may be favorable

40  to allow the abserption to take place in a bubble column with and without internats.



7mmx3m 4 mm (external diameter x length x internal diameter) and was flanged directly onto the
first-stage c a@g%?oe. The product gas mixture always entered the connecting tube at a
temperature of > Ti 20 (first stage) and left it with a temperature above 200C and below 270C. At the
end of the connecting tube, molecular oxygen at thé(ressure level of the product gas mixture was

metered interHasrgoipe a@wqpﬁmmyﬁqaﬁsn@ﬁmvm 98 SVBAYFSHaRarasseAsAigtarg for the
B o L N R G S A = e

y Its Other e eam
oxygen metered in was such that the molar ratio of 02 present in the resultingﬁ%z;}s mixture to acrolein

present in tHEPQBRREFIS PIREYIENE R5eLPEeiertbbaaBlonaa rodhe RPIXBRIRY SEReIRdcatalyst tube
fixed bedl reantdovaesarpdnvifehdessrpliddentiz dledesigdtouthiatfFautiienfiasy madagobystage. Salt melt
and charge gramgisty prassare anaisiediprariie eRaNRVRA ouvethie Aeapiessliiedalbmeltentered at

the bottom, {4 ¢Rafos; SRR E5 JKEYIS1d aeosntgﬂefaetg%q&e%&r%%ﬂmtmmlt was

adjusted so as alyays to resylt in croiein conversiop of ol% in.single pass at the outlet of
the second &P@ﬂ%ﬁ%ﬁ%ﬁﬂo[ﬁ ﬁﬂﬁ% SRR ?\%@M rPorrb%Bi Qéegriﬁs?ﬁ%'%z&?g@?sﬁ% X charge
(from the bdfRIMARARTFwAStURPiDg YRsPARTRSTRHCT Ehe #TPRINgHE Stea8 PheifRfHary bed of steatite
rings dfyeoattetnalivanin maatuiaxritroge(exte miit dievforsisclidagtitneger ang stegneter). Section
B:Length 104corevet; atatysh citiige of mikRiRegreRAV I sieerrod3d)% hiyrvgeiahrobRisatite rings of

geometry 7 éﬂé?ﬁfg@ GBS € RIBIESHISERBlAHRBISIRI HBRIB R BN SRRt liRMP I 14PEheby weight of

coated cataléfn Inma%gc%t'gg %baecéioqnm%:é_el Hth%O\a‘?i %rgug.%?ar‘%l%st charge of annular (7 mm x 3 mm x
4 mm = external QAmetar s engt}‘w3 OnEiRaY |ameter§ coated ca alyst according to preparation

example 5 of DE-A 10046928 (stoichiometry: Moi2V3W1.20u2.40x). Section D:Length 30 cm
15DoviifistreErg beapanerndité appropsiaisr aramiese £8)mise B RIBaMshithre veel aksarh@mttion of the
compositionebrinthezbegetets mptwanefof a distillation or rectification, in which case the
columns familiar to the person skilled in the art and having structured packings,
random packings or corresponding internats may be used. Possible conditions in the
distillation or rectification are a pressure of from 0.01 to 5 bar, or from 0.1 to 4 bar, or
20 from 1 to 3 bar, and a temperature (in the bottom) of from 50 to 300°C, in particular

from 150 to 250°C.

Before it is used to charge reaction zone A, a propane cycle gas obtained from the
absorbate by stripping can be sent to a further process stage in separation zone IV, in
25  order, for example, to reduce the losses of entrained absorbent (for example
separation in demisters and/or depth filtters) and thus to protect the reaction zone
simultaneously from absorbent. Such a removal of the absorbent can be effected by all
process variants known to those skilled in the art. An example of an embodiment of
such a removal preferred in the process according to the invention is the quenching of
30 the exit stream from the stripping apparatus with water. In this case, the absorbent is
washed out of this laden exit stream with water and the exit stream is simultaneously
laden with water. This washing, i.e. the quenching, can be effected, for example, at the
top of a desorption column by means of a liquid collecting tray, by counterspraying of
water or in a dedicated apparatus. To promote the separating effect, it is possible to
35 install internals which increase the quench surface area in the quench chamber, as are
known to those skilled in the art from rectifications, absorptions and desorptions.

A decompression of the absorbate comprising the propane {and if appropriate
propylene) to the pressure appropriate for the removal of propane (and if appropriate
40  propylene) can be performed in the process according to the invention, for example, by
means of a valve or by means of an inverse pump. The mechanical energy released in
the case of the inverse pump is, appropriately in accordance with the invention, also



the first omd% e (the propene loading was set to 150 | (STP)/1h; the selectivity of acrylic acid
formation éﬁma 94 mol%). 20 a) The composition of the charge gas mixture for the first

oxidation stage was substantially: 7% by volume ofpropylene, 2512% by volume 0f02, 20% by volume
ofHz, 5% by volume ofH20 and 56% by volume of N 30At the start of the reaction apparatus charged

eshly with Ga4aIS ARG WSHRERRE RAUEES RISt apiapinne1308) R0 in (second
oxidation st%as%ﬁégf?tggé%ggr e gﬁg@mgr@m I aBgcABugS were: Ti

(first oxidation secon OXIda 0 F 58025767 /%, by volume
ofpropylene ?L% r98ﬁ'ﬂﬁé’?ﬂd’f rbe(ysg s gr%?fﬂl RIe" %A"W?Foq ifie Sfm erethe start of the

reaction apﬂ&YﬁW@%H&F@@Wf%ﬁE‘/Wl@ﬁﬁéﬁﬁ'%é‘@ﬁﬁ‘ﬁ'ﬁé@’ BRGNS A SRR remove

5 propane from residual gas in separation zone Ill.

Particularly advantageously in accordance with the invention, the propane is removed

from the absorbate in separation zone IV at a pressure of from 1.5 or 2 to 5 bar,

preferably from > 2 to 5 bar, more preferably from 2.5 to 4.5 bar and most preferably
10  from 3 to 4 bar.

A propane removal from the absorbate at the aforementioned working pressures is
very particularly advantageous because propane cycle gas obtained at these working
pressures can be recycled directly into reaction zone A. Such propane cycle gas can

15 be used as the motive jet for a dehydrogenation cycle gas flow by the jet pump
principle according to the teaching of DE-A 102 11 275. Appropriately in accordance
with the invention, the propane cycle gas is, appropriately in accordance with the
invention, heated to temperatures appropriate to reaction zone A by indirect heat
exchange with hot reaction gas A and/cr hot product gas A beforehand.

20
Typical contents of propane cycle gases obtained from the propane-comprising
absorbate by desorption and/or stripping by means of steam in separation zone 1V
may, in the process according to the inventicn, be as follows;
25 from 80 to 99.99 mol% of propane,
from Q to & mol% of propylene, and
from 0 to 20 mol% of H2O.
In many cases, the contents of propane cycie gas are:
30

from 80 to 99 mol% of propane,
from 1 to 4 mol% of propylene, and
from 2 to 15 mol% of H,0.

35 Inthe case that, aside from fresh propane (as a constituent of crude propane} and
propane cycle gas and, if appropriate, dehydrogenation cycle gas, {appropriately
compressed) residual gas cycle gas and/or a(nother) molecular oxygen-comprising gas
is/are additionally fed to reaction zone A, the crude propane and the residual gas cycle
gas and/or the molecular oxygen-comprising gas are, appropriately from an application

40  point of view, mixed beforehand to give a first gas mixture and this first gas mixture
(preferably after it has been heated by indirect heat exchange with hot reaction gas A
and/or product gas A) is mixed with propane c¢ycle gas or a mixture thereof with



10Tin (first oxidation stage):320C Tin (second oxidation stage): 268C After an operating time of 3
months, the Bht&f¢2 temperatures were: 15T1 (first oxidation stage):324C Tin (second oxidation
stage): 276C Il.First illustrative process for preparing acrylic acid from propane (a steady operating
state is described) 20 Reaction zone A consists of @&haft furnace reactor which has been designed as

a tray react i iahati ] ' Hecessively in

flow directioq{?ﬂpr?ég gﬂ%ﬁgg ?&% catcf%ﬁeﬁi%)il@ lag % ﬁléﬁg%‘:%n ggﬁ%%gﬁqggm%ﬁesh, of
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spheres of dTH¥HERS HEP S IO SRR BPRELYARKIGREUITREH HE gepaidH Eatalyst and steatite
MR ISSTMEHEE S ifdorenrt 4\ t AIERRED B

spheres (disdetatdgeouslh rodkbulam)yidradeedsakmasidatdothegirpdiiingoasiotidae heiorsteatite

spheres= 1ig{adi@mrtireivtidhisoHonaR, ralsipegeible eidhis paswiriuiae same amount of catalyst to
be used undiluted). 30 Upstream of each fixed bed is disposed a static gas mixer. The dehydrogenation

catalyst is a.|Pt/Sn aI.Ioeﬁ_lwhi(%h has1 been promoted with the elemeg%s Cs. Kandla.l %i%%form and
i

which has b,e%% rgﬁb‘"e ) tthcér SUEF 2R A ?n§ﬁ?frgggsc')?%965-l§ @8 Sﬁa%ogcﬂp%ort extrudates

(mean lengtMBSHQEdm ARREARTALRY fiothan aRgLcriion B8R Riey 1IBKRMIGAUS FRITA at approx. 6
mm): 6 mm ceramefestodeam) in the element stoichiometry (mass ratio including support)
P10.3SrOmLa3,0Cs0.542(Zr02)58.a(Si02)7.1 (catalyst precursor preparation and activation to the

gctri]vz catalxﬁcgc%?dm@a@malﬁ\f’eﬁﬁ@?:ﬁe%@@d@éio%ﬁ&ig Bsp mgﬁr@@w@atewmﬁ@sfaltpropan?
ehydrogen rr [ A r - enation cycle
gasymodge. %ﬁ%@%ﬁgﬂ&%aﬁ%ﬁ@%ﬁ% E&%%%%% @aﬁsa ay%@iﬂﬁ%@ﬂ%ﬁggﬁﬁert materiz)a/LI)
of all trays il rEFaHEsSRdRnsRerenlad in dpigg ﬁ%’?@'l’?ﬁ/\'\ségrt? QG FRORLIarge gas mixture
(starting mix&earatien Zarenkif) orier tePripinaavsceatansatBe et e alber dadhRbasRe following
contensS: propiicie Gpr2agfidigly diasreteprpprdane B2 fiF90A0ytiodidite petfeyabne 686 ZbHy 36RiMe,

may also be used as the heat carrier for the indirect heat exchange for the purpose of

evaporating crude propane. To further heat the crude propane, indirect heat exchange

with hot steam (which may be available, for example, at 5 bar and 152°C}, which is

typicalty obtained plentifully as a by-product in the process according to the invention

20  (for example in the course of removal of the process heat obtained in the course of the
partial oxidation), is generally employed.

If required, a small amount of absorbent is discharged continuously from separation
zone IV and replaced by fresh absorbent. The discharged absorbent can be worked up
25 by rectification to give fresh absorbent. The residual gas which has been
decompressed as described, “propane-scrubbed” beforehand and then, if appropriate,
subjected to a membrane hydrogen removal is generally sent to residue incineration
(offgas incineration). It is also possible for high boilers removed in separation zone Il
and aqueous condensates (for example acid water) formed in separation zone Il and, if
30 appropriate, between separation zone Il and separation zone Il to be conducted into
this incineration which is, if appropriate, supported by feeding natural gas and
performed using air as the source for combustion oxygen. The hot offgas of this
incineration is typically used in indirect heat exchange with water to generate steam
and then generally released into the atmosphere. Normally, it is composed exclusively
35  of molecular oxygen, molecular nitrogen, molecular hydrogen and carbon dioxide.
Finally, it should be emphasized that whenever condensed phases comprising acrylic
acid and/or acrolein oceur in the process according to the invention, the same
polymerization inhibitor is added. Useful such polymerization inhibitors are in principle
all known process inhibitors. Particularly suitable in accordance with the invention are,
40  for example, phenothiazine and the methyl ether of hydroquinone. Presence of
molecular oxygen increases the effectiveness of the polymerization inhibitors.



10methane2.56% by volume, H23.78% by volume, 022.10% by volume, H2012.08% by volume,
C00.38% hy V1R8E22nd 15C023,35% by volume. The reaction gas A charge gas mixture is a mixture
of a first (2.34 m3 (STP)/h) and a second (4.96 m3 (STP)/h) gas mixture which is obtained by
combining the two gas mixtures by means of a static g8ixer. The first gas mixture has a temperature of

cycle éisa(?dzﬂ%@a%ﬁﬁ%“&é%%?ﬁ%é%% B e e . (o
propane) to aﬁCéQ%’iﬂtSW%n ?rg' Hﬁiﬁ 5%%@ B @%%%%%gﬁfgg IZ'% %%a{ﬁﬁr&f 02 (T=
139C, P = 2.33 1355k ssedusHgs didrrepanemiebipethiciea s raideidarnd dRiraiser with
product gas A conducted out of reaction zone A and in the direction of reaction zone B establishes the
temperatgre abréfifienddie grReptd pRTE8REUE-IDRINAN0IRE blicslich GhitBHSERM mbdistyidrogenation

cycle gas (T rv@ﬁ%f{% ErésgupéiP%@pﬁFé’tiaar??oﬁbglﬁ.STp)/h of propane cycle gas (T = 400C, P = 3.26 bar).
f

It has a pressure of 2.13 bar and a temperature of 506C. 35 Indirect heat exchange with the product
gas A cooled to a temperature of 435C in the first heat exchanger establishes the temperature of the
propane cycle'\G¥aMATEMS dPs e ureiing Riessacesdniietarained neRrhirdeRaHESt BIRARSorinciple
(cf. DE- A 102nteng)particyaszane)dndheqiffereniteonses A00T Rracasnirtraisime misw/iayenten, PF
58025 6%0ad|uistefdimwihg hatksantion (gastibrissipesdpisycatalyst bed with a temperature of 515C and a
pressure of 2.11 bar with the following contents: 5propane55.8% by volume,

P reaction zone A = Pseparation zone | = P reaction zone B < P separation zong I! < Pseparation zone I & Pseparation zone

v > Preaction zone A
15  although separation zone [ can also be dispensed with.

it is also advantageous for the process according to the invention to keep the
temperature of reaction gases A, especially when they comprise molecular oxygen, at
values of £ 460°C, preferably < 440°C outside catalyst and/or inert beds, in order thus

20  to minimize undesired combustion reactions and thermal decompositions, especially of
propane.

Examples and comparative examples
25 | Long-term operation of a heterogeneously catalyzed two-stage partial oxidation
of propylene to acrylic acid in the absence and in the presence of molecular

hydrogen

A)  General experimental sefup of the reaction apparatus

30
Reactor for the first oxidation stage
The reactor consisted of a jacketed cylinder of stainless steel (cylindrical guide tube
surrounded by a cylindrical outer vessel). The wall thicknesses were always from 2 to
35 Smm.

The internal diameter of the outer cylinder was 91 mm. The internal diameter of the
guide tube was approx. 60 mm,

40 At the top and bottom, the jacketed cylinder was concluded by a lid and base
respectively.



propylenel5.85% by volume, ethylene0.88% by volume, methane2.89% by volume, H23.78% by
volume, 10025?:r§ﬁé/95/olume H2015.5% by volume, and C0O23.67% by volume. The leaving amount is
7.46 m3 (STP)/h. 15 Beyond the first catalyst bed, 0.12 m3 (STP)/h of molecular oxygen (purity > 99%
by volume) is metered into reaction gas A (T = 139C6R& = 2. 33 bar). The metered addition is effected by

throttling, so t‘?ﬁé‘é‘%a{@?f’ Bg 86 ﬁ&ﬁ%ﬁf EROg, éF&\S L% }ﬁ%ﬁl J%Fn@t% The bed

u at reactjon eaves the t bed with a

height of th

tomperature o33t 48 éfagéa?im HE A BB BOTRLS %%EM% by
volume, propyl&A8Fiea) Kssssswe hph/idHelPotoddsy VorRARR Cﬁﬁﬂﬁﬁégmﬁ%lﬁ)ﬁﬂgﬂﬁf@ H24.43%
by volume, 3G0208wbperandiowd0end aassdiyivalsaaecma®O3IBRbdn exthargehedaaning

amount i57.7@ a3 EMBisBRg UpstBasm whitie staiiadusian dispesesbupsl eamaidheothie catalyst
bed, 0.13 m3 (RERUNGFAPGIIEH PSR Rbars A3 BXCIOUER) R BAIREREA YadES fraction gas A

(1 = L3, e AL TR U Sl R b Ly HOmEBIRS L e eacion g A
catalyst tube over the entire length of catalyst tube within the cylindrical vessel

{400 cm) the heat exchange medium was pumped in circulation by means of a
10  propelier pump.

An electrical heater attached to the outer jacket regulated the temperature of the heat
exchange medium fo the desired level. Otherwise, there was air cooling.

15  Reactor charge: Viewed over the first-stage reactor, the salt melt and the
charge gas mixture of the first-stage reactor were conducted
in cocurrent. The charge gas mixture entered the first-stage
reactor at the bottom. It was conducted into the reaction tube
with a temperature of 165°C in each case.

20
The salt melt entered the cylindrical guide tube at the bottom
with a temperature T and left the cylindrical guide tube at
the top with a temperature Tout which was up to 2°C above
Tin.

25

T was adjusted so as to always give rise to a propylene
conversion of 97.8 + 0.1 mol% in single pass at the outlet of
the first oxidation stage.

30 Catalyst tube charge:
(from the bottom upward) Section A: length 90 ¢m
Upstream bed of steatite spheres of diameter 4-5 mm.

Section B: length 100 cm

35 Catalyst charge of a homogeneous mixture of 30% by weight
of steatite rings of geometry 5 mm x 3 mm x 2 mm {external
diameter x iength x internal diameter) and 70% by weight of
unsupported catalyst from section C.

40 Section C: length 200 em
Catalyst charge of annular {5 mm x 3 mm x 2 mm = external
diameter x length x internal diameter) unsupported catalyst



PE 58025 70 The bed height of the third catalyst bed is such that reaction gas A leaves the third
catalyst bed a‘%Fp?@Qaét gas A with a temperature of 551C and a pressure of 2.05 bar with the following
contents: 5propane42,19% by volume, propylene22.79% by volume, ethylenel.14% by volume,
methane3.42% by volume, H25.28% by volume, 10088€% by volume, H2020.32% by volume, and

C023.36% by volume. The leaving a’%@&%i}?ﬁ&@ JQQPC)(PE)_ELQ_I?%%%? dhisribkidgd into two
0
tdh

portions of identical composition by a Vi Thefirst portion is 3,68 ma Y/h and the second
portion is 4.49 r3 (STP)/h. The first |%Xdé&9c? atﬁf’dzé%ﬁc‘l%ﬁgi Hég%ﬁ% é]- onstituent of the

reaction gas A charge gas mixture. For the purpose of dehydrogenation cycle gas flow of the first
portion, the 20 propane cycle gas hediectian Betniibd scrsed as the motive jet to operate a jet pump,

the conveying direction of the motive {Riwieaasanressast sieatighiageoliyedmagie via a mixing zone and
a diffuser pointing in the direction of the.gntranceQ ASARlAEIRS HraAldhe 1BHGHPR iRfERIS pointing in

the direction of the first flow portion of I%rn(%d Ict gas A, and the "suction nozzle - mixing zone - diffuser"
connection forming the sole 25connec mgelln between the first portion of product gas A to be recycled
and the access to reaction zone A. The second portion of product gas A is conducted out of reaction
zone A and first codéermedinise®iouasinigratickate dvaemicadingpugdCyRR seeditdaigas mixture,
composed of compgessed residual gas cycle gas, crude propane and molecular oxygen, involved in the

reagtlo? gas "FéI%EBQ%lFBBQé'd @fﬁﬁ@ﬁf&%iﬁé%ﬁk | Eﬁ?euﬁ{z By a4y &ég%bﬁ@@&‘ﬁ&@f%’%‘”f In trt‘ﬁ’
product gas A condu out of reaetion zo alls fro e time, the
first gas mixtﬁpé%g ﬁe%’l%é"d‘ ?l[J({)hrﬁ f{rggﬁf‘%} ESé]gegﬁ Su %r%b gd@?etgggﬁgoé ao?acingaréﬁc %(? %B;ér to 2.13 bar.
35 In a down$iF8aH %Q&Hﬁdqmﬂ@&‘ﬂ@ﬁfeé%%eeﬁmmﬁwtﬂﬁ%t‘iﬂ%%@gs h¥ %‘ggmigﬁ’?one \Y2
product gas /sigitlesheeldrbivadBiatoBrEy. e iRsdiatiag thetaakingisheasmarrrsduct gas A falls
to 1.94 har. Cantentbety, dhentgingic?aicite chdhmepwitane nyridhgd ofisestii®nn§s ©f igedbdy40
Subsequentlyz thbxmad® k) haf @iaamdsdrmered neandaisaiinabinierdheaRtodas faRgey cooled to

335C. To this g i C %qgs 5C is first conducted in indirect heat exchange to
3.73 ma (STP@%%%%L%%@%QE%% & ,*3 F 58025 71

The product gas mixture always entered the connecting tube at a temperature of > Tin
20  (first stage) and left it with a temperature above 200°C and below 270°C.

At the end of the connecting tube, molecular oxygen at the pressure level of the
product gas mixture was metered into the cooled product gas mixture. The resulting
gas mixture (charge gas mixture for the second oxidation stage) was conducted

25 directly into the second-stage catalyst tube to which the abovementioned connecting
tube was likewise flanged by its other end. The amount of molecular oxygen metered in
was such that the molar ratio of O, present in the resufting gas mixture to acrolein
present in the resulting gas mixture was 1.3,

30 Reactor for the second oxidation stage

A catalyst tube fixed bed reactor was used which was of identical design to that for the
first oxidation stage. Salt melt and charge gas mixture were conducted in cocurrent
viewed over the reactor. The salt melt entered at the bottom, the charge gas mixture

35 likewise. The entrance temperature T of the salt melt was adjusted so as always 1o
result in an acroiein conversion of 99.3 + 0.1 mol% in single pass at the outlet of the
second oxidation stage. Tout of the salt melt was up to 2°C above T

The catalyst tube charge (from the bottom upward) was:
40
Section A: Length 70 cm



= 1.68 bar) from which the appropriate amount of steam has already been removed by condensation,
and thus cool b 2P¥68C. The temperature of product gas At simultaneously increases to 305C. In a
downstream air cooler, product gas A (T = 108C, P = 1.94 bar) is cooled to 54C by indirect heat
exchange with external air (the 5 working pressure ofifroduct gas A falls to 1.73 bar) and thereafter

already has biphasicity. Dirgs{hamiag WiH SRRMRTEIMIRAUIHEOMEBDSBEeVRIS hRR hagm cooled (to
29C) and removed beforehattggtgrﬁg] &%g@&gqg@ﬁx@&gm%r%%@&g cooling removes the 10
r

aforementioned amount of steam from product ga y condensation’to obtain a product gas A* (P =
1.68 bar, T = 40C, 3.73 m3 (STP)/h). This is heated to 305C as described above. 1.39 m3 (STP)/h of
molecular oxyRRHIePRity > d89tR N GMe, T = 139C, P = 2.33 bar) are then throttled into the product
gas K. THis forms a reactiorCgahyBtsthatige ohaxhamdgbeegesyasduiztof 8 higweash bofestemditature of
2838C and a 15working presgHgR 6f 4By 7 hen RCHR 0A s SENTEREMiIMMadERREagtaRS mixture)
has the following contents: QRARGRL AN BYNODS, ARAPHIRNEISANE D YOl BecRIfNone0 99%

by volume, methane2.99% by volume, F124.63% by volume, 0226.79% by volume, 251-1203.14% by
volume, and CO22.95% by volume. This is used to charge reaction zone B. 30The first oxidation stage
in flow directi®$dfad&ction §88LNSE AMtitube reactor having two temperature zones. The reaction
tubes artdconfigured as follévatalyst Ahstegst:of aemur dfarmets 330muyd wall frexskeressdameteinternal
diameter 26 mm, length 350e3ithi ditethal thansieem odthd batsdattradties orprepagtehas follows: 35

Section 1:Length 50 cm StealiigfiRgs,pheeRmelad 8 RisidHBme ¢ MB)(EXE TRl digmeter x length x

internal diameter) as an upstream bed. Section 2:Length 140 cm 40Catalyst charge of a homogeneous
mixture of 20% by weight (alternatively 30% by weight) of steatite rings of geometry 5 mm x 3 mm x 2

mm (external SEHBEF x led fRFNFR AR diameter) PF 58025

15 Downstream bed of steatite spheres of diameter 4-5 mm.

B}  Results achieved as a function of the composition of the charge gas mixture of
the first oxidation stage (the propene loading was set to 150 | (3TP)/I*h; the
selectivity of acrylic acid formation was always 2 84 mol%).

20
a) The composition of the charge gas mixture for the first oxidation stage was
substantially:
7% by volume of propylene,
25 12% by volume of O,
20% by volume of Hoz,
5% by volume of HO and
56% by volume of No.
30 At the start of the reaction apparatus charged freshly with catalyst, the entrance
temperatures were:
T (first oxidation stage).  320°C
T» (second oxidation stage): 268°C
35
After an operating time of 3 months, the entrance temperatures were:
T (first oxidation stage):  330°C
Tr (second oxidation stage): 285°C
40

b}  The composition of the charge gas mixture for the first oxidation stage was
substantially:



72 and 80% b|¥ weight (alternatively 70% by weight) of unsupported catalyst from section 3. Section
3:Length 160 e %?alyst charge of annular (5 mm x 3 mm x 2 mm = external diameter x length x
internal diameter) unsupported catalyst according to example 1 of DE-A 100 46 957 (stoichiometry:
JEt12W209.2W0310.5[M0i2C0O5.5Fe2.94Sii.59K008@&A]1). 10Alternatively, it is also possible here to
use one of the catalysts EUC 1 to EUC 11 from Research Disclosure No. 497012 of August 29, 2005

(the specific surface areas of the acﬁy%c%gg%%tgns are repor ed there mistakenly in cm2/g; however,
{ .

the correct dimension is m2fg with & SAme humerical Valie). 15 From the top downward, the first 175

cm are thermostated by means of a@gﬂ%i’ﬁ‘%\”b% ped ffrcountercurrent to reaction gas B. The
second 175 cm are thermostated by thE3eldme SAlt bathEAMAped in countercurrent to reaction gas
B. 20 Thé&second oxidation stage irf @b giveliios af reation gas B is likewise a multitube reactor
having two temperature zones. The reaction tubes are charged from the top downward as follows:

Section L:Length 20, 255He5 01 Hogiaf aAmENY e f oM mandpdiermeldpameter x length

X internal diameter) as art upstream & ection 2: Lehgth 90 cm Catalyst charge of a
homogeneous mixttﬁ@‘%ﬁrﬁlé%/ﬁ)ngight (alternatively 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 Wkight) of coated catd4fifsbaxidatitiorstégeds Se@2i3:Length 50 cm Catalyst charge of a

homogeneous mixture of 15%bysseigiatdatiationatbiabefPEsby weight) of steatite rings of geometry
7 mm x 3 mm x 4 mm (external diameter x length x internal diameter) and 85% by weight (alternatively

0 : -
80% by weight) of %%%re gncgpt:%%%éq{lrnoemofs %‘%‘8&#3 tlﬁg gr?tgazr?ce temperatures were:

15 T (first oxidation stage):  324°C
T (second oxidation stage): 276°C

I. First illustrative process for preparing acrylic acid from propane (a steady
operating state is described)
20
Reaction zone A consists of a shaft furnace reactor which has been designed as a tray
reactor and configured adiabatically and has three fixed catalyst beds arranged
successively in flow direction. The particular fixed catalyst bed is a bed, placed onto a
stainless steel wire mesh, of (arranged in the sequence specified in flow direction) inernt
25  material (bed height: 26 mm; steatite spheres of diameter of from 1.5 t0 2.5 mm) and a
mixture of fresh dehydrogenation catalyst and steatite spheres (diameter from 1.5 fo
2.5 mm) in a bed volume ratio of dehydrogenation catalyst: steatite spheres = 1.3
(alternatively, it is, though, also possible at this point for the same amount of catalyst to
be used undiluted).
30
Upstream of each fixed bed is disposed a static gas mixer. The dehydrogenation
catalyst is a P/Sn alloy which has been promoted with the elements Cs, K and La in
oxidic form and which has been applied to the outer and inner surface of ZrO, SiO-
mixed oxide support extrudates (mean length {Gaussian distribution in the range from
35 3 mm to 12 mm with maximum at approx. 6 mm): 6 mm, diameter: 2 mm) in the
element stoichiometry (mass ratio including support)
Pto.sSng.sLas sCs0.5K0.2(Zr0O2)ss.3(SiO2)r 1 {catalyst precursor preparation and activation to
the active catalyst as in example 4 of DE-A 10219879).

