Catalyst for the Preparation of Methyl mercaptan The present invention
refers to catalysts for the preparation of methyl mercaptan from carbon
oxides comprising compounds of Mo, K and transition metals from the
manganese group of the periodic table, especially Mn and Re. The
%95??? 6%‘??4u§rgher refers to a process for the preparation of salﬁcé%ﬁ
catalyst system. Background of the Invention Methyl mercaptan is a well
known intermediate for the production of organic compounds, such as
sulfur containing amino acids, pesticides and dyes. Industrially, methyl
mEecaplas tal§oknthe &s-ayethanétiwolyis preteddmaainbpfoaihe
synthesis of methionine, a widely used feed supplement for poultry.

Methy| mersaptaniis-commerciathyr praducedday Hieyheterggeneously
catalyzed gasphase reaction gf nel E%EE&L a@@QMdE%Q%bﬁU'BQ%EQr
example, EP-B-0832878 and Dﬁ 654515 disclose a methanethiol
orepAFt fietidd B3R brithe Téaction B nydrbgen SUide {B2S] wiehe™
méthy| Bfcthel tCH3OH)IEPA-167,3581discloses alsymithesispailavay Mn
based erthe reaction of hydrogen sulfide with carbon monoxide(CO0),
wherein titanium dioxide(Ti02) was employed as carrier and nickel oxide

(Nt'@é of melyhdenum.oxide (Me@1} as adlive gempenagntsChinese Patent
fions ON lcgp@%zgargjaﬂ\& 1@%%%?% iggﬁcéqiseigﬁerles of catalysts

usef for the methanet iol synthesis 2S-containing
synthesis gas, wherein the activ L£omponent (Mo-S-K-based species)
coér]filté:(zg roLr%\ r)hﬁe prfec%ﬁsor?& I?fg or (NH4)2MoS4 plus a potassium
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%l]f In these Chlnese patent aaglﬁatllgns dlmeth%Ifor amlde

BB ’nd hot water s chosqeoﬁ"I Hs SBIVEhP TS dfssdive thia®
adtﬁ?@%ﬁ?ﬁ@@ﬁeﬁtf ThEHESERbEEHIOEESS is ardhtotfaridle Gl containing
expensivez WO2005/040082A2efers ta seeantiMuDUSHRrosess foriden v 1
maaufactreof raetftyl mergaptan ysing Ma-Qrk-based C@%ﬁtﬁ@@%mz y
process for the garatlon of a sgljd reformed C%rﬁ yst sg ﬁ?r% Itis
further Eescr“’B’ecF thaftjtﬁe Total SSrechvity 6f methyI thdrcaptan chfi e
inErEEsEEF At B85t Y6 byBwering the total gas hourly space velocity.

EP-A-104507 describes a continuous process for reacting carbon oxides,
suifeir oy hydeogarsalfidesandhydregen avelevatbd-predsure land

temperatirenthe seaction isicardedoul Ques areformedsinglerhases ol
SOA@&%@%&%G%%@&Q&%@: p&t%&tm@m'ﬁe CONLRIRING, SURPOIT, D%n o

which a mixture of a manganese sulfide and at least one of an iron, nickel,

e Chohuf-COLER oI RRT b Akl GRS SO e Hetifens ==

Tl deberied procassds ahyvdrogen sulfide (HpS) with methyl
alcohol {(CHi0H). EP-2-167,354 discloses a synthesis pathway

based on the reaction of hydrogen sulfide with carbon
monoxide {CO}, wherein titanium dioxide(Ti0;) was employed
as carrier and nickel oxide (Ni0C} or molybdenum oxide

(MoU3) as active component.

Chinese Patent Applications CN 1207857 and CN 1207858
disclose a series of catalysts useful for the methanethiol
synthesis from high H;S~containing synthesis gas, wherein
the active component (Mo~S-K-based species) comes from the
precurscr of KoMaS, or (NHs)MoSy plus a potassium salt. In
these Chinese patent applications, dimethylformamide

[ (CH2)NCOH] and not water is chosen as solvent to dissolve



continuous, vapor-phase reaction in the presence of a specified
sulfur-containing or sulfide catalyst system containing manganese to
produce methyl mercaptan with improved conversions and yields. It is

stated that t%% using the described catalyst system, the methane formation
W RES*3 inimum, which should result in an improved ecoRbRARE2008/853652

process. Formation of inert by-products, such as methane, should be
avoided because these inert materials are difficult to separate from the
recycle gases. It would build up in the recycle gas streams and would
have4o hervenrtedpariodically. Qtherbyproductsof she synthesisofi to

methybmercaptan.from caghon oxides, sulfur or hydrogen sulfide and
hydrogen include carbonyl sulfide, dimethyl sulfide, carbon bisulfide and

dipetyd S’beqﬁaz%ip%%aé!é&%a%’”é{' ‘JJQ‘E%%%%“%}%'&%%'Q bﬁeoﬁe%té)

a minimum since carb OH%SU Ifide is an intermediate in the formation of

mERFHETEAS BnC Lol datectivitids 8F Eafbony - 5difitie 8 résheiithigher
sefeetivitiestsf methyd nigireaptan thes iviprovingihe dverall pigldofmiethyl
mercaptamand dhe shepte esppamy.ofitheiprocess Hée 416652424 that the

desgribes é‘eﬁrg‘c‘eﬁ%ﬂrﬁ}h&ﬁrﬂg'{!ﬁ&ﬂ” L methylmercaptan by, | *E%aetﬁ‘u%gi by

gas comprlsm car onOX|de and/or carbon dioxide, hydrogen s
andthydt 88% nth e‘”ﬁ%lé“@fga chfalyst asedoh acfh‘ﬁéé’teﬁpsatﬁﬁde or

rh&sibaTé%ide on an actlvated alumina substrate. In the process,

unreacted gas is recycled to the feed gas stream, wherein the water which

is F8tnfed. ddBRJ tlie reactionswith doe tatalystsisrerneed ffom thencting
unsgacied gas: Jhe, desiceationis Q%H@QM by-passing the.gas threvgh, at
a @9@9%%%5' Y 3@&4 aaRgZQ 203 catal)ﬁ'{ a maximum selectivit

of 64,6 % at aSC % -conversion oef;%D O?S]f 6raeported ﬁ?ﬁougﬁ?nnlusmg?o%%md

atfemipte Fiavethddrt Sl .ﬁﬁ%&és TREBRectivRy MAdSASR oFrhefhyt tem
mercaptars manufactored: from carbon oxides théreds stifeomeed for which a

fuﬁﬁ%m@%@mﬂﬁéﬁmghfﬁﬂ@ﬁﬁ@i%@f methyd mercgptanat 2 iron,
compayatively gem%h copyetlons Ofc%% op oxides gre desired. %ﬁ&ﬁa'a'% tal

carbon dioxidé as 'Cl sourcé r methyl mércaptan’is attractive as t

m&jor bySSrodticfEaDdNTRBnoXidR c%%gﬁé? Je%%ﬁy ROAFEREd iritofcarbon
dioxidé thus increasing theloveralk selettivity for méthybmereaptane Object
of the dventionsht isran object of ﬁh@@r@&e@m\ﬁ%@%@t@mygﬂ@ 8 Fatalyst
for m t [.me ro Xi refera,
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co?ﬁE’aFf&‘tﬁ&y%ﬁﬁ%ﬁ%@%?o@gf gafbigtPdiokidet %u%ﬁ??Tﬁ%%e@é’ nising
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metgaptan by contaeting, anitthatenould result in an improved
economic process. Formation of inert by-products, such as
methane, should be avoided because these inert materials
are difficult to separate from the recycle gases. It would
build up in the recycle gas streams and would have to be

vented periodically.

Other by-products of the synthesis of methyl mercaptan from
carbon oxides, sulfur or hydrogen sulfide and hydrogen
include carbonyl sulifide, dimethyl sulfide, carbon
bisulfide and dimethyl disulfide. Especially carbonyl
sulfide formation should be kept to a minimum since
carbonyl sulfide is an intermediate in the formation ofﬂ

methyl mercaptan. Low selectivities of carbonyl sulfide




4 mixture of carbon oxides, preferably carbon dioxide, sulfur or hydrogen
sulfide and hydrogen at elevated temperatures and pressure over said
catalyst comprising an oxidic or sulfidic compound of metals from the
manganese group and a Mo-O-R-based active center, a promoter and a
CHFHAHR2& i st aspect, there is provided a supported catalyStROIHHEBHsing53652
a) oxidic Mo containing and K containing gompounds, whereby Mo and K

can be constituents of the same compourid b) an active oxidic compound
A.,0y of the element Re. In a second aspect, there is provided a method to

prepake ﬁa@@'ﬁ@&é?@%@&% claim,l; comp @S&Q@t@?rft%%% gaéﬁltan thus

impreanatin Sa%lg carrier in one or mare steps with agueous tions
comBrSng A RorBodHir o the et Re b KEohAIngrSstApatnd hidhe
actérds' g KZOpREsUrser ad: (NR4¥EMO67024 .4E60 or Mo03 as Mo
containing compounds; or b) impregnating said carrier in one or more
steps With bhediZmdes agubeus solutions semjirising:a compburick ofther
meiakiRe.1and K2WMead; and grdring saidjapreanated-catters, ip athird
asest. here isprouded ameihod fof prepafing methy! meiceptan in.a
catalytic process by reacting carbon oxides, sul RaPand/or ydrogen
SulpRite Hift Ajidroden? bBEGRAIR Wate?, Whéfebiftheteatfortakes ungsten
platelifihie presehee bfim suppdredicatalystas defiret abowena substrate.
g_urmrisinglyﬁiw@%@l@efm@%f@ E}’a'léSiﬂg cgg@ygfe@&cegdiggéo ey gas

