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WO 2008/145488 PCT/EP2008/055548 Process for continuously
preparing methyl mercaptan from carbon- and hydrogen-containing
compounds The invention relates to a process for continuously S

prgp L4 HA BBercaptan by reacting a reactant nitQuUVERMTNE /055548
comprises solid, liquid and/or gaseous carbon- and/or

hydeQaensconigining. ampRLEBds YW Jjk8oxyaen aneiarMates8idaptan
sgl‘phlgr. 10 Methyl m%r(‘g# N IS an_indugtrlall / Important inl{%rmediate or
the gyntﬁgglsoé? méthionine and 1or e praelprérgt%ncgfn dime ﬁ

sulphoxide and dimethyl sulphone. Methyl mercaptan is prepared

pregominantly: from methaneland hydsoger subkide byreactian Dvebasly
15rcataal¥sit Consrias.ati@%g anmalurgéni%rgnoxige sup%peoart nig trartlasitiojp rggé%lmt
oXides and basic pro oters. The Er)'nercapta% is usual y S)%thesizedeln the

gaspHALE alBdiRPerai®d heéffeeF 300%Nnd 5008 Ehd Al Pressurggsecus
betweeml asd2pdiar. Asiwelas the neshyl inercaptap2-fesmediand air

wafer, product 983 nixtuce comprises the, .unconverted proportions of

the methanol and hydrogen sulphide starting materials, and dimethyl
sulphide and dimethyl ether as by-products, and also small amounts of
pBb/soiphidesnelimethyhdisulphide). Gases whithsarei2b ihert in theportant
C%ﬁ@éﬂéﬁ&ﬁﬁﬁ?fdm foaﬁé?nwﬁt@@%%trg@ﬁomd%%mqggiomt% for
nitrogen an rogen, are alsp presentin roduct gas. The me
R AR S it o WOIR S pro e DO B ittt decmethyl
expleineehdor eXamblel inT¥S 6886321, 35 a pluritinrefidistitatismrangntly
WEshCOlNaRS Ab temparatyres hebreen 10 1and 40¢. Methylimercaptan a
can alternatively be.prepared from 35 carban oxides, hydrogen, sulphur
e N RS el BB fena
nereagtaRiSPrefred bveeatdySts baRed oRaMdli netanghRGstates. The
Comparptdo theemethandlijasegnthesized 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 compriges the
unconverted preportions of the methanol and hydrogen
gulphide starting materials, and dimethyl sulphide and
dimethyl ether as by-products, and alsc small amounts
of polysulphides {dimethyl disulphide). Gases which are
inert 1in the context of the reaction, for example
carbon monoxide, carbon dicxide, nitrogen and hydrogen,

are alsc present in the product gas.

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

temperatures between 10 and 140°C.

Methyl mercaptan can alternatively be prepared from
carbon oxides, hydrogen, gsulphur 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 2008/145488 PCT/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

prEPa? &S - E8H/| mercaptan from carbon oxides, BAR/HEESHP BNE5554 8
hydrogen sulphide or sulphur, based o& alkali metal molybdenum

sulphides comprising transition metal oxides as promoters, and

aRHTATRT oxifE 88 % SHIIIE WO 2005040682 Elaififs & process’am £o%
carahisis fomthecpreparatiomef methyy eercaptan frdm caebbe 20 oxidedes .

hydrogen @nghhydeoganssulphide.or sulphusbasedsonglkalbmgtalst s for
malybdates comgr.ising tr]'&ansitiog Tetal oxides as promoters,.in which,
acrl metnyl m E

silicon Hibkide” prefarably servesias & spport 15 TRE Preparatioh of-— 2=

mef PAEreaptan frdr Eafss! distiphidedsr caborii shiphide ahdsed on
hydregen issatirthes alfemative tatiigprogess basgd-opmethaneksition
However, the.processes are characterized by comparatively low.
e B s sy M ae ez @
liiited i) cc?&‘ﬂyszolfeﬁ@&%? &hd Thé hBEes3itPEPR&THINGR6XIC BaMborASES
dﬁuhphide.@r (_;an‘bp_aydasiﬁmiﬁdedtﬁ Ianmamqu&ﬂd@@iaeﬁ conversiairafon
mixtures.obtained g gther, 35,pracesses. WhichicomPrise MEthane o ased
higher hydrocarbons, water, hydrogen and possibly sulphur- containing
c@ﬁnp@l}r%%l, to H’H%W METCAHARTRR 6B 1ot SHcdecRflon metal

incstiadly refevant yislte aad sselectivities wivtaatherdeads tona mdltitudiede
obby. 3Q Predycts dnchuding doxic sarhon disulphide as a main component.
What is common to all abovementioned processes is that carbon
compounds such as methanol, carbon oxides, or 35 sulphur-containing
céMpourieRitheas-earboyl sulphieleydr cafboREiBlIPpRide fae@tequirsdbon

asfammpaiedals fof carbonyl sulphide and hydrogen is a
further alternative to the process based on methanol.
However, the procegses are characterized by
comparatively low selectivities for methyl mercaptan, a
multitude of by-products which are difficult and costly
to remove, and the necesgsity of handling toxic carbon

digulphide or carbonyl sulphide in'large amounts.

The direct conversion of mixtures obtained in other
processes, which comprise methane or higher
hydrocarbons, water, hydrogen and possibly sulphur-
containing compounds, to methyl mercaptan has to date
not succeeded 1in industrially relevant vyields and
selectivities, but rather leads to a multitude of by-
products including toxic carbon disulphide as a main

component.

