;tue3eL6TVZ AS ORI G NALLY FILED Preparation of unsaturated nitriles from

al kanes The invention relates to a process for preparing ||mmmmmmmww
nitriles fromal kanes. It is known that unsaturated nitrI

acrylonitrile and nethacrylonitrile can pe prepared from the«ga¥ espondi ng
al kenes, propene and isobutene respectively, by what is known as

anmoxi datl onA)S I m L YSVRIR E’rm)nl al oxygen m xtu ence
of a suitabl e—ea%;g——%ﬁe—r—el—m!l‘—al kenes may be prepemymmm« ﬂ"’ﬁlﬂ@iedi ng
dehydrogenation step fromthe correspondi ng al kanes. For instance

amoxi dati on of propene gives acrylonitrile and amoxi dati on A0S obut ene
gi ves net hacHyent+H+e—H—gererat—a—rethy—substi-tuted—elefHHnr—yelds the
corresponding a, (3-unsaturated nitrile while the nethyl group is converted
into anitrile group. BEprepafatichioRidatlifiatdd MadledfidnPakaned OF Preparing
acrylonitrile from propane which conprises catalytically dehydrogenating
propane to give propene, ammoxidizing propene to give acrylonitrile

renovi ng acryl onitrile fromthe product gas st ream of ammoxi dation and

I t ed d t t
Gehydr ogenat AR IAREeh RISRO0 B %S SPGFIRFFE LoehBHed AL S SHTLKERES: st eam
of the ammoxidation, the hydrogen formed in the dehydrogenation is
sel ectively ?thm%lﬁ(éh%%%uﬁ@ﬂgﬁﬂ 1&"5%511 aha [oﬁﬁhl a{hdclﬁétﬁlaéfzfon}tﬁlegdaﬁe
wat er, which l'eaves a i rsi unconverted
propane, propemecparesy ﬁ@m tbmca@ssmndnng@lkemgi,mr@@nh;addommngesmm@ly,r enoval

?L a sub- S:"B?%ﬁﬁdlsrwl (rajﬁ( &rém&flﬁ&mﬁebfgﬁé HIkeR&NRing né{ﬂl FAHQR%A di'ﬁok heIrOm
is gas streamis.r cled into ion_ste i sadvant age

of this procBUSurQinthePreseice p & uipble G t Thige Rmaias BARY oF Bbe@ﬁ%;—?i onin
t he subsequei a preceding déhydrogenytidrestep fromtthecdrmspmidimgalkdnegxpl osi ve gas

m xtures. The by-products resulting fromthe dehydrogenation also restrict
the onstreamtine of the anmmoxidation catalyst and | ead to wi dening of the
amoxi dat i onFoy instasde.cammpridatiemp! prapene gives taciydondfnile b emmyixiddtienmiesent

i nvention tols}BBQEéh@'@lv%‘xﬂeEH%EBr‘fﬁﬂtrﬂé 9 §eferhlOh n@il%ﬂ%ﬁbd?ﬂut@&&é‘fﬁ%élﬂé {h% from
propane. W have found that cﬂ#eCt i.s achi eéved roce%i}rg

prepari ng unSeHEPEREAE ¥ Eiwumﬁaégratefi rtlﬁévl%rth%sr&éb»&gﬁalpawk%ﬂvégﬂ
conpri ses t haitfileafisup.

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 hydrocarbons. 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.



a) feeding an al kane into a dehydrogenati on 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 selected fromthe group consisting of
steam hydrogen, carbon oxides, hydrocarbons having a | ower boiling point
than the al kane or the al kene (lowboilers), nitrogen and nobl e gases, b)
at least partially renoving further gas conponents fromthe product gas
stream A to Yi isean dhiee (gfaglespneeqm iBvestiophtoc prayides ag intpeovedk preeessntbrt he

al kene, c) fﬁgg&ng%&ggohﬁggfgﬁ§ pRjpa@m B, ammoni a, an oxygen-contai ning gas
and, if desired eaminto an oxidation zone and catal ytically
anmoxi di zing the al kene to the correspondi ng unsaturated nitrile to give a
product gas WdB@mf@uﬂmﬂﬁlhtlﬁ@ﬁ‘@]kbﬁi@&clﬁibﬁewmsabw&is?@r Ptdp@j‘ihgunmmﬁéﬂdati on
by- product s, % one or nore further

al kane and al kene, and
gas conponentURERRIE! BE cpPewittet dkalls ChRR PERPRES B sl oxygen. car bon
oxi des, ammoni a, nitrogen and nobl e gases, d) optionally renoving annonia
fron1the progyuct trea o] % ?&gg e e r
stream D, e)grenng%ﬁg%tﬁg E%%g%uﬁg%e% %&h agﬁggazgﬁilﬁgflﬁﬁﬂﬁé p oducts
fromthe product gelydsegeaatingthealkangio i serpiposding glkgac tyokiaing pderibent to

give a gas streanmgfy swrafhA GEHTEHK bcﬁﬁﬁrﬂéﬁ'%ﬁl%ﬂeeﬁh@hk@}ﬂ@ Akhe Al PoSsiBIHd
possi bly one or nore furthﬁﬂﬂgas co onents & t ed fron1thgﬁgrou

