Catal yst for the Preparation of Methyl nercaptan The
present invention refers to catalysts for the

wor@saess: on of nmethyl nercaptan from carbon ORCTEB2008/053652
conpri sing conmpounds of My, K and transition netals
fromthe manganese group of the periodic table,
especially Mh and Re . The invention further refers to
a process for the preparation of said solid catal yst
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was enpl oyed as carrier and nickel oxide (NiO or
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cemesptrom theo known as methanethiol, is produced mainly
for the synthesis of methionine, a widely used feed

supplement for poultry.

Methyl mercaptan is commercially produced by the
heterogeneously catalyzed gas phase reaction of methanol
and hydrogen sulfide. For example, EP-B-0832878 and DE-C-
18654515 disclose a methanethiol preparation method based
on the reaction of hydrogen sulfide (H;S) with methyl
alcohol (CH3;0H). EP-A-167,354 discloses a synthesis pathway
based on the reaction of hydrogen sulfide with carbon
monoxide (CO), wherein titanium dioxide (TiO,) was employed
as carrier and nickel oxide (NiO) or molybdenum oxide

(MoO3) as active component.

Chinese Patent Applications CN 1207957 and CN 1207958
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
precursor of K;MoS,; or (NHy):MoS; plus a potassium salt. In
these Chinese patent applications, dimethylformamide

[ (CH3) ,NCOH] and not water is chosen as solvent to dissolve



precursor of K2MoS 4 or (NH4)2MbS 4 plus a potassi um
salt. In these Chinese patent applications, dinethylf
woresmeas2 [ (CH3) 2NCOHl and not water is chosenP@BEP2008/053652
sol vent to dissolvethe active conponent. The descri bed
process is hard to handl e and2expensi ve.

WO2005/ 040082A2 refers to a continuous process for the
manuf act ure of methyl nercaptan using M-O K based
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sulflde is deposited. The descrlbed process is a

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 by using
the described catalyst system, the methane formation is
kept to a minimum, which should 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 sulfide, 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 of

methyl mercaptan. Low selectivities of carbonyl sulfide



vented periodically. Oher by-products of the

synthesis of nethyl nercaptan from carbon oxi des,
wandoBues4sr hydr ogen sul fi de and hydrogen i ncl UBET/EP2008/053652

carbonyl sulfide, dinethyl sulfide, carbon bisulfide

and di met hyl disulfide. EspecBally carbonyl sulfide

formati on should be kept to a m ni num since carbonyl

sulfide is an internediate in the formation of nethyl
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hisglhepomzedsi ons of carbon oxi des are desired.
Especially, carbon dioxide as C | source for nethyl
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the selectivity and yield of methyl mercaptan manufactured
from carbon oxides there is still a need for further
improvements since high selectivities of methyl mercaptan
at comparatively high conversions of carbon oxides are
desired. Especially, carbon dioxide as Cl source for methyl
mercaptan is attractive as the major by-product carbon
monoxide can be easily converted into carbon dioxide thus

increasing 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 dioxide, with high
selectivities and yields for methyl mercaptan at

comparatively high conversions of carbon dioxide.
Summary of the Invention

The present invention is directed to a catalyst for the

manufacture of methyl mercaptan by contacting an intimate



nonoxi de can be easily converted into carbon dioxide
thus increasing the overall selectivity for nethyl
woressapisan. Cbject of the Invention It is an OPQEEP2008/053652
the present invention to provide a catalyst for the
manuf acture of nethyl nercaptén from carbon oxi des,
preferably carbon dioxide, with high selectivities and
yi el ds for nethyl mercaptan at conparatively high
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overall selectivity for methyl mercaptan is increased.

Furthermore, with the above mentioned catalysts, the
formation of the by-products methane (CH,), dimethylsulfide
(DMS) and carbon bisulfide (CS;) is kept to a minimum under
the reaction conditions of the process described in here.
This effect presents a significant advantage for the
technical realization of the process, since the formation
of inert gases such as methane, which have to be vented
periodically, is kept to an absolute minimum. Moreover, the
separation and purification of the reaction product methyl
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 invention is a process for
preparing the solid catalyst system of the present

invention.