is the.total selectivity of methyl mercaptan is increased to more
than B0 S at e e e Bonti SomicraioTe S e AR S
dep&REIN 8N e feddtioncdrittiths cHeseFE ROASE has Beer founar fie tod
byassing e present catalysts tontaningdransitiormetals ftom theée gas
manganese sroupReierablydenrelted o elected D2 RIS NGt
production of methyl mercapt m_carbon dioxjde the total formation .
et B SOk be i be kB § a1 SERBITE AATLfE 26/0 ®
Noté th&PCEBBH monoxide can be easily converted into carbon dioxide by
reaction with water, so that the overall selectivity for methyl mercaptan is
indré 5804 9 AalPaHREHIOTE, Withaie bbobve raehtomedstatalyets, theimprove

formnaticreottite: by products piethane {Crid) rdimetbyisuifide{DMShand t ured
caghon, bisylide, (C22)iskept 192 minimum unde the reaction:conditions

of the process described in here. This effect presents a significant

AR TS (e HiGal 1Al N OTE probsd SiMEEHPE foPFEGBHE 2"

of frert §ERes ZhtHEsYme fHaheC WHIGH Rave fo bé \entdtbperedically dse

kept to ancabsbigteaninimym. ddaneoner 1he separationandhpurfication ek thy1
thg.£eaction.producl methymereaplan (UGS optigyze S - SUEE- 00l BT

amountsi%{eby- rO(%Jct such as carbon bisulfide, dimeth e an

0

methane are formed in TRE procesd ARbiift objeQiveediiAi diddsdare ishus

aéﬂﬁ%@gqéﬁg the overall selectivity for methyl mercaptan.

Object of the Invention

It is an object of the present invention to provide a
catalyst for the manufacture of methyl mercaptan from
carbon oxides, preferably carbon dicxide, with high
selectivities and yields for methyl mercaptan at

comparatively high conversions of carbon dioxide.

Summary

_ The present disclosure is directed to a catalyst for the
manufacture of methyl mercaptan by contacting an intimate



preparing the solid catalyst system of the present invention. Detailed
Description of the invention 5 The present invention encompasses a
catalyst and the method of preparing me&hyl mercaptan comprising
contacting an intimate mixture of carbon oxides (C01-2), such as carbon
monoxide (CO) or carbon dioxide (CO2), sulfur or hydrogen sulfide, and

B D e e P et s

c%tal)ﬁst c‘.("hoiCh Comﬂ'§e§ an active compone

and recycling the Urireactsd YASeDUS HABEBN 16 tife fostess sremmriatthess
prOtessT BRSHIFTOvSTRENEGL e Presdntsprocessies inmthedfackthatic or
carbioni dibxidecsambe conyeried with higher conversionrates.and. .. .4 .

selectivities 1o methyl mercaptan as compared to state-of-the-art.
technologies, with only minor amourits of carbon monoXide &g foffied

ag,sideproduct. Simultaneously, carbon monoxide can be easily o
(:o?w%rtfé12 Piﬁits %%%b%ﬁrgid%c?éogh%%yﬂrﬁwlﬁ?ﬂré‘él&iéi?f Vi ateeugingxidic Mo

estallishetandté regas:shift-techpalogiesvthussinaneasinathepveralthstinents of the

selgctivi W captan. The catalyst according to the invention
corﬁ%ri}é&gé}}%@gx%i%%%{iggﬁ af?in]f:nboglr%’ lﬁééﬁ%ﬁﬁrﬁﬁ&%&ﬁ’%ﬂhﬁ& whereby

Mo and K can be constituents of the same compound b) an active oxidic

compound AxQy of elementschosen from the manganese group of the

pétiddrepablaseashebiany ivmroniRe; xyuptishalyapronaten) whesenriiomo caim 1,

tk@@mmmgfmldﬁ@;mrﬁpm&sghﬁ&% ahipapsitien lm%ﬁés @rﬂﬁléﬁ% &R3Mith agueous

; or additionally to e oxidic carrier

2}%2%%%2 %H?Cﬂaﬁrfg%nu%v\%%%%agg%%aoq‘ ofonadd fiena ¥ gon%a%]r%ng compound which acts
as a K, precursor anc} G\P}h)éMmOM « 4H,0 or MoOs as Mo containing compounds; or
b) impregnating said carrier in one or more steps with one or more aqueous solutions
comprising a compound of the metal Re, and KoMoQy; and ¢) drying said impregnated
carriers.

In a third aspect, there is provided a method for preparing methy] merceptan in a catalviic
process by reacting carbon oxides, sulphur and/or hvdrogen sulphide, and- hydrogen,

optionally water, whereby the reaction takes place in the presence of a supported catalyst

as defined gbove.

Surprisingly, it has been found, that by using catalysts
according to the disclosure the total selectivity of methy!

mercaptan is increased to more than 80 % at single pass
carbon dioxide conversions of more than 50 % depending on
the reaction conditions chosen. It also has been found,
that by using the present catalysts containing transition
metals from the manganese group preferably deposited on
selected Ti0; carriers, for the production of methyl
mercaptan from carbon dioxide the total formation of *he
by-product carbon monoxide can be kept to an absolute
minimum. Note that carbon monoxide can be easily converted
into carbon dioxide by reaction with water, so that the

overall selectivity for methyl mercaptan is increased.



exception that if alumina is used as carrier the catalyst contains a rhenium
oxide or sulfide. 6 Mo- and K-containing compounds are preferably part of

an active Mo-O-K phase located on the surface of the support material.

The invention can be also put into peagtice with said catalysts being

treated with hydrogen sulfide. The oxidic compounds of the catalyst are

then at least partially converted into sulfides or hydrosulfides. That means

that the catalylic agfive,compopsRiz.of the catalyst %&%ﬁi&%"m unds
orfg:athastuj!fé%edogorgwgug@ ogorggégres of both. The catalyst according to
the invention comprises an active cormpBientesnsiStittg of OkitRc ey Lsulfide

sUfidft coipoGRES BF nittals ctitHe midifganedse grnip aMe amtrkmum under
compoundgoXidic opsulfidicceompaunds:opmidures ef-koth; BOMOteL o
and ascarrierRrecuesors of said manganese oxides or. sylfides or thenium
o%ld%no.rcsatﬂfldxe@saqre for exar&e anrggnese acetate, man%ane§e ‘
carbonate, perrhénium acid (HRe | Oifftéfiunmteptxide{Re2o7yt Lon
EXamiples bf Gsefd afitiints forhelpursoserditiie present inventioarared
tper 1<50iwt %4 Re207 ofdhe total eatalysimasse Thewweight ratiesefsaid e
oxides,are: 50 W% Mn02 AxOy/(2M0Q4/caprier = 0,001 0.9L /1. -0.50 . o)
mercaptan {MC) is optimized, since only minor amounts of
by-product such as carbon bisulfide, dimethylsulfide and

methane are formed in the process.

Another objective of this disclosure is a process for

preparing the solid catalyst system of the present
invention.

Detailed Description of the invention



0,8/1 Ax0y/Mo03/K20 / carrier = 0,001/ 0,01 /0,005 /1-0,5/0,8/0,5/
1,preferably Ax0y/K2MO0O4/carrier = 0,001/ 0,05/1 -0,3/ 0,5/1

WO 2658/125452 PCT/EP2ZO08/053652

The preszent invention encompasses a catalyst and the method
of preparing methyl mercaptan comprising contacting an
intimate mixture of carbon oxides (COy.z), such as carbon
monoxide (CO} or carbon dicxide (COp), sulfur or hvdrogen
‘sulfide, and hydrogen at elevated temperature and pressure
over said solid, preformed catalyst which comprises an
active component, a promoter and a carrier, and recycling
the unreacted gaseous fraction to the feed gas stream in

the process.

An improvement of the present process lies in the fact that
carbon dioxide can be converted with higher conversion
rates and selectivities to methyl mercaptan as compared to
state-of-the~art technologies, with only minor amounts of
carbon monoxide being formed as side product.
Simultaneously, carbon monoxide can be easily converted
into carbon dioxide and hydrogen by reaction with water
using established water-gas-~shift-technologies thus

increasing the overall selectivity to methyl mercaptan.
The catalyst according to the invention comprises:

a) oxidic Mo ceontaining and K containing compounds,
whereby Mo and K can be constituenits of the same

compound

e} an active oxidic compound AOy of elements chosen
from the manganese group of the pericdic table,

especially Mn or Re;

C} optionally a promoter, chosen from the group of oxidic

compounds M0, of transition metals and rare earth

metals;
d) optionally 5n0;, instead of or additionally to MO,.
el an oxidic carrier or activated carbon with the

exception that if alumina is used as carrier the

catalyst contains a rhenium oxide or sulfide.



