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Process for continuously preparing methyl mercaptan from carbon- and
hydrogen-containing compounds The invention relates to a process for
continuously 5 preparing methyl mercaptan by reacting a reactant mixture

Whicg [ lid, liquid and/or gaseous carbon- /
h‘f}ar gge%h%]épén%giihf?r?g compounds with air or oxygen an oﬁv%ztgroasr{c? 53548

sulphur. 10 Methylmercaptanisanindustriallyimportant intermediate for the
symtesssof rhethiosing GO e prépa Rfon-oedinfetiistpRsigér tan

apg.dimeshyd shlphene. Nethyl Feercaptareispreparedipsedadinantly from
methanol and hydrogen sulphide by reaction over a 15 catalyst consisting

of an aluminium oxide support and transition metal oxides and basic
pFSMotersy The RBrcaptan iisully syntREsiz&Ph thetgas phaséatous Ly
tepperattres betwean B0Omwnc-50QG andiay pressaresibetween rand 25nt
PRI As el andhemelid mercaatan. 29 formed Apdvaternihe Rrodileous
gas mixture comprises the unconverted proportions of the methang gtnd .
HRIFSGERT sURBHid & Staring TREERARS Bha dirBthy SeipHE Aid Hiidthyt 1+
etheras/bypradutis;andalso samall anonhts:of polysulphides (dimethyl
disulphide). Gases which are 25 inert in the context of the reaction, for
example carbon monoxide, carbon dioxide, Egg{gseg ana(gbggﬁdrogen are

IS5 Bresent AGhe Pr&ddict gas®The Thethyl Hhercaptan s Tmovéd

ed iS remov
froms erenprbidiiot 30Egas rixures wistéxpidified? for BRampla imesand  for
5866721y inpa phuralify ofshistillatiga-and wash colwnnsiat temperatunies-hyl
between 10 and 140C. Methyl mercaptan can al tively

frsol‘}\ri:I oc%@'rbong{oex?(?‘ égl hyta% gC ear}c,) %%ﬁ hai rsana)/g%eéig r%cg?e n%euﬁ%ﬁggﬁ%qlt ty
Aceording (6 895466524 2 Mo BRIRTPIeS dthyidReitdptaRas prepareder @
aver satabystschasetson atkalbmetat tunpstates. \Gompaidd tostgport  and

r@%@ﬁ@?k?@éﬁd1netal oxides and basic promoters. The
mercaptan is usually synthesized in the gas phase at
temperatures between 300 and 500°C and at pressures
between 1 and 25 bar. As well as the methyl mercaptan
formed and water, the product gas mixture comprises the
unconverted proportions of the methancl and hydrogen
sulphide starting materials, and dimethyl sulphide and
dimethyl ether as by-products, and alsc small amounts
of pelysulphides {(dimethyl disulphide). Gases which are
inert in the context o©f the reaction, for example
carbon monoxide, carbon dioxide, nitrogen and hydrogen,

are alsoc present in the product gas.

The methyl mercaptan formed is removed from the product
gas wmixture, as explained, for example, in US 5866721,
in a plurality of distillation and wash columns at

temperatures between 10 and 140°C.

Methyl mercaptan can alternatively be prepared from
carbon oxides, hydrogen, sulphur and/or hydrogen
sulphide. According to US 4665242, for example, methyl
mercaptan is prepared over catalysts based on alkali
metal tungstates. Compared to the methanol-based
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WO 2008/145488PCT/EP2008/055548 - 2 - process, these processes
have lower selectivities for methyl mercaptan and conversions of carbon
oxides. US 4410731 relates to a process and to catalysts for the

pr%%ar%i(ag /o{ &%tggl mercaptan from carbon oxides, %g%%&é%gﬁélo@/dos 5548

hydrogen sulphide or sulphur, based on alkali metal mo
sulphides comprising transition metal oxides as promoters, and aluminium

oxife,a8 a-SupPeK s WO 2005040082 claims Bprocessand-ealalysisor o

the preparation of methyl mercaptan from carbon 10 gxides, hydrogen and

hyBrogeiT sulpRfdE 8 &itphir Hased o Siicilithdtal Riolyfdaeg™ ~oxides.
cdmpriging fransitier aietal okidestagprorsstersaimdwhich silidonldiekide fox
preferably sesrves as.a LPPRH: 19 Thadreparation of methylipercapianies,
fr%m &arbon disuIBhiqqe ar %argonylsiligﬁi{j eand Pydst;%qen gra fugg%re d on
alteffiative to thaenproc@[ss%a%e ofn meéthanol. I—?owever,@ﬁe pfocesses

are cratdctBfzed biredifiparative\Elohrsdleesyitks ol Afthgl m&apidn. on
a RRwaultitugle @k by-prodystsmbich-are difficult angcasthito rerieue, and a
the necessity i [ rb isylphid rbon Iphide i

Ia?:"guep gr%ro%hts?\{#]h%rge%é %?r?vﬁge%siogr? % §rlrl'%ixt%re%J_“(E()){E)(Sf;e%i%Od %r%?tjh é%{ %% TySt °
proe&ssES WhRFFEGRBRdS hethane 6 higher HydfGtarsshs, iwamr, carbon
hydrager andyphssiphynsulphlukcaitaming earhpbudds, da methylhur based

mefcapian.has in.date natsycceeded i%B}Hkv‘éﬁrﬁlﬁfoée"é\f%@}s\@%@éz?“%tal

selectivities, but rather leads to a multitude of hy- 30 products including (3
toXEHBon @SulphRIEES 55h&in comBonelt What istommdH to &litc*1de
alpovementione dsprocessessisahatigarboh compounds such as methanol,
carbon oxides, or 35 sulphur-containing compounds such as carbonyl
sylghide or carhon dislphide, are requited a5 raw materialsfol,  carben
digulphide or carbonyl sulphide and hydrogen i1is a
further alternative to the process based on methanol.
However, the processes are characterized by
comparatively low selectivities for methyl mercaptan, a
multitude of by-products which are difficult and costly
to remove, and the necessity of handling toxic carbon

digulphide or carbonyl sulphide in large amocunts.

The direct conversion of mixtures obtained in other
procesges, which comprise methane or higher
hydrocarbons, water, hydrogen and possibly sulphur-
containing compounds, to methyl mercaptan has to date
not succeeded in industrially relevant vyields and
selectivities, but rather leads to a multitude of by-
products including toxic carbon disulphide as a main

component .