Detailed Description of the invention



formati on of the by-products nethane (CH4),
di net hyl sulf ide (DV5S) and carbon bisulfide (CS2) is
whe@s/1iasa m ni num under the reaction conditi opeT/@P20081653652
process described in here. This effect presents a
significant advantage for the5technical realization of
the process, since the formation of inert gases such
as net hane, which have to be vented periodically, is
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using established water-gas-shift-technologies thus

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

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

compound

b) an active oxidic compound A0y, of elements chosen
from the manganese group of the periodic table,

especially Mn or Re;

c) optionally a promoter, chosen from the group of oxidic

compounds M0y, of transition metals and rare earth

metals;
d) optionally SnO;, instead of or additionally to MOy.
e) an oxidic carrier or activated carbon with the

exception that if alumina is used as carrier the

catalyst contains a rhenium oxide or sulfide.



into carbon dioxide and hydrogen b y reaction with
wat er using established water-gas-shift-technol ogi es

WO baos/125362 easi ng the overall selectivity to nmepdwEP2008/053652
mer captan. The catal yst according to the invention
conprises: a ) oxidic Mo con®baining and K contai ning
conpounds, whereby Mo and K can be constituents of
the sane conpound b ) an active oxidic conpound AxQy
pb-ebadeRrtsoahasenntyr esnpbenmanganepecgeouplof phhte of an

eri.odic table, especially M or Re, c.) optionally a
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MkOprobltransition netals and rare earth netals; d)
optionally Sng2 , instead of or additionally to MOy .
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vorponedt sfobPothe catal yst are oxidi c compounds or
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cenpbendf oxkedmenganese group a Mo and K compound, oxidic
or sulfidic compounds or mixtures of both, a promoter and a
carrier. Precursors of said manganese oxides or sulfides or
rhenium oxides or sulfides are for example manganese
acetate, manganese carbonate, perrhenium acid (HReO,) and
Dirheniumheptoxide (Re;0;). 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 said oxides are:
A«Oy/K;M004/carrier = 0,001 / 0,01 /1 - 10,5/ 0,8 /1

A.0,/M003/K,0 / carrier = 0,001 / 0,01 / 0,005 / 1 - 0,5 /
0,8 / 0,5 / 1, preferably

A«Oy/K;M004/carrier = 0,001 / 0,05 /1 -10,3 /0,5 /1

A0,/M00Os;/K,0/carrier = 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.



or sulfidic conpounds or m xtures of both, a pronoter

and a carrier. Precursors of said nanganese oxi des or
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manganese acetate, manganese carbonate, perrheni um
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The catalyst carrier is impregnated or coated with the
different catalytic components by various methods known to
those skilled in the art, such as multi-step impregnation
applied to the surface 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 various three dimensional shapes and dimensions.

Additional promoters useful in the present catalyst are
represented by the general formula MyOy, wherein M is
selected from the group consisting of transition metals and
rare-earth metals. Particularly suitable promoters are
oxides of metals from the group consisting of iron (Fe),
cobalt (Co), nickel (Ni), lanthanum (La) and cerium (Ce). x
and y are integers from 1 to 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 (Si0;), titanium

dioxide (T10,), zeolites or activated carbon. Alumina 1is



of the present invention are 1 to 50 vt .% K20 ,
preferably 10 to 30 wt. % K20 of the total catalyst
woRr®s/125i8e cat al yst carrier is inpregnated or BPOBERHN08/053652

with the different catalytic conponents by various
met hods known to those skille@& in the art, such as
multi-step i npregnation applied to the surface of the
carrier or coating of the carrier with the active
eanponent. whbe asti vetgatakystnfasssnmayrbhenpuassedde or
exﬁr ed or pelletized to produce catalysts with
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Addi tional pronoters useful in the present catalyst
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carbon. Alum na isonly used when the catal yst contains
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W@§§eé@?9eﬁ9 6 are used as catalyst cérrlers 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 to 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, the catalyst particles
have a uniform particle size distribution (standard 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



Advant ageously, the support useful in the present
invention is selected fromthe group consisting of
wo 2doaneus2 di oxi de (Ti Q2). The catal ytic acti vi pgr/abP20b0§res3652
catal yst can be inproved by using support materials
with surface areas higher thaR 25 m Zg.
Advant ageously, titania supports with surface areas of
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invention further relates to a process for preparing a

§thdop@&@ﬁ@&ﬁ?dm6@E§HM§E1§MSB%WEQQHDbbﬁéﬂﬁehh@aﬁbﬁ9%t with
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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 agqueous solution
comprising a manganese or rhenium compound 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;

C) preparing an agueous steeping solution of K;MoO4; or
(NHg) éM07024 » 4 H20 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 calcinating the resultant catalyst.