A.0y/Mo03/K20/carrler - 0,001/ 0,05/ 0,03/1 -0,3/ 0,5/ 0,3/ 1 Whereby A
means Mn or Re and x and y are integers from 1 to 7 A precursor of a
Mo-O-K-based active center is for example, potassium molybdate

(K2M004) or ammonium heptamolybdate [(NH4)6M07024] x 4 H20 plus a
PRa8RiIRS4EIt or Mo03 plus a potassium compound. The potBSS{BR{008/053652
compound or salt useful in the present inyention is selected from the

group consisting of potassium acetate (KAc), potassium oxalate (K20204),
Potassium hydroxide (KOH) potassium carbonate (K2003), potassium

nitiate (KNOR. apdRotassiym:bigachonate {KEGO3).The potassium salts
s solved.n water and broyaf in calaplated.amounis.nto the SURPOLLop .
material’in general prior to or after the oi)eposmon of the remaining
coffipofehts of the catalyst by impregnation or coating techniques known

to those skilled in the art. Examples of useful amounts of potassium salts

us8fut fortierpurposes of five prasert vertion & fd-50 WiiddKgeid
prefetatlly 400130 wi. % K20: eftheitotal icatalysemass 1 Thecatalyst oxidic

carrier s impregnated or coated,with.the differens catalytic componenis, by
various methqds known f th%se skllleﬁi |§rthg ajrtfls(yé:g as multi-step
imfrayfation applied tothe slitfaca of the Carfier or So4ting of the carrier

with the active component. The active catalyst mass may be pressed,

. P
extrliiéd Wi efletized & proditde™datalysté with Varfotigthres timafisibnal
shapés hndidinrensions! Additemal promotersagsefukinitheqsrésentipcunds ox
calglyst.aregepresented by the general formula Mx0y, wherein M is
selected from the group consisting of transition metals and rare-earth
meals. ?@{QQ}%@; éHH@(%@iB@”&Q%G%@r%QﬁQI%ﬁﬂp%%h%ﬂ@ﬁé!?ean active
group consisting of iron (Fe), cobalt (Cp), nickel (Ni),.lanthanum (La).and ..
CoRMEES sy 20 itk obie O bo B THE Loty S: SEIBIAFE oF
cofitdiid adaifioRafly 15 oF sté&d 9 MBRY3NE2. Gdifiefs Ge&RPHthe cxidic
preserdunvantion arerprefersblyselected frem the grotip,cangistingcobr and a
silica (5i02). titapium cioxide (Fi02) s zeqlifes o astivatedcarbgp. Aluminges or
Srhenium oxides or sulfides are for example manganese
acetate, manganese carbonate, perrhenium acid (HReO;) and
Dirheniumheptoxide {(Re,0s). Examples of useful amounts for

the purpose of the present invention are 1 to 50 wt. % MnO;
or 1-50 wt. % Re,0; of the total catalyst mass.

The weight ratios of saild cxzides are:
A0, /K:Mo0Qs/carrier = 0,001 / 0,01 /1 - 0,5/ 0,8/ 1

2;0,/Mo03/K,0 / carrier = 0,001 / 0,01 / 0,005 / 1 - 0,5/
0,8 / 0,5 / 1, preferably

A,04/K:Mo0Oys/carrier = 0,001 / 0,05 /1 - 0,3/ 0,5 /1

A4Oy/Mo0s/KoO/carrier = 0,001 / 0,05 / 0,03 / 1 - 0,3/ 0,5/
0,3 /1

Wherekby A means Mn or Re and x and y are integers from 1 to
7.



8 only used when the catalyst contains a rhenium oxide or sulfide. When

the Mo containing component is expressed by the amount of K2ZMo04, the
weight ratio of K2Mo04 / MxQy / carrier equals to (0.01-0.80)00.01-0.1)/1,
preferably (0.10-0.60)/(0.01- 0.06)/1. However, when said component is

@ raser45y the amount of Mo03 and K20, the weight ratio dTIWGHBAEAG3652
| MxO0y/ carrier equals to (0.10-0.50)/(0.19-0.30)/(0.01-0.10)/1, preferably
(0.10-0.30)/(0.10-0.25)/(0.01-0.06)/1, respectively. Advantageously, the
support useful in the present invention is selected from the group

copsisting of titgniymn dioxide,(102), Jhe catabyic aclivity of the egtalystanpie,

can be improved hy usm% SUF ort miterials with surface areas qsfl%%ra:we
of at’

th&tP 585H21" Avaftsgesusly 2tiania sppdHeskith Sutscs ara

lealst 0 nPleyand an dhatasettontent ofradEs idh 66 96 ape Udedaglvs @
cagﬂ_i)tsisﬁam@r&&@f@i&dicaﬂ*iﬁecfmﬁealamﬂmsesﬁh&higﬂh mfaxzﬁﬁtammml
dioxide carriers are.extruded;or pelletized beforesor-after thedmpregpation

process, Preferably, Degussa Aeraolcye tTm cayriers or S|m|Iarsh|%rI1n-sgrfa e

S
ar&S Btaris S00r&ds R GSed 4% stipports The Shabe ot the sﬁpport}ﬁgfnao%e
critiafte the perforifakiee ofths catalystBOhe meseRtitventien anbdan

be three dimensienal spheras, cytiadersjoings, starsy peletsiorotherthieenate
dimensional shapes or be.in powder form which.can;he pressed, extiuded,
or pelletized into three dimensional shapes. Advantagrgogsl . ttle catal)ést a1
particlE& have A Ghif6T pRARIS Size disHHbUIBR (Etandard figan *7 9°ner
deviation: 5% cchardtterizedbysartielcdiametérs-6F0 29MA-15:26.0 mm.
TheqatesgahitwentionHurthertelates toa pracessfar prepasinga solichg

preformed catalyst system.compuisingthe; staps of .9, preparing:a Walek s o

contammg or aqueous solution comprising a man%%n;se or rhenium

coREiming EBMBBRd Sand Tk3RFo04 of INIIR)BNID 7024415920 piis 812052
potdssilna corapenitd bR TAE03 plusad potassiurh Tomipourt ndeasticraly - Y
salts of ransition. metals orvare eadhynetals;tand H) impregnating a

suitable carrier with said solutions followed by drying the intermediate

predyced, and calcinating spchdntermediate e piainag satalysti and 41

ol c‘_JC&%%?%%%dcga@{ﬁ&%ﬂ%@Om‘@%_%)ﬁé‘OErPcXm to

optionally madificati
im%%ﬁg%r%%#wﬁﬁ in c%ntalnlng mpounds 'such as tri butyl tin acetate,

WHeHB thid ahidiht ot saltPtif EompotiitisAvad ehber t6 TeadtP ATHent™
of 4p50%wit. %o SO referfede of the carrier or coating of the

carrier with the active component. The active catalyst mass
may be pressed, extruded or pelletized to produce catalysts

with wvarious three dimensional shapes and dimensions.

Additional promoters useful in the present catalyst are
represented by the general formula M0y, wherein M is
salected from the group consisting of ftransition metals and
rare~earth metals. Particularly suitable promoters are
oxides of metals from the group congisting of lron (Fe),
cobalt (Co), nickel (Ni}, lanthanum (La) and cerium (Ce). x
and y are integers from 1 toc 5. The catalyst optionally
contains additionally to or instead of M,0, SnO;.Carriers
useful in the present invention are preferably selected
from the group consisting of silica (5i0z), titanium
dioxide (Ti0,), zeolites or activated carbon. Alumina is



Alternatively, the process for preparing a solid, catalyst system can be
carried out according to the invention as a multi-step impregnation
comprising the steps of A) preparing a water containing or aqueous

solution comprising a manganese or rhenium compound and optionally a
Bk WPHIFHABition metal or rare-earth metal; B) impregnating ¥-$GiEapig/ 053652
carrier with said solution, followed by dryéng the intermediate produced

and optionally calcinating such intermediate; C) preparing an aqueous
steeping solution of K2ZMo04 or (NH4)6Mo070244 H20 plus a potassium

compaund.asMa03 plus a patassivum compound; and.R). steeping the

interT_ diate produced under (B) with the aqueous solution produced
undel %éj%hd then drying and calcinating the resultant catalyst. 10

E)Optionally said catalyst is modified with 1-50 wt.% Sn02 whereby said
caldiét is Hapreg et iwith if comtERitg Compotnbis S8R hsi hl§! fot

acefatB4itéd; ahdoptiohally cakliied. dfisaléepodsitii€ to/chergelthe equals

step sequence. An exampie for.a preparationof a-catalyst aceording tqc. o1~

th% p{5%§e/nlt '”\4%%%9‘3}” Qﬁe@is @y?éﬁlséomponeat is expressed by the
amount of MoQs; and K:0, the weight ratio of Mo03/K.0 / MOy /
carrier equals to (0.10-0.50)/(0.10-0.30)/(0.01-0.20})/1,
preferably (0.10-0.30)/(0.10-0.25}/(0.01-0.086) /1,
respectively.

Advantageously, the support useful in the present invention
is selected from the group consisting of titanium dioxide
(TiCz) . The catalytic activity of the catalyst can be
improved by using support materials with surface areas
higher than 25 m*/g. Advantageously, titania supports with
surface areas of at least 40 n’/g and an anatase content of
more than 60 % are used as catalyst carriers. For practical
technical purposes the high surface titanium dioxide
carriers are extruded or pelletized before or after the
impregnation process. Preferably, Degussa Aerolyst™
carriers or similar high-surface area titania sources are

used as supports.

The shape of the support is not critical tc the performance
of the catalyst of the present invention and can be three
dimensional spheres, cylinders, rings, stars, pellets or
other three dimensional shapes or be in powder form which
can be pressed, extruded or pelletized into three
dimensional shapes. Advantageously, fthe catalyst particles
have a uniform particle size distribution {(standarc mean
deviation: 5%, characterized by particle diameters of 0.2

mm to 20.0 mm.

