EP 0 407 091 B1 Descri,ption The present invention relates to a process and
catal yst for the production of -ethy, %'edfn %]pmacetlc acid. The catalytic
dehydr ogenati on of ethane is descri i n"a nunber of patent publications,
representative 5 of which may be nentioned for exanple US Patents Nos.

4, 250, 346; Depssttion3s and 4, 568, 790 and Eur opean Patent Publication No.

0294845 US Pat ent No. 4, 250 346 d| scl oses the OXI atlv h dr(g%;g{;tat on of
et hane to et hT'I'eeH'@e'Ptl'F"%{‘t "lgh"d’g ﬁ" "@

%‘@P' thﬂSI’ res 6
ﬁglrl\si;r Z!socr:] ayat’emgg‘l?&ﬁ efﬁﬁ"p N 34 e e ehen’ S D s%aengtan eégazﬁd Y

llcatlon )
in the rat I O t 25 oses heoxl tive enatiol fet netL) {QILnevwg éas'pﬂasé i's
G, M, Nb, e{;ﬁ tel 18&@ kﬁ t&ﬁﬁéﬂfrsl W5 YhdnSodet
Ce, Co, Cu’ sing ns Fl‘\oly EHYche@&Q pr ef er abl y
Sh, Ce g, S o 2, and
preferably ﬂ,e;gﬁ,to 1 0 vmth the pI’OVI so that the totaI vaI ue of ¢ for Co,
Ni andl or Feisics Mnaiet T4, T akliidpW; 443 phaeke®y tMn]Nab, vandiatdy 236 di scl oses the use of
a cal ci ned vataaby,sdo, ©d, Fé,IKeM§, v, PLebasH, SI, i, Tf and/ot by @ndopreferetity 8lr, Ogemizar Uon  of
et hane to paeduce ethyl ene. 20 US Patent No. 4,568,790 discloses a
process fborbkslestodw, sr@nper at ure catal yti c oxydehydrogenation of ethane to
et hyl ene i nciao tpesandineefeeably 9i05 tp 105 withetheirguiso that tbeotsl wa@elof@@tﬁesii ﬂd@hFGU'? '9136!?%“]
wherein: a=05. 0.5 to O9 b= 0.1 to04c = 0.001to O. 001
to 0.1. The alUSiPessetiNg. Wﬂé?ﬂdlsplmfpﬂ@aﬁ%ﬁsa'cwﬁ%ﬁbqttha&tnﬂwwgtlt@bm@”m
co- product|@ﬁdQBYd'9§e@ﬁ“P't°fa@F'lft°HP@°i) othyiage | concerned with et
fo(mati oA Reé’érﬂaFe%"l'ﬂoﬂtéWrgo idisclases % prgergs, foy, the gﬁ‘h &ygggi‘ Hat‘P'b° he

pr o= duct i offh¥e tagtiyeng in 2 gpgphasayising a5 ralplysie °G'F'§%’I‘38'§

sel ective pyodu of acetic acid by reacting ethane et hyl ene 30 or

m xt ures of et h ethyl ene wi th oxygen over a catalyst mxture
cont ai m%g A) ned et hane oxi- dation catal ystcontaining nolybdenum
and vanadi um ﬂé’ ngéaﬁ at'gmb Edtl%aélthyugﬁ%hﬁléaglﬁﬁ thE 83 ir6tRBlioR bif¥R&tic B, Bfe pAhaty as

represent edccm}ferﬁ Syt SihAbra for Qtfomﬂe@en liFHowbvek i EPLN. 6284845 Biteih Ahs tRbESRAkSthaprS- | N
conbi nat i ong\Midnldf sbélicaclde€N 1N the formof various oxides and (B) an ethyl ene
hydrati on cat @pyst204826 bistiosadh procbeslice e sélectivbphddGilior ahcatiosiid by lesittihg ¥the €, BEhiate
formul a s Cafinbasted vd bihrid@n@éthylshe with oxyBun@ved fa chtalyst hturelentailviy (AfGecalcBed etBae odn,
Cd, Hg, Sc, dafiondatdlystadbntdiing mblybdedim andivgnaditim arldivhiciRbay oplionallf contaitat leaStone Bher melal,

W U, Te, Fepomesreprbéentadisy the gesera tpovariia MqVy2; ibwhich the Betal glementscup in bortbimatidn with exy-0. 4
and z i s eqgenlin thefofin tfearbus dXitiesand {B) anethyiene hyisatiortbatalystendfor prigthylena pxidation catabisti on
the use of mhengeneraldwmala Zsarstieyothing grgne nemare oftLh Nadie. Mg, & SuBapzn, EdtHINES Y. La,
4,148, 75% r Reml,aki &, kifelth, NbTecsa, Biner. Wi, Je.fai Go Niaadx isPayshia §i5tie @9, dd?ﬁsaﬂéht S
i n possi bl yo4tafi4 and zispaedl tpHtal.f or t he oxi dati on and/ or ammpxi dat i on of

ol efi ns. HoweNepe of tjw gigresald patags publications mentipn 'éﬂ“&? s’hﬂ'ﬁ'mats& catalys{ cop

the enpiri cﬁ?mP%F’?ﬁﬂtﬂ" éﬂl"%‘t@?‘éﬁ“i’?"gﬁ’“ pda H‘@e ss'b'y
sellect ed fr Sfiar faa 'F %E’dﬁga'a‘f‘%m"gﬂ‘%ﬁ'ﬂﬁ Veh arm?'§°H° arelg%s
for the Bxi H’zftanHSt ping ﬁ'é*’at"t?f"&t et de ﬁ)produce unsat ur at ed

car boxyl ic aﬁé :§X sg§e tb B&thgge 'ﬁﬁtsg gct%%m b &m&t&m@o hd Ed ¥aiwhizn may
consi sts esg E‘ § saturatediddhldEto gfdtfcbgﬁyaﬂmeaﬁgﬁ m%HE‘Q@*S@HteﬁY%a
or nol ybdeng Iat |cH§ |stQ§§sBr'|tiQ Mlopr Iy for the catalytic
dehydr at json 0 §|g,t,,|.,|,; at ed hydrocar bons. It has now been found that

nmol ybdenum | n @ hnigth atgesai d. oxi dat i ve dehydrogenati on catal ysts can be re-
50 pl aced eit tbefungmalyﬂewdﬂnopﬁreﬁdnahém by either rheniumalone or a

conbi nat i on afd cah bewted partoniEdrly fort B datalytiodetlydrdtion of sdtdratpd lndracdrboo@nposi ti on
depends on t hdt lax h@nbeenfoandthdt molgbdefiun ih theraforeshid oxridativesialydtogenation gatalystaxnan be re-
exanpl e #he plactialthes whally ot pattiallyrby ettherniieniiyeigonerer & gombinetivin ofmheriymn andiungeien and Khay

el i m nat e t ke pradnoraaniposition derendstan dhezrxtent, anmeféhetwbgﬂm sefistitutiopJeriexampiedhe of
mol ybdenum kejal substinitionef malibdepusn kyshesiumiean substendielly gliminate the fanationof greficpcid, whereas
Accor di ngl y thetpertighsubstitutionjof rocybdenym by Fheniraean ingregyeghselectvity toapplic ’Eﬁ"’oduct i on
from gaseous cichudieglyibrprespetinusntionpmpvides aorepssfor (BH’H'E,"E”’J'B F"feg‘l' %"t Praty-
andl or afet jege gfé‘lpd’d”% meptio st “g’ﬁ@"%‘l"ﬁ%ﬁ’r &y A mo-

e
lecular oxygen-¢ ntalmng gasat elev temperature with a cag:me I?yb num-oontalmng e%’hane oxida-
tive dehydrogenation catalyst composition
characterised in that




| ecul ar oxygen-containing gas at elevated tenperature with a cal ci ned

nol ybdenum cont ai ni ng et hane oxi da- IH%E gggl‘ydrogenat I on cat al yst
conposition characterised in that F IB 407 091 B1 nol ybdenumin the
oxi dative dehydrogenation catal yst conposition is replaced In whole or in
part by ei tmebdenyeiin therpddative debydispenation safalytt compesitian is rapiared (Bdale arin patf Bypither
accor di ng tr§eniyfer gcershingtion ofithapivm &d nge i s provided a

cont ai ni ng et AAKAECHYing{a the peesentinvention thera is provids ?bV‘?JYP '&'{"?'|°§‘Eelli’¥§$?fﬂ%§£?f"ig§t8’eﬁde'
naagterstdin [ oy F."'\'miﬁ’zf’a if ol g g Dy St Per e

charact et | s'%g“_’ﬁ‘?atlzﬁﬁ"lmi' i‘r’gy‘gf}e R FpamgtenBac,n ;
rheQ_I/u_m or r% ' 'Pl? %oo osﬂit})gr;H f pri gs b ée%@%hdﬂﬂ#%a%n%ﬁox?ﬁéﬂﬁhéﬁém—
conposi tion ¢S OSY t%g’el k @"[’_)%QFQrPZa: : an I'n"conbrnation w oxygen,
the gram @&p& at10S o0 "t‘sne' el'erfents A: X:Y being a:b:c, wherein 10