What is common to all abovementioned processes ig that
carbon compounds such as methancl, carbon oxides, or
sulphur-containing compounds such ag carbonyl sulphide
or carbon disulphide, are reguired as raw materials for
the preparation of methyl mercaptan. These constitute a

gignificant cost factor, particularly when the product
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the preparation of methyl mercaptan. These constitute a significant cost
factor, particularly when the product WO
2008/145488PCT7EP2008/055548 - 3 - selectivities for the formation of

methy captan are comparatively low. Moreover, s t]
e 5%@({%%4 Yo BE2005 /055548

complic purification steps are needgd, in which a multit
secondary components cannot be recycCled into the 5 process. This

reduees.the overall selectivify-for methylimearcaptan-and thugdbeaptan are
economic viapility of thic%?cess. The direct conversion of reactantslwhich

COTMBIREE TG hAfUrAl gas{iethane) Shydrocarb S F6r-Examplé Fro eated
heavyidilifradtions, risiduesdiom crrlessil refiinghérchigiermultitude of
hydrocarbons in gengiahderexampleehigomers, pelymers eapolyeyelic the
aromatice, whichare normally, for exaimple. giso.obfaingd psasec,  sor
stfeams 15 in other chemical processes, wffh air or oxygen, water and
SUIES gies ARRATMereaplaiius thdebeepsrhesnvertiohl Eommdredhe
torthe dedustrially practised methanol-based process, owing to significantly
lower raw material costs, it has a significant cost advantage 20 in the

variable operating costs. As evident from the above for the person skilled,

inthe arC 368K b preCESEETHioPavaifible BBEGTHRTYD th¥ PHOF artCATRY 5
resalt of ebmparativiehy tdve peaductrselectvatigscarsd a witie speetrgireof from

by; products; and the. toxicity of the. 23.1eactippdpterpadiates; whichr i ning,
necessitates extensive safe%/ measures for protection.of pegple and the

enfironfAeRt Stich A PITRSEIE PR pariiy mélRyiFhercaptah did notsxig. ©
3@ Themeensmieuiabiiaref the ovarall girecass dependas erriallyitiggn are
theqareduat selectivitySor methy] mereaptamthaseddnihe ¢arbon sedtegams
usz'_%i'@t aeg:esggemical processes, with air or oxygen, water
and sulphur to give methyl mercaptan is the object of
the invention. Compared to the industrially practised
methanol-based process, owing to significantly lower
raw material costs, it has a significant cost advantage
in the wvariable operating costs. As evident from the
above for the person skilled in the art, such a process
is not available according to the pricr art. As a
result of comparatively low product selectivities and a
wide spectrum of by-products, and the toxicity of the
reaction intermediates, which necessitates extensive
safety measures for protection of people and the
environment, such a process for preparing methyl

mercaptan did not exist.

The eccnomic viability of the overall process depends
crucially upon the product selectivity for methyl
mercaptan, based on the carbon source used. As a result
of the inventive use of carbon- and hydrogen-containing
compounds which are obtained as secondary components or
as waste streams in other processes or are utilised
only as a fuel for energy generation, an additional
cost advantage can be achieved. For example, selective

oxidations form a series of secondary components which
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of the inventive use of carbon- and hydrogen-containing compounds

which are obtained as secondary components or 35 as waste streams in
other processes or are utilised only as a fuel for energy generation, an
additional cost advantage can be achieved. For example, selective

oxidations form a series of secondary components which - 4 - additionally
contain chemically bound oxygen, for“e)%arﬁple alcohols, aldehydes,
calboxyls acie L sarg xR densialy ncgjgled,  for
e removalof the main reaction product or converted in a further i
cheiicap teachdivelich that dLpGLa @ﬁossiﬁﬁméﬂ“gxaﬁfb@d and/ox
SOUECESHE readtansmixtheeg aredndustriataidyesses foegbtasing dtganicthe
nitro r,Su MRELNAS..J | r%h@\g@' I-tar _ i

by-r (%%jg%% a%g](;%t}%?ned and geér%é’e{g%gifo ave to %eﬁﬁgﬂéﬁ%ed H 'a
dishsEEBSF in SHtREFRay witREGtTufHer u?)léﬁ%dingt.}ﬁ?ﬁarti gPeeRt 18
pogsibleiinithe progeshaccoraingto tesinveftiors igsesifgafstrazas tant
W']%‘i@:ﬁ%’?@é‘%%@%xﬁa&:?% S%@@B@@[”Q&ngﬁd_@ibybrganic
sulphides or alkyl 15 gﬁ’lﬁ/su{ggldes. These %xpllut%alsw mc%dergeafggivel
wHidtF 3RE6BaiRdd frotht WA st BPSRnts TOF geherating energy or —
chémicat produsts direftiyborvaceépagiontectimgadsion ime crrsesl 1y
biglagigal mpetaholismprosessasyfos exampledesneniationand2dther way

degradation processes). These gas mixtures may comprise, gs.main 4. ;o
co %Ca%%a?bons,u@aqggajéﬁ%és,-_ orIglanigD hitrog !

%HFS, h n sulphur and nitrogen -

© copmmidtor hydrohen BHpRRRS asHer S HiRer QbdBRce BRI MR t°

- 15

20

beysipplistrtashe grocesaacerdifly tetwpnyention,s-4ac08 a fits,,  S0;-
aspect, there s provided a pIagess fal1xy1  sulphides or  alkyl
polysulphides. These explicitly alsc include gases
which are obtained from waste streams of plants for
generating energy or chemical product-s.'diréctly or via
separation techniques, or in the course of biological
metabolism processes (for example fermentation and
de‘gradation procesges) . These gas miXtures ' may
comprise, as main components, hydrocarbons, " ecarbon
oxides, organic sulphur and nitrogen compounds or
hydrogén sulphide, as well as other substances, and may

be supplied to the procéss according to the invention.
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. the following process steps are passed through, in which the carbon- and
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third 2 a5
om rect Ay A which

- compoufills, air'oridkihen, Bld/SeRAid%and Bulgiiker  or hydrogen —and

hydrogen-containing compounds are&reggteg_ in process step 1 with airor - -
oxygen, optionally with water, to give a gas mixture ‘which 10 comprises
carbon dioxide, carbon monoxide and hydrogen, this gas mixture is

reacted ipprocess,step 3%&&9%9@9@8@98&9&&%@%”5%%%%9 for
multistage process step at a reactjon pressure of at least 5 bar and a

temperafﬁ?@fo]rré‘f‘?égs}%o%ﬁ%ﬁﬂltﬁg AEEPYs "EEREEAT RS ratio is

~ adjusted ¢orveatic.nf1:0. Irk8cbabl: 10i X byfeedihghin wetordses carbon-

hydrogen aad ontinpalyydragen ssulphide, thepgasdmixtureidsein  the
obtained havin%'_a molar ratio of the compounds COQCOAHZ/H%S of hich
1:0.1:1;1%%15.‘:‘1:iﬁ%o%%%ﬁi%né"d?ﬁszo 5r%c§§§ Fé't:'ep §: at 8'1éaetion” _w €
pressuretdfeat leasbdiar antd tdmdaerer-chatREsi200CHwaaqunds  are
CataWSt_@e@aﬁﬁ%@tioﬂﬁnLXMSé’ﬁ%ifh copyyises metwh MS&@.&DtaBﬁS theygen,
main reaction product, this methyl mercgptan As removed in process step. . . -
e P AR OB BEES e Whicn
eptetisfee detodien after vhtionarrdtio mMRRAHater aafe hydrogen,