Ronsi Sting of oxyaHOF EIK BEL ERReOMBIHEN SHC tiogy 7 AP AOBSINg & es, and
an aqueous str eam;mbmphydrogmnr cabsn bhides) msaioumbmjhawﬁga logvea ibdilingepoint

by- products, and e gueous
stream -3 1) réha%g?{ £l¥a Oerttgeg%lﬂéfe?de Eﬁgrnij ik %QES‘I‘#@%E%S% on zone.
In a process step a), the al kane is fed into a dehydrogenati on zone and

catal ytical | g deh)iﬂ[e@ 1{5@%1@113& Fn@iNe flrbRer (‘g(aé rc@ﬁ@@ﬁ@itsﬂﬁoﬁi BRNBrodd¥tkare

starting rraterl al s roce accor the i.nventi n are eneral |y
C3- C, 4- al kanes, aﬁtaeaﬁ}é\r@r%wee fF%dS @ﬁ&%ﬁaﬁ%ﬂ@ws ta, ik paend

| atter may be Obtamﬁﬁﬂ for exanple fromLPG (liquefied petroleun1gas) or
LNG (liquefied natural gas). Al kanes may be dehydrogenated to give al kenes
by oxi dative dehydrogenation. Oxidative al kane dehydrogenati on may be
carried out, cfor éedmg tbe feedegasvream M, aeunenia,cca @agai-gpentaining ghssad) Bed i n
US 4, 250, 346 or OYEdirclll Sefrfilitoysd §x1ﬁ£1t15ne%ﬁrﬁiduéa@aﬁyt?éa\l/\ga%ﬂi&gguir% #@0C and

al kane conversions_of trom10 to 20% as describ EPA{

Preference is gi velkeRatoothe coirpponding ansatwated anyids @g%ﬁ%mp uglsgag stream

QOR SXI dative catﬁi WHII% de ﬂéé@gﬁi&ahmsaﬂ;raté'@lrﬁtrilﬂvﬂhﬂﬁildlaﬁbﬁItﬁyl-;bmducts
ehydrogenating the a n eactor over

dehydr ogenati ng C&P%ﬂ"g}’g% f&ilﬁPSe n(tahéﬁj( % 0?%8 dgﬂ?/d)lrol&% lf‘lng}'?rr%agul ts,

as well as hydrogemnpomentmwlémdrﬁbmouhecg‘rotm"rmrisisqugmtﬁstqaas oafygémwatbonl i ng
hydr ocar bon as Cr%ﬁ#&?Qmﬂﬁ@ﬁE?ﬁu en%ﬂ&n@ﬂ% ggﬁmhlch in the case of propane
dehydr ogenati on i ncl udes e, ane et hane and et hene.

Dependi ng on the dehydrogenation rret hod car bon oxides (CO CO2), water and

ni trogen nay dal soopgodileSRMoving zﬁﬁlﬂdhﬁﬁtfrcﬂﬁ&h@‘pﬁdﬁﬁﬁgﬁ gfeahhe @ Kidvan

gggyg:ggﬁPgtlon Lﬁmﬁ%ﬂLﬁqﬁgndpu>u&X§éE§£m9bka”e is present in the product

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 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,



The catal ytic al kane dehydrogenati on may be carried out with or w thout
oxygencont ai ning gas as a co-feed. Catalytic al kane dehydrogenation may in
principle be carried out using all reactor types and net hods known fromthe
prior art. A conparatively conprehensiveg description of dehydrogenation
processes used according to the invention is also cont ai ned in "Catal ytica

St udi es Di VI | on, | ve Dehydrogenati on
Processes” udy ﬁ%%ﬂ%%gﬁ% @%@%e&ﬁy%@?grﬁééﬁ& 've, Mountain View,
California, 94043 5272, USA). -4 A useful reactor type is the fixed bed

tube react or ;p§ pidéb& st?éﬁ"gl ﬂleraﬁ@aﬁteerdhﬁ‘totartféﬁ?dlﬁg%ft@ﬁ%onézﬁﬁ Gl i 4Ry
(dehydrogenat i on cat aI wher e oxyg nis Used as cofeed, optidnally a

speci al i zed XPEREeBHE &t&‘l"?gie)cof@sltﬂ“é% N%s a fixed bed in a reaction
tube or in a bundl e of reaction tubes. The reacti on tubes are customarily
indirectly h t he ustion of a xa hydr ocar bon
such as mot naTen sipHibe FefeHER R, R0 e Skl o BB Tl e epoigY
favorabl e toCa-ﬁpJ glkmmssandmnﬁewce is@ivangb phﬁancngitsnbwtanm”l“hbwfter tiag bei rst 20
to 30% of thgy, ﬁfggtﬁ)og BJ F ARG q1igdhddopdt mh I 6 %ﬁﬂd' ength
to the require % react i oxr{i1 enper at ur ecté)s he T ﬁﬁéalnt ré‘ﬁe)a re eas% n the
course of inBMHE¢EaYeating. Custonary reaction tube internal dianeters are
fromabout 10 to 15 cm A typi cal dehydrogenatl on tube bundl e reactor

conprises fr about 0 1000 rreacti o in nal t.enperature
o he”  eact Rokgy e b delufidusmaien S Eive ooy adstRe dEhGOR2SE0C
preferably in the range from 600 to 1000C. The working pressure is

customarily gyom.0. gle%aﬂe(‘ %eﬁﬁrogér{aﬁ&?% ¥e 85191@1 ]outt Ofo? eQ le\Me%t ool |

steamdilution 1S u go
dehydr ogenat mi¥gd oxide egagadysty @pndgseriped IBaUSwhé é4¢1|0§tPV§t Fﬁ G@tﬁlﬁﬁﬁsoﬁ is