A= [err] = =MJ:VR3,V\Nb’ Ta, Ti, V and/or W and preferably Mi, Nb, V
and/ or \N Y = Br= n,bﬁora,'ﬁ;lvanﬁlépw,‘gndB@femMMn,Rlb,\P&dloa% Si, Sn, TI and/or
U, and pref er ab} ypiSke, chuditik Mg, N, P.#b, Sb, SilSn-Ti@nd/ét U2andipefsddlysh| G dhdEU,t O

1.0, 15 a€1,= 0 to 2, preferably 0.001 to 1.0, and nore preferably
0.05 to 1.0 wi th=dibe, peasbismosttbad, t he total value of ¢ for Co, Ni, and/or
Fe is | ess thar=0tb 2, pieferably 0t00fi to-{.Caandanorespreferalined.054e 1.0 with theprevisodhat thie &atel yalyeo,
e i S great esf ctfdn&o, NI,@ndior Faisdesg (han 0.5, f is either zero or greater than
zero. Preferredcatt&tagst conpositions conprise the elenents A, Nb, Sb and Z
I n conbi nat i on die eithexzerppegreaterteangeram at om rati os of the el enents A: Nb: Sh: Z
bei ng a: b:c:g, aibgeaerihanzerg, anhe sane as herei nbefore defined, 25 z
is at | est oné igtherzerops grogipthapzerhr of erably Ca. a, b and c are the same as
her ei nbef or e fefaried gatalysige I'"Q"%”TU??Y'_‘G F@ﬁ%ﬁ%ﬁbyﬁb@"%ﬁé’?m?‘?ﬂ?r ‘ﬁ'té'r"é‘fge'ir\r’/g'fee
pr éferred c%f?'a'lzg‘t’at%?fﬁ'&ﬁ' eER & NESHAPPIEE Y H% el enents A, V, Nb, Sb and Z in

combi nat i on"RE¥h. Xy- ge t ramatomratios of the elenents A V:Nb: Sb: Z
bei ng a: h: b:c: ?,8:7 s'@i%sﬂ}%re' D‘egﬁgﬁmeﬁgmgl sane as herei nbefore defined,
a,b,c and g are, fln%c%?eqﬁeé’a T INelers) Qefine fgned, and his 0 to 1.0.

Exanpl es of cat @l Y sf S pretdlabiy BleSertié b€ | N the process of the invention

i nclude: 35  pore preferred catalyst compositions comprise Etfdlelements A, V{ b, b add® ik éorrbindfon Itk 6xy- V)
[err] and (¥dn)tnb Glamlatom\htios 8ithe elemehis AWNB:SHbelng 8RB SH00d that the el enents
are presgnt whdleiw OMDi Nati on wi th oxygen. As nentioned herei nabove, catalysts
(I11) to (VI) cAsaid dné thgsde as Reréiftishrgatiiedn Wit h Re, produce acetic acid
from et hane at &Kt awitgavd the £mne\al haréintafore dgfimedyamti| y gr eat ert han t hose reported
for prior art oxisdadixe dehydrogen- ation catalysts. On the other hand

cat al yst (VI | Exapidsaf catalysts Retablenfot Use inttl pedcessins tha nwentién indlude:an pr oduce, from
et hane, st hyl ene substanti al | yMdogedReods VeenNtaeBbig Cavoi d(lll) 45 The cat al yst
conpositions may be prepared U&wﬂyoze‘ffo-zt'ﬂmwrﬁém%m c®Aventional |y enpl oyed
for the prep- aration of catal YWew&eoz26¥siz¢ NbotrPbeohEoe2at ¥} vst may be prepared
froma solution of sol ubl e cWYipeRferommPboedrRpo xé‘é’ and/ or compounds of
each of the netals. The so Nboe Capep §0 eous system having a

Hiin t 8 randiviltbespeerstqod "lfgtthle Ofﬁéq.;%{ °£ﬂ'b‘??$'%ﬁ‘{k8" ith o 995-, t
]E) r O\n{ 20 to e%attlnentloneﬁeremabové, caqalysTs 1) ecqusfconteuning oin combina%gn wi hthm?o%[J& adetic aé?J
om ethane at selectivities which are generally greater than those reported for prior art oxidative dehydrogen-
ation catalysts. On the other hand catalyst (VII) containing Re in the total absence of Mo can produce, from
ethane, ethylene substantially free from acetic acid.

45 The catalyst compositions may be prepared by any of the methods conventionally employed for the prep-
aration of catalysts. Suitably the catalyst may be prepared from a solution of soluble compounds and/or com-
plexes and/or compounds of each of the metals. The solution is preferably an aqueous system having a pH in
the range from 1 to 12, preferably from 2 to 8, at a temperature of from 20° to 100°C.

Generally, a mixture of compounds containing the elements is prepared by dissolving sufficient quantities

50 of soluble compounds and dispersing any insoluble compounds so as to provide a desired gram-atom ratio of
the elements in the catalyst composition. The catalyst composition may then be prepared by removing the sol-
vent from the mixture. The catalyst may be calcined by heating to a temperature of from 200 to 550°C, suitably
in air or oxgyen, for a period of from 1 minute to 24 hours. Preferably, the air or oxygen is slowly flowing.

-The catalyst may be used unsupported or supported. Suitable supports include silica, alumina, zirconia,

55 ftitania, silicon carbide and mixtures of two or more thereof.

Further details of a suitable method for preparing a catalyst composition may be found in, for example,
EP-A-0166438.

The catalyst may be used in the form of a fixed or a fluidised bed.

The feed gas comprises ethane and/or ethylene, preferably ethane. Ethane produces ethylene and op-
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CGeneral ly, "a m'xture of canpounds containing the elenments is prepared by
di ssolving sufficient quantities 5 $1Lg)|l e conpounds and di spersing any
i nsol ubl e conpounds so as to providée a desr red gramatomratio of the
el enments In the catal yst conposition. The cat al yst corrposrtron rray t hen be
pr epar ed b;#'°r'3é!¥rﬁﬁ??' id; Efpyleng produgesAceticdgifly t he i xt ur cat
cal ci ned by hﬁfzﬁfﬂer?g?’?’(?”'ﬁl'e? é’P’dfﬁﬂr"bs“ "F'?“?S BU“ ?’5 'é‘?"r“g‘;%‘?’ [?I% %ﬁe

el

'F?S?a gaw or am

or oxygeh = wr? :;1" 3"3%? Ig "' ot et

supRor t ed. ﬁi gﬁorle :Jlgrﬂ%g -contar an . air { ﬁ%m{f} EUU rox?énrtﬂah Q#l a,
silicon cardi x} iﬁ Irexg;g |§si§@ﬁaﬂ Bdntirdr Sxaftipled
sui tabl e rre %‘ reparr n yst co sition may ound in, tor
exanpl e, E @@41‘3&0 fe-gh' &n &I@hﬁ|W§ﬁang§ﬁﬁld9&hH§1€ dndthe ﬁ\&i&ulﬁ%ﬂﬁonﬁinfdgéﬁjwﬁr a