40  The heterogeneously catalyzed partial propane dehydrogenation is carried out in the
tray reactor described in straight pass with dehydrogenation cycle gas mode. The



73 5 Section 4: Length 190 cm Catalyst charge of annular (7 mm X 3 mm x 4 mm = external diameter x
length x interf&l é%&@ter) coated catalyst according to preparation example 5 of DE-A 100 46 928
(stoichiometry: Mo12V3W12Cu2.40.). From the top downward, the first 175 cm are thermostated by
means of a salt bath C pumped in countercurrent to #8& reaction gas. The second 175 cm are

thermostated .Bgcﬁﬁ]aeaasfg RERARBIARALIRRY (LRI GHIFBNI R RGBS AL Wilto!"

oxidation sta%)?_s, i Z)t g a[.\i,ggﬁc onducted In a meandering manner around the reaction tubes
by virtue of d I%ﬁ?@ 'BI .l § é n'the two oxidation stages is disposed a tube bundle heat
exchanger cooled by 15means of salt bath, with which the product gas of the first oxidation stage can
be cooled. Upstiéam (GTiREeofirgdnton gasdconeraxishkeionxticg) (lartingoasddra: are- st Bae) supply of

moleculag oxyge e tyityefiR Yabiyeobene). fow hirguapy eittHavsling faldwingaiatyshisharge of the first
oxidation stage is selected to 20 be 1301(STP)/1.h. The salt melts (53% by weight of KNO3, 40% by

weight of NaNO2, 7% by weight of NaNO?é) have th&fag%vlj{@gfg ce temperatures: TA = 324CTa =

328C Tc = 265CTD = 269C 25 Sufficient molecular ox;@en :33 bar) is metered (throttled) into

the product gas mixture of the first SRR stage that'th® YoY% acrolein ratio in the resulting
charge gas mixture for the second &#ikfen stage i8-8678 bY¥@ldE®lein loading on the catalyst charge
of the se@¢ond oxidation stage is 11nk{gae)/1h. The pésstyrecwrie 30 entrance to the second

oxidation stage is 1.57 bar. Reaction,gas B leaves thegntasmpdiate cooler with a temperature of 260C

and the entrance temperature of th%charge gas mi t%a/;rb%\}gﬁ"%%cond oxidation stage is 256C. The
) cyo Ing contents: 35acrolein16.84% by
(4]

|
product gas mixture of the first oxid fion stage has the
volume, acrylic acid1.13% by vqurﬁ%,(gpropaneBG.Sé /boé/)y \}E}fl.}’r%'&”b%pyleneo.%% by volume,
methane2.99% by volume, 40H24.6%% by volume, 0-38% by volume, and

15 CO, 3.35% by volume,

The reaction gas A charge gas mixture is a mixiure of a first (2.34 m? (STP)/h) and a

second (4.96 m3 {(STPYh) gas mixture which is obtained by combining the two gas

mixtures by means of a static mixer. The first gas mixture has a temperature of 400°C
20 and a pressure of 2,13 bar and is composed of:

1.19 m? (STP)/h of compressed residual gas cycle gas (T = 70°C, P = 2.40 bar),
1.05 m? (STP)/h of crude prapane which comprises propane (fresh propane) to an
extent of > 88% by veolume (T = 237°C, P = 2.90 bar), and
25  0.098 m? (STPYh of O (T = 139°C, P = 2.33 bar, purity > 99% by volume).

indirect heat exchange in a first heat exchanger with product gas A conducted out of
reaction zone A and in the direction of reaction zone B establishes the temperature of
400°C. The second gas mixture is composed of:

30
3.68 m? (STP)/h of dehydrogenation cycle gas (T = 851°C, P = 2.05 bhar) and
1.28 m3 {STP)/h of propane cycle gas (T = 400°C, P = 3.26 bar).

it has a pressure of 2.13 bar and a temperature of 506°C.

35
Indirect heat exchange with the product gas A cooled to a temperature of 435°C in the
first heat exchanger establishes the temperature of the propane cycle gas. The
dehydrogenation cycle gas flow is effected according to the jet pump principle (cf. DE-
A 10211275), the propane cycle gas heated to 400°C functioning as the motive jet.

40
The entrance temperature of the reaction gas A charge gas mixture and the bed height
of the first catalyst bed flowed through by the reaction gas A charge gas mixture are



ethylene0.99% b%/ volume, 024.32% by volume, PF 58025 74 H2023.96% by volume, CO0.847% by
volume, and EHSBGR, by volume 5Before entry into the aftercooler, the temperature of the product
gas of the first oxidation stage is 335C. The product gas mixture of the second oxidation stage (product

gas B) has a temperature of 270C and a pressure of @55 bar, and also the following contents: 10

acrolein0.08994;0 YOWIME (RS YIS AGIH 12 0R 1oLy I BEART i AWHR- 409 BUrIRINTA 515°C

propane36.79°/é by volume, ropylene0.99% hy volume, methane2.98% by volume, ethylene0.99%
by volume, |-f23.ge’rﬁ73 sb%%%éf#ﬁ%.gg&%ﬁ/?\?@ﬁvrhn& c'2‘61%%4.57% by volume, C0O1.35% by volume

As described in WO 2004/035514, product gas B (5.15 ms (STP)/h) is

and C025.91% by volume

fractionally 25condensed in a tray column (separation zone II).

5 propane 55.8% by volume,
propylene 15.85% by volume,
ethylene 0.88% by volume,
methane 2.89% by volume,
Hz 3.78% by volume,
10 07} 0% by volume,
H.O 15.5% by volume, and
COq 3.67% by volume,
The leaving amount is 7.46 m?* (STP)/h.
15
Beyond the first catalyst bed, 0.12 m® (STP)/h of molecular oxygen (purity > 99% by
volume) is metered into reaction gas A (T = 139°C, P = 2.33 bar). The metered
addition is effected by throttling, so that the resulting pressure of the resulting reaction
gas A'is still 2.11 bar.
20
The bed height of the second catalyst bed is such that reaction gas A leaves the
second catalyst bed with a temperature of 533°C and a pressure of 2.08 bar with the
following contents:
25 propane 49.2% by volume,
propylene 19.24% by volume,
ethylene 1.04% by volume,
methane 3.14% by volume,
H: 4.43% by volume,
30 0: 0% by volume,
H20 17.98% by volume, and
CO, 3.52% by volume.
The leaving amount is 7.79 m? (STP)/h,
35

Upstream of the static mixer disposed upstream of the third catalyst bed, 0.13 m?
{STP)/h of molecular oxygen {purity > 99% by volume) is metered into this reaction gas
A (T = 139°C, throttled in at a pressure of 2.33 bar). The resulting pressure of the
resulting reaction gas A is still 2.08 bar.

40



As the first fuel, 13.7 g/h of high boilers (polyacrylic acids (Michael adducts), etc.) are fed to the residue
incineration. ﬁl_:ﬁﬁqg e second collecting tray above the feed of product gas B into the tray column,
2.80 kg/h of a condensed crude acrylic acid are withdrawn which has a temperature of 15C and
96.99% by weight of acrylic acid. As described in WQ®004/035514, this is suspension-crystallized after

addiion of @ sglLaouphS qﬁu‘é‘@aﬁ&i Fparg Qmﬁt%%éﬁiﬂ?ﬁ%@?ﬂ feamtpanAter liquor in

hydraulic scru ? umns an condensatl umn as
described in %gﬁﬁ%ﬁ

iquor Is recye % e ﬁog
tﬁ ew&ﬁ%% Suspe smr?cryst%ls IS> Y0 ywelght of

acrylic acid ar‘iﬂ“ibtgﬁli%&ﬂé"ﬁﬁr?@?fﬁff y for preparing water- "superabsorbing" polymers for use in the
hygiene sector. 40 The amount of acid water condensate withdrawn from the third collecting tray above
the feed &f product gas B into the cpnrseingation coluhndtoyoiolgaysled into the PF 58025 75
condensation column is 1.10 kg/h, W,g%@peratu;@qug@ a;yphh@s the following contents: 0.80% by
weight of acrolein, 54.92% by weigh of a&ryllc acid 5 Z§° %%ﬂ of acetic acid and 87.0% by
weight of water. It is likewise fedeto e Tesidue i mcmera m3 (STP)/h of air are fed into the
10residue incineration as the oxygeR&BaREe). At théﬁﬁfb?i’h‘@ ensation column, 2.98 m3(STP)/h
of residual gas leave separation zohk 1l with a temp2R8¥r&w¥I8meand a pressure of 1.20 bar and the
following@ontents: 15 acrolein0.03%,by volume, actfidbacidldrig% by volume, acetic acid0.01% by

volume, propane63.7% by volume, g@propylenel. 7280y eluprintd2aRP% by volume,
CO: 3.36% by volume,

The leaving amount is 8.17 m3 (STP)/h.

15
Product gas A is divided into two portions of identical composition by a flow divider.
The first portion is 3.68 m23 (STP)/h and the second portion is 4.49 m3 (STP)/h. The first
portion is recycled into reaction zone A as a constituent of the reaction gas A charge
gas mixture. For the purpose of dehydrogenation cycle gas flow of the first portion, the

20  propane cycle gas heated as described is used as the motive jet to operate a jet pump,
the conveying direction of the motive jet decompressed through a motive nozzle via a
mixing zone and a diffuser pointing in the direction of the entrance to reaction zone A,
and the suction nozzle pointing in the direction of the first flow portion of product gas A,
and the “suction nozzle — mixing zone - diffuser” connection forming the sole

25  connecting line between the first portion of product gas A to be recycled and the
access to reaction zone A. The second portion of product gas A is conducted out of
reaction zone A and first cooled from 551°C to 435°C by a first indirect heat exchange
with the first gas mixture, composed of compressed residual gas cycle gas, crude
propane and melecular oxygen, involved in the reaction gas A starting mixture (charge

30 gas mixture). As this is done, the working pressure in the product gas A conducted out
of reaction zone A falls from 2.05 bar to 1.85 bar. At the same time, the first gas
mixture is heated from 164°C to 506°C and suffers a pressure drop of from 2.40 bar to
2.13 bar.

35 In a downstream second indirect heat exchange with propane cycle gas from
separation zone IV, product gas A is cooled from 435°C to 335°C. As this is done, the
working pressure in product gas A falls to 1.94 bar. Conversely, the temperature of the
prapane cycle gas rises from 69°C to 400°C,

40  Subsequently, 0.76 m? (STP)/h of steam is removed by condensation from the product
gas A cooled to 335°C. To this end, the product gas A cooled to 335°C is first
conducted in indirect heat exchange to 3.73 m? {STP)/h of product gas A* (T =40°C, P



methane5.l6°6)g)§ \@Igme, ethylenel.72% by volume, 024.68% by volume. 25H202.07% by volume,
C02.34% by vol r% nd CO210.18% by volume In the first compressor stage of a multistage radial
compressor, the residual gas is 30 compressed from 1.20 bar to 2.40 bar, in the course of which the
temperature of the residual gas rises to 70C. The coffibressed residual gas is then divided into two

portions of ideniies earREsHARICH BfTHshRAHINE 4hddntnct b idsirddseenriassedpiesidual
gas cycle 93%%3&%&8%&?2&%&%@%%@%@% g@%@gﬁ‘%ﬁéﬂ@@%ﬁﬂ%&g&%@bt}t%@ geher portion (1.79

M3 (STP)/h) is_compresse Q bar In a secon mpres l{fzr sta%(? This heats it to

130C. In an indrElF REA X NREARRES i S R Stel'B 9940 TRAT & AR SL28 5L 935t e (coolant is
the "propane-$8RiEhEF 1e24R) ifnconied syt refbi dliterideah anehangechih s RBITARS being
heated frém 3@citkiB8 Grizssurenefiprotihelagasxafalegier 1 ig 3 Dareandintpersstiar staetidg frasm 20 bar in the
first expansiopigtE:@f. 2 multistage expansion turbine and cooled at the same time). This heats the
offgas (0.58 m3 PF 58025 76 (STP)/h). In a second expansion stage, the offgas is decompressed to
110 bar (it then has a temperature of 25C) and then fed to residue incineration. Indirect air
caolon e Co T e A SR AR WHSE.  PRE PR 9. A
compressor stBBevRILeiahrd E8T RRPI0BIBE AL ORPEPPIHATR HIESR AP BB RISt R to 116C. In a
downstré@am iafiirenEntabekanznge Kfistearodtenh frdikCga 8l antdsntenyalgpaoebtainbed” residual
gas which is heetediafahiasgmetipgestiom 386 86G)Q $Thpn). qonsiRnaaiRdeigpiTnes. In a
subsequent ffgleydRdiEeehBeRI A89RYHF HRMUAL GRS Gl (AR S0gleBiahamdogalant s
surface waler,auaRPIOX. 296, Iibtead o Slpie Lo s alais s passible n. s dagument to
use other cooling water); this condenses 29 g/h or water | Lo thE fesidua gas. sl‘ﬁios agueous
condensate (AR FapiREMIKIYTe PR FRMMIUBIcr Bich d1at A dpmpntaiviELteRBG PFbaidue
incinerafidn anwdriiainpresedreneréifiddgether with the other residues mentioned (with supply of 5.49 m3
(STP)/h of air, as already stated). The hot incineration gases are cooled to generate steam (52 bar,
267C, 4.6 kg/ﬁ@%&%@@@g BN HIRPRVEOR MG 2 AE PRI MR AR MW IR SHIbRRTPTISEs 1.75
m3 (STP)/h of propane (20 bar, 35C) are fed into the lower section of a column with random packing
(separation zone Ill). At the top of this scrubbing column, 12.96 kg/h of technical tetradecane with an
introduction temperature of 30C (PPEF§Mar), of the’PRWER YAHfPe from Haltermann, Germany, are
introducéd as absorbent (gas chrorReaByeishy anall8i8%%y b6 el of F/D detection gives rise to the
following GC area% composition atehglstart (fresh)o.gettidgoasiene,

methane 2.98% by volume,

H: 4.63% by volume,

O: 26.79% by volume,
25 H2O 3.14% by volume, and

CO: 2.95% by volume.

This is used to charge reaction zone B.

30  The first oxidation stage in flow direction of reaction gas B is a multitube reactor having
two temperature zones. The reaction tubes are configured as follows: V2A steel;
external diameter 30 mm, wall thickness 2 mm, internal diameter 26 mm, length
350 cm. From the top downward, the reaction tubes are charged as follows:

35  Section 1: Length 50 cm
Steatite rings of geometry 7 mm x 7 mm x 4 mm (externai diameter x
length x internal diameter) as an upstream bed.

Section 2: Length 140 cm
40 Catalyst charge of a homogeneous mixture of 20% by weight
(alternatively 30% by weight) of steatite rings of geometry
5 mm x 3 mm x 2 mm (external diameter x length x internal diameter)



7.6%, n-tetradecane 47.3%, n-pentadecane 7.0%, n-hexadecane 32%, n-heptadecane 14.1% and total
residue 20.795F $8%Sihe top of the scrubbing column, "propane-scrubbed" residual gas (offgas)
escapes, which, at a pressure of 20 bar and a temperature of 30C and an amount of 0.58 ma (STP)/h,
has the following contents: propanel.97% by volumel20propylene0.049% by volume, methanel5.95%

by volume, ethylene5.32% hy, yalssne gggﬁ.ﬁqg@eyamﬁ%/%@w@wmgf Q@tfpﬂ%&)y volume,

0 0 0
H200.82% by volume, CO?%thyt@( yolume. ,Q,Q;E’C023143 % by volume.

Section 3. Length 160 cm
S Catalyst charge of annular (5 mm x 3 mm x 2 mm = external diameter
x length x internal diameter) unsupported catalyst according to
example 1 of DE-A 100 46 957
(Stoichiometry: IBiszOg‘2W03]o,5[MO12005_51:62,948i1,59K0,0801]1).

10 Alternatively, it is also possible here to use one of the catalysts EUC 1
to EUC 11 from Research Disclosure No. 437012 of August 29, 2005
{the specific surface areas of the active compositions are reported there
mistakenly in cm?/g; however, the correct dimension is m?*g with the
same numerical value),
15
From the top downward, the first 175 cm are thermostated by means of a salt bath A
pumped in countercurrent to reaction gas B. The second 175 cm are thermostated by
means of a salt bath B pumped in countercurrent to reaction gas B.

20  The second oxidation stage in flow direction of reaction gas B is likewise a multitube
reactor having two temperature zones. The reaction tubes are charged from the top
downward as follows:

Section 1: Length 20 cm
25 Steatite rings of geometry 7 mm x 7 mm x 4 mm (external diameter x
length x internal diameter) as an upstream bed.

Section 2: Length 90 cm
Catalyst charge of a homogeneous mixture of 25% by weight
30 (alternatively 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.

35 Section 3: Length 50 cm
Catalyst charge of a homogeneous mixture of 15% by weight
(alternatively 20% by weight} of steatite rings of geometry
7 mm x 3 mm x 4 mm (externat diameter x length x internal diameter)
and 85% by weight (atternatively 80% by weight) of coated catalyst
40 from section 4.



This offgas is decompressed as described and subjected to indirect heat exchange and then fed to
residue incineP&t#P8P incinerated by means of a flare. 10 15.27 kg/h of absorbate which has a
pressure of 20 bar and a temperature of 59C are withdrawn from the bottom of the "propane scrubbing
column” which is neither externally heated nor cooled.alt comprises 14.79% by weight of propane and

0.38% by wei g[:%rp;ppyleq_% ]?%B@ Egnthe absorbate is conducted to the top of the downstream
desorption column; it IS heat(Ed'l 69C Iin ar(lfjndiref:t Ilﬁat ex)c(:l%an er. The h_ea%tgalr%?r used is the liquid
8ia 712788 U AT WAIch TS 3 SraIrR 5rBHe g'ﬁ%% ire of 3.26

effluent from the desorption

bar and still comprises 0,09% '8Ysieightssnal siyReign AR Cap st arcoAiIad O REEREIE S Mpressed
back to 20 bar, and, after ingxatpi®blrfdrith THE46A28 water (25C) to 30C, it is recycled to the
propane gbsorption at the tqeteicHemMeIgPRRE, Fevbizing,cojumn”. After being heated to 69C, the
absorbate (for example in an inverse pump or by means of a valve) is decompressed to a pressure of

3.26 bar (the mechanical energy 25 releasedin the casg of the, inverse pump is ap riately also used
to recompresg} &%g}ﬁgﬂ? f#é“e"%?’gré%%r{res?ﬂ %ﬁe?ﬁ’e%'i)er&%rm 88ﬁtr?1§§f¥he ﬁ?fgl’ao %e?flﬁgerﬁ?%ﬁﬁe desorption
column)), ancPHIBRSP IkSRYABERESSbIRitheT sacintiers dhaiB et d d<or FRbAr e NGFmPataee f¥b. 30 0.1
kg/h of steamme#ss afith saip ki R epomBashinadigupenhtabofa8iCna@astripping gas into the

desorptiom column (likewise a column with random packing) from the bottom in countercurrent to the

absorbate degceREiNKRaRARIMR Ohe-AasArRIgR calieBndsauaneasrdaris g sRERHRR column is

a heating coil throu njwhich stezf\rg of temHerat%e T:IrSZ;C P,=5.00 bar in an amount of 0.5 kg/h is
: . art%u e reaction fu eF %y ‘F{II oe of deflécting plates :
likewise conducted’in countercurrent to'the steam ascending I the desorption column. At the top of

the desorption column, 1.28 m3 (STP)/h of propane cycle gas which have 40 a temperature of 69C and
a working preBstwesst he bMsepridatigestages isatisprses 2000 hpnstirbsphexehangrisgeladtiproduct
gas A oftempesans eflsalt43i; vihe whigreihe pysliegamisdl ses fastibedatidivetmideapbeate the jet
the charging of e e e has e
folloning conLy S0 B B e SRR RS 2 S BN, olume. and 1208 56% by
volume. 10Ill.Second illustrative process for preparing acrylic acid from propane (a steady

The propylene loading on the catalyst charge of the first oxidation stage is selected to

20  be 130 1 (STP)/i+h. The salt melts (53% by weight of KNO3, 40% by weight of NaNO,,
7% by weight of NaNOs3) have the following entrance temperatures:

Tsx=324°C Te = 328°C
Te=265°C To = 269°C
25
Sufficient molecutar oxygen (139°C, 2.33 bar) is metered (throttied) into the product
gas mixture of the first oxidation stage that the molar Oz ; acrolein ratio in the resulting
charge gas mixture for the second oxidation stage is 0.73. The acroiein loading on the
catalyst charge of the second oxidation stage is 110 1 (STP)/I*h. The pressure at the
3¢  entrance to the second oxidation stage is 1.57 bar. Reaction gas B leaves the
intermediate cooler with a temperature of 260°C and the enfrance temperature of the
charge gas mixture into the second oxidation stage is 256°C. The product gas mixture
of the first oxidation stage has the following contents:

35 acrolein 16.84% by volume,
acrylic acid 1.13% by volume,
propane 36.88% by volume,
propylene 0.99% by volume,
methane 2.99% by volume,

40 H, 4.61% by volume,
ethylene 0.99% by volume,

0O, 4.32% by volume,



operating state is described) Reaction zone A is a tray reactor as described under Il, The
heterogeneoudy&&&% zed partial propane dehydrogenation is carried out in the tray reactor described
in straight 15pass with dehydrogenation cycle gas mode. The loading of the total amount of catalyst
(calculated without inert material) of all trays with propgne is 1500 | (STP)/1.h. 8.23 m3 (STP)/h of
reaction gas A charge gas mixture 2g:ting mixture; P = Jggéégggg’ arelfed to the first catalyst bed in
flow direction and have the followin ntents: 20 propanet4.20% b‘ﬂ?\%ﬂ?me, ropylenel6.0% by
volume, methanel.39% by volume,-ethylene0.46% by vollifde 7o by 991489 #volume, 021.06% by
volume, and H2013.13% by volumeézThe reaction gas A dti2Btehyactwieure is a mixture of a first (1.15
rn3 (STP)/h) and a 30 second (7.08 m3 (STP)/h) gas mixture which is obtained by combining the two
gas mixtyres Bype gl oI GABREbId AR LI BBdGER BaEH tReHrdpOC and a
pressure of 1.134 bar a{‘nd IS cg%p sed of: 1.06 m3 (STP)/h of crude propane which comprises
propane (fres?lxﬁ%boa[h%)aﬁ? dh*3Bextent of > 98'%, by volume (T = 237C, P = 2.90 bar), and 0.087 rn3
(STP)/h of 02(T = 143C, P = 1.84 bar, purity > 99k by volume). Indirect heat exchange in a first heat
exchanger wiling prddotzas Anddacuct dueeecohdenddatpaiags Gndductrgasiibe t@sraof reaction zone B
establishes therdgrtagir wieepd 4 ArPL prekeree?ncbaammanyrads srMeRSAAPEotEnkB025 79 5.04
m3 (STI%{ll of dehydrogenation cycle gas (T = 540C, P = 1.73 bar) and 2.04 m3 (STP)/h of propane
cycle gas (T = 400C, P = 3.26 bar). It has a pressure of 1,84 % r and a temperature of 486C. Indirect
heat exchange with 5 the product g%%r “boled to a temp%r%[ ??e%{f ﬁ%’&% the first heat exchanger
establishes the temperature of the BFM%E&/CIe gas. Thgd@%c?ﬁbﬁ‘%’f#%n cycle gas flow is effected
according to the jet pump principle écetbBoki10211275), (S dyamivoyele gas heated to 400C

functioning as the motive jet. propane 36.79% by volume,
15 propylene 0.99% by volume,
methane 2.98% by volume,
ethylene 0.99% by volume,
H> 4.59% by volume,
O, 2.69% by volume,
20 H»O 24.57% by volume,
CO 1.35% by volume and
COs 5.91% by volume

As described in WO 2004/035514, product gas B (5.15 m? (STP)/h) is fractionally
25 condensed in a tray column {separation zone 11}.

As the first fuet, 13.7 g/h of high boilers (polyacrylic acids (Michael adducts}, etc.) are
fed to the residue incineration,

30  From the second collecting tray above the feed of product gas B into the tray column,
2.80 kg/h of a condensed crude acrylic acid are withdrawn which has a temperature of
15°C and 96.99% by weight of acryiic acid. As described in WO 2004/035514, this is
suspension-crystallized after addition of a small amount of water, the suspension
crystals are separated from the maother liquor in hydraulic scrubbing columns and the

35  mother liquor is recycled into the condensation column as described in
WO 2004/035514. The purity of the washed suspension crystals is > 99.87% by weight
of acrylic acid and is suitable immediately for preparing water- "superabsorbing"
potymers for use in the hygiene sector.

40  The amount of acid water condensate withdrawn from the third collecting tray above
the feed of product gas B into the condensation column but not recycled into the



10 The entrance temperature of the reaction gas A charge gas mixture and the bed height of the first
catalyst bed flofvief ?ough by the reaction gas A charge gas mixture are adjusted such that reaction
gas A leaves this catalyst bed with a temperature of 503C and a pressure of 1.81 bar with the following
contents: 15 propane60.7% by volume, propylenel82®% by volume, methanel.59% by volume,
ethylene0.53% iy wolufing, 22 Q4% NP IHaREs RAARRBY VoINS GRAERALAON B HRume. The
leaving amougt IS 8.35 ma (STP)/h. 25 Beyond the first catalyst bed, 0.13 m3 (STP)/h of molecular
oxygen (purity /g'by volume) is metered into reaction gas A (T = 143C, P = 2.40 bar). The metered
addition is effected by throttling, so that the resulting pressure of the resulting reaction gas A is still 1.81
bar. 30 The bed height of the secorfi@aRsweighiotuchatdgifeaction gas A leaves the second
catalyst bgd with a temperature of 5202%abgwaigkrsstire afrlicGbiay with the following contents:

35propane54.2% by volume, propylg_@gaulb@%ggmqlpmeadaﬁ%@é&o% by volume, ethylene0.63% by
volume, H23.61% by volume, 4002%%0% MQW&W&«@&W I—@%].s% by volume. PF 58025 80

It is likewise fed to the residue incineration (5.49 m? (STP)/h of air are fed into the
10  residue incineration as the oxygen source).