'reéycledﬂaﬁ@thgﬁo%&ta@e'\A&mra:mgaa mixiuredeaves thetisst 2 with

,process.step.af a pressure of at | t5b_ra‘r§| ig,f _qldére Iy'wi .
rner 20 SODBLiOR (o he SScOR roCosd o, i, oirseteoe

. correspaMeRfig asThikeuras afe §@5§‘éﬁ'ﬁ§nt¥§ﬁé‘iﬁ8_{fﬁwi§§re§§uﬁéﬁ?ﬁ§ﬁﬁe5 bar
- third anchfourth presgss:siens'e - 4b - #4ds arabieceobthe, discldsur@éo molar

2 Piacess faL pLepaingmethy nereaptan 1 ..o

ures which comprise 5 carbon- and hydrogen-containing

Thedisclosttepedidesanracessior contiptibdsly prégarings mixture thus -

- methylmgreaptanby 0.cqnyverting a reactant mixture which GaIPrisesmounds

carbon- and hydrogen-containing compounds, wherein:the following

- process QepsHzpieled thrbtgh? it whichthd darbdht Brdt® COQYEI;ted in

hydrogep=camtaning epnipeinds arsesioted in procass SEPALS lagit ar bar |

- or oxygemPRionaliy Mt Walerolo divegas 200°C over a catalyst to-

a -reaction mixture which comprises methyl. mercaptan as
the main reaction product, this methyl mercaptan is
- removed in procesis' step 4, -and, in process step.' .5,.
: afte‘il ‘removal of the 'gaseous byuprqducts, A'_‘ti'-ief
unconverted feedstocks, after opti-onal- reaction ‘s&ith
water, are recycled inte’ the, process; and vhere the gas -
-mixture_ leaves the first i'prdc'::ess step"at _a pressure of
- at least 5 bar and is fed directly, without furthér
compression, to the second proéess $tep, and the
correspondirig gas mixtures ére subsequently fed at this

pressure to the third and fourth process steps'.‘



WO 2008/145488PCT/EP2008/055548 - 5 - mixture which comprises
carbon dioxide, carbon monoxide and hydrogen as main components.

The carbon-containing compounds may be provided in the 5 solid, liquid

or gaseous state, but are preferably in gaseous form at the time of the
reaction. In addition, the reactant gas may comprise organic sulphur
compounds or H2S. 10 CO, CO2 and hydrogen are present in the gas
mixture leaving process step 1 generally in an amount of 1 to 90% by
volume. 15 Preference is given to concentrations of 5 to 25% by volume
for CO, 5 ta 50% by vplume for 002 and af. 10 to 90% by volume for H2,
the totgxlg‘an%c?ur)ta Pem%%ﬁiﬁ&%ei%g pzrte%gra I‘Lys<C %88‘%[% vto(fun%oe%%%%ialfyn
- 90% By Volifné Do-Subsegtiéftlyd i §ES mbddte i rsdeted diredyiny 1
withoutfurthes compression ard woskitp of.the-gases, atiairgactiopmprise

pressure of at least B b@{mdogé%mesmrﬁafﬁ 'e@é&lgg%dwi}q gqqéd oL

gaseous sulphur in a 25 one-stage or multistage process step 2. The
molar 6B A2 STt 3¢ §djudisd o Rlftio'of 1:0.1:1:0 to 1:1:10:10
by feeding in water or hydrogen and optionally hydrogen sulphide. 30 In

processistep 3, dhisgas mixture is.converted at a reactionpressure of at,,
least 5 bartand a tesrp erature of at least 200C over a cataI%/st to a reaction

mixturé Which comprises methyl Hiercdptan &8s thé mainproddet 2"  °v
10 converting a reactant mixture which comprises
carbon- and hydrogen-containing compounds,
wherein the following process steps are passed
through, in which the carbon- and hydrogen-
containing compounds are reacted in process step
15 1 with air or oxygen, optionally with water, to

give a gas



10

15

20

25

30

35

35 WO 2008/145488PCT/EP2008/055548 - 6 - In process step 5, after
removal of the gaseous byproducts, the unconverted feedstocks, after
optional reaction with water, are recycled into the process. 5 The overall
s%[gc%i%fﬂmtggl mercaptan can be increased by geeygling cathorsss548
hydrogen- and sulphur-containing contpaunds into the first, second or

third process step. Preference is given to recycling carbon oxides,
hydsogene camponyl stiphice snd hyarbgen 80 sulphide intor e sesomekorde
t@%ddpﬁﬁz?% §§p, g@iﬁ%p%%é@&@gample water, hydrocar'bons

and other sulphur-containing compounds, for example (poly)sulphides and
carbon disulphide, are recycled into the first process step. It is a particular
15tadvantagerof the nveniiog thatpoly)sidphides &wd toxievcatben in the
disiphide ggeyrmith seleglivities of less than Weandras aresuliabihe in
recycling intg the process, do not hg\rze é%ge se agaited and disposed of in

aFBERMBSIY- CoMpRcatsd and dBsty mantver- 20 As'Well as the methyl

mercaptan formed and water, the product gas mixture of the third process
step camptises the upeanverted-carbon digxidensarberomeantxide,organic
hyd oggéen and hlédrog] %suljphfjldg starting materials and, 25 as

bé"r;lr Ucts-Cat %H‘y sulr%lde,zmwethane, dimethyl sulphide and also

small amounts of polysulphides (dimethyl disulphide) and carbon
disy)phice, Gases whighateined e theontext ofithe reaetioyg for mixture
exaqple nitagen and hydiggarbogs, ie.alsq pieseqtin 3qnaproduct  co
gasfaﬁ[ﬁe%n hyl mercaptanformed is removed from the product gas
nARtEr ol exafple as explained in DE-A-1768826, in several distillation
and wash columns at 35 temperatures between 10 and 140C. Carbon

digxide, carbon @Qnogi%ﬂy%rgg%ﬂw@lﬁ%%ﬁaid%ﬂno;h aso 25% by

by-products, carbony

sulphide, methane imeth;_gl sul%de ancg %I§o
3 10 teo
KSR RodE of Bolysulpid $ oY o PR YRR . _
90% by volume for H;, the total amount remalining being
preferably < 100% Dby volume, egpecially ~ 90% Dby
volume.

Subsequently, this gas mixture is veacted directly,
without further compression and workup of the gases, at
a reaction pressure of at least 5 bar and a temperature
of at least 200°C, with ligquid or gaseous sulphur in a

one-stage or multistage process step 2.

The molar C0,/CO/H,/H,S ratio is adjusted to a ratio of
1:0.1:1:0 to 1:1:10:10 by feeding in water or hydrogen

and optionally hydrogen sulphide.

In process step 3, this gas mixture is converted at a
reaction pressure of at least 5 bar and a temperature
of at least 200°C over a catalyst to a reaction mixture

which comprises methyl mercaptan as the main product.