f1ui di sed bgQeteahtjBedabiddnifeth ihghive tHeSaIStiRyioRBticwad/ or et hyl ene, preferably

et hane. Et hangnduicstsd@mperinity m@yicadiytbhe Mihe rdnge frof200o SB7C, PRfersBl from Q0D ko°C.
acetic acid. [hdprdstirEma)saRtul B6atRoepheric ordGpethtmdspiiudic) Gor @a@niplo i tietringk tone1 wwEgbdne
used i n subgérerably fdn Ytopoibee. f or m or admi xed with one or nore of nitrogen,

met hane, s car bOperating xondiiora mat otk iaformatiort dpelichlle tonthefpeeforaanve ofthe ipventionynaly be found
present in intjeaforenait prive art, fr examele S PetentMo. 4,250848.er t han 5 vol une percent
orone or nor e T préppsirobipe imventonrvillbnew ke Austker dllustrated py fefeppneede thg f°&?\'t?‘ s'" the

whi ch may bexa plesstbpfollawinglérmeare yeediant s, f or exanpl e | ess than

per cent . Th@H$T Ges Hoyrly %ﬁ@?@\éﬁ'?ﬁ'ﬁhn‘f%P sﬂ%“ﬂfﬁ?"%éa'a'ﬁt bwr(mﬂ")@@?%%%@rvsfor
poorer i%h nkAd¥®Nl ar oxygen than air, for_exanple oxygen,. A IL_i'tabl e gas nmay

be, for exanples oxgyme&nhm.@ct%w-thoa P T P 4
ni tYogen. 10 It is preferred to feé%°V24°|‘? & It HiHel ‘198 and/ or

ethyl ene and the nol e@yRhe oY Qg m_nlg_?@,_ﬂtﬁﬁ(_y_ean) because
this can, | nprove the sel ecet I Vi twog acetxrl‘?,o ECPAa it Q1 enperature
may surtably be in thgeficddRelbdiii(oePL 1b& 200 to
4000C. The pressure ma;lsur t ab Iﬁlm(epat oS50 1 [E0%y s Gl IEHGOBHE i ¢, f or

exanpl e i n wheeinldgencentragiang inmg! B0 par ﬁpreferabl y from1 to 30 bar. 15
Qperating ceNdSH:Grencapigtiogefconverted eHhais on appl i cabl e to the performance of

the invegptign L in the aforesaid prior art, for exanple US

Pat ent No. QM rocess of t he invention wi Il now be further

illustrated b ref eren W t&ﬁus atk@?m@&ﬁ:@&'o?a?enﬁenﬁ It

fol |l ow ng terilér% ?% ,%rf‘ ol unme of gas
g Y/ urre 0

fl ow ng t hr Ou uncg'lt a “bee cat aI yst 20 bed (m). Ethane

concersi®n (3avstan 100 X [err] [err] Et hyl ene selectivity (%9 = 100 x
[err] [err]—2?—/ﬁrc.re(l‘i2 acid selectivity (%9 = 100 x [err] [err] wherein

[]= concentr atﬁlt@ﬁz stiwds prBfareowth the idRéwidg compsaieent r at i on of unconverted
et hane. 30 CATALYST PREPARATI ON | IMols{Re.o¥%éMblaiSB3,Cahe cat al yst conposi ti ons
ar e expr ess Afimbiiuri Métamnaikte (Fdghiris\added teBOIm biovater @l hedtariab TG with stirring fof 15ygnutes.
erst 08d th@nixtuleef rdbiampaitachianide (47ghaatintony trichipgded(.Ag)t daloiamnikrath (g} and Ammonium
CA LYST (| bérjherate @t0g) wes tadded 40 i af pater Oxalic adid (715¢) dissdived ioi 49qm! cbwatas W thegnadded
[err] Ammoneedthevesuingsaiutior heatedat QT with stirting érs oa. # migeesaThedirst golikienwag gembined wigy
at [err] withe ssqonql squtien @nd the tembined gelution heptpd st WQ@UW‘W“%’EBF'W”VW’“ (23 89)
pent achl gr i Wes {ispolyeg)in S0xphof waeseryith Ftlrﬁ'}ﬂlaﬁ‘? H“H?d g"l r 156%1'!”&%%6?"["53%

and armoni uAsdse frthesembied firs afrend s %f ¢ Wlhg)
di ssol ved i FPSHU‘QM"‘“H?W % ble e g,fsi]11o:c

h d geasegaf o‘fed
o ned i qsﬂes';%‘g% %‘ﬁtf’aﬂ' °fé;“r°ﬁ% zjg'rg T Red ?3 '%Jt"?o ate ooc

combi ned wi £#
for 15 nm#onu nnoni um no ybdate (23. 89)
CATALYST (IV)
A catalyst was prepared with the following composition:

MO.ﬂRe.zsv-zsNb.WSb.ogca.oz
Ammonium metavanadate (7.4g) was added to 80 ml of water and heated at 70°C with stirring for 15 minutes.
To a mixture of niobium pentachloride (4.7g), antimony trichloride (1.6g), calcium nitrate (1.0g) and ammonium
perrhenate (16.0g) was added 40 ml of water. Oxalic acid (7.5g) dissolved in 40 ml of water was then added
and the resulting solution heated at 70°C with stirring for ca. 15 minutes. The first solution was combined with
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was di ssolved I'n 80 m, of water with stirring and heated at [err] for 15
m nutes. This third solution was thémoﬁﬁq%.lto t he conbi ned first and
second solutions and the final m xture heated at [err] for 15 m nutes. The
resulting mxture was evagorat ed to dryness i n a Iar apor at w}g ba

over a hot thm%?"dﬁﬂt'ﬁ?"ﬁw spEpingg §°h""°c“ at‘EP:?é"‘b m sEn}he
wat er as quvasidissoived '"gB Pfﬂﬂa&"w sol tlo he
t hen si evedddes ﬁm'x

gpg, t? ne n Q\eas i héﬁ%@§ @Eprev
dried cat aIV@t’%’?"&’ﬁ‘f’%W?fé’d PR ?(f? s un er a ow of .
CARALYST (| TA& al yst was prepar ed W th the foI I oW ng conposition: [err]
Ammoni um e (7.4g9) was added to 80 ml of water and heated at
[err] with stiyr b RifowinhQorpddtient Ur € of nl obi um pent achl ori de
(4.79), gnti ml)\néthlysgrgcﬁ o"%'.%%g"m. w;gggﬁmmm@@te (1.0g) and ammoni um

perrhe nat € Anhfonide nebRehaditicedg 4\@3 &ddedb SO\ o Water@sdihdated a0t with.stirging foi 18 srirutee.d
in 40 m  of roahigdre H@&bmﬂ@&m&dmd (48] aitiiony chiokide (N8g) Saktiunk nitcate (1 SgjtaediarertonLAC
Wi th stirripgrhbike (680g) Wis dtitied 4068 of whtee Okalic atid FGh) issaived edd nd ofiwalten waks then addati
EP 0 407 09dnditHe rédufingsditiondhestad ati TG0 wittostiching foecac thrtinutesdThe st solution wae cambiedwith
[err] fos 1fhesécont sitionntrtheicombined sghisidmbeaatef $5709¢for 1GninutissAnyhapiin tyngstate (43{59)o f
wat er with wassuspendspd i@ nihofarateriand52 e tivdregen pesoxige added with stiffing. Thig selvlion wes thenon
was then adukstbd o1 76% for Saninues. This titid aeldion wasthenadded sothepamblaed firstapd record golytiqes
final m xtusnd thesigelanixtyze heptod at 705 for1§ mipuigs; Theyresulling mixiype “Waég‘(ﬁP"t'?tW Arvaess e Was
evapor at ed #ejd breken g andgrigined e odtned orewuiten up and cal cined as outlined

pr evi ousﬂ"y CATALYST (V) A catal yst was prepared with the foll ow ng

osi ti onCAREYST (V) [err] Anmonium
vanadat e (,7.40). was adde er and heated at [err] with
st| rring for gf‘i? Wg%l‘i’?s%mpaﬁeo Ehg %9“,. °° E ughpent achl ori de (4.7g),

