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Process for the Manufacture of Methyl nercaptan The
present invention refers to a continuous process for

wo bwsoenoss act ure of methyl nercaptan using Mo-PEHBPRSEE0872

catal ysts. The invention further refers to a process
for the preparation of a solid, preforned catal yst
system Background of the Invention Methyl nmercaptan is
a well_known i terngdlate for the [
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anol and hydrogen sul fide. For exanple, EP-

32878 an C - 19654515 di scl ose a net hanet hi ol

g‘ﬁéroéﬂﬁdor? dV43e¢d Bh the reaction of hydrogen
sulfide (HS ) with nethyl al cohol (CH OH).
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Pai§§ iications CN 1207957 .and 120795 isclo ef
ﬁawitessllfsémm%f&}lqrwen%ﬁa% fiylused feed
émamﬂamﬁdt1ﬁdﬁﬂﬁvuﬂtﬂjgs-contaln|ng synt hesi s gas,
mherein the active conponent (Mb- S-K-based speci es)
re us a
3 um ?ttlgt?1 e’l "gnge(rar%aﬁ %én%\&" %Isldgat i ons,
Imtmqg)elnfe@mdm d@t[a(lcqu Im—l]pw nRagkier 95 mapbharol
d : o @ disised Vﬁi‘drgeeﬁﬁﬂl\@ GEFNONGEYS 28 79 €and DE-C-
15%%Egl§3dfgéﬁ§§§e;%@thaneéhlol preparation method based
on the reaction of hydrogen sulfide (H;S) with methyl
alcohol (CH;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

(MoO;) 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 (NHg).MoS; plus a potassium salt. In
these Chinese patent applications, dimethylformamide

[ (CH;3)2NCOH] and not water is chosen as solvent to dissolve
the active component. The described process is hard to
handle and expensive. Another disadvantage of the described
catalyst and process seems to be the space-time-yield of
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handl e and expensive. Anot her di sadvantage of the
descri bed catal yst and process seens to be the
WG pase4isne-yi el d of net hanet hi ol (0.08 0.19 g PET/ER20)4/010872
which is rather low for a co unercial catalyst.
EP- A- 104507 descri bes a contifiuous process for
reacti ng carbon oxides, sulfur or hydrogen sulfide,
and hydrogen at el evat ed pr§ssure and tenperature. The
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gas streams and would have to be vented periodically.

Other by-products of the synthesis of methylmercaptan from
carbon oxides, sulfur or hydrogen sulfide and hydrogen
include carbonyl sulfide, dimethyl sulfide, carbon
bisulfide and dimethyl sulfide. 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 result in
higher selectivities of methylmercaptan thus improving the
overall yield of methylmercaptan and the whole economy of
the process. Generally speaking, upon using carbon monoxide
as carbon source, CO; is always formed as a product of the
reaction in view of the water released in and carbon
monoxide fed to the process. Carbon dioxide formation can
be controlled by recycling the unreacted gases and by

minimizing the concentration of water in the process.
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the process. Cenerally speaking, upon using carbon

nonoxi de as carbon source, is always forned as a
we@emdoatsnf the reaction in view of the water rel/EP®ed010872

in and carbon nonoxi de fed to the process . Carbon

di oxi de formation can be cont}olled by recycling the

unreact ed gases and by mnim zing the concentration of

water in the process.US Patent 4,665, 242 describes a
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ed for further inprovenents. Object of the Invention

n
W%iqqy¥%¥(ﬁﬁQ%ﬁ-of the present invention to provide a

process for the manufacture of nethyl nercaptan with
Alnproandd iseheeirovst \a tarethptise IdhveSlemar \stodrtdé@ to improve

venti . r ng. | [ ' ' :
R AV R Ry "?&n*%&jfzﬁfﬁ%ﬁﬁ%{“%f aration
rIONSSS i hdrene iist istld @ xagk Isfr dandrenxdner ovenenEs .
or hydrogen sul fide and hydrogen at el evated

e Yrunee addtasyures and a preforned, solid
catal yst conprising an active conponent of M-0- -

ased species, an active pronoter and, optionally. a
TS G S S o P E SRR T e A R g e
proddss for the manufacture of methylmercaptan with
improved selectivity and yield.

Summary of the Invention

The present invention i1s a continuous process for the
manufacture of methylmercaptan by contacting an intimate
mixture of carbon oxide, sulfur or hydrogen sulfide and
hydrogen at elevated temperatures and pressures and a
preformed, solid catalyst comprising an active component of
Mo-0-K-based species, an active promoter and, optionally, a
carrier and, optionally, recycling the unreacted gas to the

feed gas stream in the process.