Subsequently, the methyl mercaptan 1s removed by

processes known per se in process step 4.
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WO 2008/145488PCT/EP2008/055548 - 7 - (dimethyl disulphide)and
carbon disulphide,are recycled into the first, second or third process step.
Advantageously, the stream is reacted in an optional fifth process step,
%Sf ?Ig @Xtéc&ally, with water in such a way that theroyale gas/ 055548
rec Into the process only compriges_the main components CO2, CO,
H2 and H2S. The economic viability of the overall process is 10 increased
bythefact that, agivaptageously; ae careplicatéd and costly reawakef by -
Rotentiel catalysioisans. for examale eulphUEGaniaining Gasmpoupds 8ad1

dlementz sUIphur is needed before the metere addition of the
fseastbdlanto HeTirdP&id se€iid 15 Provess s%élﬁfoe Y ATEfmoval of
such compounds after the reaction in the first process stage is

£°e§—§%%:{rf‘es§e§@é&%eéfa&9§ fed diregtly tadhe secand pragesse

step together with the reaction gases, without furéher Worku$a d

CHRE3TE&EiBR oF the A §5ses! oS W COTTitutds S Sighiticant cost
ashvantageiwith regardtoothe capital atdiopefatifF cos&EePHe pficeddrird
%g d3;thug {&POS@%Q%%@BB@%ZaEQH ofithefeactant-apddreduct carbon

mixture of the first process step Adva geousl hurggrld hyd
sc‘ontaﬂ%’?% 5 sﬁlags which me{{/%b i%}%%gs by- productsyofrogen

prodedsistep 1rdam befed eﬁeeﬂsﬁmeﬁndﬂﬁam P ERSBEEs fofFas #hile
regciapbin prasess step Sxdiisi expheitly alsotigclndes gasesswhich are her
Obtﬁln%d from off as sfreams of @gg%gg&g@neratmg epgrgy or chemical ) o

FOAUCtS 3rectly o via separation technigues, oy form in the course q
b(@l@éhﬁhﬁﬁé@%‘%ﬂén A FAOREM protEss et HnP can DeFed difetts ©
te #ae seeond poiess stepr Jhese gas mertures mayicompriseh astiginl ax

companen afel h%%‘océ@”%&@é@?&h@ﬂdeﬁhﬁaﬂph%em@%ﬂ%e@es and

compounds In a total concentratjon of 5 to 90% vqu |n addlttorééo
o“%ﬁéfrlshbﬁﬁﬁéé’sq art-Fidy 9 toProCEss eps 1.5

20684 45488P T /ERA008/955548 S8 t Thé gtalsemmwé%% é&’%\%rt@le
dinthe secopd pRAESEave to be separated and disposed of in

a technically complicated and costly manner.

sulphur-

As well as the methyl mercaptan formed and water, the
product gas mixture of the third process step comprises
the unconverted carbon dioxide, carbon moncexide,
hydrogen and hydrogen sulphide starting materials and,
as by-products, carbonyl sulphide, methane, dimethyl
sulphide and also small amounts of polysulphides
(dimethyl disulphide) and carbon disulphide. Gases
which are 3inert in the context of the reaction, for
example nitrogen and hydrocarbons, are also present in

the product gas.

The methyl mercaptan formed is removed from the product
gas mixture, for example as explained in DE-A-1768826,
in geveral distillation and wash columns at
temperatures between 10 and 140°C. Carbon dicxide,
carbon monoxide, hydrogen, hydrogen sulphide and, as
by-products, carbonyl sulphide, methane, dimethyl

sulphide and alsc small amounts of polysulphides



153

i0

is

20

25

30

35

stage, optionally with use of a catalyst, by reaction with liquid or gaseous
sulph ur in a one-stage or multistage process step. In th e second process
step, 5 full conversion of hydrogen is not attempted. The reaction is

perfor qiss céglt%g%after the reaction, the CO2/CO/ H238 B%és 3955438
.1:1&1%F A :10. Advantageously, the reaction gas rom;t e%irst /
process step leaves it at a pressure of at least 5 bar and can 10 be fed

direetlywithout fusther, cgmperssiondgdhe secongprocess steh ks  are

constitutes a significant cost advantage, since it is possihle to dispense
Wﬁﬁcéyc%?rﬁeé‘}e%%%ﬁ s?é%qee wi ﬁﬁlsg%’ ca%?t%?gﬁd %ﬁer%%ﬁagcogtggl"é)gs Step.

reaetomn gas TRRtUNE frofithe SEcoMIprécess SRG-8AL5 Shbseguetitlyifeal
tosthethird processstepswithout furtbeeeempressioncand woddipof,  with
ref'f‘é’@%% products. Rptonall aEB%Rg“&I&f %%P&% i”%%'&”’%@ | sylphuror.
sulphur-containing compourds can be connected upstream of this

plotBsERGE TheLohVeRRSTPb RBthyF Afer8aitan 20e efeeied if G third®:
pepcessdtapyver catalysts. Advantageous catalysts in the second and

third process step have been found to be metal oxide catalysts.

Preference is given to using, catalysts based on alkali metal molybdates or

alk&f metainGitates’ wHich may 25%e appfed B &dpports @Cess  1s
58522%3) sEdpeclajly suitable afe stippotrtedtcatalysiy whichoeomprise  no

oxdig Mo compoundsiand K compaunds, wihere:Mo,and KeDay beatalyst
present in oneﬁ(agmpound, for exan'iplﬁ K2Mo04, and at least one active

oXid i’csé)&ﬁpou “of Fh}éag%f'ue?al fornfuta ﬁ&%’y??ﬁ‘ B0 focr%nfﬁ}g,uﬂl |sSanami
efehsertoizie mangaiese grodi® espediahfMnist R and kihd yigeered
injegers ofd taf. Thaeatgysteampiises the compoundsHyefarably #:aond

OGS0 Slipa JELEL001-0 5510 0L 185,008 1 P ns
walght FaticS BreféRMR)-BEMg it the Fifye SLARSy/KRRRSEATSUppOrRIe 18
(1 00EO=3)Ex05-0.5) 2erA04MBOFK2Bsuppart be fed directly to
the second process step together with the reaction
gageg, without further workup and compression of the
gases, which constitutes a significant cost advantage
with regard to the capital and operating costs of the
process. There is thus no costly desulphurization of
the reactant and product mixture of the first process
sgtep. Advantageously, sulphur or sulphur-containing
gslags which may be obtained as by-products of process
gtep 1 can be fed directly in solid, liguid or gaseous
form as a reactant to process step 2. This explicitly
also includes gases which are obtained from offgas
streams of plants for generating energy or chemical
products directly or wvia separation technigues, or fomm
in the course of biological degradation and metabolism
processes and can be fed directly to the second process
step. These gas mixtures may comprise, as main
componentsg, hydrocarbons, carbon oxides, sulphur and
nitrogen compounds in a total concentration of 5 to 20%
by volume in addition to other substances, and may be

