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PF 53964 1 Preparation of at |east one partia
oxi dati on and/ or ammobxi dati on product of propylene 5
The present invention relates to a process for
preparing at |east one partial oxidation and/or
anmoxi dation product of propylene by a) in a first
step, subjecting crude propane in the presence of
Brneparatdionhof het ebedsts P RAr tér}geni dar iprhendgencousixidation
paddwrt o¥Opaopel@iecogeneousl y catal yzed dehydrogenati on
and/or oxydehydr ogenation to obtain a propane- and

| ene-.cont ai.ni ng xture 1, and .

B TR eEey VTt ERAREE® CohOePTPFEET o5 REFParing at least
%ﬂ}ﬁﬂﬂd@ aoxb%frftlr% aafl/%ealweeﬁa@m;sroépﬁérof Hegfpylene by
propane and propylene present in the gas mxture 1
hprned 4 reitride btés! SilgRctOng BhdleNprbpéie LRe thdSpresence of

m Xt gﬁq& /e vagaaehéngsremla gpfg;g hngo%Q ﬂ%ﬁ%ﬂ@o@é‘ﬂ; and/or
d|r e

e and al so. co t han
b op n%%%r&gsrlssgﬁle\hec LYE T o
st epoxydehysiregendti adonPREvie al paREARE- RS i xture 1’
as apromyisinetuentaiofing gas mixturmeel? to a
het er ogeneously catal yzed 25 gas phase partia
Qxgdation and/or partial gas phase anmmoxidation of
propyl ene present in gas mxture 1 and/or gas mxture
1'. In this docunent, crude propane refers to a
Bt op@m*el%itlm nern@wr{m agdéondantyertpngde titdert gompounds a
pr oppeeet ianrd ofi Eheresent tuphop\ditiRe, tEanstgeseabnd easdpylene
one ﬁf@'@r&allnceﬂg%gjml&fﬁﬂé'eﬁtﬂo\ém@a iﬁaéﬁe tf‘ﬁ@stoétep to
thregb I @ % m"ﬂctuzeeaslt 0 r orJ_xtluVe % COLGS r1s1n
conpoun s F @%‘?pro ane arld® ene. °Trie Talter "9
is tREPPIEs 8GR HE © &6 8 hgTpEhan °xY9‘°-nf
detenrqnﬁnawaeﬁuueomﬁiqMﬁopan@,Uyl@hréﬁmsbgnapﬁyrteeg.step
gas chromatography. In this docunent,
gmgl?yﬁe&g%aagaerrnlqrtueeora&?a/o%f §h8 hbcfhre 17 as 3
in WhTe %ﬁueﬂ r 2e, hyidio éﬁgr%e f o&ﬁeax%%: eﬁF@Pf‘r}e’élqﬁtglyzed
or cSRF Rhaget BRY etRL (o idatigmtanad Tt BaX Hetlc AveREFBhal
dehyamugadation ohimivryleveaeleseanddh hgasrindaituye 1 hend/or gas
heatmiftureaation of oxydehydrogenation is exothermc.
The oxydehydrogenati on of propane nay be carried out
nd:q{lst Ia%cacérllton cc]):f cieI evated t e .
eneouuT ST Hsti® Fﬁ gﬁ eﬁb?rSPan?(ﬁDn aining
igh al’éo"i“ té&PaF?sEmeQean fidr DERARDF e, PRIBVAETE,
6@8012&@)5 ot kayw heterbermimdushyprtind 3FGéqglencht altyledst two
& othreaant eimveinyS ehkés Gt alest Sfowd .orDE Ae 200885%4 1and
£Ekﬁ%u%%§§oégﬁar than propane and propylene. The latter is the
case when such chemical compounds can be detected in crude
propane by chromatography, e.g. gas chromatography.

In this document, oxydehydrogenation of propane refers to a
dehydrogenation which is forced by oxygen present and in which no
free hydrogen is formed as an intermediate or can be detected. In
contrast to the conventional dehydrogenation which proceeds
endothermically, the heat of reaction of oxydehydrogenation is
exothermic. The oxydehydrogenation of propane may be carried out
under the action of elevated temperature, either homogeneously
{i.e. without the presence of, for example, a solid catalyst;
cf., for example, US-A 3 798 283) or else heterogeneocusly




Tﬁg ggﬁg4applies substantially for the conventional 5
dehydrogenati on in which the dehydrogenation step is

effected w thout active participation of oxygen (cf.,

for exanple, EP-A 731 077 a@d WO 01/96270). In other

Voa tlsl yddae (ot nekample pRedusdlid uialysis i Rifs 6BSE 2058054 and
hydr 0 dadgpot water as in the case of

oxydehydrogenation. 10 In this document, a conplete

oxj dation of propylene refers to the total anmount of
cBRpotansy apphies reulisdaptdpllerorhéhageemrardrioadl to
S5odenlpdrogenaaionni GAicBO2he deHyddtiobbraeidn rs2apt ionsf ffcted

P OBYGRN QWi L Jﬁeurcq@ef:wﬁ &@fdﬁy@EHaEéPn FHormak @r EP-A
O)fggetp??l%.n\gl {ﬂb dﬁﬁ%ﬁpaiﬁe&t{&& Ihn:a'x: sdotchl'I trs.mgl\.(y by-product

art’ial ronal rea
p ?’E‘I‘ A3 i Bﬁso?a%ﬁrﬂ'&mhé{ 9Rh zi’é‘ldePPEe‘éa’i% as in the case of
anNde¢hsirioganafhen.parti al oxi dati on and/ or ammoxi dati on
10products of propylene 20 preferred in this docunent

afg arrsold%eumeaerya Icene%ée PR S eochS:' 8Rd refers to the

a nitril artla OXIdtIOI’] gatl

SEb¥a L ot o S pPEseRt ! Bl DR piie ba h Conyer ted

exanPrideso Pt pF%‘b‘%ﬁ’} ri&opoF%)er llodiffrrantpreashions &f

oprepytensamtithl thximacitomes pardiiovipatiomxofiabilenslar oxygen
15( el Pdid R@cbhipassadiind thst diiit!unfe@rtbﬁy Cotd eirmegattia®

”BQI‘&’?[tl'ﬂﬁ(’V\@théch@cﬂo‘?ra?.h?eé Qrgééigqq%)w £ defiSia

exc?ﬁ%‘feﬁ?%ltl;?ggsghe paéw%og e lb'Xl dat ?gﬁnt Io? excl usi vel y

as a partial ammoxidation, or as a superinposition of

bBhé D&ﬁtﬂﬂlons}ditidn1@Wd/peramnmxiﬁheiemepnpducts of propylene
20hpiefargRdearustyis alctunentl &9 dvialeihfasdiylies Q¥ed, propylene

SB&i&E aﬂ%@?@fﬁieﬂ&éPﬂﬂ@.9’ catal ysts. 35 DE-A 2 351 151

(exanple o e conversion of propylene to acrolein

and/ or acrylic acid and al so of propylene to

aBRyYoHi oxiidatiom prddon smpoxidatisnaRppducss efepropylene are

c bmpertsingn ioterpedintesnefon @rampilee fier opareiar iagepcl ymts .
2s5by way of exanple. 40 The oxidizing agent used is

pgggﬁﬂoaie%gﬁ%yixer SEuden Wikl 1ﬁfaxld9€l@r&d%%t/8rt he
SEREHREdAR char e tgﬁr.err'r%ans?rrﬁm% Fegarmﬂed in

tﬁema'pibﬁlt KBPVB XPRFatSoAPa ke T RRRtIoR ga®rMistars albews the
areactierceqoehe| gonfiduredeachsiterg iiad 1y hexe leesdivedp gssa partial

30Mbx1dH18 oW, o2l éﬁcmsllwbqs} bora Ap%ﬂt&aiomldaeabnr esPVa a
a e n
OEQpé yoeaggag S¢ tﬁ%ﬁr rhggﬂé %8 kﬁsat L#g_:t ES fﬁéée are
Es °@e€f g8l i/%rac}é%f-&oﬁ%* ® e%ﬁﬁ'ﬁ‘r’emkfcé’é’ﬁar 79 ’t‘b

Dgzemeq@éﬂmpﬁmsmlxstand EP- A 293224), He and/ or
Ar, etc.). One inert diluent gas whose use is

3sr pgoAMEndad1by Rxdinpdd53864hé Scdive@Beon O propylene to
acrolein and/or acrylic acid and also of propylene to
acrylonitrile) and EP-A 372 972 (example of the conversion of
propylene to propylene oxide) are cited by way of example.

40 The oxidizing agent used is normally molecular oxygen which may
be added to the reaction gas mixture in pure form or in a mixture
with gases which behave substantially inertly with regard to the
partial oxidation/ammoxidation (for example as air). Frequently,
the reactants in the reaction gas mixture are also diluted for

45 reasons of heat removal and for reasons of safe reaction control
by at least one inert gas (e.g. N2, H;0, CO, CO;, saturated, for
example C1-Cs, hydrocarbons (for example according to DE-A 1924431




aﬁﬁbgﬁ g#ion differs, as already nentioned, by

additional presence of ammonia. 5 The starting

propyl ene used on the industrial scale, in contrast to

| aboratory and pilot plant eXerinents, is not

chagi s?l_ﬂ Y93puRe, Mditad@oRehr Crétde R BRY! S M ¢Heh@Sgas
[ QU Ver., c ive
LR oSt g gty b
oPHAekidation g Riara o BRo Py r8aRE TRGIPEREn B Adgdkional
compacrtd wdl pymnpopkacrude propylene is relatively

g nconvenient and costly. It normally starts from crude

p%@fémﬁl ygﬁggfimﬁls@adoaea&r allsCPIPT Is2@3edt in contrast

| east _.one L cation_stage In wich unconverted

oEPal PO o RYAFBL BT PL2RF ROREAERSRI bt DoYepRemicalLy

f BuRRd Wit FBERST oFT IR SFFORY LpRo dBEsds hag cimpurigies but does,

ehawpler, Diava 8 &Qfpars®livelyphig Ipprithe(atg) ¢psilynee grade”
1006k Feraticn ghage- Al SRCANPEEHES 79 .separation of

ol efins other than propyl ene and al so of by-products

ot her than .propyl ene, 20 includihg the secondar .
CSREORERTS 100, BE (51l SOTRRERRIYRRY BPaRecTign EPPNigne is

hy@latiyeioh inTpaverandnand epetlycfbyapsnakly gsastal fyom crude
Cppraffinid dysirvearinths aad genawwEldyuepnprided la¢ least one
155ipikh 8idd0icf sehgé i i GiHidhahhédhfertedyar SERMARNAydYE&¢dkbon is
e&‘%ﬁa@%!%d RS bYS iré}ﬁ%/ rﬁehhﬁ%%ﬁe%ﬁ oS USSR %r8PLYses
applred_in an”i PEarat e $ it Wth pef r'y . crackers
AHBEsr oE0R ERATRAF S Tk on Py Iphytlot IYBACALLL (06 @hoteast one
mPpsifigatgion; sEage RSP EHsPMBARSefdaisAPAratiamhiod edgfins other
omhaheprapydenandnd eglic ed bp-pesdietanothés than propylene,
26 URBeAEENY kel ¥EBshdAtY QRmBEnéRt ) a1RERRR BEdd¥MtOhin the crude
pgl%gggﬂymeq&hrgggw of scale) and, on the other
hand, i rgh

experiences addition of value in these
pol ynmeri zations. The proportion of these crude
pThpyhkorenemntienad renayalsr erel gg@ratilacapitalajatensive and,
aeDA| choriseauence oAtftey similanbty idfpoléeaintic Apatafif $nbe
25 MGRPSEAHRINS, ahe s P CONIRIY. 10 0BRMTY.| @Regt AEAMRMRIEBRe i S
WY er ShE,PIARY! 50510 Ahned Tt oYy Sdd i RAS BPinery
acceg abl’'é“raw “naterrq prlcg or-partial” oxi dations
afdABKeLinARS §4ERBNSTackFTPhPRA (ARY YRR PEF BRqavsechif Jvast
omajopitncti dbgbryude drosylene pbtaingdt inoreisowayhas on the
- Separ Aandneqigred ofre dlargeahinowitd Fomn eabteknint polymerization
3@;&9&0 rlaltioft §P|§51'y%obgléﬁ?) RleeBh8Hy RO RRAEE ) bi¥nd, on
E 'g 8 é’ anar, &R é&féﬂé@é hlghsgéa%tiEﬁ 8§r$éiﬂ€ ¥n these
dgﬁ dr 6geénat e ¢r uae propane, for exanple, in % e
pPOSEMBELZALIORFgen with het er ogeneous catal ysis to
obtain a first gas m xture conprising propyl ene and
prbpapeopdrtilon 8fPEhetd@ivde prbpyEicined A%owire),intoepartial
35MohRANE i b ANAPELE ahsfindFiRALABAE . iR he®0HB it imBbrBance and
$9600f HR%nThhEidP AJRLEIPIEHMDB Y on stream, which is why

crude propylene obtained in this way still has an acceptable raw
material price for partial oxidations and/or ammoxidatiocns.

40 This raw material price could only be noticeably reduced if at
least some of the separations mentioned or all of them could be
dispensed with.

A solution to the problem proposed by EP-B 938463 is, in a first
45 step, to partially dehydrogenate crude propane, for example, in

the presence of oxygen with heterogeneous catalysis to obtain a

first gas mixture comprising propylene and propane which is




cgfaFi?Sé gas phase partial oxidation of propyl ene

contained in the first gas mxture to acrol ein and/or
acrylic acid. 5 On the question of purity of the crude
propane to be used, EP-B 93#463 sets out in colum 3,

| sopjdérdd as botkS ild.awitlber PitiderhedOitd tﬁe&ﬁ:ﬁ\éhfngas a
”BBHE. ﬂuéﬂtkaﬁe 'éec,rHHa Eg&tin 3&0' L d ogeneously

oFS5BIXA G4 BhAksdeTtis el Jtoﬁ*e”?e@aéy RyPeCOnpTT gEd in
athe cbitstagasnplatyrs G@nﬁcrﬁl@fem@r aactdst asddppl e
spercent and nore preferably at |east 80 nol e percent
Pbﬁpéﬁ@ .quER@ i8RUSE£ ?l&fltypstf haw?ﬁ%deepgepm@%nsdmt EP-B
Y i S,
g%?&‘éf de‘lslgsﬁp{l?hcg)ﬁ?rlom?l 3, Eﬁu% 3?8%%3%%};\3? ag:.?.a. FHH Eurlty
CBIEUH‘P ?tair‘tﬁégll‘?a?efnal ai’-ﬁﬂ%’é 15308 PRECIAISAF 131 1ikted

a¢Foreher, tthe ﬁbM%@argab@lkwenmw hen@g pispare of
10meyrDeud eQkanesd. ipiellyi ghé ffentvill agshgdiceabt least 30
pHBié'%% deit, S&f@ﬁeraba Z@eléé‘@@@onﬁo%g d%n:l:lzf'réﬁmore

carr ntJ.all
Brafq S ggx?h%%m  RERPATY TSy SOPFGE BF the
héﬂE?%er‘PeSusPijoE%ﬂeal §@R S denEhe oPFr eSSy Bpakee present
wiihhention dschasi@nitofcadxygen. 25 with regard to the
i1s5abovenenti oned recycl e stream EP A 117146 further

t?ﬁf@ﬁémﬁﬁeoaﬁﬁ ﬂ19ad4'6%e$.elé‘ﬁés 'in ébﬂﬁﬁnt;he ﬂllnghhaﬂfi

v hyd ar bon r
Rt AR BBV B UL Syeaialng t?erﬁaélfgpd?%%eé’ gases
sF@H'FH’Eé‘& W"HP’P? digh Pe3beFYotfRd Hdshost SIdiféransr
t BedOBidnadr puaid borstiarhegepay” be separated by
~2o0distillation. Alternatively, streans containing the

behQr J§l ' fcgpclgrltlr-,%gd @{%&?ﬁogﬁ‘h@&aﬁﬁﬁﬁy"d— KB

AT S”%%@éé"?ﬁ? FFGEMSIYing the 1gblentngarion of
nééés%?‘f%m@FHP@W g tef¥zas HalmsropsRetl e A BEPpane Wlth the

cempbweitrs ofi pxpgerance of the partial oxidation and/or
2s5ammoxi dation is seen by neither docunent. 40 The

t [ t C I ¥8N, i

%%H %%Qg;égngﬂé %ﬁ%%%mg%§ ﬁgéﬁ"fl@n& fanc lé? A f‘1714g

o&PrB‘he‘b 2<hes ¢R RAIF lllf 1“%‘% Wadr e, 5118 E‘Sd %’%“ an
MhREVY &b %ﬁFEﬁFl%WQﬁtSB Furh Be ﬁ%‘a@nepr Gééa{ﬁe ethylene,
mhytenep range putenegl hdiiloatt benper atinresneignidiiedntly different

| 30CeRBRNENEse oF 86r&1di cRORRENE N hydrBeirbdre, ©hBy makb be
?ﬁapﬂtﬁﬂaggé §§f4l:1%§1 Fﬁlm&{ﬁvp‘ﬁy, hé(i‘.jzre%gngncontalnlng the

ane
y -products 1n concentrated amounts may be purged.” The

possibility of such a purge stream of recycle gas is also seen by
EP-B 938463 in column 11, line 10.

35
The necessity of removing the abovementicned secondary components
in advance of the partial oxidation and/or ammoxidation is seen
by neither document.

40 The teaching of WO 01/96270 follows the teaching given in EP-B
938463 and in EP-A 117 146. For instance, it sets out on page 4,
line 10 ff.: “Of course, the feed gas mixture of oxidation stage
B in the novel procedure may comprise, in addition to the
abovementioned components, also other components, e.g. CO, COz,

45 H;0, noble gases such as He and/or Ar, hydrogen, methane,




PF 53964
et hyl ene, butanes, butenes, butynes, pentanes, propyne,

all enes and/or acrolein.™ Wth regard to the crude

propane to be used for the 5 dehydrogenati on step, WO

01/ 96270 teaches on page 15, dines 26 ff.: "According

t ethpdeney anttianes, i butiehedsSpatymds ! fp@hthﬂés BropgRe, allenes

used/bf &tAARiA. kS not pure propane. Rather, the
propane used may contain up to 50% by vol ume of other

gases, such as ethane, nethane, ethylene, butanes,

b@ﬁéﬁe%egﬁdoﬁﬁn’éhea%’é%‘-’iﬂ Prepane (xqps, usep fomaheanes,
SedehydVEytden7 ot ep s WO €dJAHR Tt eaevesi oy pEgd d&st Lines

p@st £60: O'fAdcfdﬂ‘dlhng@gﬂfé (iﬁﬂéﬁltﬂﬂ{i iR iBCeddciRARE- tRAE the
p?ﬁeégﬁ@%éﬂqﬁﬁ' Bt nog z:ﬁ'lréggn Orﬂ%%ekn Lhe propane

enat 1 on st
eololfief"t DptIa5Tar | §uch as
s @bBRRRA |r%ﬁwms|r | e riet:uéﬁt@,neﬁ hdUtERes, MISPYNE. abeptylene,
100 HeSy | 306, pehtamad hettirst gas m xture before it is
used further for the partial oxidation of the

p%pg%;ﬁg@zﬁog ?Fg?%énpn%nﬁ'sn m a% l(Z% ?;{Ip%\f%nﬂn of the

pre erreq quan

r S as
- B¥aren CARtRiREA i (4henPEOBRMRT APRARTRRYIRIReContaining first
pﬂéﬁylﬂéﬁ@r@éormd i ddendehydr egariagiopxgam andenis udie course
15aoffi £Bis gasnavall uopt ftefalle also irensvedgf oldrss opt:.onally

H%%H@&ntﬁllﬁ(h 819NColAduefts ecpé'[e&t lRdn P pylene,
the o e tﬁétpgw%ﬁ{ g@“ﬁﬁ?% %ng%cﬁ Oé’dr%g.' ' | g%( Uhe
{ RBTHRAE cokigetann, CUCHR 1 R s A
ddéd Pr%ﬁt%"%’r &¢62rds Rs particylanky tpoeferted a quantitative
2&:1 rambvihtofvallecoonstitubines| ather tdapl peSpand,Opbrepalgne,and, if
t @rbSenePSRI1RELDRE ASSRIR FP8m PERGESS f&f&@@wqﬁs&hiﬂe Béfore it
0 /99;; ﬁﬂ:t'%@ge &&w% thgn ?ﬁsuﬂ g;’igng 'a elpatrg\szlng process

exa I'n or

0]
S Rnbe uaed 5oRLONES ApoSe e AR ShELBARMITGSability Of the
Covhayalbrdsens. amhe areddesotiemiiemde haowg af tthe proresses
2snekeoimadndedd inc thel catpivemgh e Déned @oehndat § e tof be

r Q@ﬁé@&é@{t})aﬁﬁcﬁe?%‘ﬂ)%itﬁem %g%z?ﬁg:]'ﬂge ltab&@er applles ’
pEPEy BEARIT P8 S ertRH AN AL R e o Repfbifhaca oo
b91ﬁ$%’&c9§ B'P‘Eﬁ']g]sq 3 Ehe Pokbaii BRLSH: (M CA8SEF od
tawwnwmwrbﬂea o e iltesuitmde ipxpuder e sepAvate, for

3caewanp e iQRrhgiegrdrbonst £8&RITLNylhecaridned prior art.
Although it is aware of the changi ng by- product

mat i on han raw rmt ccording to
4L S Pefekiar A EELAS feboyiene
t ke 55‘1"%'-? HToPaRe (2ot |’iﬁ#‘°ﬁ’é§al ‘E%rfré\f%ni fereaday components after
ptbpi dekydisigedat soni/and/propkydshydragedat iomumtiepnpr even before
3shenesestep Hm addentigeeduceothe efirwalfoh hef pyepaodudtHm
t BeoRGHIIE @M FoFh@di dn olthendefgdnadenat §& drvdudd! ﬂ?okne at
"g& | Gl &mh‘c%&?%%ﬂ%& m%a@l'oﬁ Qé%k)a{ o gyl 3Ll ,}/ y the

critical
oduct

LB R RS Hloinoh PE TS hiitel BV adgnchil!
t pgBatinoMich thel changsr efutav MRYesipd Wrégagn's@
40t o DLLXERTOUNdot hestampliear §bé presence of propane in the partial
oxidation results in increased propionaldehyde and/or propionic
acid formation; however, the advantage of not removing the
propane from the propylene formed in the dehydrogenation is
valued more highly), it does not regard this as particularly
45 critical insofar as a preceding removal is generally more costly
and inconvenient than the separation of target product and
by-product. This is even against the background that a target
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PF 53964 6 product renoval from secondary components
formed has in any case to be carried out. This opinion
is quite obviously shared by those who, |like EP-A 5
1192987 or DE-A 10122027, org EP-A 608838, or EP-A

29853, or 10051419, or 10 conpen
85? Y hd B ai‘ r°’?>r5888§§a’a3éf‘i°ﬁ“é’8n8{1%?h %fl?fisg?solfn s case
g8chREtrTifda®dingl e reaction zone (usually it is
carried out in at |least two reaction zones) over a
¢ai 8l aﬁtm@ha&seqﬂ\irwaba@bﬁy@ PHa98dCHYPERIsE QRol S1Q &p-a
hf@%aﬁ%%qﬁz ﬂ%ﬁozgx'g WACEIOEQ r%e%pt ?gcg uren|t°§

(LR MR A TRRLY U M SR AR

PhHec®TRe fﬁéﬁﬂetioat cdearyzect E Ghydefgernrdnani ansigle
peapaiten tzonpr (pylally (efis daxriedxanplim #P1Ba®88443,reaction
S8hedM Frerl BNBaBH1 Yt Lhahde szhotsiéea@f:b@é éad@aegrmsﬁtlon is
Q@r #é t %§I d%i@ 3%{1/ 8{( t?% c%agoﬁnrnpsfesmtlgey ferﬁents Mo, V

precl at e ure

ﬁP%c%"dLﬂ”é‘p /et Shsetheadasig ot da%ltsherg it t]ai‘tl"é%fst
oateyant jagitiveki ekideoromppsii Uronanﬁoablj@tqro rthespee . haft@ to
devel e ltes oxide iy dkb@2A87i o @f epxopPhe.td @EOPVESANS @T., for
Qﬁ%’i:&t | g!PL-BeSigﬁtleéj‘s crc>é1e§lmgnf 4 a{lh)eﬁealﬁagf £ ) %nﬁoon the other
iﬁ‘blﬁ%h%’sea’grg 1 oxld%lélon a%drﬁ %t ure Wc?eH:lon o ée?%ylene It

wikh /R a@Pﬁ@Fl??ﬁﬂxr’%theéhe MRS ddEFuTe hk iR I?Hﬁ% a procedure is
ueg@r%ﬁ @ych §6r sthe cebsamdenthatal kase, orreeg:a:rdhe‘ssomfdatlon

andly &€ ,anffdyiber bhrerdeg. 25 as desired.” In conplete
correspondence, DE-A 10122027 teaches on page 3, lines

5/36:, "The p e sed for.the novel rocess
Beefnatbs, CERRR 08070 5 Bretibag yr igirencl’ & Bae o,
&8 $% fdnt s "SRRy ak Jf% ijs gopyipisationgoncing geayee of
Eh& ewvilsmer. egtrmay dreuderphapahepet def far iimgapuwixtyreawith an
HERd £ .Andl/dir Satlvantiagar 0 i dde MaBeYeeP) Itle Allkane, regardless

pecoymndatansnd Salt}J&ﬁE i aq%sg% anal¥ze W, 6L @f endea

ARt oA o %ﬁ%%ﬁese?a%es S ﬁ@iﬁ?%f tpaches on
PREe churld@esf 3%%6 fi"FEe BYGRIEr & E%lc‘-l‘ﬁ%dolfﬂfl thermavednd

pheresshdicrg peesente itn néet fanyspagascudadiyr bigs af@uirements

GONP G I0RbYi eigRGitpresent in traces, if at all, in
the crude propylenes normally wused, so that their

t cts remain_hitherto unnotic as
o %ﬁée’l 31 E S eRePag e Prﬂea%m‘i%éﬁ?mg puzity as
Redle} ®genetously catalyzed partial oxidation and/or
ammoxi dat i on by reducing the activity and/or
AelBtddwanit gl 45 HIRSBEBEVe Irildie ardesddithaPahti@hs is that
%é}d‘%d g.;%taglqéf%;zeam hdéfl y %E)nQEQtBYérﬁ:@.ealf}éa esent in

t esul care I nyest I%ﬁ.t | OI’]S é mlng in

h‘&%‘p%@éh’ef Sﬁ‘h%e tHaF2ea- ‘Fﬁ/cﬂl&?&‘r HBRE:
Ebeaids *bi Bre dorstseteR By Fuélar‘b‘?ﬂ?tdttﬁﬁﬁtﬁlﬁid then
hythogaepegbnin ditey fiost sac micsbae ybtaid compounds only being
present in traces, if at all, in the crude propylenes normally
used, so that their negative effects remain hitherto unnoticed)
act as catalyst poisons with regard to the subsequent
heterogenetously catalyzed partial oxidation and/or ammoxidation
by reducing the activity and/or selectivity with respect to the
desired partial oxidation and/or ammoxidation of propylene.