I1) inpregnating a suitable carrier with said
solutions followed by drying the internedi ate

weraduead? and cal ci nating such internmedi at e tPCDEPE0S053652
a catalyst; and Il11) optionally nodification of such
obtai ned catalyst with 1-50 w0 .9% SnQ2 by i npregnation
With tin containing conpounds such as tri butyl tin
acet ate, whereby the anmobunt of said tin conpounds was
ehoseoptooheath aacantenbl1 okt 1ib0fowt £i8SAORh 1-50 wt.$
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aqueous sol uti on conpri si a manganese or rheni um
conmpound and optionally a salt of a transition netal
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internediate;  C reparin n ueoqus steeping
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pot assi um conpound or MOQB plus a potassi um conpound;
and B yisteegiagtihg phAt er rediat euphodacedtuatder @Bptate or
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drying and calcinating the resultant catalyst.E)
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changeliheecdt bp deguepcet 50-130°C for 1-3 hours to produce
an intermediate. Subsequently, the resulting solid
material is calcined at 300-600°C for 5-6 h.

2. A given guantity of K;MoO, or (NHj)¢Mo70.4 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 obtained catalyst is optionally 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 wt.% SnO;.

It is preferred to expose said catalysts to a hydrogen

sulfide containing atmosphere under elevated temperature
such that the oxidic compounds of the catalyst are at least
partially converted to sulfidic compounds such as sulfides

or hydrosulfides.



An exanple for a preparation of a catal yst according
to the present invention can be as follows: 1 . A
w@roasn2geantity of a salt, such as nitrate, acPCBHEBR2008/053652

simlar, of manganese or rheniumis dissolved in a

given quantity of distilled water to prepare an

aqueous solution, and a given quantity of the carrier
chosen is inpregnated for 3 to 5 hours with said
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EgrE5§ﬂt%grﬁgtHSQBKXEIQthﬁﬁve the following meaning with

regard to the disclosure:

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 “catalytically 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 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 active mass of intimately mixed components
which are solid materials and which are optionally

impregnated or deposited on a support or carrier material.



such as dinethylf ormam de and di nethyl acetam de, or
an organic acid containing at | east one carbon atom
wa@pabsatssseast one acid function. Particul arly pPeEERI008/053652

the catal yst preparation process are organic acids,

such as formc acid, acetic akZd, propionic acid,

butyric acid, pentanoic acid, hexanoic acid, acrylic

acid, propiolic acid, vinylacetic acid, nethacrylic
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gg%@%??P?y preferred. Certain terns used herein have
the followi ng nmeaning with regard to the disclosure:
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Gt AF§FPcal Iy active species . The term "catal ytically
active conponents” neans the oxides or sulfides or
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%%g%kg%' %E%yt%%t5¥§dgasﬁg8§olQEE”HEGE nb%%gﬁ salt to the
corrponents "which are sol i'd materiral’'s and whi'ch are
opllifonal byate will change the weight of the compound
somehow. Nevertheless, it will permit, prior to sulfiding,
the use of the sulfide precursor within the same weight
range as described herein for the sulfide in order to

provide a catalyst system as defined for this invention.

W

The term “(gas hourly) 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 initial 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 dioxide that were
converted to methyl mercaptan or any other reaction
product, The part percentage which gives rise to methyl

mercaptan alone is called selectivity.

Thus, Yield = Conversion x Selectivity



i npregnated or deposited on a support or carrier

material . The term"pronoter” nmeans the transition
woredos/i2zaxt de or hydroxide or transition netal BOI/EPZNS/053652

or hydrosulfide or transition netal salt precursor

prior to or after sulf iding.13he term"sulfide" as

used herein neans a material including sinple sulfides

and hydrosulf ides and conplex sulfides . The term
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REr et nil2G he term "codVet s3 o' i ndicates the pérawentlage
of the noles of carbon dioxide that were

By addition of water carbon monoxide is converted to carbon
dioxide and hydrogen as exemplified by equation 2. Note
that the total CO, / H; ratio is 1 /4 (Equ. 3) making it an
ideal feed gas for the synthesis of methyl mercaptan from

carbon dioxide, hydrogen and sulfur (Equ. 7).
CO + HyO - CO, + H, (BEqu. 2)
CH4y + 2 H»0 - CO, + 4 H (BEqu. 3)

Hydrogen sulfide may be supplied to the process or it may
be formed in situ in the process by reacting elemental
sulfur in the 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:



converted to nmethyl nmercaptan or any other reaction
product, The part percentage which gives rise to

woredosybs4ser capt an al one is called sel ectivity. pdivEB2008/053652

Yi el d = Conversion x Sel ectivityCarbon di oxide,
hydrogen sul fide or el enentall4ul fur and hydrogen are
the preferred starting materials for the process of
the present invention. Carbon nonoxi de nay be used to
cepkages parz oy all of theciatbon di,oxi de, butEdu. lgs
been found t hat carbon di oxi de provi des higher

sgh ef! dz\eg t es P%or met_)hyl r@ﬁc‘salpt an, tkpan car bq(%ggen )

