2 8 DEC 2005 1 Method For The Production OF Unsaturated Nitriles From

Al kanes The invention relates to a process for preparing unsaturatedZBDE“[][]5
nitrites fromal kanes. It is known that unsaturated nitrites such as®
acrylonitrile and nmethacrylonitrile can be prepared fromthe corresponding
al kenes, propene and isobutene respectiyely, by what is known as

ammoxi dati on of the al kene using an ammoni a/ oxygen m xture in the presence
of a suitable catalyst. The rel evant al kenes nay be prepared in a preceding
dehydrogenation step fromthe correspondi ng al kanes. For instance,

amoxi dati on of propene gives acrylonitrile and amoxi dation of isobutene
gives methacrylonitrile. In general, a nethyl-substituted olefin’yields the
cor r espondi renfi s e i is converted
into a nitrite group. EP-A 0 193 310 describes a process for preparing
acrylonitril e froMefwdFanEhePiodhctioo @fimssiem talNiadlyd Froal Alkackehydr ogenat i ng
propane to give propene, amoxidizing propene to give acrylonitrile,
renmoving acrylonitrile fromthe product gas stream of ammoxidation and
recycling unconverted propane and propene into the catalytic
dehydrogenation. After renoving acrylonitrile fromthe product gas stream of
the amoxi dht irventiethesldigsoaguncdss forgdepaning hesaderhizd mitgidesfraronlkiagessel ect i vel y
conmbust ed usi ng oxygen over an oxidation catalyst to give water, which

| eaves a hydrogen-depl eted gas .stream conpri sing unconverted propane,
propene, ca tbéﬂ?no‘b’%iﬂ@éémwage&/@l%?ﬂ Fusl appervisitriboard matheeryloniwide gan of a

sub- SE ream BaGrdpREAVRSY thefcoHBGRNNRE! AkknRE qRaPReaRE iBoMREREERREOEIOM this
gas stream

s recycled into the dehydr nation step. A disadyantage of
Tt s pr ooosy | WS Kt oS rmgenRatt of U0 et S an P BGLREETon | n ¢ he
subsequent afivoKd dahe presemey of eaditdbde thdyitoThadelavantodlkereX plagHe\peergiaal
m xtures. The - Py t L1 ro e rogenation also restrict
t he onstrea?ﬁ??%%g%ﬁg #%3’% 5&%%%1&{%’0%0%&‘%?%{5%8@%%% glgénaetsb wi deni ng of the
anmoxi dati on by-product spectrum 2 8 DE C 2005 2 It is an object of the
present inveptiaRsto RRAYKEASHEN of FRSRUE &Rk MeBAGHiAL anl!£RAGLiBSion of

acrylonitrile from propane. . o
y 1sobutene gi?res glethacrylonitrile. In general, a methyl-substituted olefin yields the

corresponding o,f-unsaturated nitrile while the methyl group is converted into a
nitrile group.

EP-A {0 193 310 describes a process for preparing acrylonitrile from propane which
comprises catalytically dehydrogenating propane to give propene, ammoxidizing
propene to give acrylonitrile, removing acrylonitrile from the product gas stream of
ammoxidation and recycling unconverted propane and propene into the catalytic
dehydrogenation. After removing acrylonitrile from the product gas stream of the
ammoxidation, the hydrogen formed in the dehydrogenation is selectively
combusted using oxygen over an oxidation catalyst to give water, which leaves a
hydrogen-depleted gas stream comprising unconverted propane, propene, carbon
oxides and low-boiling hydrocarboné. After removal of a sub-stream and recovery
of unconverted propane and propene therefrom, this gas stream is recycled into the
dehydrogenation step.

A disadvantage of this process is that the hydrogen resulting from the
dehydrogenation in the subsequent ammoxidation may lead to the formation of
explosive gas mixtures. The by-products resulting from the dehydrogenation also
restrict the onstream time of the ammoxidation catalyst and lead to widening of the
ammoxidation by-product spectrum.



We have found that this object is achieved by a process for preparing
unsaturated nitriles fromthe correspondi ng al kanes whi ch conprises the
steps: a) feeding an al kane into a dehydrogenation zone and catal ytiZ&IDE§ 2005
dehydr ogenating the al kane to the correspondi ng al kene to obtain a product
gas stream A which conprises the al kene, unconverted al kane and possi bly

one or nore further gas conponents sel"écted fromthe group consi sting of
steam hydrogen, carbon oxi des, hydrocarbons having a | ower boiling point
than the al kane or the al kene (lowboilers), nitrogen and nobl e gases, b) at

| east par tiQlibya] SR B9 U bR GARGONPANENficl LOTLERS AT duch, ggs stream

A to give a feed gas stream conpri ses ne an al kene, c¢)
f eedi ng t hePFRABWEPSY Ienirda foB Prap#sni a, an oxygen- cont ai ni ng gas and, if
desired, steaminto an oxidation zone and catal ytically amoxidi zi ng the

al kene to t corr.espondi nsaturgted nitrile to give a product gas stream
C which conffFilexs f?‘ﬁ@ tgﬁfs %?Lta?%ds At I?qug-‘:}’ 2 RIASSISHAT PERaBYS BF%?&H@@%,

unconver t echigllafiemalscatdsprelinnalk pes Syt comgrises tHEdtepsf urt her gas
conponents selected fromthe group consisting of steam oxygen, carbon