As a result of detailed and careful investigations, it has now
been found that Cy-hydrocarbons (chemical compounds which consist
of four carbon atoms and hydrogen) generally form such catalyst




PF 53964 _ . .
PF 53964 7 poisons, and anong these in particular the
group of olefinic representatives (butene-1,
trans-but ene-2, cis-butene-2 and isobutene), and anong
these in turn especially buténe-1. However, the
sgbusated arbraesegt tiiesedn( pabtiariarantei godig afeplafihnic

t BepbeSéMEdt iwasal bhed el I, e RLERS M Aldnees , aé§é’-ﬂ?ﬁ\é%e-2 and

&%‘éﬁg?%rgé )I,gocatnﬁ I\{\&V&{ebsel t.l.nI éulgl{ gaocsg%?aXHy butene-1. However,
tFﬁ'ﬁssﬁﬁlﬂ%dz re aéﬁ-geg (PW and isobutane) and the

SHOtAEE cvrsat@atedt a@w@ﬁ@nlzazlvmnqﬂrs@ hawadidvensgt ghifecys.
whi ch 10 form ubi qui tous conpani ons of propane and are
t hegeler e itymscskgals@rﬁqnﬁ AFhchirBBhE! & muesﬁe; n

i nex lve ,Cr e Thlsstterre a ies to
\% fgg{g%ar'tltccru ar g entrﬁ't SPRRILENGdy ot é%Pe’

o!P“ﬁ? gierenlons] “F?%%ﬁﬁ%nlcﬂ hetera, a&ﬁé@? Ryfgne-2) which
1@ diedmt nlpigu idfous pampamorﬁebﬁdpm iand anel/tdrerefore typically
oxpyrdedyerog m@hllemc&x& catmdaheaaﬂxe, iddi@enk&té drude propanes.

Camiy déi&@é f & ﬂoe%S'ire 41%.1&195}{3"9 teer: to, the

ARG ELTC e~ leﬁr?ﬁ S AL RGresane sa9Br oth

asondésienp&f At Pﬁﬁ'él%ﬂutd?@ﬁ'd%?efﬁﬁffe‘ﬁalr ﬁﬁ@f X gxysehydregenation
1% aft pabp&ie 0xihea bl efiimimd Cqrhypdmomeartanis oareraxd leasof partly

PreepbeneinvpatitichDar CKHY Hagt i&@1dY 1Ok ranblis e BhCEne-1.
t akes account of the abovenentioned facts. we have

nd _that .thi ] C s achieved hy a_process fo 25
p?%péﬁ i) oR4el 88 fic. nrReBhll SHdbro RS e & précess as
@t theogukseofiog: apgparindbptajeast pre partial
Ztistospdatlm eotd/og smmotcidatipanprodudthefppesgylsmeofwhich, in
aRdnetadt db (P ofX et t'Prstedbed X ViR sl AcdolRRIERBRUS] Y
%%/F Emer%@l éaetfgéggeneousl y catal yzed dehydr ogenati on
an

or Ooxy ydrogenatl on to obtain a propane- and
propél ene-containing gas mxture 1 and 35 b) optionally
T £ornch thasnblis iohjecd b8 mahiegrdobyids Ryocess for
29 @repaning dthdeashsone ymartiadt deeiddtian pndpaneammedtidation

PrBYhEeP ot [Prdpelené by he gas mixture 1 formed in the
first step to obt ai n, fromthe gas mxture 1, a gas

m xture 1' ri.sing 40, propane a ropy Iene o)
cipodfde BH% SHF8m 5% mgpFBb %ép Er bby’ﬁ&é’resence of
and, iandier|eith thgcekolumian ofepxygen i) echppegenesusly and/or

307 xt umehétenskderreopadyncatalyzell daBydrogemattiohuarmd/caf a

gas mo&?ﬁéﬁvgrdéérﬁtﬁ%ef@gﬁiﬁ‘iﬂshy E@éﬁielzﬁﬁd45 gas |

phase qﬂg( gas phase PF
53964%352%% |§)‘%EH prg‘f)'f/‘fgene cont ai ned in gas
m xture 1 and/or
and
35

b) optionally remcving and/or converting to other compounds a
portion of the constituents other than propane and propylene
present in the gas mixture 1 formed in the first step to
obtain, from the gas mixture 1, a gas mixture 1’ comprising

40 propane and propylene and also compounds other than oxygen,
propane and propylene, and, in at least one further step

c) subjecting gas mixture 1 and/or gas mixture 1’ as a
constituent of a gas mixture 2 to a heterogeneously catalyzed
45 gas phase partial oxidation and/or partial gas phase
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BEsS5@P%fAure 1', wherein 5 the total content of

CA- hydrocarbons of gas mxture 2 is < 3% by vol une.
The amount of the constituents other than propane and
propyl ene 10 which are remgved fromgas mxture 1
and/ or or Sonyer tedggo oth ounds .on_t he roui;ce t 0. gas

mi xt GFe L ST ePﬁe NGRS P f3ed@xture 1 and/or

cons?‘??d@ﬁ’%télrﬁr ésent in gas mixture 1 in the process
according to the invention, be up to 5% by wei ght, or
Wwhet®inl0% by weight, or up to 20% by weight, or up to
30 or 40% by weight, 15 or up to 60% by weight, or

be el Skl il v Bioctiople ok GRnmrbye v %hts 3% by

¥PlWpet 0 99% by wei ght or nmore. According to the

i nvention, the total content of C4-hydrocarbons 20 of

9BS dfiotdr sztﬂlé5 ke tabhis othe? %t Rin YHdHABe &@at;%pf,lene
%hg&@ % Fﬂgged S'J‘.Iljolrnl ggtghjgtgre 54915’)’013/ ?oﬂ%{:t&rl to other

%emtﬁy eoalww&.ure "D % b§S§0 Ytz gmount
Pﬁ thﬁsecégéS‘é%tlg%‘stﬁm%Fae@% in waschixfuteodger thmtrdatess
angordGhchydr tbarborstdbnalbg upt tw b% e wapipheci et ag to 10%
bpape{tdw roae@@tﬁa/QO%er,asélm | gROgE @PPReALS 2b% Ay weight,
Bﬂrb§f$%1 Epoggs tdPo ¥e§§4| e%%?&ﬂlc or up to 85
St |a?o

acceﬁt a ertain

e’jus
agtéﬁ%ﬁ HPLERT o9 GP ERC) 431 SRy HPORAS bGTHS WP taads of 38% by
weikahl.e o30up, tartPy &yl waight teai poogeral | content in gas

m xture 2 at values of > 0.05% by volune, or > 0.07%

h¥c&¥&ﬂﬂ§etooﬁhé’chgﬂ%igﬂ vl iRt a1 Okortt it 1 Y b¥4iﬂydfgﬁarbons

C{ ses ume. -Accor
BFcode rilst LR o5 Bierar il P h O S Bl % 3500 by
BORHE | Stk elﬂ?"st"‘rff -c& BY o V28RS, OprefleP&nEy Ylume, or <
8i ¥@&%h hvo vehamg arshawostecprefanakdly gad. 3 & tour woluhei vy < 0.10%
BYodylumel.ume, or < 0.9% by volune, or < 0.75% by
vol une, or < 0.6% by vol une, or < 0.5% by volune, or <

49 b I Jmor.e % by val even
?r%r%ﬁ re%gr gge xﬁgr?)s vé'T o 0f SSPFeJrﬂ 2 1%
by QSPW%@Q% 059 BVJ\}OPE@PW@tedOB%%}%Fu%gatlve
ef fect) n@]1 Uphyer \auingaws #h alle Eawevel, fas whetpumssEs of an
shédlIn@ecbaogbs fHpradell Ant nayt Baejustiifiablle td addept a

berapRy eekat fchdhatertrhei rom ec@l%t tyﬁnycﬁfofcs%oﬁg np RAE" mixture
2ppgs at _all. .However

ouera I% ego%‘ée o Verai Othﬁﬁg Jb'g sfnllf{ %\fﬁ’ ¢ @ values
a&%;ﬁ 05845y CerYamen 08171 Tty PEEIS 0PTt Reb HifttorY. Yolume,
PN yds 1% kruvelue amd inoeitemme réasecont dndiy gaslume.

m xture 2 at values of > 0.001% by PF 53964 9 vol une,
QécaiélngﬂgdﬁEﬁb\ﬁﬂdéﬁﬁnoﬂf éBA%uQQ@ﬁ@fD’QﬂHhUEEe éﬁovéﬂgntloned
éiéﬁxec nts oé)C40hy3 aéar%ons, ‘preference is given to the
butene~1 content of gas mixture 2 being < 1% by volume, or < 0.9%

by volume, or < 0.75% by volume, or < 0.6% by volume, or < 0.5%
by volume, or < 0.4% by volume, more preferably < 0.3% by volume,
even more preferably < 0.2% by volume and even better < 0.1% by

volume or < 0.05% by volume, or < 0.03% by volume or < 0.01% by
volume. In the case of gas mixtures 2 which no longer contain any
butene-1 at all, it will be appreciated that their negative
effect no longer appears at all. However, for the purposes of an
overall economic appraisal, it may be justifiable to accept a
certain detrimental effect of the butene-l in gas mixture 2, and

to leave its content in gas mixture 2 at values of > 0.001% by



For tﬁe pur poses of the present invention, preference

is given to 5 the abovenentioned |imting val ues

appl yi ng, concurrently with the total contents of

C4- hydr ocar bons nentioned before, not only to the
awolmte Oforbyt 6080 3% dyntvallune, idr A9 . 0084 We vdluke] or, in

abgPfremd RGQRENASNG | Iobgt%hg?e%lun@ncur rently to every
ot her possi bl é representative anong the butenes (i.

to trans-butene-2, to 10 cis-butene-2 and to

i EQB Uk PPIPRAES \RF \EheaPrPEeM arlYeat dprnRraisTepre el given to
5t hbe adeomement ionedl Jimitinggvakhlassapalgbn@pmopicngrently with
cenéuwtfmt kyntenthief @la dy@fﬁtla&boﬁfs Rt BRAed Befide, not only

HE;F agnouh@ of’tﬁﬁ;ren‘éo q'?ikt%ét 5” egm,? also,

Sl.II ve t | on
SAnggperpsht Iy Fhdthad | enF BFuEsE sea%m oEhey, pyssible
vﬁﬁwmtﬂﬁﬁ afmoRg, ﬁ»thénbu'é?nﬁtﬁjt(én@s &o Thpang-butene-2 orto
10- cistlalten@rteand ofo Géobytenepy oms ver?. pépthiyulak upke ftédnce is

t gidén t%pt%@nhmelﬁécntli'éhéﬂeﬁlnﬁtla.%gbiﬁaY@ééJr@.sooﬁ %:P#ﬁ‘lg
ngﬁgl%]]{req#tlgélt;gyg{é) Ct.%fgengmour}?t %Oé) Bth o) ument %fr:-]lg mlxtulre 2. In

CBRER (MaFS oA SRR Ko P of Sémf*ts%esy vwﬁ?@lsnacmdam to the
copvenkiay apgt b dmehpohyol ume; or total content of
15C4- hydrocarbons < 1.0% by volunme and total content of

but engsts1 Q':oﬁ%hQYOFQf UWRSdroEartbns EO%'befbtl%ﬁE Qhd total
CA- hydr oc tbg,gs Bt p)i%vg#ugg% d Lot content of

but enes < “Content of

C4- hydr ocar bons < 0. 5% by vol une and total 35 content

of butektk centenpophH\Cadydnecarhonsogal - Thrievolohe and total
20C4- hy domomrth @ifs but €nédodhl 3vb vl vaded bot al content of

but enes < 0.1% by volune; etc. 40 In order to keep to

the aggilmtnt H%dol’ 'én—hgg.\go%/?ll%%ss tEeo% pr;y I Fﬁﬁ{ne and total

accor tot ers sobSfanti‘a
possi BPTY ef’?teg gFtWﬁ"th- r%t ioRE or both may be
applied. One possibility is to start from crude propane
25Wki chtetdheafontent 451 | QR ceiingS <any5 /by wal onér dahtotal
at  al bon@dntC ¥# Bhfsnds-N)Er BgaydRNR:;08kY in such
amounts that fulfill tHe Ilmts to be observed
accordi nglto the invention for the total contents of PF
539642871 EPIERE oRE I ToR¥ArPEALRONS Eohelt Yy VRREBe and total
but enecntent gdsbutanes e 2.. 75Wby lvadameenor of whi ch of
30t he possible C4-hydrocarbons in the crude propane is

conpabPl £ nlclnt h@f FU.;QQ a5o@EaRnd Q01 6 tlﬁe vo'lﬂfﬂ@ fdPRotal
depends,. aong BLIEL I T05, WAiLhe, opeC

boundary con I'OnS Uused for ep of the

process and nmay be determ ned by those skilled in the
art ibote¥ @pgntent of Cy—hydrocarbons < 0.5% by volume and total

35 content of butenes < 0.30% by volume; or

content of butenes < 0.1% by volume; etc.

- total content of Cj;-hydrocarbons < 0.3% by volume and total

40 In order to keep to the abovementioned limiting values, the
process according to the invention offers substantially two
possibilities, of which either only one or both may be applied.

One possibility is to start from crude propane which either no

45 longer contains any Cy-hydrocarbons at all, or contains
C4-hydrocarbons only in such amounts that fulfill the limits to be
observed according to the invention for the total contents of
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pFebBfbAary experinents, adapted in each case to the

specific boundary conditions. 10 Any renoval of

CA- hydrocarbons from comrerci al |y obtai ned crude

propane which is necessary yijpy be carried out in a
for le rectificativel

nown per s exa
O arat A, HoEa Tt RAfenas ARB; RL1C SUSAP&L] rip dés mixture 2.
Eh%‘emené of vidsdr pfi e dessiple ou—fwdgocarhassdnethe
sridyy padpangt i Oompaxtibhe twiah and/ Proddss according to the
BRSEIHlNORE PSS, ptahx@ﬁgaéiﬂ'héﬂ Q’@L@ltbi‘s Caifyr Rhe specific |

B&ﬂ?daq'? g%)thtlo%%Del SHE%Q éh&y fgggéogteap! to r gﬁttalﬁlec!c\és& and

ons 1 n genera

‘B%Pfé??e detgrmingt s t?‘ﬂs?)a?rlﬂlclﬁﬁain W%rﬁ%aénn‘?x?%ﬁe 1
Prekicvizacy ofpenigengst hadantsd aoceach mpsieotohehe@(pecific
boweixryoroAdifiashsm xture 1' to such an extent that

their levels attain the maxinumlinmts to be observed

gorreq'n Qfgltg t@eh dgvcec'ﬂt]:l%o%% fggmac[ ernran_S:I owli égtalneé crude
sure 'S appr at cf when t he
PY RN ¥hAER CE W&E%F%d?ﬁs)’ laweecwa?h% Ourto.m @ XBARReE known

peom9pr dpanexaranley reati fecatdmed s - Oft twid 12be appreciated that
aXy dedhedr egpmed i pkodedyul, 0ogegat adsbritepn/ 86fotdBRl €. g.
BYes HirSPLQPRS td lt@enﬁndé;&rram@ﬁf@ﬁi/%r One factor

0L ST, BR) RS8R e e S BECDARIL LY RSB0, V8L DEc g cof

£ artl het 5 1t CoRS ATRG2 PPBTEIF I R -

first step of the process according to the invention
fuppldrentaselyfard/cat al yermatd@ediehyit dgepatebple to remove
Exanpresaphonis dhuef@Rar alndNBuPEREEs $2S buBehelein bheticular
EP&P'JA@ h@ﬂt@fe albsiﬁr QE&Q&E@%‘% ‘i‘ééof@}ﬂkfé& Q5e? %&é&%ﬁg to the

%e er.ab % s Z[Bto ug % e%?é e els
?&‘tfﬁ’fﬁ nga 6nr1é( gu?e sWichGUSasDP pHISHE FORY| Th%ia: 168
AR Y théx’[“?’é’c"i“i-“i/élﬁ‘ll‘é%e“s%é%e oPReFYRA ALSOTEENE LY ffeng,
tayentian. t or barsSPeflakephematThie BAasyor dearbprepriage, for
ERANEI@ CRHeN | thd e osb! i Pt @ IBGdrdtsehon¥here themed, for

prARARe £284 D SRERS hey ﬁ%ac@;e' soepéévrc&t Ituegl y remved

PUYAEBREEF biP 38 AELUTRISEPAGLPR SH ABEE: BEHIPLS BY
%ﬁ!?ﬁﬂ?@atf-%%tmn PRE/ abSHIFERLS 1By FRMFSCEPT alpich pacreases
thoeinnrdebdhi maytHeereofiei ofthehaspr of e reothahatydes gas
ﬁ@ﬂﬂfdﬂiorfgnEQAtmlilpveniﬂx Othd Eivht Cahtém%fgaﬁer@ﬁ@ws% T
Sidied Y Sid 1RG5k €6 PlnkhEs §e%t ué'\he”

anpun propr
i RC AT M T L e § Yhoiuce
B tqoabigkden i aksarerion kedp ?%91aqt1g>&305h5%1’elpplng
fwmabaraal yons andriebesrbeabateptionl , tdesgadbedi kure 2.

bm-A hioaamage, prieseeBt Sringdladeerporent scetheicdtiam Bhd/or

[=] s . y n aSC t e ' [=]
@%@%t&% F’EQF’@%% %%@5%% %i Vglqug ﬁé( }% ed' b

e. fro
thien IRAE 80 fry SFECTRPOP 28, THOAHRERE) Bra g FRELpping sas
¥23Y according to the invention, preference is given
to such a procedure.
When the propane and propene (for example absorptively removed

from the product gas mixture of a catalytic dehydrogenation)
accumulated in the absorbent are stripped free of the absorbent
by means of air, the combination may be one of the process
combinations according to the invention in which the gas mixture
1’ obtained by stripping free of the absorbent may, when the
amount of stripping gas is selected appropriately, be used
immediately for the partial gas phase partial oxidation and/or
the partial gas phase ammoxidation and thus be identical to gas
mixture 2. In this case, the content of components other than



PF 53964 _
51t wll be appreciated that the renoval s of

CA- hydrocarbons di scussed may al so be acconpani ed by
renmoval of other constituents other than propane and
propyl ene. Proportions of ptbpane and/or propyl ene may
opropanese prapénal sul bexygenoimdyaast mizbutdiel 'saniglt gemerally be
dA%@;hdsmg:ot 85%hBy i VRl Ofn £He c%%eaaat%m fXepaeatisn olf

a S r va
SPSEARE sl bt AUNGERU LR e 081 O LELESTY

OBEFETENGe TBoRORSI & BUPB BAAFeEE By er a1 1 ang

St herefore the detraction fromthe econonmic viability.
| ot oviEY beoagprecigaal what utie Femoralbeoprqehgdrocarbons

ageoécl il ayt Beso 'M%@Ebﬁﬁaﬂ!éd bE}rOE-QﬁHré/l %If'o bknepnt ai n

aEth%gguentg éf%gy eﬂ%nugﬁﬁggéé(gyﬁggggg%fbgﬁj é%?éortlons of

>PBORI DRI PERE OB ERENPRE R £OUTES8RHY AAFouRE, Fepoved at
100tBeo amey glimge, or > 1% by vol une, often > 2% by

vol une, or > 3% by volune or > 5% by volune, entirely

t!&Eb&P&iﬁ‘; 2ollie bi/n\)é‘i‘x!t%ﬁ t}?é s%pln'_?a{‘l:?i{ V;Slldé'é%seé &1&Qxé>sed

> uire
QAT tahgﬁm%aalb Yafy By Farbons,
akB PFFy tendimhl thes SeBRYy '%%Pn H&ﬁé’v"eﬁn |¥P°c°ﬁ‘é’eﬁéﬂ’é?%1lreqmred
15cageralh@n|dr therefaxe ctmecdﬁ'sxaqumt fromtthe ecloanmic viability.
propane and propyl ene and al so oxygen in gas m xture
In Seidie WRLASESS ,%C%Qtwsetpr lhlethgvﬁfgééyé \aacbbr@ﬁuf to the

Sgpveﬁilé% %SHgngp ﬁgl%y %Qli coﬁigi O@,b{easﬁ Q.% ¥§Sby volume,

aEFeTRRPtYaRe 2’f‘tblf é’oér&}%nt%’ge?o@s:"ﬁce&mwet Grt Bl 4% by

20 nobume 0rPr 2hORS5E MY Modumal sipmanyogskgs dt bb$sby velume, or >
CaL 8% asly awtiluimd, SHE> A% BY vwaluridjabigas ¥ wyevdlims, or > 3%
NgL 981 ukd e w%i"bfwlﬁﬁés @rﬁtﬁféﬂg}y@yﬁf@a{mns- iU%t@P|v%lume,

dj
aCCO;eigag BOrRlnd P 580 By, Alee BONCULCR Yofme
PlinkY etatumesooF rﬁoﬁ%epyvﬁ?%@‘e e CORPEERUETSS PRBET than

25ppuep@|mﬂ exngic puopy hepg @ndhelse meygenen are achieved in
particular when, for gas mxture 2, at least one limt

S Bw@@ r‘ianhEo Sherd nEQEE'OEhJ obeti&Hiﬂf c%ﬁQEf%ﬁents

one |1 mt.

rocarhons an
tﬁ’tgAﬁ Mo EEoRRbS i prpBRIshd 3 ﬁ*t 4198 Seradh AP} o dhecore
43 ' pin 536 progess na‘ER‘-'ﬁ'é‘lmﬁoFﬂ sthee%&NﬁP‘é%P‘bfW’éés
30niveiumes @ su7P&bbe wdowoedi oy £ G0% by volwme, o Ar éO% bY
t Rogemeickh <cQoe Uy evdlumef, ul fill the foll owi ng
condltl ons: 5 - total content of 4- hydrocar bons < 3%

< 0
Sen R e AR e ottt BearBEaecent ot Sl iRe Sheinvention
bU hgRethe removals prev1ously discussed are carrled out in such a
35 way that gas mixture 2 has not only the total contents of
Cy;-hydrocarbons suitable according to the invention but also
concurrently a butene-l1 content which is < 1% by veolume, or <
0.9% by volume etc..

40 In other words, the targets of the procedure according to the
invention are achieved in particular when, for gas mixture 2, at
least one limit set according to the invention for the total
content of Ci-hydrocarbons and, concurrently, one limit set in
this document for the butene-1 content are fulfilled.

45




conten? 1% by volune; or - total content of

CA- hydrocarbons < 3% by vol une and butene-1 10 content

< 0.5% by volune; or - total content of C4-hydrocarbons

< 2% by vol ume and butene-1 1Zontent < 0.5% by vol uneg;

Ol n-oti¥rawoeas] entanplle€lohygiOadkRonss < FWikwblel adtording to

a t % t
cgﬁ? %{@gf‘e léﬁ %%r%f bgﬁ%}gﬁfc’gﬁ%\é Lvoﬁjrﬁg{ lgr%glbﬁéén%-nowmg

cHREENT 9223, 75% by vol une; or - tot al cotent of

C4- hydrocarbons < 3% by volunme and butene-1 content <
50-4% bytablomtenbrof Quehzytircoarbens of 3TAhywidlovear fmdputene-1
2% byca@&ém<amd bytwilemk; 8P content < 0.49% by vol une;

{:Q'lt.ﬂ &%@EﬁgtonQ@CﬁHHi{%Wol 952§ %y/o\}&’tuiﬁgl #ﬂ@ butene-1

and but ene-1
cont eRPPMCE ﬁ d‘i’%c‘é‘?lt}‘é‘\’?s 3% by voI ume and but ene- 1

cont ehetad FOBIERY %l%rreydmcmonﬂ 5t 3 Rbcdymeoand butene-1
10C4- hydoweartban® . §% 29¢ byoluokginer and butene-1 content <

20/3(? Eata/pldaﬁ%enerof d@‘h hr@@eﬁtkﬁﬁts efz% Y amar Hed outene-1
0 DYy %
a

?é of ent < 0.3% by vol une;

rticul ar us gas xt ur

the pFBE%]s§°n§EE‘Brﬁf éfgfﬂ LoRRENE| Bgnl?%é" HB‘Eea?‘ﬁl butene-1
whi cheantentast Oeﬁé%lblfnvtoms‘éi ¢h this docunent for the

15t ot al t6b4l eninteht bof elehydnogmboimisxku2® By ivelume and butene-1
concu&ggﬂgﬁﬁ/ < @l fystllgpl volamkh &t her words, gas mi xtures
2_sui Lg? %%%Edbggc - qﬁggﬁah?:}{'ﬁnt:' 99 Wevd glme and butene-1

partl C owm ng ~ conditions are

conch?’éﬁ?If Sf et AF content of
CA- hyapb@hrqstmgna Q%%fhvér@mrw Lol by Aplugat apg Ryftene-1
20but enesnteritdo<h Y . ¢®| byrevadwhebubene- 1 content < 1% by

val unept &1 coﬂﬁ@h@'ofcﬁgJﬁ Hr8fartybrizy dr 0% PRI ute3dndbutene-1
vol uméot}@éjné‘%t%l 4%cgg Ptenes < 1% by voI ume and

but ene conte ‘%%?;n% ol une; 45 - to

Cont CRPERE CORUE OF A BN STEC ARy Sof ey it ups, 4pd butene-1

cont egentgnth ik Endd by MvelwpeyoPtine and but ene-1 content
25<-0. S%otdy amitene; odrc Rhydso6drikis < 2othy wdnienandfbutene-1

CA- hydpReaddand . $3389 Yoy nBrand total content of
bUten%étal]céq;£P¥oLE”E%3EQQrQ¥£€§§ajl Copt tvdi&&eséﬁ%qahtene -1

vol oca ons < 3

vol unEearePt & 8- § B%n‘f'%rﬁmeof eB‘btenes < 0.75% by vol une
and butene-1 content <

30 Particularly advantageous gas mixtures 2 for the process

according to the invention are those in which at least one limit
set in this document for the total content of butenes in gas
mixture 2 is concurrently fulfilled.

35 In other words, gas mixtures 2 suitable according to the
invention are in particular those in which the following
conditions are concurrently fulfilled:

- total content of C4-hydrocarbons < 3% by volume and total
40 content of butenes < 1% by volume and butene-1 content < 1%
by volume; or
- total content of Csy-hydrocarbons < 3% by volume and total
content of butenes < 1% by volume and butene-l content £
0.75% by volume; or
45 - total content of Cy-hydrocarbons < 3% by volume and total
content of butenes < 1% by volume and butene-1 content < 0.5%
by volume; or
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0.5% by volunme; or - total content of C4-hydrocarbons <

3% by volune and total content of butenes < 0.5% by

vol une and butene-1 content < 0.5% by volune; or 10 -

total content of C4-hydrocarbdns < 2% by vol ume and

t ot al totahtezmiteat bit@PAFdEofaiiBony <vot Upe vilthmBukfdetckal
cont eabneent) of pl¥eNS Wl B Cvo i albNBut&hd € content < 0.3%
i nven |on particularly advant ageous processes 15 are

those fn' V\]h Rot onl y the abovenenti oned conbi nations

of toFﬁFa]chrﬂ"éﬁPto‘Pf Cu-hydrocarinnfs <adl bhtwaluggnpedttotal

S50f butemesntad butewes iloiak| §y butlame- anédm‘cane—ilncgmsent <
m xtupes® W &ofluléi lded, but al so, at the same tine,

L
vol um%x D B% 2’% %?/‘e?/o? § i B¥ ‘50%“!?0/ RteTiss ¥n+>ent <

0. 6% By5¥ PLMOLUBE: >00). 8% by vol une, or > 1% by vol une,
100rF > Rétabyontlenteof ats-hydtobyrhomsurge 2 oby vdAYUmbyand total

V0|U”Eon€3n£>o¥oﬁh9¥neéﬂﬂ B3 B? Gbiﬂié)Qﬁdgﬁgfﬁ?é_loFoﬁtent <
or > o Dy VOl une,

20% by yl! 1@6‘ g6 by

(but usual 8/'by vol ume, or 25 < 70% by vol unme, or

< 60% by vol ume, or < 50% by vol une) of constituents

oPRePTdinsh ter ébﬁn@‘éﬁiﬁlﬁ% phreticuday ly| advantpgenus Tprocesses
15stnei HsoswEarini ebichiindtoonletperghovesent idivds conbéndtions of

f ubtRerecritenRdot hef-nyli@bchPsoraRasSest Hf d¥eedtNgF butenes and
UQ;dL$§ aﬁoﬁliﬁ ”ﬂ@rga/-‘io %H%&ﬁ@ ridmOflgaQrBP:Yt%E}g 2l Qrb h?lf][f illed,
DRVE timgn R 98k, FHIERTE | T/ gifs UeR: Tt still

| SORBRINRE At \l@ﬁ?tl?.. R tléd by ppebimsingrta 0ide biYn\V@htl%n or
20p1>e0e3%3m;e vioduge y eor 20 O0.K& Py opdmme;oat ento J5% pgsvolume, or

g’h_»x?yse l%lmﬂes 0% Ip), 8% Oby 1 utle , <oB 020 1Y b\pol.ramne, or > 2%
e a.