anti mony, tr g chdezhi el at@%@?ﬂa@m{lﬂh% RETTRARR! ©
(1 6.09) kﬁﬁ%@ﬁq b| Q}{: a6 10540 rh&h %ﬁl&ldé 6550308l chlin®frle Yesd) dnd arfioriidm Of
water was tRHghe g 15 ﬁ\%ﬂkkﬂ@xﬁ@ did 195 6 Btml 604Ger W then added
stirring foEnoQﬁ'ere mé"lomtl Sroated 41 @0°C Wit btirdn@ fdd bd. 95 mi@és. TRt SuRelonWals Bordtined witte
second SOl UtHeQBeoRdshiutibrana ieomnaisbdsabiich hexted e 20°€ tbr 88 minGECARhMENhDMolybdat (231g)
AMmoni Unget URgsdisebited(in2s i®) watstvith stifigaaetbatetl afi0°Cior 1afmimaeiscThisaiial sBiRtioniwasthen
hydr ogen peadéi eehacbsibriedirstiand sdcondi saigtiond éridshesfiialLrhiktara hewdes! at 3G fdn 45 misdkes; {The
[err] for 1fesdiinguiipase wabievapotateid tatirgessiand the solid drokénaun andichisiied e outiired Prevbesiye d
first and second solutions and the final m xture heated at [err] for 15

m nutes. ThEATALYST Ming mi xture was evaporated to dryness and the solid
broken uf and cal ci ned as outlined previous|ly. 20 CATALYST (VI) A catalyst
was prepar ed vﬁ@h‘ﬁ%ﬂ'@ﬁ%‘%@‘%@ﬁﬂ&?@?ﬁ#w“[err] 25 Ammnr um

mat avanadate (1.7g) was added to 25 ?m"er‘ By> ﬁ\ t 70 Qes
q% clurﬁ ﬁé W%ﬂdad

stirring fo '"I‘B“"r‘ﬁ‘ﬁ Yagadatp (Szf’ig) Q}ff ‘ﬁv@ _
mlo d

ant i m)ny tr| P&é"' “E?g?ta gnssol. ! (K

(58 ) l? Ti \%{ nufes | t ol "Hfﬁas h

V\B‘t er was t bmeds q %1 E k U W’I(;Ohnlofwater
stirring fOr Giri 8570°Cl6E15 n{i:{uﬁa& 1% tl’ui'rB h&iiihoﬁ\@és tﬁ&iﬂ&bd&@th&fc&nﬁbuﬁ@ﬂm and
second sol utg rIs ﬁd fhgﬁﬁur R&eiretabtdd 2tG0CI6FhiRitbs 2the Fédlifinglmikturd Wadidvaptirfi&d to

Anmmroni UW'aV Taﬁdt@gscﬁmmr?equpu\ﬁssaﬁh&ﬁralomﬂdbﬁvraﬁrym of water with stirring
and heated at” [err] for 15 mnutes. This third solution was then added to

t he conbi nedafALYSt d second solutions and the final m xture heated at

[err] for 15 mnutes. The resulting m xture was evaporated to dryness and

the solid brokecatayst vas greparbdowithehb fallowipg cdmppskignipr evi ousl y. CATALYST (V1) 35

A catal yst was prepared with the f@#mwmmﬁ?eﬁm ion: [err] Ammnl um

met avanadat e (A&firggylutipmwasaragered hydissplyingemmeniymaerhengls 1019g)endammgniumaioly

stirring forin50nl pfiwater. &gecorgtsolytioniwgs Rprared py aﬂd%?mrm" @me%mae'ﬁ? f ‘"atef
@w

anti nony t r iAthirdgplities wagprepgred by addipgiobjumyexalate @%
of water. O{®&P§QtopOpafwater s°l5‘?"§‘§ﬂ?’9@?f ??t q
the resuftin @miﬁ‘l”FWaﬁ %;?taﬁ[:m ° s'"t e
firstsol uti e fi ée?dhﬁl enthe uI |n 2v(r;roc
sol ut i on h.easf'@'ﬂg @,ﬁ T»fiféiﬁ s $0id s ou hees ﬁ@&tfsno naaasat
di ssol ved rhog@dor ho! m‘é@ i¢dir and screening t005to1 0 mm dlameter
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with stirring and heated at [err] for 15 minutes. This third solution was
then added to the conbined first a f gdfsol utions and the final mxture
heated at 700C for mnutes. The resulting mxture was evaporated to 45
dryness and the solid broken up and cal ci ned as outlined previously.
CATALYST (MEEE&E&R&ataIyst mas prepared with the follow ng conposition: 50

[err] Afirstsol ution was ar ed b d| ssol VI ng anmoni um perrhenate (10.0Q)
and ammnl ur’mﬁPﬁfﬂ%FéY'%" P(@*‘?w  the %ﬁ A second sol ution was

pr epare o rrﬂoat r | 5’( it hegquimkﬁﬂméﬁtlnrﬂed
solwti on vva ”E%t?was Hs{iﬂ H§ oxa
(1.34 9g) an CI Um ni p?'gh{glg "%@ vvat% The sol utions were

each heat edg %g{-!gs at 700C vvlth stirri ng for 15 mnutes. Then 55 the

third sq},u d to the second solution. The conbined sol ution was
heat ed at [eAmalys¥teBTiREMETHOS for 15 m nutes before being added to the
first solution and then the resulting mxture was heated at [err] with
stirring for 3l éficitbiystaas I0dediRth @ cormSioreresigtant sthisleks Staelaubla oftintgrhal tieméter SpBmodlarcie a
t hi ck past ethbmbadreubelasgemtdy plicedliRKlar furnace. The@atalps) wastheylbated 2500t HICInimgnder
solid was gaflowothiraine desiedethaesiaitnirod@yiead geseatio wasthénseluip inlg gasauitingimaaifoldand allipwed
[err] for Gtolpessrinitiallytheughts prehaater zanrchekiat 200G Ayl then cBerdhe eatalystoTherpragsusgiwasdhen 5
EP 0 407 094djusted AN yalke ps-mbaplspsqssm@mﬂat@ﬂﬁ%&awqdﬁﬂw%em@reﬁmthgpfe-
conposi t i onheatgrzone where vaporisation and mixing with the feed gas oocu 9%9

was used f oyetyareurpandgases lepving tog reqcior werp sam °9PF‘| "alyi?glby inuiq ‘ﬂ‘g"g;@&'ﬁ?’lyéﬁ'c)
adj ust neAt  The temeperaiurg wasimpasutad By mpans gia th T?étf’ At he cAEF 8% mroni um

no| ybdat e UE&FM TESTI NG 10 CATALYST TESTI NG METHOD 3 ml  of
catal yst wa a corrosion resistant stainless steel tube of

i nt er nal dlége':{pfl &3 %gpbos%g s.ﬂgﬁu“q $|&ha{él&‘récﬁlﬁrﬁn’?”bl y placed In a tubular

fur nace. at [err] under 15 afl owof
air. The de5|re ane alr nltroge eed gas ratiowas then set up In a gas
m xi ng mani fpdehieeorbiiensd to pass initially through a preheater zone held
at [err] ang—them over tne catalyst. The pressure was then adjusted to the
requi red vagaRioksrbditre™42a040a Biaas B¥bagy €gul at or. Water was added when

requi r etsoi NGASY Neppidx.8500Mmeat er zone where vaporisation and mxing with the

f eed gas OCEssdICofipdaitibroby wlumale:t2i % Gthahe; 3.8%i0xYges,t75.2%MNltrogen0od- uct vapours and
gases | eavi Repctolemperaioiedn thagange 259¢880°6d and anal ysed by gas-liquid

chr onmat ogr aphter Addkicd) Rat@ 4:1Fotal Gaafiped:WatarreolaRatio)neasur ed by neans of a

t her mocoupl Gathlyst BartickaSizen0.5-10lmn dismeter.y st bed. GLC SPECI FI CATI ON:  Gas

Anal ysi s% 3Themarmsbproesgere !!;zscwmsrﬁpaa'vwwﬁw thy fe&ﬁéateér"m'ﬁw ratos;and)theg, ipcgpase