oxi des, ammoni a, nitrogen and nobl e gases, d) optionally renoving anmoni a
from t he prayductfeedisg stn eatkatie t itgi we dahydragemationm- dep@l edndd qatabeticatly gas
stream D, e) re i f Ltrl i A - product s
fromthe pr oducrﬂtall %ggé ;ﬁgg@ég&gé&[}%ghé‘g Iééos#’g?ﬁg aﬁtﬁﬂ%ﬁ) g%%ﬂejgd srgé Cgor bent to
give a gas stre@msEeatniAcwhishraompsises ha elvenerunsdnydricd adkang @nd presily and

possibly one oroRUranbdIthiRér SRTRPORANE B1SctSERBAT £ gfrélgmﬁafsﬁﬂg%p
consi sting of ox%gen, carbon oxi des, a nia, nitrogen g nobl € gases, and

nga n .
an aqueous str EFPEEBIRFF R WeRKIfaT e by TR GAr bonst hapng & koer beikige PRI
by- products, andhar @eali@ny opthetali@ens (iHat- bkl §0nifopéd Akl Aobdegdsbg agqueous
stream 2 8 DEC 2005 -3 f) recycling the gas streamE into the
dehydrogenation zone. In a process step a), the alkane is fed into a
dehydr ogenddi on at deast padiablsitrampyingafurther dashyoimperentst framt the giroduct rgas

correspondi ng alkenf A to give a feed gas stream B which comprises the alkane and the
alkene,

) feeding the feed gas stream B, ammonia, an oxygen-containing gas and, if
desired, steam into an oxidation zone and catalytically ammoxidizing the
alkene to the corresponding unsaturated nitrile to give a product gas stream
C which comprises the unsaturated nitrile, ammoxidation by-products,
unconverted alkane and alkene and possibly one or more further gas
components selected from the group consisting of steam, oxygen, carbon
oxides, ammonia, nitrogen and noble gases,

d) optionally removing ammonia from the product gas stream C to give an
ammonia-depleted product gas stream D,

€) removing the unsaturated nitrile and ammoxidation by-products from the
product gas stream C or D by absorption in an aqueous absorbent to give a
gas stream E which comprises unconverted alkane and alkene and possibly
one or more further gas components selected from the group consisting of
oxygen, carbon oxides, ammonia, nitrogen and noble gases, and an aqueous
stream which comprises the unsaturated nitrile and the by-products, and
recovery of the unsaturated nitrile from the aqueous stream,



Al kane starting materials for the process according to the invention are
generally C3-C, 4-al kanes, and preference is given to propane and i SobOF@NRE
The latter may be obtained, for exanple, from LPG (Iiquefied petrol eum gasg
or LNG (liquefied natural gas). Al kanes may be dehydrogenated to give

al kenes by oxi dative dehydrogenation. -G« dati ve al kane dehydrogenati on nmay
be carried out, for exanple, over Mo/V m xed oxide catalysts as descri bed
in US 4, 250()346 reydinglthd\z4d stetudl Iy hitsthatdehj @opafadbizese. of from 300 to 500C
and al kane conversions of from10 to 20% as described in WO 00/48971.
Preference is given to carrying out al kane dehydrogenation as a

non- oxi dat i nea proagsalistepiag, tte hlkdne ipefedinton.delidregénatioh vese pak dataitioally

dehydr ogenajd i de ting reactor over a

dehydr ogengf%%hﬂgm?g‘?aé‘?dy{sstaﬁ‘?%{hgi°§%’°ﬁ?’ﬁ§é{§?%§%§e The dehydrogenation results,
as well as hydrogen, in the formation of small quantities of |ow boiling
hydr ocar bona génd s@fitgNaFiQEUet tf prbb&s %l:&ﬁﬂﬁﬁgv’t@ ithd inveRtidid QreC%ggraH{/ propane

dehydr ogenat,i gn i ncl udes, for exanple, nethané,_ ethane and. et Dependi ng
on the dehﬁf@g’é’#&?ﬂ’f“‘%ﬁni@fq‘?}'&,Cec‘élgb‘@ﬁ‘%i?i’od’é%e prasolpytgne. Thalagter mag beni t r ogen
may al so beotpdiasd Mor ieRappled feim JPG Migleficd Pudieunl@ad) kADNG dRfusgieggenat i on.
In addition, unconverted al kane is present in the product gas mxture. The
catal ytic al?af%(ﬁ]lgg Ehydrogenati on may be carried out with or w thout oxygen-
containing gas as a co-feed. Catalytic al kane dehydrogenation may in
principle b rd ' : Y, .known fromthe
prior art. 'ﬁlkgggﬁplgég?él)%hygfd ggﬂna&%t]oe 12?%(9& ggcﬁ%@gge%%%%éggenat i on
processes used according to the invention is also contained in

'I;)ecﬁt gl yti Ca(?iihatﬁfg“ﬂkﬂ%e B1idsd ! ﬁ%ﬁ@&hﬁgtﬂevgarﬁe&mto%gg&h@@bao% Moy er ng ive
ydrogenatj on Pr.ocesses udy. r , erguson Drive,
Mount ai n VifBged (%1‘%‘ GrAfysts %469?3%%?&712{1 el&ﬁgﬁ%%&tof%@é %tﬂggglﬂt react or

type is theaefmpa@thrézest froMae300etaci00fC and alkane hondtrdoticalfrom. 10 © 206 2€

reactors, t al rogenation catal yst and, where oxygen is used
as co- feeﬁg%r&%?%y@ybg%g%gci alized oxidation catalyst) is disposed as a

fixed bed in a reaction tube or in a bundle of reaction tubes. The reaction
tubes are oyefAFRE iib Yiven to carrying out alkane dehydrogenation as a non-oxidative

catalytic dehydrogenation. This involves partially dehydrogenating the alkane in a
dehydrogenating reactor over a dehydrogenating catalyst to give the alkene. The

dehydrogenation results, as well as hydrogen, in the formation of small quantities
of low-boiling hydrocarbon as cracking product of the alkane which, in the case of
propane dehydrogenation includes, for example, methane, ethane and ethene.
Depending on the dehydrogenation method, carbon oxides (CO, CO,), water and
nitrogen may also be present in product gas mixture A of the alkane
dehydrogenation. In addition, unconverted alkane is present in the product gas
mixture.