PRy Lot g omv%“{%%ﬁ%%%@%%" 3 bie%ﬁm of 3| 10% by

ABBNTS0 R Job e oy b Ve SFospess by

uedumes a¥ &r PP gsenérlame@n ut peualigkeBlntby volume, or
25can3osapatvodomé) . @r 4 $08l B9 woluniegkep &£ nik AYCoOobhime N of

48ohbeihiasits behet f\ﬁ:d@?b&%g&ﬁa%d@bﬂéeﬂm and@8lso oxygen.

m xtures 2 suitable for the process according to the
invention are geperally those which, on_the one

hand
f dPei PHO4YRS CRRFICd Rtofarnghe PUIReses ok il ish LRVERL 100
r §guter ehovedr that alfoz4 the dpexrasesnof oaveiting undesired
3opeehpletd combdstiomadf propyhenedar dheopihicial loutidaeidn and/or

C Qe8P dANGNGO 1 E0I gaxﬁfr%m |é(dx?di‘ﬁ'a§;b8@§"tbﬁéri thhﬁféiane

fgﬁsge,?tutﬁngngomrfmr# géﬁigﬁbfﬁggl%ag R, D hﬂxso Dg to

vh ﬁn'b“ tG-.?nf'rBFﬁ RENCLOIS LIV (e tBE ?J’f‘?ﬂﬁﬂeeﬁ nt?‘?"orﬁ“ gas
18ixbuze% beingl ane0bibypropume, o <qGehtdy Valyme25Paxkicularly
3s3advaytamEadne propane contents in gas mixture 2 are from 20 to 40%

by volume, for example about 30% by volume.

When any ammonia content to be used for nitrile generation is not
taken into consideration (i.e. is also not taken into account in

40 the basis for the percentages by volume), gas mixtures 2 suitable
for the process according to the invention are generally those
which, on the one hand, fulfill the limits according to the
invention with regard to their total C4-hydrocarbon content,
preferably additionally with regard to their butene-1 content and

45 more preferably additionally to their total butene content, and,
on the other hand, have the feollowing contents:
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5 from25 to 60% by volunme of nitrogen, frequently from

40 to 60% by volunme, a sumof from1 to 5% by vol une
of CO, C02 and H2O and from O to 5% by vol une of ot her
constituents. 10 The above stétenent applies in

parti dubmar7 vilrerl 5aby nvotumee 0Z Opr a het er ogeneously

cat al ¥zed patd i1ak gyld@mn@w Oqf pEbSy RNyl ene  cont ai ned

in ga X§ . S cral
acr ! i H*“c%f“t% 308 pET LI S PR BECHADIER 25 o
al | 353:3%( Py catalyzed partial oxidations

Sand/ ofr |td>a15i0§n§Y ofolymep P epbtragenonfaegesntly fhem 40 to
proces$ftakyorcdiumg,t o the invention are in particular
thoseaWQm]gfbf aﬁ%h\nldtér@@{ydlvaﬂuﬂél‘yoﬂ\nﬁ% €8y ta‘?ffat Hy0 and
prese ry Nigle ! i-0n so.in ref er ence
basi S?Eoﬁnltg tvfll)nt tﬁl ir‘#’ ﬁ‘[]n@fool Po gco&gﬁﬁ% 1fsb'n
pattern: H20 < 60% by vol une, usually < 20% by vol une,
10y&her above stesement eplbiby Yolpamsich2ar @09 igpsvoivmuge 2 for
usuhktyrogefRYubyy Ved Hilyzegepervidly ox2Bat ieincA0 the HE3pylene
b)éoﬁeﬁi:ﬁ@d 182 gP ﬁlﬁ:@ﬁ'é’ Qy ¥°leé’é'89 fo&‘sg?/é%é/n '31:391%8 and/or
0 ;

00/ 0 gener al | rom 5to1l
%gh%ﬁfﬁeﬁe usual ly < 1% by vol une, general I y fromO

to 0.5% by volunme; 30 CO02 < 5% by vol ume, usually < 3%
15ptherwine, gsadnbigas rixsnrestd 2% b}lvidtanwgepebusky <

1&%(a:byymi WAL ias tmtiqatioﬁ% yd st dnRox O8Eics! ¥f pfé&iRlene

eheoﬁpéggédyg&uﬂﬁb gng cébfg@4§yt¥0£h@“iq¥é%¥§ hYare in

ﬁéﬁg¥lg‘ﬁ<a%h8 'erf'ch yaﬁgg%u ,Sﬁrggg;/gb?g #g ch%Jnr{%nt present

g&REr 351 £ 6‘“:‘2}1 daé%bynvﬂ}w@feﬁ?mﬁ@m@r ligyithin
20y he of olowinguabngos itgion] patLe®d0% by  vol ume, general ly
from20 to 40% by vol une; 40 cycl opropane < 0.1% by

V‘f! ome, usual kyggs %P%&Qﬁev%«!ﬁ%ﬂbge@@i 3y Yol b Q}etn‘érally

ppm by vo r QRy y vol urre, usuall
O 05% by vol uite %EE oeﬂ%r §I I §$f o]rﬁ“t? 'to 150 ppm by vol uma

pMapadi ene < 8. 89% (RY VoLuRe, WRNMALYy<<TQ% (WuvByupe (GADerally
235 general |y from4Y tto €98 bprwdipmesl une; propyl ene >

00,< 30% by vapure,208sbgl vylume?, usudDY BrowOUE®,20% by volume,

general Iy froﬁééefé’.l.ljyo%:gﬁ yoxlbdﬂl%% B 5&‘%% 15 H2 <

3Q% by vol ume, al | enerally fr
% 0 10% by VUI%EE? é%lume, us&gfi volume; ge Har ally
from 0 to 0.5% by volume-

30 CO, < 5% by volume, usually < 3% by volume, generally
from 0 to 2% by volume;
ethane < 10% by volume, usually < 5% by volume, generally
from 0 to 2% by volume;
ethylene < 5% by volume, usually < 2% by volume, generally
35 from 0 to 0.5% by volume;
methane < 5% by volume, usually <€ 2% by volume, generally
from 0 to 0.2% by volume;
propane > 0, < 50% by volume, usually from 10 to 50% by

volume, generally from 20 to 40% by volume;
40 cyclopropane < 0.1% by volume, usually < 0.05% by volume,
generally from 0 to 150 ppm by volume;
propyne < 0.1% by volume, usually < 0.05% by volume,
generally from 0 to 150 ppm by volume;
propadiene < 0.1% by volume, usually < 0.05% by volume,
45 generally from 0 to 150 ppm by volume;
propylene > 0, £ 30% by volume, usually > 2, < 20% by volume,
generally from 5 to 10% by volume;
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PEoBdP8&Ae < 3% by vol une, preferably < 2% by vol une,
frequently fromO0.1 to 1% by volune; 5 n-butane < 3%
by vol une, preferably < 2% by volunme, frequently from
0.1 to 1% by volune; trans-gdutene-2 < 1% by vol une,

preferably < %@%bgv SO 55001 0 ETHIY 17 DoDRE° Peneralry

Vol une, < cl's=butene

vol une, pref %I%tQ 60%@8%9"\}8?8% frequently 2

@S@@S%d@y vof Uife by<voluse bynefleuably Hikebg- tokund Byequently
vol une, preferabloy 1<t6. B9oHy weoluer, frequently >

R-003%Ly VoL W .1y vglgn{é b>br‘é@'e99?ly d Sz%b%e{?&ﬁnel"/%%quenuy
vol une, pref11_srabloy1 ? ? 715 frequently >

0. 003% by vo 5°1%% bl?y\)’ but adi ene-1,3 < 1%
bY2%%1 une, preferably < 0.5% by voI une, frequently >
buogsHndy vat uife by<vold®é byredeuakly uttadiehe-dqglime, 1%

by vol une, pfeigpicalhy = 6. Cﬁ%&bbyVﬁbliﬂﬁ <f vegveRt kb lume;
LR 0 0D MR OB § 58 By it

0to 0.1%b P%?W%él aﬂd0 4% k. ‘2%"&?'5 i f@o‘i’lﬁﬁﬁ’l‘m-
Bregnadbl y éol%WbVO%"é‘PWreffﬁéahhﬁti)P fﬁftogryovqlem@ 1%

by vol une; 26rdasentrilyt yr@L03%sbyt ablwneacgobdlitgont cvolllme;
isymuddnen are |l 39 LBDeke, \Mﬂe@éréﬁifié lo. 8t b1 e

abovepemlon%%?:& F S IS b P{w 130 <ab i%ﬁ%‘iume,
t

PR b %? oSBT HER EEGRETY °8>S§a%hz

30 pref er abl §reaEnsdyhy Gdl0d%e byt yekmnt Ky Of FHrin0 vodume;

Butifdimnerdl 2ne; 1¥Chyvhydi aoayr [porsfeaabt &l 006%<bP. ddbume,
vol une, usuaftaquen®lP5fedly > \WOkUNE, 1987kl inef rom O to
%18 ) DY VOIJUIEY; 1 vgﬁrméo ptl gﬁlé’ﬁl%f%r%o@s%n@%ﬁ%e,
ppm by Vv 5 vol u
eneral |y fr’g]?ﬁcﬁl 5130 ?5%009;0 R é%’&l‘l{ﬂﬁe ad 50 ppm
g txRAde; 49 WSS by valuromskiezabno <ofndbyby olalmeme

- to C4- al fedhywdasly 4060 @prcby. ¥olmeni-aeet yl ene <
10 ppm by vol une; 45 PF 53964 16 carbonyl - cont ai ni ng

%Eg§e§n2téﬂf¥ gaggﬁgfg#?a @? Eﬁé‘??b%% %ég)aegg]those
vo u oni c k enera
Fhby: e ef oS TR me RAISPERLFb1k Bty Put
é%@ﬁ ﬁs eggamsy time] fnigf & palowinig speoificarizns:

ng/ kg; F-contai ni ng conpounds |n total and expressed as
Sther unsaturated Cs-hydrocarbons in total < 0.5% by volume,
preferably < 0.3% by volume, frequently from 0 to 0.1% by volume;

Cs-hydrocarbons a total of < 0.1% by volume, usually < 0.05% by
volume, generally from 0 to 300 ppm by volume;

Cg— to Cg-hydrocarbons in total < 200 ppm by volume, usually <
150 ppm by volume, generally from 0 to 30 ppm by volume;

acetone < 100 ppm by volume;
Ci1— to Cy—alcohols < 100 ppm by volume;
Cz- to Cy-aldehydes < 100 ppm by wvolume;

acetylene < 10 ppm by volume;
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10 <1 rTg/kg, generally fromO to 0.2 ng/kg; and

S-cont ai ni ng conpounds in total and expressed as S < 10

ng/ kg, frequently fromO to 1 ng/kg, generally fromO

to 0.1 ng/kg; 15 with the pt®viso that in all the
abayeseyli-iconedinhsesompbandotil totalt eodlaflatled as Ni(CO)4) <

CHobyskid &3 kengmés < 3% by volune (nmore preferably <
2% by vol dne and nost preferably < 1% by vol une) and

the total. content of butenes is at the sanme tinme nore
pieREF Apringos pl, My kge| GeRePrlat £raBl § to @-2omgpka:
Svol une and nore preferably < 0.5% by vol une).
hbtmsm&ﬂn?dgcem%mﬁs ihcessdi talﬂx@nbﬁﬂaré%ééd) h:éf @tlﬁm y
n ording to e
|$Tv%a%?e ! gehgrénot %2% Qet ec (ﬁ %g?ﬁ? the purposes of
t he present i nvention, such gas mxtures 2, in

pﬁr@%‘iﬂmm@h@ﬁmmmdﬁ Ag tolak angr &!!Pﬁgs-"gﬁfb@ésges
10nenl imynédd;, Generalierfiromg0 ges QuXingyRg; larid i nventive
gas mxtures 1', are 30 generally al so obt ai nabl e by

1809&§J lﬁq.% pEQﬁ@&]ﬁ-ﬁds‘ ot (St;ir " e\}égg%%gg g gontain >

200
ppnt ym %‘Fu?%]ﬁyém@a? Behd, m@ gfoqer@{g%;efr% 0 to

t8- 16%/dggrvol ume (for exanple from 0.1% by vol une or
150. 5% by volune to 6% by volune), especially when they

f Hhéh |1|.hé Iiﬁ'ofr%vb oM 419 1§5a§Pe@HJ 'a%ﬁréﬂ@ntﬁrfé‘aaESséthq{ét total

é \foa'fﬂe% ?tﬁl)gé(r %0y H g%r%co g J%:referably
Prw#&fnﬁn%n%ﬁw@gerg%mﬁyvéa ugﬂém andgye total

b90%ﬁnrrr@fobutewmw afotheresamgetdmg| ngre< preferahly < 1% by
20veblums (prefbrebly entd .6t Gy walumeashdnsore @¥ebyrably < 0.5%

Vey WeEtunegual |y < 5% by 45 vol une, generally < 4% by

vol unme; but frequently > 0.5% by PF 53964 17 vol une,

or. > 1% by vol ume, sonetines > 2%b g vol une, or_in sone

n

cHeraperitied, COBPIRARL sy PERBEIEUSH FnRT RFSSGFahLY not present

vénubhe gasumikfure Bacpordndte, thegbmesrdiiopn, <1 0e 4mddy
25vakueetabdlet. frequently > 5 ppm by vol une, sonetines >

10 ppm by volune, or in sone cases > 20 ppm by vol une;

tgég/l O%}!%Bgs?; t?fy %@eére?\?x& Swnagfél%ﬁme acll‘llnéggl Q(thtures 2,

\Y

f LB jqplaryh %’brﬁ Yx’rBHu SEHAEEF RS H%"ﬁﬁ?n pRptioned
vEbnneonwertingsone mxsures B(ﬁq)mmvebWngmmz stheese 1', are
30cgeherdlly hQ%obybtinamie bgusding srbde pyropanesein the first

08065 alikh Ltentafin:D 100 2im by \RIiYRE;, or > 150 ppm by weight,
or > 200 ppm by weight of Cy-hydrocarbons, or, for example, up to
6% by wvolume (fdr example from 0.1% by volume or 0.5% by volume
to 6% by volume), especially when they fulfill the following

35 gpecification:

propane content > 20% by volume, usually > 93% by volume,
generally > 95% by volume;

40 propane and propylene content < 99.75% by volume or < 99.5% by
volume, usually < 99% by volume or < 98% by volume, generally <
97% by volume;

total content of Ci-hydreocarbons £ 6% by volume, usually < 5% by
45 volume, generally < 4% by volume; but frequently > 0.5% by



etpﬁ'ylsgr?g‘lcontent < 5% by vol une, usually < 2% by

volunme, generally fromO to 0.5% by vol une; 20 net hane
content < 5% by volune, usually < 2% by vol une,

generally fromO to 0.2% byl¥ol une; cycl opropane

ceolené, <0 >1%@byy Wi lue, 6m@tiad enescopttume, 1896 Y some

vehyoE, > wfylyl yofmﬁg@ by volune, generally < 2% by
vol une;  total content of C3-hydrocarbons other than

propane and propylene < 0.3% by volune; 30 total

cOH W-Jofcoweﬁgdio%a%ms velynesosuspak by uged - 33n byt vebyme,
Scgrhendllyf &60.1% I38-voldmesabbofrequefOlypm Hyppmobymeclume,

350&%@@&09%@%Sb%t@hhaefcsprﬁi RGmEOchdds ixNveNbhAMNbY

aLg1ghsp those which fulfill not only the

abovenenti oned specifications, but also at the sane

time fulfill the foll ow ng specifications: total

cbatehtcartegty génbelanes 6 AgStdnpoedune< BOR1IYnEbY.3% by
1ovobliome, gehezadlylerte 160byendlume30 bRRMEDYquitIFE> LONBEM by

CRbPnhdIe sRkeRbs S 120" pkOby dvolifed! o O eOfc/aﬁg_s _:I'DF30 ppm

- C i ng conpounds expressed as Cl < ngy
%§6§ga@é}t otal content of F-containing conmpounds

expressed as F < 1 ng/kg; total content of S-containing

cstpanmdrpndeprtesstet dy Sokume, mpuadly(£n5% hy vedemef generally
15c&rahyd i to dshpgr oghwmed:i ons, it may be 5 advant ageous

when the reaction mxture, based on propane present

t i ' f 1 1000 b

S g SRS SO S 0OD BT B P vorume,
s@Pf‘ﬁ?gjc]d%tféPﬁ‘i Bote dhpdubdsVeleme: H2S  and/or di met hyl
sul fide), since these, on the one hand, passivate

20sneeham® quotent s< (5% Hyh&olefe] Alguallgh<ass Ny volumad deherally

(websho 4 reedecey dgRi,red cracking of propane) and,
on the other hand, are capable of activating the

cat al gst s used (cf. "Catalytic _dehydrogenation of

| GXEFORTIRANEs CORERs o 0 -BANPEI VUM | er, Gary L.,

Uni versity of Cklahoma, USA, Catalysis (1994), 11,
253pPopillene cbnteht h< t10% P{OVoBEmd halsub ey tOt5H bORbEiNhe,

oGefhdr iy QCokbBPSyd Mumeldt ef erably < 3% by vol une, or <
Zgg% by vol‘ums,ggr < 2%by volunme, and the total

content of butenes is nore preferably at the sanme tine
0tetsbyenhenie of 26 -TEArepREPIN T SENBRSLRAD tAYOPERRgRNd pPropylene
propadt hiefviedgdeunder the proviso are generally

3osuitable for the process according to the invention

total content of Cs-hydrocarbons < 0.3% by volume; and

total content of C4- to Cg-hydrocarbons < 600 ppm by wvolume.

35 Crude propanes suitable according to the invention are also those
which fulfill not only the abovementioned specifications, but
also at the same time fulfill the following specifications:

total content of oxygen-containing compounds < 300 ppm by volume;
40
acetylene content < 30 ppm by volume;

ionic chlorine content < 1 mg/kg;

45 total content of Cl-containing compounds expressed as Cl <
1 mg/kg;




vvl?gnst'?‘t?e gas mxture 1, as a constituent of a gas

m xture 2, is subjected as such to a heterogeneously
catal yzed gas phase 25 partial oxidation and/or a
partial gas phase ammoxi dati d8 of the propyl ene

PreSENt coiteddS offi Klabretainihf &&mﬁm&neﬁgf&bed bl § 1 mg/kg;
advant ageous that a |limted oxydehydrogenati on and/

deh oge ation_cgnversi.on in the first step of the
B0 OST Rit B o O P B oS XBRARSAA @5 S < 10 mg/kg
ouéﬂaﬂle Raser @fngatalitie gehydneganagionsn Jemayabe this
T advensagepust eheratie itwdictidhahixtaateyr Bae€d rdpeepahe present
P?ﬁg?@in icondhikal #8sn of 3 2068 fm %gtv5luﬁg) EEE%%rably from 1
vt yﬂlﬁ‘% By’ %2@’&6 W el oA 05 Somiep (.- oS
géoprimetdy &)abFénFerthase pPBCcERY ofec drafngpassivate
t@tehb ¢¢mmemn t@ﬁt@m reactenstsuech?288o By, A amd, Fer (which
matreaeasé Lﬁlcﬁ%lbﬁdv@i'mgobfaﬁrdpﬁaﬁzt) 4%, byn WHeUBBher hand,
gu@%ékﬁ.eabfl S%ivét:élé’ QﬁeVQA%ng% %etli e(ac]sft Z&PX tic

ggn@s ny gwsees 3&( east 1

| E58Y P%%P?F&Pﬂnﬁ quet, AHKAPSRn(RESABARY  RARAT Fo igller,
aR@TPhrbpy | WHIEEELtN(PE Qkdabamay %Axo%bylwwém). 11,
usdar#y1s ;7% by volume and generally < 5% by vol une,

150f these constituents). These extraneous contents

usHeh! ¥nélpivaes! ¥h§to t%teh%tgi %ﬂn@peﬁeé _agakep}rfbén%f is

e BLOfes Aqeordin Rk Beneo s £ Thdz

9’1‘51“%0 angs téSnt»atfhl 9(@tf%b9f JItgRes &% BoTe pygferably at
vaheneamé ridaect LY bpp wcdu@es by vol une of
ch4-hydrocarbons (e. g fromO.1 or O. 5%by vol uma to 6%

(t:)ont PPeE geni ? Egﬁd%?% anged uent Fr the proviso
e e e Lk Bedged Psmdeﬁﬁntsﬂhe invention
v ¥heRethey RS50LEYUTR | Lim@s. aFgeRtdituengegf nmygasamikkere 2, is
sanbjectarl @sssuchbntaia het@rppendnusigl ua'ealjzeeiq geast pyasg

25 @arfiSPodRiduelivAtad/diuaeparidid e das bhade umidRiBY¥tion of the
V%\%gﬁflér% %r%:é‘égx i P a(g HHEQ:U i orlgll_jgglé Occ;gln?%gtlon, it is
AR a#rﬂﬁ'ﬂéﬁo? RESRBLIARY Bhed
s @eBy9reganasion poRVeNsi@naint hl@e Simstt Bhep tofe thel PEOFeRP
1@cepeding cat tbasinventdby/ kg; fdforatle/ kgeradisl abgbkding to the

30l 3Ave 44Ky InBaend B4 KUt hB8 £df¥deEicBl, £d8/&dbh GAdividual
<%Q@hﬂaté§“ﬁ}d§$5@£ﬁﬁh present, is at values of > 5 mol%, hut <

30 mol%, frequently < 25 mol% and in many cases _<_ 20 mol%.

Normally, the above-specified, but also all other, crude propanes
35 suitable for the process according to the invention contain at
least 0.25% by volume, or at least 0.5% by volume, or at least 1%
by volume, frequently at least 1.5% by volume or at least 2% by
volume and in many cases at least 2.5% by volume or at least 3%
by volume, of constituents other than propane and propylene (but
40 frequently < 10% by volume, usually < 7% by volume and
generally < 5% by volume, of these constituents). These
extraneous contents usually also apply to other crude propanes
suitable for the process according to the invention, for example
those which are free of C,-hydrocarbons. However, these may also
45 contain > 0.1% by volume, or > 0.5% by volume, frequently up to
6% by volume of C;-hydrocarbons (e.g. from 0.1 or 0.5% by volume
to 6% by volume). Also, and at the same time, they may contain



F<fﬁ3ﬁ# ; O <1Rg/ kg; Cu <1Rg/kg; Fe <10Rg/kg; 25Ga
<lRg/ kg; Ge <1Rg/kg; Hg <lg/kg; In <lpg/kg; it <1Rg/kg;
30K <1Rg/kg; Li <1g/kg; My <1lg/kg; M <1Rg/kg; M
<1Rg/ kg, 35Na <1g/kg; Nb <1Ry8kg; Ni <1Rg/ kg; Pb

< 1>R9/ volRaék gfre%;@:;tf} F@;S ks o <ﬂ;§agé$‘ﬂ1mesgf butenes

i/’ &Eﬁlé}g 1?8 gg.va i)STa <11939.Z rt}fer, they may
g n
He sape £ine 4150 |68 1AC3 o Ay barov?kl@n%rmﬁéﬁapwly up to
v@r§%pbthQ%Mm§rpy butsne-ledecyg udrompSoppmeyy arcdumhose 0.5% by
SMviotmeépt only fulfill the abovenenti oned
specifications but also at the sane tine fulfill the

I whng .S |flcat|ons 10 _density at 2
2R S Ss LERIAR, GerC0Rrty puitpiie, giide propanes
W@raksq hegekyh l aﬁd!éff&tlnlom‘f eflyushe boRpmestionedhe
sispeciftcatiions , sbat exlacelast she csaiwt ¢imenthe oitd loyingans
100pegdsiddyiometogr aphy and by nmeans of atomc
absor ption spectroscopy. The vaporization residue
rel ates tgﬁgr v rlc determnation. It generally
consi sts a§ Plng hydr ocar bons
Kg/kg;

s £ 1 pg/kyg;

15 Au < 1 ng/kg;
Ba < 1 ug/kg;

Be < 1 ug/kg;

Bi < 1 ug/kg;

Ca < 2 ug/kg;

20 cd < 1 ug/kg;
Co < 1 ug/kg;

Cr < 1 ug/kg:;

Cu £ 1 ug/kg;

Fe < 10 ug/kg;

25 Ga < 1 ug/kg;
Ge < 1 ug/kg;

Hg < 1 ug/kg;

In £ 1 ug/kg;

Ir < 1 pg/kg;

30 K < 1 ug/kg;
Li < 1 ug/kg;

Mg < 1 pg/kg;

Mn < 1 pg/kg;

Mo < 1 ug/kg;

35 Na < 1 ug/kg;
Nb < 1 ug/kg;

Ni < 1 ug/kg;

Pb < 1 pg/kg;

Pd < 1 pg/kg;

40 Pt < 1 ug/kg;
Rh < 1 ug/kg;

Sb < 1 ug/kg;

5n < 1 ug/kg;

Sr < 1 ug/kyg;

45 Ta < 1 pg/kg;
Ti < 1 wug/kg:;

Tl < 1 pg/kg;




(gFg.S:‘grsg’en oil). 20 Unspecified constituents are

preferably not present, i.e. not detectable, in the
crude propanes preferably suitable according to the
invention. 25 The procedure 2a@cording to the invention

i's of parvwical Brug/xiggni ficance when it is applied in a
recycl e ngjhod; \Hg}kfcgh@ngase, the desired target

pr oduct ig r"én]g gg fomthe gas phase parti al

oxi dat i on?And/ b XFoxi dati on product gas m xture 30

by one of the known separating processes, and at | east
Suncooveingedoptbpaivevetdsant very tgurtipndatty eferred crude
mrpaebyaﬁes sten _err%aéé Mi@fhhlﬁr oﬂ\i)f] tfrsﬂrf%gmvaﬁé eboReneNt ftfed
p . iLn, [ . .
ofggg#f r%%é)%gf i %"lrlléaanlc?% o)régdg ?/asf%"ng%é{“?o%ulsﬁlel& thf gFQhtowing
i 7 Sc%%é’ NShase partial oxidation and/or

amoxi dation. 35 Customarily, this recycling
10(circul at gengitef ath@opr cpHV® ang. o Bigpkene as a

consti tueph,of JBsiesi fualoogas 4ol iy Ropgtter the

t ar get prodgct J%Trboval Is effected Wt hout

Y = 0RO

i nt er nedi at ) %; the residual gas, or, when it
i s inter nBURBRTALODy EgEEEe (§ @r mg%k%pl e renpval of CO
COx2, H2 and/or 02 present therein 40 before recycling),
15 the spéerfiRaditabhs tywrledenblate MA e M ibnsVbi hmeans of

|l igakt e tlogBnd %{H‘\b?y”hggﬁ%-crﬂ R+ QEET Ay if:ﬁven

n he crud ropane_u nly. contains s . .
prEBeH T ErEsr e el Rl W preuipereic
i SETBTALAAE 108yt Thedenegally: aensifse REshiglrbailing| bydrocarbons
t deati. coreean©oidd . C4- hydrocarbons 2 45 0.01% by vol une,