At the top of the condensation column, 2.98 m? (STP)/h of residual gas leave
separation zone Il with a temperature of 33°C and a pressure of 1.20 bar and the
following contents:

15
acrolein 0.03% by volume,
acrylic acid 0.02% by volume,
acetic acid 0.01% by volume,
propane 63.7% by volume,
20 propylene 1.72% by volume,
H» 6.90% by volume,
methane 5.16% by volume,
ethylene 1.72% by volume,
O 4.68% by volume,
25 H:O 2.07% by volume,
CO 2.34% by volume and
COs 10.18% by volume
in the first compressor stage of @ multistage radial compressor, the residual gas is
30  compressed from 1.20 bar to 2.40 bar, in the course of which the temperature of the
residual gas rises to 70°C. The compressed residual gas is then divided into two
portions of identical composition. The first portion (1.19 m3 (STP)/h} is fed as
{compressed) residual gas cycle gas to the formation of the charge gas mixture for
reaction zone A. The other portion (1.79 m3 (STPY/h) is compressed from 2.40 bar to
35 6.93 barin a second compressor stage. This heats it to 130°C.
in an indirect heat exchanger, it is cooled to 113°C without condensate being formed
(coolant is the “propane-scrubbed” residual gas (it is also referred to hereinafter as
“offgas”) which, after being heated from 30 to 86°C in an indirect heat exchanger, is
40 decompressed starting from 20 bar in the first expansion stage of a multistage

expansion turbine and cooled at the same time). This heats the offgas {0.58 m?3



The leaving amount is 8.70 m3 (STP)/h. Upstream of the static mixer disposed upstream of the third
catalyst bed, Slf’qﬂgs (STP)/h of molecular oxygen (purity > 99% by volume) is metered into this
reaction gas 5A (T = 143C, throttled in at a pressure of 1.78 bar). The resulting pressure of the
resulting reaction gas is still 1.78 bar. The bed heightt of the third catalyst bed is such that reaction

gas A leaves e ghiggl 9@%@&0@5@%?&3‘?&?&%&%@? tﬁé’\ﬂ'ﬂ?ﬁést%fﬂ%éﬁﬁﬁ%s%é‘i@@.%‘ﬁé piegsyre of 1.73
bar 10with th&éollé)%m%é:r% ten%sf:%%r%sanwssn %) d% }/eoSlu ei rgg@gylﬁgﬁzau% by volume,
ethylene0.75% By volume, Crmethan fﬂ%oeby volume, HZ24.50% gy volume, 020% by volume, and
H2020.05% by volume. 20 The leaving amount is 9.17 m3 (STP)th. A flow divider divides product gas A

into two portidh@pindsatitar conlpbihrempeshst sesitrioasdl mS. 88 PryandntiIHe 3eebisd portion is
4.13 ma 6TR)bicthe 8BS hantethisirenypleddoteimastils zomprdsasdficon$ifldmrabtBe beaction gas A

charge gas mptidie siflithieBusRoseef flehydlgegenation cycle gas flow of the first 25 portion, the
propane cycle gas heated as described is used as the motive jet to operate a jet pump, the conveying

direction of the maotive jet decompressed through a motive nozzle mixing zone and a diffuser
pointing in thé%ﬂ&%ﬁ%ﬁﬂb‘%ﬂfF&hE@%ﬁ’@Q@ﬁ@ﬁfzﬁﬁ%%P%?hﬁsf"u%%ﬂ%%gﬂfgﬁ%innng in the

direction of the@TigaMerRcpdTEed’ 6eprvaligesadinhdsdentedsaicthersagelenefinihgd L énte Stifflser
connectidnh fowithay 3 tiuersedte demme timedn B betulesen tkst firstheoitidineot peatlegtiprsgaridiee recycled
and the accesgdiaugrgaio B ZQTed\is HipIe8 6o 38 RO(EERH iy sdHatsambdiaranstesieabaut of reaction
zone A and fifsteaqleddram 89AG10AL byl Hindliactgat A Withdhgifiist gas mixture,
35 composed of crude ?%rgp ne an%mole ar o%/g‘,en mvg;lv)g_:% n thle refactlon]__aﬁs Ausetgrtlng mixture
(charge gas rﬁPﬁﬁPg). o'ﬁ<ﬁ?é1 S glﬁb uacg? oad' R |£ 855&%’5’ I??@tal ngq At the same
time, the first ‘ﬁj%[sdﬁﬂ%ﬁﬁ‘?é@ﬁ@éﬁé&ﬁf@ﬁ%ﬁ’@@%‘@%ﬂ’@'m@mﬂ(ﬁigsdﬂé%@ﬁﬁem gas
mixture 6 1.84sidudsredsenatiatharetaicizdrakd faoen 8igether with the other residues mentioned

(with supply of 5.42 m? (STP)/h of air, as already stated). The hot incineration gases

are cooled to generate steam (52 bar, 267°C, 4.6 kg/h} and released into the

environment.

20  The residual gas which now still comprises 1.75 m® (STPYh of propane (20 bar, 35°C)
are fed into the lower section of a column with random packing {separation zone IlI). At
the top of this scrubbing column, 12.96 kg/h of technical tetradecane with an
introduction temperature of 30°C (P = 20 bar), of the PKWF 4/7 af type from
Haltermann, Germany, are introduced as absorbent {gas chromatography analysis by

25 means of F/D detection gives rise to the following GC area% composition at the start

(fresh):
n-tridecane 7.6%,
n-tetradecane  47.3%,
30 n-pentadecane 7.0%,

n-hexadecane 3.2%,
n-heptadecane 14.1% and
tfotal residue 20.7%.

35 At the top of the scrubbing column, “propane-scrubbed” residual gas (offgas) escapes,
which, af a pressure of 20 bar and a temperature of 30°C and an amount of 0.58 m?
(STPY/h, has the following contents:

propane 1.87% by volume,
40 propylene 0.049% by volume,
methane 15.95% by volume,

ethylene 5.32% by volume,



In a downstr(:[gF 5%3% nd indirect heat exchange with propane cycle gas from separation zone 1V,
product gas 5 ¥ d from 476C to 307C. Conversely, the temperature of the propane cycle gas
rises from 69C to 400C. 5 Subsequently, 0.52 m3 (STP)/h of steam is removed by condensation from
the product gas A cooled to 307C. To this end, the pidduct gas A cooled to 307C is first conducted in
indirect heat exchange to 3.60 m3 (,TP)/h of produs} gas/AyilairAE, P = 1.73 bar) from which the
appropriate amount of steam has a?eady been remw%%;@% gation, and thus cooled to 111'C.
The temperature of product gas At Osimultaneous| Increases to 7'7C. Direct cooling with sprayed
agueous condensate which has be&R%ooled (to 29 )éar{‘dbr‘éﬁ?wga'beforehand from product gas A by
appropriate direct cooling removes @@ aforementiofiet® RS AERERN from product gas A by
condensétion to obtain a product g&At (P = 1.73 &, 48B% B &qI8me€ m3 (STP)/h). This is heated to
277C as 15 described above. 1.39 m3 (STP)/h of molecular oxygen (purity > 99% by volume, T =

143C, P = 2.40.0appale thg, gvﬁ%véﬁggetsstnsse%%%wé@gegg&%qH&?eatrﬁ@atmmﬁ stayting

mixture (charge gas mixture IC| a temperature qof 2 ngd a working pressure of 1.63 bar.
20The reactio%eéya%’%rpgtrgﬁm erfﬂﬁfﬁ?éafaﬁla% 833%%&3%%39%0 fo %r\(/?/ing contents: propane38.26%
by volume, propylene20.77% by volume, ethylene0.62% by volume, 25methanel.87% by volume,
1-123.73% by ¥&Tkeh 02 206856teyvhibines amies06.2020 bynaidradedpeTaigrsaiS&iGoackiarge
reaction zonesghakiah hasnthe samenssupidrpapdhatstabbihgltsuprapweiea Ioadifgon the catalyst

charge of thedjest i AlaR.8 ROPISRSICR e 4 FRTEDA T Rallamelind B3dpyreiont of
KNO3, 40% b v&_ﬁ%t of fo\NOZ, 7% by weight of NaNO3) have the following entrance temperatures:

35 TA= 331CTe % 339C T¢=275CTD = 282C  Sufficient molecular oxygen (143C, 2,40 bar) is

metered (throttled) into the product 40gas mixture of the first oxidation stage that the molar 02: acrolein
ratio in tHe reBafure)tbaakpe hatenf aonddolethto sbe dorl A ifraden atigenisdesorptiiecatitigint loading on
the PF 58025 82atathlygClairgarohtie caaandmidaten Ttageeist t38ief 53¢)id e Tdpadressure at the
entrance to theraeRPHRER WAL FIASE d8idnad (32786 kg/h) which has a temperature of 80°C at a
pressure of 3.26 bar and still comprises 0.09% by weight of dissolved propane. By
means of a pump, it is compressed back to 20 bar, and, after indirect cooling with
20  surface water (25°C) to 30°C, it is recycled to the propane absorption at the top of the

“propane scrubbing column”.

After being heated to 68°C, the absorbate (for example in an inverse pump or by
means of a valve) is decompressed to a pressure of 3.26 bar (the mechanical energy

25 released in the case of the inverse pump is appropriately also used to recompress
absorbent freed of propane in the desorption column (the liquid effluent of the
desorption column)}, and the biphasic mixture obtained is conducted into the
desorption column at the top.

30 0.1 kg/h of steam is fed with a pressure of 5 bar and a temperature of 152°C as
stripping gas into the desorption column (likewise a column with random packing} from
the bottom in countercurrent to the absorbate descending from the top of the
desorption column.

35 Disposed in the desorption column is a heating coii through which steam of
temperature 152°C, P = 5.00 bar in an amount of 0.5 kg/h is likewise conducted in
countercurrent to the steam ascending in the desorption column.

At the top of the desorption column, 1.28 m? (STP)/h of propane cycle gas which have
40  atemperature of 69°C and a working pressure of 3.26 bar escape. After heating to

400°C by indirect heat exchange with product gas A of temperature T = 435°C, the

propane cycle gas is used as the motive jet to operate the jet pump, with which the



Reaction gas B leaves the intermediate cooler with a temperature of 260C and the entrance

temperature SiRmee rge gas mixture into the second oxidation stage is 5 256C. The product gas
mixture of the first oxidation stage has the following contents: acrolein17.51% by volume, 10acrylic
acid1.18% by volume, propane38.12% by volume, p#ylenel.03% by volume, methanel.86% by

volume, HZB-ZA@JL&@#H%M@%@ Hg%@%‘%%géfa‘é@%&?%ggé%%movﬂ'&%rbi%§%7-83% by

volume, C0O0.88% by volume,. 22.07% olume, 20 Before entry into thé aftercooler, the
temperature (5??3@ 58{}%%‘55 bf 'ﬂps?%‘?(fgg{)éﬂﬁnﬁgaéhﬂsr%SSC. The product gas mixture of the
second oxidation stage (product gas B) has a 25temperature of 270C and a pressure of 1.55 bar, and
also the following ropanstsyalergrsii@oBEobgwiotesatensylic acid17.67% by volume, acetic
acid0.52% by volume, 30propane37.99% by volume, propylenel.02% by volume, methanel.86% by

volume, ethylene0.62% by volume,glal23¢/0% by vghume, by volume,

propylene 2.39% by volume, and
H,O 8.66% by volume.
10  Hl.  Second illustrative process for preparing acrylic acid from propane (a steady

operating state is described)

Reaction zone A is a tray reactor as described under il. The heterogeneously catalyzed

partial propane dehydrogenation is carried out in the tray reactor described in straight
15 pass with dehydrogenation cycle gas mode. The loading of the total amount of catalyst

(calcutated without inert material) of all trays with propane is 1500 | (STP)/l-h.

8.23 m3 (STP)/h of reaciion gas A charge gas mixture (starting mixture; P = 1.84 bar)
are fed to the first catalyst bed in flow direction and have the following contents:

20
propane 64.20% by volume,
propylene 16.0% by volume,
methane 1.39% by volume,
ethylene 0.46% by volume,

25 H» 2.76% by volume,
O; 1.06% by voiume, and
HO 13.13% by volume.

The reaction gas A charge gas mixture is a mixture of a first (1.15 m3 (STP)/h) and a

30  second (7.08 m3 (STP)/h) gas mixture which is obtained by combining the two gas
mixtures by means of a static mixer. The first gas mixture has a temperature of 450°C
and a pressure of 1.84 bar and is composed of:

1.06 m3 (STPYh of crude propane which comprises propane (fresh propane) to an
35 extent of > 98% by volume (T = 237°C, P = 2.90 bar), and
0.087 m3 (STP)/h of O, (T = 143°C, P = 1.84 bar, purity > 99% by volume).

Indirect heat exchange in a first heat exchanger with product gas A conducted out of
reaction zone A and in the direction of reaction zone B establishes the temperature of

40 450°C.

The second gas mixture is composed of:



35022.61% by volume, H2028.42% by volume, CO1.41% by volume and CO23.10% by volume. 40 As
described in 85/035514, product gas B (5.03 m3 (STP)/h) is fractionally condensed in a tray
column (separation zone IlI). PF 58025 83 As the first fuel, 13.9 g/h of high boilers (polyacrylic acids
(Michael adducts), etc.) are fed to the residue incinerzgion. From the second collecting tray above the

feed of pfodug.toq%iéﬂ*@ R IRheI R0 Srckdbo (-7 cangensp .oy anylig acid are withdrawn
hich has a t 15C anid 96.99% f acryl . As described in WO
50041035t 24,5'@ %? %fﬁ@ﬁﬁ%ﬂ'%??&%ﬁ%%ﬁ %#eﬁ%gééfgrﬁ?z% Is Ilgzﬂg‘(s;urisgfnvv:telrr,] the suspension

2004/0355 is'is
crystals are separated from the mother liquor in hydraulic scrubbing columns and the mother liquor is
recycled into ieagenpisssatioal dofidnbarandestatbreratui® ST 0 0B sstkE s IRxghangeovihe washed
suspensi®n ciystaisdact G 3V8odwyaneighémpativiie atuyartlits thuithbl déatescharedgfor preparing
water-"superakaasiings BRIXSHSS LSS IR 15 IPAIERS SS Y. TRe RRRIBLEhaA waisl gandensate
withdrawn frogg, ihe é'fﬁédté:@'égﬁf?&@% "fhbe%rﬁi% rf%% P%QE{ OSEPA %Eﬁé% the L}%‘?ggggion
column but no?recyc &d mto the con ensaﬂor]pcéqgrﬁn 1S e2 kg/h, has a tem éra? re C and has
the following BYFPRE: 78510 I Wely HRAtiaiBias, BEATERYE I5)- weight of acrylic acid, 5.16% by weight
of acetic acid and 88.1% by weight of water. At the top of the condensation column, 2.72 m3(STP)/h of
residualiQas [Eawerdtanepieaiiznatorecof thitheadionEwii uhatd3Eamikaie essithe okdl. BBidklr and the
following congmi MerRIaR s BEY AywalHiMeugR GRCESHSAGBY ¥IHEg: 3aacRite.ASISE 01% by
volume, propaRe{R.#aYRIPHYPIITIRTGRY BTG L H DYAYMEed with a temperature of 503°C

and a pressure of 1.81 bar with the following contents:

15
propane 60.7% by volume,
propylene 18.19% by volume,
methane 1.59% by volume,
ethylene 0.53% by volume,

20 H; 2.94% by volume,
O: 0% by volume, and
H.O 15.0% by volume.

The leaving amount is 8.35 m3 (STP)/h.

25
Beyond the first catalyst bed, 0.13 m? (STP)/h of molecular oxygen {purity > 39% by
volume) is metered into reaction gas A (T = 143°C, P = 2.40 bar). The metered
addition is effected by throttling, so that the resulting pressure of the resulting reaction
gas Ais still 1.81 bar.

30
The bed height of the second catalyst bed is such that reaction gas A leaves the
second catalyst bed with a temperature of 520°C and a pressure of 1.78 bar with the
following contents:

35 propane 54.2% by volume,
propylene 21.3% by volume,
methane 1.90% by volume,
ethylene 0.63% by volume,
H: 3.61% by volume,

40 O 0% by volume, and

H:0 17.3% by volume.



ethylenel.lS;’?Ip%?\é%gme, [-126.93% by volume, 35methane3.44% by volume, 024.33% by volume,
F1202.11% by v , CO2.59% by volume and CO25.73% by volume. PF 58025 84 In the first
compressor stage of a multistage radial compressor, the residual gas is compressed from 1.20 bar to
6.93 bar, in the course of which the temperature of tl&residual gas rises to 127C. 5In an indirect heat
exchanger, it §,g904emhiaklstintidtBout repsiepsate being formed (coolant is the “"propane-scrubbed”
residual gas (also referred to hereinafter as "offgas") which, after being heated from 30C to 84C in an

indirect heat exchanger, is decompressed starting from 20 bar in the first expansi tage of a
multistage expRASRIANSHRESIRE &'égfﬁpﬁg‘ggﬁﬁrﬁﬂ%f@ﬂ QWE%F@EW(XS&%S s%%@?ns 10(STP)/h).

In a second epEN&IR SlalpsutpesHger (RuUbeaRBre&Yepigmel & FatEahERhRES J686HPBISRS e of
18C) andbthe f@ctd 43 %1 tier dtidde neaiton prasanra dfré Gtaacio dlee, réwsiitiogpressted obtidual gas (P =

6.93 bar and fesulikdGedstreoiRd (9 $I0G. 18 patirther compressor stage, it is compressed from 6.93 bar
to 1520 bar, which simultaneously heats it to 114C. In a downstream indirect heat exchanger, it is

cooled to 107. oolant.is the “propanpe-scrupped: residual gas which is heated af,the same time from
30C to 84C) wi é%&d&%E%L%%@ﬁF%C cf?ﬁﬁ%@gqéj 5 fint é%?r?&?tae\éé{%e%?se%c% \'rrlegse%h SS\DJF%STream, the
residual gas &ERIVARLReLE8IRPAYLET Aotikine teTReRER AR IFNOR PEesHePThiE BRdenses
44.8 g/n1Bf wattith thet fofltwen@siehiantgas. This aqueous condensate is likewise fed to residue
incineration and incinerated therein together with the other residues mentioned (with supply of 5.95 m3
(STP)/h of air). The hot combustionggsas.are cooled Enepiginsiteaa (52 bar, 267C, 5.16 kg/h) and
released into the 25 environment. The reisri%ual gas%h,j(éla/rlgw Spll comprises 2.67 m3 (STP)/h of

g 14 20 Sy valime

propane (20 bar, 35C) is conducted IRt the lower SEEHER oF a' colurmn with random packing (separation
zone I1I). ethylene 0.75% by volume,
15 methane 2.27% by volume,
H: 4.50% by volume,
Oy 0% by volume, and
H.0 20.05% by volume.

20  The leaving amount is 9.17 m3 (STP)/h.
A flow divider divides product gas A into two portions of identical composition. The first
portion is 5.04 m? (STP)/h and the second portion is 4.13 m? (STP)/h.
The first portion is recycled into reaction zone A as a constituent of the reaction gas A
charge gas mixture. For the purpose of dehydrogenation cycle gas flow of the first

25  portion, the propane cycle gas heated as described is used as the motive jet to operate
a jet pump, the conveying direction of the motive jet decompressed through a motive
nozzie via a mixing zone and a diffuser pointing in the direction of the entrance to
reaction zone A, and the suction nozzle pointing in the direction of the first flow portion
of product gas A and the “suction nozzle — mixing zone — diffuser” connection forming

30 the sole connecting line between the first portion of product gas A to be recycled and
the access to reaction zone A.

The second portion of product gas A is conducted out of reaction zone A and first
cooled from 540°C to 476°C by a first indirect heat exchange with the first gas mixture,

35 composed of crude propane and molecular oxygen, involved in the reaction gas A
starting mixture (charge gas mixture). The working pressure of product gas A is
essentially retained.

At the same time, the first gas mixture is heated from 235°C to 450°C, while the
40  working pressure of this gas mixture of 1.84 bar is essentially retained.



30 At the top d’r_;;'f:tﬁéi.)ﬁgrubbing column, 20.39 kg/h of technical tetradecane from Haltermann, Germany
(as described i are introduced with an introduction temperature of 30C (P = 20 bar). 35 At the top of
the scrubbing column, "propane-scrubbed" residual gas (offgas) escapes, which, at a pressure of 20
bar and a temperature of 30C and an amount of 0.6$M3 (STP)/h, has the following contents:

propanel.38% ByivahsteadPssemianandad fedexehamss /iy 80p4rtaichy ogwae, methanel3.44%
by volume, Ffn80es8nhieR/ -é%;@l%\é%'mec%§#8%%*@.'%%%%%&%%@1%&

C010.16% by volume and,5CO 0 by volume. This affgas is mpressed as described and
subjected to i%gi'r%ecr? E“égt%gg%gﬁ%ﬁgﬁ&%ﬁéﬁ?&d’? Srgrs%’u%féngc? eAr'g |§(r“?'or incinerated by means of a
flare. 10 24.27 kg/h of absorbate which have a pressure of 20 bar and a temperature of 61C are
withdrawh frobubredyentyn @6hen® (53 Fafeot stedibiimyreslioved by isrdinaaiive fremdheamsedselied nor
heated. It corgasigesobieé 3960y weuhing enaptiecparilitr 42%0cbyooleigts 8O POpyifse. 15 Before the
absorbate Is gaRduARSlRdAMmeL{asFaNgSPREIRSASTEIM ChbIGHL! BabRaerIGARS i an
indirect heat exchanger, [He. 158 Saebhserlis e\l effuen’ from s, desortion coln (20.39
kg/h) which has ‘a temperature o ¢ % &ressoure o13.96%0ar and 54 cor%prlses?). 9% y weight of
dissolved profiiensgtion and dhus serisd iod Ehipldsisparatys 2 Badus @25ter indirect cooling
with 209@rfactinitengoasty irccmsest is 2é6Yeled to the propane absorption at the top of the "propane
scrubbing colDimet.catikndwitrgshested 4qE90s tunadsartzatd idbhex drapheciro i iy @BCpamp or by
means of a valyelJs AGSerBRERRPREHHABIRE SHESAOh B foRFi RIS RBDIRRY RMMSG¥sABkeleased in the

case of the Inyarse. BHABRS ARRIPRTGLLAITHHSEDMR LESARE Sondensation to obtain a
product gas A* (P = 1.73 bar, T = 54°C, 3.60 m? (STP)/h). This is heated to 277°C as
15  described above. 1.39 m?® (STP)/h of molecular oxygen (purity > 99% by volume, T =
143°C, P = 2.40 bar) are then throttled into the product gas A*. This forms a reaction
gas B starting mixture (charge gas mixture} which has a temperature of 262°C and a
working pressure of 1.63 bar.

20 The reaction gas B starting mixture {charge gas mixture) has the following contents:

propane 38.26% by volume,
propylene 20.77% by volume,
ethylene 0.62% by volume,

25 methane 1.87% by volume,
H2 3.73% by volume,
O 27.53% by volume, and
H20 6.20% by volume,

30  This is used to charge reaction zone B which has the same structure as that from il.

The propylene loading on the catalyst charge of the first oxidation stage is selected to
be 164 [ (STP)/I*h. The salt melts (53% by weight of KNO3, 40% by weight of NaNO,,
7% by weight of NaNO3) have the following entrance temperatures:
35
Ts=331°C Te = 339°C
Te=275°C To =282°C

Sufficient molecular oxygen (143°C, 2,40 bar) is metered (throttled) into the product
40  gas mixture of the first oxidation stage that the molar O : acrolein ratio in the resulting
charge gas mixture for the second oxidation stage is 0.72. The acrolein loading on the



absorbent frerﬁlc_igﬁgropane in the desorption column (the liquid effluent of the desorption column)), and
the biphasic mix zéotained Is conducted into the desorption column at the top. 30 0.1 kg/h of steam
is fed with a pressure of 5 bar and a temperature of 152C as stripping gas into the desorption column
(likewise a column with random packing) from the bd#m in countercurrent to the absorbate

descending floming ARG HarieSeEBHADEEMMA sBRP1eRe8ad3T AR KleapIpHessGRluphS a heating
coil through V\éphgg %tg%ngh%f é (r:n?pr)%rgttijc{gﬁ%g%% P = §99 tl))g},r in an amount of 0.8 kg/h is likewise
conducted in countercurrent to the sf(eam asceﬁging in the desorption colun{n. A;érhe tojl%f the
desorption cJﬁ%ﬂloﬂ@2%%‘?éﬁ%)iﬁ%‘f‘fﬁ%%ﬂ@‘%ﬁ&'ﬂa‘gf\méﬁ"h%%fé‘%f?é_’ @r@]?) AHdNS 69C and a
working pres&iiteanes ieaperatgepidha rbangeAT e e Dipyhadirsend exidatienaiaeasih product gas
A of temperaz58°T.= 476C, the propane cycle gas is used as the motive jet to operate the jet pump,
with which the PF 58025 86 dehydrogenation cycle gas and the propane cycle gas in the mixture are
fed to the chalrg;p'g ér |§) ne | ! {93 %HQ%@%‘ g B REppane cycle gas has
the following conter?ts‘f%ag%o&%z%&%gm%éh@g% u?f?e, p?%%?j%enez.&% E))(/ﬁ\llnéume, and H203.40% by
volume. 101V.Third illustrative process for preparing acrylic acid from propane (a steady operating state
is described) Reaction zone Ais a ﬁ%’)?'ﬁé%ctor as describEdUieey 1Yo heterogeneously catalyzed
partial pt@pane dehydrogenation isazaytiedadt in the 15 thaiBedntootieseribed in straight pass without
dehydrogenation cycle gas mode. prsplgrding of the totag@nmyniyofatanedyst (calculated without inert
material) of all trays with propane i%l:b‘w%héSTP)/l.h. 31-%%%%5318%@ of reaction gas A charge gas

mixture (starting mi>_<ture; T= 418C[;ne'th=8201.77 bar) are flegat% @evﬁrlﬁt catalyst bed in flow direction
and have the following contents: propane%.Zl% by volume doro\f)y%nrenf’BS% by volume,
25methane0.01% by volume, 2 3.71% by Volume,
15 ethylene 0.62% by volume,
Oz 4.18% by volume,
H:O 27.83% by volume,
CO 0.88% by volume, and
CO:2 2.07% by volume.
20

25 temperature of 270°C and a pressure of 1.55 bar, and also the following contents:
acrolein 0.089% by volume,
acrylic acid 17.67% by volume,
acetic acid 0.52% by volume,
30 propane 37.99% by volume,
propylene 1.02% by volume,
methane 1.86% by volume,
ethylene 0.62% by volume,
Hs 3.70% by volume,
35 0Oz 2.61% by volume,
H.O 28.42% by volume,
CO 1.41% by volume and
CO:; 3.10% by volume.
40  As described in WO 2004/035514, product gas B {5.03 m? (STP¥/h) is fractionally

Before entry into the aftercooler, the temperature of the product gas of the first

oxidation stage is 335°C.