The catalytic alkane dehydrogenation may be carried out with or without oxygen-
containing gas as a co-feed.

Catalytic alkane dehydrogenation may in principle be carried out using all reactor
types and methods known from the prior art. A comparatively comprehensive
description of dehydrogenation processes used according to the invention is also
contained in “Catalytica® Studies Division, Oxidative Dehydrogenation and
Alternative Dehydrogenation Processes” (Study Number 4192 OD, 1993, 430
Ferguson Drive, Mountain View, California, 94043-5272, USA).



indirectly heated by the conbustion of a gas, for exanple a hydr ocarbon such
as nethane, in the space surrounding the reaction tubes. S favg /thnmP
apply this indirect formof heating only to about the flrst 20 to 309

the length of the fixed bed and to heat the remaining bed length to the
required reaction tenperature by the-dadi ant heat released in the course of
I ndi rect heating. Customary reaction tube internal dianeters are from about
10 to 15 cm A typical dehydrogenation t ube bundle reactor conprises from

about 300 t re on tubgs nter te ture | t he reaction
fubes i s cuStBRaY FeGRs RS g PHEmP R o Bl Bhtieh dny e ¢ ne
range fromremcﬁompthbmam]}zstTMydmgknat@nmmNraadlwhaamggmlslmed hsaw-0.5 to 8
bar, frequ t d
(simlar qt gf@%yol% H@e” 3 Sg’gé%@& fl or )&%rq%ngcneﬁ@% &g’gdpeglt [ %n %hoir)gde?hsg from3
to 8 bar ikegtion thbghrgt eémndlcloitreawuonsume@h( séaehidm tubes ateheustaneily act i ve
Leform N0 BRGEESS hehAY HeQeiibidiohr 4y 460 aRnslik ARRORARG Bkn Rt ane of

Phillips Petro 902, 8 9, 342).
Typi cal gasnebaRs. yn éftf-‘a%i@"e Faredingethe reaqton tabes. ¥tr1§rf@\5>@@v1@ aa s based

on the al kain@ué& fen offRdayidp QB NRtBSut the Fir& 20ab BOYs §m9%d'gﬁ¥ofﬂ1@'ﬁx€&a”p| e, be
spheri cal g{ Imnc&gr(3 hollg%n Ilgtg% tggé%c al kane

dehydr ogen 19 egb e PRaHIRE, g‘ﬂgﬁ’éﬁ gequure tign igrperature BY 5313,
may al so behe sadian Geatrelehssilan alyecmnsesdfiindaea hyatarg. Qustohry teactibrzmbe bed

i thout - df Lt0g dligc@lialrod b AEYE 100N bRAPRNALG bRl Ll O 76

beds in para ne s gener regeneratlon
The oper at |h@dlepireést@urCQmPSISQSyﬁDmaNqufmmolIOQﬂ Zedﬁaﬁn tobrs. dbhyigteogénat i on

ety ogenas L L oo oo ey on Sorea B 30 PRE ng the
dehydr ogenal:trF%Ff1 Shith srﬁn%eog?li'?e&roet&clt i ﬁné ﬁé“r@'@ﬁ%’ﬂ%la’@“%&n H)marﬁ
oxyﬁen contﬁxbrﬂlmtocabﬁﬁﬁtquﬁlt@dﬂmmeldtodl bat, Wlﬁﬁ&sdnbﬂbst_éam dilutiov ishied t he
pr eheat er Q ate the require ctly in the t.or system
by “conbust G OB PiaE dPBioPRlR AT Ry s (R IR B Sygen
| f desired, wienhy tigbgegent diutamisnged (sihdadtonthy steddi adtiveakfoymbng prdedsxed.
Catal ytic a(b‘f‘%@@pﬁ@@%ﬂf&%ﬂ?&rb@éhaﬁﬂ%( Fgaaﬁé%f bﬁ@n@ﬂf Philli % Iieh%¥eufr{3@8t or. This
conprises one _Or° nore succe e nuitber. of catalyst beds
my 2 8 d Betpdy03.848, USHph920887 2nd Havasdhdudvpical g howly e0acpr ef erabl y
from1 to 4epiftidsN(GHSV) are from 500 to 2000 h', based on the alkane to be
dehydrogenated. The catalyst shape may, for example, be spherical or cylindrical (
hollow or solid).

Catalytic alkane dehydrogenation, as described in Chem. Eng. Sci. 1992 b, 47 (9-
11) 2313, may also be carried out heterogeneously catalyzed in the fluidized bed
without diluting the alkane. It is advantageous to operate two fluidized beds in
parallel, of which one is generally in the process of regeneration. The operating
pressure is typically from 1 to 2 bar, the dehydrogenation temperature generally
from 550 to 600°C. The heat required for the dehydrogenation is introduced into
the reaction system by preheating the dehydrogenation catalyst to the reaction
temperature. When an oxygen-containing co-feed is admixed, it is possible to do
without the preheater and to generate the required heat directly in the reactor
system by combustion of hydrogen and/or of hydrocarbons in the presence of
oxygen. If desired, a hydrogen-containing co-feed may additionally be admixed.

