;ste3eF6| TVZ -1 AS ORIA NALLY FILED Preparation of unsaturated nitriles
from al kanes The invention relates to a process for preparing unsaturated
nitrites fromal kanes. It is known that unsaturated nitrites such as
acrylonitrile and nmethacrylonitrile canl be prepared fromthe correspondi ng

al kenes, propene and isobutene respectively, by what is kn

anmoxi dati o f N LUYi 16D nmoni a/ oxygen m xt ur mﬂmwmmﬂ“m H ence
of a suitab al kenes may be prepar precedi ng
dehydr ogenati on step from t he correspondi ng al kanes. For instdhe&"

amoxi dati on of propene gives acrylonitrile and ammoxi dati on of isobutene
gi ves net haerytontrtrrte—rn—generat—a nethyt=subst+tuted—otefrmnyrel ds t he
corresponding a, (3-unsaturated nitrite while the nethyl group is converted
into a nitrite group. ﬁ#ﬁrﬂ&?ﬁf&i&tﬂ%&dhﬁﬁ&s%&ﬁ%ﬂ@ﬁﬁsfor preparing
acrylonitrile from propane \Mltl ch conprises catalytically dehydrogenating
propane to_give propene, ammobxidizing propene to give acrylonitrile

renovi ng acryI onitrile fromthe product gas stream of ammoxi dati on and
recycl i ng unconverted ?ro pane and propene into the cat; nyti C

dehydr ogenal PHHIVEREPRFCIAENOA RIGCcss IS IIE?RaF‘r“gI“QS"ftW&Fﬁdt orisemetkagess st ream

of the ammoxidation, the hydrogen formed in the dehydrogenati on is

S et e R S SRR B YD S heRAbBLE R FRREKA A IS, 1 oc
propane, pr bp@mparaafrbmnthe xdodespaadingl dkerssi pmpgpdwgmir aohutbmtsiSthlNehy renoval
of & sub-Stpeamhang LRSAY S yarﬂ[tloktaﬁmr%gttgg Mae%nga@q ﬁﬁﬂ%ﬁ@fosgg&{ ef rom

this gas streami1s recycled 1nto rogenation ste vantage
of this pr oaestslrwthﬁatesm@ qfwﬂagléﬁcrté@at tTh%elwaah@lkws gdion in
t he subsequenj pREEMIE daiydedbeiBiod fesifrba thé Borr@pbRdih® Blkahese X p! 05| ve gas
m xtures. The By product s resulting fromthe dehydrogenation also restrict
the onstreamtine of the amoxidation catalyst and | ead to wi dening of the
ammoxi dat i oiFfobynspned uahmepriationf propeng ditesi ®rdonitiile emtl ahmbiidaiores&nt

oroone. R 358 A AR G850l Lnl AR e om
preparing ucemespoadiog oPtunsatortdd mmllﬁhéhl&ﬁ)rheﬁpfbmhgﬁﬁ’gpaﬁ r@aweestedhn@ha
conpri ses tlﬁﬁnﬁ,’t%@ a) feeding an al kane into a dehydrogenation zone and
catalytically d 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 mAiml% @I[desbrlﬂrS]ﬂsraq)rf)bHsﬁ Mrpr%mlng@mmmmsgsm mopa vfflrjohm_ t he
group consistin en, .carbon qxi roc : |ng a
 ower boili ﬁSmBglF?ft 3 ?'}Xﬁql]ﬁ’ a’%‘ﬂﬁ‘%ﬁ%"%ﬂ“gt%gpﬂt%xt n%l§ IptngeBg %3‘3’%?%1 rogen
and nobl e gasersnelt) giae acwdemtriparemaying aﬁ@mtm@gfromrthmrodgatsga@ éﬁp@n@ﬁt s from
the product 4 ;ﬁﬁ&ﬁﬁ% te@yarn\geurﬁ:otﬁ@retdga% e’ SRAMMRBpYRY fio GRTBAhIsAS t he

al kane and t ene feeding the feed gas stream B, anmoni a,_"an
oxygen- cont &Phydtggfgagoa fter lienlﬂ’é%‘lgr%y Oglt"élﬁ%f‘?rﬂtﬂéﬁ BEPABGY %Pétﬁtrﬁﬂmz‘grtg €and
catal yti cal |a}rhrﬁ<5m@atidiﬁl zihgd hiyhegéd kidhaed Olnt hﬁe c(why@@gamdmngm neRttivey ed
nrtrrteto Ve roduct gas streamg conpri ses t ur at ed
Ntrite,  ameipudeloRngy R R T T ekt S RE RV
possi bly on&ydrogmrdeptbtedtgasrst@am conp e uscawbrat pobphng mpropeaeg carthpn
consi sting qfy;dk SAMoRHEARY hydRb AN X AHESrenfVAPE £ sublittdaB05T ARGvEPD! €

gases,

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

T
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ammoxidation by-product spectrum.