The product gas mixture of the second oxidation stage {product gas B) has a

condensed in a tray column (separation zone Il}.



H28.60% by volume, 024.32% by volume, N20.96% by volume, F1207.68% by volume, 30C0O0.02% by
volume, and 56§§@§% by volume. The reaction gas A charge gas mixture is a mixture of a first (1.59
m3 (STP)/h) and a second (2.21 m3 (STP)/h) gas mixture which is obtained by combining the two gas
35 mixtures by means of a static mixer. The first gasgmixture has a temperature of 450C and a

pressure of 1 q}{@p m3 S P e nr e which.c S propane
(fresh propane 'E%f‘l%gx t @5(9(4 voqa%rﬁ3 6? yﬁ%’éa I§ r‘% g%%%%] i%\%g %g] 855? )/h of 02(T
= 143C, P = #9791 fi# %'@@%rﬁ)%lume) and 0.41 m3 (STP)/h of gas which comprises

predominantly molecular hydrogen and is removed from the 'propane-scrubbed"” residual gas (offgas)
by membrané sepdnatsmedidc8iBCtitgdriyratite thel f@&daatnproBcb862 B 8td hiokr braly lvedirerchange in a
first heatgexchagors/WBh DEAHERERE BRI Y HRé IABRIIBNA WIFCH RE dndhpdharaeast of
reaction zoney éséﬁk?"tfé@@oéﬁﬁ %L&W 10451%%: A3 BUESBEAT RS SDBresie Bl apne cycle gas
(2.21 m3 (STP)/h; 400C; 1 ar). Ihdirect hjeat exch an e Wlt as A cooled to a
tomperature SPERRRE T FR PR 161 SN, A8 N80 Bl SR I SPORE BBane cycle gas.
10 The entraRBERIpE SRR eErB 408 AR AERATYBXSERUIR AL RING FRUBEY BB RDF the first
catalyst bed flostiket lpaugh fegtied duotiba gasldnshtiogecgasnmiagutesanbatijosted such that reaction

gas A legvesWisxaiaiysshes THE sutrpirenatwsspé® Quspansion Rreseilesof $o/87babyitkithe following
contents: 15 Bf%eﬁﬂﬁ%é}%ﬁa%f SRS irRRRRYRES Fot Bra Mg Water-B4pGaB 0 iRge by volume,

0,
methane0.33% |y|¥|ers I e in the hygiene sector.

The amount of acid water condensate withdrawn from the third collecting tray above

15 the feed of product gas B into the condensation column but not recycled into the
condensation column is 1.24 kg/h, has a temperature of 33°C and has the following
contents:

0.73% by weight of  acrolein,

2C 4.95% by weight of  acrylic acid,
5.16% by weight of  acetic acid and
88.1% by weight of  water.

At the top of the condensation column, 2.72 m3(STP)/h of residual gas leave
25  separation zone |l with a temperature of 33°C and a pressure of 1.20 bar and the
following contents:

acrolein 0.03% by volume,
acrylic acid 0.02% by volume,
30 acetic acid 0.01% by volume,
propane 70.26% by volume,
propylene 1.91% by volume,
ethylene 1.15% by volume,
H; 6.93% by volume,
35 methane 3.44% by volume,
O 4.83% by volume,
H0 2.11% by volume,
CoO 2.59% by volume and
CO; 5.73% by volume.

40



20H27.63% by volume, 020% by volume, N20.92% by volume, H2015.69% by volume, CO0% by
volume, and 8829% by volume. The leaving amount is 3.95 m3 (STP)/h. Beyond the first catalyst
bed, 0.13 m3 (STP)/h of molecular oxygen (purity >99% by 30 volume) is metered into reaction gas A
(T = 143C, P = 2.40 bar). The metered addition is effggted by throttling, so that the resulting pressure of

the resulting 1gaglangas A sl LEBLAr, Theeeiol dldheaseon caliideddssuch that
reaction gas A leaves t%ﬁ 3(13 %Egellyst ge with a temper. tLﬁ’_e of 5934C ar}d argrefs{ﬁtére of 1.75
bar with the SO {'E?Ws: %gé% % %rbﬂp\; %?885%%8@)1 'ﬁgfg. ?S/Fc')pr?ya\%lur%e,
40ethylene0. 12896@\Sa8I(iF§E, h&edane0.60% by volume, H28.68% by volume, PF 58025 88 020% by
volume, N20.85% by volume, H2020.26% by volume, CO0% by volume, and 5C020.76% by volume.
The leavigg ameurnhisrdcRBsBsciEhEger, it is cooled to 114°C without condensate being formed

(coolant is the “propane-scrubbed” residual gas (also referred to hereinafter as

“offgas”) which, after being heated from 30°C to 84°C in an indirect heat exchanger, is

decompressed starting from 20 bar in the first expansion stage of a multistage

expansion turbine and cooled at the same time). This heats the offgas (0.68 m?

10 (STP)Yh). In a second expansion stage, the offgas is decompressed to 1.10 bar (it then
has a temperature of 18°C} and then fed to residue incineration.

In an indirect air cooler, the compressed residual gas (P =6.93 barand T = 114°C) is
cooled to 59°C. In a further compressor stage, it is compressed from 6.93 bar to

15 20 bar, which simultaneously heats it 1o 114°C. In a downstream indirect heat
exchanger, it is cooled to 107°C {coolant is the “propane-scrubbed” residual gas which
is heated at the same time from 30°C to 84°C) without condensate being formed. in a
further indirect heat exchanger downstream, the residual gas at 107°C is cooled to
35°C (coolant is surface water at approx. 25°C).

20
This condenses 44.8 g/h of water out of the residual gas. This aqueous condensate is
likewise fed to residue incineration and incinerated therein together with the other
residues mentioned (with supply of 5.95 m3 {STP)/h of air). The hot combustion gases
are cooled to obtain steam (52 bar, 267°C, 5.16 kg/h} and released into the

25  environment.

The residual gas which now still comprises 2.67 m? (STP)/h of propane (20 bar, 35°C)
is conducted into the lower section of a column with random packing (separation zone
I[}%

30
At the top of this scrubbing column, 20.39 kg/h of technical tetradecane from
Haftermann, Germany (as described in li) are introduced with an introduction
temperature of 30°C (P = 20 bar).

35 At the top of the scrubbing column, “propane-scrubbed” residual gas {(offgas) escapes,
which, at a pressure of 20 bar and a temperature of 30°C and an amount of 0.68 m?3
(STP)/h, has the following contents:

propane 1.38% by volume,
40 propylene 0.04% by volume,
ethylene 4.48% by volume,

methane 13.44% by volume,



Upstream of the static mixer disposed upstream of the third catalyst bed, 0.12 m, 10(STP)/h of
molecular oxfd:eﬁs(%%ﬁity > 99% by volume) is metered into this reaction gas A (T = 143C, throttled in at
a pressure of 1.75 bar). The resulting pressure of the resulting reaction gas is still 1.75 bar. The bed
height of the third catalyst bed is such that reaction g8 A leaves the third 15 catalyst bed as product

gas A with a temperature of 571C gnd a pressure ob-143 a1 with ihg following contents:
propane40.12% by volume, propylz}_rl12e22.2% by vquHliga °Oe){h lene0.22% by volume, methane0.87%

by volume, H210.11% by volume, d%ov% by volume,‘I é:% Yume, 25H2023,96% by volume,

CO0% by volume, and CO20.70% ByQolume. Prodti3ganvri¥BRducted out of reaction zone A and
first cooled from 571C to 30500C b¢@ first indirect H8attSkdtyarmjemeittnthe first gas mixture which is
involved # the reaction gas A startiggnixture (charge g pyixisiigrand is composed of crude propane,
molecular hydrogen-comprising gas and molecular oxygen. The working pressure of product gas A is

essentially retained, This heats the first.gas mixture from 213C to 450C,. while the working pressure of
this gas mixtuﬁé'% 9% Ea?%goé‘?i%@gg ﬂ%fy et ﬁ%ré])gg.qﬂdasgjaﬁgé%%ion'tngggélnh |r? |?(é;ctaﬁg§t%]>§change

with propane 0R&g48 fRiHUSP5RgIGHYLREMYNBrBRE Ry Re AN L SulldPirom 500C to 337C.
Conversely, the temperature of the propane cycle gas rises from 69C to 400C. 40 PF 58025

10 24.27 kg/h of absorbate which have a pressure of 20 bar and a temperature of 61°C
are withdrawn from the bottom of the “propane scrubbing column” which is neither
externally cooled nor heated. It comprises 15.63% by weight of propane and 0.41% by
weight of propylene.

15  Before the absorbate is conducted to the top of the downstream desorption column, it
is heated to 89°C in an indirect heat exchanger. The heat carrier used is the liquid
effluent from the desorption column (20.39 kg/h) which has a temperature of 80°C at a
pressure of 3.26 bar and still comprises 0.089% by weight of dissolved propane. By
means of a pump, it is compressed back to 20 bar, and, after indirect cooling with

20 surface water (25°C) to 30°C, it is recycled to the propane absorption at the top of the
“propane scrubbing column”.

After being heated to 69°C, the absorbate (for exampie in an inverse pump or by
means of a valve) is decompressed to a pressure of 3.26 bar (the mechanical energy

25 released in the case of the inverse pump is appropriately also used to recompress
absorbent freed of propane in the desorption column (the liquid effluent of the
desorption column}), and the biphasic mixture obtained is conducted into the
desorption column at the top.

30  C.1 kg/h of steam is fed with a pressure of 5 bar and a temperature of 152°C as
stripping gas into the desorption column {likewise a column with random packing} from
the bottom in countercurrent to the absorbate descending from the top of the
desorption column.

35 Disposed in the desorption column is a heating coif through which steam of
temperature 152°C, P = 5.00 bar in an amount of 0.8 kg/h is likewise conducted in
countercurrent to the steam ascending in the desorption column.

At the top of the desorption column, 2.04 m?3 {STP)/h of propane cycle gas which have
40  atemperature of 69°C and a working pressure of 3.26 bar escape. After heating to

400°C by indirect heat exchange with product gas A of temperature T = 476°C, the

propane cycle gas is used as the motive jet to operate the jet pump, with which the



89 conducted in indirect heat exchange to 3.85 m3 (STP)/h of product gas At (T =54C; P = 1.73 bar)
from which th@':aBﬂP@Eriate amount of steam has already been removed by condensation beforehand,
and thus cooled to 120C. 5 The temperature of product gas At simultaneously increases to 307C.
Direct cooling with sprayed aqueous condensate whig$ has been cooled (to 29C) and removed

beforehand fgah NIRSHIRLABY £/ BROIORIRIE FUBSHE QURLEMOHRS Hig HPLRY1eRYBRRE amount of
steam from pl%%lﬁﬂé?&l% Agg_é%nd nz{ﬂio Fo g%)tgnin a 1%%%&@61 A* (P =1.73 bar, T = 54C, 3.85
m3 (STP)/h). ISR {5’ 49ee s\%sc?%ce' AB8%E TR { /h of molecular oxygen (purity
> 99% by volume, T = 143C, P = 2.40 bar) are then throttled into the product gas A*. This forms a
reaction gas Braanangneizinie gasarge thadatmsingrentecitshas a temperature of 290C and a working
pressure®f 1.63 bar. 15The reaction gas B starting mixture (charge gas mixture) has the following
contents: propane35.35% by volu oBg;gylenelQ.ggf’@;b/ybépl;gnu%@thyleneo.lg% by volume,

e

20methane0.76% by volume, H28.91Y% olume, - lume, N20.69% by volume,
H206.27% by volume, 25C0O0% byﬁ%o mé@éand Cé @f?%& ggrgﬂgn%gh?rhls is used to charge reaction

zone B which has the same structur€ as that from Ii. The propylene loading on the catalyst charge of
the first oxida&i/on stﬁ%a is selected to 30 be 130 | (STP)/111. The salt melts (53% by weight of KNO3,
40% by Weight of NHN& JUsH2EX P RERGRBHIN RIGER) I ae iR PERRAIRE ¥ atures: TA =
322C= 327C Tc = 2pectino-st248iE dessififdient molecular oxygen (143C, 2.40 bar) is metered
(throttled) into the product gas mixture of the first oxidation stage that the molar 02: acrolein ratio in the
resulting changg-gasimixtera (9htheyseeensd axidaiiabstegais §.745. The acrolein loading on the

catalyst Char%%%ré?gﬂﬁ%ggi%%E?izé@f&ri%ll%rgda(f%TEQé i@roé@ﬁa%ﬁ@%&rﬁé&%@ girance to the

second ?§<ida ion st ction ga Ieavgst Intermediate coolerwg agh%mperature
&t Stage is

o 2600 Bnd Y ARTA LA PRSP Th DB e PO O S e GRS B3

256C. loading of the total amount of catalyst (calculated without inert material) of all trays with
propane is 1500 | (STP)/I-h.

3.80 m? (8TP)/h of reaction gas A charge gas mixture (starting mixture; T = 418°C; P =
20  1.77 bar) are fed to the first catalyst bed in fiow direction and have the following

contents:

propane 75.21% by volume,
propylene 1.35% by volume,

25 methane 0.01% by volume,
H: 8.60% by volume,
0O 4.32% by volume,
N2 0.96% by volume,
H;O 7.68% by volume,

30 CO 0.02% by volume, and
COs 0.83% by volume,

The reaction gas A charge gas mixture is a mixture of a first (1.59 m3 (STPYh) and a
second (2.21 m3 (STP)/h) gas mixture which is obtained by combining the two gas

35 mixtures by means of a static mixer, The first gas mixture has a temperature of 450°C
and a pressure of 1.77 bar and is composed of:

1.02m?*  (STP)/h of crude propane which comprises propane (fresh propane) to an
extent of > 98% by volume (T = 237°C, P = 2.90 bar),
40 0.16m3* (STP)h of Oz (T = 143°C, P = 1.77 bar, purity > 99% by volume}, and
0.41m3 (STP)/h of gas which comprises predominantly molecular hydrogen and is
removed from the “propane-scrubbed” residual gas (offgas) by membrane
separation {T = 30°C; it is throttled to 1.77 bar),



PF 58025 90 The product gas mixture of the first oxidation stage has the following contents:
acrolein16.519% %ﬁjme, 5acrylic acid1.11% by volume, propane35.23% by volume, propylene0.98%
by volume, ethylene0,19% by volume, methane0.76% by volume, 10F128.88% by volume, 024.57% by
volume, N20.69% by volume, 1-12026.66% by volungy, CO0.83% by volume, and 15C022.56% by
volume. Before entry into the aftercooler, the temperature of the product gas of the first oxidation stage

Is 335C. 20 The, product gas mixture of the second oxidation sta roduct gas B) has a temperature
o 270C ant TR AR BRT8 MR 3 A5 AR L CERRLCL B ) S A e, acryic
acid16.71% biFReliemeonsARir aduodrsstiphyiVeRftRT pPEBdhes8EoE IhIRMRE Bld%/Mne0.89%
by volume, eth§fERe0.19% by volume, methane0.76% by volume,
5
The second gas mixture is propane cycle gas (2.21 m3 (STP)/h, 400°C; 1.77 bar).
Indirect heat exchange with the product gas A cooled to a temperature of 500°C in the

first heat exchanger establishes the temperature of the propane cycle gas.

10  The entrance temperature of the reaction gas A charge gas mixture and the bed height
of the first catalyst bed flowed through by the reaction gas A charge gas mixture are
adjusted such that reaction gas A leaves this catalyst bed with a temperature of 507°C

and a pressure of 1.76 bar with the foliowing contents:

15
propane 64.42% by volume,
propylene 9.10% by volume,
ethylene 0.079% by volume,
methane 0.33% by volume,
20 H2 7.83% by volume,
0O, 0% by volume,
N> 0.92% Dby volume,
H,O 15.69% by volume,
CO 0% by volume, and
25 CO; 0.82% by volume.
The leaving amount is 3.85 m3 (STP)/h.
Beyond the first catalyst bed, 0.13 m?® (STP)/h of molecular oxygen {purity > 99% by
30  volume) is metered into reaction gas A (T = 143°C, P = 2.40 bar). The metered
addition is effected by throttling, so that the resulting pressure of the resulting reaction
gas A is still 1.76 bar.
The bed height of the second catalyst bed is such that reaction gas A leaves the
35  second catalyst bed with a temperature of 544°C and a pressure of 1.75 bar with the
following contents:
propaneg 51.72% by volume,
propylene 15.97% by volume,
40 ethylene 0.149% by volume,
methane 0.60% by volume,
H2 8.68% by volume,



30FI128.87% br|¥ volume, 022.86% by volume, N20.69% by volume, 1-12027,28% by volume, CO1.33%
by volume, a 3.54% by volume. As described in WO 2004/035514, product gas B (5.29 m3
(STP)/n) is fractionally condensed in a tray column (separation zone Il). PF 58025 91 From the second
collecting tray above the feed of product gas B into ti&8 tray column, 2.80 kg/h of a condensed crude
acrylic acid are withdrawn which haéza temperature g, Q&UQ@‘G.QQ% by weight of acrylic acid. As
described in WO 2004/035514, this is suspension-c&yﬁég Iiéed %te%addition of a small amount of water,
the suspension 5 crystals are separ'gfed from the mother Iiqud m%;?draulic scrubbing columns and the
mother liquor is recycled into the cditnsation coluRMPELdRs¥AHERIN WO 20041035514. The purity
of the washed suspension crystals 83 99.87% by &gt velabIglienttid and is suitable immediately for
preparingswater-"superabsorbing” poymers for use (n76% bPkphiare sector. The amount of acid water
condensate withdrawn from the third collecting tray above the feed of product gas B into the
condensation.golymn.but not recycleg, i ndensation column is 1.25 kg/h, has a temperature of
33C and has ﬁ;eﬁgégﬁ#?;nl c@ﬁ%e%l% @?@?J&Weight of acrolein, 4.95% by weight of acrylic acid,
5.09% by weight of acetic acid and 2088.24% by weight of water. At the top of the condensation
column, 2.98 HEEEP) ff ST statio aniyas disppsesbppsiaamm 25 tkel INrIratabmdeadGrdoM33C and a
pressurd ®f 1 ETBgh ahdchtheciddomingeadpteitis: 9% drplenir2?9% e teobdirdo dicisy/ feaatim0gda% by
volume, A (T = 143°C, throttled in at a pressure of 1.75 bar). The resulting pressure of the

resulting reaction gas is still 1.75 bar.

The bed height of the third catalyst bed is such that reaction gas A leaves the third
15  catalyst bed as product gas A with a temperature of 571°C and a pressure of 1.73 bar
with the following contents:

propane 40.12% by volume,
propylene 22.2% by volume,
20 ethylene 0.22% by volume,
methane 0.87% by volume,
H: 10.11% by volume,
0O 0% by volume,
Nz 0.79% by volume,
25 H:0 23.96% by volume,
cO 0% by volume, and
CO: 0.70% by volume.

Product gas A is conducted out of reaction zone A and first cooled from 571°C to

30  500°C by a first indirect heat exchange with the first gas mixture which is involved in
the reaction gas A starting mixture (charge gas mixture} and is composed of crude
propane, molecular hydrogen-comprising gas and molecutar oxygen. The working
pressure of product gas A is essentially retained. This heats the first gas mixture from
213°C 10 450°C, while the working pressure of this gas mixture of 1.77 bar is

35 essentially retained.

In a subsequent second indirect heat exchange with propane cycle gas from
separation zone IV, product gas A is cooled from 500°C to 337°C. Conversely, the
temperature of the propane cycle gas rises from 69°C to 400°C.

40
Subsequently, 0.79 m? (STP)/h of steam is separated by condensation from product
gas A cooled to 337°C. To this end, the product gas A cooied to 307°C is first



propane62.39% by volume, propylenel.73% by volume, 30ethylene0.34% by volume, methanel.35%
by volume, HZ 1! 5by volume, 025.05% by volume, N21.27% by volume, 35H201.92% by volume,
C02.36% by volume, and C026.33% by volume. In the first compressor stage of a multistage radial
compressor, the residual gas is 40 compressed from8320 bar to 6.93 bar, in the course of which the

temperature ol agislial BRSHTEal e flloaRECEOR Erim A INBGLIER RXphangeic s cooled

to 123C without ensate being formed rﬁg)ol nt is the "propane-scrubbed"” residual gas (also
referred to heFeﬁr(i:Zﬁg’ra Q% V&'c?'vtv ei‘ceﬁa,pa erfar?eerﬁ@voéi%fdr?n%%acmuIa?%é&?gggrp ?/nrﬁ%rgf%s’eo %y

S "offgas
separating méASARRHAD %??QF%% REd ByserAledE (F202C in an indirect heat exchanger, is 5

decompressed starting from 20 bar in the first expansion stage of a multistage expansion turbine and

cooled at3he JametipeniliiohpaisudtegaifoasituliidnadusdTiRglersesasBODTE expansion stage, the
offgas is decompressed to 1.10 bar (it then has a temperature of 23C) and then fed to residue

incineration. indi alr I C I P = = 134C) is
cooled 10 3G Ry it SR b ARRRR VI B8 oo Lohb B 128 ool
simultaneous!{F A ipﬁioﬁ'?@.dl?{%BWH ﬁfe%ﬁ’ﬁmEYrEBPﬁE’éPé‘?(gﬂ{SHb‘e‘%?i‘f“%@&b?&a_%hﬁoc (coolant
is the "propanef@emBntierad smadnyaksteara i eedHet 583 Mhémpepadensation it Afhas heated at the
same timé froprcCt gad ZLPG) With bat, CordaiSatdiemP(8FMed. In a further indirect heat exchanger
dowgstrearrz msr%smé@éc?ﬁasmlé%l@ &sa%%la gb&%@ {QAOKRNLIS B REMYIBERIALAHRERX- %StC)- This
condenses [e 0
residue incing(réfﬁ) 9f9§/ ol;% g%\)e#é’l[%% 't?e'fe?ﬁéfe'e%?ﬁt??ge%?ﬁe%%ﬂr@{rgg Hitbr?ﬂﬁ?yﬁé\?vith supply
15 mS (SIBYR of i KRS S SO E o AT, e T (D B SR 3 a1
kg/h) and relel@seRenaterehel @fGiremn@atworking pressure of 1.63 bar.

15  The reaction gas B starting mixture (charge gas mixture) has the following contents:

propane 35.35% by volume,
propylene 19.60% by volume,
ethylene 0.19% by volume,
20 methane 0.76% by volume,
H2 8.91% by volume,
Oy 26.60% by volume,
Nz 0.69% by volume,
H20 8.27% by volume,
25 CO 0% by volume, and
CO; 0.62% by volume,

This is used to charge reaction zone B which has the same structure as that from i,
The propylene loading on the catalyst charge of the first oxidation stage is selected to

30  be 130 | (STP)YI*h. The salt melts (53% by weight of KNOs, 40% by weight of NaNO-,
7% by weight of NaNQOs3) have the following entrance temperatures:

Ta=322°C Te =327°C
Te=261°C To=268°C
35
Sufficient molecular oxygen (143°C, 2.40 bar) is metered (throttled) into the product
gas mixture of the first oxidation stage that the molar O; : acrolein ratio in the resulting
charge gas mixture for the second oxidation stage is 0.745. The acrolein loading on the
catalyst charge of the second oxidation stage is 110 | (STP)/I*h. The pressure at the
40  entrance to the second oxidation stage is 1.57 bar. Reaction gas B leaves the
intermediate cooler with a temperature of 280°C and the entrance temperature of the
charge gas mixture into the second oxidation stage is 256°C.



The residual %%s \gpi%h now still comprises 2.93 M3 (STP)/h of propane (20 bar, 35C) is conducted into
the lower secti P8P4%olumn with random packing (separation zone 25I11). At the top of this scrubbing
column, 21.62 kg/h of technical tetradecane from Haltermann, Germany (as described in Il) are
introduced with an introduction temperature of 30C (BG= 20 bar), At the top of the scrubbing column,
"propane-scrubbed' residual gas (offgas) escapes, 30 which, at a pressure of 20 bar and a temperature
of 30C and ag.amount af 1.01 M3 (STR)/h.has the followin nts: % by volume,
propyleneO.Og’&oe l?ﬁ%‘ﬁ g?é@éﬁﬁy é)rfute ‘?J{Sﬁo x)}a;%g%r}nsé?#eﬁtﬁghﬁe %‘&% E@%%ﬁbgrﬁteé H247.97% by
volume, 0214.94% by volume, N23.75% by volume, 401-1200.78% by volume, C06.95% by volume
and CO218.69% by volume. PF 58826/83 This 'propane ¥eRIGbEY VB2 is conducted to a bundle of
cast tubesmembranes (external preasmlie: dcid/ bar; B-H ptliistide wotwrmiEane from UBE Industries Ltd.)
and leaves them (P = 20 bar; T = 3@fhufth release of 0.4 ey Rifludka gas stream 5(permeate
stream) which has the following co .. £ihylene0.02%~y-v0l hane0.059% by volume,
%f@gﬁfnée N28.83% %;y\zqﬁj VIR
. =]

H279.15% by volume, 10021.53% e¥ e,
ylen y volume,
methane 0.76% by volume,
10 H- 8.88% by volume,
O, 4.57% by volume,
N2 0.69% by volume,
H20 26.66% by volume,
CO 0.83% by volume, and
15 CO: 2.56% by volume.

Before entry into the aftercooler, the temperature of the product gas of the first
oxidation stage is 335°C.

20  The product gas mixture of the second oxidation stage (product gas B} has a
temperature of 270°C and a pressure of 1.55 bar, and also the following contents:

acrolein 0.08% by volume,
acrylic acid 16.71% by volume,
25 acetic acid 0.495% by volume,
propane 35.20% by volume,
propylene 0.89% by volume,
ethylene 0.19% by volume,
methane 0.76% by volume,
30 Ha 8.87% by volume,
O, 2.86% by volume,
N 0.69% by volume,
HO 27.28% by volume,
CO 1.33% by volume, and
35 CO2 3.54% by volume.

As described in WO 2004/035514, product gas B (5.29 m? {(STP)/h) is fractionally
condensed in a tray column (separation zone II).

40  As the first fuel, 13.8 g/h of high boilers (polyacrylic acids (Michael adducts), etc.) are
fed to the residue incineration.