The present invention further relates to a process for
preparing a solid, preformed catalyst system comprising the

steps of



1A given quantity of a salt, such as nitrate, acetate or similar, of

manganese or rhenium is dissolved in a given quantity of distilled water to
prepare an aqueous solution, and a given quantity of the carrier chosen is
impregnated for 3 to 5 hours with said solution, followed by drying at

B® 28BC X652 -3 hours to produce an intermediate. Subsequéfitly/HfF808/653652
resulting solid material is calcined at 30Q;600C for 5-6 h. 2. A given

quantity of K2Mo04 or (NE14)6Mo7024plus a potassium compound or

Mo03 plus a potassium compound is dissolved in a given quantity of

distilled water, and the injgrpediate, prapaied in.stepEbis impregnated

for 7-9 hours with said solution, 1‘0II(S)wedrb%g9gn:.L at 5{())1;11&%0% for Z-gfo pound
hours, and 8&ichiatth &t 450-300C for 2°4 hours. 3. The such obtained ’
catalyst ignshticialfe nivdifiéd bysdespending the ataystin"Sotaicrsof tin
containingcgeropadnds suchastrilsutyl tintacetdterancbsgloseguentc

removal BLH%EQJY%W to.prepare acatalyst with a.centent 9f 1,50 Wt b r+n

Sn02. Itis preferre ntg expose said catalysts to a hydrogen sulfide
containing atmo<pliEte under elevated temperature such that the oxidic

compounds of the catalyst are at least partially converted to sulfidi .
cofr}gourfd@)é'ﬁ&?%gjsﬁ‘ﬁioaessw gqlﬁﬁlég.}/ 11 &p %ngl?l,cl% Bo?gélrttjbons
enhancethéYormatidn of thel satalitie detiverspsstied aheimprégitaticc

liquid and/gr the steeping selutionteambe irated withvalkyhamides; sught ;
as dimethylformamide and dimethyl acetamide, or an organic acid
containing at least one carbon atom and at least one acid function.

Parfcylarly sl in Ihe S SLIY ERAraion pIacess A6 MUANE AR yen
suchds fofmic acid, acetic acid, propionic acid, butyric acid, pentanoic

acid, hexanofc Hid® atAflic Jaid BROFORE AN vityldteticackp 2 +7 09
methacrydieraeidpcroteniclacids 45 penterigit acid, sorbonpicacidieediey the
acid, malopic. acid, sucginic acid, Mmalginicaidy.3NydrPedutyric asidleh a

glutaric acid, adipic acid, citric acidtartatic acid or ethylene
diamine-f:ecf%ceerﬁgc é)(%fj%vi%Hc‘itrf\é%dc‘id I2t|5r21grespee3(::llra ly ‘preferred. Certain

terms used herein have the following meaning with.regard to the
i GERA ThE “aRtvE LR mabe hEaAs & CompoStia of s £2LYs

/ mass’means a composition ‘of

catalySEsupputt fearfieDiipiegidtedGidchted vith Fafoudifiked Bxides 2

representingdbe oatalytically activesgecies rthe: terme toatalytically active

components” means the oxides or sulfides or hydrogen sulfides of the

metals which-ate peeseny 9odhe soifaserafibe cardefaltersheingution

impregnated or.cavered with compaunds. of faidi MEt@lSmpound and
optionally a salt of a transition metal or rare-earth

metal;

B} impregnating a suitable carrier with said solution,
followed by drying the intermediate produced and

optionally calcinating such intermediate;

Ch preparing an agueous steeping scolution of KxMoO, or
(NHy) gMo-021 = 4 H0 plus a potassium compound or MoO;

plus a potassium compound; and

D) steeping the intermediate produced under (B) with the
aqueous solution produced under (C) and then drying
and calecinating the resultant catalyst.



The terms 'support” and "carrier" are used concurrently with the same
meaning. The terms denote porous materials which have various three
dimensional forms and dimensions and which provide a high specific

surface area. The term "single-phase" solid catalyst means a 'catalytically
FHVEIRIRSESDT intimately mixed components which are solid FfatErfaHpees2
which are optionally .impregnated or depgsited on a support or carrier
material. 12 The term "promoter” means the transition metal oxide or
hydroxide or transition metal sulfide or hydrosulfide or transition metal salt
pregursopprigr..en after suifiding. The-term ‘sulfide’as ysed,herein ., 3
means a material inc %{dlnrg s|g1ple su fldeg %nd %Xd?guggg;?g ar%;d %t%m :{%x
sulfides. ThetetAFstitidi S'lor "SifiddE as'tsed herei re a?es tothe
treatment 8 el activie CAARSE PRESSHAth iyIrdgen Sulfite rvapsidtis o
liquid elemental, sulfuit ane:hydroben urderielevated temperature for a
time such that the active components of the catalyst are at least partially
converted 4Q the sulfider, Conversina©fdhe catalytically-aaivecspecies
from the oxide, hydroxide or any other salt to the sulfide state will change

the.weightof the eompound semehown Nevertheless, jbwilbpermit priorde the
sulfidi%%é}lﬂe Luse oftthe sulfide Brgecgrsg{r@wﬂ@%] the same weight range as
e

deScr efein for the sulfide in order to provf’d’e a catalyst system as

defined for this invention, The term "(gas_hourly) space velocity" as used
heiéin, fefdls T6'the ol Voluitie (?JS%%W fn ﬁt%% stcar?l.l)%oﬁ%%des"f?e%ate °F
hydrogén @nd #ydroger stfitlessssiiy Ho0ghA it YoRFRe YGsually &
liter) of hereatalystsysteym dfiring=ane hedr meastred ab agtandar: agueous

temperatyre and pressure, The.ferm yield’ dengtesithe number.of moles. ;s
of CO or CO2 §er initjal f100 §nq{!es gc}luallé/scon.v%teg mgo énoefh¥|i A
mercaptal 5r ghy otverSpecified by-product, “As uséd heréin, the term
"conversioh! thdicates thepergeatagelof e mofesroficarbBRHigxitde tRarduce

were conveiteddomaethyt mercaptasrorany gtherreacten praductsPhed

part percentage,which giyes fisedopetg mersaptanalogeds called
selectivity. Thus,Yield - Conversion x Selectivity

2. A given guantity of K;MoO; or (NHi)eMoy02s plus a
potassium compound or MoO; plus a potassium compound is
dissolved in a given guantity of distilled water, and
the intermediate prepared in step (1) is impregnated
for 7-~9% hours with said solution, followed by drying at
50-130°C for 2-4 hours, and calcination at 400-500°C

for 2-4 hours.

3. The such cbtained catalyst is coptionally modified by
suspending the catalyst in solutions of tin containing
compounds such as tri butyl tin acetate and subsequent
removal of the solvent to prepare a catalyst with a
content of 1-50 wi.% SnQOs.

It is preferred Lo expose said catalysts to a hydrogen
sulfide containing atmosphere under slevated temperature
such that the oxidic compcunds of the catalyst are at least
partially converted to sulfidic compounds such as sulfides
or hydrosulfides.



13 Carbon dioxide, hydrogen sulfide or elemental sulfur and hydrogen are
the preferred starting materials for the process of the present invention.
Carbon monoxide may be used to replace part or all of the carbon dioxide,
but it has been found that carbon dioxide provides higher selectivities for
Yrea#pfIs#Eaptan than carbon monoxide. Mixtures of carborffbfEXi§&053652
and hydrogen in various stoichiometric rafios are also known as synthesis
gas and are easily produced by various methods, such as partial oxidation
of hydrocarbons, steam reforming of natural gas, naphtha and high

vagyum,residues from,crude oil, distillation or geal-gasification. Jhe-well

known process of steam reforming of .natural gas (methane),can he

A TE S et T S Miof CHA A LDbACC Y SHotba T H™
additfors bPRalercatBoh MeRokiae i9eohvEtéd to Carbrrdiokideand =S
hysiioger: asexemplifietcby equatom 2dNotenthatthedotat ©O2¢ H2oration
is &Jéa(ﬁgy]; ) H@K&@Mg_@m %@L&e@qg@é i’aorgthgl fyﬁb%ﬁs é;iééﬁﬁtQMB at
mercaptan from carbon dioxide, hydrogen and sulfur (EQu..7). +

RO T L) BT Mo Anes o a5 o e
ma&y belslipliedaBane proBe & 6F R fiayP b8 fOfAca 1F sRG Hitthe Pricesss
byfreacting atementalsulfur i thé, molteniorvaporstate éithey beforesid,
during-araffer contacting ther with thefeed of reastants i the-egactar o
Elemental sulfur may be fed tgether with, carbon oxides ang hydrooen.; 4, 4-

difeety to TAE Yeacior, Sinéé Untler the termperature and pressure

cOPRiGHCdhB PrdseAPTvRRtcn 2t VAR BEYR tRE THoltdlF stité angcids

willferm H2S immediately:=upor: contatt withthyytirogehuTheicheagical,

E?Q@G&%Sz%n beiexemplified-ag:c 14 CQ:x H2S s 2 H2-4GHBSH & acig or
=

Q&-Ey erﬂ CR3 +'H25‘+§N24' HOSH X VI\TZEEL%?(%(E%I?)C acid being

diamine-tetracetic aci

especially preferred.

Certain terms used herein have the following meaning with

regard to the disclcsure:

The term “active catalyst mass” means a composition of a
catalyst support (carrier} impregnated or coated with
various mixed oxides representing the catalytically active

species.

The term “Ycatalytically active components” means the oxides
or sulfides or hydrogen sulfides of the metals which are
present on the surface of the carrier after being

impregnated or covered with compounds of said metals.

The terms “support” and “carrier” are used concurrently
with the same meaning. The ferms denote porous materials
which have various three dimensional forms and dimensions

and which provide a high specific surface area.