Mt Ures of carbonnonoxi dé and hydr
vari ous stoichionmetric ratios are al so known as
§¢Pnthésits 3gds and are easi¥RzSpr oddiced by varildus:. ©)
met hods, such as partial oxidation of hydrocarbons,

sbeamgefornyng of nafuralcgas, +naphtba and himghy. 7)
vacuum resi dues from cr ude oil distillation or coal
s f on kno ro s of steam, .
eGP Ry LGP eHatiPhr GBS ( hBEhGRCH LanCbEC SRERBFY PEG=Ln.
aheou:danglbn plﬂeceqeat vaRA: tﬁthde@@e(aaﬁi@ﬁ) » 3 thi2
Eggrm%déaﬁg @gg g gtl ESrAEQEEOthgﬂoaéd%okﬁed upon

converted to car | OXI
éhenpeaf:ﬂ:e@nbyfeqaabpcanHOXNdEeourhatarbne dovralidecant

H%dﬁf@ bQ 551%:44.(Equ. 3 ) making it an ideal feed gas
for the synthesis of methyl nercapt an from carbon

di oxi de, hydrogen and squur (E . CO + H20 r)
T+ (Equ. 2 ) G’?Z) coe+4 (8
) Hydrogen sul fide nay be supplled to the process or
CoO.mayHise forned in situ i¢0g he piCocess by reacti.ng)
el emental sulfur in the nolten or vapor state either

2? koreg during or after comtagting bhemwith the feed

reactants in the

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 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 carbon 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 carbon 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-Tropsch type reactions.



reactor. Elemental sulfur may be fed together with

carbon oxi des and hydrogen directly to the reactor,
waRosa2ustler the tenperature and pressure condpdT/BPB0053652

the present invention, sulfur will be in the nolten

state and will form H2S i mmediatel y upon contact with

hydr ogen. The chem cal reactions can be exenplified

as:CO + H2S + 2 H2 (r) CH3SH + H20 (Equ . 4) CO2 + H2S

thd H2efr ya€H3SH th2 H2ecEEgUs. thyoGOh+ttBe+c3tH2vEE) bed of

SH + H20 (E . 6 +.S+ 4 SH 2
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hyecusihgrt henpiesent cdat ahysbsopctbe,ysaekd ek theperature,
LoLernedi ate gaqbonyl, sul Lide,gan be, nipim ged by ..,
Bhproyi ng“cat alysts contarni ng tranS|€|on netan of
thenAmnganésehgr ouperhuser epakei mglpniincrbasedoyrel dbe
ob 1 ARt hyk percaphany  Preterabky,rheni vaLcoptai-ning
conpounds are enpl oyed ShOMAng hi gh selectivities for
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di,oxide. ahdr thBenauee, by using the catal ysts descri bed
herein, it has been found that the formation of
gﬁthangl and gine%hﬁlether gs.re%ﬁti n rogu%tseof.
FoBR18%i des* i th hydrogBhcdo8s "ot ToECuP it hPn the -
tempenaturideantdypregsureulfide or elemental sulfur and
hydrogen should be chosen so as to result in an excess of
hydrogen sulfide. Preferably, the molar ratios of CO;-
2/H:S/H; reaches from 1 / 1 / 0 and 1 / 8 / 8, preferably
from 1 / 2 / 1 to 1 / 4 / 4. When utilizing elemental
sulfur to replace H;S in the feed, the molar ratio of the
reactants CO;-,/S/H;S/H, will preferably reaches from 1 / 1
/ 0/ 1 and 1 / 8 / 8 / 8, more preferably from / 2 / 2 / 1
tol / 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 formed by using H;S as sulfur source in the absence

of hydrogen.
3 CO + 2 H:S - CH3SH + COS + CO (Equ. 11)

It is 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
reaction, in which one or more of the reacting gases can be

fed between the reaction zones. The catalyst may be



range descri bed herein. Consequently, using carbon

di oxi de as carbon source, only carbon nonoxi de,
woredlsapss2 car bonyl sul fide, carbon bisulfide, PODEP2008/053652

di methyl sulf ide are the only potential reaction

by- products acconpani ed by tr¥dee anmounts of higher

(poly) sulfides and hydrocarbons forned by

Fi scher-Tropsch type reactions. The feed rate of the
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hydrogen is not a prerequisite
be either fed through ligquid sulfur at temperatures

preferably between 140 and 450°C or they may be mixed 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 to 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 temperature 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 consequently 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



formati on of nethyl nercaptan. Wth the process and
catal ysts of the present invention, nethyl nercaptan
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t he absence of hydrogen. 3 CO + 2 H2S (r) CH3SH + COS