Catalytic alkane dehydrogenation may be carried out in a tray reactor. This
comprises one or more successive catalyst beds. The number of catalyst beds may



particular from1l to 3. The catal yst beds are preferably flowed through
radially or axially by reaction gas. In general, such a tray react @B DE 2005
operated using a fixed catalyst bed. In the sinplest case, the fixed

catal yst beds are disposed axially in a shaft furnace reactor or in the
annul ar gaps of concentric cylindricat3grids. A shaft furnace reactor
corresponds to one tray. Carrying out the dehydrogenation in a single shaft
furnace reéet fromcbrioeXpanivantageomsiyr ber 1 exd e,np&ﬁeirm?tfroﬂlnl 3o fauadidh &4

f d t.h t
oot et Sl ) 0%, SRDLRERRL) O 1B AR Aol gl oot
co-f eed, thaeualléalm retantlorgges fgenerel, i sucls abrayc teactot ds omreﬁedndmgtaeﬁhahtl ng in

h I bed,
the tray r:c%g;gf bed! Thithe !‘ﬁiblésrt%%]e%eﬁ%t ks b@&fm%%&ﬁ@ed‘%ﬁﬁlgpﬂzho yst be

for exanpl passing It "over exc anger at es "heat t gases

or by passish ﬁernmr@a@ﬁr erimhe panplaceapy Oﬁéﬂnceémémdﬁ@ @idesh Shfrﬁ a
preferred eauhaed meforctfonregﬁmag QSN tRHC Uhyy bt tHeeddn gwgt;:m%n he

catal ytic drogenation is carried out_ au o this end,
the reacti (’?H‘%%&Wﬁeegm tog ﬁ%"’%?PR%‘%etod% RS LP‘&JH’BPE ﬁ"&ﬁ’hal ly

adm xed \évu trinefortydjembodin@it, tliee@azydmgendtmcis cazﬁigd eﬁanaartehytﬂeectmfﬂvﬁgem
contai ned in ratlon m XL ure onbu

generates (aHEbEEad BReES A bt ol fmpRYTRYEATBia P IE0 Pe FREloL o
required faas dummfr mg;eh]attccbmo imerniediatt h¢atiagtin thedrayomedtviorn towey fim

charact er i Shl cafiyst IB%%IQUttﬁE %&f@émjgﬁﬁ Bé’dr{'efgg%%{a@g ‘og cp’%ﬁﬁ%‘}@%& iRg Lermed an

oxi dative netho S or exa I n_the effl uent
gas. The &xshaagenplaigs bétts%éx hob Easen o ygaaﬁsrm&aﬁhroqalamheﬁ ihgated by hpke
hydrogen. IcomBbas®inddased he quantity of the oxygen-containing gas added to the
reaction gas mxture is chosen in such a way that the heat quantity
required for the dehydrogenation of the al kane is generated by the

conbust i on Infa greferrhy dmbgdimenp o€ $‘rmnprobess tabeprding ab itheinyastion, xteucagatptic/ or  of

the hydrocanfan 4oy ﬁg&a?ﬁ% E{'@améda ug&h&?rﬁdllg‘ FhYhiS eﬁ& Qrefioh :@?5 quantity

hydr ocar bons pres orm o ?e er al e overa
of oxygen auidage opthseddkane dqhadmmtloquamﬂdmyn@l y adrmlxeélwéﬁh@cygeg ifgbm 0. 001
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0

be added ure or else as
an oxygen- &8&’3&?“%&&“%&@??”&%‘1%%&@ e FeAciing eas &Eg a&éég ERFEP i s given
to using aiof ths Hebtereyuite® for dehpirogengtigndn the et iledst tonga&mloanzbﬂeha gases

resulting f FOm.ca Qn I Vi a t
t herefore sﬁrﬁﬁtg?gbct ﬁ% hh ?@?@‘g Aeloﬁég 98c8g§’f&§g{8 {Hﬁﬂ J&P‘ﬁﬁ lggé%%ér?a 5}9
oxidative method is, for example, the presence of hydrogen in the etfluent gas. The

oxidative processes form no significant quantities of free hydrogen.

In general, the quantity of the oxygen-containing gas added to the reaction gas
mixture is chosen in such a way that the heat quantity required for the
dehydrogenation of the alkane is generated by the combustion of the hydrogen
present in the reaction gas mixture and/or of the hydrocarbon present in the
reaction gas mixture and/or of the hydrocarbons present in the form of coke. In
general, the overall quantity of oxygen added, based on the total quantity of the
alkane, is from 0.001 to 0.5 mol/mol, preferably from 0.005 to 0.2 mol/mol, more
preferably from 0.05 to 0.2 mol/mol. Oxygen may either be added as pure oxygen
or else as an oxygen-containing gas in a mixture with inert gases. Preference is
given to using air as the oxygen-containing gas. The inert gases and the gases
resulting from combustion generally provide additional dilution and therefore
support the heterogeneously catalyzed dehydrogenation.



2.8 DE12005 -6 The hydrogen conbusted to generate heat is the hydrogen
formed by catal ytic al kane dehydrogenati on and al so any hydrogen '8 DEC 2005
additionally added to the reaction gas m xture. The quantity of hydrogen
shoul d preferably be such that the H2/ Q2 nolar ratio in the reaction gas

m xture inmrediately after the oxygen i$ed inis from2 to 10 nol/nol. In
mul tistage reactors, this applies to every internediate oxygen feedpoint
and any i ntEharhgdragen bydiboged té genkaterticat Thehehigdrogan forted oD dskBUc