fed to process steps 1, 2 or 3.
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(0.001-0.3)/(0.05-0.3)/(0.03-0.3)/1. WO
2008/145488PCT/EP2008/055548 - 9 - These catalysts preferably
comprise one or more promoters selected from the group or the oxidic

c l1ﬂ§1§ i general formula M,A, in which M i ransitl
e%é%oe% or éqrﬁgegtaar% rom the group of thg rare earths, a%?@%?%%;%ré %Eé% 48

an integer of 1 to 7, according to the degree of oxidation of the elements

Muged1Q Mds.preferably fFepeo Nidéaerdde. 1n apatticuldiong process
embodiment, M may F@so be Sn. The ratios of the proportions by weight |
ardifShe rafges B 2K004/MkoyATipport < (0551-0:86%/0.01%0. At Lon
MaOSHK 20IMZ0y/Bupport =<0 0:0:50)7(0.2040:30){115((r01 )14t Silsen or
these catalysts are-expased to.ap H2S containing atmaesphere before useyp,
the axidic metal compounds. which do ot mean the suppart materia). are,, .
converteqcfﬁltp s&lp idic compogngs or mixtlires 61 oxidic and Su phidic ~
cotfipslinggiwhitioear afde BedisedintaccofddiceWith tifdinvéntion.the
The stppor, Majerials tsedare prgferably: siligon. 25 dioxides, titapiumo : 10.
d'r%k?gﬁté%%'_%%% activated carbons, When the support “gﬁ%"t rocess
aluminium oxide, the catalyst comprises rhenium oxides and/or rheriium
Sl%ﬁﬁjeés??@@ﬁ“ itamiuftdiéxide %gﬁﬁé?@raﬁﬁ Used Vit conteRE ofied can

Mot dfeahatdsecthdprepatationiseffetted imamultistagedmptegnatian the
Processvith-which.seluble comppaunds,ai-33 the.desired, promqIers, or oot

active oxidic compounds are applied to the support. The impregnated

P
s SbseqUenty dridd and optiohaity iﬁlciﬁé’d. dispense with a

compressor stage with high capital and operating costs.
The reaction gas mixture from the second process step is
subgeguently fed to the third process estep without
further compression and workup of reaction products.
Cpticonally, apparatus for removing elemental sulphur or
sulphur-containing compounds can be connected upstream
of this process step. The conversion to methyl mercaptan
ig effected in a third process step over catalysts.
Advantagecus catalygts in the second and third process
step have been found to be metal oxide catalysts.
Preference is given to using catalysts based on zalkali
metal molybdates or alkali metal tungstates, which may
be applied to supports (US 5852219). Egpecially suitable
are supported catalysts which comprise oxidic Mo
compounds and X compounds, where Mo and K may be present
in one compound, for example K;MoO,, and at least one
active oxidic compound of the general formula A0,. In
this formula, A is an element of the manganese group,
especilally Mn or Re, and x and v are integers of 1 to 7.
The catalyst comprises the compounds preferably in a
weight ratio of A,Cy/K:MoCy/ support =
(0.001-0.5}/(0.01-0.8)/1 or A0,/Mo0:/K;0/ support
(0.0001-0.5)/{0.01-0.8)/{0.005-0.5)/1, the weight ratios
preferably bkeing in the range of AxOY/KﬂWoO4/support =
(0.001-0.3)/(0.05-0.5)/1 or  A0,/Mo0;/K,0/support
(0.001-0.3)/(0.05~0.3)/{0.03-0.3)/1.

it
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WO 2008/145488PCT/EP2008/055548 - 10 - The second and third
process step are preferably combined in one reaction apparatus. This can
be done using different or identical catalysts Advantageously, bubble

caolumns, reactjve distillations, fixed bed 5 reactors, staged reacto
tu%}é b%?ﬁgl%? r%é\é#ogrg are used for the catalysed convef’%i’gov & %Eeé?ﬁ 55 5548
mercaptan. The reaction in the second process step is effected at a

temperature of 200 to 600C, especially 250 to 500C, 10 and a pressure of

1.5 to 50 bar. An gperating pressure of 2.5 to 40 bar is preferably
estaihed AP et sioR I& et Terc&tBR TS Efect&dh ththird™ore

processstepsovereatatystsibadedbon alkat metakbmplybdates oralkath=xidic
metahilingsiates:Ata temperatiue b ijo%Qx%tPaGQQ{@? preferably-2oQit0i ¢ o
40t0C, andta ressu.ire of ]{:'5 to 50 bar, ggefleraPP/ 8 tot 0 bar. Catalyst h

which are usdd a&véerwgﬁeougﬁ/ inthé'ss€ond 4and thir Srogggsué%epo re th¢
destribed &ir bpplications Werzd0s/64008E WO2005/021491, WOl to 7,

2006/015668,and, 20WO 2006/063669. dn adfurhenembodiment obthent s M
inggrétcipn, the second and third process step are combined in one

apparatus. 25 The product gas mixture can be separated by various

known processes. A particularly advantageous separation is described in

the patens EPEB-O8R09284|ISB66712]). Linconvarted carbon qxidesi cular
hyqiegan aod:hydrggen, 30 sulphide, and alsp gasgous hyzprodycts, for .,

example carbonyl sulphidé and methane, and also higher hydrocarbons,

aRFFERGEIBHTAD thE prEdERY: ThiEcal bEHonESREStheteactant stream of
thie: FirsD, $e0ond orthicd precess stage Advahtagedusly, lefare 35

r%@}v&g@mx@ﬁgﬁg@@%th_ird(l@rp@@% stage/ the COYCQIZ2/H25 ratio
|s(%dj%slt<_a% t% {r%n 1:0.1:1:1 to

When these catalysts are exposed to an H,S-containing
atmogphere before use, the oxidic metal compounds,
which do not mean the support material, are converted
to sulphidic compounds or mwmixtures of oxidic and
sulphidic compounds which can likewise be used in

accordance with the invention.

The support materials wused are preferably silicon
dioxides, titanium dioxides, zeolites or activated
carbong. When the support usged is aluminium oxide, the
catalyst comprises . rhenium oxides and/or  rhenium

sulphide(s) .

Titanium dioxide 1s preferably used with a content of

50 mol% of anatase.