2000ssi bly up to 6% by volune), these may accumnulate in

g@ﬁs?%&ﬂre% %phgtme%&\é.C!a%egﬁltsef@}amgeﬁaé eed, 1Ne not

[i cording. to t Invehtion u S ecl a .
R, SprPad it b0 Rahce PredEESRLY i ahly according
i ¥PobRR 1WVENtaRBApl e, specifically renoving the
C4- hydrocarbons fromthe residual gas remmining after

25t MBet Br@RiduReOdUEsrd BIP B! theCinvdntabhV el Yo pAreEchVar

2R30hPELARCACIAER! 10 LAl e 8111] RPULGYANL ierBY
adsorption/desorptTion andfor by condensation and/or by
menbrane processes, and only then recircul ati ng t he
pEBphts cafg. Bhemadired: 5Argethini@dues dsidiempyed from the gas
r phasei partiladr ezidarionERnd/ 88 Sdidxidgaios muecdaca gas mixture
305 8pabhé | d¥Y theCRnwn HHPREAESAE YprAe@Bes 1 Oakd QI ehbt
! heHR R wga@spf@sgwfn 112s @gsﬁuéefgaymﬁ%fé al
oxl dat | n I ng crude propane substanti a X%p%: .
dgsf*%afﬂfpﬁﬂqﬁf Porv itk SRFPRYCRSs, PrapY Leney BngaPyY ( thepein, is
ré@?ﬁﬂseche‘tq’?@d, he F@‘M&Eﬁge%ﬁ@ #89/ er ehydrogengtsipn step
t andfberinivesheéogas phcisengest i&ld caddanibmtamiyeroommoxidation.
35Céubyshaca)onEis Fedcy@1anB! ecitdifatiBi) ber aEbpebpshe and
t%QSb fndValsha EO8s Nt HARCoRNChP AR KhEDE PYLS8Rbining after
t SEEE qujeq'.r ptrggugil:'l r e%lso%sélois effected without intermediately
treating the residual gas, or, when it is intermediately treated
(for example removal of CO, CO;, H; and/or O; present therein
40 before recycling), this intermediate treatment is practiced only
with limited cost and inconvenience. In other words, even when
the crude propane used only contains small proportions of
Cs—hydrocarbons, for example n-butane, iso-butane, butene-1 or
other butenes (for example total content of Ci-hydrocarbons >
45 0.01% by volume, possibly up to 6% by volume), these may
accumulate in gas mixture 2 in a recycle gas method and exceed
the limits according to the invention unless special measures are



eF’EC?P?Ei“t [ [

y generation and/ or be used for preparing
synthesis gas, anong other uses. 20 Ot herw se, the
process according to the invention nmay be carried out
inasimlar manner to the d¥ferent basic variants
degkén bethe seNmébieody i@ aﬁtreh?e% IR rObREHp MOF @pech Pidd1By

Sl:gﬁ \?ﬁ{%\{:%re' gthyﬁ]olcaﬁ:&?ss dﬁf ot Bfe pfé)é:l%ﬁl 1 Qggofe?ﬂallgnng after

vent | are car Sin
2ShE CRRPS EFORITE YR L P TR gL Rty 19
t abgerptifasy/ degeuppian angd/ QheS¥RﬁPPWBEtsniinﬂkh808838
SEEdéoﬁﬁQSﬁGde@EEﬁtldtQ&iiBZéi' bRohd8fib&80on Hidor by membrane

Eéegégsﬂes ﬁgnﬁ Sr1 @.%E%Gregf’rﬁl?& ih g%§€7 %%p - andl 05
5 e ontp B0 32000 Tt Mndatd - SR0keY:

10- 28862, JP-A 11-43314, JP-A 11-574719, WD 00/ 291086,

JPPAR 93B4530348ardP-stich] a 86 RAtLing- St (EBSnngPegsary, even
101£hé2dB4it HRcAmmdids3 43264, gdP i xR428262as WACHO£OB5Q% partial
JBxfade Bt 4@d JEl %'}u%QOB ofJ B éséén%%%i§5an%e%ued

1004667§ff Dk A P} g%g 10118933 9P A

2880 % FF, FREPE W B- EP.A 603836, DE-A 19832033,

DE- A 19836359, EP-A 962253, DE-A 10119933, DE-A

1@05arAx i vREYALd 0D 466772 le Dieth k03B 2 tes Dinad p@sed 58y also be
1558ed f¥F-cAhb213862 fto EMdlﬁM&eandcbmuiﬂl@hat gfe

R, UL el R St v
rihe | BEgE O%PEeP%%% .t%ﬁsm ﬁﬂwess shey pufboses of

eP&REHEXC IRy aﬁaevtla%n BEELPr PR Use tﬁ@rtBﬁF@réﬁSnﬂéntF@sm
agds shamond 95hat Gs=sst one of the elenents fromt he
20group conprising Nbo, Ta, W PF 53964 22 Ti, A,

Cbth%ﬁus@ the p&bes%o’acggrdﬂﬁg tpod'l:hg>t fn\L&tJ.%h mgy bec%arrled

B, it S RPBrEE, U0 HAY HAEeRARF ChReA® REipags described
elBnEP® RFiGFpaEBrprises 5 the el ements Nb, Ta W
and/or Ti, and nore preferably the el enent

25P1af e RéY Yeordee iel€neaRlimplbét NRixdlaneXi 4E1 asa;tdp\seof the process
CoggQEaiﬂgo% tﬁQ”Pﬁ%%é’ ﬂage ﬁ@%’a@:‘ﬁ%' 8%‘1’% @E eactlon

lnatyon 1n omstr
WABPS SN, QHET_ 8 GAtARYE, CRATIRPLESENt AT i ds for
cBEABPLS, fifohehEOGHmANSSCERA | @WBNbEP-Pf P 298P 3T DE'ﬁﬂ‘
71988524 Nn EPGA, 89%8093u JPCA, 7HRI320N1, PH-APL1-169416BiEP-A
30Ce 195987 Zrp-al 10Ns7g813,, JK-AI\@oom,':sélJ,amﬁ-A no-3€3b1 = wo
T8 8165, ¥2-4 767164, DE-A 10029338, JP-A 8-57319, JP-A
10-28862, JP-A 11-43314, JP-A 11-574719, WO 00/29106, JP-A
10-330343, JP-A 11-285637, JP-A 310539, JP-A 11-42434, JP-A
11-343261, JP-A 3423262, WO 99/03825, JP-A 7-53448, JP-A
35 2000-51693, JP-A 11-263745, DE-A 10046672, DE-A 10118814,
DE-A 10119933, JP-A 2000/143244, EP-A 318295, EP-A 603836,
DE-A 19832033, DE-A 19836359, EP-A 962253, DE-A 10119933,
DE-A 10051419, DE-A 10046672, DE-A 10033121, DE-A 101 459 58,
DE-A 10122027, EP-A 1193240 and the literature cited in these
40 documents.

The active composition of the catalyst charge to be used is

substantially a multimetal oxide composition which comprises the

elements Mo and V, at least one of the two elements Te and Sb and
45 at least one of the elements from the group comprising Nb, Ta, W,




PF 53964
from>0tol and d =from> 0 to 1. Preferably,

accordl ng to the invention, ML = Te and M = Nb, Ta, W
25 and/or Ti. Preferably, M = No. The stoichionetric
coefficient b is advantageoug2Ry fromo0.1 to O.6.
Cair,eappnzit n@lry,, MhheGpy degr Ra( cangen,f &6, tbBg, pt, La, Bi, B

S chhongd ri effi cigentysC t
ffrcggm ghC)S t'o % 4ﬁgndﬁf’>0 Igdygntgge%usjsav%l uesp? ngﬁgriﬂé:%n.

fromO0.01. to 1 or from0.1 to 0.6. According to t he
i RFEAEFBRLY 4 tthes cprbinationy pf BbR akRtd§E0a3eneith JrONE comprises
Sttdiechilementrs dbgo®haf i €ieamdt/orbTic andl mbrei puéfearsbdyskthe element
iy, Within the abovenentioned preferred ranges. 35
That whi ch was sai d above applies in particular when
the activ nposition of the catal yst charge consists
o TSRE B K DOaDB LT, MR Edmer ShttideoRbE HR (<OHBoRLE Fons
r f9FPY1ise thes aboypmertionsdhelenentn aompdoatido ithéedbe are
10 spichigmetidycal ar the nmul ti metal oxide active
conpositions of the general stoichionetry II
Mo1lVbMLc 4l 4 F 53964 23 where the variables
are eachwglg d%{ bl 341 h regard to the stoichionetry I
and n = a nunber Whl ch is determ ned by the valency
andrereequency of the el enents other than oxygen in
1§11). 5 In the one-zone nethod for the process
aGROL GeNgnlifot s, | Nvention, preference is further
giyepn _to e I active
t«ﬁpo S?.ttt lgéﬁpﬁﬁéq%% Y %iemetn% han q:%et ﬁrPueoc?xlé‘prlslng Nb,
one oftrh¥ 'a%bwﬁemzf:on%ﬁ Menfar EontitralPonkRorlinPgn Pt,
regar &2y oBi¢ e elS@nels Bthda t hban BxMpnAgeohsiand gh,
20 fem &rdm @t01 sy 9gne 10 tine, have an X-ray
dlggrefgbﬁg;a@nymlchagahl bits reflections h and i whose

peak | tLo at the reflection angles (26) of
giaz f%%@& atoa 27 3 0.50 (i) (all the information

relating to an X-ray diffractogramin this docunent

r dirgfesably amcrordng diq fthgcioyertraarht ¥ redCausindgMO= Rep, Ta, W
25 athiddbr oni aPricdferXblay MES=rRH| ati on (theta-theta D 5000

Sienens diffractometer, tube voltage: 40 kV, tube

re e & Y20 (yarjiabl.e
VA 9%15%3@?@@0%% A o bR aBE TG 1R 9.1 €0
mb)- 'd%?’é?ﬁ apt ldre P(‘J’eﬁﬁfre‘?m?%'@ﬁ 9T | HiesFapghiometric
(Z@)effecm msanéﬁeﬁnont Or8lpee Istoap froR. @.G5 to 0.4 and
30leideahbigeonCivallubbafo0 a2@ EH0Mt0.UQ tBbE)or Hi®m 0.1 to 0.6.
hal f- hei ght width of these reflections nmay be very
% orglng etos% Veerémtrlon,' it is particularly advantageous when
the stoichiometric coefficients b, ¢ and d simultaneously lie
within the abovementioned preferred ranges.
35
That which was said above applies in particular when the active
composition of the catalyst charge consists of one of the
abovementioned element combinations with regard to its elements
other than oxygen.
40
These are then in particular the multimetal oxide active
compositions of the general stoichiometry II

Mo VpMlcM240,  (II)
45



2§ Fgr”tshe process according to the invention,

particul ar preference is given to those of the
abovenentioned multinetal oxide active conpositions
whose X-ray diffractogram i&3addition to the

r ehbeettinsatiablles ,aftasaahr 86 | &otineA Hiv¥ho&RaRAAko the

Lrggagr:lg{%nge%@t d 512% 2na Cé> a5n|£1ﬁﬂ>er t:{%\ﬂoﬁlg a@g Jndhb8" by the
SRLERED ARd dxPnieie ffoftgsctglr%f#%shggﬁ?ﬁeﬂ}ﬁngﬁégfaen in' (I1).

|nten3|ty within the X-ray diffractogram and also a
Sméni tiven orealzbnhengtiiodvifdirhtbé Prde@ssaadcoedingant thel ar
Pralereinet, iptedb¥&ita3Sst GutbpRse qln;e%hshuémg those multimetal

h%ﬁa@?&é‘ﬂe"‘%gﬁlﬂo%{& CHI% Evﬁg.él?md Eh 899(]}11(}{1 ?ther contain

i MPENST 15 PR 08?“‘?‘?1%19"&31 SEE biko e IF°§‘|‘?&“?'F13e°‘?snt°§ns Fiyhpregard to
othehelememtsc pLher  thanyorypen: ronsdisst pHrchenp apd2 at Rhe same
100 t&he, Hedvec @nOX3ray Ri€ fRa8bogram aftdeabeyhibiA s<rBf¥ections h

0288, i P{ddeC baklyocs&telfo%ama e Q%g rBefedlidh 3Rg16YEM0) of

e, p fa n ery particu
prgfzrleqes a%dGEa 370‘t %O ?gj? )é t¥16 h\’/ﬂ“artloﬂ relatlng
t k& alilrﬁ F’é?‘?‘i?‘-’&éf“i ﬁBdtlb’yS ﬂ?@uweameames to an X-ray
Pdﬁtéf-’ra@qgms phtaesi uadng PPtk gladjatiore as the X-ray

15alpadbaeidn qradt~-timtadiv-60a0t opmae Bafer fttcometblrectimmn

V\/ﬁ}eieﬁ@ﬂwwg?t%? ?cglrrg?? “a - n&tohggaft&’fé iydiot i(QRr Pdbi1e),

?h (A Voo lvfe It A" dhrvo ool ilomeor aperture
qe E’)E°’A mﬁz&ﬂ dEmlxomzaanaﬁatarga ¢{20) :

DE~A2%O@@£4!EQETQ¢R:F DmeAPeDRIEHT 2. 2Thes salesegppri essaimtillation

20t beunlefndgituben.of the hal f-height width. 10 In
addition to the reflections h, i and k, the

a racto i.et al

oiRdcrETn redshy SIAEH i theBS SR RRR Bha iy bfoufEy pmell ox
a€d8f dYSHy M8TKRE: i nvention contain still further

refl ecti ons whose peak | ocations are at the foll ow ng

25 gbreché Prozegkescdadinglbo% ke Cird@ntiod, pdrt40GQar b ference
748 81\?%9{ R')or tggsétof S U%B@émﬁ} W%%ﬁ?g?%‘élﬁ@%%g F)Q%d? oahctlve
eEBot o s§§ R AN A ?—% the'
( geflecigpgpn? Oag@ J(q)haslzraeagg}ﬁqt);.ont hewygqqipeak ocatlon is at

di2zgf2att®Pakkal so contains the reflections 25 29.2
300.40 (m and 35.4 0.40 (n). It is further advantageous

WagBng NeheL @8R8, CrE¥RRNERNSs AffVeRedccording to the invention
in turn to those in which the reflection h has the highest
intensity within the X-ray diffractogram, and also a maximum
half-height width of 0.5°, and very particular preference is given

35 to those in which the half-height width of the reflection i and
of the reflection k are at the same time < 1° and the intensity Py
of the reflection k and the intensity P; of the reflection i
fulfill the relationship 0.2 < R < 0.85, better 0.3 < R < 0.85,
preferably 0.4 < R < 0.85, particularly preferably 0.65 < R <

40 0.85, even more preferably 0.67 < R < 0.75 and very particularly
preferably R = from 0.70 to 0.75 or R = 0.72 where R is the
intensity ratio defined by the formula

R = P;/(P;+Px)




. PF 39?4 .
inthe tormulae I and Il are present as a pure i-phase.

when the catalytically active oxide conposition al so
contai ns k-phase, its 30 X-ray diffractogram contains,
in addition to the abovenent?éned reflections, further
r eféfatdlys vhesehdverkent 068éd AT a§’ 8idtrddi@grhfl| R Gio
r ebt B&dd iR gﬂgé@%a(ﬁ%in 36 2 £ éoﬁiagfl&g%o .40 (the

ternms 1- an -phase are used Int cunent as

defined in DE-A 10122027 and DE-A 10119933). 35 When

t e jdpfdpditign 190 the Ansepmthy of eheeflgdidemi 4R hhe ¥-ray

5| dif fithctwigagmoins tcicoddeongento tefersnventheonieftientidre laid down
r ¢l setd 9835247,1,DB0A 1010207 ARGdda 8o tE DFARE10051419 and

| BEERSIdod 6 g?'. errf@‘é%mbhﬁp{,ﬂé&go”Qhé”&eeﬁ%{itei%%- of Gie

fgorg_ Loh 1w.frequently romb5 to 380, soretinmes from

183157 ed@ht Wigt i 1 10°30; m from1 to 40; 45 n:

from1l to 40; o: from1l to 30; p: from1l to 30 and PF

1052R64ddiTign toorhe red1€6tidifeerh,t HeaXdriay tlief bbacémsitaoned
Ok ¢ BFPYREEHGH AL CART Almkka128di b ONAl1 vECELRSSS ADns to
tggl lgsehc?lafdirgglc éoq\@lgt QF(L:?rcglennert%l It elpﬂve%t-ggg. 3 x%&{lfnl Gtill
surface area of - nmul'trnetal oxide actlve conposi [T Oons
of UEHRP I ERELF I ASINRSR| PERK JOCASBNRRTS dtnghe ofPHeWing
i netirdtaon angb#s MiABiznet al oxi de active conpositions
15whi ch conprise element conbinations of the general
forgul & lgoi g1jn many cases from1 to 10 30 nR/g (BET
suriag Le jtyogen), in particular when their
X?Féjgg+?grg%}ggan1is as described. The preparation of
t e i %i%refR) - oxi de active conpositions described can
be found in connection with this cited prior art. 15
20Tht sis nuurttties advarstaigeeub awhddE-thel R122P A7, £ foecfogram

18ddD0ibha11PretnddidiS k2 tet Feti ohl 34984 wﬁ?ﬁ:&g&?ﬁ@&?@aion is

JPB; - 44 P- 62 w EP 9,
15%%5&% / ,‘%9\% y dz"oi;)rfggo@: B 20855 and
EP- A 608838 (in all inplenentation exanples of the
| Bxequentlyecthent-sant Haflraytingnant hdgo teoriaing® thel|feflections
25i 39spray.dry(mp;anfdoBsexanml sie gh)an entrance
tenperature of from 300 to 3500C and an exit
100 cocur r.ent

t er at ur f_iro to . 150C; f, . .
cointe itrPef gavalationh et ens, BTG HopBlinations defines
cofpdRd thosAulaestrandedInaye Herasedy a8 a pprg,dnphase. When the
poatielyticadjlyocactiwgpodide sempaiitéogeahst domsafné . k-phase, its
30 X-ray diffractogram contains, in addition to the abovementioned
reflections, further reflections whose peak locations are at the
following reflection angles (20): 36.2 + 0.4° and 50 + 0.4° (the
terms i- and k-phase are used in this document as defined in
DE-A 10122027 and DE-A 10119933).
35
When the intensity 100 is assigned to the reflection h, it is
advantageous according to the invention when the reflections i,
l, m, n, o, p and g on the same intensity scale have the
following intensities:

40
i: from 5 to 95, frequently from 5 to 80, sometimes from 10 to
60;
l: from 1 to 30;
m: from 1 to 40;
45 n: from 1 to 40;
o: from 1 to 30;
p: from 1 to 30 and
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for exanple, the coated catal ysts of DE-A 10051419 and

al so the geonetric variants of DE-A 10122027) for the
one-zone configuration of the process according to the
invention. They are suitabl®%in particular for
paepafroy adrole®i.n and/ or acrylic acid 30 and al so for
prepari ng acrylonitrile The basis of the one-zone

”ﬁhafzdtﬂé xt.hr fa%ttg' Ea& Sof G RE M868ne 1%n%?pég+ﬁaﬁfs
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They may be carried out either in a fixed catalyst bed or in a
fluidized catalyst bed (moving bed). Appropriate process
descriptions can be found in the prior art documents. When the
process according to the invention is implemented as a fixed-bed
40 reaction, for example for preparing acrylic acid in the one-zone
method, it is advantageously carried out in a tube bundle reactor
whose catalyst tubes are charged with the catalyst. Normally, a
liquid, generally a salt melt, is conducted as a heat carrier
around the catalyst tubes. Alternatively, a thermoplate reactor
45 may be used, in which case the catalyst charge is disposed as a
flat arrangement between cooling plates.
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The target product, for example acrylic acid, may be removed from
the resulting product gas mixture in a manner known per se, as
described, for example, in DE-A 10122027. In other words, the

45 acrylic acid present may be taken up from the product gas
mixture, for example, by absorption with a high-boiling inert
hydrophobic organic solvent (e.g. a mixture of diphenyl ether and
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40 solvent (e.g. by passing it through). By subsequent desorption
and/or stripping with air (which will be required as an oxygen
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released again and recycled into the process according to the
invention. It will be appreciated that the acrylic acid could
45 also be removed from the product mixture by the procedure
described in DE-A 10059122. It will be appreciated that the
multimetal active compositions recommended for the one-zone
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40 In the case of an oxydehydrogenation of propane, this may be
carried out in the gas phase as a homogeneously and/or
heterogenecusly catalyvzed oxydehydrogenation of propane to
propylene using molecular oxygen. The source of the molecular
oxygen used may be air, pure molecular oxygen or air enriched

45 with molecular oxygen.
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M! = Co, Ni, Mg, Zn, Mn and/or Cu,

M2 = W, V, Te, Rb, P, Cr, Fe, Sb, Ce, Sn and/or La,
40

a= 0.5=1.5

b = 0-0.5

45 and
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car
thene, met%ane, acroleln, acrylic acid, ethylene oxide, butane

{e.g. n-butane or isobutane), acetic acid, formaldehyde, formic
40 acid, propylene oxide and butenes (e.g. butene-1). Typically, a
product mixture obtained in the propane oxydehydrogenation
according to the invention comprises: from 5 to 10 mol% of
propylene, from 0.1 to 2 mol% of carbon monoxide, from 1 to
3 mol% of carbon dioxide, from 4 to 10 mol% of water, from 0 to
45 1 mol% of nitrogen, from 0.1 to 0.5 mol% of acrolein, from 0 to
1 mol% of acrylic acid, from 0.05 to 0.2 mol% of acetic acid,
from 0.01 to 0.05 mol% of formaldehyde, from 1 to 5 mol% of
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the heterogeneously catalyzed propane dehydrogenatlon are all
40 dehydrogenation catalysts known from the prior art. They can be
roughly divided into two groups, i.e. into those which are of an
oxidic nature (for example chromium oxide and/or aluminum oxide)
and into those which consist of at least one generally
comparatively noble metal (for example platinum) deposited on a
45 generally oxidic support.
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percent ages by weight is 100% by weight. To carry out

t he heterogeneously catal yzed propane 20

dehydrogenation, useful reactor types and process

variants are all of those k%%wn fromthe prior art.
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Owing to the high reaction temperatures required, it is further

40 typical, especially for heterogeneously catalyzed
dehydrogenations of propane, that small amounts of high-boiling
high molecular weight organic compounds, up to and including
carbon, are formed which deposit on the catalyst surface and thus
deactivate it. In order to minimize this disadvantageous

45 accompanying phenomenon, the propane-containing reaction gas
mixture to be passed over the catalyst surface at an elevated
temperature for heterogeneously catalyzed dehydrogenation may be
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Fecu ar hydrogen to the heterogeneously catal yzed
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range from 400 to 700°C. Advantageously, the starting reaction gas
mixture is fed to the tubular reactor preheated to the reaction
40 temperature. It is possible that the product gas mixture leaves
the reaction tube at a temperature which is lower by from 50 to
100°C. However, this starting temperature may also be at a higher
or at the same level. For the purposes of the abovementicned
procedure, it is advantageous to use oxidic dehydrogenation
45 catalysts based on chromium oxide and/or aluminum oxide.
Frequently, no diluent gas will be used, and the starting
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abgvan ageodg to operate a plurality of reactors connected in
series as a battery (typically up to four). This allows
40 excessively large differences in the temperatures of the reaction
gas mixture at the reactor entrance and the reactor exit to be
avoided (in the adiabatic mode of operation, the starting
reaction gas mixture functions as a heat carrier, upon whose heat
content the drop in the reaction temperature is dependent) but
45 nevertheless allows attractive overall conversions to be
achieved. |
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realized with substantial exclusion of oxygen by a process
developed by ABB Lummus Crest (see Proceedings De Witt,
Petrochem. Review, Houston, Texas, 1992, Pl).

40
Common to the heterogeneously catalyzed dehydrogenation processes
of propane with substantial exclusion of oxygen described
hitherto is that they are operated at propane conversions of
> 30 mol% (generally =60 mol%) (based on single reaction zone

45 pass). It is advantageous according to the invention that it is
sufficient t¢ achieve a propane conversion of from = 5 mol% to
< 30 mol% or =25 mol%. This means that the heterogeneously
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@i ifaldmy 500 to 700°C (or from 550 to 650°C) (for example by direct

firing of the wall surrounding it}. Normally, a single adiabatic
pass through a catalyst bed will then be sufficient in order to
achieve the desired conversion, and the reaction gas mixture will
cool by from about 30°C to 200°C {depending on conversion and
dilution). The presence of steam as a heat carrier is also
noticeably advantageous from the point of view of an adiabatic
method. The lower reaction temperature allows longer on-stream
times of the catalyst bed used.
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After a prelonged operating time, the abovementioned catalysts
can be regenerated in a simple manner, for example, by initially
passing air (preferably) diluted with nitrogen and/or steam in

40 first regeneration stages over the catalyst bed at an entrance
temperature of from 300 to 600°C, frequently from 400 to 550°C.
The gas hourly space velocity of regeneration gas may be, for
example, from 50 to 10000 h-! and the oxygen content of
regeneration gas may be from 0.5 to 20% by volume.

45
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35 cylindrical grids. However, it is also possible to arrange the
annular gaps in segments above one another and to conduct the gas
after passing radially through one segment into the next segment
above it or below it.

40 Advantageously, the reaction gas mixture will be subjected to
intermediate heating in the tray reactor on its way from one
catalyst bed to the next catalyst bed, for example by passing it
over heat exchanger ribs heated by hot gases or by passing it
through pipes heated by hot combustion gases.

45
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bybaction gas in the catalyst bed is increased, propane
dehydrogenation is thus possible at decreasing or substantially
constant temperature, which allows particularly long on-stream
40 times between regenerations.