gsﬁdd( siml ?tenipérztt{i&s oF ¢ 300 td@OO"f@f ég{c]lrﬁllllaﬁlemogﬁ?ﬁéfﬁ off: ﬁggpr@ﬁﬁw)& éastF
ehydr ogenatin ane o illips Petroleum see
4,902, 849, uée%ﬂgecgglsa‘g’% ‘g%éjﬁé 5,389, 342). Typical gas hourly space
vel ociti es (GHSV) are from500 to 2000 h-', based on the al kane to be

dehydrogenat g e RababYSh PARG SRV andl d%ﬁ@ﬁﬁ%m%eassg%r LG8

cylindrical ow or rogenati on,
descri bed i ncghlytic dehyfrogwmiation. oldgs blvoms patially dQ genatynsathscalltﬁee daeried
out het er ogegaisdenailAlagee ol tttehjdresge%ﬁ@gic&a?swot él%”thedélkéﬁé r'lglet he

al kane. It |s advant ageous eds .in paralle of

to
whi ch one i sdgfarigessnption esiliss a3 M@@@éiyaogﬁeg@ﬁg? gqrrreﬂon P amg auatttﬁ-a
pressure is by pvw-Bbiling hydivcdrbbe a? cﬂaakm tphﬁiudedsﬁ/tﬁé alkanaivhivh, incthipessatofr e

general |y {1 &50 40,8006, The, Deal, TEAULSA el R geepLlon |

i ntroduced i At & 'on Sys Sy Cprafe rogena Ion
cat al yst to Depending bndhe démde(rwnmtm mgihed, embm(y:géw ot @Olsbl, mpteranfleed i s

admi xed, it ?ﬁéﬁgect ggarse @9 e%é}RU‘int ARt € BRAtAlkn@Bd Al LIIBRE Akt NE
A

r equi red hea inth eactor s tem y .conbust|on of hydrogen

and/ or of hyd¢eEEegsy ring Wltmﬂes“@ﬁ@é’e&? g s preseplelsy thegproduct gas

hydr ogen- contyiktitddg co-feed nmay additionally be adm xed. Catal ytic al kane
dehydrogenation nmay be carried out in a tray reactor. This conprises one or
nore successive catal yst beds. The nunber of catal yst beds may -5 be from
1 to 20, advdhtagebuiclajkdneaichidrogendtion mefyeeadaijedf ousrwith onowithautdxygen-

parti cul ar f't:%lnfr{ as-as 236-f5af al yst beds are preferably flowed through
radially or aX|a fo%y reaction gas. In general, such a tray reactor is
operated using a fixed catalyst bed. In the si rrpl est case, the fixed

catal yst bed@a@dlﬁwjalﬁﬁ{bs&ﬁy%géﬁdtﬁénlﬂﬂa}al ctplé (113 Iaaeed roeaatlﬁg all l’read%rt he
annul ar gaps _ of concen i cgl in rlc I y‘g shaf t ]iVSié'nace r

corresponds PR PERO CYPIER f:q{n%reﬁ rﬁb‘tee shaf t
f urnace reactdescription @f phhytkogcmaaoxp pefcesseeds&inﬂmdrdmta theningerftiont ikelso

preferred e”’%p - {ﬁggt iélst“bfitaggﬁxngr ﬁgg?e%t U?ﬂmgﬁ Wl&dtﬁlg ﬁ'éfl dr8§( éhalibYadqeact or

having 3 cata t

co- f eed, theA@awweanla@r%e%@mrePrecew é%tuén Nembw 6t @ixt g9?§ea‘t3|0ng in

the tray reaglefiuséDrive, NYBMntﬁanWﬁbﬁrneaH@hﬁhm4MQ72 ,@8Ae next catal yst bed,
for exanple, by passing it over heat exchanger pl ates heated by hot gases

or by passing it through tubes heated by hot conbustion gases. In a
preferred enbodi nent of the process according to the invention, the

catal yti c al kane dehydrogenation is carried out autothermally. To this end,
the reaction gas m xture of the al kane dehydrogenation is additionally

adm xed with oxygen in at |east one reaction zone and the hydrogen
contained in the reaction gas mxture is conbusted, which directly
generates |n the reactlon gas ntxture at Ieast a portlon of the heat

o, o, g,



-6 The hydrogen conbusted to generate heat is the hydrogen formed by

catal ytic al kane dehydrogenation and al so any hydrogen additionally added
to the reaction gas m xture. The quantity of hydrogen should preferably be
such that the H2/ Q2 nolar ratio in the rgaction gas mxture i rmedi ately
after the oxygen is fed inis from2 to 10 nol/nol. In nultistage reactors,
this applies to every internedi ate oxygen feedpoint and any internediate

hydr ogen feedpoint. The hydrogen is conbusted catal ytically. The
dehydr ogenat Aoweﬁmraao;@ttypg@ g éied hed jubgireastaraardnesbundiecactontdndhesen of

the hydrocar ﬁtaet%r@@&- Stalpt a0 Ao PN L PR 98, Mié&% de)geEH isn&b@he ap

addi ti onal e@gl al Lze oxi dat j.on catal yst is necg{’l§ é I n_one epbodi nent,
operation is f%P,tfcg’& Vi fH?@labFeéjs%’Hé%“%’f casplgsthis fHsPesel s dafixeshbediitpy st s
whi ch sel e;:t F]eaeﬂlon amabairyﬁa Bdmdlecﬁﬂﬁéhlﬁidnqlilb@f Thgdéa@ﬂ&ﬂil tit@s @wﬁmbmz&ﬂyhe
presence o a stl n roc ns, wi t.h oxygen to