The term “single-phase” solid catalyst means a
‘catalytically active mass of intimately mixed components
which are so0lid materizls and which are optionally

. impregnated or deposited on a support or carrier material.



CO + S + 3H24.CH3SH + H20(Egu. 6) CO2 + S + 4 H2CH35H + 2
H20(Equ. 7) It is believed that, over the catalysts described herein, the
reaction procedes via the hydrogenation of the intermediate carbonyl

sulfide (COS) which is formed upon the reaction of carbon monoxide or
depgpedRikide and hydrogen sulfide: COH2S-4COS + H2(EQRCBYZG2/U53652
H2S4.COS + H20(Equ. 9) COS + 3 HZCiIéBSH + H20(Equ. 10) For the
process described herein, it has been found, that, by using the present
catalysts, the yield of the intermediate carbonyl sulfide can be minimized

by%plegm G%%é%&?”tmgﬂér%“%Q?%%'&%f&h{%é@%ﬁg%%%ﬁe or

é}f thus resulting in increased yields of m thyl mercaptan. Pre era%%
AP Eartaififg cORTPoUNtE afe emplSys slﬁj‘?w%ﬁ ‘g’ Ridttivites °F
fortméﬂﬁ/‘l Wiercaptdipat ﬁ@ﬁafcmsqéﬁ@rbf&m@mw Hioxide.sHurifermore,
by &1sing tHegatalysts described herein, it has been found that the
formation of methanol and dimethylether as reaction products of carbon
oxides with-hydreger: dees not gseur within: the-temperaturgand: pressure

range dssebed hersin: Consequenty,isiog eahondioslie g carhgn o

source, only carbon monoxide, methane, carbonyl sulfide, carbon
bls?ﬁﬂd%ldfrﬁi dimethylsulfide are the only potentlal reaction by-products
accompanied by trace amounts of h|g ﬁo% sulfldes and hydrocarbons
forfiéd by FiscHet FrbpsER type reddt efh The feé8fatetofthe relates
reactants:through tee: cataty stie ot thesreactarlis seported heieih dsytbtalcen
ga§ﬂ0ﬁ£_fl¥e5%%°%\é@89%smﬁr@@%{?{ﬁofetb@n@%g@t ivenrtion £an l??ydrogen

operated at.s ace velocities in the range of 1 tg 10000 efer %
from%ﬁﬁ to 1%an ?nroar% prefe%f)ly of from 300° ]tqo e\ﬁrﬁcuve

opfiffitifispaee \féﬁo&%rﬁﬁr@ﬁeﬁéﬁkn%y%t\%@émﬂwaﬁd @%)é@ fAonverted
depending upadrt thie othescenditions offthehprocess,Isuchead temperatuee,

pr%@%&f@g‘ldfwrtﬁ%%t ihe re%@ﬂ&%ﬂa@a%pegﬂ oupdcthat the lower: o
the s %C veI C|tt¥ the }Hq_her the Se|%%tIVI%/ for n%eth}g r@grca(ptan and dthe
lower formation o undeswe%goy produc?s gsuch as canony]flgufﬁ%
angReltahe. Naeeilols ratis of reatitants Fftfe feedtibddrel . eS iarbER I -

oxides hyskogen shlidewdr Elemental-suttur andiydrogehsheatd:beeight

Ch9§ﬁ5e§0a%5 1o tesutin anexeess ‘%fo'}y(irQQeQ1§l¥iQfe Prgfegg@;yr the,
molar ra s of COI2/[H2S/H2 reaches fro [1 / 0

prglrerat% romc’f}:ﬁ ¥Lsto f}’i ezf“\i%ﬁen uti szmg e emenl%al sujlﬁjrefntlon
replace H25 in the feed, the molar ratio of the reactants C01-2/S/H2S/H2
will referaBly rédafies it 1 ) ©Space velocity™ as used herein,

refers to the total volume (usually in liters) of carbon
oxides, hydrogen and hydrogen sulfide passing through a

unit volume (usually 1 liter) of the catalyst system during

one hour measured at a standard temperature and pressure.

The term “yield” denotes the number of moles of CO or CO
per dinitial 100 moles actually converted into methyl
mercaptan or any other specified by-product.

As used herein, the term “conversion” indicates the
percentage of the moles of carbon diocxide that were
converted to methyl mercaptan or any other reaction
product, The part perceniage which gives rise te methyl
mercaptan alone 1s called selectivity.

Thus, Yield = Conversion x Selectivity



/0/1land 1/8/8/8, more preferably from/2/2/1tol1/4/4/4. As
shown in the equation below, the presence of hydrogen is not a

prerequisite for the formation of methyl mercaptan. With the process and
catalysts of the present invention, methyl mercaptan can be readily
fothieedhssesing H2S as sulfur source in the absence of hydrE§@AF3008H58652
2 H2SCH3SH + COS + CO2(Equ. 11) It1i§ advantageous to carry out the
present process using a series of fixed catalyst beds or a reactor

comprising one or multiple (n = 1 - 10) reaction zones for the chemical

reactign, in which gpe qrmore;of the freacting gases canbe fed hetween 1,4

the reaction zones. The catalyst may be 16 arranged in fixed %edrs \i/__vli}th

inteHiEafEte gainjedtion or matitibuiar feactors for & bettet tefperature
controkgxceordinghte & prsferred eribodirtent oFR® ProEEs st s may be
invention: the-egactastscearbonoxida, suffutydragensulfide<and, but it

hyglragen.are mixed;in the, desjred malar ratig before being fedtothe
reactor. The reactang m%ﬁ%wéroduced separa e(laynat different

ZoNBSEAtasts 5dds Rhi ety Hranged inthe Featrts e
increase the overall yield of methyl mercaptan. Preferably, hydrogen

andior B gen StifdeRard rirodticed HetwBERTRE RatalystBeds Hhus
increasinigitheedvierall yretd of neethylerhercaptanThe reactahtssare gas and
adyaptageously preheated to at ieast 420GRrioIdasnteting the reactora 1
The,prefered peheafing emperalure anges [ 12010 30GVN gas,
elémental sulfur as stlfur source, the reacting gases may be either fed

thrRIR ARG 8EIfOr St RSEraTUreS PrarG A 5WRERCFAT And 450C or
theyi ptayl e mixed withcgadeausssdifuregriorne enterimg the keaotor. Mitwcess
temperature inthereactey is generalinconrizelledby the.temperatyee of the
catalyst hed. which ranges.from,at least i 10 500C, preferably
be?v%g l323“‘1C%laer(1i§l 288% (r%"é}r &r%fe%r%a%lé %%%\fegeﬁ%zo and 350C. When
sulfur is+used as reactant in Q&e pracess, the temperature anrdngrgssgre in
thgffiéactofézs%ould be 3t least sufficient to maintain sulfur in t eqhq'ui

state. Although the reaction is exothermic, furthgr heat is sgfpplied ‘ b
extemafly it hag bebn"RERH ALY thé BREEENT ProcesiO e Toflation SAT°°R

thel bysprddustcarboiunonoxide carebe Mikimizel bysgrariuany ircreBisimgy
the xeactiontepaperature,andiconseguently the cenvexsion 6f casiamg it an
dl%@%ﬁ@gﬁéf%&s interesfing sings, usually the formation of bypraducts o,

is supported by increasing the redction temﬂ%rlgitur(%q'[lhe ggessure in the

re S0P W gEnéraliy Aoy rogen and su

CO + HoO — CO, + H: (Eogu. 2)
CHs + 2 HoC 4 COs + 4 Hs {EC{U» 3)

Hydrogen sulfide may be supplied to the process or it may
be formed in situ in the process by reacting elemental
sulfur in ths molten or vapor state either before, during
or after contacting them with the feed of reactants in the
reactor. Elemental sulfur may be fed together with carbon
oxides and hydrogen directly to the reactor, since under
the temperature and pressure conditions of the present
invention, sulfur will be in the molten state and will form
H,S immediately upon contact with hydrogen. The chemical

reactions can be exemplified as:



17 5 bar, preferably 10. To increase the yield of methyl mercaptan the
pressure is preferably within the range of 15-50 bar, more preferably in the
range of 20-40 bar. Prior to starting the reaction, the catalysts are
preconditioned in a flow of hydrogen sulfide or hydrogen sulfide, hydrogen
ariel washaidioxide at temperatures between 20 and 500C, pPR&TeHERIRES/ 153652
between 200 and 400C, and pressuresg) tween 1 and 50 bar.
Subsequently, the catalysts are exposed to a flow of hydrogen sulfide or
hydrogen and elemental sulfur and carbon dioxide under reaction

copditions. The totgl time for the preggnditioning process may:fange,from
1 hour (h) to 48 hours, preferably of from 2 to 24 h. The present invention
is lajned in_ mqre,detail in the following with the aid of embadiment
exg)(r??ples%d xa%glta%{ 1 Prepamétion o?tﬁe Catalysts A throughl?E étal;}st A
An aquequs salution of 2,0635 g of perrthenjum acid (HRe04) dissolved in
ZOC%I of isﬁllgdu%]\?/ater was ﬁepareg. %élgé 1@6 -support We(r%qu“ 2
impregnated with 18 ml of this HReQ4- solution) upder continugus stirring.
Th O|i‘*n|5resgn"’élt d %’Upport wag agitat%%?cgir in‘t8llowed byLng%lg' fga 30
min at room temperature. Subsequently, the material was dried in an oven
at 1BOESfIP s B %h 4GGdousLGhtiohof 23573 Yo pStasiam mdlytite
dissolvetkic25 onl phdistiléebwater Was: preparedsThe inpregnated
SUPReH:WRS caatedwith d:8,ml ot thei KZMQAdssolutionnThe seseRdd upon
impregnation.was performegl analogeys 1a the ftst impregnafionsstep, g
After aging for é)(? min at room temperature the catalyst was dried in an
oVBHH ATV for'd hfallowed by calcination at 500C (1 h). 18 Catalyst B
An ethanolic solution of 0,5882 g tributyl tin acetate dissolved in 31,9 g of
et¥&hol Was prepared. 19,8 tPof catalyst A Were impregnated with- thie)
solution at 50C for 1,5 h under continuous rotation . Subsequently, ethanol
waXrerhovedl under vacuum-followeePBy taftifiation for 2h at(¥39€. 2)

Catalyst C
COS + 3 H; - CH3SH + H,0 (BEqu. 19)

For the process described herein, it has been found, that,
by using the present catalysts, the yield of the
intermedizte carbonyl sulfide can be minimized by employing
catalysts containing transition metals of the manganese
group thus resulting in increased yields of methyl
mercaptan. Preferably rhenium containing compounds are
employed showing high selectivities for methyl mercaptan at

high conversions of carbcn dioxide.