Surprisingly, it has been found, that in the present
process, by decreasing the total gas hourly space velocity
by 50%, preferably by 75%, the total selectivity of
methylmercaptan is increased by at least 1%, depending on
the reaction conditions chosen. It also has been found,
that by using the present catalysts, the total selectivity
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feed gas streamin the process. Surprisingly, it has
been found, that in the present process, by decreasing
wo bespatst gas hourly space velocity by 50% pref/EPBbi/g10872

by 75% the total selectivity, of nethylnmercaptan is

i ncreased by at |east 1% depf’endi ng on the reaction

condi tions chosen. It also has been found, that by

using the present catal ysts, the total select|V|ty4 of
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preforned catal yst systemo present 1 nvent
iSetom ey Z8shcrS RGPy tnﬁélquﬁérrﬁ%ths Tae we@@%@uct such

a!sn\t%&‘bd?ﬁ Pis R G, UM HF10R A5 ddrarid) endBiat &C4 e eformed
thyl nercaptan conprising contacting an intinate

I&CSSarbon oxi des, such as carbon nonoxi de (CO)
and/ r carbon di oxi de (CO ), sulfur or hydrogen
Another objective of this invention is a process for

preparing the solid, preformed catalyst system of the

present invention.
Detailed Description of the Invention

The present invention is a continuous process for the
manufacture of methylmercaptan comprising contacting an
intimate mixture of carbon oxides, such as carbon monoxide
(CO) and/or carbon dioxide (CO;), sulfur or hydrogen
sulfide, and hydrogen at elevated temperature and pressure
over a solid, preformed catalyst system comprising an
active component and a carrier, and recycling the unreacted
gaseous fraction to the feed gas stream in the process. The
improvement of the present process consists of the fact
that the gas to be recycled is separated from all by-
products which are liquid at ambient temperature and
pressure, and wherein the recycle gas is catalytically
converted so as to only consist of carbon oxides, hydrogen
and hydrogen sulfide. Furthermore, the reaction conditions
of the process are adjusted to an optimum by increasing the
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sul fide, and hydrogen at el evated tenperature and

pressure over a solid, prefornmed catal yst system
wamnpoe40882ng an active conponent and a carri er ,PcanP2004/010872

recycling the unreacted gaseous fraction to the feed

gas streamin the process. The inprovenent of the

present process consists of the fact that the gas to

be recycled is separated fromall byproducts which are
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a .potassium sal.t.. The potassiumsalt us i.n
P dEB A i tn 1SR & 17 oRr red grpulp the aroup
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o B s g PhFETARE D, F00R0 ) et Dot
(FofQski upeBReSEWB Hat & T REICENO03 ITh B tRRST 35+ | pi¢arbonate

(K10, pr orglt poRbesaimagHeeus sSehehl BRroakthtl Snto an agueous
5 u&%%992§1 Vs %%%&%%ﬂa égﬂé¥“ég§¥£é”gﬁ”géﬁculated amounts
onto the support material prior to or after the deposition
of the remaining active components by impregnation or
coating techniques known to those skilled in the art.
Examples of useful amounts of potassium salt useful for the
purposes of the present invention are 1 to 50 wt.% KO,

preferably 10 to 30 wt.% K;0 of the total catalyst mass.

The active component of the present catalyst is impregnated
or coated onto a carrier 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
also be pressed, extruded or pelletized to produce
catalysts with various three dimensional forms and

dimensions.
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onto the support material prior to or after the
deposition of the remaining active conponents by
WG ps/egnszt | on or coating techni ques known to tHCIZEP2004/010872
skilled in the art. Exanples of useful anmounts of
pot assi um salt useful for t he® pur poses of the present
invention are 1 to 50 w.%K2 , preferably 10 to 30
. % K O of the total catalyst mass. The active
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enera Forrru ereln is selecte romt
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s&€B&d tedret Bdm %@e@ro£@rébﬁyi§thﬁgsaft abhecehomb&rme
ﬁ%e de of t he roup onS|st|ng % i § ﬁ
1) O vh) M1 E8BaPL L LES PE gjam
Qk&desjamihamUmn(dﬁoxﬁﬁd Ceioym (£e8)1iteand Xlapd yrare
féégggnto . Carriers useful in the present
nve |on are selected fromthe group consisting of
silicon dioxjde , alumnumoxide (A2 3) mxed silicon
Whemr Hien X e, COMR AN S ojKBEes Tedbpy zEbR| ameunt of