In general, oxygen feeding as described above should be carried
out in such a manner that the oxygen content of the reaction gas
mixture, based on the amount of propane and propylene contained
45 therein, is from 0.5 to 30% by volume. Useful oxygen sources
include both pure molecular oxygen and oxygen diluted with inert
gas, for example CO, CO;, N, or noble gases, but in particular
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— continuously feeding a reaction gas containing the propane to
be dehydrogenated to a reaction zone,
35
- conducting the reaction gas in the reaction zone over at
least one fixed catalyst bed, over which molecular hydrogen
and at least partially propylene are formed by catalytic
dehydrogenation,
410
- adding at least one molecular oxygen-containing gas to the
reaction gas before and/or after entry into the reaction
zone,

45
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butene-1, other butenes, butadiene, etc.) present therein from
40 the product gas mixture (gas mixture 1) of the oxydehydrogenation
and/or dehydrogenation before its further use for charging the at
least one partial zone. When gas mixture 1 contains hydrogen, the
abovementioned separation may be accompanied by at least a
partial removal of the hydrogen or such a hydrogen removal may be
45 carried out in advance.
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10 conbusted in fuel cells. Alternatively, a partial or
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354088 orqitt,onp many iddsest abnleasl 615 sk ppidipitienhthe entirety of
the molecular hydrogen formed in the heterogeneously catalyzed
dehydrogenation will be removed beforehand and/or
simultaneously, before the remaining gas mixture (gas mixture 1')
is used for charging the at least one partial zone. If required,

40 any water present may be removed (e.g. condensed out) from gas
mixture 1 before its further use in the at least one partial
zone. It will be appreciated that, if required, it is also
possible to carry out a removal of other constituents of the
product gas mixture (gas mixture 1) other than propane and

45 propylene when removing molecular hydrogen and/or Cy~hydrocarbons
such as butene-1, etc.
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one partial zone and/or is reqw red as a reactant in
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35 Advantageously, this solvent has a boiling point (at an
atmospheric pressure of 1 atm) of at least 120°C, preferably of at
least 180°C, more preferably from 200 to 350°C, in particular from
250 to 300°C, with greater preference from 260 to 2%0°C.
Advantageously, the flash point (at an atmospheric pressure of

40 1 atm) is above 110°C. In general, useful absorbents include
relatively nonpolar organic solvents, for example aliphatic
hydrocarbons, which preferably have no externally active polar
groups, and also aromatic hydrocarbons. In general, it is
desirable that the absorbent has a very high boiling point and at

45 the same time very high solubility for propane and propylene.
Examples of useful absorbents include aliphatic hydrocarbons, for
example Cg-C;p-alkanes or -alkenes, or aromatic hydrocarbons, for
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from5 to 10 bar, and a tenperature of fromO to 10
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the gas mixture with the absorbent at a pressure of from 1 to

50 bar, preferably from 2 to 20 bar, more preferably from 5 to

10 bar, and a temperature of from 0 to 100°C, in particular from
45 30 to 50°C. The absorption may be carried out either in columns or

else in quenching apparatus. It is possible t¢ work in cocurrent

or in countercurrent. Examples of useful absorption columns
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and/ or sieve trays), colums having structured
packi ngs (for exanple sheet netal packings having a
specific surface area of frof®100 to 1000 n2/nB, or to
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Rreiid & ﬁPsFe? U iesn AT TLIRY for Fie REARARr on. or
r BRFFIFRlAn1yn shibakle aPpagptuDiforn thm atviPRiNgsabae, ingludes
35phubblellcolumnenwidt drgl #ibhoyt norternpisferably from 1
to 3 bar, and a tenperature (in the bottonm) of from?50
t @h800Copdnd BAA! pFbphAent’ ARy 121Ed De?Plfoved from the absorbent
by a distillation or rectification, and the columns used may be
those familiar to those skilled in the art and have structured
40 packings, random packings or appropriate internals. Preferred
conditions in the distillation or rectification are a pressure of
from 0.01 to 5 bar, in particular from 0.1 to 4 bar, more
preferably from 1 to 3 bar, and a temperature (in the bottom) of
from 50 to 300°C, in particular from 150 to 250°C.
45
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45 PF 53964 49 Before it is used for charging the at

| east one partial zone, a gas mxture 1' obtained by
stripping fromthe absorbent nmay be fed to another

process stage, in order, for %xanple to reduce the
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vé?gwééﬁn aggﬁﬁgns absor pti ons and desorptions.

pre erred washi ng nedi uminasfar as it does
not normally interfere in the subsequent at |east one
20pgpt supporsnshe gépayating ebfect hdoteanabs incseabing bdre
ogtiendhirie spi O acd caredn thayPhe pitstiadlbaden HealgueAghing space,
ShECRfBwrl RS WRLSE /ADALRCHL MR e £IBY R4 iffedat fors,

ph a d he treated starfing stream may 30
aeggdﬁﬁggfhéhgar TP %833 as a gas mxture 1'. Both

the absorbent stripped to free it of C3 and the

25aFstehas a preberresdl washihe médisen sepafat iasn itagoes not
I ausRdll fyointBefeADSO RheOBubséquEi® g8S1¢4sd Wne pastiHOrzone.
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30t beafedlt® rhanpdioriafl) zeoeyas ca grisd marthioe corylonitrile
with a charging gas mxiture 2. The oxidizing agent

uﬁgghntﬁ}é %SBEB&M&Q%@E Péyﬁ%é’ il bf C3 and the absorbent

LS PR Aot sABXRLIST Al S Bl PREIC &
cé he@FRE ISR -0f propyl ene to propylene oxi de, the

35procedure may be, for exanple, as described
The gas mixture 1 and/or the gas mixture 1’ generated from it may
then be used in a manner known per se in at least one further
reaction zone for charging a heterogeneously catalyzed gas phase
oxidation and/or ammoxidation of propylene to acrolein and/or

40 acrylic acid and/or acrylonitrile with a charging gas mixiture 2.
The oxidizing agent used may be pure molecular oxygen, air,
oxygen-enriched air or any other mixture of oxygen and inert gas.
When the partial oxidation is the conversion of propylene to
propylene oxide, the procedure may be, for example, as described

45 in EP-A 372972.
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45 in EP-A 372972. PF 53964 50 When the parti al

oxidation is a partial ammobxidation to acrylonitrile,
the procedure may be, for exanple, that of DE-A
2351151. In the case of a pa?@ial oxidation of
pWbey | thee photiatrotidaniandiora gartial afmdkidalgon to
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al ready nentioned, the heterogeneously catal yzed gas
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ran §er|es 35 and the oxidic catalyst to
(? bf the two oxidation zones can be
opt| m zed. For i nstance, for the first oxidation zone
25( ps oplteadly menviwmied),, theehetangenesugtyeratlalyzgd vgas tphase
apat@iall Yxidheses o probllekd alo Qerdese CHil@WALAOnd R ular
ebePedY prorBBafald QRMe: E%eggivéMy%EPQSalgdﬂﬁthger§§5¥¥33

e d
oXedel il o0E 0SSOI B 1 VL o Sty an e scona
nﬁF‘P‘F RAraledRi BR AFHLGi AFHY- t he el enent  conbi nati on

30Mb-V. 45 PF 53964

This reaction sequence in two successive steps offset in time
opens up the possibility in a manner known per se of implementing
the at least one partial zone of the process according to the
invention in this case in two oxidation zones arranged in series,

35 and the oxidic catalyst to be used in each of the two oxidation
zones can be optimized. For instance, for the first oxidation
zone (propylene — acrolein), preference is generally given to a
catalyst based on multimetal oxides containing the element
combination Mo—Bi—Fe, whereas, for the second oxidation zone

40 (acrolein — acrylic acid), preference is normally given to
catalysts based on multimetal oxides containing the element
combination Mo-V.

45
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51 Corresponding nultinmetal oxide catalysts for the

two oxi dation zones have been descri bed nmany tines

before and are well known to those skilled in the art.

For exanple, EP-A 253 409 refkrs on page 5 to
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Oéhgﬁ%}?ﬁq \Q%fs E?’Qé f’t@fg?g OSxEcEﬁL%”gié %Ja;g;‘;lliz% 2;2:;:1«9111,

alf o) |E

I F“Plé%meﬁlﬁ_al- RXEQQIZFB%EB’S&MOP% CRHAiPARY 21‘!’0 0Bidangdcke ve
15conpositions of the general fornulae 1, Il and |11l of
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mﬁher]mla%feme&.aéc%s% aicﬁlf’ﬁec‘éfﬁi?ﬂﬁ%%s[ﬁ Areoggperyl formulae
20DE, AT 10088182, oDE-2839398695 Dibhe 100026621 BRAE SHB5 ve

Esggﬁg%%?& of3&1£%rﬁ934650&rﬁ3ﬂ %gggwsﬁvi%ﬁmézgﬁgfm

ons of the
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25docunents, and among these particular 35 preference is
giFdeBhéP 4&1&&91@%&&1&5%565: tﬂﬁ%oﬁzagefon [feep are the
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158geTage 1y £he Oechanre e 1 G ghEamsr A
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Hat T8t iboss P%\%tﬁﬁaﬁsa BpdHiS RISy
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35 exefenerice is given to those of EP—A 15565, EP-A 575897,
DE-A 19746210 and DE-A 19855913. In this context, particular
emphasis is given to a catalyst of Example lc from EP-A 15565 and
also a catalyst to be prepared in a corresponding manner whose
active composition, however, has the composition
40 Moj;sNig . s2nyFe;BiiPo.poss5Ko,060x°10510;. Emphasis is further given to
the example having the serial No. 3 from DE-A 19855913
(stoichiometry: Moj;CosFe;Bip,¢Ko.08511.60x) as an unsupported hollow
cylinder catalyst of geometry 5 mm x 3 mm x 2 mm (external
diameter x height x internal diameter) and also to the multimetal
45 oxide II unsupported catalyst of Example 1 of DE-A 19746210.
Mention should also be made of the multimetal oxide catalysts of
US-A 4438217, in particular when these hollow cylinders have a
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diameter x height x internal dianeter) and also to the

mul ti.nmetal 45 oxide Il unsupported catal yst of Exanple
1 of DE-A 19746210. Mention should al so be nade of the
nmul timetal oxide catal ysts of2 US-A 4438217, in
paedmetidyapfwheh nnhess@ il x adv 5Cyimi, nder$ nma ke 2amitFx S8%} or

58 nuf)8OMCIdnYx 0F nn,S of 6 Xmm T8 m3xO3 N, ¥r T A X P ™% 4 mm
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where the variables are defined as follows: X1 = nickel

and/ or cobalt, 15 X2 = tha Ilum an al kali netal and/or

an al kal i ne ear nglzuﬁq_tapébxcx x:fop nc, pE®sphorus,
10ar seni c, boron antinmony, tin, cerium |ead and/or

tungsten, = sil | con, alum num titanium and/or

ZEEADI vgpla% { L0l feBi idy 3s BoTadyam 001 t0 5,

prefe rom Fom 0 10 10, preferably

from3 to 10, d =fromO to 2, preferably from0.02 to

X1 = -nigkeh 9“960-'8 cqhadterably fromO to 5, 25 f =
15fXbm 0 thalldumadan alkeliumbeal wrdlor sndallaliinecdabyh metal,

t¥e val £y, phdspherud, eadeALy, Worldh§ ShelMdHyS, tin(|drium,

other tHah QRUIER- + ﬁb%)& are obtai nabl e in a manner
? pwn per., se (se 3 DE A 4023239) and
e
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rings or cylinders or else used in the form of coated
20cat o ysfom i0..8. tpreshaped i nert supports coated with

the Act fmsn 0GQNPESI %] Prefelkably | f4um appoesj at ed that

fﬂeﬁ‘r Fﬁ*’f&"%??l?ie eerad a%%%‘** BB Ceral

Br mul aE %‘?&)}' ?F@’E Tt G-08 &° g n‘g‘hner
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25cHnstitfcom 9 te ¥@randnti mate, preferably finely
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stoic |9{%{ ngde¢c. g r

350 to (Q,¥1 ?hgfc éélér}a?ﬁgg*r:]grr%/ be e??g%#e el tﬁgﬁgﬁn

under inert gas or under an oxidative atnosphere—e~g.-|
aFtheY mAne; gbtatrableedn gamBanpRy known per se (see, for example,
30 DE-A 4023239) and are customarily shaped in undiluted form to

spheres, rings or cylinders or else used in the form of ccated
catalysts, i.e. preshaped inert supports coated with the active
composition. It will be appreciated that they may also be used as
catalysts in powder form.

35
In principle, active compositions of the general formula IV may
be prepared in a simple manner by obtaining, from suitable
sources of their elemental constituents, a very intimate,
preferably finely divided dry mixture corresponding to their

40 stoichiometry and calcining it at temperatures of from 350 to
650°C. The calcination may be effected either under inert gas or
under an oxidative atmosphere, e.g. air (mixture of inert gas and
oxygen), or else under a reducing atmosphere (e.g. mixture of
inert gas, NHi, CO and/or H;). The calcination time may be from a

45 few minutes to a few hours and typically decreases with
temperature. Useful sources for the elemental constituents of the
multimetal oxide compositions IV are those compounds which are
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oxygen), or else under a reducing atnosphere (e.g.

m xture of inert gas, NH3, CO and/or H2). The

calcination tine may be froma 45 fewninutes to a few

hours and typically decrease83with tenperature. Useful

salready faowidelseand boe tthalsec oompdintentwaiohk ¢4 be converted to

Makt HEBIEY HR4kdRgCOAPAHAONE {1 Hreskhos &£ YMYends

whi ch are PF 53964 53 already oxides and/or those

conpouynds, whi ch can be converted to oxides by heating,.
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Sorrdesn naydfignlar ahalidesconbbratss,offormates ypxalbtese

| eippatesularetlots (asrbdnktas PSanin@ Gohplexdkaladinbiium salts
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afePBPIuHHD FRARLBIRY Ate ,thﬁhﬂ-%ﬁe*bfn deggpRetficiit cOHPERRifHghich
lOareheeleasest idegavgmse foomcangtnmdecampate 10nagr edditionally

I pbedfesk ot agadedhito fxiemint hote dRGOHRREEre NAY
additionally be incorporated into the intimate dry

ture). The_i.ntimate m Xi of the starting conpounds
ikt vl Simable iR " sRErCing RopRoRida O BTREHNGY
nwlgém%?%%@#éﬁei fCEYe GPmPgsifeionsodi makdre gfifersed in dry or
15cfwkbcfexni Where fibrig dfifecsedrin niyy compoutius sdagting
advAPbRYRD Wiley ads&tk AfecusiliyNesed Hsviade6n@DyVdeividad, powder and,

?‘%ltfgérﬁ ;E{tilﬁh'?ﬂ; and GptiMal conPRACHNIsuBYREEM 8% tR1cination.

- .However, .the 1htinat n S ,
oReperety Fhe ARRIRSY miglho; {5 Artarapky ricrte, in wet forn.
sCHFEPIRF i ShRIStArtEng SemPoRnds @xenmb¥ed With eechprther in
20f 6hen STmPfa@neageecusd wolohiamddrel/cguspepsisoipn. Particularly
Pahtisatérdry miRtor@s eard ybohiied 65 dhe wbidiq @dobass he
POSSEOUREG SAEh 8 MR- TG B I © BEE PROLIERRAY S5 Ources of
oeBectfenanopl EoRPtifiheR, pragcnt B ALstpiiell Horn. The solvent
pHERE 1| RFeASTaPlY Tt efqudBa sAagAiss COMBRS Hkon pbgajaed is
252 Shehedr iid ,e dndahble tdiey ichgy pngees o des pri fepalelfe eflfegted by
ekbeey edirfiihg BT ONe HliddtlsOnikHEreAGHCOUE1Et XidiipRratures of

og?:[)ﬁtlé@rm,erﬂbué_es of from 100 to 150C. The
mul t1 metal oxide active conpositions of the general

formula, 30 IV may be used for the step "propyl ene
adbs| Bplringtadepxide RAtdde FORPROItiSRSpRE thye Geneaph formula

30c avamgy tbegamedt £orstheamtephépropiaEneg recrodedhf eeitdeer in
bebeasr ofordf el shiged ittalceeahch rtﬂiﬁdlgst FObme AR, €and the
urgﬁrgpﬂgét SRt BEYSESed B £BRe PELRALS Eﬁegfm gaexegffation.
far t a an

0 active co SI%I n or 1ts. uncal cin ot
sHoBaF RS, GRPUPRATFYS SRLPLVTCL SHYoRE( PETPHFT from the
cHRPARS TR OF the acfesier eareasHi it ogedketinfaledped and/or

3%eyanpielly aadlslieed npreyursext compamitioopby orrmbresaddgnge the

adesstedticatosteyesmitaryg(@phi éarle HyesibTetdGigdoRS
SEESIN Saghabnalid 20 38 ki A bty I o
SHERREHE ot de APDl o Meatactiarts, ana
Sapfagp%plng agents such as microfibers of glass, asbhestos,

40 silicon carbide or potassium titanate. Examples of suitable
unsupported catalyst geometries include solid cylinders or hollow
cylinders having an external diameter and a length of from 2 to
10 mm. In the case of the hollow cylinders, a wall thickness of
from 1 to 3 mm is advantageous. It will be appreciated that the

45 unsupported catalyst may also have spherical geometry, and the
sphere diameter may be from 2 to 10 mm.
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unsupported catal yst geonetries include solid cylinders

or hollow cylinders having an external dianeter and a
length of from2 to 10 mm In the case of the holl ow
cylinders, a wall thickness ®## from1 to 3 mmis
advpategedaslyl advartageeuaphe Eivaicgdindet delomedby is
UBSHRPRTS @6h &ab a&@(s(tea{fexnahsmh@f&rwhﬁéﬂg?taﬂ xJERPEENAL
a sSp .er y 10
5388“&@%% ’ 'Algggg??ééu arﬁ%ytggv%%aggogg%%\%dg% Fﬁfesrt&
geonetry is 5 mx 3 mmx 2 mm (external dianeter X i
5 angvhlk heneppretiattidahasr the ing| ¢ the ppéverskends active
ugsHppeitiath oat Aty ghrlverulénwiplechesappragiostiedon haltich has
it{ﬁgtsg?ﬂ%/% baﬁte%aﬂrl\gg?,a%ﬁrﬁaﬁahbuema Q{!I]%%Sbta' eff&dted by
yapeRiaid et B po Rt ek e St %Qg NG BB ppfling of tne
by UPRPHF ﬁ%g‘etsot%rmédtpﬁe‘??“@é’t SpGR_YY&EFH 36 B8P HHEY
lxcperfogned inhe svifpauet rbvdresvasseprepardisdiesedat ter example,
cahabysk 29096geneEmlA 2 9385pess @pd 7147060 SWd @abhe the support
rg;%g%%?’%e owler didoRi8don fY HeX@apPlfed ilsh aBFantugeously
2 f CEP- §g§8 T nERE e/ 13000, 10, C‘t‘?i%tgl tBE, ex ple by
s MPpBFE1ed) SR 81 1R LK F SR P PPPORC TG P aphI Tegr-—e BY
| §1eaBG Pf PFoadFy THHICOAEARE HhiFraeP8dohdHs bopber Gopposition
1sappplied i ton thieosuppertplbodyy is neduantepepeslymiselerhed within the
CQ&hEegfi.dsﬁ qlonegswéq tyle pﬁ&ﬂ&fabl@l’rlp@ﬁhiﬁ arnelaaa_gejlgimﬁ 50 to
t S vk eGidad 196t 0 um.
L e R AR 10 e 20
range from50 to 500 pmand npre preferably within the
r FGeSPPRAA 1 JOLEE135Y YiRd PA% RS PSOTARY RITANS RS RPnPOrous
20yl upénom stidesy pblinen dionbdporthes iupodigiidenyfirconium
0idRsde sidildeandeaxbite orhelilivatdisosude, agimagaesiom silicate
g:olq:lx 'agtﬁléliﬁgﬁ 'sg.lq.'ic_ﬁﬁé bi ‘fgﬁylo Eeﬁéfifflﬁt @2have rbl.lﬁfstﬁﬁg DgSlyMnertly
SbokEoatl 42 MR bk o ISR En k pebede
r SECOTSANG e g ABVEHe o CBE SSURRAE Sy BPii’gest Jhypbave a regular
25 rorenrregulatheshepppoalthmdihcprefardnmwecia gian 40 regwiarly
i rd]ﬂ?éh%uﬁﬁlﬁiﬁbodﬁ.éh&%n@f ef @fexniert sugfawn rioaghness, e.q.
;u g?[glz.y%r ng%g Egpﬂﬁférgqggiflﬁéozg%’vﬁ%?tﬁ‘bﬂé SfltdirngEe include
SAaEret ST mRRpPRy . SIRAEI A Boplfr 8 eV Sk Race
NINYGNBASS ah@adeaPt stiRRsite having asdipmeteT FGufhaBsk o
308 mmdprefersbdat fremhhwion§ amei Bowaver , opthen mupppst Jppdies
8 guitaplefl esililse hrentylimiersnwhod®\iength ¢ hixroms Apporl0 mm
o Ihose GALIRAT fiupiel 1o Lioh Py AT RE. (R Srhlre, in
LRy ae 2% hopnpach are SLERRN df bhee uhdikdbdoording
sUiq dheelR¥ertintor £he oM ks tRiCkrefhgS E¥PESRL I FERM E)n?" 4 mm.
3% rnndlalr  supprikrte dodies typiheasgd fwigth preferenga aggording to
Angnd dnhvenpien thavedaelehgrth@fusecm i tho Br mherame@xternal
g%ﬁﬁr@keg &8 fxtcl&ff gl E_l'fe@tﬂu@'?lnﬁ?&ew@li &Mdthneés fgOFramt 0 to
a r . di 0 .
el P L s T PR 0, St o e
s UPATHICE1BE cHRASH § Ft 8SPPRETh el B X § oo (externat
40 diameter x length x internal diameter). It will be appreciated
that the fineness of the catalytically active oxide compositions
to be applied to the surface of the support body will be adapted
to the desired coating thickness (cf. EP-A 714 700).

45
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Bgr{’?eﬁﬂ'ar rings of geonetry 7 nmx 3 mmx 4 mm
(external 40 dianeter x length x internal dianeter). It
will be appreciated that the fineness of the

cat aI ytically active oxide ss)nposi tions to be applied

r 0 a

estl%rlie REde chl% é (ggslst é%’é,f C&lfﬁgoggggg %F

et R/uflﬁ?#eetlgi 3381 B QS&Bh‘Efb%ﬁfu Ghe RRRFlor
fﬁ@“@taeb’ from propyl ene to acrolein are al so
conpositions of the gener al formula V 5[yl a'yzZb' Ox']

Pe3ez,Yad. 1Y .93 V.eh . YU w2 7OW2) (b wher gyt he vari abl es

are del?l ne] $as"yf ? og/s ng —o)ﬁle(z%srmth or bismuth and
al least one,of the elenments_10tellurium antinony, tin
‘é{hﬁr%&d‘ﬁef"a”@b]-%laﬁd@ﬁﬁm%ﬁ aFpEPhH¥Rim and t ungst en,
y3 =an alkali netal, thallium and/or samarium Y4 =an
al kal iﬁlelﬁafltshlulﬂ'ﬁt&f bi¥nGkal an@@lﬁhteasﬁo@@@rof the elements

mngan@éﬁuﬂlu&c,aﬁtfhorgﬁdm pelBr Uy, 15 Y5 =
ggon or r.on _an Ogt | e st one eI ements chrom um
nd ¥ °hYE 2 %]Q’ GrUs, & sté’r?igé ®Bor on and/ or

htd rm‘FF‘}/ alypli ﬁeF%%e tel A LReand/ on iSERATINAY zi r coni um

Wt obi uap dlkelahenpartthermital, nidieEni epbalbodiapmer, manganese,

sil verzugpl ding| AEMUR a2@/82l hériry, ndi um silicon,

gennanifgg Jrquontgﬂﬁ'égnlgggé %Pelﬂ§thHnE%éheﬁf fEﬂQ& ium and
.1 to 3 rom 5 4rrl

d‘ ff’%’fﬁ“ﬁ“’to 20 e‘ >from0to 20, f ° fromOto

¥ = o Phosphasus . t aragnicyobrron #Wmaﬂ‘élf&@w-x Ly =

Wlnbers wiiecleazth metarnitdiednbymt he reahbwey rArbium, tantalum,

frequengsnigf, thenshRIENtRoQiiR! diNYRrOXYERD ialuMiahd,

P, q = an Qﬁﬁr%ﬂ8§ﬁh$ﬂ§11&gghor é%ﬁaﬂggho %%e C%%br%éT and/or

conpr i ee- di nensi oha gi ons “of hem
conpostt ?’glﬁm"Yla Y2b' Ox, which are delimted fromthe

| ocal environnent owing to their different conposition
&rom t fedmi d @dakoedyi ronnent and whose great est

gt anet g¥or l0Agest 36l st ance between two points present

0 theesyrfage (ll nterface) of the region and passing 40
ghro_ugE e. cen&gr of the region) is from1l run to 100
m f’é‘?ﬂl rom10 nmto 500 nmor from1l mto 50
er 25 fxem 0 to 20,
f* = from 0 to 6,
g* = from 0 to 15,
h* = from 8 to 16,

X',y'=numbers which are determined by the valency and frequency
of the elements other than oxygen in V and
P.qd = numbers whose p/g ratio is from 0.1 to 10,

comprising three-dimensional regions of the chemical composition
¥1,1Y2,.0x: which are delimited from the local environment owing to
their different composition from their local environment and
whose greatest diameter (longest distance between two points
present on the surface (interface) of the region and passing
through the center of the region} is from 1 nm to 100 um,
frequently from 10 nm to 500 nm or from 1 um to 50 or 25 um.

Particularly advantageous multimetal oxide compeositions V
according to the invention are those where Y! is only bismuth.
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Particul arly advantageous nulti netal oxide conpositions
V according to the invention are those where Y1 is
only bisnmuth. 45 PF 53964 5§ Anong t hese, preference
is givenin turn to those wh &h correspond to the
génena| thegepupseiprendeBiiy. g2erOdmturn to those which
[ ZatPeSmndd doFera Zdnesag. Zdfmida [ (VI) where the
variables are defined as follows: Z2 = nol ybdenum or

gn sten, - 73 & pickel and/or cobal 10
;EM 2a ﬁ&n rhed %"2??"*’&{'%5}"2%%‘ il kal i ne @3t h
Svetal, z5 = phosphor us, arsenic, boron, antinony, tin,
cvhémntamj/veriabbml arEGdef’siléd con fodllows num titani um
and/ or zirconium = copper, silver and/or gold, 15

z_fro b = ﬁ@] 0 = from3 to 10,

T frofrﬂnbgy%%én%mlgr %lﬁ; 8'o§mn% fd%gtscceg preferably
Zi'fo 3 'g"—fromOtolO h"= fromO

10; 8%, =x" tlyaklmhbensamlem mgtaldandfon mad abaline earehcyetal,
agd # r ephesphorual afsém,elbem‘ent samt inenyt, hain 0Xegeami &nd/or
VI, p", dexaphunbers whose p"/qg" ratiois from0.1 to 5,

f LG
ool ofLiidar O R LY

%‘?ﬂiﬁ conpos t1Ton

zE b* cmﬁrgs Sy BT ox> #9814 (npl ybdenum 12 It is

153| so advant ageous when at |least 25 nolt (preferably at
| aast= 56roml|d.land tpre preferably at | east 100 nolt) of

tBe tot gfompj_(y)(%tgon of [Yla, Y2b, Ox,]p

[:Bla_Z 09%\7% o the multinetal 35 oxide

nposi | ons (mJI' i metal oxide conpositions V)

I't abl 8¥°B % |Hgtothe|nvent|on are present in the
: 2°nﬁf't i Fre£5Pm dkiUde tochnpers fisrabdy\0 (Intia i3net al  oxi de
cdnmposi frams0 o) 5,n the form of three-di nensional

gi 00S £phm (Y qgl conposi tion Yla, Y2b, Ox,
[ Bi,a. ZZ? d are delimted fromtheir | ocal
envi ronien 5’ ovm ng to their different chem cal

cENpBST PP‘B‘PF?% ShERorTe |REITBRG | Wi ien V2 APRC YA frequency
25qr eat est dekenslements | othere thangexygeamih Wih
p"”,q”=numbers whose p”/q” ratio is from 0.1 to 5, preferably from

0.5 to 2,

where very particular preference is given to those compositions
30 VI where Z2p~ = (tungsten)p~ and Z2;; = (molybdenum);;.

It is also advantageous when at least 25 mol% (preferably at
least 50 mol% and more preferably at least 100 mol%) of the total
proportion of [Y!,,Y2,,0x,]p ([Bia~Z2p~Og~]p=) of the multimetal

35 oxide compositions V (multimetal oxide compositions VI) suitable
according to the invention are present in the multimetal oxide
compositions V (multimetal oxide compositions VI) in the form of
three-dimensional regions of chemical composition Yi,,Y2,,0,,
[BiawZ22p~Ox~] which are delimited from their local environment

40 owing to their different chemical composition from their local
environment and whose greatest diameter is in the range from 1 nm
to 100 pm.