Anal ysi s: 2thsiampaRiyreinises mpopiagngeopyersions#nd eeAREsimentapgrassad the pxvgen
Pr essur e: 1@9“529'?%‘@ glo %@@aﬂﬁ"ﬂb'a ing tsmperafrey ('“ g;5thang eqguersignicombystion) and,
Conposi ti on le?? ion approgched, water wasthengofef to sxam #? ?WRF"!"P(SUEW“R herpeyps
Tenper at ur e Taplg 'ge [er] Water Addition Rate ca 4:1 (Total Gas

FngI)V\at"g nol e Ratlo) Catal yst Particle Size: 0.5-1.0 mmdi aneter. 35 The
nornmal procedure in screening a catapysis was to set up the feed ratio and
flowrates and then increase the tenperature In steps, nonitoring

conversions and selectivities as the experinent progressed T n
concentrgtion|sl ow y| decrea egle W t b Bd © stﬁ,glgtgnp:r akbér (I haesesd 1Ng
et hane conver i EeQ¥YOARyfel akion appmeashdd,
wat erwas t hen h@gé?@%‘éﬁyam *enﬁ’n %ongfi?;eﬁnc n sekgect! sélysceiﬂx:ylﬁ)'mlées.u ts
are shown in Table 1} 40 TA LE 1 45 % (Beth
Et hane t hyl enp Acet || c Acetic Exanpl e Cat a| ysteTerp.
Conversi®n Seljectivily Agi d Aci ¢ °°"§eed)

1 (111) 325 15 70 21 -

2 (1Iv) 328 12 57 19 43

55 3 48] 334 11 53 21 49
4 (VI) 332 6 . 53 28 37
5 (vViy) 325 2 61 0 0




[err]

%,-

(1)

. %

325

(L) 328 12
(QA ALYST 7! EﬁTING AT HIGHER PRESSURE

Sel ecti vi
EP 0 407 091 B1
3

57
53

wat er 50
co-feed) 1
2

3

(V1) 332
(M1)
EP0407 d91

size of 0.5 5

feed gas corrp05|t|on of 70%(v/ v) e 2
hel i um 4dhe results are shown in Ta%'lk%g'

395 The catalyst tes g method was re

| 00
oo et SR

caleulated fromthe ratio of cat

corrected for tenperature and pressure.

hed at28 barg using Cataly (VIII) with catalyst pa

%ﬁ% i %ﬁm ok

I t

ty Select.
70

re gas

% (with

21
19 43 55
49 4
S|zeof05
é?. i
par Icle

co- feed and a

6.3%vVv/v oxygen and bal ance
in which the contact tinme is

ume to gas flow rate,

TABLE 2 CATALYST (VII11) Bed

Cont act —EthaRe Aeetie Wt ure
time Cdnver Bedn Contieitd Ethan®e| ¢ctécetis/ [ er]r | Ethylene
(Secondgy Tempegature Siecct i|vFegversion Acyd oy 27(| Selectivity (99
5.6 72.6°C (Secondg) 7 20 % s?reti"ity %7

7.3 70. 5 18.4 270 1.7

65. 7 4 27D 3 77. "5

12.3 277 gg 55 2 143 5352 7,%5 18,4 12.1 288
35 2 10.9 68l 5 7.7 17.95% 2633

25 9. 7o 665 4 13.3  46. #7326 12.3 20

9.9 53.537 ss 35.0 3003 78.025 12.1 8.9

62. 8 289%. 0 30p 35 9 6912. 5 17.9 70. 2

16. 7 30 ,gat allyst08VI11)|and2g | X) w the.datal yst §dakticl el si z2s70f 0[5 - 1.0
mm di anet er Jere 32bso tepted2tt 28 x [®Hr] gLagé3(28 barlg) V\ﬂﬁ 0.21 ¢
water per litlre @P0gas ih fe®® and a f®&8d gag 63|t|o of 258 (v v)

et hane, 6.3%|(v/\BP%oxygeh antf bal gnce 1%l i um Tﬂ@ ?esul tF ar¥b- ghown in
Tabl e 3 whi ch—shows—itho—bifect—onriselectivity—f—3—vrary+ro—tire—amunt of
rheniumsen the catal yst. TABLE 3 40

Acetic Catal yst Contact Bed Et hane Acid

Et hyl ene Ti meCate

%

) and 8X)@ith catelyst rarticigeizes©f 0.5 1t Omnbdidnaater were algo tested at 28 x 10°Pa
guage, (28 barg) with 0.27 g watepperlitre of gas in (ew Mdp feed gas corfiposition of 70% (#@ gthane, 6.3%

5 3 (vly);pxg_gen and balance heliupg The resulty are showp jn Table 3 which shgws the effect on selegtivitygof
48.0 3%  varying theqamgunt gf rhenjum in the catplys: 303 8.17 61.1
27.2 (1X) 20.7 - 303 10. 81 51.5 34.7 50
(MI11) 20.0 325 TABLESH 53.0 34.8 (1X)
20.0 325 9. 05 46.1 42.2 55 7
v 40 Acetic
Catalyst |Contact Bed Ethane Acid Ethylene
Time |[Temperature |Conversion|Selectivity |Selectivity
°C % Z 4
45 (VIII) 22 267 5.3 73.1 16.1
(IX) 22 267 4,98 48.0 39.8
(VIII) 20.7 303 8.17 61.1 27.2
(IX) 20.7 303 10.81 51.5 34.7
50 . .
(VIII) 20.0 325 9.955 53.0 34.8
(1X) 20.0 325 9.05 46.1 42.2
55



EP 0 407 091 B1 Cains 1. A process for the production from
and/ or ethylene of a product conpr i & b7 84484 €ene 5 andﬂmﬁﬂﬂﬂi m] “II|
acid, by contacting the ethane and/or ethy ene and a nol ecul *
oxygen-contai ning gas at elevated tenperature with a catal yst corrp05|t|on

conpri si ng §$iM@se| enent s A X and Y in conbinati on wi th oxygen t he

g amMi't Ombr a%-l&og' O;cs ft n nent 2 Aaseous Ql?ane gmﬂ eth ,xct co nLﬁ Lthi
My, Ni a %c ac etha andloret ern oe aro h e
+ O ! ’1 5 eleva éd temﬂera rdwu c@ |§ tlo com hee X dndY OBerI tiorfwith

\> &, xygen, the &s b elé én%I-Qf(Y zero, e I's greater
t han zero, ané’ *g zero or greater t an zero 2. A process as

clainmed in claim Jd’} NGH’a,“'ﬁ Quh&syv, and optional ly acetic acid are
produced, f r om gasgus ca0co, Cu, FeSt, bﬁrm P, Bb, SA SISACKERIGRS, Cl aimed in claim!| or
claim2 in which %X=3, Mh, Nb, V and/or W 4. A process as clained in any
one of the precedibr&g)t@t,ai nms in which Y = Sh, Ce and/or U 25 5. A process
as claimed In cl aicmoltogyr claim2 in which the catal yst conposition
conprises-the el edsrei+«s=A, Nb, Sb and Z in conbination with oxygen, the
gram-atosn rati os dfis dither zerb engrestes than 2400, Sb: Z being a: b:c: g wherein A a, b,
and ¢ are as defi dsréater themzese.and 7 i s at | east one of Ca, Ru and Ga, and 30
gis Oto 2. 6. Afb@isl@ésesoqsmeqe@thmwin claiml or cdaim2 in which the
“ctal yst conposjtion comprise ne
conbi nat i Onrg)wlxrﬁoca?ﬁ 8erR\e? in gl%l ! E{Wg‘f ethyfén? aré optlo]haII%'E oti %ldaapegptrgdu%ﬁ% g%sbem?
bei ng a:%: b:c: 0 \Aﬁereln 35 A and Z are as defined in claimb,
a,p,c, and § K Hocdss debmidEM claifh Cdralaifd n which 6= fh,INB, lafdlorW. A process as
clarmed in daiml or claim2 in which the catal yst conposition conprises:
40 4. Aprocess as claimed in any one ofthe prededing qlaimein which) r B, qe@pq/qu{ er r] or 45

err] t el enents beln resen conb th ess
as cl ai %gd 'ﬁg’gg’g '"(‘9’ 'gq%cﬁq‘?'?m g?ﬁxt %’R?I{l A @%?5

et hyl ene and lf I"bﬁ” '52 eyt (’)‘Yﬂeg.'l 'Pﬁgr'iﬂ" '?se° (8 R AP HE 9
cat al yst conpo on | d&ﬁ‘g ceafq steam 50 9. A cat al yst corrp05|t|on
conprising the eI ﬁ}? E ﬁ%ﬂbl nation with oxygen, the
gramatoamratios %1ls erren'ts \? eing a:b:c, wherein A = ModRe. W, X