H201.52% byﬁ/ﬁggﬁpcoo.ﬂ% by volume, and CO27.68% by volume. 15 This gas stream is fed to
(throttled into) the'firSt'gas mixture to generate the reaction gas A charge gas mixture.  The
remaining offgas is decompressed as described and subjected to indirect heat 20exchange, and then
fed to residue incineration or incinerated in a flare. 28230 kg/h of absorbate which have a pressure of 20

bar and a tempeyatiHe RBAE ARUicray BHEoRH L IO BHINE GREDANS BRI WBbiBGIGAMN” which
is neither ex@.’éﬂ'b{gﬁgﬁe&%gﬁjﬁﬁ %H:d%%e |'i§ea5ccﬂg'§?‘e034itﬁé(r¥\69ﬁ%h%ﬁ W&?S@S@{%Q%‘f by 25
' ¢

weight of propylene he absor IS c‘é’ndu, to the top, of wnstr sofption
column, it is hg%téc?ﬂ? §§@ ?r%/"g?y ingl t‘i@ﬁ'ﬁy & g‘%ﬁ.@ﬁ@'ﬁéﬁf’&%’ﬁ%‘@%@%ﬁ%_| Gitf effluent
from the desotpEBenesOmRTYst2lizediafiay apdiéemakasteaiirmaurtadreder. dba SGPESSHre of 3.26 bar
and still compeiveks. 0886 ¢narateghtah dissolvttdpiopamie HBgrendiarssobbipy tguine eoththessed back

to 20 bar, andnaftRyr inglier 6 eQYBNEHAD Bid RaRivRigid 26l ddtdsieaysled to the propane
absorption at {he, ieghafdkesRropane scrubbing column®. 35 After being heated to 69C, the absorbate

(for example in, an inversg pump or by means of a valye) is pressed t ressure of 3.26 bar
(e mechanc R, R SRR TR B e TS S o BN L Al ag
recompress asHHRME fraBg drisls flrr sRaHRGIERIRH MR YERIRFPIREe ARjvBeESRE HB® fHEResorption
column)yCandhiteechbiplasiermixture obtained is conducted into the 40 desorption column at the top. PF
58025 94 0.2 kg/h of steam is fed with a pressure of 5 bar and a temperature of 152C as stripping gas
into the Ses%rﬁﬂggmwgaf dlsaWisfAcnbnBd RIANR RaR RSB fnjiegy psguntercurrent
o the absorbgte descending from the. e desorption column. isposed,in esorption
columnis a hgjaetirt?ge c(f&{] r?éa’ua'kp\‘f/"v_ r%ﬁng‘fetﬁﬁcgp agrrﬁ%ae%?lfr(g%gh??@ é‘%ﬁcﬁeé’r 'moa%%mount of 0.8
kg/h is likewitPRERERALRE RIHBHEF L N tO S Le8opRabeEiing n and hasdhpdsliPedngmn. 10 At the
top of thtddesept@miscolumn, 2.21 m3 (STP)/h of propane cycle gas which have a temperature of 69C
and a working pressure of 3.26 bar escape. After heating to 400C by indirect heat exchange with

pr_?ﬁuct gtz_als A of t§m|toe;_ature 'Tt= 459%91hG OGRS CYEErgRMmis fetclhtoftklmle chargingtof treaction zone A
with reaction gas A starting mixture, 13, I Cyg S e following contents:
s S A ety

ropane83.73% by volume, propyle ume,
prop i Propy 5.09% by weight ofm acetic acid and
20 88.24% by weight of water.

At the top of the condensation column, 2.98 m3 (STP)/h of residual gas leave
separation zone !l with a temperature of 33°C and a pressure of 1.20 bar and the
following contents:

25
acrolein 0.02% by volume,
acrylic acid 0.02% by volume,
propane 62.39% by volume,
propylene 1.73% by volume,

30 ethylene 0.34% by volume,
methane 1.35% by volume,
H> 16.23% by volume,
07! 5.05% by volume,
N2 1.27% by volume,

35 H:O 1.92% by volume,
co 2.36% by volume, and
CO; 6.33% by volume.

In the first compressor stage of a multistage radial compressor, the residual gas is
40  compressed from 1.20 bar to 6.93 bar, in the course of which the temperature of the
residual gas rises to 134°C.



H2012.94% by volume. 20 V. Fourth illustrative process for preparing acrylic acid from propane (a
steady operat rff;%qg@ls described) Reaction zone A is a tray reactor as described under Il., except
that connected 25downstream of it in this example is a further adiabatic shaft furnace reactor which has
only one fixed catalyst bed and which corresponds ing@gs configuration to the first fixed bed tray in the

e G IS e g U
pass with deh cl: igﬁg % §§'Er?§' e. %/Srﬂ% %F rlasrol q?ﬁngu%f\ 8é%a?§lyst (calculated
without inert n%ﬁ@?%l) A [ S WHPP%BEWQ'%CE{@OMC’(QQ@')B&T%”ﬁ’]@fd’o%ﬁﬁﬁ@% shaft furnace
reactor, essemiaipey andates deirgoiriectiraly 2 SdmtHo i dmislzealeal arxshanderefiected. 35
6.93 m3 TR)dearhiressanyasiny CRcED ¢as itk fies(rphngionistage & = Autskaye are fed to the
first catalyst heghohdiih wlr@a&ﬁerdaoim@t@ém&m avﬁ.mmﬁqmr&fgsa g rﬁfopanefio 54% by

0, 0,
H22.449% by y. ?f;ﬁ”ﬂﬁ%%@é%‘é‘“%ﬂ%ﬁ% i W&g@h@b%%%ﬁ% {53 SUBE, vorume
CO0% by volﬂﬁ?ea iemnsralye hes 'ty eBf N ‘?éﬁﬁ'ﬁb‘ﬁ Feiraitfige gas mixture is a mixture of a
first (1.47 m3 (STP)/h) and a second (5.46 m3 (STP)/h) gas mixture which is obtained by combining the
two gas mixturesrbipdireasiraiodlistaticenabraprdssddh eeliidigammiRtare $dbaa tead Jerat@4e@fiS00C and a
pressure of 2 46, jaarasd4s AArARAEE: eBmpressor stage, it is compressed from 6.93 bar to
20 bar, which simultaneously heats it to 117°C. In a downsiream indirect heat
exchanger, it is cooled to 110°C {coclant is the “propane-scrubbed” residual gas, on
completion of H; membrane removai, which is heated at the same time from 30°C to
15  102°C) without condensate being formed. in a further indirect heat exchanger
downstream, the residual gas at 110°C is cooled to 35°C (coolant is surface water at
approx. 25°C).
This condenses 44.2 g/h of water out of the residual gas. This agueous condensate is
likewise fed to residue incineration and incinerated therein together with the other
20  residues mentioned with supply of 4,12 m3 (STP)/h of air. The hot combustion gases are
cocled to obtain steam {52 bar, 267°C, 3.41 kg/h) and released into the environment.

The residual gas which now still comprises 2.93 m® (STPYh of propane (20 bar, 35°C)
is conducted into the lower section of a column with random packing (separation zone

25 1}, At the top of this scrubbing column, 21.62 kg/h of technical tetradecane from
Haltermann, Germany (as described in 11} are infroduced with an introduction
temperature of 30°C (P = 20 bar).

At the top of the scrubbing column, “propane-scrubbed” residual gas (offgas) escapes,
30 which, at a pressure of 20 bar and a temperature of 30°C and an amount of 1.01 m?
(STP)/h, has the following contents:

propane 0.92% by volume,
propylene 0.03% by volume,

35 ethylene 0.99% by volume,
methane 3.29% by volume,
H> 47.97% by volume,
O 14,84% by volume,
N 3.75% by volume,

40 H:0 0.78% by volume,
CO 6.95% by volume and

COo 18.89% by volume.



1.06 m3 (STIjl/hof crude propane which comprises propane (fresh 15propane) to an extent of > 98%
by volume if = 53%925 = 2.90 bar), and 200.41 ms (STP)/hof compressed air (T = 159C; P = 2.66 bar).
Indirect heat exchange (in the intermediate cooler, heat exchanger disposed between the two reactors)
with reaction gas A conducted out of the tray reactor@hd in the direction of the downstream shaft
reactor establishes the temperature of 500C. 25 The second gas mixture is composed of: 3.48
m3 (STP)/h o geh, drogenatio le gas it = 554C: P = 2.37 bar) 30and 1.98 M3 (STP)/h of propane
cycle gas (T :I[. '50%:’;083”‘3%‘7”%65 Sltoﬁggsa'%%g HPéegf‘E.ﬂ %%@%ﬁgcg ??—:‘FHB%@ Lﬁ‘r‘é\?gp 39C. 35
Indirect heat &EREIRY@RRPHIFoIC Rfls R GRliRida Bertane fSmIRERAuRLRS LIl tablishes
the temperatUe@vsstitieepr o anOdyaielgaSOThevdttralesge vhlicH cytis fBYHIehrigagRicséaccording to
the jet punp Ppieroneketdcitr&imPwiiZi A2 e tadicuviegarmiteytte gas heated to 500C functioning as the
motive jet. 40 The entrance temperature of the reaction gas A charge gas mixture and the bed height of
the first catalyst bed flowed through reaction h as mixture in flow direction in the
tray reactor are adjusted such that Pe@%%]fﬁ gas A Ie(gggts%:ﬁ*sec{)g%% st PF 58025 96 bed with a
temperature of 522C and a pressur@®'3%4 bar with $e H@S\Mﬁ{ﬁrﬁ%ntents: propane53.77% by
volume, 5propylene14.45% by volutte, ethylene0.2684! BypudivdlEMaethanel.26% by volume,
1424.31%96 by volume, 020% by vol@ne, 10N215.91%68%\mlwariame,

N2 8.83% by volume,
H20 1.52% by volume,
CO 0.22% by volume, and
CO» 7.68% by volume.

15
This gas stream is fed to (throttled into) the first gas mixture to generate the reaction

gas A charge gas mixture.

The remaining offgas is decompressed as described and subjected to indirect heat
20  exchange, and then fed to residue incineration or incinerated in a flare.

25.40 kg/h of absorbate which have a pressure of 20 bar and a temperature of 59°C

are withdrawn from the bottom of the “propane scrubbing column” which is neither

externally cooled nor heated. It comprises 14.40% by weight of propane and 0.38% by
25  weight of propylene.

Before the absorbate is conducted to the top of the downstream desorption column, it
is heated fo 68°C in an indirect heat exchanger. The heat carrier used is the liquid
effluent from the desorption column (21.62 kg/h) which has a temperature of 80°C at a

30 pressure of 3.26 bar and still comprises 0.09% by weight of dissolved propane. By
means of a pump, it is compressed back to 20 bar, and, after indirect cooling with
surface water (25°C) to 30°C, it is recycled to the propane absorption at the top of the
“propane scrubbing column”.

35  After being heated to 69°C, the absorbate (for example in an inverse pump or by
means of a valve) is decompressed to a pressure of 3.26 bar (the mechanicat energy
released in the case of the inverse pump is appropriately alse used to recompress
absorbent freed of propane in the desorption column (the liquid effluent of the
desorption column}), and the biphasic mixture obtained is conducted into the

40  desorption column at the top.



H208.88% by volume, CO0% by volume, CO20.01% by volume. 15 The leaving amount is 7.18 m3
(STP)/h. Bey(?rﬁj%%zﬁrst catalyst bed of the tray reactor, 0.64 m3 (STP)/h of air is metered into reaction
gas A (T = 159C, P = 2.66 bar). The metered addition is effected by throttling, so that the resulting
pressure of the resulting reaction gas A is still 2.44 ba4.  The bed height of the second catalyst bed of

the tray reactgrig ik ek feRGMANGAS B8R s B serPRdrasaliRl e sdra igmperature of
with the followmrg @Rntents:
y

539C and a pressure of 2.41 bar ropane43.71% by volum
propylenel?.@g%D & \%’lﬁmé %‘@e%fl?éﬂté%%%r% oﬁjwrhstg, ?ngec&%n}]%f'gﬁ% f/”\P/( 8%1('3”%4{?&3% by
volume, 0209'6,POBRIE, QUG SETE M I G ARSAG RIS BRSNS OB iedoR 8/d58 by volume, and
C020.01% bysgsptien Thkmemving amount is 8.04 m3 (STP)/h. 35 Upstream of the static mixer
disposedsupstream of the third catalyst bed of the tray reactor, 0.63 m3 (STP)/h of air is metered into
this jte_action %ﬁ%ﬁs@iinﬁﬂ@gigé@%lﬁﬁ %g&g&gﬁ%gi %Qmaabhmﬁiéﬁ%sgm csfressurebof dth? N
resulting rea i§ St L Of th r ed of the
tray reactor iﬁ%?%%@%ﬁ%ﬁ?a@%&? %eraa\gég‘ e? e cé?laﬁfg{‘ %%g%iﬁ%@%r%%’r%%grg@ 554C and a

pressure of 2°SPHEFURTANHE fBRRFAT GTRINEISD BF A5 SEPERSBY WBtume,

10 At the top of the desorption column, 2.21 m3 (STP)/h of propane cycle gas which have
a temperature of 69°C and a working pressure of 3.26 bar escape.
After heating to 400°C by indirect heat exchange with product gas A of temperature T =
476°C, the propane cycle gas is fed to the charging of reaction zone A with reaction
gas A starting mixture.

16 The propane cycle gas has the following contents;

propane 83.73% by volume,
propylene 2.32% by volume, and
H,0 12.94% by volume.

20
V. Fourth illustrative process for preparing acrylic acid from propane (a steady

operating state is described)

Reaction zone A is a fray reactor as described under ., except that connected

25 downstream of it in this example is a further adiabatic shaft furnace reactor which has
only one fixed catalyst bed and which corresponds in its configuration to the first fixed
bed tray in the tray reactor in flow direction. Between the two reactors, an indirect heat
exchanger is connected. The heterogeneously catalyzed partial propane
dehydrogenation is carried out in the tray reactor in straight pass with dehydrogenation

30 cycle gas mode. The loading of the totai amount of catalyst (calculated without inert
material} of all trays with propane is 1500 | (STP)/I*h. in the downstream shaft furnace
reactor, essentially only a heterogeneously catalyzed combustion of molecutar
hydrogen is effected.

35 6.93 m® (STP)/h of reaction gas A charge gas mixture (starting mixture; P = 2.46 bar)
are fed to the first catalyst bed of the tray reactor in flow direction and have the
following contents:

propane 60.54% by volume,
40 propylene 10.38% by volume,

ethylene 0.28% by volume,

methane 0.87% by volume,

Hz 2.44% by volume,



propylenel9.15% by volume, ethylene0.57% by volume, methanel.72% by volume, H24.82% by
volume, 10075058 lume, N223.83% by volume, H2013.31% by volume, CO0% by volume, and
C020,01% by volume. 15 The leaving amount is 8.89 ma (STP)/h. A flow divider divides reaction gas A
into two portions of identical composition at the outled®f the tray reactor. The first portion is 3.49 ma
(STP)/h and the second portion is %)5.40 M3 (STP)(HQ%B %;thqétlion is recycled into reaction zone A
as a constituent of the reaction gas A charge gas mixture, For the purpose of dehydrogenation cycle
gas flow of the first portion, the propane cycle gas Héa#éé’ d agé'éﬁ%’ed is used as the motive jet to
operate a jet pump, the conveying ction of the rB&R% Eé‘t‘d?—:\%@ﬁlpressed through a motive nozzle via
a mixing zone and a diffuser pointifi&lin the 25direcliénbyfubleregitanite to reaction zone A, and the
suction rpzzle pointing in the directyg, of the first flovp prrtiprsiigaction gas A and the "suction nozzle
- mixing zone - diffuser" connection forming the sole connecting line between the first portion of
reaction gas A to be recycled and the access to reaction.zone A. 30 e [ reaction gas
Ais conductt—ﬁl %ﬂ?%cft'r%rggﬁgrﬁ%ﬁégﬁ %%%"88%‘[‘@% 'FrSnT %&‘J&%%‘%&Iﬂ&:’ﬂ?g{g El@%gc%ﬂé)e%t exchange
with the first S8SORRBAS BEHDERLD srs i YBropbich SPIABREBILSVRYELRE IRESNREFS the reaction
gas A startingninistasediomenns ghe atdticireixan.the intermediate cooler disposed between the tray
reactor gnd the shaft reactor downstream thereof. This heats the first gas mixture 35from 229C to

500C; the WOFKing-BY 68 YHBa AEHBS S RIANYAANGG 0840 i (T RR.afralugreath@metered into the

second porti%%mcoglg a3 described, of reaction gas A (1 = 159C, throttled to 2.66 bar). The gas
mixture is thery conducted through the downstream shaft reactor. 40 The bed height of the (“fourth”)
catalyst bed disposed in the downstream shaft reactor is such that reaction gas A leaves this catalyst

bed as product gas AGfith*4SEMeraturef SrEBDIrenane WhikscraBfisesRsapranrH ieefollowing contents:

15 propane) fo an extent of > 98% by volume (T = 237°C; P
= 2.90 bar),
and
20 0.41 m3 (STPYh of compressed air (T = 15¢°C; P = 2.66 bar).

Indirect heat exchange (in the intermediate cooler, heat exchanger disposed between
the two reactors) with reaction gas A conducted out of the tray reactor and in the
direction of the downstream shaft reactor establishes the temperature of 500°C.

25
The second gas mixture is composed of;

3.48 m?® (STP)/h of dehydrogenation cycle gas (T = 554°C; P = 2,37 bar}
30 and
1.98 m? (STP)/h of propane cycle gas (T = 500°C,; P = 2.97 bar).

It has a pressure of 2.46 bar and a temperature of 529°C.

35 Indirect heat exchange with product gas A conducted out of the downstream shaft
reactor establishes the temperature of the propane cycle gas. The dehydrogenation
cycle gas flow is effected according to the jet pump principle {cf. DE-A 10211275), the
propane cycle gas heated to 500°C functioning as the motive jet.

40  The entrance temperature of the reaction gas A charge gas mixture and the bed heighnt
of the first catalyst bed flowed through by the reaction gas A charge gas mixture in flow
direction in the tray reactor are adjusted such that reaction gas A ieaves this catalyst



PF 58025 98 propane32.53% by volume, propylenel7.48% by volume, ethylene0.52% by volume,
5methanel.576:3804®lume, H20% by volume, 020% by volume, N230.08% by volume, 1-12016.79%
by volume, 10CO0% by volume, and C020.01% by volume. In a downstream (second) indirect heat
exchange with propane cycle gas from separation z@ge 1V, product gas A (5.92 m3 (STP)/h) is cooled
from 580C t0,3 15 Convyersel e ratu e rises.from 69C to 500C.
Subsequentlytfeg%%tpn%t?@f) 357"51&%%8%2% ggﬁrdr%\%%%/} %oor?(?égggt%{)%ﬁr@ﬁgtﬁg%@ ct gas A cooled to
388C. To thisCQHt?,nltﬁé product gas A cooled to 388C is first conducted in indirect heat exchange to
5.10 m3 (STP)/11 of product gas A* (T = 40C; P 20 = 2.01 bar) from which the appropriate amount of
steam has already been removed lpyopamdensation $&#i¥hand)lame thus cooled to 112C. The
temperatgire of product gas A* is sipygligeagusly incigased g widken @ downstream air cooler,
product gas A (T = 112C; P = 2.26 gﬂ%ﬁé:ooled tooy&k%iog]iﬁﬁg,heat exchange with outside air (the
working pressure of product gas A falls at the same, time to 2.06 bar) and thereafter 25already has
biphasicity. Direct cooling with spra@)gg"ﬁ%eous cohggr{”s Yev\%}H[Eﬁ'has been cooled (to 29C) and
removed beforehand from product ﬁas A by appropﬁiaﬂé’/mﬁéﬁf’wﬁfﬁng removes the aforementioned
amount of steam from product gas @eby condensatidf tey obtamea 30 product gas A* (P =2.01 bar, T =
40C, 5.30 m3 (STP)/h). This is heaggd to 358C as desgHitacslalpavae8.55 m3 (STP)Th of air (T = 159C,
P = 2.66 bar) are then throttled intq_@@ product gasgAxgel Igéﬁ\fgrmg reaction gas B starting mixture
(charge gas mixture) which has a t&raperature of 283C an 1a working pressure of 1.96 bar. 35The
reaction gas B starting mixture (charge gas mixturez Rad the'to owing contents: propanel4.11% by
volume, propylene7.58% by volum&&thylene0.23% B 4 MUNRIDEmethane0.68% by volume,

15 The leaving amount is 7.18 m3 (STP)/h. Beyond the first catalyst bed of the tray
reactor, 0.64 m? (STP)/h of air is metered into reaction gas A (T = 159°C, P =
2.66 bar). The metered addition is effected by throttiing, so that the resulting pressure
of the resulting reaction gas A is stiil 2.44 bar.
The bed height of the second catalyst bed of the tray reactor is such that reaction gas
20 A leaves the second catalyst bed with a temperature of 539°C and a pressure of
2.41 bar with the following contents:

propane 43.71% by volume,
propylene 17.02% by volume,
25 ethylene 0.51% by volume,
methane 1.52% by volume,
Ho 4,53% by volume,
0O, 0% by volume,
N 20.35% by volume,
30 H:0 11.37% by volume,
CO 0% by volume, and
CO:; 0.01% by volume,

The leaving amount is 8.04 m3 {STP)/h.

35
Upstream of the static mixer disposed upstream of the third catalyst bed of the tray
reactor, 0.63 m® (STP)/h of air is metered into this reaction gas A (T = 159°C, throttled
in at a pressure of 2.66 bar). The resulting pressure of the resulting reaction gas A is
still 2.41 bar.

40



H20% by volume, 0212.69% by volume, PF 58025 99 N260.9% by volume, H202.75% by volume,
CO0% by voltim28Qdfd C020.03% by volume. 5 This is used to charge reaction zone B which has the
same structure as that from Il.  The propylene loading on the catalyst charge of the first oxidation
stage is selected to be 130 | (STP)/I.h. The salt meligz(53% by weight of KNO3, 40% by weight of

NaNO2, 10 7% igh NO3 ha llowing entran Ge tem 7 TB = 329C
Te = 267 ot AR Ny PR SIDE R S Eaig R Rl J‘é (Ratien %Su%t gas
mixture of th@ﬂyﬁséﬂﬁjm|@n°§fé@’éttﬁﬁij Wi AdeRra F’o’f&ﬁ%ﬁ%qmﬁe"@ iR c% FgBadas mixture
for the seconditi o fRlPwingeastes. The acrolein loading on the catalyst charge of the second
oxidation stage is 110 | (STP)/1.h. The pressure at the entrance to the second oxidation stage is 1.68
bar. 20 Reaction gas B leaves the lmﬂgﬁgdlate coaisiseithng (RARYature of 260C and the entrance
temperature of the charge gas mlxﬁ.}@ﬁgg the sec%lq ng t ﬁiigge is 253C. The product gas
mixture of the first oxidation stage oIIOW|n 5 acrolein6.40% by volume, acrylic
acid0.44% by volume, propanel4. @ Efﬂ}evolume %%2% ¥1¥8 496 by volume,

methane .72% by volume,

Ha 4.82% by volume,
10 02 0% by volume,

Nz 23.83% by volume,

H,O 13.31% by volume,

CO 0% by volume, and

CO: 0.01% by volume.

15
The leaving amount is 8.89 m3 (STP)/h.

A flow divider divides reaction gas A into two portions of identical composition at the
outlet of the tray reactor. The first portion is 3.4 m? (STP)/h and the second portion is

20  5.40 m? {STP)/h. The first portion is recycled into reaction zone A as a constituent of
the reaction gas A charge gas mixture. For the purpose of dehydrogenation cycle gas
flow of the first portion, the propane cycle gas heated as described is used as the
motive jet to operate a jet pump, the conveying direction of the motive jet
decompressed through a motive nozzle via a mixing zone and a diffuser pointing in the

25  direction of the entrance to reaction zone A, and the suction nozzle pointing in the
direction of the first flow portion of reaction gas A and the “suction nozzle — mixing zone
- diffuser” connection forming the sole connecting line between the first portion of
reaction gas A 10 be recycled and the access to reaction zone A.

30  The second portion of reaction gas A is conducted out of reaction zone A and cooled
from 554°C to 473°C by a first indirect heat exchange with the first gas mixture,
composed of crude propane and molecular oxygen, involved in the reaction gas A
starting mixture (charge gas mixture} in the intermediate cocler disposed between the
tray reactor and the shaft reactor downstream thereof. This heats the first gas mixture

35 from 229°C to 500°C,; the working pressures are essentially retained.

6406 m3 (STP)/h of air are then metered into the second portion, cooled as described,
of reaction gas A (T = 159°C, throttled to 2.66 bar). The gas mixture is then conducted
through the downstream shaft reactor.

40  The bed height of the (“fourth”) catalyst bed disposed in the downstream shaft reactor
is such that reaction gas A leaves this catalyst bed as product gas A with a
temperature of 580°C and a pressure of 2.26 bar with the foliowing contents:



30methane0.68% by volume, H20% by volume, ethylene0.23% by volume, 024.18% by volume,
N260.87% b Tot8R% 35H2010.64% by volume, CO0.33% by volume, and CO20.78% by volume.
Before entry into the aftercooler, the temperature of the product gas of the first 40oxidation stage is
335C. PF 58025 100 The product gas mixture of thggecond oxidation stage (product gas B) has a
temperature of 270C and a pressure of 1.55 bar, and also the following contents: acrolein0.03% by
volume, 5acrylic acid5.97% by volume, acetic acidQ.18% by volume, propanel3.0% by volume,
propylene0.36% by volume, methaf&8E%% by voll‘ff’r?n(?':3 iKY HSﬂléWé?).Zl% by volume, H20% by volume,
022.60% by volume, N264.2% by \RSRRYIENE12010.29048% G¥IMPHéNe6C00.48% by volume and

ethylene 0.52% by volume,
5 methane 1.57% by volume,
H> 0% by volume,
02 0% by volume,
N2 30.08% by volume,
H.O 16.79% by volume,
10 CO 0% by volume, and
CO2 0.01% by volume.

In a downstream (second} indirect heat exchange with propane cycle gas from
separation zone 1V, product gas A (5.92 m? (STP)/h) is cooled from 580°C to 388°C.
15  Conversely, the temperature of the propane cycle gas rises from 69°C to 500°C.

Subsequently, 0.82 m® {STP)h of steam is removed by condensation from the product
gas A cooled to 388°C. To this end, the product gas A cooled to 388°C s first
conducted in indirect heat exchange o 5.10 m3 (STP)/h of product gas A* (T =40°C; P

20 = 2.01 bar) from which the appropriate amount of steam has already been removed by
condensation beforehand, and thus cooled to 112°C. The temperature of product gas
A" is simultaneously increased to 358°C. In a downstream air cooler, product gas A (T
= 112°C; P = 2.26 bar) is cooled to 54°C by indirect heat exchange with outside air (the
working pressure of product gas A falls at the same time to 2.06 bar) and thereafter

25  already has biphasicity.

Direct cocling with sprayed aqueous condensate which has been cooled (to 29°C) and
removed beforehand from product gas A by appropriate direct cooling removes the
aforementioned amount of steam from product gas A by condensation to obtain a

30 product gas A* (P = 2.01 bar, T =40°C, 5.10 m3 (STP)/h). This is heated to 358°C as
described above. 8.55 m? (STPYh of air (T = 158°C, P = 2.66 bar) are then throttled
into the product gas A*, This forms a reaction gas B starting mixture (charge gas
mixture} which has a temperature of 283°C and a working pressure of 1.96 bar.