Furthermore, by using the catalysts described herein, it
has been found that the formation of methanol and
dimethylether as reaction products of carbon oxides with
hydrogen does not occur within the temperature and pressure
range described herein. Consequently, using carbon dioxide
as carbon source, only carbkbon monoxide, methane, carbonyl
sulfide, carbon bisulfide, and dimethylsulfide are the only
potential reaction by-products accompanied by trace amounts
of higher (poly) sulfides and hydrocarbons formed by
Fischer—Tropschutype reactions.



An aqueous solution of 4,291 g of manganese acetate x 4 H20 dissolved

in 20 ml of distilled water was prepared. 50g of Ti02-support were coated

with 18 ml of this Mn-acetatesolution under continuous rotation. The
impregnated support was agitated for 5 min and left for aging for 30 min at
réorast8midéiature followed by drying in an oven at 100C for £§HERYG08/653652
agueous solution of 23,73 g of potassiu olybdate dissolved in 25 ml of
distilled water was prepared. The impregriated support was coated with 18

ml of the K2M0O04-solution. After aging for 30 min at room temperature the
catglyst was;diigd in ap quen 100G far,2 @hwlpghedapx calcingtion abeg of
500C for 1 h. Catalyst D 31,7 % f K2Mq04, were dissolved under stirrin

in 65 TSt istifed Walsr{BH" é? 510y 267 gt icgfcfid%\?e% dERF
portfoFetditiie sSHtiore Bubseyuehtlyhe0T g of Margarsseistetafwete
added satdisselvedathe wmapregnation Hguid{pHr=55) was hrought rtoo
itcred, ot 28 oo Gparaire. Finaly. T ociayat was dredtn a7
[ [ . Fi , w ied i

v o UG 115 Foand Balcinot APE0GE TGP Weace velodi by

20081125452 PGT/EPZ008/05365219 Chtalt BAB ohsoldemepfing upon
manganese-acetate-indistiledbwateravas preparpds borg eby-A2Q3 rature,

suppart material, sugpended in distilled waterwere added in pogtions of.10
ml under, continuous agitation to this impregnation solution. Subsequently,
thet BUEPbndiOH Was BgItRE Tor SR IEYEIoF Suhy 130 R &8 réG

teriperitre THe daralyst Wasldied aErsG tentbetratiré $oeT diye
follewveck by erying inan-evareat $90¢ forddxt An agueous sokiionrsf1

cesium:hydroxide was,prepared. The impregnated support was coated
with the CsOH-solution. After aging for 30 min at room temperature the

catalyst was dried .in an aven at frzrp, Ieid wn .to.room
bt s S D creO S R e i SRR

wittPd RRiRg b2 ontt MIRES andid Mt S5 ERGRHTE 25 Fheur and
catalysts ger Esthescribedan dExamplest were testedaumderithedollowings s of
rhe%gﬁﬁﬂgfb%@}ﬂ”é@ﬂ%itfi@ .tot@?eéfgy:;gy,saaf@f velogity wsa;gi?o%) o§0@@1|_

51 actant molar ratig fqor , as,1/4/4,re tive
an%(%%zeg ggﬁalﬁtagg& :tseréﬁg%t%r(? Wés};é{)- %%C\;\i (n{axémﬁr;é)'aﬁ%(? tgr%ee tebly

absBRHte présstiré wad 80 baf. Fhe chtalfficaciity was e afidBa1ora
singlé-passiof thepéacter. Determinatord ot donvérsionsland selactivitiest he

wergpade as descrbedialkove. will preferably reaches from 1 / 1
/ 0/ 1and 1 / & / & / 8, more preferably from / 2 / 2 / 1
to 1/ 4 /4 / 4., As shown in the eguation below, the
presence of hydrogen is not a prerequisite for the
formation of methyl mercaptan. With the process and
catalysts of the present invention, methyl mercaptan can be
readily formed by using H:S as sulfur source in the absence

of hydrogen.
3 CO 4+ 2 H:S oy CHa8H + CO8 + COq (Equ. 11)

It is advantagecus to carry out the present process using a
series of fixed catalyst beds or a reactor comprising one
or multiple (n = 1 - 10) reacticon zones for the chemical
reaction, in which cne or more ¢f the reacting gases can be

fed between the reaction zones. The catalyst may be



Table 1 Catalyst Carrier Conversion (CO2)/% Selectivity (MC)/ Selectivity
(CO)/% Selectivity (CH4 or COS)/% Catalyst A TiO2 55,8 82,2 11,8

WO 2008/125452 PCT/EP2008/G53652
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arranged in fixed beds with intermediate gas injection or

multitubular reactors for a better temperature control.

According to a preferred embodiment of the process of this
invention, the reactants carbon oxide, sulfur, hydrcgen
sulfide and hydrogen are mixed in the desired molar ratio
before being fed to the reactor. The reactants may be
introduced separately at different zones/catalysts beds
which are sequentially arvanged in the reactor Lo increase
the overall yield of methyl mercaptan. Preferably, hydrogen
and/or hydrogen sulfide are introduced between the catalyst
beds, thus increasing the overall yield of methyl

mercaptan.

The reactants are advantageously preheated to at least
120°C priocr to entering the reactor. The preferred
preheating temperature ranges from 120 to 350°C. Using
elemental sulfur as sulfur source, the reacting gases may
be either fed through liguid sulfur at temperatures
preferably between 140 and 450°C or they may be mixzed with

gaseous sulfur prior to entering the reactor.

The temperature in the reactor is generally controlled by
the temperature of the catalyst bed which ranges from at
least 200°C o up to 500°C, preferably between 250 and
400°C, more preferably between 220 and 350°C. When sulfur
is used as reactant in the process, the tempesrature and
pressure in the reactor should be at least sufficient to
maintain sulfur in the liquid state. Although the reaction

is exothermic, further heat is supplied externally.

It has been found that, in the present process, the
formation of the by-product carbon monoxide can be
minimized by gradually increasing the reaction temperature
and conseguently the conversion of carbon dioxide. This
effect is interesting since usually the formation of by-
products is supported by increasing the reaction

temperature. The pressure in the reactor is generally above



4,5 (CFO WO 2008/125452PCT/EP20081053652 20 CO2 = carbon

dioxide MC = methyl mercaptan Example 3 Table 2 shows the catalytic
activity of a catalyst consisting of 5n02-Re207-K2Mo01-T102 impregnated
on a Degussa Aerolyst TiD2 carrier with a loading of 1 wt% Sn02 as
BanpeReeFidla state-of-the-art Re27-Al202 catalyst. The mat&falERAy#E053652
tested under the following reaction conqLit}ons: the total gas hourly space
velocity was 4003000 h-1, the reactant molar ratio for CO2 / H2 / H25 was
1/41 4, respectively, the catalyst bed temperature was 250-400C and the

absolyute pressure was 30;barg The catalytic activity, was;evalugted-foria, 1
single-pass of the reactor. Determlnatlor}of c%river%totng.%ndagelectlvmes £
WEP 008112545 0PCTIEPA00B/ 053650 o 7 7t LA ST

15-50 bar, more preferably in the range of 20-40 bax.

Prior to starting the reaction, the catalysts are
preconditioned in a flow of hydrogen sulfide or hydrogen
sulfide, hydrogen and carbon dioxide at temperatures
between 20 and 500°C, preferably between 200 and 400°C, and
pressures between 1 and 50 bar. Subsequently, the catalysts
are exposed to a flow of hydrogen sulfide or hydrogen and
elemental sulfur and carbon dioxide under reaction
conditions. The tctal time for the preconditioning process
may range from 1 hour (h) to 48 hours, preferably of from 2
to 24 h.

The present invention is explained in more detail in the

following with the aid of embodiment examples.
Example 1
Preparation of the Catalysts A through E

Catalyst A

An agueous solution of 2,0635 g of perrhenium acid (HReOy)
digssolved in 20 ml of distilled water was prepared. 50g of
Ti0,-support were impregnated with 18 ml of this HReOs-
solution under continuvous stirring. The impregnated support
was agitated for 5 min followed by aging for 30 min at room
temperature. Subseguently, the material was dried in an
oven at 100°¢C for 4,% h. An agueous solution of 23,73 g of
potassium molybdate dissolved in 25 ml of distilled water
Wwas prépared. The impregnated support was coated with 18 ml
of the KMols~solution. The second impregnation was
performed analogous to the first impregnation-step. Alter
aging for 30 min at room temperature the catalyst was dried

in an oven at 100°C for 2 h, followed by calcination at
500°C (1 h).