B ve 00 and WEDERI hAIRE by BT o PR oPd o O Stk et S

positive eff ewthaoe inlbe spicecuiroinding thectehetioadubest It isdavdridaco applydhison. The
dehydr ogenat j iyt b e Mﬂft@%o@aﬁﬂeqﬂs@ﬁ @1 3094 ofihR 1&1@& 6F il kel esent

in different_ reaction zones. reaction is carried out In re than
one step, thBebIGH heh t%feaw@pg M A tp FeDerTEqyiFPdoiasHOPHEMPERMEBO¥ t han

onte f)r ltn \Azlﬂhﬁtﬂa@laﬁtel?&t relméase@{hetihe cbiireé 6fﬁﬂﬁ@cdtllﬁaﬁh o/ Eustopnaly m@ﬁd)r?ﬁlb'éhe
catal ys IcCn S CclI Ve a X1 datl on. O n.a
Cocat ! ons whienghGamelery s G 200 4SS than SPiegl At RaRicH vbehe,

| ocati ons i nbudde rerocqmprrsepafrdm abbetr 30(cér 100@ réatidpaubds. flhe inteenal
oxygen-cont a - be fed
R e L T o s R
process accopferably dn threrange &iom 600 tq hQQQr tredhaperkiag grasgpre as eystomarily

oxygen- cont afﬂ@hﬁ@ls&@% B%ﬁldfr&{uehﬂﬁ ﬁ@»ﬁ?[\ t@QQialf SwiR@f DERaIEYBANM dilh8¥n &f ugedt r ay
react or. ﬂrt heF1 @b’ﬁjt% mantfo rocess rdin 1?Igo theé nventi on,
met eri ng | n dhc ANy °g5z£’§°p£ﬂ8 %P%bf’éﬁ P LB 8By er y
tray except when fal hlgh stearaydilution maseelr(bmdlalmmthe stednayetiveakfamspepioatssz ed

i dati f db
Cayer of ”déﬂ@é’é@ﬁ% o0 68 S RS A0 o Yt b BRI el U 0D Y e

oxi dati on casesl St 4,062, &ﬂ%s‘é-ﬁﬂ gwwméﬂrso@éﬁ%i’@n Typiepbeas bewly spageneral | y
from400 to %ag%est(@mw;e%w@omnsédﬂ%l Q@Go Gt 36a¥e°& olae%eofalﬁahe fof @

react or generally fromQ preferably from1 e GHSV
is generally ?}Fy&ﬁ?%éteﬁioﬂfo@éall‘ﬁt Sﬁap&ﬁaax rfo%‘?’ﬁﬁ"-pll%éa SBlbeé’rcélc ?ro"rﬁndncag\ﬁen up
to 100 000 hhollowbessidbly from 4000 to 16 000 h-', based on the al kane to
be dehydrogenated. A preferred catal yst which selectively catalyzes the
conbustion of hydrogen conprises oxides or phosphates selected fromthe

group consi sCatagytisf alkadedishydnogeratiophest descriifedga rhen. dimg. 8¢in 19920447 @-seni c,
antimony, | ”‘i’!}‘ﬁ@l@”% aﬁEWB@caf?leﬁ%E B@t@ro%éﬁéo%ﬁé%lta@ﬁeﬁ'd%ﬁe whigsRdarkal yzes

t he conbusti on’ of drogen conprises transjtion group VIII
or | of the P@‘ihPBHfi utirwot calkge. Hermyubvaragrous oo opgaln (e dluitiesd brdidnal |y

have a suppophraféld ofiRviael bie 1§@éﬁéﬁﬁllyt1hQﬂe MSSSUpf&géﬁer@tﬁIﬁﬁ ﬂsfeSopéfatmg

heat - resi st ant oxi de Oﬁ%@ﬁ k’ Z t}g h)?/(g at | on C%B é/st )
preferably cBTIEds ¥R byt e SNSRI, f sttt LEAY o

zi rconi um di (Li)omjéjo ] 6&0°6}<|Tdhe heail wqumdrftnﬂhddg:h}sllrcbgeoaimrdlsamrd@ced iintani um
di oxi de, nMagREs |G EFEI&QA{{H 0 hﬁﬁl%fgé oﬁxéa@ﬁﬁ%l ﬁﬁ:x&wﬁ%ﬁ

t hereof , as support. res m xtures or else chem cal
m xed phases tRRERAHE- ﬁ’é]g?r'i‘e%fl %E’&PGHP m%sz? dgp aéinﬁ@daltumpﬁﬁﬁﬁ‘i’léﬁi)d@ ni xed

structures. RrAgbef ﬂfedpﬁeu@mr hid w%bhla@tezme qeqmwal Héaﬁ)ﬁlfé@tlyﬁfiﬂ/tﬁé rédckdrcon
res o1, ZI rconi

di oxi de, and particul ar. prefe m Xt u

i oxi de’ and_ ST r RN 4 B e, BhSh ob SrPosibhe ime iR adthat i on
cat al ysts gengygdnl If desingat, a&gdrogmcontammrgecoeﬂeedrmaysdahhonalbzrm adngredyr oup VI 11
of the Periodic Table, preferably platinumand/or palladium nore
preferably plati num The dehydrogenation catalysts may further co r| se one
or nore el emSmatalytist alkane, C&hw{rggwaaﬁ@/wy Ihe edrrigdheoupepj ddray Tegstos, T
preferably pebRpfikdsbnnd/midre G8Sdetiive ddiflystarys r@andited f 6ahlgbiyseds nfa@y
further contain one or nore elenents of transition group |1l of the

Periodi ¢ Tabl e including the | anthani des and acti ni des, preferably

| ant hanum and/ or cerium Finally, the dehydrogenation catal ysts nay have
one or nore elenents of main group |11l and/or 1V of the Periodic Table,
preferably one or nore elenents selected fromthe group consisting of
boron, gallium silicon, germanium tin and | ead, nore preferably tin.