d) optionally renoving amonia fromthe product gas stream C to give an
ammoni a- depl et ed product gas stream D, e) renoving the unsaturated nitrite
~-and amoxi dati on by-products fromthe product gas stream C or D by
absorption in an aqueous absorbent to gRve a gas stream E which conpri ses
unconverted al kane and al kene and possibly one or nore further gas
corrponents sel ected fromthe group consisting of oxygen, carbon oxides,
anmoni a, ér ogen_and tgt%bl e gases, .and an aquequs stream which conprises
t he unsat ur at 84" SPiect ¢ 5HEFS?IHénWUBF Hiproyide a&ﬁﬂlpf%’&@l@éqcﬁssoﬁoripﬁé’amg
unsat ur at ed aBhylduifride frofprbpgeaqueous stream -3 f) recycling the gas
stream E into the dehydrogenati on zone. In a process step a), the al kane is
fed into a dehydrogenation zone and catal ytically dehydrogenated to give
the correspdMeihage flundribat thiskebjezt ¢ aohidved byed pabi:esls Soif prepiufiey Mrisanessd
according t t 4- n and preference is
given to prglﬁ)tgnh]eg fgd}%ﬁ%sdgg]%ggorn 11%1321‘?&1'%%%&%%3&1%0 )P”k%gs tlé’%t %P?‘ne for exanple,
fromLPG (liquefied petroleumgas) or LNG (liquefied nat ur al gas). Al kanes
may be deh oge t I e

y be quE g rf@écﬂﬁ’g th JhikGnd iﬁ%‘d‘ g Q¥h>§?§%¥%§ﬂl %@y%ageaa@apﬁf&a Ver b/ Vv

Oxi dati ve al kane de (zrdr ogenat 1 on C or exa
ni xed oxi de cat aldfBYdogenatag He; %’&Peltﬂ tlwsf%rezwds%allseneo%}btwe pedutysts at

tenperatures of fgra@mr&Qﬁ)At @hﬁﬁ@&r@ﬂdesahkamen@Qmeﬁmmamhe hA®@Pbskibly 0 20%
as described in WO 00/48971.. Preference |seg ve arr%/ gpout al kane
i Cd“éﬂ%?‘o

dehydr ogenat i on £9°2T AR SRitheIt8as SORRPITNY &R UPorPSHEHPE Of nyol ves
parti al | y dehydr cganmthydggeheasiokaxédes nhyalretaltyohs digeing tailoger b@hhgpom‘ver a
dehydr ogenati ng j K T hydr on results,
as el | a5 hydr gtk Ahh8 Pt Bkene (Bl kg G EGMARIROPMCL, Lor 1 ng
hydr ocar bon as cracki ng product of the al kane V\:hl ch, in the case of propane

dehydr ogenaty)on ipqtadf@gntiali eSS HIR! Brth@B LA SnpSeh B&R% ga
Dependi ng otr?)the ade@%fé‘glgngtrf %t (r)t %ar bonPOX|§2§OIﬂnﬂeeﬁr %Nater and

nitrogen may al séUB 8hte 4 esrgaaaté%%%wm%wrﬁ%? etq{léangmpg

dehydr ogenati on. alkenaddi ti on, unconverted al kane is present in the product
gas m xture. The catalytic aI kane dehydrogenation nay be carried out with
or w thout oxygencontaining gas as a co-feed. Catal ytic al kane

dehydr ogenatc) on rfesding therfeed gad irdam Baamimodiagan ousgemgccmlainimg@as endtipes and
met hods known fr Qe shahPintéfah - x’fdaﬁ@ﬁ%@h@tahﬁ ec'a%ﬂ(fc 1cY1’21n etﬁg ription
of dehydrogenatlon processes use accor ent1on

contai ned in " Catfepeite 45 corigapnsing ‘W%‘i“%c‘l wikilgde |gV‘é’ ?{Eﬂﬁ’?wtcﬁjéﬁﬁﬁfbn and
Alternative Dehyctr Osgmentwwipri%emﬂesmSatuﬁaﬁtduelﬁnmurﬁmﬁoﬁa&?orp@ -pES&Rts, 430