+ C2 (Equ. 11) It is advantagkous to carry out the

present process using a series of fixed catal yst beds

or a reactor conprising one or multiple (n =1 - 10)
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Example 1
Preparation of the Catalysts A through E

Catalyst A

An aqueous solution of 2,0635 g of perrhenium acid (HReOy4)
dissolved in 20 ml of distilled water was prepared. 50g of
TiO,-support were impregnated with 18 ml of this HReO4-
solution under continuous stirring. The impregnated support
was agitated for 5 min followed by aging for 30 min at room
temperature. Subsequently, the material was dried in an
oven at 100°C for 4,5 h. An agueous solution of 23,73 g of
potassium molybdate dissolved in 25 ml of distilled water
was prepared. The impregnated support was coated with 18 ml
of the K:MoO4-solution. The second impregnation was
performed analogous to the first impregnation-step. After
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).



the tenperature of the catal yst bed which ranges from
at least 200C to up to 500C, preferably between 250
weRahsAAE nore preferably between 220 and 350POLEP2008/053652
When sul fur is used as reactant in the process, the
tenperature and pressure in t¥e reactor should be at
| east sufficient to maintain sulfur in the liquid
state. Although the reaction is exothermc, further
beaklistseppl i ed externally. It has been found that,
|n the present process, the fornation of the
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abavesdbanhdepr ehenahl YollBwedonynereasaathenyirelrdoaf at
Eghbél mercaptan the pressure is preferably within the
‘of 15-50 bar, nore preferably in the range of
20-40 bar. Prior to starting the reaction, the
CatalystsCare preconditioned in a flow of hydrogen
sulfide or hydrogen sulfide, hydrogen and carbon
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molybdate dissolved in 25 ml of distilled water was

prepared. The impregnated support was coated with 18 ml of
the K;MoOs-solution. After 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 for 1 h.

Catalyst D

31,7 g of K;MoO,, were dissolved under stirring in 65 ml of
distilled water (pH ~ 9,5 - 10). 26,7 g of citric acid were
added in portions to the solution. Subsequently, 10,7 g of
manganese acetate were added and dissolved. The
impregnation ligquid (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 1h.
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Example 2

The catalysts A - E described in Example 1 were tested
under the following reaction conditions: the total gas
hourly space velocity was 750 - 3000 h™', the reactant
molar ratio for CO, / Hy, / H»S 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 Conversion |[Selectivity|Selectivity|Selectivity
(CO2) /% (MCy / (CO)y / % (CH4 or
Cos) / %

Catalyst A

TiO, 55,8 82,2 11,8 4,5
(CHaq)




4,5 h .

An aqueous sol ution of 23,73 g of potassium

nol ybdate dissolved in 25 m of distilled water was

w@e@paras2: The i npregnated support was coat ed p1/EPH88/053652
of the K2MoO 4-sol ution

m

100 OC for 2 h

After aging for 30 min at
roomtenperature the catal yst2@was dried in an oven at
foll owed by cal cination at 500 OC for

1 h . Catalyst D 31,7 g of K2MbO 4, were dissol ved
Re,0,/Kpderl stirring in 65 m of distilled water (pH ~ 95 -
/740 10) .| 26,7 g of kitric acid|{were added |in portions|to

> the gqolution. Supsequently, [10,7 g of nanganese
acetg-e—were—added—and—di-ssebyeg—FHhe—tHprteghratton T8
Catalydy @uigl?bH ~ 5,5 wgé brough?z1§to conté%? wth 75 g&H

of Ti|02-support mhich was impregnated flor 24 h thepn 1)
sno, / filtered, dried jat roomtenperature. Fijnally, the
Reﬂ%/Kﬁ@%@!yst was dried in an ovgn at 80 OCjifor 2 h , apd