In a preferred enbodi ment, the dehydrogenation catal yst conprises at |east

one elenent of transition group VIII, at |east one elenent of main group |
and/or 11, at |east one elenent of main group IIl and/or 1V and at | east
one element of transition group Il inclauding the |anthani des and
actinides, of the Periodic Table. _g_ For exanple, all dehydrogenation

V0 591 20420, "o Eh 3, 78 Aafbnatall ItV 6. FdaflPeil’y 613 dan 120,
199 37 106, patigulapfronyl 1@8. Bheicaelyst beds ag7presrabin flowed threugharadinllyiorg t o

the inventi oBxjaffRmyi @it YasP e Lot A skt Akh$ tréackd is tdperadlioNEn g g Seleabed
vari ants of autot hl(par | .al kan includée the catalysts

ehydr ogenati o y
accordi ng t o Y& @sn?ﬁfh%%lmﬁfeéhﬁﬁsé té? %Eﬁé-?ﬁati §t befls prerdispassd @xglydnias gi ven

to carrying ehdft futgacelrne dtdhylt amabaigassof dontdripcisriticel @idsshedart The

st eam added rves heat rrier and supports. the siflcation of
organi c depo?l%fl %ceoﬁg%gflg?@gstpg fclg%vﬁﬂ §ﬂe Z}Sﬁ'n?g&gl@g ot gﬁ%gﬁ@megﬁﬁ%q 1 e

cat al yst s andinglecshafishisnach ecastert ¢coamapdandseo af prefeered anaiodihent The a dnghberi ¢
deposits are d66h a i Car [Wabq

dehydr ogenat nge?]a‘gﬁ al ysc{lﬂsrlg’ {}%g@?iﬂgg%égf gﬁég%@eﬁ%ghﬁgﬁt%ggﬁg%? For

i nstance, st &aAlvehedpdnadaeiiod whighedoespet smaployyaxyaensas ace-fegd, thetsgstionne t o

time, an oxygeimeandeds Bubjectebt iymbdiaRaRattk PMBE tra eecae i dh)GtwdieHomt

el evat ed terTBer at u[e n(?térz de)gtom teﬁg car on burrllt of f. The,

dehydr ogenat PBfh @43t ;g @e PRENCARIYSE R Te &F PHmpler R BRSIRECH VST AFdg

at nosphere. Thehangdrgiatesibéajalt g botagasemomtzy passing ibthrawghr tubek loaateddyy hdte
circuit gas g%ggsql gegé%sl bed in the yet to be published Gernman patent
application P .4. The al kane dehydrogenati on gives a product gas
m xture A which, as well as the al kene and unconverted al kane, conprises

se;:ondar yt COMPRMREted gﬂ%mhgoﬁﬁewﬁ&gya&gfﬁg@Wﬂé_ihﬁ&kiﬁﬂ,&h?)éﬂfa%%n3 .
water, nitro n, n an al SO rocar n I, C Ve ower orlrin
Dol mt s than. Aikae AR e oS camici R ST RALY <0 (it G e reprior g of |
propane dehydiirgenaf theralkdneclehpdrogémtior xaagilionatip tadatiesd withargganth &t hene
as cracking pr.odyet %actHﬁ 308 HA%H H{,)drggapé‘&n%ﬁ Fshvd rré’a%@@ﬁ“ he ﬂti)ét@lf ofane,
propene, propine and allene may als ) reser_ﬁ as crac |n§ pro uc?ts. The
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the preferred autothermal dehydrogenatjon with feeding in of oxygen and
addi ti onal hymreg%wticséf%ff%ﬂama, mqﬁféoJSP@a%er g%lévh??ﬁpwfdebwwnp %ave a

conpar at i vel yxidagte methogns, forf exaBipty, tlestessatdonhyakogbasn ddffloels gas.tTeut
feeding in of . %{%nr \é\él Isﬁr oxﬁi Oslf a%cozlnelp%darg eesn%}jr %(r)lwgrooduct gas mxture A
havi ng a con‘Barg %on Sﬁ?g nﬁy rc%lé CoRteent & Flgleﬁ}', it wll be 9

under a pressure of fromO0.3 to 10 bar and frequently a tenperature of 400

to 1200C, ingf %}éﬁéﬁ%ﬁ{% gté-ﬁgﬁy IoEQﬁ@ 6&%&%0@&%%3% Adid E)efh% 2h&RnPYas the

further gas cq an t al kane a t he al kene _are _at ETSeast
partial |y, bIHXWrefigr gopsn dnpsich aomigy ethat ythe rhsgh\aantiyo gequitsd pfadthet gas

stream A, Thdecl/dskenhtiGasf $hd akand @ayéreehtéd By dRb embUSTvAl bOtheZipfiRogany be

separated into tvp.s bstre{ilms, and only e qf thlgy WO substrea%ms y be
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dehydr ogenat i 0 L pref Cey4 | t 1 ks entire
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dehydr ogenati"on pr.oduct %a stream er process to f) as
product gas $&tkaBgis 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.