F Dr Mount -4 A f ul
rggg}tjz?ntyplevss t%gg?\%;{tgﬁ ?'}Eébd ﬁ%% aitugei’gt%}d Psﬁ%eorﬁuﬂﬂllﬁogleeg{f‘thﬁ galsﬁs'?hgse

reactors, the cat@)h;mner(tdehlycctﬁ(bgmmatﬂna)growatcamylsmnganﬂstemﬂneoeygmygmmons used
as cof eed, opt i onglideé, AnRBRG! fﬁ'u'o fBs catal yst) is disposed as a
fixed bed in a reacl:tlon tube or n %%% reaction tubes. The reaction
tubes are customarily indirectly heated by the conbustion of a gas, for

exanpl e a hygjr ocajphenalft fdindngrainhahea fﬂofh tﬂé%@ﬂﬁ&egﬁ%iéﬂﬁrﬁlta%%@@ﬁp
reaction tubes. It is f?\/g@ lale cﬁo ag s indirect formof heating only
to about the fir AMBHIAGCBEHRIPOLYCEESS esﬁ%?li’? the fixed bed and to heat the
remai ni ng bed length to the reqwred reaction tenperature by the radiant
heat rel eased in i on tube
nternal - d et orcigy e hE ndioalad H5EE 43 %hRGyarst BEBRERRFIRe: 'or

t ube bundl e reactrspduchgpy steaam Crcmﬁ éb@hsoretw mcanla@m@omseahsmb@nt toupesa The

i nt er nal terrperat%agetrban@@hrcﬁ%mpﬁaestmeﬁvered%%eraﬁa laént And PEssigpge from
300 to 1200C, preterab g %ﬁ}l e range from600 tq 0C. The rkin
pressure is cust GHErIIYOwEr @@SFBHEOB%{FS Sgletel BRM (Pe QR qonsHting Iy | when
3 ﬁ rrgl | steam dl) Idﬂyganlcaﬂ)onmdieg Sdnfiinbmih, AiGogdicarld bk fIses aas Sﬁ @tweﬂfu@pane
ehydr ogenati on ar_e rom3 t a am

used (simlar to Sttrﬁ%msngﬁ% QEHES ﬁb%?%#%éwﬁ téle%g'g{léﬁ% %Aé‘fggss aor
dehydr ogenati ng peapaneoithe botaurated hitRle frém plse #peowd smamCo see US

4,902, 849, US 4,996,387 and US 5, 389, 342). Typical gas hourly space

vel ocities (GHSV) are from 500 to 2000 h-1, based on the al kane to be
dehydr ogenat ed. The catal yst shape may, for exanple, be spherical or
cylindrical hollow or solid). Catalytic al kane dehydrogenati on, as
described in Chem Eng. Sci. 1992 b, 47 (911) 2313, may al so be carried out
het er ogeneously catalyzed in the fluidized bed without diluting the al kane.
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 tenperature generally from

B T ] .



-5 be from1l to 20, advantageously from1l to 6, preferably from1l to 4 and
in particular froml to 3. The catal yst beds are preferably flowed through
~“radially or axially by reaction gas. In general, such a tray reactor is
operated using a fixed catal yst bed. In3the sinplest case, the fixed
catal yst beds are disposed axially in a shaft furnace reactor or in the
annul ar gapg) of gwyegﬁfﬂe%aaggﬂréarﬁgg ﬁ@lthgaélg,gm natftdf Jonkur nace react or
corresponds to one’tray rrying out the drogenation in a single shaft
furnace reactor corresponds to a preferred enbodinment. In a further

preferred em@@@tcﬁ&@é stefé a)c; thtefy a0y E0Rint® B deBydidgdnatén Bote 4nd catdlytRylly eact or
havi ng 3 ca does not enpl oy oxygen as a

t
co-f eed, 831?3)@3‘8&%“8??3&%”&39? ae%espgnvgg%%ggeed to internediate heating in

the tray reactor on its way fromone catalyst bed to the next catalyst bed,

for exanple, p h h b gases
or by passi r‘%\‘gﬂ?ﬁ}/e ?%? gqhét{a %z&h@gtap&%“gg %%?C? %% ﬁlgﬁ&g sgr ééflhr?‘hy
preferred er@ad&iumﬂmemfandrmefpre@cegssglamm giapgne¢ end rsebutrme rithieolajtert may

catal ytic abkagifiel el QGRAL 00n! 1P thiglerla BhroRUECLRFOFENGY (iiRakh! S end.
t he reaction gaslﬂfgtur t'he aI angigeﬁ'%?%ggna%ﬁ%n?rs a dF%T%ﬁa

adm xed mrtﬁaW%yﬁﬁw in at | east one reaction zone and the hydrogen
contained in the reaction gas mxture is conbusted, which directly

equi red  or ki araguEy SR e Sy el By oRichlie ot Rmgpdomn
required fo

characteristic of t he autothernal nmet hod conpared to mhat coul d be terned
an oxidativ g@h d p

ef fl uent gas. {e)\'%ogl(l}(%atr Far%gleﬂsogers?ra gore rréaﬁﬁgd]gﬁt {D ﬂ{,ﬁg |t| es of
free hydr ogemxed roxgtsneatalystSt%ed@ﬁqah@d iy B 440, %@gerw@ohh@r r:ﬁtaigstgaaé added
to the reaCttérH%br%?esrBfﬁé}h%ob%%@é@ﬁn& RIGHE Bokvef@dnd Hedoth @ f3eRI% guantity
required for t de ﬁ( genatlon of the alkane is generated by the
conbust i on GesEibed iy #8387 bsent in the reaction gas nixture and/or of
the hydrocarbon present in the reaction gas m xture and/or of the