Whnat iz common to all abovementioned processes ig that
carbon compounds such as methanol, carbon oxides, or
sulphur-centaining compounds such as carbonyl sulphide
or carbon disulphide, are required as raw materials for
the preparation of methyl mercaptan. These constitute a

gsignificant 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 2008/145488

PCT/EP2008/055548 3 selectivities for the formation of methyl
mMiePcR a8 Atd SddiBparatively low. Moreover, sometiniSEr¢@RpRcEEA 55548
purification steps are needed, in which3a multitude of secondary
components cannot be recycled into the S process. This_ reduces the

ov&ralf Sbicttibity for ety nerEaptah i thhs Wit B¥onSHirSARSIRG Are
thecprocess i ¥heé diredtwonveSioneafreactantsaviiich wemprisendfl icated

nafural gas{methang). pydrocarbppns fos examplgrom heaywy0lli cuge of
fractions, residues from crude oll reflnln%, or_higher h drorLge?#bons in h

ggr?élrgﬂ#grré’xarﬁﬁ@pf)’ﬁlge&ﬁ@rs, SRS ofFolyyRfie Sréiftatics which e
arpeemally, fehédampledaiseobtaihed asweasie streamsets kvother for

chemieal PrRcesses anithail Of BXYIe: Ivaler, 3ne ulphute give,methyt ne
mercaptan is the object of the invention. Compared to the industrially

T e85, . . .
pr%cﬁseg methanol-based process, owing to significantly lower raw
material costs, it has a significant cost advantage 20 in the variable
operating tostst As@yident drosm thes fboye fardhe persamskiled dhiprise

art, such a process js.netgvailable agearding tg the pﬁeﬁfargéﬁ@fe%%om

of comparatjvely low product selectivities and a wide spectrum o

by BOAUCES: AndTRE toxiElty of e 28BS ctioFPfteFedR&s whicht 17ing,
negessitatgh extensivel safetybmeasuresfor pretectien of pebpte andtieple

eRvirnRRNts SUGh-a precess dor nrengring:methyl Mmercaptan didnoly are
exist. 30_.The ecg:nomlc V|ab|T£|t of the over%II %r.oce%s depends crucially

u&%’ﬁ %aelpl%’duc Osrele@c:f{i\a}ff‘? or’me?hyslomgr 5 ti Dased St thecafbdrrams
séircetsey. Ahavesall dbuRchvERtve WSELHf carorprandxygen, water
hydragen:tontaining give methyl mercaptan is the cbject 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 prior 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 economic viability of the overall process depends
crucially upon the product selectivity for methyl
mercaptan, based on the carbon source uged. 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
cnly 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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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,
s#ecRRD BAIdHRBHS form a series of secondary compBfi@AERRRIeRAVB5548
2008/145488 PCT/EP2008/055548 -4 4additionally contain chemically
bound oxygen, for example alcohqls, aldehydes, carboxylic acids and/or
cAboh e hey Sr& gRhBrally HdiheratetVafteP B femBvSFthe  £OF
meargaictoreproduct er, corvertdy ites 5 furtheb olethical readtioh sacld/cr

tf@ﬂk@@segﬁd@%ssi@ﬁegﬁug@@r &%_P{/S%‘{@Eﬁé’ﬁé%%@a@xtfter the
mixtures are | dusgglal rocesses for obtainin cg;gbgnlc nitrogen or sulphur

comBoURds, It whith raRitivel,>firgd AmduhtE Bty -prodticts 4re ohtaindd
ahdgeherally $b4ralead be iscindrbted ortisposed bhih andisaragay)  is
witbautifurtber upgrading: In pagisslarsit i possiblerdpdhe psgcesseactant
accor%%% 1o th_ef énvggggg fo..use off %sestreasm WPic&ccoam rlise Hc%?ganic
C8§:‘ ,%O%- containing compo%n S, asﬂ%ﬁ su pcl?udes ora yIanS
paiySEIpERIRs. ThesE'ekplitily afTREkideHases whithiste obtaimet vely
frgmaster@mm @fjfplaptsgfﬁpcgmamgeemﬂfgﬁmebeﬁml PEOdUCES 1y
diEeelly of yiay,seppralion.Ieehpiaues: OBHLIBELOMSE 0! BIOIOGICL ey viay
metabholism processes (for example fermentation and 20 degradation .
prECEEsEY). THEEE G mixtRB53dy* Tompfile, aB3hin onents; S
hydreeatbbns,icartidre ogidesgerganicsulphurcantdaitidyen compounds  to
O'E;é'&(d@%Qéé'|p@@§¢§§élve%l@fc%h%c§%§@£‘ée%«z@,d. raeys besypplieg -
to theé)rocess accordlng to tge mventEﬂg. 251tis an obéect of the Liev]
inventiGn flolff)lle%)vidé3 gh é’clecglnosmicall)‘;t V|a¥)1re prosc%sglf&r f)arsépariﬁﬁ mef—ﬁyi{y
mepdaring Moht esactaftiaieures whicie éshprisé é&oninclude  gases

which are obtained from waste streams of plants for
generating energy or chemical products directly or via
gseparation technigues, or in the course of biclogical

metabolism processes (for example fermentation and

degradation  processes). Thesge gas mixtures may
comprise, as main components, hydrocarbons, carbon
oxides, organic sulphur and nitrogen compounds ox

hydrogen sulphide, as well as other substances, and may

be supplied to the procegs according to the invention.

It 13 an object of the invention to provide an
economically wviable process for preparing methyl
mercaptan from reactant mixtures which comprise carbon-
and hydrogen-containing compounds, alr or oxygen,

and/or water and sulphur.

The invention provides a process for continuously
preparing methyl mercaptan by converting a zreactant
mixture which comprises carbon- and hydrogen-containing
compounds, wherein the following process steps are
passed thrcugh, in which the carbon- and hydrogen-
containing compounds are reacted in process ztep 1 with

air or oxygen, optionally with water, to give a gas
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and hydrogen-containing compounds, air or oxygen, 30 and/or water and
sulphur. The invention provides a process for continuously preparing
methyl mercaptan by converting a reactant mixture which comprises

c#i® o0 hd WBfdfen-containing 35 compounds, whet€RVERZONGWIRES 54 8
process steps are passed through, in which the carbon- and hydrogen-
containing compounds are reacted in process step 1 with air or oxygen,

ot Tatly it Water SOive 3eGas R 2B0sI 98488 carbon monoxide
PETIERZG08/956548 mamixturemplichitomprises carbon dioxide, carbon
monoxide and hydrogen as main components. The carbon containing

c&m ound ay be %rovlded in the S sol d I| Uld aseous ate, put
§ ef:eé}g y'in SgASEots form & e timaS tléﬁrcfPf 2l % iohPth&he
regrtaitt gas haa)i Gorppriseasiganie @ﬂpﬁ@r,comp“oumfgo@m%emm in