With regard to the shaping, the same applies with regard to
45 multimetal oxide composition V catalysts as was stated for the
multimetal oxide composition IV catalysts.
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to 100 m Wth regard to the shaping, the sane applies
wWth regard to 45 nultinmetal oxide conposition V
catalysts as was stated for the mul ti metal oxide
conposition IV catal ysts. PF 543964 57 The preparation
oftheupremanatiiopxpfemecidripesali oxidé aompesitimmmoattives
| gofipositivan, ibodesxminRas, £bh ERMPIE389K Bwich 31780971 dnd also

DEnAped85a3k3913, Among ot her materials, the inert
support material s recomended above are al so useful

inert materials for diluting and/or delimting the
SapPPBBroiher Makeniaks althet ipeks suppoxs mikerigdst regpmmended
betowhi ate plsbeussfuh cmeandhate hicdtss £ob edphst imgx and for

1QeMmi Hirg F%;Pslenbppté #i2tROE Dk&d d%H:ta Bet bédd, Qﬁt akysis

a i 0 V,

gUmTE ST e e M BsEE e SRR migcpre.
acroleln are in principle also SU|tabIe for the

103kt this padst dati bh pefingedpyvierdato alicegtalistsi apd 15
Feu1t bee tsric @xd det epmpddie ibak ewlogan ¢awel yee:atmicybmdn@as as
pl%ﬁi@fxbi@rﬁdralthexéﬁj@ﬁs :f:i"lﬁmoia @ﬁfﬁrﬁé Rol @cPE1eid @ra@Cifl principle

?‘?é%ds %ﬂé’t‘%dfgf’ P e Rt apndR BB LB 06 drcBypgne <o

cBRTHE ?ﬁ”rH -and V, e.g. those of 20 DE-A 10046928. A

5vultiplicity of these, for exanple those of DE -A
1981508d , sexnd beepn i) Assetodinhddue 1geb et Ally Zedr BHb aphase
V hr@ﬁaf@ﬁ&\é@ﬂb%@%%@é&ﬁ@&% {‘ﬂll’:) mr%s@fﬁl active

;nggén‘?élo% ag%;ilﬂ]e& %%JLEL Oﬁ C%aé% %%Xt% ai‘l l%ltlmetal
—gffél ﬁ/‘%ﬁmFBﬁSltkﬁnao‘f@t&mﬁBFeM%I% VBt Gt sthogs 9fne or
ZQY@EeAalkaﬁﬁ%@ earth metals, 35 X6 =Si, Al, Ti and/ or

Zr, a=fromlto 6, b= from02to4 c =from0.5
t@ ﬂa§lt1§jlrc1ft"yoﬂfOtﬂéée‘lovfoffoefamplfer ‘Eﬂbget@f 2iJE‘.—-Af 198i5'ﬂm, can

0 ke ieortbrngb B Opld gEe2Rt Romrygper wh

25 MO1VaXlpX2cR3aRAGXS XS0y (VII)

where the variables are defined as follows:

30 X1 = W, Nb, Ta, Cr and/or Ce,

X2 = Cu, Ni, Co, Fe, Mn and/or 2Zn,

X3 = 8b and/or Bi,

X4 = one or more alkali metals,

X5 = one or more alkaline earth metals,
35 x5 8i, al, Ti and/or 2r,

a from 1 to 6,

b = from 0.2 to 4,

¢ = from 0.5 to 18,

d = from Q0 to 40,
40 e = from 0 to 2,

f from 0 to 4,

g = from 0 to 40 and

n = a number which is determined by the valency and fregquency

of the elements in VII other than oxygen.
45
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of the elenents in VII other than oxygen. 45 PF 53964

58 Enbodi nents preferred according to the invention
within the active nultinetal _oxides VII are those

whi ch are enbraced by the f®Blow ng definitions of the
vEmbadimentsf prhéeprerkramicofdinglo tWel inbedion Withlhn the

aﬁd»‘:ﬂ{re GultihetalloxMNes €01 aPél/HosEewhid® areSRmbXdcéd by the
afgro s Seriti i 7% o BMIGRer, B gyl omua

M0.5to 3, 15 d fromO to 2, e = fromO to 0.2,
5f fromOtolandn:anurrber which is determ ned by
tb[é val wpcyb arehd/oeqoency of the el enments other than
oxyaen R, i, o) Haupyerpe,mul tinetal oxides VII which

z{g veré partlcul ‘arly’ preferred according to the
enti onare those of the general formJIa VI 25
ére MI228RE4Pm [y 2c. Y5f Y6g' On' (MIT1) YL = Wand/ or
IOI\IEK,5 =30Cg2 Sr Gndaoad/Ba, Ni, Y5 = Ca and/or Sr, Y6 = Si
alxd/er 8k, amp, andf/bgnmg,to 4, b, =from1l to 1.5, 35
_frggb,} iq,%o gf' =fromO to 0.5 g =fromOto S

aﬁ |ch is determ ned by the val ency
d Tredh lﬂy he el ements other than oxygen in
VFI = 4 rcm mul%S fet al oxi de active conpositions (Vi)

15sdi tabl éramchriti g to the invention are obtainable in
aemaAneErsmoVrcper, 2se, for
f = £from 0 to 1 and
n = a number which is determined by the valency and frequency
of the elements other than oxygen in VII.

20
However, multimetal oxides VII which are very particularly
preferred according to the invention are those of the general
formula VIII

25 MO3oVa Y1y, ¥2..¥5¢. Y640y, (VIII)
where
¥l = W and/or Nb,
30 Y2 = Cu and/or Ni,
Y5> = cCa and/or Sr,
Yé = Si and/or Al,
ar* = from 2 to 4,
b = from 1l to 1.5,
35 ¢ = from 1l to 3,
fr = from 0 to 0.5
g’ = from 0 to 8 and
n’ = a number which is determined by the valency and frequency
of the elements other than oxygen in VIII.
40

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

45 In principle, multimetal oxide active compositions suitable for
the step "acrolein — acrylic acid”, especially those of the
general formula VII, may be prepared in a simple manner by
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exanpl e as disclosed in DE -A 4335973 or in EP-A

714700. 45 in principle, nultinetal OXIde active

conposi tions suitable for the step "acrolein acrylic

aci d", especially those of t}® general fornula Vil,
nabtb'mlmgapérem $wi tabdienpber ces et tby:LPFeEﬁlmac’ugconstituents,
obt &ty Nt ik e8) Spitd AHa®1§oBIkElS, Ofi vided rd8) eiRphaé

glegf%ée ogbg;a t8 é’t?éﬁ: ISRbL BB S &aeaﬁaagéycﬁﬁ@' Yt at

r Qrres
szﬂm?ﬁao%#y £t BRI LIS o e tected
S3sbther suger m%r‘%:aﬂaéi ﬁ»at peﬂew @éléﬁf-b‘(ﬁ armospherer e.g. air
unobxtumeerif gasrorgamcad aryge)jalbirvels¢ nogidEreaereéudaing
ahﬁmoéﬁﬁéﬂéuﬁﬁ gf mikﬂdregagfaIEEﬁ%XﬁﬁgnlndQfedﬂciﬁguegfﬁsf%uch as
GUGIHNY o8l TRAHIGEC ah8/ g ABCBRHE S50 el 2ebu ity Hides
3€5 Sf y ¢
aE‘FBPe‘?"??"gF Fhee \é‘?ﬁ)m B S i ey Bh%%l We#@elf’&%‘g)a ew
10Thénetes iteani fewthonrsmapdbtypieahly flegra®ses mitbhstemperature.
f gge holirspuzindst fox atld e ldmnenedls ednet i buémtPfattieemultimetal
#E?%?%W“E*’“ "ﬁegi.“’f?ﬁ‘%“'vﬁ%?é“% h‘ﬁ?ﬁ’c%et SErpady
are rge%ggse c mggungn Sh:Lcht ﬁ% nve gngv\ﬁ Ctﬁudes by
caﬁab’e“%'or?\*?ellﬁéﬂ%/t’d‘ Fheqesessnce, ot Pﬁ@ge%tt I east in the
15presence of oxygen. 15 The intimate nmixing of the
straet imgimeeepniRiisg fof theepbittighg umpoukdflfoaX peléparing
CﬁﬂP@ﬁhéﬂaQn%thé 23 +ebh8 el nla SQYePfed’!“&i 1f10&£9 or wet
vgier% ?‘:f fg 'cq:egrx fé’r.[ mf e éﬁ? i ea]rQ:LaF c%fnepcf)unds

van eou S
ggeqd%aggpgg}y z‘t?erﬂg ffnd gﬂﬂflé'pflnlsh%? &t PRY, after
205 mbkieg chd optiadrthadmpactirpuwesndiected tntdaketisahictng

| Hopeedier abley int {msieedixingeis fprePer RSy Giidcitpd Lhewet form.
starti ng compounds are nixed with each other in the

aq us, sql.ution and/Qr _suspensi on.
ng‘? mﬂ:.a %Eg Sc't 1921 ecal}\elound% aFSSBJaJF X S&tg ﬁecah other in
t fBenfoam e PBcé%‘ée‘H’esséPnlB‘éb"W Pﬁes‘éﬁ%ﬁftﬁlﬁé‘ Partlcu“ﬂ?
25mantimaties dG[YemethlllZEﬁ \ameyob'emnmis igf the heixirarproaess
caastribentmenr EBendtdrt idlgsaatemidltoane dtelusivetptsources of

U%ﬁg éfealHn%f §r éghyti’ﬁfe%fts P@sé}wqaualsm tf'o?ﬂ The solvent

oht ai.ng

|

pPS?%r’a"‘olpfeéfF%g?’éo"%%? @Esr Gegis) ompfe thioh, ghﬁwed is
nitRenr & igd o gpfethe é?ﬁ)’énat DFecessy ist peRfataplivo effoeted by

30Tkprapsiptinggofuthé rastugous xintet uxenpssott bets  temppretiarés) of
t ko6 D0 tohesgemeral formula VI, may be used for the
acrol ein oxidation 35 either in powder form or shaped
tq,certai.n.catal eqnetri.es and, the shapi

eFpEctefintafd, Bl ingted 03%89ﬁ%%l&é?&?ha%é%&ﬁ%m fHose of
ekhfpyenenads &pppriad’dat 2pyshe uagd der F%eﬂ‘-‘é’d’lef-f‘oﬂ*ldatm“

35 péthenddy powdar ofoxmerashaped comppesiteinncanalyyss geometries,
uaadl cheexhapihgCuay Ge @ffpoted iufdyy opNPfieasithg Findhe

deahé £ehGidna! ¥ok é@aﬂtﬁ@mhhhﬁ;ﬁﬂteﬁxéﬂﬂkﬁy% tdl! 8bi Pepared
OEISét{ﬁé’daxher°9$f&”H¥ f%e active composition or its uncalcined
precursor composition by compressing to the desired catalyst
40 geometry (for example by tableting or extruding), optionally
adding 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
45 include solid cylinders or hollow cylinders having an external
diameter and a length of from 2 to 10 mm. In the case of the
hollow cylinders, a wall thickness of from 1 to 3 mm is
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addi ng assi stants, for exanple graphite or stearic acid
as |ubricants and/or shaping assistants, and
rei nforcing agents such as npicrofibers of glass,
asbestos, silicon carbide orEbot assium titanate.
Erdipheagesiussuiltati bl Uhes appoec bakearhithhystheeometppbesed5
| raktaligsts alayd atybi naies %mérhehl Qyécmehtrpilessd ke théﬂa

exlighotdr iy Bt g{.mﬁm‘dt% hgnghh of from2 to 10 nm
the case of "the | ow cyI | nders, a wall thickness of

froml to 3 mMmis PF 53964 60 advantageous It wll be

Sagfsr wilhiRed appEECideeditdappbhe cthapizgab§ sthenpplyesplent active
havapephsidnc ar  gesrmilverudadt t freecipiser ecompanirtien ma.ych has
beiokr pet beled £016Thed maly WLk he HFRbecd AP hd1dting o
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HEeS) €4 REBPAES TH GOBECEr PR Pty 18pRRRRHA) LWober formed in
1 e snabrite ﬁ@FﬁrEaY%ﬁ%ﬁs"{ sappisalosethefonaatanplel ime
SBEpAr290980di, eBP+D I83858r ert bB-X gaigdocat al ysts is
generally performed in 10 a suitable rot ary vessel, as

EP-.A_2 9 .
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pQW&dvaﬁﬁ!H@;@%hE!.?nséBHZ:lt'eadlehirh(i:h%UEEQ & ﬁ%flo' £0 1000 pm,

| f
T A
aﬁ'& EFBFﬁb hFﬂ ?1% H‘"%tnge from 150 to 250

20om 20 The support mat erials used may be customary
pGheusuppontonpbenisls alsedi nayn exici@tomary iRadudi 6Xi ftnporous
t RQGHiIMGNioRIEEE, TN Wibx SHOXit¥Rrith! &R dedr RifcoPium
}Lbfﬁiees s?.g&goﬁ‘scm éymsfi:’.éa %tse suglrl aag Yliygggg}%mﬁsslllcate

ave a re

" PF ot iinuay 85 LLEATS « 361 5BPReth dcbepsnty e o Tegular or
25 é@ﬂ@%l@r §hap@d aktihmwght preferandeaisngivenditst ragelarly shaped
senpport hodjeacbavimy ¢ dipbenes sudifabel tevgitielskNdel§. spheres
Wok Thél W eyl 248&rs SHRAOK! §r§1&“1t A 5Qppdie shREANAE for use

SlJ‘.R?i@tfgl lbgﬁaﬂgfgﬂrf lﬁ%mgé?&?& %hte.scgggﬁrstusp haé ga\rlng

sur cero
dPURERcE TOUIPRERT anf madg gf ﬁﬁewepwmﬁ&wm&w pf from

30 teichvaer preferablyyfzomt 4 b em.sHPversn foghenssuppart
cpbdieersninhbie f@ngide aseftplhintidre whfsémMer@hwhoserom 2 to

e)memadndj%B?E%}es:ﬁs:&gg;%fo%gggﬁ?ﬂ?g%%e in
é a g{s aj p%,]t ogl;.e e wall
h% nes% '315 Bﬁ&&%&%#ﬂm teteremte ABRAELAF |SURY %g otfodles to

35f Pemised wighnprefgrenset épﬁal a dienatheprf of ram @mtzp 6 onB, ran
apgtervel lditheténasts fafomf B ot & mimo addnin waAlll ktAkbbeness of from

supperd mandsestabre ishppakti odHs arBY$n Qbarticular rings of
geometry 7 mm X 3 mm x 4 mm (external diameter x length x
internal diameter)}. It will be appreciated that the fineness of
40 the catalytically active oxide compositions to be applied to the
surface of the support body will be adapted to the desired
coating thickness (cf. EP-A 714 700).

Advantageous multimetal oxide active compositions to be used for
45 the step “acrolein — acrylic acid” are also compositions of the
general formula IX,
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geonetry 7 mmx 3 nmx 4 nm (external dianeter x |ength

X internal dianeter). It will be appreciated that the
fi neness of 40 the catalyti cgl |y active oxide
conpositions to be applied t8*the surface of the
support body will be d&dptebl;to the ¢e$)red coating
t hi ckness (cf. EPA 714 700). Advantageous nul ti netal
OXind@edphd WarlaBROS iR iRl WA 160E: 45 Lhe step
‘acrolein -. acrylic aci are al so compositions of the
feneral formula | X, PF 53964 61 [D)p[E]q (IX) wher e
Re ar MabtVeel b 828 fantder Zie- ot Pons: 5 D =
MEE2Va. Z11ChReH 486k Z4e. Z5f . Z6g. Ox. E: Z712Cuh. Hi . Oy.

Z%1= AN wiNowb Tara Ctragg&pér@% Z2 = Cu, Ni, Co, Fe, M

and/ 3 Sh_ang/ o :Li,Na, K, Rb,
Cg and/ EE I—F;Zg:" %ﬁ % a[rgﬁ' anégb Ba, 26 = Si, A, Ti
arf a/or apg/ar M W V, Nb and/or Ta, preferably M

10354/ 6t Wi15Na |K,=Rbpofis 1andycg, H b =from0.2 to 5, ¢
—zﬁr@nngtOCQSSrdd;tofrmOto 50, e" fromOto 2,
pACT . —sgromo-ltloﬁd/og zr, fromO to 50, h" =from4

dggg%m ﬁeél ‘g{/r‘?'hmg%v ?dﬁcy arfdpf?é‘aﬁael?%y%zgn%}mﬁﬁﬁ e

el ements other than oxygen in I X and p,q = nunbers
1%9@fer thafire®rb t¥hdse p/q ratio is from160:1 to 1:1,

abed whi€hfaoe O aonghle by initially separately

f@wm ng=asrdfl dnld izAet al oxi de conposition E

Z{)2Cuh, Hi 9{0(@ giph finely divided form (starting
corrp03|t|on ) andtﬁen 35 incorporating the initially

f & med TofFEmst & i2ng conposition 1 into an aqueous
20541ut i om, faAma@ueods suspension or a finely divided
dgy m x&ufeomfo (wmusees of the elenments M, V, Z1, Z2,

Z3» Z4: £BorNgl P .30each of which conprise the
af, Lor enept Eggﬁdoeé %ngﬁd in the stoichionetry D

x”,y” = numbers which are determined by the valency and frequency
25 of the elements other than oxygen in IX and
P,q = numbers other than zero whose p/q ratio is from 160:1 to
1:1,

and which are obtainable by initially separately forming a
30 multimetal oxide composition E

Z712Cuh.Hi.Oy. (E)

in finely divided form (starting composition 1) and then

35 incorporating the initially formed solid starting composition 1
into an aqueous solution, an aqueous suspension or a finely
divided dry mixture of sources of the elements Mo, V, 21, z2, 2z3,
%4, 25 and 25, each of which comprise the aforementioned elements
in the stoichiometry D

40

MO} 2VawZlpe220n233-2802255426n (D)

{starting composition 2) in the desired p:q ratio, if appropriate
drying the resulting aqueous mixture, and calcining the dry

45 precursor mass obtained in this way before or after shaping to
the desired catalyst geometry at from 250 to 600°C.
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40 MD12VaZlbz2c" z3dz4eZz5f.Z6g. (D) (starting
conposition 2) in the desired p:q ratio, if appropriate
drying the resulting agqueous_pi xture, and cal cining the
dry 45 precursor nmss obtain®f in this way before or
afrefesenis i§ géven Hewo dwdtinetzhtediyet couprsitripnat IX rwhare the
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mEPHANe§ &1 040 x PEeA 51 TIRAIOSI, t DBFA M00d&0aBy SDB-A 99740493 and
cort-ai peshadser, exanple, in EPA 668104, DE-A 19736105,
DE- A 10046928, DE-A 19740493 and DE -A 19528646. Wth
r dtot S i ng, .the me_applies.in relation to
" 535h i redandl od RRE FHhp iy (58 2o MBE agplief A aenpfion o
10ywd el oFiffel¥ sigi@dyetonas/Mascatatgdtfor vkt hwdbtipetal
oxixdde cextrgiogitsohavihgatalgstsndi ng suitability for the
step "acrolein acrylic acid" are also those of DE-A
1 1 eci.alql ay| [ j ctive
cgﬁlgéﬁ%ﬁﬁ} %f%?gtééfﬂl e%gr§f5§héﬁﬁﬁfsQFhé#néﬁgéi%aglilty for the
I OEBRoL AT AR RN GESULES ACHELATEr PLEP (hiogeyOF PErRyd 9815281,
15 eePashafl o havhRg ek imeta iy P [ashdve ocemposiisians et the
cgehedak dficaimpd b Iiofychdsedousamerftar 20 the step
acrolein to acrylic acid. The carrying out of first
S rty j [ f : pyl e 0
scnepBladeineld, biburhtrgBly hatyed s BEON P NRel tor the step
dEEET BRopY e gsza?ﬁp’i%l,e%a doﬁiPe%f%a‘nsahﬁfX%prénsat ayg dised for
20; the step facredebBdte asavdic agidiescri bed by DE- A
4431957. The oxidi zi ng agent used is oxygen. Wen N2 is
sehecCéfryingt bat oNefirsdi kUeploPahe bBLLIUSE MfidatioRS from
! BEORYYE (ROUEESI NPV Byl Be OE AU bH! Ay the catalysts
e n eneya, 0 Bt &cfef BT Y

(+]

adva us. gé eration._i g
SRGTLIRA . I0F, GERRDIE.ndn; 2’ oprons; REHbEp ity afalkjt tube
25,45 %A hed seastoy, rag jdesstibed by DEeA 8431955 to 25),
preferably 1:(1.7 to 2.3):(10 to 15). The reaction
g’rﬁé Séliﬁiiiﬁnbly ai;exzi |d§é'rd:1 ikhexgquiae lwﬁubﬁ {Tﬁ}_itso srélééeecgra% the
A\ u \.
{ ek e Bl 28%8 MY sk BP0 SR REL e SBUEEE Bves to
h&6r PITEIFIRTI¥| 3AYqRFA9EUByhi cal Iy from 90 to 200 1 at
30STP/ (1h). The charge gas mixture preferably flows into

t e gemewaine ofp@ratidn [ilsceffitatetstatt ubprépyiathebedoxygen : inert

A §3§ét§r(:‘fr{d&'ﬁ}<ﬁﬁ§V§te%e va§%e @@r%galgﬁ) @&Ei%@,sw(iﬁo to

0rR0y CoatReY Rl LR Prda (e 3610 e

reaction pressure 1s typically in the rangé from 1 to 3 bar and

35 the overall gas hourly space velocity is preferably from 1500 to
4000 1 at STP/(1l-h). The propylene gas hourly space velocity is
typically from 90 to 200 1 at STP/(l-h).

The charge gas mixture preferably flows into the one-zone
40 multiple catalyst tube fixed bed reactor from above. The heat
exchange medium used is advantageously a salt melt, preferably
consisting of 60% by weight of potassium nitrate (KNOi) 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
45 weight of sodium nitrate (NaNOj3).
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wei ght of sodiumnitrite (NaN02), or of 53% by wei ght

of potassium nitrate (KNG3), 40% by wei ght of sodi um
nitrite (NaN02) and 7% by 45 wei ght of sodiumnitrate
(NaN03). PF 53964 63 Vi ewed®dver the reactor, salt
n¥iecedmyerefbei xerafas , nsaltiree Itwy anbereartdiont gds emixtare may
!BeC@&tﬁf fucket @ithdr Cieu&bgﬁﬁdéwrar. ihhecsmdrcuebht. The salt
[ : refe .
{ PSS AR 25 p AR ok BN ek b S S A R 5t e in
tﬁem%aot’?cgﬁw PaPR%¥is fromtop to bottom it is

advant ageous to charge the catal yst tubes from bottom

t Whet opheaE1bwl thrsudhnithe taealystwtubes r bsn fxaint anpt to bottom,

LR id Navaiithobdts RPENARGE ife l%%\tatmgageswés\/ from bottom to
r r ; - | r .
ofSBrE bl oyl He t1b8 £ R HoPlon "WCR | &P Yarging
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10a proportion by weight of up to 20% by wei ght, based
on thénftxdllye tosaclemytiChof fbomerd toogoR af |trghtaiyst tube
catal sopoch, U1tner by QURTipe] Vot 2 ngRdhte & CAER1P} Yand
the | 4F25F HareRiato s Carthy eﬂ%ja%mweprtﬁ &Y ¥Eoenh of up o
wei ghE 0% RIE P IGHEY HEAAG, OB B¢ SBOHTIE BPECRIRR 50

15finally, over a length of from 10 to 20% of the overal
t ube nerbgtdveraabeength iofeFiromal ®rical40kSOLt tign cAerabi ctube
i's  prehgtbleithekeShBH datalysh, MY nliRehré lo£214283ySt and
very LQIE, RESSSULS d{@@-la%%egefﬁg'gn oo PLENRF Wi of up to
undi | Ut éd. € aboverentioned ¢ aré?ng variant® i's
advanf 93 Felghsarbazad an thRML¥EFec 488F TS Rided™dr e

20t hose of Exanple 1 of DE-A 10046957 30 or of Exanple 3
ot DE£&ndDDAGCYYér anleridih icffiefiomeierioakotsefl ik overall tube

i amel gracAP e pa, SEOITREY nh BRLAL L oBectofl AT e,
the SRFECoRly ddiatrad i, Mbnca AL Saap 1Bo iR ubdy tov

st at eBTEHSYNE AFPR31957. 35 However, the carrying out of
25first step of the partial oxidation, from propylene to

aseet £om,c MRy pakserdycanaidgielt using the catalysts

descri bed, for exanple, in a two-zone nultiple catalyst

tybe fixed bed reactor, .as described i - A 1991050 .

| B8 a0 VenedEdohEd Corirai R, YEE R 8, plraleduchib oY Bar vicular

olhgRnkle SRtalHgEe WPDHATE FROSRAFaERGMBIYQL (R DF-Br 10046357

3005rnof 9Bxafipd ec 3r ofi PR U004695Tcamdd theepnexft magerial used is

pakbhelte dithgki 60, gddBrFCTONRI N 7 GmAKN V4 iMin (external diameter
X height x internal diameter). With regard to the salt bath
temperature, the same applies as is stated in DE-A 4431957.

)

35 However, the carrying out of first step of the partial oxidation,
from propylene to acrolein, may also be carried out using the
catalysts described, for example, in a two-zone multiple catalyst
tube fixed bed reactor, as described in DE-A 19910506. In both
cases described above, the propene conversion obtained on single

40 pass is normally > 90 mol%, or > 95 mol%. The carrying out of
second step of the partial oxidation, from acrolein to acrylic
acid, may be carried out using the described catalysts, for
example, in a one-zone multiple catalyst tube fixed bed reactor,
as described in DE-A 4431949. In general, the product mixture of

45 the propylene oxidation to acrolein is conducted as such
(optionally after completed intermediate cooling of the same),
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acid, may be carried out using the described catal ysts,

for exanple, in a one-zone nultiple catal yst tube
fixed bed reactor, as descrihed in DE-A 4431949. In
general, the product m xt ur e®8f 45 the propyl ene

0%i-€at VoHhau: secondary jepmpondntt requalsuihto (tdet iagmaléin

afoxeHatbompitet adrivbierdedi.ate cooling of the sane), PF
53964 64 i.e. without secondary corrponent rem)val,
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The 20 heat exchange nediumused in the second stage
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Swlﬁﬂtzéf rﬁdﬂa%*s%uﬁ“ﬁfﬁ@te Ykﬁ@?d ande ko ey LRAGhe of sodium
@{1h reag 'c?ins Qaﬁ TQ, o'}faé §s§:h% Hﬁf:?gte (KNO3),

&f T n C r’ ent . or i
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only catalyst, or a mxture of catal yst and inert
30vitheni the flev [through|the csteppst i rbesy igefon to 4p bottom,
20% hy sevgitagebaseto orthdrye Bhatcdialysectubes Grom bottom to
Negp alVEes1Fousength of from 20 to 40% of the overall
tube 40 length, either only catalyst, or a mxture of
catal yst, and inert naterial, the |latter_ in roportion
o £h

by weiPgHt18ilNiFe & 18B95hyPRnditgh: S0 KR P o RTt hhe fakalyst tube

3% sect |1@p1gg§1 e:atmpmpnly catalyst, or a mixture of catalyst and
inert material, the latter in a proportion by weight of up to
20% by weight, based on the mixture (section C);

- next, over a length of from 20 to 40% of the overall tube
40 length, either only catalyst, or a mixture of catalyst and
inert material, the latter in a proportion by weight of up to
40% by weight, based on the mixture (section B); and

45
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PF 53964 65 - finally, over a length of from5 to 20%

of the overall tube length, a bed of inert naterial
(section A) which is preferably selected in such a way
that it causes a very low pf®ssure drop. 5 Section C
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! rﬂre'-_\ era 16]11 %a&8 aesf aiy ang pt(i'xe second case, added directly
to the product gas mixture of the first step of the partial

35 oxidation.

In the case of a two-stage method with immediate reuse 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

40 multiple catalyst tube fixed bed reactors or two two-zone
multiple catalyst tube fixed bed reactors will generally be
connected in series. A mixed connection in series (one-zone/
two-zone or vice versa) is also possible.