tal ytical T ti t d | cat al
Che combusti e Ry HEBEER AR A R AR AT onaH AR 0B aFRER hal T
princi pl e ressadisiureolbs qupsty af ihydgonistiould queferdbly Yetsuéls thaneiweHy/;y. I n one
enbodi nent , ., gReLAld bk Sre tifoﬁcéagqnikﬂﬂ: |iﬁnﬁﬁ%b§§£%ﬁepﬁ1eo&§r gﬁ ig?erdeitn i@xi dati on
ca u 3% r '

catal ysts whi ch, sel ectlveaﬁ/ al yze the conpustion of ‘0ogen to oxygen
in the presi&ee &1 10yaelgaelk domultivtage tsaters tthisrpplieniiewminenmeedisteh  oxygen

to give CO @dedfRdpsihyardCy iftetBeBatih@ogx f@Bbointi ch has a di sti nct
positive effect on the selectivities achieved for the al kene formation. The
dehydr ogenation catal yst and the oxidation catalyst are preferably present

in differeTie hgaugtgémris Z@MﬁsteWwﬂW&ngMei dehydiogematioe catiist i usedor e L han
one step, t Lion,c St resent .1 n on n in re than
one or in aél F‘e@ﬁg afsgézgpall%zﬁg gbeyn%)ggu%ﬁ%q 8fg‘|%é]é’afosca8)|°9% ﬁml& éf gﬁ’ CSB%?I t he
cat al yst whibygersefoedhaty gl yprinaipid ywe sidditienaloxpatialized ofiddtiar ogelysatist he
| ocations WagkSaly NG SrelrRbdditBR! ofBrifENs RAbLAIn HRTRSSHIAT 3R nftre OL Ner

Cul ar or t he

| ocations in_the'reactor, 1n parti, near the edpol nt
oxygen- contO¥Atieg ¢atalystyruhigh sslestivadnteatalysgthsasormbstion ofy bydrgeen day be fed
in at d_one ?fxytgﬁ{ n kIRC piek@its dm%}tdh@agmtg.t TP]fie cgmb@ﬁﬁ;_neéfo@fhﬁmﬁoxﬁfwﬁme_ process
according to the inventjon, ernmedi ate feeding .in of. en-.cont ai ni ng
gas and of Wg‘?‘b&éﬁng‘rL:graéldbdé@bPﬁlyeQFéW tora, R c&‘tﬁm’avhcﬁéégtaoql.sm}c% a
further entmditiveneffaft oiethpr sededivitms cachdéved far ithee alkenenfarmation.n&hering in
of oxygen- )| r , b . except

yg %%%E%&%gga%ﬁﬂg%i R Hox?cc%@gst Segégérgfe%% YorbdeY in P

the first tray. I ment, a layer © ' Zed “ox1 dat1 on
catal yst diffgrenkispgtion et r eam of every feedpoint, followed by a |ayer of
dehydrogenation catalyst. In a further enbodi nment, no specialized oxidation

catal yst i resent. Th dehydr ogenati on tenperature,j enerally from 400
to 11)(;OC t erbﬁxgsrgﬁqt)é)nielﬁ C"[lrﬁ!gg out g‘n more than onggtep, tﬁ-le oxdatslor? catalyst may _
be present in only one, in more than one or in all the reaction zones.

Preference is given to disposing the catalyst which selectively catalyzes the
oxidation of hydrogen at the locations where there are higher oxygen partial
pressures than at other locations in the reactor, in particular near the feedpoint for
the oxygen-containing gas. The oxygen-containing gas and/or hydrogen may be fed
in at one or more locations in the reactor.

In one embodiment of the process according to the invention, intermediate feeding
in of oxygen-containing gas and of hydrogen occurs before every tray of a tray
reactor. In a further embodiment of the process according to the invention,
metering in of oxygen-containing gas and of hydrogen occurs before every tray
except the first tray. In one embodiment, a layer of a specialized oxidation catalyst
is present downstream of every feedpoint, followed by a layer of dehydrogenation
catalyst. In a further embodiment, no specialized oxidation catalyst is present. The
dehydrogenation temperature is generally from 400 to 1100°C, the pressure in the
last catalyst bed of the tray reactor generally from 0.2 to 5 bar, preferably from 1 to
3 bar. The GHSV is generally from 500 to 2000 h, and in high-load operation



| ast catal yst bed of the tray reactor generally from0.2 to 5 bar,
preferably from1 to 3 bar. The GASV is generally from 500 to 2000 h§'BECamd
in high-load operation 2 8 DEC 2005 -7 even up to 100 000 h"', preferably
from 4000 to 16 000 h"', based on the al kane to be dehydrogenated. A
preferred catal yst which selectively cdtal yzes the conbustion of hydr ogen
conpri ses oxi des or phosphates selected fromthe group consisting of oxides
or phos phaéxeﬁ upfto dOO 080t prprefférably Ifead 4060 ®ehd 000 Afitbasehyn thedkanmtand

bi smuth. Ay g elpat&{ erred catal yst which catalyzes the conmbustion of
hydr ogen corrprl nobl e netal of transition group VIII or | of the