The preparation is effected in a multistage
impregnation process, with which soluble compounds of
the desired promoters or active oxidic compounds are
applied to the support. The impregnated support is

subsequently dried and opticnally calcined.
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WO 2008/145488PCT/EP2008/055548 - 11 - tube, a wash column or a
reactive distillation at a temperature of at least 120C. Advantageously,
secondary components, for example carbonyl sulphide and carbon

g;%c??lg%i& a&eﬁ%%rglysed in this process step 5 to car;%(?g gg%%c):gegg %?e&ips gé 18

gen sulphide; which re-enter into tglewsecond ort
Reaction components, for example poﬂysulphides and hydrocarbons,

whigh are durng the, removal of methyl mercaptan-igthe fowth 10 process; .,
step, can be recycled without further workup into thefirst or second

procBsd Bfeh, whicl Picrea8ES e BvePaPEdIBLR Tty of thetproddss fsr  9one
methiyiheneldddtanebdsedron camhohe ol mosd-thayns95%. 26 Figuredecusly,
sefves i furthen axplain the pregessising;the seouenees, of reagtigr.stepsq
used W!:th greferetrzlce. hat is i@gortant for th%ec%norgif viabilit%gf Lhe

process & the posSBifity of tiing A multitude ot sofid gt andfor °*= 2+

gastisiarbshcarhitydrogen- 20TvREI1RG starting Matérialsr ahithan .
are metered into the first process step, and the fact that this stream need

not be purified;and desulphurized in, g complicated manner Motsover ajl .
by-pro Ucts which are removed in the fourth process s%p are recyc ed

into HRTMSE D5 0Rd of Wird Brdtels Steps Pvahtalgbbuy O alf Broc@esc .
stepd peoceedda the:sanme presstee mnhges suctrthabibis-passible feessure

dispensg with a costhy,compression gf fhe-gases betweepihe individual o,
process steps. The reactions are effected at the s artln% 30 pressure of

tHEPGASES WA TeavBRhB it st 1TbEaSY-&ep bF afd histered info thee Fhird
secormtkesthirdiprpcessvstep frorh athertssourteseddecprocess plessuretal
Adxanigggeusly Jhisjaregsurenis adiustechtoframto 40 bar. Gasesrature
wh%ch %roeoinert in theO%QD%;ext of the 35 process are dischar ecgioféom the 3

process contiﬁt?ousél-y r discoRtiniously via a purge gas stréam. WG &
2008 98488PTT /EP2D08/055648 bap,- preferably 8 to 40 bar.

Catalysts which are used advantagecusly in the sgecond
and third procegs step are described in applications
WO 2005/040082, WO 2005/021491, WO 2006/015668 and
WO 2006/0636609.

In a further embediment of the invention, the second

and third process step are combined in one apparatus.

The product gas mixture can be separated by various
known processeg. A particularly advantageous separation
ig described in the patent EP-B-0850923 (US 5866721).

Unconverted carbon oxides, hydrogen and hyvdrogen
sulphide, and also gaseous by-products, for example
carbonyl  sulphide and methane, and alsc higher
hydrocarbons, are recycled into the procesg. This can
be done into the reactant stream of the first, second
or third process stage. Advantageously, before
recycling into the second or third process stage, the
C0,/CO/H,/BE28 ratio is adjusted te from 1:0.1:1:1 to
1:1:10:10 by reaction with water. This can be done with

or without catalvysis in a fixed bed reactor, a reaction
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Example 1: Steam reformation of a hydrocarbon feed gas stream and
subsequent reaction with sulphur afforded a gas mixture 5 which
comprises the main components CO2/C0/H2/H2S in a ratio of - 1/0.1/4/4.

A%r?@ig\,\gﬁgggéature of 250-350C and a pressu rePQIIS&Q% &@? 055548

reacta re converted in the third process step over various catalysts.

The catalytic activity was initially 10 detérmined for a single pass through

the fe@ctor; Tahled %@IM&CWeréig&é@@@W@ Selestivity IMCIPCar a

Selectity (C0) 19 Sefectvt (CHA)1%; CatalystA Re207/K2M00ATI02,
secondary components, for example carbonyl sulphide and
carbon disulphide, are hydrolysed in this pxocesslstep
to carbon dioxide and hydrogen sulphide, which re-enter
into the second or third process step as reactants.
Reaction components, for example sulphides,
polysulphides and hydrocarbons, which are obtained
during the removal of methyl wmercaptan in the fourth
process step, can be recycled without further workup
into the first or second process step, which increases
the overall selectivity of the process for methyl

mercaptan, based on carbon, to more than 95%.

Figure 1 serves to further explain the process using
the sequence of reaction steps used with preference.
What is important for the economic wviability of the
process i1s the possibility of using a multitude of
solid, ligquid and/or gaseous carbon- and hydrogen-
containing starting materials, which are metered into
the first process step, and the fact that this stream
need not be purified and desulphurized in a complicated
manner. Moreover, all by-producte which are removed in
the fourth process step are recycled into the first,
second or third process step. Advantageously, all
process gtepg proceed in the same pressure range, such
that it i1s possible to dispense with a costly
compression of the gases between the individual process
steps. The reactions are effected at the starting
pressure of the gases which leave the first process
step or are metered into the second orxr third process
gstep from other sources under process pressure.
Advantageously, this pressure 1s adjusted to from 8 to
40 bar. Gases which are inert in the context of the

process are discharged from the process continuously or

digcontinuously via a purge gas stream.
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Catalyst 13 Sn02/Re207/K2M004/ Ti 02 53.5 82.6 9.9 4.8 Catalyst C

Mn"0y/K2Mo04/TiO2 50.1 81.5 12.6 3.5 CO2 = carbon dioxide 15 MC
= methyl mercaptan Example 2: Methyl mercaptan was removed from the

product gas

WO 2008/145488 PCT/EP2008/055548

- 12 -

Example 1:

Steam reformation of a hydrocarbon feed gas stream and
subsequent reaction with sulphur afforded a gas mixture
which comprises the wain components C0./CO/H,/H.S in a
ratio of =~ 1/0.1/4/4. At
250-350°C and a pressure of 30 bar,

a Teaction temperature of

the reactants were

converted din the third process step over various

catalyets, The catalytic activity was initially

determined for a single pass through the reactor.

Table 1

Catalyst Conversion | Selectivity | Selectivity | Selectivity
{CC:) /% (MC) /% (CO) /% {CH,) /%

Catalyst A 55.8 g2.2 11.8 4.5

R6207/K2MOO4/Ti02

Catalyst B 53.5 82.6 9.9 4.8

SHOQ/Re207/K2MOO4/

T30,

Catalyst C 50.1 8B1.5 12.6 3.5

M, O,/ KoMo0, /Ti0,

C0C; = carbon dicoxide

MC = methyl mercaptan

Examplie 2:

Methyl mercaptan was removed from the product gas

The return gas
CO and H,8 was,

of Example 1.
Hy,

stream (process step 4)

comprising the main components CO,,

after reaction with water in reaction step 5, recycled

into process step 3 and converted under analogous

reaction conditions to those in Example 1. Over

catalysts A-C, methyl mercaptan selectivities of 90-%4%

were achieved.
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20 stream (process step 4) of Example 1. The return gas comprising the
main components 002, 112, CO and H2S was, after reaction with water in
reaction step 5, recycled into process step 3 and converted under
analogous reaction conditions to those-in Example 1. Over 25 catalysts