" "tal¢ijned at 5004 for Ih.Catalyst E A5 |[%sol ution pf
/Ti02 mangqnese acetatfe in distilled water wgds prepared.|50
gof niAI 203 support materifal suspenddd in distilled
catalyswater| There addedd% Jportion$8bf510 n yidef conti nlins
agitagtion to thils inpregnation solution. Subsequent (%4
Mn, 0, /KM@, Juspensi on was agitated|for 5 mn gnd left for
, aging for 30 mnl at roomtenperature. The catal yst|was
/Ti0z (dried at roomtenperature for 1 day fol|l oned by drying
in—af—ovenat 100 0C for 2 hh — An agueqys—solutioniof
CatalymegjLﬁ%ﬂ?droxide‘ﬁb§ prepareﬁo'%he inpré&mgted supﬁ&4
was ¢oated with the CsOH solfution . Aftler aging fof (3H)
Mn,Oy/KMod,dt room tenperature the|catalyst wds dried in fan
/710 oven|at 80 OC for 2 h , coolled down to |room
> temperature fol lowed by cal ¢i nation at |500 OC (1 h|)

ta nidodiien A Antlnl ot vt h H |l AnAL N~ AF 1 QA

Catalysltu ElJI KT;d%U a vdAatl o U VA" L L 3; gJaun IIU Ul 8J_.L\,JI4[/U 14, 5
(CO8)

MnO,/CsOH/

Al-03

CO; = carbon dioxide

MC = methyl mercaptan

Example 3

Table 2 shows the catalytic activity of a catalyst

consisting of Sn0O:,-Rey0;-K;M00,-Ti0, impregnated on a Degussa

Aerolyst TiO; carrier with a loading of 1 wt% SnO; as

compared to a state-of-the-art Re,0,-Al,0; catalyst.

materials were tested under the following reaction

The

conditions:
3000 h™, the reactant molar ratio for CO, / Hy, / H,S was 1
/ 4/ 4,
250-400°C and the absolute pressure was 30 bar. The

the total gas hourly space velocity was 400-

respectively, the catalyst bed temperature was
catalytic activity was evaluated for a single-pass of the

reactor. Determination of conversions and selectivities
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Example 4

Catalyst A was tested under the following reaction

conditions:
- 3000 h7t,
1/ 4/ 4,
220°C
pressure was 30 bar.

for a single-pass of the reactor.

(minimum)

and 340°C

(maximum)

the catalyst bed temperature was
and the
The catalytic activity

Figure 1

the total gas hourly space velocity was 750 h™*
the reactant molar ratio for CO, / H; / H;S was
varied between
absolute

was evaluated
and 2 show the

selectivity for methyl mercaptan and side product formation

as a function of CO; conversion.

Figure 2 demonstrates that the formation of the by-products

carbon monoxide is minimized by increasing the conversion

of carbon dioxide accompanied by increased selectivities

for methyl mercaptan

GHSV
S

selectivity

gas hourly space velocity




Table 2 Exanple 4 Catal yst A was tested under the

follow ng reaction conditions: the total gas hourly
wap@sazmst ocity was 750 h 1 - 3000 h 1, the repCI/BP1008/053652

nolar ratio for CO2 / H2 / H2Swas 1/ 4/ 4 , the

catal yst bed tenperature was 34ried between 220 C

(mninmunm and 340 OC (nmaxi nun) and the absol ute

pressure was 30 bar. The catalytic activity was

evalimated for a single-pass of the reactor. Figure 1

and 2 show t he selectivity for nethyl nercaptan and

§|de Brodgg for on agom functlon of CO2
conversron. ure ennns Fates7that the formation

of the by- products carbon nonoxide is mnimzed by
i ncreasi ngoxhédicolversinbaloingaprbdnkdroxidening compounds,

aCCO”DanlthQ¥eBQCM§a§§Q ﬁe&§§tb¥'&b§§tieﬁeﬂﬁéh¥k the same
mer capt an GHSV = gas hourly space velocity S =

sel ectivityelaPHB91 . Supported catal yst conprising a

) oxidic M containing and K contai ni ng conpounds,

wher eby NbaandcﬂicanobedmonebmpuenﬁSAgn,bﬁeesements chosen
compound b }O ctl Ldl ugd §%8¥e rou

el enent s cﬁosen fom the e enen ? tHe nanganes

group, espeepatiglh ¥n Re. R2.. The cat al yst accordlng

to claiml , wherein the weight ratios of the

90npo@ﬂgsC§E§lg§gyécggpggﬁg095rb?ﬁlm 9, QQérélQ tQé &elght

K20 / carrier = 0,
/ 0, Git}oé Oéoéh? ﬁompéunéslaée 8/ 0, 5/ 1,

A«Oy/K;M004/carrier = 0,001 / 0,01 /1 - 10,5/ 0,8 /1

A.Oy/Mo0Os/K,0 / carrier = 0,001 / 0,01 / 0,005 / 1 -
0,5/ 0,8 /0,5 /1,

whereby A means Mn or 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«Oy/K;M004/carrier = 0,001 / 0,05 /1 -10,3 /0,5 /1

A0,/M00Os;/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 M0, of transition metals and
rare earth metals, wherein x and y are integers from 1
to 7 according to the oxidation level of the metals

and M means a transition or rare earth metal.