I n one enbodi nent of the process according to the invention, water is
renoved first. The water may be renoved, for exanple, by condensing out by
cool ing and/ or conpressing the dehydrogenati on product gas stream A and may
be carried out in one or nore cooling anglor conpressing stages. Water
renoval is customarily carried out when the al kane dehydr ogenation is

carried out %'ﬂf: g&%@ﬁ o{nbcﬁr tehstoc%f]:rs\%?edhga"ftis tﬁ€ thpg{g)ggﬂ 5 rn){%dtg' fc%%?y'}gfc‘:g in of
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nmol ecul ar t e rog be at
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in an absor p&;bﬁﬂwe&ﬁwtdrpnh&ygéle@naﬁeﬂ%ﬁfevm Br thghalR&iel 'f&%a%@ﬁorlhlﬁnt to
consi sts of. the al kane and

give a reacti,on gas stream essent |
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methyl b en; Ofate@ldrg\%é}ﬁhoﬁ?ém%tﬁre 19 %ﬂ s)) frgﬁlnt{fﬁ)' 0% ethF%kes%ﬂéhl‘?k}%t e, and

al so what Eatl carrief suc phen i phenyl

et her, chl or dastieatplyst bodeod thm@awctahaer@r%h frqm QrZytp 3l b@@rmsferahly from! tgsef ul
absor bent i s 3apdH TheIGHSY iDigahanlry fidfs00 RI200Y het kel in HERAGEBtaich 1 he
azeotropi c conposition, for exanple the connerC|aIIy obt ai nabl e Di phyl .
This solvent mxture frequently conprises dinmethyl phthalate in a quantity
of fromO0.1 to 25% by wei ght. Useful absorbents al so include octanes,
nonanes, decanes, undecanes, dodecanes, tridecanes, tetradecanes,

pent adecanes, hexadecanes, heptadecanes and octadecanes and fractions
obtained fromrefinery streanms which have the |inear al kanes nentioned as
t he mai n conponents.




Desorption is carried out by heating the | oaded absorbent and/or
depressurizing it to a | ower pressure. Alternatively, desorption may al so
be carried out by stripping or by a conbination of depressurizing, heating
and stripping in one or nore process steps. The absorbent regenerated in
t he desorption stage is recycled into the absorption stage. A feed gas
streamB is n it | kene ndls
substanti al | gp#naheg (YW?I(W]F ug)%llraﬁggfsr&g%oegﬁcg 53@8? Qa%egmrlg%ee%lg 2P ant,

t he desorpti bnd Eesla@étrl ed out by depressurizing and/or heating the

| oaded absor bent In t hi s case a feed gas stream B |s obt ai ned whi ch
essentially conS| ts, of ane and _t he al ken n the desorption is
carried out éccPB‘? Birery CF‘@ 3t f@?‘éﬁéFleﬁ?Yfé%s‘é‘mi)éﬁeF éﬁ? 0891 t"g Arggen
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guantities or else only trace urt er gas corrponents (for exanpl e
the I ow boiling hydrocarbons) may still be present in the feed gas stream
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anmoxi dat| onStblfCOItl Id@xedekene 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 tenperatures of from
375 to 550C A8 3pH s cQmpesitym ‘Pfr@ﬁthh?ldrP%ant)Ofbﬁt‘talé{Fts£eﬁ?ﬂa¥i¥ CPRPTIEESIMeamoni a

to al kene of of nasteOcléménts0o2 tranélttlodJSgetf)uﬂ aat af)tﬁé S’eﬁb&lckﬂf@m peefétapiye
skllledlnth art an des EP-A O 573

s | Us 5 o5 ataRm, AR BIGURRS: plond SERRRLS miadhath The %iyétfﬂnaéenout in
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surrounded byhApeQodit "Eabld ?éli"e@rib@y ptttaﬁahﬁ%hdtsr BGuReathe Odic i t-heftg) bed

Preference is glven to car e amoxi dation in a | Z€

reactor . Thecefatyatﬁénﬁhtur&lebﬁoeﬁw Promgrecpments of trapgiHan |grcg}1pf Hbpaf theg = 1
to 2.4 : 1. "P‘hﬁodﬁel Tible rlatlu@mgf the NaBthadidko aatlkamldes icbﬁférﬁ [ ianyhahfi@m 0. 7 :

1tol.2: hre 0X r}, Cfp 3blc§@‘ as WEICh tj‘? e oxi dation
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unconverted al kane a may po nprise stédn oxygen,
car bon oxi deélnaaﬁmd»alorwm tiand/ or nobl e gases. For exanple, the
product gas stream C of ammoxi dat| on of propene to give acryloni tri I e may

conpri se ammuxi dat | b roducts acrol.ein, ace itri
o oauct gas 08 e e FaHER e eSS BR CrAYY gre o eh Ty Ml ¢ 1 o
nmay conpri se ebmmmx ofl ahnsitmorbyropp dd[lcatsleamtohaetenteﬁt of mhitNgroer Etndidt Hj hte and
acrylonitril g,q one element of main group IIT and/or IV and at least one element of transition

group III including the lanthanides and actinides, of the Periodic Table.