hydr ocar bon ese in the formof coke. | nera t he overaL yantity
of “oxygen adiBETEg da Esh [ sSEAPE o dliee | PrgEREHRn atne PP RidaE 0. 001
to 0.5 nol/ rmlalytpr@admaeqatibnoﬁhis igogvesopadtidlyndehydrsigenatimgghp nlkfane &bhy from
0.05 to 0.2 fp, H?énatl X%%rn@%r &l & Hro%@naﬁﬁinge&tﬁfst RYT, eofh\égeﬁlaen%r TRLSe as

an Oxygen contaln In a mxt UI’ ert ase Pref erence 1Is gl ven
to using ai rdehiédrf’&@aﬁ?%‘e%‘lté’o%ﬂ‘&?lhﬁhby qgen, yhg Wﬂ%gégmalhau@rﬁélegas es

resul ting frognowesi h}@%@ﬁﬂﬁi@k'dr%kmmd@ctaﬁ@hd éﬂﬁﬁkﬁJ wﬁilchtrhltﬁélca%e%f
t her ef ore suppor (tlr})g, het ero ene catal ed d dro natr he
SR"I“Sd %

hydr ogen co dEgRgURe ! &r 8 QPQFyt.c
al kane dehyd)&pgednagrqmntharﬂithgdmgermnyn Imwhmge:arbmdcbmdasr(élo ﬁ@ﬂdwtetr antihe
reaction ga ur, T. S phe such
t hat the HZ?B%&%%]I ffa yra?ltirﬁoq?é{rjlIrHT e trggc[ywugg mfﬁ)ﬁ(ﬂtu?% ‘F‘rrrredr at )eé'lu{/é%gfter
t he oxygen |d§;hr@eg¢rr@tlp§ It gddition.ounaenygst anq js piesentsipaige prededt #as, this
applies to exgeyel Nt er medi at e oxygen feedpoi nt and any internedi ate

hydr ogen feedpoint. The hydrogen is conbusted catal ytically. The

dehydr ogenati on catal yst used generally al so catal yzes the conbusti on of
t he hydr ocarBenstait aikaiey dehygeogenatidn may Ye casiedtduatvithnorpwitinait pixggem

addi ti onal d on catalyst is necessary. In one enbodi nent,
operation i S&Q%@l&% é%da g("lf%gete%r esence of one or nore oxidation catal ysts
which sel ectively catalyze the combustion of hydrogen to oxygen in the

presence of dyglyQE aKARD ehyHoSzen it ahi o0 %mpredreoeﬁﬁapaa Wi Ogﬂalr)réﬁ%@ to

glve CO and C02°on]ly occurs to a m nor exten has a st nct
positive ef f¥RSS & medhads| krawn, ifoms ¢hea pRPE 9B 4 GPMPRRUNEIX SABRTENeRsiFon. The

dehydr ogenatde@m;ﬁﬁinad)ﬁ/@éhyamgeﬁdmnoptb&agdsqrse@ Eﬁc&brﬂﬁlﬁg tartﬁe REEhEORR WsPr esent

in different gi%é:tlonzé)gl %g\eg{ hebléeactlo§ car gout in nmore than

one step, t OB of-Aalylgals H‘é{‘? YVHY ¥k e ! aH YOREenaPn @#hd ¢ han

one or in alAltérhativee Dehydmgamntios . Pricabas’ efbtwldyi Nugmbcemll% ODs pl®9Bng30he

cat al yst whi { ydrogen at the

| ocati ons V\hlielri]%l&%here ar dﬁﬁ%gtgré%%%%ﬁba%@ 5%?eg§@5es t han at ot her

| ocations in the reactor, in particular near the feedpoint for the

oxygen- cont ai ni ng gas. The oxygen-cont ai ni ng gas and/ or hydrogen nay be fed

in at one or nore |locations in the reactor. In one enbodi nent of the

process according to the invention, internediate feeding in of

oxygen-cont ai ni ng gas and of hydrogen occurs before every tray of a tray

reactor. In a further enbodi nrent of the process according to the invention,
neterrng |n of oxygen- contarnrng gas and of hydrogen occurs before every
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For exanple, all dehydrogenation catal ysts which are disclosed by WO
99/ 46039, US 4,788,371, EP-A 705,136, WD 99/29420, US 5,220,091, US