45 Between the reactors, an intermediate cooler may be disposed
which may optionally comprise inert beds which may perform a
filtering function. The salt bath temperature of multiple



BFi éﬂgﬁﬁy optionally conprise inert beds which may
performa filtering function. The salt bath
tenperature of nultiple PF 53964 66 catalyst tube
reactors for the first stepe®f the partial oxidation
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In summary, a tube bundle reactor within which the catalyst
charge along the individual catalyst tubes varies appropriately
with the end of the first reaction step (such propylene partial
oxidations suitable as reaction zone B according to the invention
are taught, for example, by EP-A 911313, EP-A 979813, EP-A 990636
and DE-A 2830765) constitutes the simplest way of realizing two
oxidation zones for the two steps of the partial oxidation from




PF 53964
oxi dation zones for the two steps of the partia

oxi dation from PF 53964 67 propylene to acrylic acid.
Optional ly, the charge of thg catalyst tubes wth

catalyst is interrupted by a i nert  bed. However,
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30, gadsmor e mJItl zone reactor systenms where appropriate,
i s adapted in a manner known per se to the specific
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40 The molecular oxygen which is required overall as an oxidizing
agent for the at least one partial zone required according to the
invention may be added beforehand in its entirety to the charging
gas mixture of the at least one partial zone. However, it will be
appreciated that it is also possible, for example in the

45 preparation of acrylic acid, to supplement with oxygen after the
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45 preparation of acrylic acid, to supplenent with

oxygen after the PF 53964 68 first partial zone.

Preference is given to the latter in acrylic acid
preparation. In the first ox®&ation zone (propyl ene

achigiséi partimlefaonenckreferencgi isngiversabt thg battdratin acrylic
prayivl ppepard@ilomcul ar oxygen ratio of 1 : 1 to 3,

frequently 1 : 1.5 to 2. Simlar nunerical val ues are

suj table_for the ar acrolein :_ nolecul ar oxy
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| tpard$81{Pro kAPl 80 1) & RBbl e FARE it is passed on into the
second oxidation zone. According to the invention, a procedure
will preferably be selected which does not require such a
40 removal.

The source of the molecular oxygen required in the at least one
partial oxidation and/or ammoxidation which is admixed with the
gas mixture 1 or 1’ before its use for charging the partial zone
45 may be either pure molecular oxygen or molecular oxygen diluted
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45 may be either pure nol ecul ar oxygen or nol ecul ar

oxygen diluted PF 53964 69 wth inert gas such as C02,

CO, nobl e gases, N2 and/or sgturated hydrocarbons.

Advant ageously, air wll be ed as the oxygen source
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romt pro S , mxtu&eldw
FRRSATPRERELG oS ey an

2°ceﬁae4=f§mq arig} alybraﬂspcma%?@ @rnhwslra%%orqﬂmzeﬂad%?ydef aromatic
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aPPa%}Wélﬁﬁ 't?fé Bl bhett, il Ro, PTRA o so b

25 ractional |y condensed; cf. for exanple, EPA 117146,
DEhé #B3fed38 prodistA m;smmem@ammaﬁﬁm prodich ¢&s 9Rikture in
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DE-A 19627847, DE-A 10053086 and EP-A 982288.

Unconverted propylene and/or acrolein are optionally likewise
40 removed and recycled into the partial zone.

Preference is given to removing as in Fig. 7 of WO/0196271.
Otherwise, the substantial constituents other than acrylic acid
and acrolein of the residual gas remaining after the target

45 product removal may, depending on need, crude propane used and
dehydrogenation/oxydehydrogenation catalyst used, each be removed
separately and/or recycled with the propane as cycle gas (recycle
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dehydr ogenat i on/ oxydehydr ogenati on catal yst used, each

be renoved separately and/or recycled with the propane

as cycle gas (recycle PF 53964 70 strean) into the
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gas |

0 the charge of the first step of the process

according to the invention. Such an oxygen renoval may
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e
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40 tray columns or columns having structured packing. Useful tray
columns are those having dual-flow trays, bubble-cap trays or
valve trays. The reflux ratio may be, for example, from 1 to 10.
Examples of other separating possibilities include pressure
extraction, pressure swing adsorption, pressure scrubbing,

45 partial condensation and pressure extraction.
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extraction, pressure sw ng adsorption, pressure
scrubbing, 45 partial condensation and pressure
extraction. PF 53964 71 It will be appreciated that it
is also possible according to-the invention to recycle
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f Wi bpSded WektbeiByasins@thte 1D dnasyak| eikwideen <t he
target product renoval. If the cycle gas recycled into

ne dehydr n C i ses car.bon i de,
AE PHED B 2BRAE IAtey f*g SRS OBE T TR DA (i
15gagstal ﬁrféﬁﬁn‘tltﬁj LRTER fP@%qil"é‘-r GBOYR bpdife the ey Heagas
ofecyebsi iiotor the gergpaneydéhyiir ageaat don eapriges ccadbon
dabiexREsNahi 8 'may (bd eapelptii£1ySubaeeaid t6ate) Hefere the
C H’Buié 'Q.@) QEmQQéH %g&gt £+ 8Osk '&Ja%seﬁ eﬂasrnet Re:P@%f
oxFaction reterhed Mak danfl Nse Tex BPAtIRS e L he| fhrdkogenation

20c femReRAtdirent o the 25 propane dehydrogenati on and/ or
oxydehydrogenation is desired, and CO2 can be

ceupasqidntelytadptiy doamgeﬂox( ol coxprgdentd)insenebitgigiual gas
Wlttohcé% has 51156% Pecomtetis RREAUSE Nercitad! ¥ thd"@arbon oxides

arrl out 1n the .
GER9Rr Dl ERaRe b o %FSPr%x’a*er 1ECYGAInT (3, Cycle gas into the
2%@59@&1@%%@99%@0@% F irvdgharyIenatdog. i irgired, and
ooz cdPEbl toBpEaiAvely pasiliyxweapvedosmroexEmpld by scrubbing
it ANOIHMYicPOSGu A . BuetesilbfecientObadLytd@, CbOcombustion may
r%(iggl be & é.EEOGuLDfm Lhe &% ﬁgﬁleng@§oﬁ‘%?éng?gr'ﬂaﬁnple over
propane ﬁ%g g at.l on nad/-or g detne/ol genghl on
o dheopora-aeranybed Helgur8enaion speat sy
anﬁrar 93r7d-ﬂ17tr hénrmwuﬁgrptmﬁ%ﬁfaﬁa |} K&uitde
recycle theminto the propane dehydrogenati on and/ or
Oxvdehy el rR@eaal b oprsduiiude L8} Gbf RRutke| ctSireepelpai tpcdtion of
ZQR8: il add]® gh@! LindiRd ihE6 (RIBEBbAN. rm%ueeg@tatm
R e N
mitRE(PE §°9ﬁ’>‘& e gn YFPFﬁ% %rpé’gs of. a
35 PXOPYLERE i ét PLXERTSOFIOM ERR FeReigdRg P‘g’%i’é-maand likewise
sepayalé nghem Astaayhe Prophnacdehydrogeranigre anddosuch a
VWaydéhpdrogenatiien r &widdry ingo SEind iadn1eést lune partial zone. In
repkl 1hcadr QRseQ! @ . remaining portion of the residual gas is
advantageously combined with the gas mixture 1 or gas mixture 1°‘.
40
For the purposes of a fractional distillation of the residual
gas, a separating line may be defined, for example, in such a way
that, in the rectifying section of the rectification column,
substantially all of those components are removed and may be
45 taken off at the top of the column whose boiling point is lower
than the boiling point of propylene. These components will
primarily be the carbon oxides CO and CO; and alsoc unconverted

L
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substantially all of those conponents are renoved and

may be 45 taken off at the top of the col unmm whose

boiling point is |ower than_the boiling point of

propyl ene. These conponents 1 primarily be the

c @rpoen iidd eshgtere (ar@OR 1andmet liemeuaodnVer thed tRE B39, for

7 2xampy@eredadiet hy | vim-s6d1 ah$ T 0By BAEC s NRay Abe thtthoved.
botton1 for exanple relatlvely hlgh boi | i ng

rbons ma r a het er ageneouysl )
cHpaty 5 st AEnS e saE R LY ey BgBaRer pasiat L00eqt sesopane is
5 Héeﬁu astthe égré %‘H%P @foéégspmrsdaﬁgox'@lrméo the invention,
i itens | okwayist stslhlpsdibdei té qrosyi bue secamaiary oohponent

Seenppdary whenRpeartvaly %rfomalécumn ni€PBYéh Sar@d carried out in

%‘ﬁ%@% g B PRI ‘995&“1/38%355%51 A4 pE and

B3h5 Exanpl es Het erogeneously catal yzed gas
10hase partial oxidation of propylene in two fixed bed
r 8zatples connected in series using 15 different
propyl ene- and propane- containing gas m xtures 2 A

DegeLioidian. gl hec o al;,ag ﬁ%mg% } WRatioh 21

28*BPY i@ FU" af:’r’i:ﬁde 2§e RERLEY emrTéSFb‘ﬁ? using
15, daffexent prepylewsrsiand REOPANGIWNLAingey (Ffs oixtures 2
potassiumnitrate, 40% by weight of sodiumnitrite

ang 7Yebyr Wi off tROYhBrali prodeds PoRBIEIONS Of the
cat al yst tube total |ength 4200 nn] i nternal dianeter

ext di.anet er t hi ckness 2 mm
Pdact BATSh e bl ToATHas, SPBAVRE FtRPeol Bl oxldation of
2°byl|nB§PPY¥Qﬂﬁ|tﬁdPF€%ﬁekﬂu de tube surrounded by a
cylindrical 35 external vessel). The wall thicknesses
WebEt 2 ¥hahgl! ABAZum tuded: "M 40 Tmﬁ %@%n@&nﬂﬁrxﬁb%f 53% by

of the outer cylinder was 168 mm [
di aneter of the guide tube was adg:' ¢ 88 ﬁ%gﬂkﬁum nétﬁate'

bel ow, the jacketed cylinder was tHtR¥s¥8iBYt L SPgigpitrite
253 bottom respectively. 45 The catznd/ st bybeeight of sodium
accommodated in the cylindrical nitrate.

Dimensions of the catalyst tube: total length 4200 mm,
internal diameter 26 mm,
30 external diameter 30 mm,
wall thickness 2 mm.

Reactor: consists of a jacketed stainless steel cylinder
{cylindrical guide tube surrounded by a cylindrical
35 external vessel). The wall thicknesses were always from 2
to 5 mm.

The internal diameter of the ocuter cylinder was 168 mm.
The internal diameter of the guide tube was approx.
40 60 mm.

Above and below, the jacketed cylinder was enclosed by a
lid and a bottom respectively.

45 The catalyst tube was accommodated in the cylindrical
vessel in such a way that it projected beyond the lid or
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vessel in such a way that it projected beyond the |id

or PF 53964 73 bottom at the upper or |ower end

t hereof (sealed) by 250 m’njlg each case. The heat

exchange nedi um was encl osed’Tn the cylindrical 5

vessel . | RObE@Rrat Ghenvpper \axr yowai f endntthesendl (sealed) by

boundary ebadmt iioneagh tdee external wall of the

catal yst tube over the entire catalyst tube | ength

di sposed kp,.t lindrical..vessel (3700 fhe heat . .

exchange lrrrgteiiﬂ%t %ghsg?%urﬁeﬁlélﬂ‘ S bTHISS mﬂ e rcé'jé‘ﬁdrlcal
S n the cyFER$F}cdil orfey ke @insurpever iy fprm, blygimal boundary

conveyed thedifsiminseathbingeextedinain wilbmfbdheonatalysap tube over

i n the cykhedenwiale gatdbydtitambel Dengiilarispdsbh o hafek

downward 11%%&&%@59&“&%@6@@}%ﬁéeth\@%%”e change medium

cylindri cal _gul de t%bg % Ill.n rical. externaf vegss?[f )

(equal |y §8BLAGTEErse Lﬁ% AP o1 B P HHIE P Hipe cylindrical
10ci rcul at i 885$82 punpi ng (e.g. propel ler punps)).

El ectrical heating nounted on the outer jacket allowed

the tenpetrnéurisidly hhierdgad neRPEgeLHE N ERcRehg2) medium

cont r ol | eg:@&t ﬂcpceto%e%br@&b ! %V%Ihe ggﬂrﬁ’lfg%ﬁlabﬁg%élgube, in

cooling. 25,30 35 ﬁeacéor %ar ge: | e qve ?fgl

reactor, SHPET il (£ 1QHAPATH APPEATE AL e dPESTReA aqﬁssl’ace
15ni xt ure 2Petryveen@yldadeicalearidentivies eand gylindrical external

count er curessel (Begmaldtacgomh cjasubakiarn enayealss dsk tdehieved by

reactor feofrdliion by Yafpingoneugl gskdgelidethpum@Aot.i on
tube in egelotCasa Abatid LHRGHALH! &n 02%92%9%& %&[ﬁk&a'aﬁlowea
nmelt ent e¥ﬁd 1;_ehe eﬁ:\él [ n‘glrclé]f{:a}C ggl de )}Faﬁe rom,pel ow gt
a t enper alif e-C"RET 2AHES | % (“henBeat) eXRangs AR YU bs
20ghove at SOREFRIEES: Bfethodesitre bevelr dbesepdrseadPoTRAT
and Tout eeslémut 2C. Tave = (Tin + Tout) /2.
Cat al yst tube charge: Section A: length 50 cm 40 (from
tﬁ@aé@opq;htagﬁ}:i niti al be@iﬁedﬂcﬁ@p Fe .rr.ié.]:\gﬁogf, salt 1t and
geonetry / 'X 7 mmx 4 1%1&11(_(tei)étnerna dltamst fthx r‘Tlemi!;n}‘,aht 5
x internal dianeter). gas mixture e gas Iixture
5 in each case) were conducted in
countercurrent. The reaction gas mixture
entered the reactor from above. It was
conducted into the reaction tube in each
case at a temperature of 250°cC.
30
The salt melt entered the cylindrical
guide tube from below at a temperature
Tin and left the cylindrical guide tube
above at a temperature Tout, The
35 difference between Tin and Tout was about
20C,
Tave = (Tin + Tout) /2,

Catalyst tube charge: Section A: length 50 cm
40 (from top to bottom) initial bed of steatite rings of
geometry 7 mm X 7 mm X 4 mm
(external diameter x length x internal
diameter).

45 Section B: length 100 cm
Catalyst tube charge with a homogeneous
mixture of 30% by weight of steatite
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45 Section B: length 100 cm Catal yst tube charge with a
honogeneous m xture of 30% by wei ght of steatite PF

53964 74 rings of geonetry 24m“nx 3 Mmmx 2 mm

(external diameter x |ength internal dianeter) and

70% by wei ght of unsuppoFiRgs &ft geppetfy dmmpest Bomm & 2 mm
5 10 15 Section C | engt h(éx¥femalCatiahysér cha@ggtw:tmnternal

annul ar (5 mnx3mnx23mm@ge LRa! 764 g,g
length x internal di amstsng unsy ortée? ”%taka %st o

Exanple 1 of DE-A 1004695 GRS gftion C.
*inal bed of steatite rings of geonetry 7 mmx 7 nmm X
4 mm (external dianeter xSeewigrhCx lenetmal70 dmaneter).

Loadi ng of the reactor w thtdBas! cAArgaswitinarunelal (5 mm x
all cases, 3860 g/h of gag mgq(? F&u%,ﬁ;ﬁﬁp%h&;ﬂ&@& length
char

hourly space velocity of the ca a
liters at STP/1lh. 25 2. s’cr?f[edﬂa&n 5P% IHPSFR%%H%&%

1% 00l ing and oxygen i nterfdtRktst PécBraBPINd PEOBECE 10046957,
gas m xture |leaving the first fixed bed reactor was

conducted for the purposese@tf,ldmtgern;rg et soceal | ng
(indirectly by 30 neans og AT )qetdhb@u aaciq_'%ngg% n‘\’j\f,aﬂeometry

tube (length = 400 nm ?tern
thickness = 2 nm nmateria %t7alR Bst @ eel ) which

15vas acconmodat ed at a | en§eFresmalodianetard X dength of internal
charged with an inert beddbdmetexat.ite spheres of
di aneter 6 mm and flanged directly to the catal yst tube
o&,ogagn%’si,ff ithat rE4 bed reactor. in all cases, the
gas ur.e _entered e connectin e at _a
PERsE Sed o BB Bt 310 andh dHA FRogEr 2960 /h of gas
20 enperature of about 140C. The gB&X%HL€tdre was t hen
adm xed with 290 liters at 40 STP/h of conpressed air

a?rbb?léh@/qﬁl% aeufpya spHte b@ﬁ@&iﬁw@fclaﬁégl ng gas
é gs fg .at a tenperature %g} tgttgllewfll xed
bed react or fr r i d

the step of partla OXI

25 2. Description of the intermediate cooling and oxygen
intermediate feeding

The product gas mixture leaving the first fixed bed reactor was
conducted for the purposes of intermediate cooling (indirectly by

30 means of air) through a connecting tube (length = 400 mm,
internal diameter = 26 mm, wall thickness = 2 mm, material =
stainless steel) which was accommodated at a length of 200 mm and
centered, charged with an inert bed of steatite spheres of
diameter 6 mm and flanged directly to the catalyst tube of the

35 first fixed bed reactor.

In all cases, the gas mixture entered the connecting tube at a

temperature of more than 310°C and left it at a temperature of

about 140°C. The gas mixture was then admixed with 290 liters at
40 STP/h of compressed air as the oxygen source.

The resulting charging gas mixture was fed at a temperature of
220°C to the fixed bed reactor for the step of partial oxidation
of acrolein to acrylic acid.
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of acrolein to acrylic acid. 45 PF 53964 75 3. Second

fixed bed reactor for the step of partial oxidation of
acrolein to acrylic acid A fixed bed reactor was used

whi ch was identical to that &P the 5 first step. Salt

mél-t &aadonedaftitdedn bgdsredctanr dometire cireguofepartial oxidation of
cocur aepbleiewed aey¢lLid hrilgeact or. The salt nelt

entered from below, the reaction gas mixture |ikew se.

The _.cat al.ysy tube charge (f.ro ottom.to top). was: 10
ShCEEBSE Y ahapRoS (aTshit PRI chatr S0t erEiaY Bor Fhg of the
Soffigebntan, #akh Relt mnpdc rgaghion gasephytuks segeeconducted in
| engtihrenti Miewadl| ovkamhecracidr Satiei ealB: md @nghited from
ceCol Al ot reBat 96n Wdd i xRePP IBN@RYSe T Xt ure of 30% by
wei ght of steatite rings of geonetry 7 mx 3 mm x 4
external dianmeter x length x internal dianeter) and
7898 p5atakisshEUBe R (?ﬁﬁwt% & ERRL i&F:C. 20
10Section C length 200 cm Catal yst charge with annul ar
(7 mrsgcBismw A¢ 4etpthl BXxtoat nal di anmeter x length x
'Exn;rerLFﬁhtiéji "ﬁéﬁ ?k) sﬁ@%{hﬁ;@ ‘iﬁh@kgﬁf igfﬁom@_ﬁ:? ay 3ﬂti1ﬁ 99;(‘)1 m X 4 mm
final (Eiége%alst%égn?a?%} r’?rﬁw%g‘%%P 55@%%%?‘997%%“%@9 dim x 4
nmm (external dianmeter x length x internal dianeter).
1530 | nSaftiemdiss lengbhsEb e react or was noninal |y
| oadedavalyst aharge. wik(h Gomogénediay giikgugasofri30Ube. weight
ITaveI |b§ Q&Mﬂeﬂledn&@rqf td&?nﬁa‘tﬂjt?fﬂuﬁ(‘%&d 3bgel % epGhPr. 35
n a a [ oW, s LO
convel Sroer ey (aer i F Yerfen ¥ Lo R BELEARE) apg 70% by
and t HE*aRY eicratsAver Rt AToRmReLdednl  react or was
20set to 99.3 nolt. The Tave required depending on the
conposettion af: tlleegghs20m xinure 40 2, and al so the
yi el dga¥afyd¥inakgaf wde Wrnw1agi d which are achi eved
depengl,ng, op § b&t GORPaR!d 'e%ﬁggaga(?iﬂe)ﬁgwg fe:u_ﬂ.%s%d ififernal
propyl.ene converted over bo reactors, . an
sel ecBHMETEY SPALEY, BRTRIFStIRE T BYSRATASHOGCERARRMS ©) Of n
25 he i RE+&i BUAE92Banpl es have the val ues which follow
45 PF 53964 -

Section D: length 50 cm
final bed of steatite rings of geometry 7 mm x 7 mm x 4 mm
{external diameter x length x internal diameter).

30
In all cases, the second reactor was nominally loaded with
approx. 4240 g/h of charging gas mixture. T2ve is as defined for
the first fixed bed reactor.

35 In all the examples which follow, the propylene conversion in the
first reactor was set to 97.7 mol% and the acrolein conversion in
the second reactor was set to 99.3 mol%.

The T2v¢ required depending on the composition of the gas mixture
40 2, and also the yields YAA (mol%) of acrylic acid which are
achieved depending on the composition of gas mixture 2, based on
propylene converted over both reactors, and selectivities of
carbon oxide formation S$%x (mol%) in the individual examples have
the values which follow.
45




3 é)”é%an‘pl e 1 The conposition of gas m xture 2 was: 5
10 YA =86.1 nold gcox =9.2 nol % 15 C) Exanple 2 6.18%
by volune 33.1% by volune 12.3% by volume 0.15% by
volume 46. 7% by volunme 1.68% by vol une Tave 1st
gfachggmp:léSJlGC. rave 2nd reactor = 274C. of propyl ene,
of propane, of oxygen, of COX, of N2, and of H20 The
conpositign of gas mxture 2 was: 20 25 6.04% by vol une
She fERPsdféon o 9% BYyXGeFeirfe W8F 1 propane,  10. 4% by
vol ume of oxygen, 0.15% by volunme of CO, 39.5% by

vol ume of N2, ansl 1ds @g%;byuﬁéaldmgrggytg%, Y AA :35. 2
nol %dave 1st rea o T = %rave 2n
react or =278C. Dﬁ%@lzg%u%%ﬁgoggﬁ%bsiti on of gas
m xture 2 :vas: - . 3BORBY RFoIHESDf et hane, 6. 14%
by vol ume of propyd3dndy vadume,dfy CPet ume of propane,

12. 2% by vol une &8. B pgerplubfe Faby aed unme of CO,

46. 6% by vol une pfeI pyaBdilume of H,0.

YAR = 86.1 mol% Tave ]1st reactor
SCOx = 9.2 mol% Tave 2nd reactor

[}

3le°C.
274°C.

C} Example 2

The composition of gas mixture 2 was:

6.04% by volume of propylene,
42.3% by volume of propane,
10.4% by volume of oxygen,
0.15% by volume of CO,,

39.5% by volume nf N, and
1.60% by volume of H,0.

YAA = 85,2 mol% Tave 18t reactor
gtox = 9.9 mol% Tave 2nd reactor

3220C.
278eC.

D) Example 3

The composition of gas mixture 2 was:

0.20% by volume of ethane,
6.14% by volume of propylene,
33.0% by volume of propane,
12.2% by volume of oxygen,
0.16% by volume of COy,

46.6% by volume of N, and
1.65% by wvolume of H»,0.

YAA = 86.1 mol% Tave 18t reactor = 316°C.
SCOx = 9.2 mol% Tave 2nd regctor 274°C,

E) Example 4

The composition of gas mixture 2 was:
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}_’Feén}(?&’ vol ume of H20 YA = 86.1 nol %dave 1st reactor
=316C. gcox = 9.2 nol %dave 2nd reactor =274C. E)
Exanpl e 4 45 The conposition of gas m xture 2 was: PF
53964 5 77 0.22% by vol une7df ethylene, 6.13% by

vol ume of propyl gngs R33+BYekY JO!deB18he P OPanNe,
12. 2% by vol une gflﬁ)g%er\]r 1 Oé16%b vgl ume of CQO,,
46. 6% by vol une of , ang e 604%/opr§§p¥ Fife of H20. YA
= 86.1 nol d Tave’ist? Wavpbrme of) (ropane. Scox = 9.2
nmol % Tave 2nd redetdr by 284@re Of Bxagphe 5 The
conposi tion of gaslér durelémdast cby, 20 0.20% by vol ume
of n-butane, 6. 14%D%VoLyRe q{f rg]rc’)p%llc?ne, 33. 0% by

: p°

vol ume of propang, - 2% VO oxygen, 0.16%
by vol une of Cof%%lé% o$% %‘B?UCHJ'; "N2, and 1.65% by

vol une of H20. YA =85.2 nol %dave 18t reactor =316.5C.
ZH Scék . @l ol YT aeTRAdlteaetotor-27406°@) Exanple 6

Ferx cogppidlison of gawenind wegcdoMas:2736c 35 2. 02% by
vol une of n-butane, 5.98% by volunme of propyl ene,

g?"%‘)’(b volsums of propane, 12.0% by vol une of oxygen,
116 o%%p]\fol ume of CO, 45.8% by volunme of N2, and

1.64% by volunme of H20. The desired propyl ene
Thevangicsi t¢onll of yasl ohgewrde maisnt ai ned by 40
i ncreasing Tave for reasons of catal yst conpatibility.
0.20% by volume of n-butane,
6.14% by volume of propylene,
33.0% by volume of propane,
12.2% by volume of oxygen,
0.16% by volume of CO,,
46.6% by volume of N;, and
1.65% by volume of Hy0.

YAA = 85.2 mol% Tave 1st reactor
5C0x = 9.9 mol% Tave 2nd reactor

316.5¢°C.
274¢°C.

G} Example 6
The composition of gas mixture 2 was:

2.02% by volume of n-butane,
5.98% by volume of propylene,
32.4% by volume of propane,
12.0% by volume of oxygen,
0.16% by volume of COy,

45.8% by volume of N;, and
1.64% by volume of H;0.

The desired propylene conversion could no longer be maintained by
increasing Tave for reasons of catalyst compatibility.

H) Example 7

The composition of gas mixture 2 was:
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?f Eigﬁﬂ e 7 The conposition of gas mxture 2 was: 45
PF 53964 5 78 0.05% by vol une of butene-1, 6.16% by
vol une of propylene, 33.0% by vol une of propane,

12. 3% by vol une of oxygen, 78.16% by vol une of CO ,

46. 7% by vol unme @fowbyaggluﬂre@t%queﬁg me of H20. YA+

= 85.1 rml%rave % rbe act ume o% %Scox = 10 nol %
) Exanple 8 Tave Fedd SIEPY ‘conposi tion

of gas nmixture 2 3/\1&’5,% bYSVQéU@eOEﬁ’/oP&VP%Fune of

butene-1, 6.16% 3w bvurnelafe wopyygre, 32. 9% by

vol une of pr opang, 15%1&3;3%,@&1“&(331@ pf oxygen, 0.15%

by vol une of CQ b gand 1. 68% by

vol unme of H20. Yaém?%8 %OY r@fvé 1st react or 320C. ;
25 Scox = 10.2 nbi 8% Vevﬁﬂgm‘?e"d% = 287C. J) Exan'pl e |
9 The conposition of gas m xture 2 vvas: 30 35 0. 20% by

V8l en8@S ol mmittene- 1, T 1% bgavodrine 3dBopr opyl ene,

S2x7% Dy mealsume of propan®, reddtsdohysuetune of oxygen,

0. 18% by vol une of CO,, 46.7% by volune of N2, and

% 71%()%’%/ Iume of H20. The desired propyl ene

bnv &oul d no | onger be maintained by 40

i ncreasing Tave for reasons of catalyst conpatibility.

AEhPlednPBbition of gas mixture 2 was:

0.09% by volume of butene-1,
6.16% by volume of propvlene,
32.9% by volume of propane,
12.3% by volume of oxygen,
0.15% by volume of COQ,,
46.8% by volume of N, and
1.68% by volume of H30.
YRR = 85.0 mol% Tave 18t reactor = 320°C.
SCox = 10.2 mol% Tave 2nd regctor = 287°C.

J) Example S

The composition of gas mixture 2 was:

0.20% by volume of butene-1,
6.19% by volume of propylene,
32.7% by volume of propane,
12.3% by volume of oxygen,
0.18% by volume of CO,

46.7% by volume of Nz, and
1.71% by volume of H,0.