C&l=ansh Bydogenarediesents the gandnixiue deawing 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 to 50% by volume for

CO? afiddt 1038 909416y VORAAE IGH2OER totahamearbrehssinimgaanic
beingphreferabhys:1:080% by vielgme, especially -- 90% by volume. 20
Subsequently, this gas mixture is reacted directly, without further
compression and workup of the gases, at a reaction pressure of at least 5

bgpandce??en‘?ﬁ?ﬁat@r%dﬁ?gﬂéaﬁ%oérﬁ/ﬁﬁﬂﬁu|cP8r JasBolAsuIghtA e
al2Bvnesstagecoremaltistage progesssstep 2y Thematar &Q2ACO/HE/HRSt o
radigaisiadjusted,t.a ratio of 1:0.1:1:0 to 1:1:10:10 by feeding in water or
hydrogen

Preference is given to concentrations of 5 to 25% by
volume for CO, 5 to 50% by volume for CO; and of 10 to
50% by wvolume for H;, the total amount remaining being
preferably < 100% by volume, esgpecially =~ 90% by

volume.

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

one-stage or multistage process step 2.

The molar CO,/CO/H,/H,8 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 procesgs step 3, this gas mixture ig converted at a
reaction pressure cof at least 5 bar and a temperature
of at least 200°C over a catalyst toc a reaction mixture

which comprises methyl mercaptan ag the main product.

Subsequently, the methyl mercaptan is removed by

processes known per se in procesgs step 4.
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and optionally hydrogen sulphide. 30 In process step 3, this gas mixture is
converted at a reaction pressure of at least S bar and a temperature of at
least 200C over a catalyst to a reaction mixture which comprises methyl
nERcMAA Ab4heé 38ain product. 35 Subsequently, theRGEHEPRAEISANER548
is removed by processes known pet se in process step 4. WO
2008/145488 PCT/EP2008/055548 6 In process step 5, after removal of
the'gaBEBGE BY- pfoditts” thedichhverdtéadstéks, tHiter EptitTtS
reaction wvith, watére arenecycred - intd thé peatesscbd he aveératt selpctmtga 1

fordpethylmercaptan, can e Hlféeé%fé{zt%i reeyeling, C%E@%M egen-
and sulphur- containing compounds into the first, second or third process

step. Preference is given to recycling carbon oxides, hydrogen, carbonyl
silbkidedaad dydroged ¢0stipHide ifrthansadont omirdauroesss step, be

vvhlﬂar@éa@ﬂuw f@é@%amruazl@\]fvaéefbbyﬂlrocqﬁ)l@@%igehﬁé)twdd Sufth)phur—
SU r-containing com S,.10f eX e PO sup 1aes car
et Rkl gl ol e i R

disu theq‘lrst process step ItisE par ICular 15
aBVAITaGE ofthelnventieh Sa(poly Jstlphidéstandotokie €afBemg  carbon
dﬁﬁmm OCCHT{MBWCUVI&%&DBMSS th&hl%h&lﬂé as M@SU'de@gen

reqys @% - BIOCHES, g d?a%ci‘a &.10.hg sap %‘8’*‘9 Rosed gt 1 ¢
echnically met fL

|n at complicated and cost ymanner 2 As Wel

meY¥caha ‘f&ﬁﬁ’ed w&?é‘?“ﬁ%ep%ﬂ%‘élrgask%%%ad?kfﬁ@%hlﬁf’ﬁro%s}éer
sleplgﬁmprmﬂwunc@verted carbpndiaiéde, carbodoronoxide gxample

nandydiegen sylphide, stacing materials 88d, 2585 recycled

b% Ip uct%ecartﬁlqr}yl sulpphjlf%ecerg%thanee%lmethyl

is a particularxr
advantage of the invention that (poly)sulphides and
toxic carbon disulphide occur with selectivities of
less than 1% and, as a resgult of the recycling into the
procegs, do not have to be separated and disposed of in

a technically complicated and costly manner.

As well as the methyl mercaptan formed and water, the
product gas mixture of the third process step comprises
the unconverted carbon dioxide, carbon monoxide,
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 inert 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 several digtillation and wash columns at
temperatures between 10 and 140°C. Carbon dioxide,
carbon monoxide, hydrogen, hydrogen sulphide and, as
by-products, carbonyl sulphide, methane, dimethyl

sulphide and also small amounts of polysulphides
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sulphide and also small amounts of polysulphides (dimethyl disulphide)

and carbon disulphide. Gases which are inert in the context of the

reaction, for example nitrogen and hydrocarbons, are also present in 30
tEOpRMUBY §AS4Brfe methyl mercaptan formed is renRVBAERAR08/055548
theproduct gas mixture, for example &s explained in DE-A-1768826, Iin
several distillation and_wash_columns at 35 temperatures between 10 and
146ETRaEIN dioRigE, Rarsth moridkide, Aigdrogen, Hytfoye<diphide are
angcas Ipdproducts s carbdnylsulphede, anethame, Wimhethyb sulphede anep .
ajs@wamall is,0f polysulphides WQ L008/145488 11 an optional
PgC,T ]éE 2008/055548 7 (dlmethé%%?uggk%d}eg and carhon disulphide, are h
récyclel ints feTiEt, sBEGRA or i Sroeese step® & ly, thE©
swesmis idactie-in ap optonalfifth prbeessstd preferablytatalytcallpo
Withed waterdn sueh awassthet theseyale gaseegycleshiptondhe pragsss co,
Oﬂ|y comp ises the main components CO2, CO, H2 and H2S. The

ecénomic viability of the overall process is 10 increased by the fact that,
advantageously, no complicated and costly removal of potential catalyst