Peri odi ¢ Tabl e. The dehydrogenatl on catal ysts used general l y have a support

and an act | XCoreRATOSIAIVAN e SRR ofARSES S, ShnBulfA of t oxide

or m xed oxide._ The drogenation Catalysts prefera e a netal
oxi de sel ectOBRPIIsED AKidee of @hew@a@éﬁéiegﬁefl n@fthlegfwmqmsang»@f @éﬂ eiloﬁc oxi de,

al um num oxpidephasds! bngéhnaﬂhQ%l e, lehdtaﬂ-ﬁérh'én Hitiodr§e indBANAR bidne. de,
| ant hanum oxi res ther eof support, The

it ur o5 egHBE RN ARO PR opy 6 e Comtnteapt Y FeRTHHRRESe fon as
magnesi um addbie metal oftrasition growe VHL und nﬁlﬂt Periodie Tabked str uct ures. Preferred
supports include zirconiumdi oxide and/or silicon dioxide, and particul ar
preference is given to m xtures of zirconiumdioxide and silicon dioxide.
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The active composition of the dehydrogenation catalysts generally comprises one
or more elements of transition group VIII of the Periodic Table, preferably
platinum and/or palladium, more preferably platinum. The dehydrogenation
catalysts may further comprise one or more elements of main group I and/or II of
the Periodic Table, preferably potassium and/or cesium. The dehydrogenation
catalysts may further contain one or more elements of transition group III of the
Periodic Table including the lanthanides and actinides, preferably lanthanum
and/or cerium. Finally, the dehydrogenation catalysts may have one or more
elements of main group III and/or IV of the Periodic Table, preferably one or more
elements selected from the group consisting of boron, gallium, silicon, germanium,
tin and lead, more preferably tin.

In a preferred embodiment, the dehydrogenation catalyst comprises at least one
element of transition group VIII, at least one element of main group I and/or I, at
least one element of main group IIT and/or IV and at least one element of transition
group Il including the lanthanides and actinides, of the Periodic Table.
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The alkane dehydrogenation may also be carried out by the circuit gas method

described in the yet to be published German patent application P 102 11 275.4.

The alkane dehydrogenation gives a product gas mixture A which, as well as the
alkene and unconverted alkane, comprises secondary components. Customary
secondary components include hydrogen, water, nitrogen, CO and CO, and also
hydrocarbons which have lower boiling points than the alkane and the alkene (low-
boilers) which, in the case of propane dehydrogenation, include, for example,
methane, ethane and ethene as cracking products. In the case of isobutane
dehydrogenation, propane, propene, propine and allene may also be present as
cracking products. The composition of the gas mixture leaving the
dehydrogenation stage may be highly variable depending on the dehydrogenation
method. For instance, when the preferred autothermal dehydrogenation with
feeding in of oxygen and additional hydrogen is carried out, the product gas
mixture A will have a comparatively high content of water and carbon oxides.
Methods without feeding in of oxygen will provide a dehydrogenation product gas
mixture A having a comparatively high hydrogen content. Customarily, it will be



feeding in of oxygen and additional hydrogen is carried out, the product gas
m xture Aw Il have a conparatively high content of water and carbor pxidgs;
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customarily carried out when the alkane dehydrogenation is carried out
autothermally or is carried out isothermally with feeding in of steam (similarly to
the Linde or STAR process for dehydrogenating propane) and consequently the
product gas stream has a high water content.

The removal of the further gas components other than the alkane and alkene from
the product gas stream may be carried out by customary separation processes such
as distillation, rectification, membrane processes, absorption or adsorption.

The removal of the hydrogen contained in the product gas mixture A from the
alkane dehydrogenation may be effected, optionally after cooling, for example in
an indirect heat exchanger, may be passed through a membrane, generally in the
form of a pipe, which is only permeable toward molecular hydrogen. If required,
the removed molecular hydrogen may be at least partially used in the
dehydrogenation or else be utilized in a different way, for example for generating
electrical energy in fuel cells.

The carbon dioxide contained in the dehydrogenation product gas siream A may be
removed by CO, gas scrubbing. The carbon dioxide gas scrubbing may precede a



dehydrogenation or else be utilized in a different way, for exanple for
generating electrical energy in fuel cells. The carbon di oxide contfg@@gzmg
t he dehydrogenati on product gas stream A nay be renoved by CO2 gas
scrubbi ng. The carbon di oxi de gas scrubbing may precede a 2 8 DEC 2005 -10
separ ate conbustion stage in which carbbn nonoxide is selectively oxidized
to give carbon dioxide. In a preferred enbodi ment of the process according
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oi | mixture through the absorbent. It may also be effected in columns or in rotation
absorbers. Operation may be effected in cocurrent, countercurrent or cross current.
Examples of useful absorption columns include tray columns having bubble cap
trays, centrifugal trays and/or sieve trays, columns having structured packings, for
example, sheet metal packings having a specific surface area of from 100 to 1000
m?/m® such as Mellapak® 250 Y, and columns having random packings. It is also
possible to use trickle towers and spray towers, graphite block absorbers, surface
absorbers such as thick film and thin film absorbers and rotary columns, plate

scrubbers, cross-spray scrubbers and rotary scrubbers.

Useful absorbents include comparatively nonpolar organic solvents, for example
aliphatic C,;- to C;-alkenes, or aromatic hydrocarbons such as the middle oil
fractions from paraffin distillation, or ethers having bulky groups, or mixtures of
these solvents, and a polar solvent such as 1,2-dimethyl phthalate. Further useful
absorbents include esters of benzoic acid and phthalic acid with straight-chain C,-
Cg-alkanols, such as n-butyl benzoate, methyl benzoate, ethyl benzoate, dimethyl
phthalate, diethyl phthalate, and also what are known as heat carrier oils, such as
biphenyl and diphenyl ether, chloro derivatives thereof and also triarylalkenes. A



fractions fromparaffin distillation, or ethers having bul ky groups, or

m xtures of these solvents, and a polar solvent such as 1, 2-di nethyl
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desor pti on itsofpaibhk@gde.out according to a further process variant by
(additional) stripping of the absorbent, the feed gas stream B conprises the
stripping gas, as well as the al kane and the al kene. I n an advant ageous
process vahifestt gastsrearntB ipphtaiged sdichsmdhpriseathemtyayperandaln alkkenenapdgas i n t he
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heating the loaded absorbent. In this case, a feed gas stream B is obtained which
essentially consists of the alkane and the alkene.