-13 I n general, but not necessarily, the amoxidation product gas streamC
al so conprises oxygen, amonia and frequently al so carbon oxi des. Wen
operation is effected using air as the oxygen-containing gas, it conprises
nitrogen and nobl e gases and, when operagion is effected while feeding in
steam al so conprises steam Optionally, amonia nmay be renoved fromthe

roduct gas i . St - Qi i i epl et ed
or an ammeoni 205 ?%@%?’oﬂhﬁﬁﬁg%?@@@a%&@ﬁ hich e aRAAL ALY WTIBRIGEICD. o e
ammoni a reno¥al 4dP8341eEPE /88180, WIQ 2§129429.HéS met20:00tp 41488328 H8uct gas
stream C i nt g,879136aCEP W 1117 BUBRIA B9 FUT06; DI-Ad1 998 A1 GRAREDENA 1H9wer and

t hus washin ni,a out of t.he oduct ..gas, stream C as ammoni um syl f at e.
This gives gABZH&g(}{ﬁ’SﬂS érﬁ‘bct‘?f‘i]ﬂg gﬁ{hpé?\gngg?.ﬁq%qﬁ%ﬁ Wﬁﬁeﬁﬁa Ce@r?ﬁﬁir?%ﬂ*e
di ssol ved unabdverdesendbedi tvaridrgs sofd aatbthermatimabkiatgatdehpdlogenmtiod uitickide THese nay

b [ d | | ' [ d
vapor stri ppere e bR B R B DA R L o kup. I

further process variant, no separate ammonia renoval d) is effected.

However, amphifgrehse SUIFEAI dadlying oltithd Q&aﬁ@HB{gEF@ée)gatiJneimﬁg gré(s&gf@e(gthgy

ammoxi dat i on prodl,fgt geg{sjjss eamin the subsequ %(i absorption ste

absor ption i fi°fRe 186§ added sepien s aheag carmier ord yuPRoRidht gasisations be

\r/\/ﬁmxed fronbtgmihoadﬁpasﬁ'ts_c@i émﬂygﬁ,admg{l cgaﬁeraiwhmfganibmédre@ﬁ;@aegmggmml o
ich reacts.w agmoni a to.ai v and carbon.. di oxide, .into the

upper porti ohncgftas% él efqnﬁt?el 18 ebogfatﬁ? g?ﬁltgr)\%tlt’ %r\;\’ﬁé)lr%a"f%%epgﬁ\%%eacgw%ﬁe‘ii %

carri ed out ¢inbonmupoxide 88d carbamdiosidet he total |ength). In one process step

e), the unsaturated nitrile and any amoxi dati on by-products are renoved

fromthe product gas stream C or D by absorption in _an aqueous absorbent.

To this end, Tbﬁé@%@ﬂ%ﬁz@tl%ga@mﬂwﬁyéedﬁg@eraéedb%mjmodﬁ KOBWBARE s8tFQhi th t he
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any anmoxi dati on - prodyct.s, and a anmoni a, from
whtch the ungaremaoataing B Ay O SRSbATR 107 GA LU dFO b e SR TGRRe, T oam &
whi ch conpri ard thindeposeed edrbahkamet offid Tht ldehwdragmhatory coatalyge maycihet die
oxi des, ammoni i t r s 91% = S. - 14 Wen the product gas
stream from %@S%J‘{nha{ewés‘%e&:@/gﬁé%ﬂ% “s?fge??.s washed out by the aqueous
absorbent still conprises significant ammonia quantities, because, for

exanmpl e, t h?%e%&n@%eﬁ?ﬂ%@é@tibﬁ@%ablsg)be QRN bat ¥Y the BBt gheARthod
partially di %sol. e(?. |€1 he %%ue%%ﬁggforbent by the .forrrﬁigl on 7%f anmoni um
car bonat e i n9EIEORT HLIERYE 1G10CPY egRpyRatrRiaRRicatiop Fellenkl 474 he product
gas stream The unsaturated nitrile is recovered fromthe aqueous stream
obtained in g ANSOTRL] R0 SLAGE Rk b Bhd SOk BHBMPLG cIl B, e case
of acrylonitrilTe prepar Pon From pr opane, e dqueous stream resuhti ng
from t he abselkené omdsunggavented blkare peamaprisds i sacendaiyr semgpranits. | Gustemanyol umm

into a top SLERAMMGUBMpDhERS ifdludd HtRoRGT YapD! hﬁf’d%@nﬁ@é #hdPObL AR Sispeam
conpri si ng aﬁg onifrile ter and Iligg;pgimltﬁrs' he cru ?yl onitrile

: | e a
obtai ned as DKEFOFHPORY Vhighhayhiowsr bp & alathmaél@neaﬁgg}eréquem!ovvmy be
further puri bbietspwhikhstihlthatdass of Puspanacdzhgdopériakion,Mhicldde, facewmtpel from
t he bottom stre%?ameb% di stinldl a{hkog.asTQre wor kurﬁ il’tl the case eof isobutane
met hacr yl oni £ 18 prapar st Ant P ArRANG I A g% of (EAH8C whi ch
conpri ses undebwdsogenatien, kpropangn gropieke ngropind andyalleneymays elsoxegpreserg aasbon
oxi des, ammoR}.Aringi t a orcglql;g-as , thkS CVki i -t he
dehydr ogenat :at)@lklggneﬁr glt?dg% 2%6. gl'he, Srﬁleoge,n@z tg% aéﬁgmﬁlﬁlgﬁ?% ?ﬁ@“ﬁg‘;&h& ed gas
stream E i s Aebydipgenationstagesiay beoehlyevapnkls derensing e dsndghydrpgenation i s
oxi di zed in tiehalt Bdrhaistambce,d ahyalrthgeprofered ambthotnd] OddhlydfgBhdtiong &ithor
nitrogen oxi geezi. Theofroesence gf dglrteom dﬁa@) oxzﬁqgn i.n t he rec%%g;[d Jas
stream E redd®ai i of (RXYREhPRS AdIGOnRl PYdroge §F cetrisd qubaHis P g
dehydr ogenat iminture iAn ol tHawe raceinoipraidtiveky bigh content ofwvatér arve carhon ogistesf or ned
in the dehyds t I L5 d IS i e
product si de.@%ﬁ%e‘b{ﬂlzbe_@ %ﬁ&/ rggglr%{# %{g{]\'}vg@ﬂgﬁdg Qb&ﬁ:h%&’g&%@l@gh@\‘\ﬂu& ase,
di lution by &HEBES Anhavieg g semparatiyely high Rdipec ¢patent (estomanily, Bryilde on t he