. puisens dosexample sulpburtcartainify cempourdsand lelementalss  is

Siphulc Js pgedag peffgdhe ipgtered pddipon otlislaedslagininmie oo
first and second 15 process step. Equally, a removal of such compounds

afteFBre24chith ifthe ETbResETTRYE s (HneQRERF Theseatalyst
spbstances carche fedalimetty teufhehsecondipratessistep togetherdwithand
the, igaction; gasgs; witheut further workip.and empprassioR REthegl: e g
gga%:{i which %)Pstlt'%tgs %g |f£cg(r:1}{gost adva%tgge with regard to the

capi %jh%noperating Costs of te procesEF)T h&fSis thisHo c8&tly Seeond

desgiphefzagdept Equally, a removal of such compounds
after the reaction in the first process gtage 1is
unnecessary. These substances can be fed directly to
the second process step together with the reaction
gases, without further workup and compregsion of the
gases, which constitutes a significant cost advantage
with regard to the. capital and operating costs of the
procegs. There 1s thus no costly desulphurization of
the reactant and product mixture of the first process
step. Advantageously, sulphur oxr sulphur-containing
slags which may be obtained as by-products of process
step 1 can be fed directly in solid, liquid or gaseous
foerm as a reactant to process step 2. This explicitly
also includes gases which are obtained from offgas
gstreams of plants for generating energy or chemical
products directly or via separation techniques, or form
in the course of biclogical degradation and wetaboliam
processes and can be fed directly to the second process
step. These gas mixXtures may comprise, as main
components, hydrocarbons, carbon oxides, sulphur and
nitrogen compounds 1in a total concentration of 5 to 90%
by wvolume in addition to other substances, and may be

fed to process gteps 1, 2 or 3.
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the reactant and product mixture of the first process step.

Advantageously, sulphur or sulphur-containing 25 slags which may be
obtained as by-products of process step 1 can be fed directly in solid,
liGFid 2P @R5E6E4 8B rm as a reactant to process step PCTHIBRAPASIHPE55548
also includes gases which are obtaine#l from offgas streams of plants for
generating energy or chemical 30 products directly or via separation

tebhRigeRS, SHROMTH theRobRe FABIGBERY deyrdditioRsfRPd process
metalgslisneoprocessesand Tan beded difectly toethelseond jpyocessiction

step- T hese gasqnixtiyres May. comprisgi 8, 1IN ;GOMPONENYS, srage  or
hﬁlﬂrfgarbons, carbon oxides, sulphur.and 35 nitrogen compounds in a
to

SorteatdH 675 159085 B voline M ad oS othEPS i antes P -
aft-may berfeerteinocess stebydrooem3. WO 2008/145488rpted. The

PQJAEEZQQSAOSSS%&alfﬁaghggaéni?tiﬂstc%nat@g@n\@&edri@a;la@f@ﬁ(}n@he
proce ptionally with usge of a catalyst, by reaction with liqujd o
gg)s%é%sg Z%%gf%ﬁrgin a 8ﬁg-§?age &rsmult?stggefp%o'c%ss s%e%. In qﬂléiélggoh%o ‘
prsteas stels B ifiloonveBsiciE 8Ly drageR s nottteiified ITiFE reaaimes
isspesformedsuchitbatz after theseactien, dte £021CQ442/HASktIONS can
LiQ1:1:L 1o 1&%83@1#%@38%9%% reaction gasdromdhe fist o
process step leaves It"at a pressure of at least 5 bar and can 10 be fed
dFECRPWitROQTETReFEGRMprdssich RPIHEE SEEGRE pfocesawstép.Ccpms cost
cewstitntesog sigraficard cost advantagessinée it ispossidpdoshispensgr  a
WEB-& Lo ESSYRtage M highycapital apd OPLFRAING LOSIS.1 1€ cost s,

reaction gas mixture from the second process step is 15 subsequently fed
(011 third rbEls Sarp VU TuMHEF o preSai and WorkUp TP 1o
readienprodués. dptondlly, apparatusiocrerpovingsfemehes sulphurout
OFF 1 SHHRUIF-CRIIAINHAG: 60MPOUNES Cadbr goNNecteddpsean products.
Cptiocnally, apparatus for removing elemental sulphur or
sulphur-containing compounds can be connected upstream
of this process step. The conversion to methyl mercaptan
is effected in a third process step over catalysts.
Advantageocus catalysts in the second and third process
gtep have Dbeen found to be metal oxide catalysts.
Preference 1s given to using catalysts based on alkali
metal molybdates or alkali metal tungstates, which may
be applied to suppcrts (US 5852219) . Especially suitable
are supported catalysts which comprise oxidic Mo
compounds and K compeunds, where Mo and K may be present
in one compound, for example K.MoO,;, and at least ocne
active oxidic compound of the general formula A0,. In
this formula, A is an element of the manganese group,
egpecially Mn oxr Re, and x and v are integers of 1 to 7.
The catalyst comprises the compounds preferably in a
weight ratio of ACy/ KaMoC,/ support =
(0.001-0.5)/(0.01-0.8) /1 or BA0,/Mo03/K;0/ support =
(0.0001-0.5)/(0.01-0.8)/(0.005-0.5)/1, the weight ratios
preferably being in the range of BA0,/X;Mo0,/support =
(0.001-0.3)/(0.05-0.5)/1 or 1,0,/Mo03/K,C/ support =
(0.001-0.3)/{0.05-0.3)/{(0.03-0.3)/1.
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of this process step. The conversion to methyl mercaptan 20 is effected in

a third process step over catalysts. Advantageous catalysts in the second
and third process step have been found to be metal oxide catalysts.

Pr&Te AcHER/i& 4AtPto using catalysts based on alkali REBEERISNISIRES 548
or alkali metal tungstates, which may 25 be applied to supports (US
5852219). Especially suitable are supported catalysts which comprise
oxidic Me compounds and K compounds, where Mo and K may be

pidsest in ord sopornd, foedxarapleyK2MoOw rand:at |east onexactivere

oxdic-eanpaundseftbegenerat formula AOy. in-3Qthis farmula, A isapk i ¢
elemenggf%—le manganese group, esp mall;@/ln or Re, and x and y are

in?ébéng?s ot 107 ecata%/sf1 ompri &s thé &Jmﬁigﬂn&?p‘fv &ra ly in'd &
weki gatic- aRAXEYIKREMo O4F suppareEa (0,000 cn5) {b D1 Dx®ror of  the
AQYMaQI/KR0)/ suipRost =35 (3:000L-02)40. 040 8)(R§05-0:3)/l; thes 7,

weight ratios preferabl ing in the range of A,Qy/K2 4/ support

(G ODLE8 050 By o kAo ag o ~or it “iBRllacs
(0%6&1-0.3)/(0.05-0.3)/(0.03-0.3)/|. WO 2008/145488 PCT/EP2008/055548