When the desorption is carried out according to a further process variant by
(additional) stripping of the absorbent, the feed gas stream B comprises the
stripping gas, as well as the alkane and the alkene. In an advantageous process
variant, the stripping gas used is an oxygen-containing gas in the quantities
required for the subsequent ammoxidation.

The removal b) is generally incomplete so that, depending on the method of
removal, small quantities or else only traces of the further gas components (for
example the low-boiling hydrocarbons) may still be present in the feed gas stream
B.

The at least partial removal of the further gas components from the
dehydrogenation product gas stream A before feeding the gas stream into the
ammoxidation brings a series of advantages. For instance, the formation of
explosive gas mixtures in the ammoxidation reactor by preceding removal of
hydrogen formed by the dehydrogenation is avoided. The removal of the by-
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5, 258, 543 aqnéiddol, 212, 317. The anmmoxi dation may be carried out in a tube
reactor which contains the catalyst in particulate formand is surrounded
by a cooling liquid for dissipating the heat of reaction. Preference is

gi ven to calheyicaglytiot ahmexalation i idatarned iowt anf 4 uneiree ckipech peeaet dihe The
vol une rati : d Lisq SHsk j r : 0, o 1.
The vol une %@?}gaﬁggﬂnﬁgﬁﬁg{aﬁgnmg%e is C %I%Mnﬂf%ioﬁ?oh gﬁ %;]5_;&) E%Pé 1.2: 1.

The oxygen-RiesstEes of figny8d taH0der pta medpriratioof aameniadatalkene 26 fem @y ‘be pure
oxygen, air] g2 0}y UesfubBdthighS ArePkndwky @eiRoStesdi ek @k fart abdeleBdrtfeq! ford oxygen-

cont el 1N Sl Moo B TP EETR St DL TR AL P, sl ses
and al kene, anandxidatyonpmasg ibel carriedlommrin aetubé emnior whige tontaias iencasalyydds,
ammoni a, ni ﬁa&?&l‘f‘ﬂe ?&%{ hd %O%ugagf ﬁy a cooling liquid for dissipating the heat of

reaction. Preference is given to carrying out the ammoxidation in a fluidized bed

reactor. The volume ratio of oxygen to alkene is customarily from 1.6 : 1t0 2.4 : 1.

The volume ratio of ammonia to alkene is customarily from 0.7 : 1to 1.2 : 1.

The oxygen-containing gas which is fed into the oxidation zone may be pure
oxygen, air or oxygen-enriched or oxygen-depleted air. The preferred oxygen-
containing gas is air.

A product gas stream C is obtained which comprises the unsaturated nitrile,
ammoxidation by-products and unconverted alkane and alkene, and may possibly
comprise steam, oxygen, carbon oxides, ammonia, nitrogen and/or noble gases.

For example, the product gas stream C of ammoxidation of propene to give
acrylonitrile may comprise ammoxidation by-products acrolein, acetonitrile and
HCN. The product gas stream C of ammoxidation of isobutene to give
methacrylonitrile may comprise ammoxidation by-products methacrolein, HCN,
acetonitrile and acrylonitrile.



For exanpl e, the product gas stream C of anmoxi dati on of propene to give
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In a further process variant, no separate ammonia removal d) is effected. However,
ammonia is substantially, if not completely, removed from the ammoxidation
product gas stream in the subsequent absorption step &) by absorption in the
aqueous absorbent.

Alternatively, ammonia may also be removed from the ammoxidation product gas
mixture by feeding methanol, which reacts with ammonia to give HCN, water and
carbon dioxide, into the upper portion of the fluidized bed reactor where the
ammoxidation is carried out (from about 85 to 95% of the total length).

In one process step ¢), the unsaturated nitrile and any ammoxidation by-products
are removed from the product gas stream C or D by absorption in an agueous
absorbent. To this end, the product gas stream C or D is brought into contact with
the aqueous absorbent in a gas scrubber to give an aqueous stream comprising the
unsaturated nitrile, any ammoxidation by-products and any ammonia, from which
the unsaturated nitrile is subsequently recovered, and a gas stream E which
comprises unconverted alkane and alkene and any oxygen, carbon oxides,
ammonia, nitrogen and/or noble gases.
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equi |i bri urgoRQIMak - oxygen, carbon oxides, ammonia, nitrogen and/or noble gases, is
recycled into the dehydrogenation zone (step a)). The presence of ammonia in the
recycled gas stream E is not disadvantageous for the alkane dehydrogenation. This
is oxidized in the autothermal dehydrogenation method to give nitrogen or nitrogen
oxides.

The presence of (residual) oxygen in the recycled gas stream E reduces the
thermodynamic limitation of the alkane dehydrogenation, since the residual oxygen
reacts with the hydrogen formed in the dehydrogenation and the equilibrium is thus
shifted toward the product side. Since the dehydrogenation results in the volume
increase, dilution by gases in the gas stream E likewise has a positive effect on the

equilibrium point.