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.



whereby A neans Mh or Re and x and y are integers from
1to7 . 3. The catalyst according to claim2 ,
wob@sarsist he wei ght rati os of the conpounds arBCT/EP2008/053652
AxQy/ K2Mb04/ carrier = 0,001/ 0,05/ 1 - 0,3/ 0,5/ 1
AxQOy/ Mo03/ K20/ carrier = 0,0023 0, 05/ 0, 03/ 1 -
0,3/ 0,5/ 0,3/ 14 . The catalyst according to
claims 1 to 3, conprising a pronoter, chosen fromthe
gr.oupThé @Xtéﬂ?s@oapebﬁdﬁn@ftbhelgeﬂgraltBOBﬂUWHér@%ﬁythe
of tranS| artanEtals wherei n x

and yWS%% nF%gE?E ?Fogﬁq? R df'hg to the

oxi dati on IeveI of the nmetals and M neans a transition
or raKel&ar Y MxGret/alarr8 er Fhel Og &tlalOy $t0)ade drldiong )t/d
claim4 , wherein the transition or rare earth neta

I's Chﬂééa/@ﬁ t@e/gggyplggnprlglmg Fesofoy Nb;lba
yst according to' clains 1 to ,

Ce.

wher ePn3Phé eréﬁp tafios of the conponents are KMbO /
MkO /carrier 0,01-0 ,80 /0,01-0 ,2 /1 MO/ K 0/ MO
/ Carwhefe¥n0x1@ﬂ8 Y 59e/iﬂté@er§,fBGm/lOt6170 1 /1
wherein x and y are integers froml1lto 7 . 7 . The

gatal ¥ﬁ& 8%%85?%9%&80 h% gi%lvﬁgg%ﬁ/éo %ng%hg%e weight

rati os onen carrier =
0, 10- @atlee pfotb@ oomgenﬁmtwbarﬁ KOO MKO/ carrier =
0,10-0, 30 /0,10-0 ,25/0,01- 0,06/ I , 8 . The

Catalxﬁﬁmﬁp¢ﬁnﬁlm9c59r§é9l91$ot 0070, cBhernei D1Mi s68/1
metal sel ected fromthe group consisting of iron,
cobal ;i gkgl l @nthanam and_cebiym 50y /0, 10-0,25) /0, 01-

0,06)/1,

8. The catalyst according to claim 3 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 1 to 8, wherein M of
the formula M0, means instead of or additionally to

sald rare earth or transition metals tin.

10. The catalyst according to claims 1 to 9, comprising
oxidic and/or sulfided compounds of Mo, K, elements 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, zeolithes 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% anatas.



9 .

The catal yst according to clains 1 to 8 , wherein

M of the fornmula MKOy neans instead of or additionally

wo ooosapdszare earth or transition netals tin. BOT/EFIves/053652
catal yst according to clains 1 to 9 , conprising
oxi di ¢ and/or sulfided conpoudds of M, K, elenents A
and M, achievable by treating oxidic conpounds of
said elenents with hydrogen sulfide. 11. The catal yst
aacorgimgthodctaiﬁse@at@ 30cavheretnatbereangi €6 t$aim 1,
chosen fron1t e g ougacon3|st|ng of silica, titanium

di oxi d8™PZ&5H'Eh

€B2tivated carbon 12. The

catal yst according to clainms 1 to 10, wherein the

carrielr isinpuapnatand shedcatakyst tontaensramphensuaps
oxi de or f@?@h“&hééb éd§olé§loﬁétébM§£1§988f¢épgc5ﬁpound s)
claim1ll, wherein the carrier Is a titaniumdi oxid
contalnlngoﬁtmﬁééé? 6098 ahat agangane aC Bt AvE- t%sPeClallY Mn

prepare a gatatysh RACeOLEHLNFiHE @bﬁpﬁbﬂd,wﬁﬂﬁﬂrhétﬁgas a

[he Steps. K§§tﬁ?fng§%322§5?uﬁﬁ%ﬁ r|§ﬁﬁao%g)ﬁoo3 as Mo

nore steps
compound (s) ofc@nta131ﬁgoommp@unamgamese group,
especially M or Re, a K containing compound whi ch

acts gs a g@gﬁggyﬁﬁgrngm &%%J?J}/DZQZ&@“E?%%@NQQ@W

as M contali
carrier invéhe OREenBFeMSFEPIIUREHS OA

co regnating said
nmp gf g9

oF LADF eCapnBbEENT (2)

50|Ut|0n5 6@ﬂP6t§ﬁn9 (8¥ ﬁ@ﬂE@gnﬂréﬁ)t@é EhahseEEOR cup,

t he manganese especially M
and ¢ ) dryfhg é% gy

or and K2Mo 4,
Wﬁr%ﬁng?edaﬁgr?@@F§ 15297 et hod

according to claim 14, wherein the carrier is
addi t tpnal Hyyingr eghdt edoweyhaaadaqaeousrsol uti on of a

15.

l6.