9 These catalysts preferably comprise one or more promoters selected

frgm the graun.orihe oxidic cempoynds with the genergljormyla MxQy in, .
which M Is a 5 transition element or a metal from the group of the rare

eSS HHFR Bnd yard"8ath &t fifteg&Fof PTb 7, TeCordiid tPthe @dgrebhe
obexigation ofithebstemmit:M ased 110 Mhis prefarablyde, Co, Ni, La or

Cﬁzl‘h’&?@f?%@%}ﬂ% t %d!mteh(‘@ Mioay, @ftﬁp ,b@)$ri ?Th?) {?t}%, of :h—e
(OO0 B S S0 e 603 KOO S gont =108 38F7 =

(0{£0-0156)4(D)10-0.30)/

When these catalysts are exposed to an H;S-containing
atmosphere before use, the oxidic metal compounds,
which do not mean the gupport material, are converted
to suiphidic compounds or mixtures of oxidic and
sulphidic compounds which can likewige be used in

accordance with the invention.

The support materials used are preferably silicon
dioxides, titanium dicxides, reolites or activated
carbons. When the support used is aluminium oxide, the
catalyst comprises rhenium oxides and/or rhenium

sulphide (s) .

Titanium dioxide 1is preferably used with a content of

60 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

gsubsequently dried and optionally calcined.
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15 (0.01-0.1)/1. When these catalysts are exposed to an H2S-containing
atmosphere before use, the oxidic metal compounds, which do not mean
the support material, are converted 20 to sulphidic compounds or mixtures
ofexidie il 4BHF8dic compounds which can likewis® 08 (BRAIAB /055548
accordance with the invention. The-suppott materials used are preferably

silicon 25 dioxides, titanium dioxides, zeolites or activated carbons.

WS thESTRREr (e is AR BERS the Tatlystebfprisesterably
rhemiinrexides mndioe rheaim isutphige(s): 30 EHtanlim dioxide isbe done

p@qrﬁgly&%@ewgh@ conterd of (60. ol%:af anatase. Thepreparationds
effected in a multistage impregnation process, with which soluble
bt Ky

fds & 3BTRE desi fomiGtersoriiclive Bxidic tompoaridsiarePed
appiectonhe sappartcrhedapiregrated suppott i subsequentlydried are
ang eptigrally-¢alcingd o W 2908145488 RGT/ER 2008/Q55348, ~ 40- Fhe
second and third process step are preferably combined in one reaction
apparatus. This can be done using different or identical catalysts.
Advantagestisiprbaisblé eBlusfizo reacive eistilaitin® fiked bédscted at

reactorspsiaged reaciorsantube beindlereagtors aie jusedfenthes sooec,
C sed ion t thyl rcapt The, reaction in the second
B o R L e e

‘ » e3P,
tdP500C 10 arfdPa pfddshifé of .8 to BG%%?.‘—”&H%%era?i%ﬁ%?éé%@gof 2.Bhe
toc4tbarsipreferablysstatilishedctpe sconversidit tecmethyl merbaptahird

isgffectedsin hedbird process step guercatalysisased on plkalimetal ¢ 53

m(%}éb algties or alkali Oggﬁgal tung%[]ate&s. @t a terppéaratur% 15 of %00 to

6 y éﬁ%%%W%ﬁS jddC, QP ungstates. At a temperature
of 200 to 600°C, preferably 250 to 400°C, and a
preggsure of 1.5 £o 50 bar, preferably & to 40 bar.
Catalysts which are used advantageously in the second
and third process step are described in applications
WO 2005/040082, WO 2005/021491, WO 2006/015668 and
WO 2006/063669.

In a further embodiment of the invention, the second

and third process step are combined in one apparatus.

The prcduct gas mixture can be separated by wvarious
known processes. A particularly advantageous sgeparation
1s described in the patent EP-B-0850923 (US 5866721) .

Unconverted carbon oxides, hydrcgen and Thydrogen
sulphide, and also gaseous by-products, for example
carbony!l sulphide and methane, and also  higher
hydrocarbons, are recycled into the process. This can
be done into the reactant stream of the first, second
or third process gtage. Advantageously, before
recycling into the second or third process stage, the
CO,/CO/H,/H,S ratio is adjusted to from 1:0.1:1:1 to
1:1:10:10 by reaction with water. This can be done with

or without catalysis in a fixed bed reactor, a reaction
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pressure of 1.5 to 50 bar, preferably 8 to 40 bar. Catalysts which are used
advantageously in the second and third process step are described in
applications WO 2005/040082, WO 2005/021491, WO 2006/015668 and
26VORFOEIBE3EED. In a further embodiment of the iRGEVHRR 48 465G Tk 8
and third process step are combined ihlone apparatus. 25 The product

gas mixture can be separated by various known processes. A particularl
alhiftagedud’88paratiom desEritied i the pafent EF2Bo850953 (USE 2
5866722 Wntonverttd carbon okitest hydrbgehtnd hydrogeh®8fecusly,
selphisles apg aé%g@%%by-@@puggsa@wmo@gmowpﬁmm@e and
agg %egharé%saunfi %llg%gighaer hyﬁlr raéttzons, re rec %lfd into the v
process.nT s CanFhe done Tito the Feactant stream of the firs second “or?
thirel preedssisigexAdvantagebiysiyasetores3s Etyéfing 1o e seceriter
ok thiydl processsslagadthe xCQACHH2AHRSalo is@asjusted ta-bgitant s .

1:0.1:1:1.t0 1:1:10:10 by r ion with,water. This can be done with ,or
é%%&f&%n __%%ﬁFQQ%§§ f%r f ghldes,

without catalysis i xed feactor, a reaction WO 2008/145

PETHYPYADS8/088548 Al tHFE PRASREBRIMN B4 FBactiEdistiiatisAned
atlartemperdtare ofadiedst 0Ge Advantageatsht asecondatyie fourth

cnpangats, Jopgxample catbonyL sulphide apd - earbpn disulphide, gre ...,
hydrolyse%%n thjs process step 5 to carbon dioxide and hydrogen

sdphide titRich et irft§ 178 e doha S Hhird pitesy fe‘b%asmcr@aSE—"S
rédetants v Reactionscohsstnents, for eXamplessulphivess polysuiphides hyl
apd hydracarbons yhich are-abisined dyringthe remavakef methyl
mercaptan in the fourth 10 process step, can be recycled without further
workup into the first or second process step, which increases the overall
SEILEtVIEy df tHEeproeEssHor sty atereaptan iBasédon BAAGAS fo rHEENg

themO58equence of reaction steps used with preference.