2 8 DEC 2005 15 W claim 1. A process for preparing unsaturated nitriles
fromthe correspondi ng al kanes which conprises the steps: a) feedi?Q]?EEZ%ﬁ
al kane into a dehydrogenati on zone and catal ytically dehydrogenating e

al kane to the corresponding al kene to obtain a product gas stream A which
conprises the al kene, unconverted alkﬁﬁe and one or nore further gas
conponents selected fromthe group consisting of steam hydrogen, carbon
oxi des, hydrocarbons having a |ower boiling point than the al kane or the

al kene (low boilers), nitrogen and noble gases, b) at |east partially
removi ng further gas conponents fromthe product gas stream A to give a
feed gas stream B which conprises the al kane and the al kene, c) feeding the
feed gas st 48l , ammoni a, an oxygen-containing gas and, if desired, steam
into an oxidation zone and catalytically amoxidizing the alkene to the
correspondi ng unsaturated nitrile to give a product gas stream C which

conprises tje “nﬁ%U&éﬁg gtﬁg‘ g%%ﬁb%saﬁm&%g PSR dine HiRGRRAVEr t ed

al kane and al kene ‘an ] one or nore uré}ﬁtelye gas gonpo ents sel ected
fromthe group Whithicemprgesdhe steBsim oxygen, carbon oxi des, ammoni a,
nitrogen and noble gases, d) optionally renoving ammonia fromthe product

gas streamCto give .an a i a- depl et roduct gas stream D, .e) renoving
t he unsat ur at ed t%@ga%%ﬁrﬂgt?dﬁgﬁ&oﬁﬁ%@& gone gpd ¢ad uct gas
stream C or D by abgshyfidgenating the alkarRowsthabhaerebpsidid® alkghd @ abgas ast ream E
whi ch conpri ses unconyvert %d ﬁl kaﬁa ﬁ\p?l al kene .an 0ssi bl ¥g¥)rae r_nore
further gas conponelPE e & & h°é’mP§F8%Ble€§‘FF§’FsW°r?a © n, carbon
oxi des, ammonia, ni wndogee axnmioren flother gras emmpmnenta nsebagtesio frems thee grouphi ch
conprises the nitrifg e WrGtednd WpHogeP0R:Hd oxides, hydrocarbons having a

lower boiling point than the alkane or the alkene (low-boilers),

nitrogen and noble gases,

b) at least partially removing further gas components from the product gas
stream A to give a feed gas stream B which comprises the alkane and
the alkene,

c) feeding the feed gas stream B, ammonia, an oxygen-containing gas
and, if desired, steam into an oxidation zone and -catalytically
ammoxidizing the alkene to the corresponding unsaturated nitrile to
give a product gas stream C which comprises the unsaturated nitrile,
ammoxidation by-products, unconverted alkane and alkene and
possibly one or more further gas components selected from the group
consisting of steam, oxygen, carbon oxides, ammonia, nitrogen and
noble gases,

d) optionally removing ammonia from the product gas stream C to give
an ammonia-depleted product gas stream D,

e) removing the unsaturated nitrile and ammoxidation by-products from
the product gas stream C or D by absorption in an aqueous absorbent to
give a gas stream E which comprises unconverted alkane and alkene
and possibly one or more further gas components seiected from the
group consisting of oxygen, carbon oxides, ammonia, nitrogen and

noble gases, and an aqueous stream which comprises the nitrile and the



by- products, and recovery of the unsaturated nitrile fromthe aqueous
stream f) recycling the gas stream E into the dehydrogenation zone éﬁ ﬁﬁ
process as claimed in claim1, wherein the feed gas stream B consisg‘ DEL 2005
essentially of the al kane and the al kene. 3. A process as clained in claim1
or 2, wherein the dehydrogenation (sﬂ p a)) is carried out autothermally.

4. A process as clained in any of clains 1 to 3, wherein, in step b), the

product gas stream By-pfodatsughd rdcov@y @Fnha ghsavirbtad ahitrild) 6bin MRSQLEARL i n an
absorption stage and_the al kane and the al kene are absorbed by the inert

absorbent to give af Ab%orbent |aden with the al kane and al kene and an
of fgas stream conprising the remai ni ng gas conponents, and the al kane and

the al kene are r Ie&gﬁgﬁg{@ngg eglplsg)[rp(ft;ﬂ.}ee d'aegg%#)g{;@(awtzbg& stage. 5. A

process as clainmed in c erein on Stage is preceded by
a water renoval operation. 6. A process as clained in any of clains 1 to 5,

wher ei n, 1 m St epAGrocRETE MAmed $n 'cBIHRY £ dwieid TP T acsu%tifeﬁﬁieBbébnﬁglrSUbbi ng
with sul furic acid. A process as clained in any of claims 1 to 6, wherein

7.
the al kane is pr?ﬁﬁ%@}lyofﬂ@%k%ﬁédf‘@%k?ﬂ?ene and the unsaturated nitrile is
acrylonitrile. 8 A process as clained in any of clains 1 to 7, wherein the

al kane is Jsobutane, the .alkene | s isobutene.and the . unsaturated nitrile is
net hacryl oné't ri |4 Progess axclaim g‘ntcif’émgla%r t"&?&?ﬁ‘ g‘ei mdﬂggn%’é’ﬁ JFBdlnat i on

zone. is carried out autothermally.

4, A process as claimed in any of claims 1 to 3, wherein, in step b), the
product gas stream A is brought into contact with an inert absorbent in an
absorption stage and the alkane and the alkene are absorbed by the inert
absorbent to give an absorbent laden with the alkane and alkene and an
offgas stream comprising the remaining gas components, and the alkane
and the alkene are released from the absorbent in a desorption stage.

5. A process as claimed in claim 4, wherein the absorption stage is preceded
by a water removal operation.

6. A process as claimed in any of claims 1 to 5, wherein, in step d), ammonia
is removed as ammonium sulfate by scrubbing with sulfuric acid.

7. A process as claimed in any of claims 1 to 6, wherein the alkane is propane,
the alkene is propene and the unsaturated nitrile is acrylonitrile.

8. A process as claimed in any of claims 1 to 7, wherein the alkane is
isobutane, the alkene is isobutene and the wunsaturated nitrile is
methacrylonitrile.

f) recycling the gas stream E into the dehydrogenation zone.