17.

18.

19.

20.

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.

A method according to claim 15, whereby the metals are

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

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,.

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

used for impregnating the carrier.

A Process 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.

A process according to claim 19, wherein the alkyl

amide is dimethylformamide or dimethyl acetamide, and



nmet al conmpound chosen fromthe group of transition

netals or rare earth netals. 16. A nmethod according to
web@smess; whereby the netals are chosen from POEREBIOSIS3652

Fe, Co, N, La and Ce. 17. A nethod according to

clains 14 to 16, whereby the Zarrier is inpregnated

wWth a solution of a tin conpound which acts as a

precursor of SnCQ2. 18. A nethod according to claim15

and 16newbegehycnapnodi spersemCeRcti g, suspendedcia, one

of the_sol utions uaed fgr anreﬁgating the.carri.gr.h .

19. APBYBLeBsCacordi RYTYH El aFmE 14°F 62181 CwREr &1 naHa"1c

i npr egnati oacspluti enidpnpappnsodlikybcadi despybecahic acid,

or ganj j t aj.niyng t ,ang car - an

e e e ey

cl ai nfFeoPonmEr eFhdt hexall kgl 2aafldempsOdi frefyfif succinic

or manydeqor ndi Behhyl sa¢et asidedrapdbheyetgagkeqachdutsric

formc aﬁld, acetic agld,, ropionic acid, butyricg

aci d, °pefit aRBi B GcPathekahbic acid; AeFyRFECagFgd or

propi ethglaseddivmhybacetiracacid, agetihycrylic acid,

crotonic acid, 4-pentoenoic acid, sorbonic acid,

i . . ' . ' o
T e KPR Rl S
aci d, cepenpie acid, 1eartarie acid-or ethyl ene

di am ne-tetracetic acid. 21. A process according to

obai M 18 0h0d0acuBerehy thec0rgaARi ¢3acbd2bs GhtEbBy the
acid. 22. A nethod,according to clains 13 to, 20,
mhereﬁﬁl?ﬂeaHSiaﬁtéﬂHa inS%AFFQGQaFEFﬁéHSEa%EI§§P0F§d to a
exposkgdtoganhydioges suhtkdeiagntamobpgeatnospbeeeaotd
eIeva%gd fenperatures .

mperatures.

23. A method for preparing methyl mercaptan in a catalytic
process by reacting carbon oxides, sulphur and/or
hydrogen sulphide, and hydrogen, optionally 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,S/H, reaches from 1/1/0 to 1/8/8, or
when utilizing elemental sulfur to replace H;S in the
feed, the molar ratioc of the reactants CO0:-»/S/H,S/H»
ranges between 1 /1 / 0/ 1 and 1 / 8 / 8 / 8.

25. The method according to claim 24, whereby the molar
ratios of CO;-,/H,S/H, reaches from 1/2/1 to 1/4/4, or
when utilizing elemental sulfur to replace H;S in the
feed, the molar ratioc of the reactants CO0:-»/S/H,S/H»
reaches from 1 / 2 / 2 /1 to 1l / 4/ 4/ 4.

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

is used as carbon oxide.



23. A nethod for preparing nethyl nercaptan in a

catal ytic process by reacting carbon oxides, sul phur
wapasaesssydr ogen sul phi de, and hydrogen, opti opai/Ey2008/053652

wat er, whereby the reaction takes place in the

presence of a supported catald®st according to clains 1

to 13. 24. The nethod according to claim 23, whereby

the nolar ratios of CO-2/H2S/H 2 reaches from1/1/0
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claim 24, whereby the nolar ratios of CO _2/H2S/H 2
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el enental sulfur to replace the feed; the nola

rati 6SoPethermedctants E@ll?FS/ wéymzbwéaéhe@ﬁ?@md

/2 éagaiyllbowéiﬂ Aitrd éhénne26orTE@uﬂEEB@Q bed reactor.
accordlng to clainms 24 and 25, whereby CO2 is used as
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met hod according to claim23 whereby the reaction is
perfornmed in a tubular, nmulti tubular, fixed bed,
catalytic wall mcro channel or fluidized bed reactor.
29. The nethod according to claim?23 whereby a gas
hourly space velocity of 1 - 10000 h 1 is applied.