= C, M, Nb, Ta, vV and/ or W 55 Y = B, C¢, Co, Cu, Fe, K
I\/g Ni, P, &b,A ﬁbbesscjs claibiad in Bhinednadt tlaim 2ih widchethelctalyst cofpdsitiorPgomprise§the elerBenthA, ¥, e
+ = a, Nb, Sb and Z in combination with oxygen, the gram-atom ratios of the elements A:V:Nb:Sb:Z being
a:h:b:c:g wherein
35 Aand Z are as defined in claim 5,
a,b,c, and g are as defined in claim 5,
his0t0 1.0.
7. Aprocess as claimed in claim 4 or claim 2 in which the catalyst composition comprises:
- 40 Moy.56 Reg.0s Voze Nbo. 67 Sbe.os Cag.oz,
— Moy.27 Reg.25 Vo2 Nbo.o7 Sbo.oa Cag.ozs

Wo.a7 Reo.2s Vo2s Nbo.o7 Sbo.os Cag.oz,
Mog.24 Reg.a7 Vo2s Nbo.o7 Sbo.os Cag.z,
Rege1 Vo.2s Nb.g7 Cag.o2 Sbo.gss OF
4 ' Mog.s2 Reg.1 Vo2s Nbo.g7 Sbo.os Cag.z
the elements being present in combination with oxygen.

8. A process as claimed in any one of the preceding claims in which the ethane and/or ethylene and mo-
lecular oxygen-containing gas are contacted with the catalyst composition in the presence of steam.

9. A catalyst composition comprising the elements A, X and Y in combination with oxygen, the gram-atom
ratios of the elements A:X:Y being a:b:c, wherein
A= MosReW;,
X =Cr, Mn, Nb, Ta, Ti, V and/or W,
Y = Bi, Ce, Co, Cu, Fe, K, Mg, Ni, P, Pb, Sb, Si, Sn, Tl and/or U,
a=1,
b=0to2,
c=0t02,
d+te+f=a,

55
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EP O 407 091 Bi d is either zero or greater than zero
zero, and f Is either zero or greatg@iodohgsn gero. 5 10. A cata t“wmll“l"“m“l“l
conposition as clainmed in claim9 in which X = M1, Nbo, V and/

Acat al yst corrp03|tLo as clai rred in claim9 or cIa|m10 in which Y=

and/or U. 12. A ci e’%%’rﬁ?&?f ¥ %onprising the elenents A Nb, Sb and

Z in comnbi nation reat ﬁanqu%m 10 atomratios of the

el ement s, A: Nb: Sb 5 rein A, a, b and c are as defined in
claim9,” Z dgs Aaktaiy&a&ipoamaetlaiﬁadinaummﬁw%xiﬁn, Nb,Vandlorw, and g is 0 to 2.
13.{Acat al yst conposition conprising the elements A, V, No, Sb and Z in
conbi nat i orﬂ1wﬁtc|qtala9¢ygm¢s-thnhedgma¢m clgim@or claimi 18 & VGﬁChin'fébeq:ea%é’ntlé A V: Nb: Sb: Z
being a: h:b vvhrelnA and, Z are as def

a.b. o and gz G %%W?p'%g@@e@m afbrﬁe% 4 iR i e ey
conposi tion Cgh 'ft?F Ehep being [err]
[err] [err] [ elenents bei ng present In

conmbi nation with Ag%aL&Jﬁé&@g'nedib%aﬁ ghe 35 1. Verfahren zur
Her st el |l ung ei nes Jé)- das yI en und/ oder Essigsaure enthalt, aus
gasf or mgem Et han und/ oderEt hyl en, I ndem das Ethan und/ oder Et hyl en und ein
nol ekul ar em3Sacetlyét ednipositivn Iuah;rrieinu:tae;elﬁ@ahts eV, NB,shh @int Zin dosrbjnation tvith oXyden,&hegeam-

Kat al ysat or zustomretios eftthaskgnents AKENILSHZ lgbb a:hdiegwer den, die die Elenents A X
und Y in Konbiwheeinon nmit Sauerstoff enthilt, wobei die °

G anmat gpver hal t niAsand Zcheeraspfined imslaimel2A: XY gl eich a: b:c sind, 40 wor i n
bedeut e’ A = ModRécand yareagyefingdin clag12ved Ti, V undl oder W Y = Bi, Ce,

Co, Cu, Fe, K, MhsQ®1p pp Shb Si, Sn, Ti und/oder U a = 1, 45

b=Mi s2, ¢ 5 I st entweder NuII oder groler als Null, e
I st grol er AFQ\% Pft%orﬁé' %&m&'sqg Re er Nul | oder gr8Ber als
Nul | . 2. Verfahren nach AnspruchM “ F° - démm gegebenenfal | s

Essi gal ure aus gasform gem Et han g,rRe Sb¥!§b 66 3. Verfahren nach
Anspruch 1 oder Anspruch 2, wor mug,/R ,V‘, SBb agoger Wist. 4. Verfahren
nach ei nem dervorhergehenden ANs PR zeNEMCXthESEouﬁbs Ce und/oder U ist. 5.
Verfahren nach Anspruch 1 oder Ameps RE Vs NV Sbges Taie,

Kat al ysat or zusnrgeleamas baihgesditen dombinatind eithloxydn.

Patentanspriiche

85 1. Verfahren zur Herstellung eines Produktes, das Ethylen und/oder Essigs&ure enthélt, aus gasfdrmigem
Ethan und/oder Ethylen, indem das Ethan und/oder Ethylen und ein molekularen Sauerstoff enthaltendes
Gas bei erhohter Temperatur mit einer Katalysatorzusammensetzung in Kontakt gebracht werden, die die
Elemente A, X und Y in Kombination mit Sauerstoff enthéilt, wobei die Grammatomverhélinisse der Ele-
mente A:X:Y gleich a:b:c sind,
- 40 worin bedeuten:
— A=MoyRe Wy
X = Cr, Mn, Nb, Ta, Ti, V und/oder W,
Y = Bi, Ce, Co, Cu, Fe, K, Mg, Ni, P, Pb, Sb, Si, Sn, Tl undfoder U,
a=1,
% b = 0 bis 2,
¢ =0 bis 2,
dte+f=a
d ist entweder Null oder gréRer als Null,
e ist groBer als Null, und
%0 f ist entweder Null oder gréRer als Null.

2. Verfahren nach Anspruch 1, worin Ethylen und gegebenenfalls Essigs#ure aus gasférmigem Ethan her-
gestellt werden. '

55 3. Verfahren nach Anspruch 1 oder Anspruch 2, worin X = Mn, Nb, V und/oder W ist.
4. Verfahren nach einem der vorhergehenden Anspriiche, worin Y = Sb, Ce und/oder U ist.