35 The reaction gas B starting mixture {charge gas mixture) has the following contents:

propane 14.11% by volume,

propylene 7.58% by volume,

ethylene 0.23% by volume,
40 methane 0.68% by volume,

H> 0% by volume,

0O, 12.69% by voiume,



C0O21.08% bpyalpwag. As described in WO 20041035514, product gas 13 (14.81 m3 (STP)/h) is
fractionally condensed in a tray column (separation zone Il). 20 As the first fuel, 133 g/h of high boilers
(polyacrylic acids (Michael adducts), etc.) are fed to the residue incineration. From the second
collecting tray above the feed of product gas B into R tray column, 25 2.80 kg/h of a condensed crude
acrylic acid are withdrawn which hag a temperaturesofotb Byard@:99% by weight of acrylic acid. As
described in WO 2004/035514, thig4igysuspension-grystalizedhases addition of a small amount of water,
the suspension crystals are separa&si from the mogaprbmﬁ%hg%auhc scrubbing columns and the
mother liquor is recycled into the copdensation col % des ribed in 30 WO 2004/035514. The purity
of the washed suspension crystals 153 99,87% bylglr@ gn% gf‘écryrﬂg acid and is suitable immediately for
preparing water-"superabsorbing” polymers for use in the hygiene sector. The amount of acid water
condensate Whistheawsedrtmehbegthiegciifezting B aghisbdwas 3tetbarecdrottpre dsdhgbkd®itito the
condensation column but not recycled into the condensation column is 1.19 kg/h, has a temperature of

34C and hasthe SRUyEng (aRIRgton %%stwaagbq%@ﬂ&ﬁm ARE5Ve By avsishibelacgyic acid,
5.31% by wej h n&e%@é_‘ nd f%ﬁ 40{5 gfy we| V¥attel< 6 5 w&qﬁwﬁ%tq@dﬁ the

condensatlon colum 98ave sep Yohe ha terﬁperature of

33C and% pr_éé’s?h‘é“’Sigf% Pan bhﬁéﬁ&}%@*@%@#@*%@?&?@ﬁ@@m by volume, acrylic
acid0.02% by volume, acetic acid0% by volume, propanel5.35% by volume, 10propylene0.42% by
volume, ethylene0.25% by vatumez7°C Ts = 329°C

Te=267°C Tp = 268°C

15 Sufficient air (159°C, 2.66 bar) is metered (throttled) into the product gas mixture of the
first oxidation stage that the molar O, : acrolein ratio in the resulting charge gas mixture
for the second oxidation stage is 1.01.
The acrolein loading on the catalyst charge of the second oxidation stage is 110 |
(STP)/I*h. The pressure at the entrance to the second oxidation stage is 1.68 bar.

20  Reaction gas B leaves the intermediate cooler with a temperature of 260°C and the
entrance temperature of the charge gas mixture into the second oxidation stage is
253°C.

The product gas mixture of the first oxidation stage has the following contents:

25
acrolein 6.40% by volume,
acrylic acid 0.44% by volume,
propane 14.09% by volume,
propylene 0.39% by volume,

30 methane 0.68% by volume,
Ho 0% by volume,
ethylene 0.23% by volume,
02 4.18% by volume,
Nz 60.87% by volume,

35 H.O 10.64% by volume,
CO 0.33% by volume, and
CO, 0.78% by volume.

Before entry into the aftercooler, the temperature of the product gas of the first
40  oxidation stage is 335°C.



methane0.74% by volume, H20% by volume, 023.07% by volume, 15N275.64% by volume, H201.68%
by volume, #8888 by volume, and CO21.27% by volume. 20In the first compressor stage of a
multistage radial compressor, the residual gas is compressed from 1.20 bar to 6.93 bar, in the course
of which the temperature of the residual gas rises ta@iL7C. In an indirect heat exchanger, it is
cooled to 111C without.condensate heing formed 25(coolant is the "propanessgrubbed” residual gas
(also referrei %8 reor(g‘fr?};\ﬂ%? 51“5',:( 8*?9‘531&? e o,ngft%xr‘%%?\% %pg%?e{gq?ggnc%%j ﬁ@%é in an indirect heat
exchanger, iEEMRESAYRSELAE G AN FRsEa B8l hahbarAndaisndsialoyingLaniiitktage expansion
turbine and cooled at the same time). This heats the offgas (10.39 m3  (STP)/h). In a second
expansion stage, the offgas is decaenpigissed to 1.10 bab.(iBthdy 80lasea temperature of 78C) and then
fed to residue incineration. In an inglirpgt adicooler, the comprespediasidual gas (P =6.93 barand T =
111C) is cooled to 59C. In a seco ressor stage, f is:6 I from 6.93 bar to 20 bar, which
simultaneously heats it to 168C. Ir?%tgﬁg%'sstream indirectzst' eftheSﬁéﬁghger, it is cooled to 101C
(coolant is the "propane-scrubbed'p'?gg?(ﬂ?al gas which is1ﬁeoa§e%ya‘f%‘fg'§ame time from 30C to 138C)
without condensate being formed.RFPEMERBer indirect héad@&%chaYRJEF§ownstream, the residual gas at
101C is cooled to 35C (coolant is sugfhsrevater at apprdx62%Q)y vollmizecondenses 159.7 g/h of water
out of tg residual gas. This aqueagygrlensate is 40likeymepieehigmesidue incineration and
incinerated therein together with tq_qe other residues meng%ngp\)giwpply of 5.59 m3 (STP)/h of air.
The hot combustion gases PF 58025 102 are cooled to ogﬁn stea}r!r? 52 bar, 267C, 3,78 kg/h) and
released into the environment. TH& residual gas WhiCh%’ %ﬁ}ﬁ’ &8 $es 12.37 m3 (STP)/h of
propane (20 bar, 35C) 5 is conduc¥d into the lower secfiir? &t BYSWRE with random packing

(separation zone llI). H:O 10.29% by volume,
15 CcO 0.48% by volume and
CO; 1.08% by volume.

As described in WO 2004/035514, product gas B {14.81 m® (STP)/h) is fractionally
condensed in a tray column {separation zone {l).

20
As the first fuel, 13.8 g/h of high boilers (polyacrylic acids (Michael adducts), etc.) are
fed to the residue incineration.

From the second collecting tray above the feed of product gas B into the tray column,

25  2.80 kg/h of a condensed crude acrylic acid are withdrawn which has a temperature of
15°C and 96.99% by weight of acrylic acid. As described in WO 2004/035514, this is
suspension-crystallized after addition of a small amount of water, the suspension
crystals are separated from the mother liquor in hydraulic scrubbking columns and the
mother liquer is recycled into the condensation column as described in

30 WO 2004/035514. The purity of the washed suspension crystals is > 89.87% by weight
of acrylic acid and is suitable immediately for preparing water-"superabsorbing”
polymers for use in the hygiene sector.

The amount of acid water condensate withdrawn from the third collecting tray above

35 the feed of product gas B into the condensation column but not recycled into the
condensation column is 1.19 kg/h, has a temperature of 34°C and has the following
contents:

0.35% by weight of  acrolein,

40 4.95% by weight of  acrylic acid,
5.31% by weight of  acetic acid and
88.40% by weight of water.



At the top of this scrubbing column, 66.37 kg/h of technical tetradecane from Haltermann, Germany (as
described inPR)a#&Mmtroduced with an introduction temperature of 30C (P = 20 bar). 10 At the top of
the scrubbing column, "propane-scrubbed" residual gas (offgas) escapes, which, at a pressure of 20
bar and a temperature of 30C and an amount of 1@&p mi (STP)/h, has the following contents:
15propane0.19% by volume, propylene0.01% by volume, ethylene0.29% by volume, methane0.89% by
volume, H20% by volume, 20023.70% by volume, N291.38% by volume, 1-1200.32% by volume,
CO0.67% bﬁ%ﬁﬁﬁ@,%H@@@E’EWBWQH@%&%@W%%T@E@ o isidhiAlvasde’yras described and
subjected tos@mdiraiitrnzonelohitng deameethttmefefl 33° @ sitde presmmstioi clbanardttie by means of a
flare. 70.25 kgbwiigpdsagaade which have a pressure of 20 bar and a temperature of 41C 30 are
withdrawn from the bottom of the “propane scrubbing column’ which is neither externally cooled nor
heated. It comprises 5.41% by weight of propane and E]él?/ t%y w i%ht of propylene. Before the
absorbate is conducted to the topao _eéndownstream €s0 aﬁtl n’Colliffin, it is heated to 69C in an
indirect heat exchanger. The heaPEafifAti€ed is the 1i§fid BPEHRIBRErom the desorption column
(66.37 kg/h) which has a temperaagediob80C at a pres8lirdpel9nehar and still comprises 0.03% by
weight of dissolved propane. By rpegimef a pump, it is|s@bty egseduhack to 20 bar, and, after indirect
coolinggvith surface water (25C) tgr rkis recycled i@ 1be, prepamabsorption at the top of the
"propane scrubbing column”. 40 etﬁ e8r925 103 releasa&(}r,g@/t%e \98]%%01‘ the inverse pump is
appropriately also used to recompregs ABsorbent freed & p?oﬁ’ane in the desorption column (the liquid
effluent of the desorption column)'}"eé%"ﬁe biphasic nfixfére BhigReis conducted into the desorption

column at the top. Ho 0% by volume,
Oz 3.07% by volume,
15 N2 75.64% by volume,
H:0 1.68% by volume,
CcO 0.55% by volume, and
COq 1.27% by volume.

20 In the first compressor stage of a multistage radial compressor, the residual gas is
compressed from 1.20 bar to 6.93 bar, in the course of which the temperature of the
residual gas rises to 217°C.

In an indirect heat exchanger, it is cooled to 111°C without condensate being formed
25  {coolant is the “propane-scrubbed” residual gas (also referred to hereinafter as “offgas”

which, after being heated from 30°C to 138°C in an indirect heat exchanger, is

decompressed starting from 20 bar in the first expansion stage of a multistage

expansion turbine and cooled at the same time). This heats the offgas (10.39 m?

(STPYh). In a second expansion stage, the offgas is decompressed to 1.10 bar (it then
30  has a temperature of 78°C) and then fed te residue incineration.

in an indirect air cooler, the compressed residual gas (P =6.93 barand T = 111°C} is
cooled to 59°C. In a second compressor stage, it is compressed from 6.93 bar to
20 bar, which simultaneously heats it to 168°C. In a downstream indirect heat
35 exchanger, it is cooled to 101°C (coolant is the “propane-scrubbed” residual gas which
is heated at the same time from 30°C to 138°C) without condensate being formed. In a
further indirect heat exchanger downstream, the residual gas at 101°C is cooied to
35°C (coolant is surface water at approx. 25°C).
This condenses 159.7 g/h of water out of the residual gas. This agueous condensate is
40 likewise fed to residue incineration and incinerated therein together with the other
residues mentioned with supply of 5.59 m? (STP)h of air. The hot combustion gases



5 Disposed in the desorption column is a heating coil through which steam of temperature 152C, P =
5.00 bar in aPB&80&% of 1.3 kg/h is conducted in cocurrent with the absorbate descending in the
desorption column. 10 At the top of the desorption column, 1.98 m3 (STP)/h of propane cycle gas
which have a temperature of 69C and a working prefgure of 2.97 bar escape. After heating to 500C by
indirect heat exchan ith_product of t r T =580C, the prppang cycle gas is used as
the motive jeta {5 ,8%%'%%%3 tﬁ%%ért] 6&%@?@%%h?é%ﬁea%%ﬁ)'fg’r!%%'Plceg:{;%}ﬁagyg&%ag%g &nd the propane cycle
gas are fed t&HEXREGIg of 15reaction zone A with reaction gas A starting mixture. The propane
cycle gas has the following contents: propane9642% by volume and 20propylene2.58% by volume.
VI.First compthatiesigxalrgatendiichproeesy bonpdsear itg) 3rcmyli CSTdgironpraterang2coateadsdperating
state is desciibggh RRRRARIOME MG, Scipistss afiLARihaticaahafh buasg (??HPJMHQ&%V one fixed
catalyst bed Ymose configuration corresponds to the first fixed bed tray in flow direction in the tray
reactor from I]."The heterogeneously catalyzed partial propane dehydrogenation is carried out in the 30
shaft reactor it} §IFAOMPHRLS %YHPB@ﬂﬁﬂjUéghgﬁow é@%g&%"%ﬁ%t REANR T YPthe total amount of
catalyst (calctriteemaRnoGeimaryiasarsripes it dbane irgredoced (wittPgn infroductiod7 m3 (STP)/h of
reaction gas #mpargtigas’ 60%QU(R &sBartbag.mixture; T = 450C, P 35= 2.82 bar) are fed to the shaft
furnace4ggactor and have the following contents: propane22.3% by volume, propylene3.65% by
voiume, ethaﬂg

@QT%S §f‘/ﬂ¥8%bﬁ%%m%?op%’é’n@s}é%%%" rd P ALY E Q%0970 DY

volume, PF5 %5 0 .

which, at a pressure of 20 bar and a temperature of 3¢°C and an amount of 10.38 m?®
(STP)/h, has the following contents:

15 propane 0.19% by volume,
propylene 0.01% by volume,
ethylene 0.29% by volume,
methane 0.89% by volume,
Ho 0% by volume,

20 O, 3.70% by voilume,
N: 81.38% by volume,
H:O 0.32% by volume,
CcO 0.67% by volume, and
CO: 1.53% by volume.

25

This offgas is decompressed as described and subjected to indirect heat exchange and
then fed to residue incineration or incinerated by means of a flare.

70.25 kg/h of absorbate which have a pressure of 20 bar and a temperature of 41°C

30  are withdrawn from the bottom of the “propane scrubbing column” which is neither
externally cooled nor heated. It comprises 5.41% by weight of propane and 0.14% by
weight of propylene.
Before the absorbate is conducted to the top of the downstream desorption column, it
is heated to 63°C in an indirect heat exchanger. The heat carrier used is the liquid

35 effluent from the desorption column (66.37 kg/h) which has a temperature of 80°C ata
pressure of 2.97 bar and still cormprises 0.03% by weight of dissolved propane. By
means of a pump, it is compressed back to 20 bar, and, after indirect cooling with
surface water (25°C) to 30°C, it is recycled to the propane absorption at the top of the
“propane scrubbing column”.

40
After being heated to 63°C, the absorbate (for example in an inverse pump or by
means of a valve) is decompressed to a pressure of 2.97 bar (the mechanical energy



N260.32% by volume, H205.05% by volume, CO0% by volume, and C0O21.17% by volume. 5 Reaction
gas A charge §&s5802are is a mixture of a first (1.69 m3 (STP)/h) and a second (23.18 m3 (STP)/h)
gas mixture which is obtained by combining the two gas mixtures by means of a static mixer, 10The
first gas mixture is a mixture of 0.013 m3 (STP)/h of sfggm (T = 134C; P = 3 bar), 1.06 m3 (STP)/h of
crude propane which comprise ane (fresh ane) to an e t of > 98% olume (T =122C; P
50 bty anPIFEShS (B8 B3 1 TG TSP RO GB AP R AR DU B VIR b - 220
bar), and the s@&ﬁi@%i’ ﬁﬁﬁt@lfrér@aﬂﬁmmﬁ desor ‘PW'&S’FPW%'H&%?@'H%E%!% cycle gas (T =
534C; P = 15 2S®piign tolad M3 463 Pghbiphesin pritsecirgitietigesdycledimo(the 444C; P = 2.82
bar) and 0.61 ausdiptiBY eMieprapiessesl air (T = 175C, P = 3.00 bar). Indirect heat exchange with
product gas A conducted out of reaction zone A and in the direction of reaction zone B establishes the
temperature o the Sompr ssed reS| ual 20 gas c as of 444C. The d dro epation cycle gas flow
is effected by t 8 je pﬂrﬁlgh prl%%lg P R ﬁfé”%ffb‘)z(?ﬁag'}% %@E%u -[1 rvers"ge(g res’%ugl cle gas set
to 444C functiSMRFERE W 9o e etsﬂerébﬂﬂﬁ%éé’eWﬁm@n:?éf%ifﬁﬁFGH@H? 'Htﬁqﬂ'err‘:é'gultlng
mixture. 25 Theithelahsiordtthdehceddiagaly b destontion oatoigh by the reaction gas A charge gas
mixture is adjusted such that product gas A leaves this catalyst bed with a temperature of 534C and a

pressureqf 2.3 ' withrthi yReFenisnts: 1%@@@@37%%&%4@'9% BEORARIEITa9E %0 bY
volume, ethang é{ voltgé&%neth negﬂggé%%( %8 211& W%a?%é%ge{e"%g?%e%ﬁ%% by volume,

N259.18% by v y volume
by indirect heat exchange'with product gas A of temperature T =580°C, the

propane cycle gas is used as the motive jet to operate the jet pump, with which the
dehydrogenation cycle gas and the propane cycle gas are fed to the charging of
15 reaction zone A with reaction gas A starting mixture.

The propane cycle gas has the following contents:

propane 96.42% by volume and
20 propylene 2.58% by volume.
VI, First comparative example of a process for preparing acrylic acid from

propane {a steady operating state is described)

25 Reaction zone A consists of an adiabatic shaft furnace reactor with only one fixed
catalyst bed whose configuration corresponds to the first fixed bed tray in fiow direction
in the tray reactor from Il.

The heterogeneously catalyzed partial propane dehydrogenation is carried out in the
30 shaft reactor in straight pass with dehydrogenation cycle gas mode. The loading of the

total amount of cataiyst (calculated without inert material} with propane is

150C t {(STPYIsh.

24.87 m* (STP)/h of reaction gas A charge gas mixiure (starting mixture; T = 450°C; P

35 =2.82 bar) are fed to the shaft furnace reactor and have the following contents:
propane 22.3% by volume,
propylene 3.65% by volume,
ethane 0.07% by volume,
40 methane 0.17% by voiume,
H: 4.18% by volume,

O; 2.09% by volume,



C0O21.14% by volume. 40 The leaving amount is 25.35 m3 (STP)/h. PF 58025 105 A flow divider
divides producPf£8@eat the outlet of the shaft reactor into two portions of identical composition. The
first portion is 11.41 rI13 (STP)/h and the second portion is 13.94 m3 (STP)/h. The 5first portion is
recycled into reaction zone A as a constituent of the rﬂgaq:tion gas A charge gas mixture. For the
purpose of dehydrogenation cycle g flow of the flr%oog a J)?t Pump is operated with the
compressed residual gas cycle gas ated as descr e Ymotive jet, the conveying direction of
the motive jet decompressed througﬁ'%?motlve nozzle- 9 Hﬁ”f’one and a diffuser pointing in the
direction of the 10entrance into reacféh zone A, andOthePsistiomsi@nde pointing in the direction of the
first flow portion of product gas A, ar@dhe "suction nozzie,-pvehgnzone - diffuser” connection forming
the sole cgnnecting line between the first portion of product gas A to be recycled and the access to

reaction zone &ét ER SE%0 %%% )g%g r% )%_#p |§C§% ?%r}g Ego l,ﬁ qfsrﬁ%%?o@%oge A and

cooled to 317 In‘an | |rec @P ow Str ea |nd|rec eat exchange with

compressed réSER4 é&ﬂj M g B‘éﬂ? YR H8Rg pressure
is essentially rEYHHERD bﬂﬁf@ﬁ@%&f ﬁﬁ@&@?smu‘@lfgas cycle gas to 444C and reduces its working pressure
to 2.82 bar. 20 Subsequently, product gas A is cooled to 221C in a second indirect heat exchange with

"propanetgcrulyhgdirfiigsiftidtafeis (@ A3 cPORNBIn: fsiwh%f:s@mbarmmcfpis sigutitaneously
accompanied g mleﬁm&%mgﬂeeamﬁ Belf AbigDerisdBandy RPgRe-scrubbed"
product gas Aé so r er herelna éoqﬁz?f angli ﬁegsﬁiyyor |%Fre@sure to
10.10 bar. Sub e tfy, %grge essed olkuk 3 anS|on
stage of a muIﬂXE‘é@%eQ%BélH@I@ r‘bPYeV‘élH'@%oT)leé%ﬁh% S&R0 Bt ﬁ%‘i’rf'l%?@‘?ﬁdlm The 300ffgas
leaving the firshespznsiemsthge o Heh cohRiTER iof idelinetrbbesatochyrig gas the pddctRyas A at
221C. Theslatteragssamtiedly 6eiRi(STIR/Wofldog eIy eosiiuas Rantgdie bl Fana4rpero=215C. This
heats the offagegp 634 6ri B3 uns(anil iealingraldinupriing fieesue: Jigp glffas s then

decompressed to 1.23 bar in the second expansion stage of the multistage expansion turbine, which
cools it to 89C. 35The oftgas is then fed to residue incineration. Product gas A at 215C and 2.18 bar is

subsequently SYHIEEHIRALBXE0RNEF ML PTEGUR @5 MrEenALcied QYL gh §RACHRA 7988 HHBENNE cooling
water-cooled idtifetiameiaeastinasges. Boswblishestoedpropeivia i theiceririassamienideadenses out
inthe 20 gas cycle gas of 444°C.

The dehydrogenation cycle gas flow is effected by the jet pump principle (cf. DE-
A 102 112 75}, the compressed residual gas cycle gas set to 444°C functioning as the
motive jet. The compressed air is metered (throttled) into the resulting mixture.

25
The bed height of the fixed catalyst bed flowed through by the reaction gas A charge
gas mixture is adjusted such that product gas A leaves this catalyst bed with a
temperature of 534°C and a pressure of 2.36 bar with the following contents:
30 propane 17.83% by volume,
propylene 7.51% by volume,
ethane 0.15% by volume,
methane 0.37% by volume,
Hz 3.76% by volume,
35 Q- 0% by volume,
N 59.18% by volume,
H:O 9.06% by volume,
CO 0% by volume, and
CO, 1.14% by volume.
40

The leaving amount is 25.35 m3 (8TP)/h.



40 course of the coolings is removed (0.68 kg/h). PF 58025 106 The remaining 13.09 M3 (STP)/h of
product gas A Bfemﬁgressed to 4.78 bar in the first compressor stage of a multistage radial
compressor. This heats product gas A from 39C to 106C. Subsequently, product gas A is cooled to
54C by means of air in an indirect heat exchanger angigthe water which condenses out (8.0 g/h) is

removed by 5 s of. et.separators. In ey S h

(STP)/h of pro&%%”gg E%gg“gg{rﬁpp es%seé ?8 slg ég bafgjuﬁﬁl@?s.{%%%ﬁ%?a’t%%&vs&h eatlngB & proﬁt gas A
to 123C. Coohfﬂf%%ﬁ SPPPRRRAirect heat exchanger then cools product gas A first to 54C and then
indirect heat exchange with cooling water cools it to 29C. By means of droplet separators, the water
which condensHwdusipohioodsisedliOnef (BER)doind shs sentovigub(GcRdsktB D4 Tive(SPEAIhMESTP)/h of
product gas A sirbigibRiy istHEpenaitnty ResivroEkig AESSS YR dhtBeRE Bl iME rekibtidh gadar) are

conducted intophedBuet AGLIGR oich BRINTIRUIL SRRROmERFANSh 26U GATIGIISAAR RigPane10.55%

by volume, 15propylened 24% volu i&at volume ethane 1%

H24.13% by B B VTR RN B%Bm%ﬁusn%ef 6@%@@8% BB,
volume, and C@?E’frﬁ@%ﬁt%lﬁﬁé’ezﬁtAtf‘&éow@HF%@rﬁﬁyﬁaﬁé %ﬂﬁﬁiﬁl%ﬂﬁ?ﬂmﬁ'ﬁ?%@?kg/h of
technical tetradkicagd fromtHalteanarin @erixinaydas aederitiuser poiatindrinrtvudisectigthedithe
introductionm tegmeintermir8aélith he A0dnanhéslbsooprbibesetingmghealinationudipane
scrubbed” proGugtmae ghik éQLﬁ,—% 6, Maiaks Al RiRIeRRRIRQf dikin Q@ﬁ@”@ fusgpperature of
30C and ana Hn%&u n?or % (géhgsnﬂiﬁgmme'b contetﬂtsr ? 9 2°r/0(§|) Y %g&
propylene0. 01/8 y VO umengg%t &rie0. 1458 8 8Iume me? ane }P 7o ur% i%/(-258 o by

volume, fo b e recycled and the access to reactlon zone A.

15  The second portion of product gas A is conducted out of reaction zone A and cooled to
317°C in an indirect heat exchanger disposed downstream of it by indirect heat
exchange with compressed residual gas cycle gas (11.16 m3 {(STPYh; T=131°C, P =
3.00 bar) (the working pressure is essentially retained). This heats the residual gas
cycle gas to 444°C and reduces its working pressure to 2.82 bar.

20
Subsequently, product gas A is cooled to 221°C in a second indirect heat exchange
with “propane-scrubbed” product gas A (.06 m2 (STP)/h; T = 30°C, P = 10.50 bar),
which is simultaneously accompanied by a reduction in its working pressure {o
2.18 bar.

25
This heats the “propane-scrubbed” product gas A (also referred to hereinafter as
“offgas™) to 287°C and changes its working pressure to 10.10 bar. Subsequently, the
offgas is decompressed from 10.10 bar to 3.50 bar in the first expansion stage of a
multistage expansion turbine, and cooled af the same fime from 287°C to 176°C. The

30 offgas leaving the first expansion stage is then conducted in indirect heat exchange to
the product gas A at 221°C. The latter essentially retains its working pressure and is
cooled at the same time to 215°C. This heats the offgas to 191°C with substantial
retention of its working pressure. The offgas is then decompressed to 1.23 bar in the
second expansion stage of the multistage expansion turbine, which cools it to 89°C.

35 The offgas is then fed to residue incineration,

Product gas A at 215°C and 2.18 bar is subsequently cooled first to 60°C in an air-
cooled indirect heat exchanger and then to 39°C in a cooling water-cooled indirect heat
exchanger. By means of droplet separators, the water which condenses out in the

40  course of the coolings is removed (0.68 kg/h).



020% by volume, N291.0% by volume, 40H200.40% by volume, CO0% by volume, and CO21.07% by
volume. PF 5BBA8QAZY After indirect heat exchange as already described with product gas A
conducted out of reaction zone A and multistage decompression to 123 bar in a multistage expansion
turbine, the offgas is fed to residue incineration or ingiggrated in a flare. Before the 5 offgas is
decompressed, it may be appropriate e industrial scale to remove the molecular hydrogen present
Ilighuoan ke SR T ey € e G
already descriff8HCTRRrASSRIGHRRE IR SHeHiags Farid)\Rampsesher rd iR Repte MasiupbeRy fito reaction
zone A (apprdprintd38/ Gdcal66hEtiterieguerdlyepituciggas A dhaogied &s dddEUre )nedres wdtdirely, it can,
for example, IHbip@psobhsicethbidailsy Idywhtdtadhioh absoshats which.thawe & psassuie 19f 10.5 bar
and a temperahiaeg, obf afo e YRR HOSEBRALRTR S BEARATRSEMaNIAG 98lBB Rwhich is
neither cooled ap legled cieraliy I omprises. 2. FAdyoeil Rropane, Ligig Bt dpweioht of
propylene, 0.1% by Welgﬂ*u?o'f ethane and 8.. %eo weigh 'o]o _82. ETOT8 The Shsor a&e & conducted to
the top of the BERTALHEI ARSI 3 FOH-CoRAINE Wik idpapradiest heat srebanaebins®eaRts (for
example in arpiivdbciaps i ret toybdiearrddharviadieechbesicaiehaings aibregolisie asderigogle ase of the
inverse pump s 2470 0By ateinalsbdusgsidt teereratony dhe ahbsarditheedeigaopainie thehewassorption
_2000|Um’ﬂ)(th%ﬂ%%%ﬁl@iﬁ%%@%@@%ﬁ@]WFW@)I)Z.WW'WWH?W&J nadipigpnducted
into the desorpigrLekima R WBLeR, BIRiEL B0 TR (IEKDI A SBEPIFRER 0ARIERsIre of 3.00
tto 1 re conducted i olumn e

bar (which heats i € to the desorption : %lkew a column with random
packing) as 25" SrBBIRY YRR Th8 BB YH‘E&GR?&&E‘?&HP% 1h&558818ERA e scending from the
top of the desorption column. The liquid effluent of the desorption column (120.32 kg/h) is compressed
back to 10.50 bar by means of a pupnppand, after ind@es3 %dnlingumigy cooling water, recycled 30 at a
temperatge 0130C to the propane ghgsigHen at thegtappbihgori@eane scrubbing column (absorption

column). At the top of the desorptiog,sgjmn, 11.64m@§gPy5]mgas mixture escape at a temperature
of 33C and a pressure of 2.01 bar, angithe foIIowinqé%%}ers\;o L?ﬂper’opaneﬂ.33% by volume,

propylene8.99% by volume, ethanel' 87 %y volum ¢
H; 4.13% by volume,
O, 0% by volume,
20 N2 64.9% by volume,
H20O 0.38% by volume,
CO 0% by volume, and
CO; 1.25% by volume.