21 were made as described above. Note the reduced formation of carbon
monoxide and methane accompanied by significantly increased
selectivities and yields of methyl mercaptan as compared to a Re207

@%%E}I@g%egnated on Al202-support material. Table 2 Ca&g&?é%g ﬁ%os.%sz

nversion (CM /% Yield (MC)/% Selectivity (NC)/% Selectivity
Selectivity (CH)/% 1 wt% Sn02- Re20741§2Mo04-TiO2

Catalyst B

An ethanolic solution of (,5882 g tributyl tin acetate
dissolved in 31,% g of ethanol was prepared. 19,8 g of
catalyst A were impregnated with the solution at 50°C for
1,5 h under continuous rotation . Subsegquently, ethanol was
removed under vacuum followed by calcination for 2h at
150°¢C.

Catalyst C

An aqueous sclution of 4,291 g of manganese acetate x 4 H0O
dissolved in 20 ml of distilled water was prepared. 50g of
Ti0z-support were coated with 18 ml of this Mn-acetate-
sclution under continuous rotation. The impregnated support
was agitated for 5 min and left for aging for 30 min at
room temperature followed by drying in an oven at 100°C for
4,5 h. An agueous solution of 23,73 g of potassium
molybdate dissolved in 25 mi of distilled water was
prepared. The impregnated support was coated with 18 ml of
the K;MoOs~solution. After aging for 20 min at room
temperature the catalyst was dried in an oven at 100°C for
2 h, followed by calcination at 500°C for 1 h.

Catalyst D

31,7 g of K.MoO,, were dissclved under stirring in 6% ml of
distilled water (pH ~ 9,5 - 10). 26,7 g of citric acid were
added in portions to the sclution. Subseguently, 10,7 g of
manganese acetate were added and dissolved. The
impregnation liquid (pH ~ 5,5) was brought into contact
with 75 g of TiO;-support which was impregnated for 24 h
then filtered, dried at room temperature. Finally, the
catalyst was dried in an oven at 80°C for 2 h, and calcined
at 500°C for th.
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Catalyst E

A 5 % solution of manganese acetate in distilled water was
prepared. 30 g of y-Al:0s: support material suspended in
distilled water were added in portions of 10 ml under
continuous agitation to this impregnation solution.
Subsequently, the suspension was agitated for 5 min and
left for aging for 30 min at room temperature. The catalyst
was dried at room temperature for 1 day followed by drying
in an oven at 100°C for 2 h. An agueous sclution of cesium
hydroxide was prepared. The impregnated support was coated
with the CsOH-solution. After aging for 30 min at room
temperature the catalyst was dried in an oven at 80°C for 2
h, ccoled down to room temperature followed by calcination
at 500°C (1 h) to produce a catalyst with a loading of 19%m%
MnO: and 10 m% CsQH,

Example 2

The catalysts A - E described in Example 1 ware tested
undexr the following reaction conditions: the total gas
nourly space velocity was 750 ~ 3000 h™, the reactant
molar ratio for CC: / Hs / HxS was 1 / 4 / 4, respectively
and the catalyst bed temperature was 250-350°C (maximum)
and the absolute pressure was 30 bar. The catalytic
activity was evaluated for a single-pass of the reactor.
Determination of conversions and selectivities were made as

described above.

Table 1
Catalyst Carrier Convergion |[Selectivity|Selectivitv|Selectivity
(COz2) /% mcy / {Coy 7 % {(CH; or
cosy /0%
“Hy




Example 4 Catalyst A was tested under the following reaction conditions:
the total gas hourly space velocity was 750 h-1 - 3000 h-1, the reactant

molar ratio for CO2 / H2 / H2S was 1/ 4 / 4, the catalyst bed temperature
‘§§S va |ed between 220C (minimum) and 340C (maximum) and th

2008/1

& pressure was 30 bar. The catalytic activity was evalgl’J%?éFc}’ faBA:

053652

single-pass of the reactor. Figure 1 andz2 show the selectivity for methyl
mercaptan and side product formation as a function of CO2 conversion.

Figure

demonstrates.that the forma

ion of the by-p

roducts carbon

Res0- /OROXI

/140, accompanied by increased selectivitie

hourly ,

le is minimized by increasing

space velocity 5 = selectivity

the conversion
s for methyl m

of carbon diox
ercaptan GHS

22 Claims 1.Supported cataly

de
= gas
5t

Calal $OMBYiingca) oxidic Mg Goentaining arjd K. 6ontaining

Mo and

sno, /<ompound AO y of the
Rez07 /Wz%r&in the weight

K can be cons
element Re. 2

tituents of the game compoun

The catalyst a

ccording to clai

cormpounds, whergby
i b) an active gxidia

m 1,

/’Ti@g
Catalyst c |T10 50,1 81,5 12,6 3,5
{CHyq)
MOy /KoMoO.
/T30,
Catalyst D Ti0; 48,5 80,4 13,8 3,4
(CHa)
MOy /K2Mo0y
JTi0,
Catalyst £ [#120: 33 3,8 81,4 14,5
(CO3)
MnG, /Cs0OH/
AlOq
CC, = carbon dicxide
MC = methyl mercaptan
Example 3

Table 2 shows the catalytic activity of a catalyst

consisting of Sn0y-Re,0;-X,Mo(,~-Ti0; impregnated on a Degussa

Aerolyst TiC, carrier with a loading of 1 wth

SI’EO?_

a8

compared to a state-cof-the-art Rex0;-21,0: catalyst. The

materials were tested under the following reaction

conditions:

3004

/4 4,
250~400°C and the absclute pressure was 30 bar.

h—l

respectively,

the total gas hourly space velocity was 400-
the reactant molar ratio for CO0s; / H; / H:8 was 1
the catalyst bed temperature was
The

catalytic activity was evaluated for a single-pass of the

reactor.

Determination of conversiong and selectivities




ratios of the compounds are AxOy/K2MoO4/carrier = 0,001/0,01/1-0,5/

0,8 /1 Ax05/M0o03/K20 / carrier - 0,001/0,01/0,005/1-0,5/0,8/0,5/

1, whereby A means Re and x and y are integers from 1 to 7, 3.The
%azké%lagcording to claim 2, wherein the weight ratios of theP%%r]’% 80%@%%3652
Are RXOVRMo04/carrier - 0,001 /0,05/1-0,3/0,5/ 1 :
Ax0y/Mo03/K20/carrier - 0,001 /0,05/@§€3/1-0,3/0,5/0,3/14.The
catalyst according to claims 1 to 3, comprising a promoter, chosen from

the group of oxidic compounds of the general formular MO y of transition
metals and ¢are:eardh metals; héreirex dncdbyg aré:mtegersdfeamibtonZtion of

acegrding tadhe pxidationdevekofthe metalsgnd Mmeans; adransitioner v
ra?%%%ggég%w%electivities and yields of methyl mercaptan as

compared to a Rex0; catalyst impregnated on Al.Us—support

material.
Tahle 2
Catalyst Conversion {Yield Selectivity|Selectivity|Selectivity
(CO2) /% (MCy /% (MCY /% (COYy /% (CHq) /%
1 Wt% Sl’lOzw 53;5 44,2 82;5 9;9 4;8

Res0q;—
KoMoly~T10:

3,25 5 28,0 18,1 64,6 25,2 7,9
Rez0y /
Al,04

Example 4

Catalyst A was tested under the following reaction
conditions: the total gas hourly space velocity was 750 h't
- 3000 h™, the reactant molar ratio for COs / Hs / H.S was
/4 / 4, the catalyst bed temperature was varied betwesn
220°C (minimum) and 340°C (maximum) and the absolute
pressure was 30 bar. The catalytic activity was evaluated
for a single-pass of the reactor. Figure 1 and 2 show the
selectivity for methyl mercaptan and side product formation

as a function of C0O, conversion.

Figure 2 demonstrates that the formation of the by-products
carbon monoxide 1s minimized by increasing the conversion
of carbon dioxide accompanied by increased selectivities

for methyl mercaptan

GHSV = gas hourly space velocity
S = selectivity




5.The catalyst according to claim 4, wherein the transition or rare earth
metal is chosen from the group comprising Fe, Co, Ni, La, Ce. 23 6.The
catalyst according to claims 1 to 5, wherein the weight ratios of the
components are K2ZMo04 /MO vy /carrier - (0,01-0,80)/0,01-0,1)/1 Mo03
/K20/Mx03/ carrier - (0,10-0,50) / (0,10-3,30)/(0,01-0,1)/1 wherein x and y
are integers from 1 to 7. The catalyst according to claim 6, wherein the
weight ratios of the components are K2ZMo04 /M.0 y/ carrier =
(3,19+0,80)/(0,01-0,06)/1 Mo03 /K20 /Mx01,/ carrier =
'(0,10-0,30)/0,10-0,25)/0,01- 0,06)/1, 8. The catalyst according to claim 4
toi7, whgrein M_is a rrg%tgﬁelg%ted from the %oup consisting of iron,

. or Lomprisia
cobalt, m&?ﬁ, Ianﬁmnum an cenum.p

a) oxidic Mo containing and K containing compounds,

whereby Mo and K can be constituents of the same

compound
b) an active oxidic compound A0, of the element Re.
2. The catalyst according to claim 1, wherein the weight

ratios of the compounds are
AxOy/KoMoO,/carrier = 0,001 / 0,01 /1 - 0,5/ 0,8/ 1

2,04/Mo0s/K,0 / carrier = 0,001 / 0,01 / 0,005 / 1 -
0,5 /0,8 /0,5 /1,

whereby A means Re and x and y are integers from 1 to
7.