What 1s important for the economic viability of the
process 1s the possibility of using a multitude of
solid, 1liguid and/or gaseous carbon- and hydrogen-
containing starting materials, which are metered into
the first process step, and the fact that this stream
nead not be purified and desulphurized in a complicated
manner. Moreover, all by-products which are removed in
the fourth process step are recycled into the first,
second or third process step. Advantageocusly, all
process steps proceed in the same pressure range, such
that it 1s ©possible to dispense with a costly
compregssion 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 or third process
step from other sources under process pressure.
Advantageously, this pressure ig adjusted to from 8 to
40 bar. Gases which are inert in the context of the
process are discharged from the process continuously or

disceontinuously via a purge gas stream.



i0

15

20

25

15 Figure 1 serves to further explain the process using the sequence of
reaction steps used with preference. What is important for the economic
viability of the process is the possibility of using a multitude of solid,
i d 2B lgE%BRIs carbon- and hydrogen 20 contai§iig BRRfiA§/ 055548
materials, which are metered into thelfirst process step, and the fact that
this stream need not be purified and desulphurized in a complicated

. l@lo?e:over, all by-products which are removed in the fourth
process step are recycled into the first, 25 second or third process step.

AdvantageauslyRll Rrocess stens prosead ibthe Same presswetande .and
such that it is possible to dispense wi%%cos%;f mpr ssion of the,

ly_co
gBEESBEREEn hetranidlal protes SEpe. egf’e’facﬁ né afe EffeCtad &t ©
thedtahting BWpressdre Bighagases vt leaveth st §rdteds Step br 2
are meteregkinta the/ seqqn%/@r. thipckpracessestepifeam @Qﬁgwﬁaﬁe of
under proce ressure, Advantageously, this pressure is adjysted to
o B o it S ARt e
afCHISBRARRd fidhn th&Brode3sTBntiRGOFSHFEr FSCHMtinGEESly visga 1ous
puegeagas:steeam. WO 200845488 PCTAR2008/@55548 = 12 ikbxXamplel y
LsSteanm, reformation of 8 hygracarban feed gas,ftregm nad, subsequent
reaction with sulphur afforded a gas mixture 5 which comprises the main
components C02/CO/H2/H2S in a ratio of - 1/0.1/4/4. At a reaction
téfapdmatdre of 250-350C and a pressure of 30 bar, the reactants were
converted in the third process step over various catalysts. The catalytic

ACllVIty was Initially 10jdetermined Torja single pass through the reactor. L
TEBiEL Chtalyst Conver SIBH SETectbY Selbchvily Seletiviy ™ V-0 | electivity
(CO,) /% MC) /% {CO) /% {CH.) /%

Catalyst A £5.8 g2.2 11.8 4.5
Re,0,/K,Mo0,/Ti0, |

Catalyst B 53.5 . 82.6 8.5 4.8

510, /Re,0q/ KoMo0,/

Ti0,

Catalyst C 50.1 81.5 12.6 3.5
M0,/ K,M00,/T10,

C0, = carbon dicxide

MC = methyl mercaptan

Dxample 2:

Methyl mercaptan was removed from the product gas
stream (process step 4) of Example 1. The return gas
comprising the main componentg CO,, H;, CO and H.S wasg,
after reaction with water in reacticn step 5, recycled
into process step 3 and converted under analogous
reaction conditions to those in  Example 1. Over
catalystg A-C, methyl mercaptan selectivitieg of 90-94%

were achieved.
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(C02) /% (MC) /% (CD)/% (CH4) /% Catalyst A 55.8 82.211.8 4.5
Re207/KZMo0O4/TiO2 Catalyst B 53.5 82.6 9.9 4.8

Sn02/Re207/K2MO04/ TiO2 Catalyst C 50.1 81.5 12.6 3.5 Mnx0

/REM B04/F {02 EERL= carbon dioxide 15 MC = methyP@e/&RRAG8 /055548
Example 2: Methyl mercaptan was temdved from the product gas 20
stream (process step 4) of Example 1. The return gas comprising the

ma tBmhponents CO2, H2, CO and H2S was, after reaction with water in
reaction step 5, recycled into process step 3 and converted under

apalogogs-Jeagtion cangjtions to thase.in Example 1. Qver 23 catalysts 1.1

A-C, methyl mercaptan selectivities of 90-94% were achieved. WO i
2008/145388 BETRPIY0sTOEEE4d 113 Glainf® it Pibceld ¥orire whic
continuctsiystepang methyionercaptanbyg convéryidgeoreactanttaining

mixture whighcnaampriges saon: sad ydiegemneoniaining £ognaunds
wherein f1e.following process stens are, Passed fhouah, nwligh e o
carbon- %na%y' rogen- c%nfainlng compounds are reacted in proc‘é S s?ep

1 with afiBHaxdAgeRJopRAyIdth Water ieasived0 gasrapadre Wwhith 1
comprises. carbomdioxidex ggenon mepoxidednd hytragendbis gaso give
mixture is reacted in PrOgess SieR 8hW't%%§>'9££e%se8g§b% ph fi@x%sde,
one-stage or multlstage process step at a reaction pressure o at least

bar and S35 pEP A OF affBast H thé idlagas mixture is

reacted in process step 2 with liguid or gaseous
sulphur in a one-stage or multistage process gtep
at a reaction pressure of at least 5 bar and a
temperature of at least 200°C, and the molar
CO,/CC/H,/H:S ratio 1is adjusted to a zratio of
1:0.1:1:0 to 1:1:10:10 by feeding in water or
hydrogen and optiocnally hydrogen sulphide, the gas
mixture thus obtained having a moclar ratic cf the
compounds CC;/CO/H,/H.S of 1:0.1:1:1 to 1:1:10:10
is converted in process step 3 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 mwethyl wercaptan as the wmain
reaction product, this methyl mercaptan is removed
in process sgtep 4, and, 1in process step 5, after
removal of the gageous by-products, the
unconverted feedstocks, after optional reaction

with water, are recycled into the process.