£has, OEnackbyahed 688 BOBs %?1@80} he }@@t'yeCSQE@@Beﬁtquals to
phesetb o b

th unt ti
LF- GRS M0 0L b TR efarereay o bife Bos Pt o (Br 03 -
010§y A1 . Heierab) ywiéh 1fhe OactOye (¢OmPdnefit 063/ éxpressed by
co n t he
R Runt NEE 10, 36 ¥aoTPRReE %@Eﬁﬁr SRS RS0 /
MOy / carrler equals to (0.10-0. 50 (0.10-0.30)/(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 consisting of silicon dioxide
(silica; Si0;). The catalytic activity of the catalyst can
be improved by using support materials with surface areas
higher than 25 m?/g. Advantageously, silica supports with
surface areas of at least 60 m2/g are used as catalyst
carriers. For practical technical purposes the high surface
silica carriers are extruded or pelletized before or after
the impregnation process. Preferably, Degussa Aerolyst™
carriers or similar high-surface area silica sources are

used as supports.

The format of the support is not critical to the
performance of the catalyst of the present invention and
can have the form of three dimensional spheres, cylinders,
rings, stars, pellets or other three dimensional forms or
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MO / carrier equals to (0.10-0.50) /(0.10-0.30)
(0/.01- 0.10)/1, preferably ( . 0- .30) / ( . 0-.25) /

W@ 20050@08) / . 1, respectively. Advantageously, tPEI/EP2004/010872

support useful in the presenL7invention is selected
fromthe group consisting of silicon dioxide (silica;
SiO). The catalytic activity of the catalyst can be

i mproved by using support materials with surface areas
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-surface area silica sources are used as supports
The format of the support is not critical to the
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catal yst system conprising the steps of |) preparing
i npr ation liquid of .an aqueous splution
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Alternatively, the present process for preparing a solid,
preformed catalyst system can be carried out as a multi-
step impregnation comprising the steps of

A) preparing an impregnation liquid of an aqueous
solution of a salt of a transition metal or rare-earth

metal;

B) impregnating a suitable carrier with such impregnation
liquid, followed by drying the intermediate produced,

optionally calcinating such intermediate;

C) preparing an aqueous steeping solution of a precursor
of K,;Mo0O; or (NHg)eM07024 plus a potassium salt or MoO;
plus a potassium salt; and

D) steeping the intermediate produced in (B) with the
aqueous steeping solution produced in (C) and then
drying and calcinating the resultant catalyst.
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liquid, followed by drying the internedi ate produced,
and cal cinating such internediate to obtain the

weatoaloy®s2 Al ternatively, the present process POI/EP2004/010872

preparing a solid, preforned catal yst system can be

carried out as a nmulti - ste® inpregnation conprising

the steps of A ) preparing an inpregnation |iquid of

an aqueous solution of a salt of a transition netal or
Amamae@nbh fort @ preBhriangioeg et img:eetash’rﬁtabéeccndihgrto the
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erne e produ &d i ona al ci nating such
|nterned|ate C ) preparing _an aqueous steeping
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pot agak WEYSable @r t%gsﬁltﬁ%nan@taqs%ﬂrﬁaiaéieaﬁﬂq Iﬁze&al is
steepi ng_t he internedi ate producedﬁlw(%g ﬁﬂﬁg
aquéd§§Oivedpiny s GryePoVeRSdide® T HY (fRFer o

dr yma;geafad aa;lu@omlat isBg utther, es\ulttramlth:sr&t a ygivén Auantity
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t heg%r EggnFaFﬁ&g COR=Eahn lbc’e * §rfe<ﬂqay qroAéjg?%e%Ohours’
quaribililpwed @ysailrty,lngu@rt &9 -3t eforacletPatleomrs to produce
simy haanggkm%daa%%S' SRR SRl 19, N f@gdﬂﬂ?é aéoi?d

di ssolved in a given quantity of distilled water
mak@a&RTaqdeds Cé’élcl}ﬂeé’n 2t R £ verb cf%ant ity

of the carrier chosen is inpregnated for 3 to 5 hours,
2f ol howeeeby qiliayitig yalo £56alid0 p dorir slor3 mm ¢ (NH;) ¢M0O7024

orofice S ILELTE 2k BOSPCBILY o DELEUAN Moy 1

. Addissed vedarini tay gdfvesaichaprtedyr sdr d@\DOME@WFQW) with

Pl Ugn8 ROLRIS ;WP Ak 1 ¥t MR RHS R RPIASS UM sald s
impregnated for 7-9 hours, followed by drying at 50-
130°C for 2-4 hours, and calcination at 400-500°C for
2-4 hours.