A-C, methyl mercaptan selectivities of 90-94% were achieved. - 13 -
Claa84. Process for continuously preparing methyl mercaptan by
converting a reactant mixture which comprises carbon- 5 and
hydrogen:cantaining,compounds, whergindhe follgwing-process steps areny
passed through, in which the carbon- and der%gréﬁ:o%a%niggses carbon-
compoufitRVATe 184Ctét inProcass step 1 with Airor oxygen, optionally

with watergto givec gasmixtareawhictt 10 corAprisesiearbondivkide; e
carbon monoxide and hydragens hissgas-mixfuresiseactedpiprodesswhich
step 2 with liquid or gaseous sulphur in a one-stag ultj ces
step at g?gactfo%B?gls“surg %?Sat ?‘ey %E%gﬁn Coﬁgta%%%g] e are

as ar and a temperature of at least

200C, andathesmolarr00ZXCOALZ 95 tafo istadjistél to®a fatid’df  “*YIens
1:0.1:1:Q e 1:3:10: 30 ky feeding irwates ordiydrogengad optionatly which
hydrogen sulphide, the gas mixture thus obtained having.a mglar fatio ofer,,
the Com%%ﬁ%%lsbéé)zﬁég}ﬁ@Hé;S%?%d.1:1:1 t0 1:1:10:10 is converted in enh
20 procéss- §tefaP at'a tedttion presShié o at lkasts BAFERd §°°F < "F

temperaturg:otiableast 200Gsover @ catalyst te areactioromixtarewhiéhtage

comprisgs methyl mercaptan.as,the-main reaction, product, dhismethyls pax
mercaptan is removed in process step 4, and, in process step 5, 25 after
removal®6Fthé gasBBUs By préduicts, e l%’l@ésﬁ”ve%gg f%éds%ggi e blar

S, after
optional reattiofEwith vater, ‘are recycledshts theprocess, -an@ whier thet : ©
gas mixture leaves ghe firstprocess.step at a pressute obat leastrvbar  and

PO A

and is fed di,rect%,éwithout further 30 ¢ r%rggg%ssioghgo tkbeagecgggﬂggeﬁms

step, and®theebiresporiding gas mixilites are’ subsequently fed at this

pressurets thethird BAd fodrth Procsssteps a2 1Process attrdingTsounad®
Claim 1,anhereinithe reagtant 35mixture camprises hitidgen-contaiming:d in
Compougggbé@/g ggggl%45§_88ap9!@%@%9985%@%4&%6 of at least 5 bar
and a temperature of at least 200°C over a catalyst to
a reaction mixture which comprises methyl mercaptan as
the main reaction product, this methyl mercaptan is
removed in process step 4, and, 1in process step 5,
after removal of the gaseous by-products, the
unconverted feedstocks, after optional reaction with
water, are recycled intco the process, and where the gas
mixture leaves the first process step at a pressure of
2t least 5 bar and is fed directly, without Zfurther
compression, to the second protess step, and the
corresponding gas mixtures are subsequently fed at this

pressure to the third and fourth process steps.

2. Process according to Claim 1, wherein the reactant

mixture comprises nitrogen-containing compounds.

3. Process according to Claim 1 or 2, whereiln the reactant

mixture comprises sulphur-containing compounds.
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- 14 - 4 Process according to Claims 1 to 3, in which the reactant mixture
comprises compounds which are carbon-, hydrogen- and
oxygen-containing. 5 5.Process according to Claims 1 to 4, in which the

gg{ﬁgggr%gi%gro en-containing and optionally oxyg%%?(%mrd%éss}smg

¢8fverted by partial oxidation with air’or oxygen or
steam reformation to gas mixtures whi h comprise CO2, 10CO, H2 and

optionally H23, &. Processaceording (@Glaims 1 to.3, inwhich the;cn the
compounds present in the reaCtant mixture stem from offg;s streamshof are

processeéS ot gateratifg t5éferdy BrhkhfiCal prolBae 7 SProtess’
accordingaohCraim 6;ymiwbistnstreams fropg te-workupiof pracesses for
oxidation of hydrocarbons and for synthesis of nitrogen- and

20sulphur-containing compounds are lied to the process as raw
hterials '8 Frotedt SECOTANg 15 CIATETE 6. whérel gag “hich the

carbon- and hydrogen-containing and opticnally
oxygen-containing compounds are converted by
partial oxidation with air or oxygen or by steam
reformation to gas mixtures which comprise COz,

CO, H, and optionally HS.

6. Process according to Claims 1 to 5, in which the
compounds present 1in the reactant wmixture stem
from offgas streams of processes for generating

energy or chemical products.

7. Process according to Claim 6, in which streams
from the workup of processes for oxidation of
hydrocarbons and for synthesis of nitrogen- and
sulphur-containing compounds are supplied to the

process as raw materials.

8. Process according to Claims 1 to 6, wherein gas
mixtures generated in biological metabolism
processes are introduced into procesg steps 2 ox

3.

g. Process according to Claim 6, 7 or 8, in which the
gas mixtures comprise at least one compound
selected from the group of methane, higher

hydrocarbons having a C;-Cg radical, CO, and CO.

10. Process accoxrding to Claims 1 to 3, in which the
conversion to a gas mixture which comprises COg,
CO, H; and H,S in process step 2 is effected in the
presence of liguid or gaseous sulphur in a one-
stage or miltistage uncatalysed homogeneous

reaction or using a catalyst.
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mixtures generatedin biological metabolism 25processes are introduced

into process steps 2 or 3. 9. Process according to Claim 6, 7 or 8, in which
the gas mixtures comprise at least one compound 30selected from the

group of methane, higher hydrocarbons having a C2-C6 radical, CO2 and
C@Kﬁ@ﬂ:@rﬁ &42488rding to Claims 1 to 3, in which tRS TSR AR5 548
gas mixture which comprises CO2, 35 €0, H2 and H2S in process step 2

is effected in the presence of liquid or gaseous sulphur in a one-stage or

multistage uncatalysed homogeneous reaction or using a catalyst. WO
2008/145783PETERPZ008A55548 © 151 Procdss dctordifg ¥s Claifiszed

1 to 10, charactesdzed iththatthe /CO2ICOIHR/H28ratio afthe end Of\c:and of
process step 2andes from 1,1,1:1.10 1:0.1:4:4, ,12. Process ageording to

Claims 1to 11, in which the methyl mercaptan is removed from the
reaction gas and unconverted gaseous feedstocks are recycled into

prbeess $tepsds 2 axS-dBdPngress acterting to Claimst] tol 12, whidtch:he
carbon-, hydrogenrand: suipbyr-contaiping teaction hy-producls.are; o oo

recycled intq process steps 1, 2 or 3.
y angr)unconve ted gaseous feedstocks are recycled

into process steps 1, 2 or 3.

13. Process according to {Claims 1 to 12, in which
carbon-, hydrogen- and sulphur-containing reaction
by~products are recycled into process steps 1, 2

or 3.

14. Process according to Claimg 1 to 12, in which the
total amount of hydrogen sulphide in process step
3 1is established by wvarying the carbon-hydrogen
ratio of the compounds present in the reactant
mixture oxr the H, content in the reaction gas
which is fed to reaction stage 2, and by varying
one oOr more procesgg parameters selected from the
group of: residence time, reaction temperature and

reaction pressure.