--5,430, 220, US 5,877,369, EP 0 117 146, DE-A 199 37 106, DE-A 199 37 105 and

DE- A 199 37 107 may be used according té-the invention. Particularly
preferred catal ysts for the above-described variants of autothermal al kane
dehydrogenati on include the catal ysts according to Exanples 1, 2, 3 and 4
of DE-A 199 37 107. Preference is given to carrying out the al kane

dehydr ogenat Biefalyeasier types%ﬂ@eﬁwgt@déabﬁ regefer of abmbaadisdeader, &g these 3 heat

carrier andy&ieRROrthe chﬂa@sgéﬁhirdxﬁ@édaﬁﬂn QBtansgé'ﬁH thii%)@;%jzg’ne% iORscphalpst s,
whi ch count e%eg];:ts car oni zation_ of .t he cat bStS and ncre@‘ses t he onstream

time of the éPPS}g‘?al YTh PR OXi 8’§|°[‘1Ea¥§ els BRPETT 8% 2t 5redaPeol Fronoxi de
and carbon deaxbnleubeldreinde binsitlo 9 Raiction nbat allksteattioh tubes aganstoaiaidy by

met hods known e, For nsta amc n be adde tot e reaction gas
mxture o ey Ml 3y bR Siop R RS A0 RIE § v b e SR e a o ver
t he cat al ystmd:oMcatn &ieespacaawrrcmnﬂmlgahm reactionl tubiee. Iﬂe&pwlor@&b taappdy thasir nt
off. The de@ﬂ(ﬂfeggfd?ﬁtéﬂ%aﬁﬁ%%%fst&_aﬂmt DRk 28 t6 S%C(ﬁqh [En th of the leed

hydr ogen- contai ni ng at he al kane ehy ena

carried out bs¢ anddo éxeatctbptre@alsnngequohnaésterthm@ﬂunrﬁ trmuy@ttemner@t@rqabm i shed

Ger man pat efhe AiaRint ﬁeétlreteasl%dmzheléou%s%%fftnmm@ h@Ath@neugtehw tegattﬁltﬂuga gi ves
a product ggs m xture ene %bg unconyvert

al kane, conphieEsd é"’é’&eé?faaﬂr‘il%if’é‘hﬁg%n{osto & n&r%’lg%‘c e’%%‘r?ﬂo‘HE?tt s

ihncl uFIe hy drbagéle, reﬂﬂbﬁl’comphﬁe’soﬂeﬁt alﬁﬁt(am)d tGOZO(Imck:aahfo tlibedr Tharihensl \)I\:hi ch
ave | ower n | an .t.ne .a e_al

Which, it AgpbBGrOR B Teldian (S i8R NBe M e e 30 30O R TRPLS

met hane, et hmﬁerabbdmettlh emeafsomr@enp ri@OQ‘t(dewt worktrrg priessuce secusfommagput ane

dehydrogenatft&hg POPBRC S egﬁamgﬂt?omhre b&, %en %'str?dﬂestm dfth3h h%sﬁa esent

as cracklng pro uct s sition o gas m Xture | eavin
dehydr ogenat(Fighlas taHe Tiade B@C%SJHII propae %?@weroaewélﬁa) 19 cbsg froge 3 16 8 bar
geﬂygr Ogenatwm t EQ?@anEﬂﬂutid]ﬁisﬂ?@& (sitilgntot ﬂéte sgagﬂi; wurvedemhﬁtghﬁbéah

enydr ogena Wi e | no 0X en an aadl en_|s
o e ont SRR bofenst For it kg Crafase ot Sl BRO RS Ghg
content of watdiS aRD2BH0DAIS 6096387 dult HBAS 380,34 uTypiealdgasghourlyospaoxygen
Wil provi deyeg, ﬂ%yﬁéﬁggza C’t}omr %%Cto %ﬁp”k*t B %dAoHat’ﬂe”au&n&%p%at i vel'y

hi gh hydrogen conte onari pressure of -9
from 0. 3 t o debydraeensird. flhe gatahyst shaae trecrp@tr@mmeleobe fpericy arxybadrigap (
favorabl e caggipwldradlidgp0 to 800C. In a process step b), the further gas
conponents ot her than the al kane and the al kene are at |east partially, but
preferably al nbost conpletely, renoved fromthe product gas stream A. The
product gas Gatalgacmlkraae/kialgydtrdmnMds dgenibded om Cheme EnpySdie192parét @d i nt o
two substrea d e . Subj qto the
further proce ?m%?b SOO&? le& Bﬁ:trltle cg%%glg an\% l:ill?}h{al‘l‘%zé(:,E)gecond
substream na"ylﬂnfelt rdsleyiag dbe @llqae@t]t yiS mdmtagfreusmwmrg@etm floidizedrlecds However

preference igarglieyesr tvﬁlcﬁtthiee@tgeﬁ&anhen eﬁe pfo%eﬂe&wﬂge%a%l qhe Wp@%ﬁ% gas
as product gas stream