2. Procegs accexding to Claim 1, wherein the reactant

mixture comprises nitrogen-containing compounds.

3. Process according to Claim 1 or 2, wherein the
reactant mixture comprises gsulphur-containing

compounds .
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C02/CO/H2/H2S 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, the gas
mixture thus obtained having a molar ratio of the 20 compounds
CR/COMEZAAES8£1:0.1:1:1 to 1:1:10:10 is converteBdR PrERBtBp 3548
at a reaction pressure of at least S-bartand a temperature of at least

200C over a catalyst to a reaction mixture, which comprises methyl

mercaptah e he iR PerEagtidiprodtcM thissmethyPmercaptéitis® the
removed daptecdss stepdiand, fvprocess sterbraftemoemovéalicfitheare

gaseous-Ryipseducts, thecupeonvartedfeedstocks after pptignal reaction

with water, are recycled into the process. 30 2. Process according to
Claim 1, wherein the reactant mixture comprises nitrogen-containing
cBmpouRBsCe SEroeesacEading o ElarE orl2, Whefein te BBich the

reactantgaixiidg-conpiisessipig=coniainingi sempounds Weptionally
2008/1455&%? {HQE/(§1J1320081055548 S 4, Process. accordin%éo gla'ms
' C

g . OL e b
1to3,in the reacafélr%tnr%|xtuFeOEﬂgr?1pﬁses compeounc% Which are Y

carbon- FRydrogeén- AP Siigen-cohtdiniAig 5 5Processsaccsidimytostean
Claims #f 4tnawhich theccagaen- and tweakogenvadrtainiaganei se  CO,,

optionally, PX)ZQGQE‘E@”@@M gggs_ are converted by partial

oxidation with air or oxygen or by steam reformation to gas mixtures
which comprise CO2, 10 CO, H2 and optionally H2S. 6. Process

aécordirgrto-€hlims ttoBlimwhich thE8 ongpolndsopresentrn theich the

reactantdpigiérersiem dram offgasisireama of prcasses fopgenedlinds tem

15 energy or cheglricaléjroducts. .
cm ofifga gtreams of processez 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 gupplied to the

process as raw materials.

8. Process according to Claimg 1 to 6, wherein gas
mixtures generated in  bilological metabolism
processes 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
selected from the group of methane, higher

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

10. Process according teo Claims 1 to 3, in which the
conversion to a gas mixture which compriseg CO;,
CO, H, and H;S in procesg step 2 is effected in the
presence of liguid or gaseous sulphur in a one-
stage or multistage uncatalysed homogeneous

reaction or using a catalyst.
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7. Process according to Claim 6, in which streams from the workup of
processes for oxidation of hydrocarbons and for synthesis of nitrogen-

and 20 sulphur-containing compounds are supplied to the process as raw
ntiRe 38 84 1R AARS8s according to Claims 1 to 6, whe RGF (BB 2/0&fs5548
generated in biological metabolism- 259rocesses 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 30 selected from the group
oft inethatie; dgteraydestarbgns havihg ar@2-Coadidal, CO2mmdt€0ized

10. Process agegrdingra Claimgdota3y i, whichythe, cogversion.to @.gas ¢
mixture which comg@ses 02, 35 CQ, H2 and H2S in %rocess step 2 is

effectedSif e presence o Iiaﬁ%ggrsgafsre%rﬂs Sufphut tn 5%net Stdgetor -

multistage uncatalysed homogeneous reaction or using a catalyst. WO

2@@8/145388@65/55’8@9&/&5%5&6 -c/h@i/lras/mocgés @@QOLngﬁﬁ%ﬁmﬁqe
1to 10, characterized in that the C02/CO/H2/H2S ratig.at the end o
process B S EER 1% (TG R4 13, et Aaca dhgT>e
to Claim3tEto YRCPRVRIER the FRtRAtHercapRaltisiehfovedfontiifeycled
reactionigaso apdamepnveites gaseous teedstocks are recycled into
process steps 1, 2 or 3. 10 13. Process according to Claims 1 to 12, in
which carbon-, hydrogen- and sulghur-containinglreaction by-products

are’recy it iRt préteseieps, : fo 12, in which

Oor@lagms
carbon-, hydrogen- and sulphur-containing reaction

by-products are recycled into process steps 1, 2

or 3.

14. Procesgs according to Claims 1 to 12, in which the
total amount of hydrogen sgulphide in procesg step
3 is established by wvarying the carbon-hydrogen
ratio of the compounds present in the reactant
mixture or the H, content in the reaction gas
which is fed to reaction stage 2, and by varying
cne or more process 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 distillations,
bubble column reactors, fixed bed reactors, staged
reactors or tube bundle reactors are used for the

catalysed conversion to methyl mercaptan.

16. Process accoording te Claims 1 to 5, in which
process steps 2 and 3 are combined in one reaction

apparatus.

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

contalining compounds are removed.
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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

miiRure BB Hed Fi2&Bntent in the reaction gas which iPEB/BRe8SFIP55548
stage 2, and by varying one or more pfocess parameters selected from

the group of: residence time, reaction temperature and reaction

pressure. 25 15. Process according to Claims 1 to 4, in which, in process
steps 2 amne3: seactive disiiflators; Bubblercsoldmhaedctorsi fixedbeth the

reactorsggtaged ;feastorss duhe bundle reaciors aresseddor heBlar o

catalysed_conversion to methy] mercaptan. 16. Process according.to
Claims T Foeg,s %rv%hi&gp%%esises %%s a]?\%jé are cgor’ﬁﬁineﬁ fﬁ o%érecuy’

reactionwapparatust 85t Preeass according t6 Tlaihel Saeeieh rafegess
the firstanshthe sgeand precessstep daulphur- coataining composndsre
are rem 1 8 PCI/EP2008 8 .-16 . Process
accordir% %%%Eﬁ%é%q% 1%7%% \?v%c%é 8 %%ségngl%%drée IJ[(E:'C’r?lvgslfli t%et irst and
process bfaPpiessare §t&ti€ast 5 bar and is fed directly, S without

further compression, to the second process step, and the corresponding

gas mixires.ate, subsequently fed atilis pressue, to the Hird gnd foutty o
process steps. 10 19. Process according tg Claim 1, in which the overall

selectivifiFfor Sarfordisulphid@and (pofyISABhides fEHEES Mk Fos. 20274
Process @wcbydiag toCldies Lto 19sim whish 1%.