25 At the top of the propane scrubbing celumn, 120.32 kg/h of technical tetradecane from
Haltermann, Germany (as described in il.) are introduced with an introduction
temperature of 30°C (P = 10.50 bar).

At the top of the scrubbing column, “propane-scrubbed” product gas A (offgas})
30  escapes, which, at a pressure of 10.50 bar and a temperature of 30°C and an amount
of 8.06 m3 (STP)/h, has the following contents:

propane 0.02% by volume,
propylene 0.01% by volume,
35 ethane 0.14% by volume,
methane 0.56% by volume,
Hz 5.79% by volume,
02 0% by volume,
N2 91.0% by volume,
40 H,O 0.40% by volume,
CO 0% by volume, and

CO, 1.07% by volume.



0213.93% by volume, 40N252.6% by volume, H201.53% by volume, CO0% by volume, and PF 58025
108 CO20.559% 'E)?Wme Indirect heat exchange with steam increases the temperature of the gas
mixture to 140C (this reduces the working pressure to 1.91 bar). 5 This gas mixture is used as reaction
gas B starting mixture (charge gas mixture) to chargetgaeaction zone B which has the same structure
as that from Il.  The propylene loading of the catalyst charge of the first oxidation stage is selected to
10 be 1301 (ST éﬁh The salt melts 53% by weight of KNO3, 40% b ight of 02, 7% by weight
of NaNO3) harttEid ) R AUFA SES ARG OIS o orhStof PL SeC 15
Reaction gas B%%\%%.ﬁ{enﬁ@wa@m@cweéﬁmm 6@@1‘%’66'%@ TeitelagemrraneRiberature of
260C, a presstuebini] 168 bifganid the toleridng incimertsoracraheingcattdbib g VishemBeREatglic acid0.51%

by volumes projfyedd SSedmpYSidas it Bengdesiaityorakenad elhirinef-1y t6 feymeelsitRe, 023.92%
by volume, 25N he- B2 h N dUABraddalthrB i ori YA B TP ANHPWNSy 8ecting
the offgas to a membrane separation as already described. The molecular hydrogen
thus removed can be recycled fuily or partly inte reaction zone A (appropriatety as a
constituent of the reaction gas A charge gas mixture). Alternatively, it can, for example,
10  be combusted in fuel cells.

127.37 kg/h of absorbate which have a pressure of 10.5 bar and a temperature of 40°C
are withdrawn from the bottom of the “propane scrubbing column which is neither
cooled nor heated externally. It comprises 3.83% by weight of propane, 1.54% by

15  weight of propylene, 0.1% by weight of ethane and 0.1% by weight of COz. Before the
absorbate is conducted to the top of the downstream desorption column, it is
decompressed to a pressure of 2.01 bar (for example in an inverse pump or by means
of a valve; the mechanical energy released in the case of the inverse pump is
appropriately also used to recompress absorbent freed of propane in the desorption

20 column (the liquid effluent of the desorption column)}. The biphasic mixture obtained is
conducted into the desorption column at the top thereof.

8.00 m? (STP)/h of air compressed to a pressure of 3.00 bar (which heats it to 175°C)
are conducted into the desarption column {likewise a column with random packing) as

25  stripping gas from the bottom in countercurrent to the absorbate descending from the
top of the desorption column.

The liquid effluent of the desorption column (120.32 kg/h) is compressed back to

10.50 bar by means of a pump and, after indirect cooling with cooling water, recycled
30  at a temperature of 30°C fo the propane absorption at the top of the propane scrubbing

column (absorption column).

At the top of the desorption column, 11.64 m3 (STP)/h of gas mixture escape at a
temperature of 33°C and a pressure of 2.01 bar, and the following contents;

35
propane 21.33% by volume,
propylene 8.99% by volume,
ethane 0.07% by volume,
02 13.83% by volume,
40 Nz 52.6% by volume,
H.0 1.53% by volume,

CO 0% by voiume, and



C021.43% by volume. 302.17 in3 (STP)/h of air compressed to 3 bar in a radial compressor (which
heats it to 175EF &80@%etered (throttled) into it, so that the entrance temperature of the reaction gas into
the second oxidation stage is 252C at an entrance pressure of 1.68 bar (acrolein loading = 1101
(STP)/111). 35 The product gas mixture of the secongggcidation stage (product gas B) has a
temperature of 270C and a pressure&s 1.55 bar and[} &oléov%mgrﬁgntents: acrolein0.03% by volume,
acrylic acid6.62% by volume, 40acetic4cid0.2% by Volime- propané18.51% by volume,
propylene0.46% by volume, PF 58025 109 ethane0.06% by volume, 022.95% by volume, N258.0% by
volume, H201(no¥eeihesl exenB8EOBIEPstieB oniersea P dRDIPEBHYELS (s ghe MIFede gas B (13.42
m3 (STP)/h) isttaeddtradyezhde nise dvorldny yreasiuna toalsTdsanbed in WO 2004/035514. 10 13.8 g/h
of high bodgers (polyacrylic acids (Michael adducts) etc.) are fed to residue incineration. From the
second collecting,tr tk t ' : condensed
crude acrylic a@%sa%sv?ﬁggﬁaevwﬁ J a%&jc% @Q&Mﬂ pg?r)saltgu@gt%ﬁ%% aﬁ%‘%}bagéo% l?jxvég%}hftgof acrylic
acid. After adﬁﬁ%&f%@ﬁ%ﬁ’%mr# same structure as that from Il

10

15

Mo

The propylene loading of the catalyst charge of the first oxidation stage is selected to
be 130 | (STP)/h. The salt melts (53% by weight of KNO3, 40% by weight of NaNOs,
7% by weight of NaNQs3} have the following entrance temperatures:

Ta=2320°C
Tc =265°C

Reaction gas B leaves the intermediate

Te = 330°C
Tp =266°C

cooler in an amount of 11.66 m3 (STP)/h with a

temperature of 260°C, a pressure of 1.68 bar and the following contents:

acrolein 7.51% by volume,

20 acrylic acid 0.51% by volume,
propane 21.3% by volume,
propylene 0.53% by volume,
ethane 0.07% by volume,

02 3.92% by volume,

25 N 52.52% by volume,
H.0 10.81% by volume,
co 0.38% by volume, and
CO: 1.43% by volume.

30 2,17 m3 (STP)/h of air compressed to 3 bar in a radial compressor (which heats it to

35

175°C) are metered (throttled) into it, so that the entrance temperature of the reaction
gas into the second oxidation stage is 252°C at an entrance pressure of 1.68 bar

{acrolein loading = 110 | (STP)/I+h).

The product gas mixture of the second oxidation stage (product gas B) has a
temperature of 270°C and a pressure of 1.55 bar and the following contents:

acrolein 0.03% by volume,

acrylic acid 6.62% by volume,
40 acetic acid 0.2% by volume,

propane 18.51% by volume,

propylene

0.46% by volume,



this is suspension-crystallized as described in WO 20041035514, the suspension crystals are
separated froRftA80#dther liquor in hydraulic scrubbing columns and the mother liquor is recycled into
the condensation column as described in WO 20 2004/035514. The purity of the washed suspension
crystals is > 99.87% by weight of acrylic acid and is gpgtable immediately for the preparation of

water-"superabsorbing" polymers f in the hygbe toL; Iﬁg amount of acid water condensate
which is withdrawn from the third C%ﬁééj{%lg tray 25 %lggo%\ggiﬁe ;\}Ltje of product gas B into the

condensation column and is not reé%led into the c 6 Bfimn is 1.04 kg/h and has a
temperature of 33C. It is likewise fdto residue incip@ftidtY. vofiBe top of the condensation column,
11.16 m3 (STP)/h of residual gas ld&{® the 30 condén@étion edlumen with a temperature of 33C and a
pressuresf 1.20 bar and the following contents: prapepeAAQierky, wakiime, propylene0.46% by
volume, 35023.54% by volume, N2£8, 75% by vqum_g@Q&;L%ﬁ%Qy volume, CO0% by volume, and
C021.43% by volume. 40 PF 58025 110 zone A, recycled’into reaction zone A as residual gas cycle
gas (as the motive jet for the jet pump used for dehydro'genation cycle gas flow). 5VIl.Second
comparative EXaipi&8s B Mé@é@?d})ﬁa‘:@ﬂﬁr‘iﬁ& ag oM SaNYBRS AR SERYCalEmR PSperating state is
described) Ressciied roWEORBOHEES bt .an adiabatic shaft furnace reactor with only one fixed catalyst
bed whage configuration corresponds to the first fixed bed tray in flow direction 10in the tray reactor

from Il. The hesero@eRPRMRGRIRINEESRAliaRIOPANR KRN WRIREALIeN k& risies yidthe shatft

reactor in stral\ﬁ% teggﬁ with dehydrogenation cycle gas mode. The loading of the total amount of
catalyst (calculated without inert material) with propane is 1515001 (STP)/1.h. 23.79 M3 (STP)/h of
reaction gas A charge gas mixture (starting mixture; T = 456C; P = 2.82 bar) are fed to the shaft

furnace reactofoiihhh@esane selleding ttonebene heeashplaroRplgpy Bdnipdee tray column,

15 2.82 kg/h of condensed crude acrylic acid are withdrawn, which have a temperature of
15°C and 96.99% by weight of acrylic acid. After addition of a smail amount of water,
this is suspension-crystallized as described in WO 2004/035514, the suspension
crystals are separated from the mother liquor in hydraulic scrubbing columns and the
mother liquor is recycled into the condensation column as described in WO

20  2004/035514. The purity of the washed suspension crystals is > 99.87% by weight of
acrylic acid and is suitable immediately for the preparation of water-"superabsorbing”
polymers for use in the hygiene sector.

The amount of acid water condensate which is withdrawn from the third collecting tray

25  above the feed of product gas B into the condensation column and is not recycled into
the condensation column is 1.04 kg/h and has a temperature of 33°C. It is likewise fed
to residue incineration.

At the top of the condensation column, 11.16 m? {STP)/h of residual gas leave the
30 condensation column with a temperature of 33°C and a pressure of 1.20 bar and the
following contents:

propane 22.06% by volume,
propylene 0.46% by volume,
35 02 3.54% by volume,
N2 69.75% by volume,
H.O 1.76% by volume,
CO 0% by volume, and
CO; 1.43% by volume.

40
The residual gas in its entirety is compressed to 3 bar (this heats it to 131°C) and, as
described, after indirect heat exchange with product gas A conducted out of reaction



propylene3.82% by volume, ethane011% by volume, methane0.33% by volume, 1124.27% by volume,
25022.14% bﬁ'ﬁ/éﬁ\bﬁé, N262.72% by volume. H205.11% by volume, CO0% by volume, and C0O21.22%
by volume. 30 Reaction gas A charge gas mixture is a mixture of a first (1.69 rn3 (STP)/h) and a
second (22.10 m3 (STP)/h) gas mixture which is obtgned by combining the two gas mixtures by means

of asiatl mixgy, % 1064154978 RUHER ISR AIEA AL IR GTR ORI 110 P =

bar), 1.08 m3 §'TP)’/h of crude prgpane which.comprises esh propane) to an extent of >
98% by voluntl E"(J'Ic”t'—p 'i'f'f(f';s dif%%%ﬁggw%?ﬂf o Kﬁ? (gsa; of molecular hydrogen (purity > 99% by
volume; T = 35C; P = 2.20 bar), and the second gas mixture is a mixture of 10.93 m3 (STP)/h of
dehydrogenation cycle gas (T = 546C; P = 40 2.82 bar), 10.52 m3 (STP)/h of compressed residual gas
cycle gass(P = 3 ar; T 545542) comb@rabve axEmile/ brel prixywye ssgstepalihgabigic aBig-feol0 bar). PF
58025 111 Indirect heat gxchangs WELDTQSSHAGS At RduStRER! of reaction zone A and in the

direction of reaction zone 13 establishes the temperature of the compressed residual gas cycle gas of

455C. 5 The dehydrogenation cycle gas flow is effected by the jet pump principle (cf. DE- A 102 112
75), the comprEaslor e AR Bt Yhadinbaycehad HMArsRgCR M ABMRARI*#Ae compressed

air is metered-adalvitbay inteseceniaualanisemes PoTdsld Hie Hesy Fixed s ireadt A edi@owed
throughty thin thadtmynreasidk tharge 10 gas mixture is such that product gas A leaves this catalyst bed
with a temperature of 546C and a pressure of 2.39 bar with the following contents: propanel4,60% by

volume, propylgng 2, 840 RY NN PSR REH B3 H13BANe WRIHYARL SRREIRAGE B LK NAIH RS
shaft reactor in straight pass with dehydrogenation cycle gas mode. The loading of the
total amount of catalyst (calculated without inert material) with propane is
15 15001 (STP)/\*h.

23.79 m3 (STPY/h of reaction gas A charge gas mixture (starting mixture; T = 456°C; P
= 2.82 bar) are fed to the shaft furnace reactor and have the following contents:

20 propane 19.31% by volume,
propylene 3.82% by volume,
ethane 0.11% by volume,
methane 0.33% by volume,
Ha 4.27% by volume,

25 02 2.14% by volume,
N 82.72% by volume,
H:O 5.11% by volume,
CO 0% by volume, and
CO2 1.22% by volume.

30

Reaction gas A charge gas mixture is a mixture of a first (1.69 m® (S§TPYh) and a
second (22.10 m* (STP)/h) gas mixture which is obtained by combining the two gas
mixtures by means of a static mixer.

35  The first gas mixture is a mixture of 0.013 m? (STP)/h of steam (T = 134°C; P = 3 bar),
1.08 m? (STP)/h of crude propane which comprises propane (fresh propane} to an
extent of > 98% by volume (T = 122°C; P = 3.50 bar} and 0.60 m® (STP)/h of molecular
hydrogen (purity > 99% by volume; T = 35°C; P = 2.20 bar), and the second gas
mixture is a mixture of 10.93 m3 (STP)/h of dehydrogenation cycle gas (T = 546°C; P =

40  2.82 bar), 10.52 m? (S8TP)/h of compressed residual gas cyciegas (P=3 bar, T =
455°C) and 0.65 m3 (STP)/h of compressed air {T = 175°C, P = 3.00 bar).



1-123.79% by volume, 020% by volume, N261.44% by volume, 20H209.19% by volume, CO0% by
volume, and €B380£8% by volume. The leaving amount is 24.29 rn3 (STP)/h. 25 A flow divider divides
product gas A at the outlet of the shaft reactor into two portions of identical composition. The first
portion is 10.93 m3 (STP)/h and the second portion 4§ 43.36 m3 (STP)/h. The 30first portion is recycled

into reaction zone A as a constituent of the reaction gas A charge, gas mixture. For, the purpose of
dehydrogenaﬁ}?ﬁr%_@clg ﬁ&é“ﬁ%@&‘%? %’H@fﬁ%?ﬁ&ﬁ%ﬁ% QPSHF}I%%ng %§§J§%° '%tﬁo{hee%g%g'r%g"seed residual
gas cycle gadiifesiien dIerslianzrra Siretanbries;te dedesrrisie R MRRBREPAE IRsiiEet
decompressegbgepcigisasmbiifl’fozzle via a mixing zone and a diffuser pointing in the direction of the
35entrance into reaction zone A, and the suction nozzle pointing in the direction of the first flow portion
of produdf gagf, G| dRSyHAIATLNAE H8s IBRIRGARER 1 BifiHesEt sanfestiRndRrBinpghe sole
omen g re R Eghel SNl S g ggssrs&@%%é@dfm&%%% qqgaction
zone A. 40 The second_pdrtion of product gas A Is tonducted out o reactlg(:m zone A and cooled to
3300C in an IMRHEEIHeAPE AOBRIGET At SLaETRFAIRSaNE! 15, et R P BliiRange with
compressed residual gas cycle gas (10.52 m3 (STP)/h; T = 135C; P = PF 58025 112 3.00 bar) (the
working pres3ine hedbsighiti 2k yhee fxied datalyss exhiie s tosidighl meth e yetetiyasgasab 5aggrl reduces its
working1pres g iBA D P HRI QARG AdEEV SRS R eMRIEBLe WilVE tehpsrtangddndirect heat
exchange S WiIgRARSrRCHIbber? RPBUCRARSS KNBRIRALHIEI: T SOC, P = 10.50 ba), which is

simultaneously accompanied by a reduction in its working pressure to 2.21 bar. This heats the
"propane-scrubbed” product gas A (also referred to herej)nafter as 10"offgas") to 300C and changes its
working pressure to 10.10 bar. Sub¥egaestly, the 14.60% by volume,

propylene 7.84% by volume,
15 ethane 0.24% by volume,
methane 0.70% by volume,
H: 3.79% by volume,
Oz 0% by volume,
Ny 61.44% by volume,
20 H.O 9.19% by volume,
CO 0% by volume, and
CO, 1.19% by volume.

The leaving amount is 24.29 m3 (STP)/h.

25
A flow divider divides product gas A at the outlet of the shaft reactor into two portions of
identical compaosition.

The first portion is 10.93 m? (STP)/h and the second portion is 13.36 m3 (STP)Y/h. The

30 first portion is recycled into reaction zone A as a constituent of the reaction gas A
charge gas mixture. For the purpose of dehydrogenation cycle gas flow of the first
portion, a jet pump is operated with the compressed residual gas cycle gas heated as
described as the motive jet, the conveying direction of the motive jet decompressed
through a motive nozzle via a mixing zone and a diffuser pointing in the direction of the

35 entrance into reaction zone A, and the suction nazzle pointing in the direction of the
first flow portion of product gas A, and the “suction nozzle — mixing zone ~ diffuser”
connection forming the scle connecting line between the first portion of product gas A
to be recycled and the access to reaction zone A.

40  The second portion of product gas A is conducted out of reaction zone A and cooled to
330°C in an indirect heat exchanger disposed downstream of it by indirect heat
exchange with compressed residual gas cycle gas (10.52 m?® (STPYh; T =135°C, P =



offgas is decompressed from 10.10 bar to 3.50 bar in the first expansion stage of a multistage
expansion turBin@88a8 cooled at the same time from 300C to 187C. The offgas leaving the first
expansion stage is then conducted in indirect heat exchange to the product gas A at 220C. The latter
essentially retains its working pressure and is 15cookg@ at the same time to 219C. This heats the offgas

to 190C with supstantial retention of its working pressure. The goffgas s then decompressed to 1.23 bar
in the second%eﬁgi’r%ﬁwgtﬂ é‘@ﬁﬁ?ﬁﬁﬂrﬁs&‘a%%%%jwsﬁsﬁﬂﬁ hgﬁ\?/ i %th%‘??i%ug 82°rhe offgas is
then fed to reSifiR JRSiH:FER0RH. POPRSMGES Hawvarking Foesaw@ 021834098 subsequently cooled first to
60C in an air- cooled indirect heat exchanger and then to 39C in a cooling water-cooled indirect heat
exchanger. Bpubeagssphi] pptelsegasAasscobleatleporlich £epesmsaripettindaesotizmgef the
coolings is reqpyeg(R. AR kbR HIBJGNgIRNgd 36 MM tRTRIM-05piedpct 9asdaig, compressed
to 4.81 bar in tlbe p.rSt c:l%rlr}%ﬁgsgrlstg e of am I%stgge Ja %l COMDIESSOT. Tplésﬁt?g% product gas A
from 39C to 138¢' ée'u%sequen y? Kro U(':?%as 1 &oied e BAL y Meas of aifin an indirect heat
exchanger antt #lPWater which condenses out (5.7 g/h) is removed by means of droplet separators. In
a second compression stage, the remaining 12.51 m3 30 (STP)/h of product gas A are compressed to

10,50 bar. Thithis asatcipatctroitineeatinpbetip podiettaas A (alid 66 e@abinbendthafieniasin indirect heat
exchanggy thepreRels Rradoat 4aa bR iRALoANSLIPRIS4IAN REY Dadt urcRangequEhugoaIng water

Eﬁﬁlfniéé?fi%‘%%ﬁ;gog%gggﬁ%ﬁ ﬁfﬂ?@%ﬁﬁa ﬁ%?%f‘%ﬁﬁ}%%ﬂa %E%%ﬁ%ﬁ romain
erportio

h
(whose Workig §'§3§'rfﬂ§ﬂ9%tﬁlnf(fg 6f a column

with random [Paganigaringthefitelfynaesigrdiagk icen eRPAURIAENIRGeR AR BN BYIRAme,
40ethane0.26%e ipyochiciges Met22050.7TM6é latterdasentiblBadiavstis vatng, pRES6626d I3 020% by

volume, 1§26 5481% kY tvelgaife kAGA3990°Ly VAkIRxEROUrEN el uaT CaRAnSéuBtantiddo by volume.
At the top of thadipnANG SCHBRNAGAALRD. TSSO RERsRainabieladsans i Hgiermann,
Germany (as descriped in IL.) are intraduced with an introduction temperature 013 C (P =.10.50 bar).
0. At the top S AT SARAIAD SO0 05 MRIE SR Bl ST Do KRS s, which, ot a
pressure of 1805928 i%itBeR fRPLPIRAE BOOSAAREPAN amount of 9.06 m3 (STP)/h, has the following

contents:
20 Product gas A at 219°C and 2.21 bar is subsequently cooled first to 60°C in an air-

cooled indirect heat exchanger and then to 39°C in a cooling water-cooled indirect heat
exchanger. By means of droplet separators, the water which condenses out in the
course of the coolings is removed (0.68 kg/h).

25 The remaining 12.52 m3 (STP)/h of product gas A are compressed to 4.81 bar in the
first compressor stage of a multistage radial compressor. This heats product gas A
from 39°C fo 108°C. Subsequently, product gas A is cooled to 54°C by means of air in
an indirect heat exchanger and the water which condenses out (5.7 g/h} is removed by
means of droplet separators. In a second compression stage, the remaining 12.51 m3

30 {STP)/h of product gas A are compressed to 10.50 bar. This is associated with heating
of product gas A to 126°C. Cooling with air in an indirect heat exchanger then cools
product gas A first to 54°C and then indirect heat exchange with cooling water cools it
to 29°C. By means of droplet separators, the water which condenses out in the course
of the coolings is removed (0.28 kg/h). The 12.17 m? (STP)h of product gas A which

35  now still remain (whose working pressure is essentially stilt 10.50 bar} are conducted
into the lower portion of a column with random packing. Their contents are:

propane 16.0% by volume,
propylene 8.60% by volume,
40 ethane 0.26% by volume,
methane 0.77% by volume,

H: 4.17% by volume,



15propane0.02% by volume, propylene0.01% by volume, ethane0.22% by volume, methanel.04% by
volume, H25.86%802%olume, 20020% by volume, N290.60% by volume, H200.39% by volume, CO0%
by volume, and C021.12% by volume, 25 After indirect heat exchange as already described with
product gas A conducted out of reaction zone A and1rwltistage decompression to 1.23 bar in a
multistage expansion turbine, the o@as is fed to re mcmeratlon Before the offgas is
decompressed, it may be appropriate on the mdustnﬁ’ f é{a‘lg Y§%emove the molecular hydrogen present
30 therein. This can be effected, foNaxample, by su@}'e‘t':%ﬁgbbh\éobff@%’s to a membrane separation as
already described, The molecular higgbgen thus refh89&duyarolenscycled fully or partly into reaction
zone A (appropriately as a constitugg of the reactiogrgpg volchssggngas mixture). Alternatively, it can,
for example, be combusted in fuel Qg@g 35 121.93 kodh# Wp;ge which have a pressure of 10.5 bar
and a temperature of 40C are withdrawn from the bottom the propane scrubbing column” which is
neither cooled nor heated externally. It comprises 3.14% ight of propane, 1.61% by weight of
propylene, 0.64 B%ipPReldhe Bf%?ﬂ%é‘%iHﬁbU’%‘%W\NeT&é tBehipicAhis RESHRG M is
conducted to tHedteopaitheiownyteadesrfmpiioH. tararint Odwﬁbwmwe@é'@d%ﬂarpressure of 1.98
bar (for examfelepreraituiieus SO BUIRE: ADBOM&ANS of a valve; the mechanical energy released in the
case of qr@,e inverse pump is PF 58025 114 appropriately also used to recompress absorbent freed of

propane i NGRS\ GOLBNE gyl cdsns ol e dpsapion.co @;gz piphasic mixture
ot

obtained is co ucte Int o eso on colu h of air
compressed ﬁsﬁaﬁﬁmg%f% "E‘J@rﬁﬁf’l((/ﬁﬁ’&ﬂ 283k ?S‘i?é?:’s‘%%a%ﬁ& % 2088 tion
column (likew?$8-8&BILAT it PasdbefelisvingFedeitfping gas from the bottom in countercurrent to
the absorbate descending from the top of the desorption column. 10 The liquid effluent of the
desorptipn column (115.94 kg/h) is gmuressed bagkas:18,bibhasdy means of a pump and, after
indirect cooling with cooling water, FR6Y% I'@r%at a tergReratuiag U%Qé: to the propane absorption at the
top of the propane scrubbing colum (% sorption cg%y by vAt the top of the desorption column,

10.97 rns (STP)/h of gas mixture eSt3at a
methane 1.04% by volume,
Ho 5.59% by volume,
20 O: 0% by volume,
N2 90.60% by volume,
H0 0.39% by volume,
CO 0% by volume, and
CO; 1.12% by volume,

25
After indirect heat exchange as already described with product gas A conducted out of
reaction zone A and multistage decompression to 1.23 bar in a multistage expansion
turbine, the offgas is fed to residue incineration. Before the offgas is decompressed, it
may be appropriate on the industrial scale to remove the molecular hydrogen present

30 therein. This can be effected, for example, by subjecting the offgas to a membrane
separation as aiready described. The molecular hydrogen thus removed can be
recycled fully or partly into reaction zone A (appropriately as a constituent of the
reaction gas A charge gas mixture)}. Alternatively, it can, for example, be combusted in
fuel cells.