streamto the further ss steps’ b
one enbodi nefEssye ’csh'é(P’ﬁPﬁ}Sg@@ acteot B?rméhq gelmqléogcmtéq& FCHPP“WF&C“F?J Ve rmved
first. The vfarars50e 61)5)°Ceflrbe/ﬁéat ré@mreaxﬁrrmtheedeti@mogem:msm ﬁgtr@lﬂcecﬂ)yntoool i ng

and/ or corrpr SSI the r tiQ S strea

carried out ﬁrg 1°8r ﬁge o%rfgﬁ?? nﬁrfﬁ?o‘{egx(gr ‘?”g@g?n : g]é%stge\ﬁgﬁ¥’ removal
i s cust omar i teynperature.eWhentanvixygen-bentaihlogne- fsbecﬂaysjaalrge&nd,t iton possibjate ided out
aut ot her mal | y;, ut'tﬁea;géﬁéa?e@ At to' g&kpﬁé ’(?é 1 Weh daf Qe §D R rSLREM

(simlarly to e or ocess rogenatlng propane) and
consequent | ySYtS'ﬁél BV%“S@% %tﬂYé&ﬁPh(%’d@ftﬁfghy agbons okt thet preseney Ofr enpyal
of the furtheiys@df iR ERHdEohiRhtdlAg cb-Medahkparidlf bk admiiedom t he
product gas streantnay be carried out by customary separation processes
such as distillation, rectification, nmenbrane processes, absorption or
adsor pti on. Cinelytie raliade déhytdhgehywtmogmy bentaaiededui fin tdherapr edetot. This

m xture A fr dro t] y after
cool i ng, goqi’lxﬁrﬂ%f %né( % Sqog Ci;cesg a%)?sltqbg@s% T%g n% fbglg })fegatal o8 begyﬁ’{ah/r ough a
menbr ane, generally |n the forntof a pipe, mhlch |s onIy perneable t oward
nol ecul ar hydrogen. If required, the renmoved nol ecul ar hydrogen nay be at

| east partially used in the dehydrogenation or else be utilized in a
different way, for exanple for generating electrical energy in fuel cells.
The carbon di oxi de contained in the dehydrogenati on product gas stream A
may be renoved by COZ gas scrubbing. The carbon di oxi de gas scrubbi ng may
precede a



- 10 separate conbustion stage in which carbon nonoxide is selectively
oxi di zed to give carbon dioxide. In a preferred enbodi nent of the process
-raccording to the invention, the al kane and the al kene are renoved fromthe
noncondensabl e or | owboiling gas conpofents such as hydrogen, carbon

oxi des, |owboiling hydrocarbons and, if present, nitrogen in an
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The catal ytic anmoxidation is carried out in a manner known per se. The
ammoxi dation is customarily carried out at tenperatures of from375 to 550C
*-and pressures of fromO0.1 to 10 bar at a nolar ratio of anmonia to al kene
of from0.2 1to 2 : 1. Useful catalyst6-are known to those skilled in the
art and described, for exanple, in W95/05241, EP-A 0 573 713, US 5, 258, 543
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gas stream The unsaturated nitrite is recovered fromthe aqueous stream
obtained in the absorption stage by distillation. For exanple, in the case
of acrylonitrile preparation from propane, the aqueous streamresulting
fromthe absorption stage may be separated in a first distillation colum
into a top stream consisting of crude acrylonitrile and a bottom stream
conprising acetonitrile, water and high-boilers. The crude acrylonitrile
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-15 W claim 1. A process for preparing unsaturated nitrites fromthe
correspondi ng al kanes which conprises the steps: a) feeding an al kane into
*-a dehydrogenation zone and catal ytically dehydrogenating 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 ected frepgd togIGUJ(BD(FHh,S;SgéfeHWy RbmSA®RD 1*6yovoq99,|%aséaaarp@@taﬂe§ngﬁ e

hydr ocar bons having a | ower "boiling point than the al kane or

(1 owboi | er she dehydreggaatednd nobl e gases, b) at |east partially renoving
further gas conponents fromthe product gas stream A to give a feed gas
stream B whi,.ch co i ses the .al kape .and the al kene, c) feedi t he feed gas
st ream B, ammfgrng%ﬁa@i)%e\@% MEECHYHY FRYZRTthe Forg 'éf’lt]to@d?Pg‘ﬁ’gW‘i‘ nto an
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fromthe gr qyple GRARIoFilaR6Bh gRAPAII PDHERL PERIIAOTaE! des, amoni a,
nitrogen and nobl e gases, d) “optionally renoving ammonia fromthe product