3. The catalyst according to claim 2, wherein the weight

ratios of the compounds are
A.0,/KMo0y/carrier = 0,001 / 0,05 /1 - 0,3/ 0,5/ 1

R.0,/Mo03/K:0/carrier = 0,001 / 0,05 / 0,03 /1 - 0,3/
0,5 /0,3 /1

4. The catalyst according to claims 1 to 3, comprising a
promoter, chosen from the group of oxidic compounds of
the general formular MO, cf transition metals and
rare earth metals, wherein x and y are integers from 1
to 7 according to the ozidation level of the metals

and M means a transition or rare earth metal.

1

The catalyst according te claim 4, wherein the
transition or rare earth metal is chosen from the

group comprising Fe, Co, Ni, La, Ce.



9. The catalyst according to claims 4 to 8, wherein the promoter is Sn02
instead of or additionally to Mx0y. 10. The catalyst according to claims 1
to 9, comprising oxidic and/or sulfided compounds of Mo, K, elements A
and M, achievable bytreating oxidic compounds of said elements with
hydrogen sulfide. 11. The catalyst accosding to claims 1 to 10, wherein the
carrier is chosen from the group consisting of silica, titanium dioxide,
zeolithes and activated carbon 12. The catalyst according to claims 1 to

1Q, whergin the carrier s Alumina and the catalystcontaips @, rhepiia in the
oxide or rhenium sulfide. 13.PCa§1

TiC K !ﬁyst according to clgie@ 11, wherein the
carrier i&'§ tiddhiuffdioRide Tontalning aH184St 60% Ehatase. 24 14. A

method to prepare a catalyst according to claim 1, comprising the steps:

a) imprefgnting S4i cafierin vie or mord steps with’ qleous soldtions
comprising a compound of the metal Re, a K containing compound which
acts as 8420 frectitsar.and(AiH4)eNou2 (7-294H20 0 Md03 8s Mo

containipg €9MpoyNgs;-@r h)impregnating said carrier in one or more
steps with one or more aqueous solutions comprising a. compound of the

n“ﬂalR%ﬂ%¥é§%M@O§ﬁ8n9 are integers from 1 to 7.

7. The catalyst according to claim 6, wherein the weight

ratios of the components are
KoMoO, /M0, / carrier = (0,10-0,60)/(0,01-0,06)/1

MoQs; /K0 /MOy / carrier = (0,10-0,30)/0,10-0,25)/0,01~
0,06)/1,

8. The catalyst according to claim 4 to 7, wherein M is
a metal selected from the group consisting of iron,

cobalt, nickel, lanthanum and cerium.

9. The catalyst according to claims 4 to 8, wherein the

promoter is Sn0, instead of or additionally to M.O,.

10. The catalyst according to claims 1 to 9, comprising
oxidic and/or sulfided compounds of Mo, K, eclements A
and M, achievable by treating oxidic compounds‘of

said elements with hydrogen sulfide.

11. The catalyst according to claims 1 to 10, wherein the
carrier is chosen from the group consisting of silica,

titanium dioxide, zeclithes and activated carbon

12. The catalyst according to claims 1 to 10, wherein the
carrier is Alumina and the catalyst contains a

rhenium oxide or rhenium sulfide.

13. Catalyst according to claim 11, wherein the carrier is

a titanium dioxide containing at least 60% anatase.



c) drying said impregnated carriers. 15. A method according to claim 14,
wherein the carrier is additionally impregnated with an aqueous solution of
a metal compound chosen from the group of transition metals or rare
earth metals. 16. A method according to claim 15, whereby the metals are
chosen from the group Fe, Co, Ni, La%and Ce. 17. A method according to
claims 14 to 16, whereby the carrier is impregnated with a solution of a tin
compound which acts as a precursor of Sn02. 18. A method according to

claim 15:and. 16 uhereby nanodisperse, €02 43 suspendedin one ofthen 1,
solutions used for.im r%%natintq the carrier. 19. The method according to
claims 141658 WhéFein' an impregnation solution contains alkyl amides,

or an organic acid containing at least one carbon atom and at least one

acid funétion. 267 7he ethbdactdrding td Elafm 187 whifeifi thE alig <P
amidg is dimeth@l@mamid@m diméthylacetamide; anell 25 the organiend of
acid is formic acid. agetic, acigl. propienic a6id, bytyric acich-Ranianqie asid. act s
hexanoic acid, acrylic acid, propiolic acid, vgpyl%ﬁ?tsc I\c;l:.cio(lj meeth4yé;%lic

acid, crotonic aifd, a-pehtdehdicadiq: e NH etorta 20 or MoO;

as Mo containing compounds; or

b) impregnating said carrier in one or more steps
with one or more aguecus solutions comprising a

compound of the metal Re, and K;MoOs; and
<) drying said impregnated carriers.

15. A method according to claim 14, wherein the carrier is
additionally impregnated with an agueous solution of a
metal compound chosen from the group of transition

metals or rare earth metals.

16. A method according to claim 15, whereby the metals are

chosen from the group Fe, Co, Ni, Ia and Ce.

17. A method according to claims 14 to 16, whereby the
carrier is impregnated with a solution of a tin

compound which acts as a precursor of SnO;.

18. A method according to cliaim 15 and 16, whereby
nanodisperse Ce0; is suspended in one of the solutions

used for impregnating the carrier.

19. The method according to claims 14 to 18, wherein an
impregnation solution contains alkyl amides, or an
organic acid containing at least one carbon atom and

at least one acid function.

20. The method according to claim 18, wherein the alkyl

amide 1is dimethylformamide or dimethyl acetamide, and



sorbonic acid, oxalic acid, malonic acid, succinic acid, maleinic acid,
3-hydroxybutyric acid, glutaric acid, adipic acid, citric acid, tartaric acid or
ethylene diamine-tetracetic acid. 21. The method according to claim 19 or
20, wherein the organic acid is citric acid. 22. A method according to
claims 14 to 20, whereby the dried antboptionally calcined catalyst is
exposed to a hydrogen sulfide containing atmosphere of elevated
temperatures. 23. A method for preparing methyl mercaptan in a catalytic

PfOCGSS%reéﬁB% %fb&ﬂw@“%&ﬁ%ﬁw andfer, h)ét@g%sw@b@e and

hydrogen, optionally water, whereby the reaction takes E)ace in the

presence’sta Stipporid chtaly St docstding 1o cl&ims T16°15, 24 The Rexancic
method accardirg:toydlaim 28 wherelyotheimolat tatibs oficol2nd2smH2clid,

reaches.from 141/ ﬁﬂ@ 4/8/8; a1 W@?@ﬂ&i{izﬂﬂ%@@@enmﬁgﬁ%@n@ﬂlﬁcﬁc id,
H2S in the feed, emolgir ratio fthe rea tants 012/S/H25/ ran es

betweerr 174570 F1HRdY / §‘7% e me odlaccordLn 15 Sam
24, wherebydtherholat Fatios26Fi0D1 - §ﬂ¢2§ﬁﬂ?%@ﬁ&i@’s@orﬁ@/§/l t‘élu*af Le
1/4/4, owhen utilizing elemental sulfurito reptace H28 in:the feed,ithecr
molar ratio, of the Jea tants C012 reachesfrom1/2/2/1to1/
4/4 /4, 6it%héf%e metho %%Egrdlr%g§%og%%?r_{n2g %faabn% 25, whereby CO2 is

used as carbon oxide. 26 27. The methoi accorg 9. to C di?m 2% Wherebyh@
thielreactioh t8mperatufiS A e farge & Cand‘the pressure
fromy5.10 SG:bara. 28. The:methediatcording to claim 23 whereby the
reaction is performed in a tubular, multi tubular, fixed bed, catalytic wall

micro channet arfluidized-hed reactorc 291 The method adcording teclainhe

23 Wher&?Xé" %Snﬁo%{é‘ti%%%%‘ﬁ}o%@i%%é&OQQQ&iy"si@ ai@liggposed to a
hyvdrogen sulfide containing atmosphere of elevated

Lemperatures.

23. A method for preparing methyl mercaptan in a catalytic
process by reacting carbon oxides, sulphur and/or
hydrogen sulphide, and hydrogen, ocoptionally water,
whereby the reaction takes place in the presence of a

supported catalyst according to claims 1 to 13.

24. The method according to claim 23, whereby the molar
ratios of CO;../H:S8/H, reaches from 1/1/0 te 1/8/8, or
when utilizing elemental sulfur te replace H»S in the
feed, the molar ratio of the reactants CO1»/85/H:S/H:
ranges between 1 /1 /0 / 1l and 1 / 8 / 8 / 8.

25. The method according to claim 24, whereby the molar
ratios of C0i.5/H.S8/H, reaches from 1/2/1 to 1/4/4, or
when utilizing elemental sulfur to replace Hz8 in the
feed, the molar ratio of the reactants CO1.2/S/H:S/Hy
reaches from 1 / 2 /2 /1 to 1l / 4/ 4/ 4.

26. The method according to claims 24 and 25, whereby CO;

ig used as carbon oxide.
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27,

28.

29,

26

The method according to claim 23, whereby the reaction
temperature is in the range of 200-500°C and the

pressure from 2 to 50 bara.

The method according to claim 23 whereby the reaction
is performned in a tubular, multi tubular, fixed hed,

catalytic wall micro channel or fluidized bed reactor.

The method according to claim 23 whereby a gas hourly

space velocity of 1 = 10000 h™ is applied.