equi | i brium point.



-15 W claim 1. 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 ytically dehydrogenating the al kane to the
correspondi ng al kene to obtain a product9ggas stream A which conprises the
al kene, unconverted al kane and possi bly one or nore further gas conponents

selected fro |.Std i ,

hydr ocar bons Hh%é%?angfegapgv?gﬁ%%iq'?go qé)ollﬂrrl%% tH] hféér@ﬁg ﬁ@ggﬁﬁggg{agggtoggogl ene

(1 ow boi | er s)20RG Ffb@éfﬁrabkc?amﬁtfr%ngé ts8005€. at | east partially renoving
further gas conponents fromthe product gas stream A to give a feed gas
stream B whi ch conprises the alkane and the al kene, c) feedjng the feed gas
Stream B,  amorki BEOCEs S&%Pyéleﬁh%é% {488 SORONSfy Othef tbj%g?hﬁeaﬂifaf%%hemo an
oxi dati on zoakeafdrecatt lahsy tpartalllyy batnpreferably alngpst bemplekednareimovédiérom the

correspondin r nitrile to give a product gas stream C which
conpri ses thgroulﬁﬁggéagrg%%g%i trile, ammoxidation by-products, unconverted

al kane and al kene and possi bly one or nore further gas conponents sel ected

fromthe grogfe GRARICE EhdGtr@in TabRD thOW¥BRRegen AP Do e LHAFRRE 3nto
ni trogen and nobl e gases, d) optional]y renbving ammonia fromthe product

gas stream Ct¥® sybsiecams, Yaope of dhe 47vp rybsieamg Jay teemRiastedeto Hgrpvi ng
t he uns%t ur a::f)lﬁgleﬂ iptbddebﬁst_amb){stmfpxd p&@ﬁhargabytémgkuwmefth@sacbh@ sistrdardt gaSE
stream C or y, absor.pti.on in.an agueous absorbent i ve _a.gas stream
whi oh conpr i S8 BEREHVE CRae IR AR A g R 50 LB BreTERotr o
further gas gorpdneubpchrg det ediré delnydrogengtiou prodoetsgast stregmoto the \fgether car bon
' A and an aqueous stream which
%gﬁdaﬂtaaﬁgr(gf&% sgﬁéﬁﬁ A.

géhﬁ??ée?%@*‘%ﬁﬁ%ﬂé oducts, and recovery of the unsaturated
nitrile fromthe aqueous stream -
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



f) recycling the gas streamE into the dehydrogenati on zone. 2. A process
as clainmed.in claiml, wherein the feed gas stream B consi sts essentially
of the al kane and the al kene. 3. A process as clainmed in claim1 or 2,
wherein the dehydrogenation (step a)) i.gpocarried out autothermally. 4. A
process as clainmed in any of clainms 1 to 3, wherein, in step b), the

product gas 0 - ] C Lnert . absof in an
absor ption s? %agaqénr?@ﬁlbﬁ %ggete"{a%?“thhgé}gﬁénﬁ\gogllragqggglg?%vedy BX%II nert
absor bent t oghiewarben @#bent | aden with the al kane and alkene and an

of fgas stream conprising the remai ni ng gas conponents, and the al kane and
the al kene are rel eased fromthe absorbent in a desorption stage. 5. A
process as cﬁ%ﬁ’ pesderred eopbadiment RIPFFSE ARCORHRY e Hiveation dhg %lgﬁreé’é’é‘ded by
a water renowal alkger &tiremovél frémpthe GeacondsngabRi dfeldwl-HSblﬁxlilg/ g8 cothpor®gtsl to 5,

wh t d te b bi

W Eh o 1 uri el by RORRY Brtod DR oo R b ik X mGeet
wherein the aitmne in gn pheoprtive/destmptioh kyde by mqanmpﬁmhlghf’mbﬂirtgaahsms:mmat ed
nitrile is a [xbéla%éétfohl @ean‘f‘b Wh?f%lge%gﬁrﬂléuy LéHsiEdof e Qi'i&{né)énéﬁbﬁhf@nel to 7,

wherein the kane 1's i'so utane I'S 1sobutene an
unsaturated nitrile is nmethacrylonitrile. .A Ay. ANF A

y, . AaF. ANY. Alp. tm%nANﬁe pfodticgat. shbm - ANt Aﬁéf : AR - ater rembval 1s

T S s Lok bz

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 Cq- 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,-
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
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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 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 : 1t0 2.4 : 1.
The volume ratio of ammonia to alkene is customarily from 0.7 : 1 to 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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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 €) 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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10" nmrnzoooogaphGhe 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) 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,

¢) 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 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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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 unsaturated nitrile is
methacrylonitrile.