gas stream C to give an ammoni a- depl et ed product gas stream D, e) renoving
t he unsat ur gheddéhytifdgbRatnd canlyei Gl 9endMiPMaddcd SuppmdnieaPrRdvet gas
stream C or D bg.absqbgl on in an aiﬁeOES absor bent, to gi.ve a %gs E%r eam E
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feed gas stream B cqonsjsts essentially of the al kané and the al kene. 3. A

process as CPePicAlIMXed-phases pugt a9 magheumnAPHRHR ke g AHICT YJHRp a))
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3, wherein, jn step. he..produc as .stream A.i.s_braught .intpo cqgntact
W th an 1 neriitgl SGRidhand REGRUBEHERRS I LOEED BikSiet R APReabR fatine
al kene are abdeilibenidivgidehe i nert absorbent to give an absorbent |aden with
t he al kane and al kene and an offgas stream conprising the remnai ning gas
conponents, and the al kane and the al kene are rel eased fromthe absorbent
in a desor ptih§ricliyagempesition gt Hedehydrogenationedtalysty penerally, COpRISs Pn¢ he
absorption sfagere slepieatededrdayitionWeogp VEIfatheOPefiddit OTabld. phfdaKlIgess as
clainmed in a?%. of clg}ms %l t.0 5, wherel ?ﬁr i.n sfﬁg d), aﬂT%EI@_ S E.ermved as
armoni um sulPtAPEM,Andier  BHTadl 0TS (PYEfRRRLY o Rlafjhus “Thg, dghydroeenation o neq
in any of clcaialwtsjmay)ﬂﬁ';hewhemptisp oﬂaeqlambmdeinqusro_rﬁpmie graupel alddenB of s
propene and i he HRGR! T'ﬁlﬁé,egre%rgﬁlbtfothﬁi&? FHRR Ldstn: The dehydrogenation

catalysts may further contain one or more elements of transition group I 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 II 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 11, at
least one element of main group III and/or IV and at least one element of transition
group III including the lanthanides and actinides, of the Periodic Table.



8. A process as clainmed in any of clains 1 to 7, wherein the al kane is
| sobut ane, the alkene is isobutene and the unsaturated nitrite is
--methacrylonitrile. .Als.AL.A .Au .Aa_. A 9. Au .A 9. A AU A3 A.A9. A3 AA
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steam. The steam added serves as a heat carrier and supports the gasification of

organic deposits on catalysts, which counteracts carbonization of the catalysts and
increases the onstream time of the catalyst. The organic deposits are converted to
carbon monoxide and carbon dioxide.

The dehydrogenation catalyst may be regenerated by methods known per se. For
instance, steam can be added to the reaction gas mixture or, from time to time, an
oxygen-containing gas may be passed over the catalyst bed at elevated temperature
and the 'deposited carbon burnt off. The dehydrogenation catalyst may then be
reduced in a hydrogen-containing atmosphere.

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 under a pressure of
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from 0.3 to 10 bar and frequently a temperature of 400 to 1200°C, in favorable
cases from 450 to 800°C.

In a process step b), the further gas components other than the alkane and the
alkene are at least partially, but preferably almost completely, removed from the
product gas stream A.

The product gas stream leaving the dehydrogenation zone may be separated into
two substreams, and only one of the two substreams may be subjected to the further
process steps b) to f) as product gas stream A, while the second substream may be
recycled directly into the dehydrogenation zone. However, preference is given to
subjecting the entire dehydrogenation product gas stream to the further process
steps b) to f) as product gas stream A.

In one embodiment of the process according to the invention, water is removed
first. The water may be removed, for example, by condensing out by cooling and/or
compressing the dehydrogenation product gas stream A and may be carried out in
one or more cooling and/or compressing stages. Water removal is 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 stream A may be
removed by CO; gas scrubbing. The carbon dioxide gas scrubbing may precede a
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give carbon dioxide.

In a preferred embodiment of the process according to the invention, the alkane and
the alkene are removed from the noncondensable or low-boiling gas components
such as hydrogen, carbon oxides, low-boiling hydrocarbons and, if present,
nitrogen in an absorption/desorption cycle by means of a high-boiling absorbent to
give a reaction gas stream b which essentially consists of the alkane and the alkene.

To this end, the product gas stream A, optionally after preceding water removal, is
brought into contact with an inert absorbent in an absorption step and the alkane
and the alkene are absorbed by the inert absorbent to give an absorbent loaded with
the alkane and alkene and an offgas comprising the remaining gas components. In a
desorption step, the alkane and the alkene are released from the absorbent.