5. Verfahren nach Anspruch 1 oder Anspruch 2, worin die Katalysatorzusammensetzung die Elemente A,



-

IéP 0 407 091 BI Nb, Sh und Z in Konbination mt Sauerstoff ent
die G ammat onverhal tni sse der El emegd §4080bPa10: 259I eich a:b:c @I"IHMF@ m””"l

A a, bund c we ln Anspruchldeflnlert sl nd, nsSs =
ei nes von Ca und . Verfahren nach
Anspruch | od ﬁ°'2b'" 'PIES’S'F'@mﬁﬁ'EtHf"yWb‘?‘%ﬁ?@ﬂﬁt@ﬁ%"é’faﬂlﬁg des; Elemente

EI enente A, V I un cwle SE% Qn m t Sauers';)of{) entlhl Ith wobei

ie Ga tom/er AA. V: Nb: S deIC

a: h: b: cr%as nd, %,J;.,{He §,,% %o h ns tr"tﬁ"(’:h 5 definiert sind, a, b, ¢ und

g Wike in Anspruchg |n|ert S|nd hglelchObls 1.0 ist. 5 7. Verfahren

nach Ansprugh Vbrfﬂﬁkﬁl’namﬁrlﬂhh oder Ah@ﬁ’rﬁchffl Worlidie Katily SitdpZusanionBetARE iig Bld@ente A,
enthal t: Mbo. VoEb, Beond DibKambinafidh nmitSaueriloff énktailt, wabBei Gia Gamniadmvévhaknissedér HResente 25
Vo . 2 Mpo. OAGHDSb:D@eitbah:b:@fsindNd. 37 RO . 26 Vo0O. 26 Nbo . 07 Sbo . 03
Coo. 02, MO wein RBOA wigid Angpich 2@ fiNerdsind, 07 Sb0 . 04, Cao . 02. 20

Reo. 61 Vo. 28 Nb@.b. oundgwi@in Agsprughbdefpigrtsipdier Moo . a Reo. Vo . 28 Nbo. 07
Sho . 03 Cao . 02hglslsepbigi@isk| enents I n Konbi nation mt Sauerstoff

vor handen n rfahr h e| der var.her gehenden, Ans

worin dds thglﬁrfaﬁ'rr\e f %'e’}"sﬁﬁg ,g ‘:)'95 'ysat%g‘"’fag'k’\ﬁ?sﬁ?g?? ﬁ'ﬁ'gr st of f

enthal tende Gas nmit der Kat aIy ‘b‘t’ ‘Bnwesenhei t von Danpf
ﬁ é B’ng Tb%at"i’ung enthal tend die

I n Kont akt gebracht werden.

El emente A, X und Y in Konbi n gﬁgas be‘k die

G anmat %’n/erhaltnl sse der El emmgg1 c 33o gdesl nd, worin bedeuten:
30 A = ModRe. W X RoCiyRelN 1Vol\lebo §-8byl log Cay dnd/ oder W Y = B|
Ce\_(o, Cu, Favobéfdie Elgmenth in KBinbikdiion MibSaudstoff Sihandén siwad/ oder U. a = 1, b =

bis 2, 35 c=bis2, d + e +iff=a d ist entweder NuII oder

grof er al s &ulMerfahgeningeh egjwalderrvoalesemmeh Angpriithd, worin dag Rthemrhdiodex|Efhylemehdrdas mo-
groSi er ,al s Nmkplareméaugwwffﬁetb%lqe-}dgﬁaamﬁe«g Knatalpsstpezusammpnsatasing inAnwasenthpit wn Dappfn X
= M, Nb, V uritffesiaktgerashtyerdepq Kat al ysat or zusamenset zung nach Anspruch 9

oder Anspruygh
Kat al ysat O%Z;u &%E sQane?rI\tsrzggm It%”%ﬁégg IeEEJ A )?unﬁYmi( rrkéa?tlogwlt Sauars?ff wobei
Konbi nati on myfy; tonverfal t ni sse der El enent.

A: Nb: SbsZ gl ei ch a_m &wsi nd, vvorln bedeuten: A a, b und c sind we in
Anspruch 9 defi ni QI‘:tcr'm, N§tTa,'T| PdRGdL|NG, €i nes von Ca, Ru und Ga, 50

und 9 ist gleich §d8,Telco, &3 Fe,K@Mngsap@szlgwmﬁﬁ,ugrmng, enthaltend die

El enente A, V, Nba=8b und Z in Konbination mtSauerstoff, wobei die
Grammat onver hal t nbsoeis¢er El enente A V:No: Sb: Z gleich a: h: b: c: g sind, worin
bedeuterf® A und Zesioms2wi e i n Anspruch 12 definiert, 55 a, b, ¢
und g sind wie indaeggrach 12 definiert, und h ist gI eich 0 bis 1.0. 14.
Kat al ysatorzusamréliﬁé@;'ttwn@!uﬂeﬂﬂfuﬁ&qfelﬁdull.I\/bo . aReo . 0 Vo . 2S Nbo. 07

Sho. 03 Cao . 02. eisbgrder als Null, und

© f ist entweder Null oder groRer als Null.

K-/ 10. Katalysatorzusammensetzung nach Anspruch 9, worin X = Mn, Nb, V und/oder W ist.
11. Katalysatorzusammensetzung nach Anspruch 9 oder Anspruch 10, worin Y = Sb, Ce und/oder U ist.

45 12. Katalysatorzusammensetzung, enthaltend die Elemente A, Nb, Sb und Z in Kombination mit Sauerstoff,
wobei die Grammatomverhélitnisse der Elemente A:Nb:Sb:Z gleich a:b:c:g sind,
worin bedeuten:
A, &, b und ¢ sind wie in Anspruch 9 definiert,
Z Ist mindestens eines von Ca, Ru und Ga,
50 und g ist gleich 0 bis 2,

13. Katalysatorzusammensetzung, enthaltend die Elemente A, V, Nb, Sb und Z in Kombination mit Sauerstoff,
wobei die Grammatomverhéltnisse der Elemente A:V:Nb:Sh:Z gleich a:h:b:c:g sind, worin bedeuten:
Aund Z sind wie in Anspruch 12 definiert,
55 a, b, ¢ und g sind wie in Anspruch 12 definiert, und
h ist gleich 0 bis 1.0.

14. Katalysatorzusammensetzung, enthaltend:
Moo . 56 Reg . 05 Vo . 26 Nbg . o7 Sby ., 03 Cato . 2,
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EP O 407 091 Bl Mbo 37 Rea . 2 Vo. a Nbo. 07 Sho. os Cao. ”"BIU@ |
26 Vo . 26 .NO7 Sho. 03 Cao . 02 ' 37 Vo . 2a Nbo .
Coo. 02 5 okt ol LV %5 (oo im 'm”m
Sbo . 04i .oder MbO 62 Reo. i VO 2a Npo. 07 Shbo. 03 Caoo. 02 wobei die

El ements in Konbination nit SaMieeruRes.zsUpowNBndciho o4 $¥.210 Revendicatl ons
1. Proc6de d obtbntion, A pari”Prs” °°e%5P(;m!eN ?7 @%ml ene gazeux, d'un
produi t conprenant de | " ethyl € °a‘t1 'a'ue par m ss en

cont act de I thane et/ou de I’ ‘hé‘ﬁf "gb‘?.?n“z d’ﬁonant de | ' oxygbne
nolecul aire, de cat al yseur
conprenant |es %qgg%{fgg“ﬁlﬁlﬂﬁ% iglgggs&s@%’ @aﬁﬁ%‘%ﬁ | nai son avec de

| ' oxygene, |es rapports des 6e6rrents A X:Y en atones-grames etant egaux a
a:b:c, ap AnvihdlBRicdE, X = C, M, No, Ta, Ti, Vet/ou W 20 Y =
Bi, Ce, Co, Cu, Fe, K M, N|, P, Pb, Sb, Si, Sn, Tl et/ou U a =1, J>
b=0A2, c=0 A :P;ocddé"d'@teﬂtioﬁ. &pattir d’éthane et/ou d’éthyléne@aﬁﬁi, dR8 ploduis céRprénafiieFstARENeOUT
A z6ro, 0 est etoydliacide achtique par,misdienfcordst del@thaneot/o6 BOI'sEHyleRd R Auh Gt cofteraftda.