15. Process according to Claims 1 to 4, in which, in
process steps 2 and 3, reactive digtillations,
bubble column reactors, fixed bed reactors, staged
reactors or tube bundle reactors are used for the

catalysed conversion to methyl mercaptan.

16. Process according to Claims 1 to 5, in which

process steps 2 and 3 are combined in one reaction

apparatus.

17. Process according te Claim 1, in which, after the
first and the second process step, no sulphur-

containing compounds are removed.
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15 14. Process according to Claims 1 to 12, in which the total amount of
hydrogen sulphide in process step 3 is established by varying the
carbon-hydrogen ratio of the compounds present in the reactant 20

mixture or the Hy content in the reaction gas which is fed to reaction stage

2, and by varying one or more process parameters selected from the

grdup off residencextimerreattioft teriperaturé anthreattiormpressurey25al 1

15. Processaccording to Claims 1 to 4inmhieh, in process steps:2 and anq
3, reactiye gjstglaggn% ibéjé)sblq (S:olfggsreaggrs,fged bed reactors, staged
reactors 6 tubé bundie feactors are useé ot the 30catalysed conversion

to methyl mercaptan. 16. Process according to Claims 1 to 5, in which

processmsieps:2 and:3 ase compined in one reactian. apparadys. 3ml7which
Processc%%cgﬂ/]gggo Q}L?ﬂ@hl’ %W ECDS gft%’flﬂ% PESt 1%@9 atﬂe %%:E?nga tes,
process step, no sulphur-containing compounds are removed. - 16218

Process’actdtding f8°CHRim 1 iR WHicH HeSoverall seléétivity$or-catber 119
disulphide and {poly)sulphides;istlessthan:1%.1530. Proeessiaceoidingldd e s

Claims 3,40 18, in which catalysts which comprise alkali.metal ngstates, .

alkali metgl molybdates or halide-containing alkali metal tungstates or
alkali m&tat ol Bates whicH Corfiprise frandifisiimetal oxides or

10sulphides as promoters are used.
20. Process according te Claims 1 te 18, 1n which the

gas mixture is converted in process step 3 over
molybdate- or tungstate-containing catalysts which
comprise transition metal oxides or sulphides and

alkaii metal oxides or sulphides as promoters.

21. Process according to Claim 1%, in which at least
one of the promoters selected from the group of
alkali metal tungstates, alkali metal molybdates
or halide~containing alkali metal <fungstates or
alkali metal molybdates which comprise c¢obalt
oxides or sulphides, manganese oxides or sulphides
and rhenium oxides c¢r sulphides is used as a

catalyst.

2Z2. Process according to Claims 1 to 18, 1in which
supported catalysts which comprise oxidic Mo and K

compounds are used, where Mo and K may be present
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20. Process according to Claims 1 to 18, in which the gas mixture is
converted in process step 3 over molybdate- or tungstate-containing
catalysts which 15comprise transition metal oxides or sulphides and alkali
metal oxides or sulphides as promotets. 21Process according to Claim 19,
in which at least one of the promoters selected from the group of 20 alkali
metal tungstates, alkal matdl melybdates ofhalidercohtaining alkak pietalne
tungstates:aralkalimegtat molybdates which-gomprise-cebaltroxides ar »..o.,,
sulphid%s, manganese oxliqqces or sul @hid%snanadnghseé]iurr_%gxideseog ciall
sulphideés is used as a ﬁgcataff/st. " Process aécorﬁng td’claims 1™ Y
18, in WhiehoSupprtedcataly S Svhich EBmpfise exidic Mo and-R 7 -
compounds are used, where Mo and K may be present 30 in one

fé’?"épo%‘ﬁcfégggvhif%:@cc&%‘%sge alt:%)ea%.t}% ctive qudic,compound,of -~

general formula AxQy, A is an element of the manganese group,
especialiff Mit'or Re!and X ahd yareinteder&si-1 #6 7. 52 Procedsounds
according & Elamsyl tonld and 22hin which¢he £atalysts comprise the
R R s e
. -U. .Ul1-0. r X WO 59 port = A _
(0.001-0. f(&”bﬁ@(é‘))%(i BosEO By V-V BYEY 710, 01-0.8) /
(0.005-0.5)/1

24, Process according to Claims 1 to 18 and 22, 23,
wherein the weight ratios are preferably within

the range of

A,0,/K:Mo0s/support = (0.001-0.3)/(0.05-0.5)/1 or
A,0y/Mo03/K20/support = (0.001-0.3)/(0.05-0.3)/
{(0.03-0.3)/1.

Z25. Process according to Claims 1 to 18 and 22 to 24,
wherein the catalysts comprise one 0oy  more
promoters selected from the group of the coxidic
compounds with the general formula MO, in which M
is a transition element or a metal from the group
of the rare earths, and ® and y are each an

integer of 1 to 7.

26. Process accerding to Claims 1 to 18 and 22 to 25,
wherein the ratios of the proportions by weight

are within the ranges of:

KyMoOy /M:Oy/support = {0.01-0.80)/(0.01-0.1)/1,
Mo0O3/K;0/M,0,/support = (0.10-0.50)/(0.10-0.30)/
{0.01-0.1)/1, where x and y are each an integer of
i to 7.

27. Process according to Claim 26, wherein the ratios
are within the ranges of KMo0;/M0Q,/support =
{(0.10-0.60)/(0.01-0.06)/1,



24. Process according to Claims 1 to 18 and 22, 23, wherein the weight
ratios are preferably within 15the range of AxOy/K2Mo04/support =
(0.001-0.3)/(0.05-0.5)/1 or Ax04/M0o03/K20/support =

(0.001-0.3)/(0.05-0.3)/ (0.03-0.3)/1..20, 25._Process according to Claims 1

to 18 and 22 to 24, wherein the catalysts comprise one or more promoters
selectedfronY the graup 0f theoxidic-compaunds. with thedgereral fotmula
MxOy in whigh Myiseastransition element or a metal from the group 250f the
rare earths, and x and y are each an integer of 1 to 7. 26. Process

according to Claims 1 to 18 and 22 to 25, wherein the ratios of the
pEdportions by sveight @0are. withincth€ ranges af: KEMoO0A/Mk@y/supporb=se
(0.01-0.8Q)(0:Q1-01)/Ir Ma03/K20/Mydsupnast = (9,10-0:5Q)/(Q:10-0 30) o
(O.Ol-O.%)C/l, Wh%re X agd yare each an integer of 351 to 7. 27. Process
according o Claim 26, Wheréin thé Fatios are within the ranges of
K2MOC4/Mx0y/support (0.10-0.60)/(0.01-0.06)/1, - 18 -
Mo03/K20/Mx0Qy/support = (0.10-0.30)/(0.10-0.25)/ (0.01-0.06)/1. 28.
Process according to Claims 1 to 27, wherein these
5catalystsareexposedtoan P120-containing atmosphere before use.