The desired propylene conversion could no longer be maintained by
increasing Tave for reasons of catalyst compatibility.
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79 W claim 1. A process for preparing at | east one
partial oxidation and/or 5 amoxidation product of
propyl ene by a) in a first sgﬁ subj ecti ng crude
propane in the presence d/or with the exclusion
of oxygen to a hoaneneoust and/ or a heterogeneously
caeabtyaid: dehydrogenati on and/or 10 oxydehydrogenati on
to obtain a propane- and propyl ene-containing gas

?o)r(lf/g?xtepn fga% ?} ggéino@tﬂq | l Xegsegmw ng)a%]xncgl?.g oxidation and/or
onst |W8%% H%Prf’ﬂ‘é‘ﬁ rﬂforﬁ’éﬁgl’é tf}?opyl ene present

in the gas mxture 1 forned in the first step to
obt ai @) faamathbrgasteb)t siejebtinggasuddliptiopadelin the presence
conpri si anpEH@%Ee AR eﬁQPé’ia%'ﬁ%léHd 9'03&9%91 anﬁ’meneously

iz Creapdl et st lronition nar

1%nd/ or ga&*HAfR xﬁr@gfnaas% te oh$eipueeraFang-gasd
m xt ure 2propplérs-coogensinglgas?2higtived yIzed gas phase
partial oxidation and/or partial gas phase
anmoxi dat i,gg of propyl ene present in gas mxture 1
and/ or gas m xture 1', wherein 30 the total content of
C4- hydrocar bons of gas mxture 2 is < 3% by volune. 2.
157 pr o@éss opsienal e Femavingandy ornaenreent inge tpopher compounds
content ok p8Etidh lpfdtbeacdratstobnyasother than2prepahe and

2.5% by VektpPlere rheBEAECES B Ghal ABfture al 8bfhdd in the
wher ei n t?grégtﬂe&“&@ 6Bt ﬂ't f‘;‘% hﬁgéocf?sr prﬂﬂ:%u?é 9a5a gas

m xture 2 1S roces
MXCUe 2k drire DOl e D B8 SR 168 ana arso
2004 hydr oc§PEBANAT ofRETnthanaxygens Rrap@mm ppdyBreplene, and,
5. A procédssatsledsti wpe furtexi stép wherein the total
content of C4-hydrocarbons of gas mxture 2 is < 1.0%
by vol.yne S J
cl ai E? mﬁéﬁéggi gﬁ% lfglJE')ftcon Qﬁﬁ? §é%ﬁimg&@hﬂgg%n§s @
of “gas ni SPOFELOMTE 9%0859a% FGHERe? P salptotaseIsusLy
25| ai med i faEphY?RA Jaghehease nardipdt exidyranengdfor partial gas
CA- hydr oc phbsesamioxjdatihioxteff erdpyiere (pxrddnbyinojasrenixture 1

8. A proc@sa/es gdsaimi®duid r1,aim1l, wherein the total
content of C4-hydrocarbons of gas mxture 2 is > 0.05%

by volune 10 9. A process as clainmed in any of clains
30} to WHBBESH gas

the total content of Cs-hydrocarbons of gas mixture 2 is < 3%
by volume.

2. A process as claimed in claim 1, wherein the total content of
35 C4-hydrocarbons of gas mixture 2 is < 2.5% by volume.

3. A process as claimed in claim 1, wherein the total content of
Cs—hydrocarbons of gas mixture 2 is < 2.0% by volume.

40 4. A process as claimed in claim 1, wherein the total content of
Cys-hydrocarbons of gas mixture 2 is < 1.5% by volume.

5. A process as claimed in claim 1, wherein the total content of
Cy4—~hydrocarbons of gas mixture 2 is < 1.0% by volume.
45
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BFxPdré4y conprises > 0.1% by vol unme of constituents
ot her than propane and propyl ene and al so oxygen. 10.
A process as clained in any of clains 1 to 8, wherein
gas 15 mixture 1' conprisegp> 0.2% by vol une of
§ONSAI bHRMUsY QLNEla Ll B! APANE AN GnREORY | ANC AR Aldent of
oxygﬁn_. ]a%.o Agéocesi as clalne .2| n any_ o al 1to
8, whErei R OGas ong AT FES 1™ LTS Psd§ 3 O R0y VObitRre
of constituents other 20 than propane and propyl ene and

al soacpygyess 22, cPajregCdascasinllai madrein athe abtal atdmtent of
1 tocghyaheretBokiior Fakt HiLodre QORBIL SED7R ByO¥ Pime.
vol une of constituents other than propane and

Brop%l ene and al s pngay en. 25 13. A process as cl ai ned

n afyP oI FaPisC 131D IAWAEFER g H8eT it e tptal content of
conpfiSesirscarhens \afl gae BixtuiesRi taent®. BGhdy vohure.
propane and propyl ene and al so oxygen. 30 14. A process

o i s W1 g TP 09 heifPeL NS Mt Rnersin gas

X | u itu

ot helf%l)??%raenip?gﬁm rels"aensd§ (Po%gfl?/b né’%gﬁﬂea?)goco&a%égﬂ?ni%.Other
A pr B]E%"éspré’?a&?a?%(?‘ﬁ"ﬁ;gﬁf)eo?n%laéisﬁsc”iy‘i%l-& wher ei n

gas 35 mxture 1' conprises > 5% by vol une of

CONSAiprilss akhelaind@aAnpafpade cARdmPr DPY @)ewABHeBh Ss

OXY Rtk 1A BEASESS LS 6! 24 RA JoR uRBYo Pf O@Is%ii erdtd Sther

8, erein gas. mxture 1" co ises > 10% vol une of
con\gﬁ?rhé’rﬁog af)l?hael?‘é YAGRY %Sﬁe p%g‘{)gﬁfg"aﬁ’ay%%pzl ene and

al so oxygen. 17. A process as clained in any of clains

11t oA progessenn ghsimed ituaey Vf cdapms sksto> 830%hkyein gas
vol ufixtifreCanstompieiHes ot DeFs Wyhad1phePenNecnddituents other
Pr opyh &N & 3pdna! S0 %%9Ten§5%rﬁg.a§§g6éx%en 18. A

process as Clainmed i'n any o ims 1 to 17, wherein

gas m xture 2 conprjises up to 60% by vol ume of propane.

9. A BRSCESsaasCHriderkdni Anamf 6laerai hetol 8 owhgrein gas
whermixtuyas 1’ Scompatiges 2 8oPprivseslupetof 5Mebytvahtsether

of ptRfraRsopdfle dnPRERTIeRs LlRianBd bkyguly. of claims 1
to 17, wherein gas mxture 2 conprises from20 to 40%

vol une of propane. 10 21. A process as clai.ned in
DY, B ettest. B8 CPEied 3n hay b RISTRE £ 8 RRE ¢l oo
f ol | BWFTHFScont EPRRELISES £r &n iy (V91189 Bf ssisfisusrtpother
f r onthart erofemoyandiprmpybénerapy led@ne, oxpgeaaim 15 to 40%
by vol une of propane, from25 to 60% by vol une of

g% ! " R9Gced S U Haide@Mih LR, 26 WY YL We O, Che DR gas
mixture 1’ comprises > 3% by volume of constiluents other
than propane and propylene and also oxygen.

15. A process as claimed in any of claims 1 to 8, wherein gas
mixture 1’ comprises > 5% by volume of constituents other
than propane and propvlene and also oxygen.

16. A process as claimed in any of c¢laims 1 to 8, wherein gas
mixture 1’ comprises > 10% by volume of constituents other
than propane and propylene and also oxygen.

17. A process as claimed in any of claims 1 to 8, wherein gas
mixture 1’ compriges > 30% by volume of constituents other

than propane and propylene and also oxygen.
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fromO to 5% by wei ght of other constituents, 20

di sregardi ng any ammoni a present. 22. A process as

claimed in any of clains 1 to 17, wherein gas mxture

2 has the follow ng contents8l25 30 35 40 45 H20O < 60%

by 8voRupeoced® as 80&ihad iol ang, of QA ainB3, 1<t@00p bwherein gas
vol UNRixtiXe 2 ZUmbYiyé&d WP to 60% By Qﬁolﬁméo/E)Pypfﬁﬂaﬂge

et hane < 10% by vol une, “ethylene < 5% by volung,
mat hane < 5% by vol upe, . propane_> 0, < 50% bﬁ:% vol une

cy et ofr BERFRSSC 28, SIpHREd GuABY Ohrdnime L iyherein gas
S5vol unBixtyre Fagiomprisey. upA)tDySOblhmsrolupeopgzlmane@ <
30% by volume, H2 < 30% by vol une, isobutane < 3% by
\t’)Qbugﬁ préediy %@ecfag’n’(écpﬁnvﬁh n@f cltarlﬁxgslb%eﬁe %hﬁrél/ﬁ ,9as

y volu u

by volufe :'E'Fure st%ﬁu %Jﬁsée%sz‘?mby v%? uﬁie% DYh ?%&ﬂ‘%ﬁ? frgp%ne’
1% by vol urre, but adi ene-1,2 < 1% by volune, butyne-1
10<20.5% pyocadsu@s qhaimed 53988y 80E ¢)1lﬁiynse1<t@.57% bherein gas

vol unpixthise @gaadi Bhe afylIAWIAYG Gopferitent . 5 23. A
process as claimed in any of clainms 1 to 22, wherein

the crude pro r ses O 2 b vol une of
constltuentg @?ﬂeﬁoﬂﬁg h % b‘)r/op | ene. 24. A
process as &Famnedq ﬂ%n?%@lﬂ“&ﬂ f BreRYLIene,pherein

15t he 10 crudzoprbpaire 408npyi eelkame %o plyona:ﬂame of
constituent gremhes 4@&0sPbPPRsELRNAEPAORYISIHG. 25. A
process as 9' LBk I oy £6 §4 EH oiuﬁu? (?g’C(Jm&beld}ld H,O and

the crude 6. | Ses.,
constituent ﬁag %ﬁpEy welght of gther cong%ltuents,

20 disregarding any ammonia present.

22. A process as claimed in any of claims 1 to 17, wherein gas
mixture 2 has the following contents:

25 H0 < 60% by volume,
Nj < 80% by volume,
0; > 0, < 20% by volume,
CcoO < 2% by volunme,
CO, > 0, £ 5% by volume,

30 ethane < 10% by volume,
ethylene < 5% by volume,
methane < 5% by volume,
propane > 0, < 50% by volume,
cyclopropane < 0.1% by volume,

35 propyne < 0.1% by volume,
propadiene < 0.1% by volume,
propylene > 0, < 30% by volume,
H < 30% by volume,
isobutane < 3% by volume,

40 n-butane < 3% by volume,
trans-butene-2 < 1% by volume,
cis-butene-2 < 1% by volume,
butene-1 < 1% by volume,
isobutene < 1% by volume,

6
8

45 butadiene-1,3 < 1% by volume,
butadiene-1,2 < 1% by volume,
butyne-1 < 0.5% by volume and
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15 than propane and propyl ene. 26. A process as clained

inany of clainms 1 to 22, wherein the crude propane
conprises > 3% by volune of constituents other than
propane and propyl ene. 20 27827 process as clainmed in
any of cl ai nsbttyne 26 OM3&r by nveheme,cr ude propane

conprises up to 6% by volume of CA-hydrocarbons. 25

28. Ad%?ﬁgéxs ﬁ@dghg DRfod b jar gy Claims 1 to 26,

wher e rop anec rlsesfrom01to 6% by
vol une of C4-hydrocar bons 29 A process as clained in
Sdg.oR Praress By glagdmedihidy @éiny oheclagnscAutie p2opdxegein the
ful filcirade hgrdpaneowongr Sgeec i>f 0Ca5E Ay Eiuke 45 quneRdbBents

cont e gicngr R préohHiEPand PrdpysORLENt of propane and

propyl ene < 99% by~ vol une, content of
C4- hydr ocar bons < 6% by vol ums but ene-1 content <

0.24% By PREFRF a5 GLALMed e AnYoP T bEd ass 1<tp 224 pwherein the
10,0l um@rudetmr@onpmprlsesl@/olﬁybyo#QMe of hydresteituents other

cont enthas pPopganhe’ @ahtdnpropylRingane content < 5% by
vol unme, cycl opropane content < 0.1% by vol une,

pr.qpyl.ene content < vqu ot al ,cont
cé‘% VB BERT R Friarmehan SRy dhcelaing 5y 88, 4y oflerein the
0. 3% W“@BI RFRPANCOFAMPELTRS At ZSf W%%@ﬁr%%ﬁ*%t@“@%% other
150y volthan, prepahet andl prepitleme.of C6- to Cg- hydrocarbons
< 600 ppm by volune. PF 53964 83 30. A process as

Clogl.Mad pirBeady £ c@hi‘in@& in Wy2df ¥ 1 £8€22 Phe2Ben the
cOnver5LR bhodiie CoRBLiSLR B3 b) P, PR e rtpllis other

cESSPaY
30, wtdAB| W?Q%’rﬁ af‘ﬁepﬁ?mf]é’é@t' one partial oxidation
2Gnd/ or anmoxi dat i on product of propylene is renoved
f 2am wherpeesiicls gaaimed i @anyobft dbaig@s 10B8SES patierain the

OXi datclrgae%ﬁneoeahbﬁis&a%polease% 4%, ¥/9TRKe dgg i on and
at Ie%stl'}#glg% v?)rte propane present ‘in thi's product
gas m# 88§CI ed into the first step and/or

25 28. A process as claimed in any of claims 1 to 26, wherein the
crude propane comprises from 0.1 to 6% by volume of
Cy-hydrocarbons.

29. A process as claimed in any of claims 1 to 28, wherein the
30 crude propane fulfills the following specification:

propane cecntent > 90% by volume,
total content of propane and propylene < 99% by
volume,

35 total content of C4-hydrocarbons < 6% by volume,
butene-1 content < 0.5% by weight,
total content of butenes < 0.5% by volume,
ethane content < 10% by volume,
ethylene content < 5% by volume,

40 methane content < 5% by volume,
cyclopropane content < 0.1% by volume,
propylene content < 10% by volume,
total content of Ci3-hydrocarbons other than propane
and propylene < 0.3% by volume,

45 total content of Cs-hydrocarbons < 0.3% by volume,
and total content of C4- to Cg-hydrocarbons < 6§00 ppm
by velume.
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into the gas phase partial oxidation and/or partial gas
phase ammoxidation . 15 32. A process as clained in
any of clainms 1 to 31, wherein the process according
to the invention is carried 83 in a reaction zone
over a catalyst charge whose active conposition is at

| egst IP%%OE‘HEQ'J@t@alﬂéadﬁl CHPRF &mpnm' &R 99%&&%% the

t he el enents e

Te 20 Pa75°8b a%’a"ea‘ ll"ga%? %}?Fesftd‘lrsfhﬁt%ﬁ’ e’rﬁsrﬁrgmffo%

group tc&mpPi®ety No, Ta, W Ti, A, Zr, C, M, Ga,

e, Ru, Co, Rh, N, Pd, Pt, La, Bi, B, Ce, Sn, Zn, Si,
Neg1.Lia p&oc&@s_iﬁg,clélimeanﬁ| i BeceRimatl @8- 38p vhkreAn from
process, a%.tc!l.ééé@ QL@iﬂ J.d%? 1? 'Jhc{/l}&' Qﬁu‘hﬁﬁ[ldatlon

conposi ti.on, I s_at

one
compoditEaBRe %Rﬁ?l’é’gﬁﬁ?u’s%sret“}?é(ege © Product gas mixture
st oi cifo¥Bergas phase pRItARL Ixigatien mndn/orepamﬂedr ggis, phase
102 = ammozadatiore amkl theledsnhmmeenteoted propaneppresent in this

Corrpr 'p’i’oﬂﬁct sanlx-EﬁreW.s Tec ledzimtcgthern.r@’stFe% and/or
| K, nﬁghtg\ gfu agt Pai'@:bal o?cromtbéglar@gbi part 1 gas phase

>Otc?mi“ W'd—from>0tol 34, Aprocess as
claimed in cIa|m33 wherein Ml=Te and M2=Nb, Ta, W
188Y.0rA Procdss Hs cAafimedehs @afy offacbzailng N ebadh) 3thertein the
34, WhiioeleBs Mcd¥raing 839%k 8hvedfioA £ RGE8$3edSout in a
cl a' a @185‘3/2 e %Ivg!r:ng g’gtatl(}sésch%fe[ edl}%stehgcé&@ycomposnlon

| éa

di ffr a.ct 0 g l_;L
activé gﬁ %?Fttr d’ﬁ‘ehﬁ‘g BW%?"&F‘FW%RW&HP V\?F\’r"clh comprises
exhi bltt]’@ erents Monand ¥ncet lgasteopraif |theatvorglemeats Te

2@t t heand sbf amdtatorleanyl ese 2X 2he Olémdrit)s £mOm27hed group

t0h5ox(do\npr§glg nﬂf?@ﬁ%swasrﬂ @?llmz-‘ﬂrlt Nc£) aid) 88 ]’!\@terF@i Nco, Rh,
e ay o 4di ogram, a y has,a r i

e, Xy gl £ gt ogiorand {hanayly s a el et bl g, aa
cl ai néd ﬁ“ci“%u‘fﬂ n&?"l%‘?’ wherein the reflection h

has the highest intensity within the X-ray

258l I¥.r actprgrass saxl ol admed nivndlalitn B2} gltiersict Rhefadk i

15 39.cofpBEPEESS &S at! 2bABE dre mhat MheSa1 \WaEHE! PoddtBition
hal f - Qﬁ'x':.%ﬂt comprises the elemental stoichiometry I

Mo, VMM (I),
30
where
Ml = Te and/or Sb,
M2 = at least one of the elements from the group comprising
35 Nb, Ta, W, Ti, al, %Zr, Cr, Mn, Ga, Fe, Ru, Co, Rh, Ni,
P4, Pt, La, Bi, Ce, Sn, 2n, Si, Wa, Li, K, Mg, Ag, Au and
In,
b = from 0.01 to 1,
c =from > 0 to 1 and
40 d = from> 0 to 1.

34. A process as claimed in claim 33, wherein M!=Te and M2=NKb, Ta,
W and/or Ti.

45 35. A process as claimed in claim 33 or 34, wherein M2=Nb.
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width of the reflection i and of the reflection k are

each additionally at the sane tinme < 10 and the

intensity Pk of the reflectign k and the intensity Pi

of the reflection i fulfill ©he condition 0.20 < R <

0.385 vherecRss sas hdaiimednsh tany aifi oladis df itoeds pywlidrein the
for rTU|}ﬁ-rB_PHifﬂ‘a'ocﬂb)grﬁﬁ of\ fHOGRSSedSt Chridd 'ﬁﬁdtﬁ.iﬂe’@éw Xide

flhgl o c_l% &ﬁp 856%! Rad h£1 a§ baYe A IS RhOGE A Yxhibits

g tlne OX| Cth.e CO OSltl
has ndFSEAPRELERM Ads slopationmass at wE A
®rocesefdectian mnyles aayzcﬁ Oeﬁ%u(rlilﬁ and 2338, LvhH el h) -

the 30 first step is carried out in a separate
repct i0preesss 42 .c1AiRRACES Sc1SnCha] sk idinC ke Nk dday
Where'cﬁftf & %%xsa[ué%dggt&iné‘ll&lg%‘a rggx‘?@fPééJl nC Rt é@ee%eak is

dehydrogena e€sS as clainmed in c

41 or efé’ A a portion of constituents other than
1?)ropane and propyl ene present in gas mxture 1 is

r e38v & palocels casliaiaedain | cladin 0Beof43hy dihecatbothe 40

\‘mergﬂﬂ%‘é%oﬁsh Al ¥Re thHleeM; Ghtehai ¢ AkniA € x-ray
Cat ol o <SR el AR R FrAREEMLEA D Y e

gas phase ammoxi dation, said catal yst having an active
1z dboHA tgr@neseomrqlﬁlmgdth@ GladmedBs wreredin ghe Flf-tgight
PF 535G41tA&50f 4bhe Agflecessn as atidabfiethe nreflgcafionllaiare each
41 10 AfhitWBRELIY & Qﬁbalsm&é tlitedkSPo U5 the U&.Qans:.ty P, of the

heter%’i’l%%%%{ﬁ{ € A Xhe 1:9@&5&3&&‘9 &’f‘rttt{teakeﬂ‘% td O% fulfill

and/ or parti

conposis Gﬁnaftﬁ‘?ﬂ djo th §I Bst GdSnyhere it ithet éPt"c'ﬁﬁlrfé( ratio
20f t hedefdmedaby franfloxmplal 2 3 4  M12Bi aFebXcXdXeXf On

(1'V), 10 where the variables are defined as foll ows:

X1= ni ckel and/or cobalt,gr=27(phalyi um an al kali nmnetal

and/or an alkaline earth netal, X3= zi nc, phosphorus,

arseni c, boron, antinony, tin, ceriu 15 |l ea

and/ or .
t UHystRProgess saf (TR i O FLAS ni 2 3o " "WheTein the

2§| r corinay difffachngramoo$, the aftr dgrot (une gwdtimetak raxide

0 to ldbtivéOcdmpdgibod hasZno aeflleofidn twhdde maximum is at
28=5010.3°.

41, A process as claimed in any of claims 1 to 31, wherein the
30 first step is carried out in a separate reaction zone.

42. A process as claimed in claim 41, wherein the first step is a
heterogeneously catalyzed dehydrogenation.

35 43. A process as claimed in claim 41 or 42, wherein a portion of
constituents other than propane and propylene present in gas
mixture 1 is removed which comprises at least one
C4-hydrocarbon.

40 44. A process as claimed in any of claims 41 to 43, wherein a
catalyst is also used in the heterogeneously catalyzed gas
phase partial oxidation and/or partial gas phase
ammoxidation, said catalyst having an active composition
comprising the elements Mo, Bi and Fe.

45
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FE F338% to 10 and n= a nunber which is deternined by
the valency and the frequency of the elenents in (IV)
ot her than oxygen. 25 46. A process as clained in any
of clains 41 to 45, whereingg catalyst is also used in

tg)b(fdlgteﬁ%@&{%nhgggémﬁ@& qlnygﬁg %14 gﬁgggl P&y t44a' wherein a
corrprl {élof FRAE Bl ERelis % gh R?q:%@gﬁxfeo%?]ﬁ’r &8&?31’%\%‘3 gas

cl ai RBA¥=¢ rPaé’rwaéf o¥}datierg eng oy parkhal egas Phasst al yst

i s ahwwoxisiation, t ble hettdvegenemessiti onabél yzietl cgaslyst being a

phasfupeitidtall oxidatéOrthet Beneedl VR r&@IROBY ti on of said
catal yst being a multinetal oxide of the general
formula VI 3512 3X45 06 (VIl) Mo, 12VaXbXcxd

exfxg n 40 45 where,th 4are gglned as
follows: X1=W Nb, Ta® aﬁ?e&b‘ag"ég@ d 'Ni, Co, Fe
Mh and/ or Zn, X3=Sband/or Bi, X4=one or m)re al kal i

mst a{vﬁeré(ﬁ:‘['@’lefaﬁ.amg? adlek @b nagarsh fERi&s:, X6= Si,
Ti and/or Zr, a=from1l to 6, PF 53964 86 b= from

d= fromO to 40, e=

fr t
frorr#g't’al‘?‘e% af“%r}]f’?’oﬁ?lﬁ?o]tto 4, g= fromO to 40 and n= a
nunbd?= wihaht fum, d anes Hkaldd Mepal hend/ire Ay a kel fvec gaehbymetal,
of t K&= ebimentphosphdths otdresent barbaworgeantiforh8. tAn, cerium,
process asad!AidRe tingerpf clains 1 to 47, wherein

the 3§ on I nd/ ot _ammxi dati on
product ]S?ﬁsépornd gllgﬁéﬁ#g ttO'L)t(' ggm[' B “CofipbTAY T1om t he
grouE cogb propyl ene oxide, acrolein, acrylic

aci deandfrem \d.6di tei Pe. 15 49. A process as clained in

any of cimdmre) kot @048, wherein, in a
d= from 0 to 2,
e= from 0 to 8,
f= from 0 to 10 and
n= a number which is determined by the valency and the
frequency of the elements in {(IV) other than oxygen.

46. A process as claimed in any of claims 41 to 45, wherein a
catalyst is also used in the heterogeneously catalyzed gas
phase partial oxidation, the active composition of said
catalyst comprising the elements Mo and V.

47. A process as claimed in any of claims 41 to 46, wherein a
catalyst is also used in the heterogeneously catalyzed gas
phase partial oxidation, the active composition of said
catalyst being a multimetal oxide of the general formula VIT

1234 56
Mo1sVaXpXcXaXeXeXg0n (VI
where the variables are defined as follows:

X¥l= W, Nb, Ta, Cr and/or Ce,

X2= Cu, Ni, Co, Fe, Mn and/or Zn,

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,

a= from 1 to 6,
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first step, crude propane is subjected in the presence
and/or wth the exclusion of oxygen to a

het er ogeneousl y catal yzed dﬁgydrogenati on and gas

m xture 1 is subjected to a heterogeneously catal yzed
gas phasefpemil.@ tex#dati on and/or 20 partial gas
phasecanmpxomiat.isoroofig pr opyl ene present in gas mxture
1. 50g=A pr&afastodgo¢l ained in any of claims 1 to 49,
wher ein, 'noaoftir t step, crude propane is subjected
in thé pr 5¥hce @ndror 25 with the exclusion of oxygen
Sand af%o Fﬁo’l‘rPetﬁrésence of steamto a heterogeneously
cat al gzedfdemmydrtogdasndn, and steamis partly or

conpl gtel ¥ rmeBetedhbyh CONARASRMEASG Ty BhedR818M0¢ Wn@ Erequency
formed ingthg,d 'e&%ﬁeﬁ%@pir?%f BEnd £5¢la B?ﬁé‘ﬁ‘ m xt ure

1' is subjected to a heterogeneously cata ed gas 30

phase partial oxidation and/or partial gas phase
10aABoxPREQIRES 8F PrdMAkAE presehicliadmgas ¥9 &7ur wherein the at

51. Alpascese partial neddanianyami/cal ammsxilddtdionOproduct of

?herepfbpy%éﬁé iEl&@g}éﬁs%ponéré@ﬁbdﬁﬂBPQBSm:éhé5 8pt 86hprising

0 an r pgl rLegen . A e

deny PRt Btta clsde eI SELE dEF Rervapnicrite.

clainse 1 to 51, wherein gas mxture 1 and/or gas _
15nfi%t uRePTOCesS ascohxtnadidnt anyY Qfaslagmgt Lrko A8,swherein, in a

subj efiesk tsxep, hetedoganpanel ¥s cattajlerzed parthealprdfenes and/or

phaseygeimetied akt 0ils Din RIORBXYEER 1 &S BBtetHgditou Yyt H5€alyzed
1 anaéﬁydﬁﬁﬁénQE§$Hr&h&rgas4 ixture 1 is subjected to a
heterogeneously catalyzed gas phase partial oxidation and/or
20 partial gas phase ammoxidation of propylene present in gas
mixture 1.

50. A process as claimed in any of claims 1 to 49, wherein, in a

first step, crude propane is subjected in the presence and/or

25 with the exclusion of oxygen and also in the presence of
steam to a heterogeneously catalyzed dehydrogenation, and
steam is partly or completely removed by condensation from
gas mixture 1 formed in the first step and the resulting gas
mixture 1’ is subjected to a heterogeneously catalyzed gas

30 phase partial oxidation and/or partial gas phase ammoxidation
of propylene present in gas mixture 1.

51. A process as claimed in any of claims 1 to 50, wherein, in a
first step, crude propane is subjected to an autothermal
35 heterogeneously catalyzed dehydrogenation.

52. A process as claimed in any of claims 1 to 51, wherein gas
mixture 1 and/or gas mixture 1’ as a constituent of gas
mixture 2 is subjected to a heterogeneously catalyzed partial

40 gas phase ammoxidation of propylene present in gas mixture 1
and/or gas mixture 1°’.
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