2. Prochdh suilemagine imalécueire, ickeropiratupe éldvée,caersunk eapp@kitichale catalydayr dompresint les élé-
facul t at# vermremtentd &, X ety en chnbineisiniavpsae Bygenes @s rapports dgsrétchemts AXA ep atomes-grammes

d' et hane gaze@ent@auxaxbgzede suivant la revendication 1 ou | a revendication
2, dans | equelodX representb Mh, Nbo, V et/ou W 4. "Procede suivantl'une
quel conque des re 1-ons recedent es, dons | equel Yrepresentb Sb, Co
et/au 35 c’-'\ﬂ'ﬂ § Wt | a revendication | ou la

revendi é&ti on 2 Efa clee‘ath FP'a{( USTP&(?S?II BhyPh 8. (':%H“&Iuyseur conmprend | es
elenents A, Nb, S en conbi nai son avec de |'oxyglne, |es rapports des
el enents A: Nb: Sb: torres granmes 6tant egaux A a:b:c:g 00 | 40

A a, b et c sont o d6finis dana la revendication 1, Z est |'un au
moi ns dgg 6l 6nent§e§gga,-%érggu9@?ém§rtazgma une valeur de Oa 2. 6. Procede
suivant |a revendigestislfdReur a 2o, 'ef revendi cation 2, dans |quel |a conposition
de catal yseur 45 festégmgmugulggng@gz&berrents A V,-Nb, Sb et Z en

conbi nai son avec de |'oxygine, les rapports des i6lnments A V:Nb: Sh:Z en

at ones- gr arkre Prastdérpuivinylavevendiication 11 xaos lgquelads I'dthyidne £t facultativérmenisie djanide cledtiqual sent
dons | ass even-Pdeviﬁatp'ﬁkﬁmGhanagizew et g sont teI s quo definis dons Ia

revendi catl on 5, une val eur Proc6de sui vant

| a
revendl cat i bn Pfo° sf"éianlt | RYRANsEcatiop |1 BH'afvemg"“lz Qfﬂ%'Pq‘ieQ( eRRISEMn; M Vgtou W.
cat al yseur go 28
Xbo. 0 Sboaﬁ gc?&%uwMQnﬁﬁelgﬁﬁ& d¥OrefbniiBRord freckdiBles @ik Ig&ew'g%%s E&%/ ‘b%%%g
Nbo, 07 $bo, 03 C80, 02 Moo, 24 Reo0 VO, 2. Nbl, 07 SbhoM4 Ca%2 Reo, 61 Vo, 2,
NboOo7 Caorf. Sirmigédé suivantiioferenRedion VO 28redéndidatio R 0dens legGimDR0dmpdsition Gé dey%“e&

6t ant pr esent somprercidesiiiénmmnts AnNin\Bbet Zen tombingigdmevec dell’'oxygene, les rapports des éléments
A:Nb:Sb:Z en atomes-grammes étant égaux & a:b:c.g
ou
“0 A, a, b et ¢ sont tels que définis dans la revendication 1,
Z est I'un au moins des éléments Ca, Ru et Ga, et

gaune valeurde 0 a 2.

6. Procédé suivant la revendication 1 ou la revendication 2, dans lequel la composition de catalyseur
% comprend les éléments A, V, Nb, Sb et Z en combinaison avec de 'oxygéne, les rapports des éléments
AV:Nb:Sb:Z en atomes-grammes étant égaux & a:h:b:c:g, oll A et Z sont tels que définis dans la reven-
dication 5,
a,b,c et g sont tels que définis dans la revendication 5,
h a une valeur de 0 & 1,0.

7. Procédé suivant la revendication 1 ou la revendication 2, dans lequel la composition de catalyseur
comprend :
Moy,56 Reg,06 Vo,26 Nbo,o7 Sbo,es Cag,e2
Moy a7 Reg.25 Vo,28 Nbo,g7 Sbo,es Cao 02
55 Wo,a7 Reg 25 Vo,28 Nbo,o7 Sbo,03 Cag,02
Mog 24 Rey .37 Vo 126 Nbo'(ﬂ Sbo'(u Cao'oz
Reg,61 Vo286 Nbo,o7 Cag02 Sbo,os, OU
Mo, 52 Reo.1 VO.ZB Nbom Sbg'og cao'm,
les éléments étant présents en combinaison avec de 'oxygéne.
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EP O 407 091 BL 8. Procede suivant |'une guel conque des reve
precedent es, dans |equel |6thane etgmyudrogipw! ene et |l e gaz CH HIIII"I“'
| " oxygl ne nol ecul ai re sont m s en cont act avec la conposit'on e ca sels

en pr6sence, deP eau. pslt talg/se [ CO renant | es
ol etents A® H'vg s ﬁ‘ﬁl"%‘?ﬂ‘* ) éf etlmwjgg% sl b
el ements A X r;sﬁu } e mofegyigire hﬁt%'ec Ve x
= C, eoquO Y = Bi, CeCoCuFe K,
My, Ni, P Pb,Coﬁbosni&ldeoﬁﬁlyseﬂcoﬂbrhﬂdtl&ééléﬁemkxdw er%%bmé}sorrgre@*de?loxﬂér{eQes rap- =
, 45 ports dbs @BinerORX:Y @hlatbriigdardnMhbs 6@AntRGAUR A ab:cBavbe SUperieur A zero, et
f est egal ou sup@=iMofReW,zero. 10. Conposition de catal yseur suivant |a

revendi cati on 9, &G Nmbbida Tevtiewpr 6sentb Mn, Nbo, V etlou W 20 11.
Conposi tre on de cal'alBpSLeu@o, SuiFedfaMgl Ni, R By Sh.Hi,SaiTl etfou®, ou | a revendi cati on
10, dans |l aquel |l ea¥lrepresente Sh, Co et/ou U. 12. Conposi tion de

catal yseur conpreRd®?®3 eas | 6nents A, Nb, Sb et Z en conbi nai son avec de
| * oxygene, |eas r&f98 s des el ements A:Nb:Sb Z en atones-granmes etant
6gaux A a:b:c:g, 383e*f=a ,p A a b et c sont tals qua définls dans |a
revendi dation 9, °§t§9a'8'bs °H’s“iéNun des elenents Ca, Ru et Ga, et g a uno
val eur de 0 A 2. est alé":ls on de catal yseur conprenant |es el enents
A V, Nb, Sb et z&W &8 n "glgﬁ Vec de |'oxygbne, |eas proportions en

at onmes- gr arue Tomessiticn m@&&upsu}iarwh revendicafidndianS AglefiSx RpdsdiieMinCh] vaBofWet Z
sont tel,s qua definis dans |a revendication 12, a,b,c et g sont tels qua
d6f i ni s “dard. |Gempasitiemdt catalyseunsuil@nt lagévetdication 9 ou Ia revendidatien 10 dany/laquelley rdprédenta
1,0., 14. Conp@biffq'qynutale cat al yseur, conprenant l\/bw Reo, 06 VOw Nbo, 07 Sbo03
CaQ, 02 MoQ, Nbo, 07 Sboﬁfg%ﬁs

W, 37 ReQ, 2 fg“ %OA}@%%% ?43% \?‘%"28“"&1!5{9“6‘}9"955%!’@"6
Ca0402 Beo, 81 &"’N °"‘639’R}B'8 E992X ARPS® NbO, 07 Sho, 03
CaO 0 les 6l 6nent§aegg{gsoﬁ}rteess&gtdgfmgr&al%qm{,&gm%gpg'avec de | ' oxygene. 45 50

55 12 Z est au moins I'un des éléments Ca, Ru et Ga,
etgaunevaleurde 042,

30 13. Composition de catalyseur comprenanties &léments A, V, Nb, Sb et Z en combinaison avec de I'oxygéne,
les proportions en atomes-grammes des éléments A:V:Nb:Sb:Z étant égales a a:h:b:c:g
oll
A et Z sont tels que définis dans la revendication 12,
a,b,c et g sont tels que définis dans la revendication 12, et
85 h a une valeur de 0 & 1,0,

14. Composition de catalyseur, comprenant ;
Moy,s6 Reo,08 Vo,26 Nbo,o7 Sbo,es Cao 02
Mog,37 Reg,25 Vo,28 Nbo,07 Sbo,0s Cag 02
- 40 Wo,s7 Reg,25 Vo,28 Nbg o7 Sbo,es Cag o
\\/' M00.24 Rey, 37 VO.ZB Nby,o7 Sbom Cap o2
Reg,g1 Vo.26 Nbo,o7 Cag,02 Sbo o4, OU
Mog,s2 Reg,s Vo,28 Nbo,o7 Sbo,0s Caig 0z,
les éléments étant présents en combinaison avec de I'oxygéne.
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