20. Procegs according to Claims 1 to 19, in which
catalysts which comprise alkali metal tungstates,
alkali metal molybdates or Thalide-containing
alkali metal tungstates or alkali metal molybdates
which comprise transition metal oxides or

sulphides as promoters are used.

21. Process according to Claims 1 to 19, in which the
gas mixture 1s converted in process step 3 over
molybdate- or tunugstate-containing catalyste which
comprise transition metal oxides or sulphides and

alkali metal oxides or sulphides as promoters.

22. Process according to Claim 20, in which at least
one of the promoters selected from the group of
alkali metal tungstates, alkali metal melybdates
or halide-containing alkali wmetal tungstates or
alkali metal molybdates which comprise cobalt
oxides or sulphides, manganese oxides or sulphides
and rhenium oxides or gulphides i1s used as a

catalyst.

23. Prccess according te Claimg 1 to 19, in which
supported catalysts which comprise oxidic Mo and K

compoundsg are used, where Mo and K may be present
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15 catalysts which comprise alkali metal tungstates, alkali metal
molybdates or halide-containing alkali metal tungstates or alkali metal
molybdates which comprise transition metal oxides or sulphides as
pHNABPBAAESEB 20 21. Process according to ClaiRSTy BP29,0A ARH6548
the gas mixture is converted in process step 3 over molybdate- or
tungstate-containing catalysts which comprise transition metal oxides or

sulphides™an8™2 4ikAPMEET oxidBe ol SdpRidES MR pHMoRFs. 5325t one
Processatcoming1c Slainr20inpwhictkp at lehst oaefifie promoters A0y,
selectedzrom the geaup-eh alkali metal ngsiates alkalingtal especially
molybda}sgls %O o%halide-é:ontaini g.alkali metatl tungﬁstater?1 or ?ka% metal
molybdatés whic eCOI‘%BI’ISGX cobalt ‘oxides &rnsuﬁg‘r% 8s a%g fese

oxides or sulphides and rhenium oxides or sulphides is used as a

catalyst. 8523 Froerssactonding:to Glaimsnt to1l9¢iv which ssupperied :n
catalysts which comprise oxidic Mo and K _compaunds are used, where

A Gt ol A R Sl s eyl GRE
one confpbRifBraRd Which Boriprige at st 8né factive oxidic compound

of the 9 emeral formaly Axryo A is=an e_zl,ememoof 3he anganese groupyr
especially MARIRAx a0, ARd yare intedgisiofl 9 7.5 26, Progess

accordinr? to Claims 1 t9 19 and 23, in which the catalysts comprise the
compou ds Op%fe?aﬁlg/ i a weight ratio of AxOy/K2MoO4/support =
(0.001-0.5)/(0.01-0.8)/l or 10 Ax04/Mo003/K20/support =

«b@QLOﬁQHQéEQQQHcording to Claims 1 to 19 and 23, 24,

wherein the weight xatios are preferably within
the range of

A0y /KoMoC,/8upport = {0.001-0.3)/(0.05-0.5)/1 or
2,0, /Mo03/ K0/ support = (0.001-0.3)/ (¢.05-0.3) /
(0.03-0.3)/1.

26, Process according to Claims 1 to 1% and 23 to 25,
wherein the catalysts comprise one or more
promoters selected from the group of the oxidic
compounds with the general formula M0, in which M
is a transition element oxr a metal from the group
cf the rare earths, and x and y are each an
integer of 1 to 7.

27. Process according to Claims 1 to 19 and 23 to 26,
wherein the ratios of the proportions by weight
are within the ranges of:

K;M00,4 /MOy / support = (0.01-0.80)/(0.01-0.1)/1,
MoO;/Ka0/MxOy/support = (0.10-0.50)/(0.10-0.30)/
(0.01-0.1)/1,

where x and y are each an integer of 1 to 7.

28. Procegg according to Claim 27, wherein the ratios
are within the ranges of
KMo0, /M0, /support = (0.10-0.60)/(0.01-0.06) /1,



(0.005-0.5)/1. 25. Process according to Claims 1 to 19 and 23, 24,
wherein the weight ratios are preferably within 15 the range of
AxOy/K2MoO4/support = (0.001-0.3)/(0.05-0.5)/I or

AHB4 ARSI 56/ABBport = (0.001-0.3)/(0.05-0.3)/ (0.FFB/5A2209H55548
Process according to Claims 1 to 19 a@l 23 to 25, wherein the catalysts

comprise one re. promoters selected from the gr of the oxidic
compou?f § %?{f e @O eefjalpf%?naﬁlamM.{(%.' i}\%\?ﬁic%(ﬁ }?Eg;‘ﬂ'gﬁsqﬂ&? ’/
element 6f efhetal $fohd the group 25 of the rare earths, and x and y are
each an integer of 1 to 7. 27. Process according to Claims 1 to 19 and 23
t0,26, wherein the ratios of the propartions hy weight..30 are within th
rgzn%és o%?lg ﬁn@oi‘%ﬁ%gsﬁgpér?i%aoimﬁs )/Eg’.of-%fl)‘/“’ ,erem Ehese
Mo03/K S MxE{78Fopo £5(0. 16EBHRO.10-0B0)/ §0.01-8:8) £oRkérerying
and y arewachmneintegerfof detouk 35 28. Process according to Claim

27, wherein the ratios are within the ranges of K2Mo04/MxOy/support =
(0.10-0.60)/(0.01-0.06)/1, WO 2008/145488 PCT/EP2008/055548 - 18
MoO3/K20/M,Oy/support = (0.10-0.30)/(0.10-0.25)/ (0.01-0.06)/1. 29.
Process according to Claims 1 to 28, wherein these 5 catalysts are
exposed to an H2S-containing atmosphere before use.