35
121.93 kg/h of absorbate which have a pressure of 10.5 bar and a temperature of 40°C
are withdrawn from the bottom of the “propane scrubbing column” which is neither
cooled nor heated externally. It comprises 3.14% by weight of propane, 1.61% by
weight of propylene, 0.01% by weight of ethane and 0.09% by weight of CO.. Before

40  the absorbate is conducted to the top of the downstream desorption column, it is
decompressed to a pressure of 1.98 bar (for example in an inverse pump or by means
of a valve; the mechanical energy released in the case of the inverse pump is



temperature of 33C and a pressure of 1.98 bar, and the following contents: propanel7.77% by volume,
propylene9.58% $0¥blume, 20ethane0.11% by volume, 0214.54% by volume, N254.91% by volume,
H201.59% by volume, CO0% by volume, and 25C020.55% by volume. Indirect heat exchange with
steam increases the temperature of the gas mixture 4§4140C (this reduces the working pressure to 1,88

bar). 30 This gas mixtlflrFi used as reaction gas B sta ting ixé#fs char e9gs r(rj:ixtur Ho charge a
reaction zoneg@pvr\ﬁﬁ@ﬁ ﬁé(,sg[_%%%\e éosrt?ﬁgfﬂ?e 13 .gf’ #’&'ﬁ fﬁée & por %'g%e‘ne_ 6a morpq ﬂe_ catalyst
charge of theCﬁ?’é‘f‘?ﬁ(@ZﬁiWﬁﬁg“%néé‘féﬁﬁeG%OH@'%G‘?‘%S*PM/W‘ETH@gﬁﬂ%'l’f&‘(?s@ﬁ%%ﬂé?ght of

KNO3, 40% spisigieddniadnNCzssrion botwmighit tbe \piNEBRefave the following entrance
temperatures: TA = 323CTB = 327C Tc = 262CT0 = 265C PP 58025 115 acrolein7.98% by volume,

acrylic agid0.539% Ry KPS oPLARGIAESAY (B RHEYE RICP YIS BEP (KRS 1 Sethne0. 1% by
volume, 023'%?3/%9%\68[381 ﬁté‘%@%@%@pﬁé’n\’%ﬂm% (lﬁ\?e%%e%l %%IB%K%W?andom packing) as

stripping gas from the bottom in countercurrent to the abscrbate descending from the

top of the desorption column,

10 The liguid effluent of the desorption column (115.94 kg/h) is compressed back to
10.50 bar by means of a pump and, after indirect cooling with cooling water, recycled
at a temperature of 30°C to the propane absorption at the top of the propane scrubbing
column {(absorption column).

15 At the top of the desorption column, 10.87 m3 {(STP)/h of gas mixture escape at a
temperature of 33°C and a pressure of 1.98 bar, and the following contents:

propane 17.77% by volume,
propylene 9.53% by volume,
20 ethane 0.11% by volume,
O3 14.54% by volume,
N> 54.91% by volume,
H.O 1.59% by volume,
CO 0% by volume, and
25 CO: 0.55% by volume.

Indirect heat exchange with steam increases the temperature of the gas mixture to
140°C (this reduces the working pressure to 1.88 bar).

30  This gas mixture is used as reaction gas B starting mixture (charge gas mixture) to
charge a reaction zone B which has the same structure as that from Il

The propylene loading of the catalyst charge of the first oxidation stage is selected to
be 130 1 (8TP)/h. The salt meits (53% by weight of KNO3, 40% by weight of NaNO;,
35 7% by weight of NaNO3) have the following entrance temperatures;

Ta=323°C Te =327°C
Te = 262°C Tp = 265°C

40 Reaction gas B leaves the intermediate cooler in an amount of 10.99 m3 (STP)/h with a
temperature of 260°C, a pressure of 1.67 bar and the following contents:



C00.41% by volume, and 10C0O21.49% by volume. 2.21 m3 (STP)/h of air compressed to 3 bar in a
radial compreds®8@2Rich heats it to 175C) are metered (throttled) into it, so that the entrance
temperature of the reaction gas into the second oxidation stage is 251C at an entrance pressure of
1.67 bar 15(acrolein loading = 1101(STP)/111). Thetpgoduct gas mixture of the second oxidation stage

(product gas 13) has a temperatureaggo%ZgQC and a P.rﬁﬁ%? \%IEm?g‘ bar and the following contents:

20acrolein0.03% by volume, acrylic acli

.94%

e, acetic acid0,21% by volume,

o,

by vo
propane15.25% by volume, propyl@T80'a8sidpy vol%r%%,"fyem .09% by volume, 022.95% by
volume, N260.31% by volume, H2PLBR#0%, by voluirie! CORY3594M™§: volume, and 30C021.69% by
volume. Product gas B (12.79 m3 (8PPKnas fractiOrfedBe bynaédumsed in a tray column as described in
WO 2004/035514. 3513.8 g/h of higihbeders (polyagndickaciditdichael adducts) etc.) are fed to
residue incineration. From the secqid collecting trag('@pg\@ymgljﬁ@g of product gas B into the tray
column, 2.82 kg/h of condensed cryde acrylic acid gzrle \545 héjr%w.r&mvghich have a temperature of 4015C
and 96.99% by weight of acrylic acid. After addition"ofa heall'8moant of water, this is
suspension-crystallized as describétth WO 2004/05584%, li’kﬂé’?&‘&lﬁiﬁ'ﬁ‘ension crystals are separated from
the mother liguor in hydraulic scrulf®ihg columns afdittie LY @80RS5 arb

10 COq

1.49% by volume.

2.21 m? (STP)/h of air compressed to 3 bar in a radial compressor (which heats it to
175°C) are metered (throttled) into it, so that the entrance temperature of the reaction
gas into the second oxidation stage is 251°C at an entrance pressure of 1.67 bar

15 (acrolein joading = 110 | {STPY/I*h).

The product gas mixture of the second oxidation stage (product gas B) has a
temperature of 270°C and a pressure of 1.55 bar and the following contents:

20 acrolein
acrylic acid
acetic acid
propane
propylene

25 ethane
0Os
Nz
H.O
CO

30 CO;

0.03% by volume,
6.94% by volume,
0.21% by velume,
15.25% by volume,
0.48% by volume,
0.09% by volume,
2.95% by volume,
60.31% by volume,
10.49% by volume,
0.55% by volume, and
1.869% by volume.

Product gas B (12.79 m? (STP)/h) is fractionally condensed in a tray column as

described in WO 2004/035514.

35  13.8 g/ of high boilers {polyacrylic acids (Michael adducts) etc.} are fed to residue

incineration.

From the second collecting tray above the feed of product gas B into the tray column,
2.82 kg/h of condensed crude acrylic acid are withdrawn, which have a temperature of
40  15°C and 96.99% by weight of acrylic acid. After addition of a small amount of water,
this is suspension-crystallized as described in WO 2004/035514, the suspension
crystals are separated from the mother liquor in hydraulic scrubbing columns and the



mother liquor is recycled into the condensation column as described in WO 2004/035514. The purity of
the washed Bfispi#fon crystals is > 99.87% by weight of acrylic acid and is suitable immediately for
the preparation of water-"superabsorbirign polymers for use in the hygiene sector. S The amount of
acid water condensate which is withdrawn from thejfgrd collecting tray above the feed of product gas

13 into the condensation.colum d.is
“?33'89?{ < ietiied IS et ial

on ot recycled.into_ t qn%ondins ﬁp@dqg is 1.06 kg/h and has
a temperature o 0 Tesidue meineration. 10 ?? the condensation

e 1op o
column, 10. B 2 REiBRl e S RsRY FrSPBRRIER SRR ST %Tt% YRR ire of 33C
and a press@feyle 830 ¥d Grivvitrbledmymasiptaniente Isepertivalss B8t HiURSIARROBIOPYIene0.49%
by volume, Q285676 foy ustimtheNBghB2%ebipnvolume, H201.73% by volume, 20CO0% by volume, and
C0O21.58% by volume. The residual gas in its entirety is compressed to 3 bar (this heats it to 135C)

and, as desqiaet ity dPAURGARALEHIBANAS WHBPIORHALRARAERNFILGIRG auligliingiign 25 zone
A, recycled n‘ﬁo re ctlgn éo?e A as resi gallg%bﬁé:&e %as as the maotive jet fogtheggtg%np&) used for
dehydrogeng ghecya ea_so 1B ,“iﬁ_§"’l§r v zﬂ% AR Bﬂcca eiNNGo ﬁ/QB_ % ﬁ“] d'6n 05.24.06,
is incorporatbg FROdeRsARaSHUPD A hitehhaea dearerEusivinGeli it dkeviss fed
abovementitmezbichaz tiaigsyratimerous changes and deviations from the present invention are possible.
It can thgrefore be assumed that the invention, within the scope of the appended claims, can be
performed dgfagnly BomBerendeshiadipagisoaly [erpih Fiebaldaciaieths: 1. A process
or preparing, acioleln b acilic 4G e matienctentiom propanc, i 2) alJspst two
gaseous propane-comprising reed streams,” ot Which'at [east one comprises Tresh propane, are fed to a
first reaction YMETA F9REFRISa reaction gas A; in the reaction zone A, reaction gas A is conducted
through at least one catalyst bed in which partial heterogeneously catalyzed dehydrogenation of the
propane forms molecular hydrogeprapshpropylenel svidriusegiaraéing off said molecular hydrogen,
molecular oxygen is fed to reactiog.zgngnd and, ingrgagjigp ¢anM&\ oxidizes at least a portion of
molecular hydrogen present in rqution gas Ato sgegﬁgfo thﬁ uct gas A which comprises propylene,
propane and steam is withdrawn fiém reaction zofg 'DB% in a first separation zone |, steam present in
product gas A is optionally remov&d by condensatrgnsazf?tﬂ?’ap'f‘ﬂm‘fby indirect and/or direct cooling of

product gas A to leave a product gh&A*; 1.73% by volume,
20 CO 0% by volume, and
CO2 1.51% by volume.

The residual gas in its entirety is compressed to 3 bar (this heats it to 135°C) and, as
described, after indirect heat exchange with product gas A conducted out of reaction

25 zone A, recycled into reaction zone A as residual gas cycle gas {as the motive jet for
the jet pump used for dehydrogenation cycle gas flow).

US Provisional Patent Application No. 60/8027886, filed on 05.24.08, is incorporated
into the present application by literature reference.

30  With regard to the abovementioned teachings, numerous changes and deviations from
the present invention are possible. It can therefore be assumed that the invention,
within the scope of the appended claims, can be performed differently from the way
described specifically herein.



C) in a reaction zone B, product gas A or product gas A* is used, with feeding of molecular oxygen, to
charge at least one oxidation reactor with a reaction gas B comprising propane, propylene and
molecular oxygen, and the propylene present therein is subjected to a heterogeneously catalyzed
partial gas phase oxidation to give a product gas B comprising acrolein or acrylic acid or a mixture
thereof as the target product and also unconverted propane; D) product gas B is conducted out of
reaction zone B and, in a second separation zone I, target product present therein is removed to leave
a propan -comPrisin residual gas; E) a portion of residual gas having the composition of the residual
gas is %ﬁ%gwgﬁ?ed as a propane-comprising feed stream into reaction zone A; F) in a separation
zone lll, propane present in residual gas which has not been recycled into reaction zone A and from

which any steRiRRsepLIarEi. QRYRRAL RS BRAY LemAVRARSIOreRANH R AiMIbAbY

condensation and/or any molecular hydrogén present therein optionally has been removed beforehand
partly or fufly 15 |§R8aR4 IR A RAIFRENRE el P SSEMTSdTh iR GFdSRTc Ae1RORtHyeREESbtion
from the residp@pgias tcfMompiiepRAa 60 IRE NG RS haigioardsA), in a separation zone 1V, the
propane is remoyed from the absorbate and recycled jnto reaction zone A as a propane-comprising
foed stream: TGS Eof i s SR 15 R T 5B S o Foaction
zone A that the apadishheternggregeshyodidl yzell idekydengenatioaofithe pommena fisratsieakicRmplitzget the
amount of molecylay hygipgen formed in reaction zone A. 2. The process according to claim 1,
wherein at least some of the heat energy generated by the oxidation of molecular hydrogen in reaction
zone A is use {5 serpEsL S redd gﬁé&% Y RIPE BRI VOB H{GHER {963 GECwith
reaction gas A oripliegiizingaméqlosedieton gast A parddorotinel @R hadr bpatwasseis. Badioh gaecess
according to clai Jroosfe%mwh%{ein the amount of hydrogen oxidized to steam in reaction zone A is at
least 30 mol % of the Amount of molecular hydrogen formed in reaction zone A. 4. The process
according to dhdauat gaDA witksRieERRS S8R OLaRY EhByRlieRsee i dieat t®wilkdrewn fenetieastiomeoneis at
least 40 mol % ofthe amount of molecular hydrogen formed in reaction zone A. 5. The process
according to claim 1 or 2, wherein the amount of hydrogen oxidized to steam in reaction zone A is from
20 to 90 mBl 98 of tHELSFBERH 87 rAONECLI SR rBGE ot BPS G 985 o 28 rRPHONE! I HEPPSRE L
according to ctaitledsaticd, peitsreirfilg madiricofrityordgen coollinest [P @iga e ealckoa pmeudtis from
30 to 70 mol (?agkthe amount of molecular hydrogen formed in reaction zone A. 7. The process
according to cfaim 1 or 2, wherein reaction gas B comprises molecular hydrogen. 8. The process
according o daimressi I vanerBinedutiopeg s B dieduflogaprisaisedy Wit destnchgdrogesile. The

process accor@iiggepp ﬁiaéﬂérb@&zbe\ﬁéb%%rbﬁm%ﬁ%t&aWﬁhVﬂtmm é%rB I&sHa @&r@oﬁl%&rié, used
as such to char%sythe at least one oxidation reactor in reaction zone B, 119 10. The process

according to PEHRY'E6r SN HBPALY 1¥PE B %, 1B tRECRIEIR BreXsht BT Bd LRy HSET Infoved

by condensatimdrmwpaudchambjmd. dettid kmrmwessmkdatjm\ing tgi\@la_einpr_bdmcﬁgmm_erMiI@a;t 25

mol % of the sfeayy P&?ﬁ@ﬁh@a&?&“ﬁ%ﬁﬁr?t@&i@%ﬂg %&%ﬂiﬁu’&%&%‘ﬁ%ﬁé&%% gl12- The
w mol % or t

process according to claim 1 or 2, wherein at least e steam present in product gas B is

removed bP)cErEEASEROR IS Seshided AU ShdgectionPRES oYL 4 hacsraNsySRbaRieR 7ape 2! iAefkin
from 5 to 98 mpbdacopibertitam Pioeavil REosetOredans cemppiad Pasenadprsation in separation
zone |. 14. The process acc r%in to claim 1 or 2, wherein the working pressure in reaction zone A is
from >1 to'8) b PR SOk SR SRR LB b L K Y SRR M S8 Sy
to the workingoprpssuces i sngfeadiHieeant ziormeacobitizergracess, determined in each case at the
entrance ”ﬁf) FHea%Bé?é&léﬁ ZYnE [11, propane present in residua gas which has not been recycled into
reaction zone A and from which any steam present therein optionally has been removed
beforehand partly or fully by condensation and/or any molecular hydrogen present therein
optionally has been removed beforehand partly or fully by means of a separating membrane is
absorbed into an organic solvent by absorption from the residual gas to form a propane-
comprising absorbate; and
G) in a separation zone 1V, the propane is removed from the absorbate and recycled into reaction

zone A as a propane-comprising feed stream;



Preaction zone A > Pseparation zone I> Preaction zone B> Pseparation zone Il < Pseparation zone
[I>Psepa rationzone Iv > Preaction zone A* 16. The process according to claim 1 or 2, wherein
molecular hydrogen is combusted with molecular oxygen in reaction zone A not later than when 90
mol % of the total amount of molecular hydrogen formed in reaction zone A has been formed. 17. The
process according to claim 1 or 2, wherein moleculag hydrogen is combusted with molecular oxygen in
reaction zone A not later than when 75 mol % of the total amount of molecular hydrogen formed in
reaction zone A has been formed. 120 18. The process according to claim 1 or 2, wherein molecular
hydrogen 13 S%WQﬁith molecular oxygen in reaction zone A not later than when 65 mol % of the
total amouaxidizmoleicldast Isytfragenriolenddrimyeragto iz searAi hassbieen ZonmadthéOthE aMormt et s
according to Glgin, JeAl 2RSS SIRAM BIGRRN R GYUETHESH PR AAURRAING hisidaipved at
least partly and this removal Is brought about by indirect and direct cooling of product gas A. 20. The
process accordAPes dieifed i eeqipeseNs A portion of residual gas having the composition of the
residual gas is recycled as a propane-comprising feed stream into reaction zone A, and the residual
gas comprises molecular oxygen. 21. Tge process according to claim 1 or 2, wherein the molecular
oxygenTod 15 BRSon 1S40 A Mok Al el a5t B 34 e 185l SRR o Wi 1
or 2, wher@ixi daieomol evalecubayletioigan to readtion zooae\Aldsisdd d el Paseausstaare st esies ded which
comprises gtiBoLRABANRAMRRCY ALMS AEAGERN PRI BthRE R BBLREH RE QXY FasA
process according to claim 1 or 2, wherein the removal of the propane fromthe absorbate in
separationPIMECIGEgse AcTrhed B '&8Fhping with a steam-comprising gas and the propane-laden
stripping gas is recycled as a propane-comprising feed stream into reaction zone A. 24. The process
accordipg tg claim 1 or 2, wherein reaction zgne A is copfigured adjabatically. 25. The prgcess.
ccorcing (BRI R L o SR R O G, A 8% 30 o
% of the toteacamoaneds pFebteas Aiunel eaitiba avAdnnoisnee au Aty dibed éoyaRd e readibeniAoreaction
zone A. 26, The process according to claim 1 or 2, wherein reaction zone A comprises at least one
tray reactor. 27. The process according to claim 1 or 2, wherein the reaction gas A which forms in
reaction zone A has the following contents: 121 from 50 to 80% by volume of propane, from 0.1 to
20% bysvoithagateropytertndranclita 1086 bywidiainetd HAoirenofOHaizen yidiedne cfeNd, iand
from 5 o 12363 VIR OLH2G 28 T6/RICRRSS AERPLING R IR o AL2 i ErIn s sRalion gas
A which fofms IR reaction zone A has the o lowing contents: from 0 2) y volume o?propane,
from 0.1 t0"20% by volume of propylene, from 2 to 10% by volume of Hz, from 1 to 5% by volume of
02,

5. The process according to claim 1 or 2, wherein the amount of hydrogen oxidized to steam in
reaction zone A is from 20 to 90 mol % of the amount of molecular hydrogen formed in reaction

zone A.

6. The process according to clam 1 or 2, wherein the amount of hydrogen oxidized to steam in
reaction zone A is from 30 to 70 mol % of the amount of molecular hydrogen formed in reaction
Zone A.

7. The process according to claim 1 or 2, wherein reaction gas B comprises molecular hydrogen.

8. The process according to claim 1 or 2, wherein reaction gas B does not comprise any molecular

hydrogen.

9. The process according to claim 1 or 2, wherein the product gas A withdrawn from reaction zone A is

used as such to charge the at |east one oxidation reactor in reaction zone B.



from 0 to 20% by volume of N2, and from 5 to 15% by volume of H20. 29. The process according to
claim 1 or 2, wherein the product gas A withdrawn from reaction zone A has the following contents:
from 30 to 50% by volume of propane, from 15 to 30% by volume of propylene, from 0 to 10% by
volume of H2, from 10 to 25% by volume of H20, from 0 to 1% by volume of 02, and from 0 to 35% by
volume of N2. 30. The process according to claim11er 2, wherein product gas A is cooled by indirect
heat exchange with the propane-comprising feed stream which has been removed in separation zone
IV and recycled into reaction zone A. 31. The process according to claim 1 or 2, wherein the
heterogeneously catalyzed partial gas phase oxidation is a two-stage partial oxidation of propylene to
acrylic a0id.HeZratesspsoascocdating) o Z;lainer@h, aviveseinnthie%eadtiostems Pesbaa theredodrghs
oxidation %@?&%&%J%Bﬂ&@ﬁ%ﬁ?ﬂ%&gﬁ%ﬁ ki 3 to 25% by volume of acrolein, from 5 to 65% by
volume of molecular oxygen, from 6 to 70% by volume of propane, from 0 to 20% by volume of Hz,
from 8 to 65% by volume of H20, and from 0 to 70% by volume of N2. 33. The process according to

claim 1xr Zhuihorets sbsoi@sighead gas hasothehtedeuingas o atisyd e hd stearSfedyitvalpiorielda0,
from O to 80% %}é)})/oégrge of N2, from 10 to 90% b VPIume of propane, from 0 to 20% by volume of
H2, from O ¢ oY)y vé’lﬁ?ﬂgeg 'é’!"#bﬁpfr%‘ﬁb%o y'volume of CO2, and from 0 to 5% by volume of
CO. 34. The process according to claim 1 or 2, wherein the propane-comprising feed stream which

has beqp FeROYEAE REHMAY R FIRELY NAHEEXFIE LRSI RRTURRAAR S Sl iRllnving: gantents:

from 80 to 99.99 mol % of propane, from 0 to 5 mol % of propylene, and from 0 to 20 mol % ot H20.
35. The prEcSSERET B RPREERIHAM PP portion of residual gas having the composition of

the residual gas is recycled as a propane-comprising feed stream into reaction zone A, and this portion

. i : 0 .
of residyial gas, based onhe totalamonns of tesidual 4as.fadip P 0ye by uelont 36, The piogess
according to claim 1 or Z, wherein the molecular oxygen fed 10 reaction zone B Is also fed as a
constituentad B igaemekiehby 6erdratatiomiprisearaibes zhagl 50% by volume of constituents other than

molecular oxygen.

14. The process according to claim 1 or 2, wherein the working pressure in reaction zone A is from >1
to 5 bar.

15. The process according to claim 1 or 2, wherein the following relationships apply to the working
pressures P in the different zones of the process, determined in each case at the entrance into the
particular zone:

Preaction zone A > Pseparation zone | > Preaction zone B > Pseparation zone 1 < Pseparation zone 111 > Pseparation zone 1v >

I:’reacti on zone A*

16. The process according to claim 1 or 2, wherein molecular hydrogen is combusted with molecular
oxygen in reaction zone A not later than when 90 mol % of the total amount of molecular hydrogen

formed in reaction zone A has been formed.

17. The process according to claim 1 or 2, wherein molecular hydrogen is combusted with molecular
oxygen in reaction zone A not later than when 75 mol % of the total amount of molecular hydrogen

formed in reaction zone A has been formed.



37. The process according to claim 1 or 2, wherein the molecular oxygen fed to reaction zone B is also
fed as a constituent of air.

120

18. The process according to claim 1 or 2, wherein molecular hydrogen is combusted with molecular
oxygen in reaction zone A not later than when 65 mol % of the total amount of molecular hydrogen

formed in reaction zone A has been formed.

19. The process according to claim 1 or 2, wherein steam present in product gas A in a separation zone |
isremoved at least partly and this removal is brought about by indirect and direct cooling of product

gasA.

20. The process according to claim 1 or 2, wherein a portion of residual gas having the composition of
the residual gas is recycled as a propane-comprising feed stream into reaction zone A, and the

residual gas comprises molecular oxygen.

21. The process according to claim 1 or 2, wherein the molecular oxygen fed to reaction zone A is dso

fed as a constituent of air.

22. The process according to claim 1 or 2, wherein the molecular oxygen fed to reaction zone A is aso
fed as a congtituent of a gas which comprises not more than 50% by volume of constituents other

than molecular oxygen.

23. The process according to claim 1 or 2, wherein the removal of the propane from the absorbate in
separation zone 1V is performed by stripping with a steam-comprising gas and the propane-laden
stripping gasis recycled as a propane-comprising feed stream into reaction zone A.

24. The process according to claim 1 or 2, wherein reaction zone A is configured adiabatically.

25. The process according to claim 1 or 2, wherein, based on a single pass through reaction zone A,
from 10 to 40 mol % of the total amount of propane fed to reaction zone A is converted with
dehydrogenation in reaction zone A.

26. The process according to claim 1 or 2, wherein reaction zone A comprises at |east one tray reactor.

27. The process according to claim 1 or 2, wherein the reaction gas A which forms in reaction zone A

has the following contents:
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from 50 to 80% by volume of propane,
from 0.1 to 20% by volume of propylene,
from 0 to 10% by volume of H,

from 0 to 20% by volume of N, and

from 5 to 15% by volume of H,0.

28. The process according to claim 1 or 2, wherein the reaction gas A which forms in reaction zone A
has the following contents:
from 55 to 80% by volume of propane,
from 0.1 to 20% by volume of propylene,
from 2 to 10% by volume of Ha,
from 1 to 5% by volume of O,,
from 0 to 20% by volume of N, and
from 5 to 15% by volume of H,0.

29. The process according to claim 1 or 2, wherein the product gas A withdrawn from reaction zone A
has the following contents:
from 30 to 50% by volume of propane,
from 15 to 30% by volume of propylene,
from 0 to 10% by volume of Ho,
from 10 to 25% by volume of H;0,
from 0 to 1% by volume of O,, and

from 0 to 35% by volume of No.

30. The process according to claim 1 or 2, wherein product gas A is cooled by indirect heat exchange
with the propane-comprising feed stream which has been removed in separation zone IV and

recycled into reaction zone A.

31. The process according to claim 1 or 2, wherein the heterogeneoudly catalyzed partia gas phase

oxidation is atwo-stage partia oxidation of propyleneto acrylic acid.

32. The process according to claim 31, wherein the reaction gas fed to the second oxidation stage has

the following contents:



33.

35.

36.

37.
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from 3 to 25% by volume of acrolein,

from 5 to 65% by volume of molecular oxygen,
from 6 to 70% by volume of propane,

from 0 to 20% by volume of H,

from 8 to 65% by volume of H,0, and

from 0 to 70% by volume of No.

The process according to claim 1 or 2, wherein the residual gas has the following contents:
from 1 to 20% by volume of H,0,
from 0 to 80% by volume of N,
from 10 to 90% by volume of propane,
from 0 to 20% by volume of Ho,
from 0 to 10% by volume of O,
from 1 to 20% by volume of CO,, and

from 2 0 to 5% by volume of CO.

. The process according to claim 1 or 2, wherein the propane-comprising feed stream which has been

removed in separation zone IV and recycled into reaction zone A has the following contents:
from 80 to 99.99 moal % of propane,
from 0 to 5 mol % of propylene, and
from 0 to 20 mol % of H,O.

The process according to claim 1 or 2, wherein a portion of residual gas having the composition of
the residua gas is recycled as a propane-comprising feed stream into reaction zone A, and this

portion of residual gas, based on the total amount of residua gas, is up to 10% by weight.

The process according to claim 1 or 2, wherein the molecular oxygen fed to reaction zone B is aso
fed as a constituent of a gas which does not comprise more than 50% by volume of constituents
other than molecular oxygen.

The process according to claim 1 or 2, wherein the molecular oxygen fed to reaction zone B is aso

fed as a constituent of air.
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