Inert absorbents used in the absorption stage are generally high-boiling nonpolar
solvents in which the alkane/alkene mixture to be removed has a distinctly higher
solubility than the remaining components of the product gas mixture. The
absorption may be effected by simply passing the dehydrogenation product gas
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 Cg- to C;g-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;-
Cs-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
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useful absorbent is a mixture of biphenyl and diphenyl ether, preferably in the
azeotropic composition, for example the commercially obtainable Diphyl®. This
solvent mixture frequently comprises dimethyl phthalate in a quantity of from 0.1
to 25% by weight. Useful absorbents also include octanes, nonanes, decanes,
undecanes, dodecanes, tridecanes, tetradecanes, pentadecanes, hexadecanes,
heptadecanes and octadecanes and fractions obtained from refinery streams which
have the linear alkanes mentioned as the main components.

Desorption is carried out by heating the loaded absorbent and/or depressurizing it
to a lower pressure. Alternatively, desorption may also be carried out by stripping
or by a combination of depressurizing, heating and stripping in one or more process
steps. The absorbent regenerated in the desorption stage is recycled into the
absorption stage.

A feed gas stream B is obtained which comprises the alkane and the alkene and is
substantially free of the further gas components.

In one process variant, the desorption step is carried out by depressurizing and/or
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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products resulting from the dehydrogenation, for example the low-boiling cracking
products of the alkanes to be dehydrogenated, firstly has a positive effect in the
subsequent catalytic ammoxidation on the stability of the catalyst, whose onstream
time is increased. Secondly, by-product formation, for example the formation of
acetaldehyde and acetic acid from ethylene, is suppressed.

In a process step c), the feed gas stream B comprising the alkane and the alkene,
ammonia, oxygen-containing gas and, if desired, steam are fed into an oxidation
zone and an ammoxidation of the alkene to the corresponding unsaturated nitrile is
carried out.

The catalytic ammoxidation is carried out in a manner known per se. The
ammoxidation is customarily carried out at temperatures of from 375 to 550°C and
pressures of from 0.1 to 10 bar at a molar ratio of ammonia to alkene of from 0.2 :
1 to 2 : 1. Useful catalysts are known to those skilled in the art and described, for
example, in W095/05241, EP-A 0 573 713, US 5,258,543 and US 5,212,317. The
ammoxidation may be carried out in a tube reactor which contains the catalyst in
particulate form and is surrounded by 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 : 1to 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.
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In general, but not necessarily, the ammoxidation product gas stream C also
comprises oxygen, ammonia and frequently also carbon oxides. When operation is
effected using air as the oxygen-containing gas, it comprises nitrogen and noble

gases and, when operation is effected while feeding in steam, also comprises
steam.

Optionally, ammonia may be removed from the product gas stream C in a process

step d) to give a highly ammonia-depleted or an ammonia-free product gas stream
D.

In one process variant, a separate ammonia removal d) is effected by bringing the
hot ammoxidation product gas stream C into contact with aqueous sulfuric acid in
a quenching tower and thus washing ammonia out of the product gas stream C as
ammonium sulfate. This gives an aqueous ammonium sulfate solution which may
comprise dissolved unsaturated nitrile and also ammoxidation by-products. These
may be stripped out of the aqueous ammonium sulfate solution in a downstream
vapor stripper using steam and fed to further distillative workup.

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 e€) 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 aqueous
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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When the product gas stream from which the unsaturated nitrile is washed out by
the aqueous absorbent still comprises significant ammonia quantities, because, for
example, there was no ammonia removal d), ammonia will be at least partially
dissolved in the aqueous absorbent by the formation of ammonium carbonate in the

presence of carbon dioxide likewise present in the product gas stream.

The unsaturated nitrile is recovered from the aqueous stream obtained in the
absorption stage by distillation. For example, in the case of acrylonitrile
preparation from propane, the aqueous stream resulting from the absorption stage
may be separated in a first distillation column into a top stream consisting of crude
acrylonitrile and a bottom stream comprising acetonitrile, water and high-boilers.
The crude acrylonitrile obtained as the top stream, which in particular also contains
HCN, may be further purified by distillation. Pure acetonitrile may be recovered
from the bottom stream by distillation. The workup in the case of methacrylonitrile
preparation is similar.

Finally, the gas stream E, which comprises unconverted alkane and alkene and may
comprise 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.
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We claim:

1. A process for preparing unsaturated nitriles from the corresponding alkanes
which comprises the steps:

a) feeding an alkane into a dehydrogenation zone and catalytically
dehydrogenating the alkane to the corresponding alkene to obtain a
product gas stream A which comprises the alkene, unconverted alkane
and possibly one or more further gas components selected from the
group consisting of steam, hydrogen, carbon oxides, hydrocarbons
having a lower boiling point than the alkane or the alkene (low-
boilers), nitrogen and noble gases,

b) atleast 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 absorpti'on 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 nitrile and the
by-products, and recovery of the unsaturated nitrile from the aqueous
stream,
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2. A process as claimed in claim 1, wherein the feed gas stream B consists
essentially of the alkane and the alkene.

3. A process as claimed in claim 1 or 2, wherein the dehydrogenation (step a))
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.