The multi-step impregnation is employed when ammonium
heptamolybdate (NHy)¢M070,4 or potassium molybdate K;MoO,
plus a potassium salt is used as the precursor of said
active component, i.e., a given quantity of potassium salt
chosen is dissolved in a given quantity of distilled water
to form an aqueous solution, with which the intermediate
modified with metal oxide prepared in step (1) is
impregnated for 1-3 hours, followed by drying at 50-130°C
for 2-4 hours to produce an intermediate modified with both
metal oxide and potassium salt. The next step is to
impregnate the intermediate modified with both metal oxide
and potassium salt prepared in the preceding steps with a
given quantity of the aqueous solution of ammonium
heptamolybdate (NH,) M07024 Or potassium molybdate K;MoO, for
7-9 hours, followed by drying at 50-130°C for 2-4 hours,
and calcination at 400-500°C for 2-4 hours.



10

15

20

25

30

di ssolved in a given quantity of distilled water, wth
which the internediate prepared in step (1) is

wO mps/egnet ed for 7-9 hours, followed by dryi ngpGUEEX004/010872

130 C for 2- 4 hours, and cal gination at 400-500 C for
2- 4 hours. The nulti -step inpregnation is enployed
when ammoni um hept anol ybdate (NH ) or potassium
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sl avxdidee thvebiemranidet apd (dimeshyhpreghandde, oor an
drdambiirseid Addoveth g A i Ngadt 8Re188rboh0htdm 4nd at
ours to produce an jnternedi ate_ nodified w_th both
fﬁﬁ%ﬁ & oae@afﬁdfew%k%f? unf@5F1Cuipglereedidp 1ins the
¢ antpe Bgeatier dgeer d i @t rmldcb@é@ nRdée :‘j bgg‘aﬁthabmﬂ@d metudth as
e . pot | repared.in_tk ecedi.n .
e LA R AR W S0 S AR et e S
REMEANQNT Feptdndishaizeec (ML db @oylpot asddumpropionic
&@id,bd\?‘iﬁxgl'%é\@@éoécfd, % ééryii?l:'Q&’?ﬂ,bEr%{%)éhg% geia, 4-
or 2-4 h -9

50-130 C ) ours, and calcination at 4 ) ]
RRLOA ARG Ot G, aftorerlie efkdncBadgaic acid,
dudcii®Oneid ! hRaxeialydi@, asihy@reRepLe§rikth@cid, glutaric

i eghation liquid and/or_the steepling solution c

EG 1 AR i T U 154 Tty (RSt O AT BeFLC acid of ethylene
@ aret s+ f etrnesre: thiec aanch &li ket nyd i ackt aat id, bedngnespecially

éﬁg% cid containing at | east one carbon atom and

% eéé?ﬁbne acid function. Particularly useful in the
catal yst preparation process are organic acids, such
GRT 1 tCERT st ek He i REVOr e obPtlaviay Bmeaping with
PEgah-d pent Wi &1 S€1 sbutexanoi ¢ acid, acrylic acid,

propi onic acid, vinylacetic acid, nethacrylic acid,

PG Aglh &

‘catalyst mass” means a composition of a
catalyst support (carrier) impregnated or coated with
various mixed oxides representing the catalytically active

species.

The terms “support” and “carrier” are used simultaneously
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.

The term “promoter” means the alkali or transition metal
oxide or hydroxide or alkali or transition metal sulfide or
hydrosulfide or any other alkali or transition metal salt

precursor prior to or after sulfiding.



pent enoi ¢ acid, sorbonic acid, oxalic acid, malonic
acid, succinic acid, maleic acid, 3-hydroxybutyric
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tartaric acid or ethylene dlan1ne tetracetic acid with
citric acid being especially pPeferred. Certain terns

used herein have the follow ng neaning with regard to

the disclosure: The term "active catal yst mass" neans

Fheonpomi ' Puhfdfled eat abpst henshior melgs rd engdterial

Ilﬁe&eaaﬁ%qf%éa§1eoeh§§ Wekh a1 HQME-JE G0 fd day gomplex

resen he cata ytlcaIIy active species
gulfddesupport” and "carrier" are used simultaneously
with the sane nmeani ng. The terns denote porous

mheetbamS“wbnehdhﬁge marh@waﬂﬂaéae @smﬂgﬁdNﬁﬁréiﬂree1ates
nSI

d f
38" £ecaralienRioSe he aPhats srdedvil, FRFS vk divarogen
ﬁe&ﬁsda oataapbroablpra&hquedneiemﬂhﬂaﬁ|Sﬂﬁﬁﬂg(anduhydrogen

99@@9”@@%§a%@309eﬁ Srégkkg Bty dise HieH 818t the active

pronoter" means of transition nmetal oxide
Gﬁtﬁﬁdﬁ6xméésoFsaﬁkaﬂﬁa§ﬁ Pﬁéﬁé@ﬂ&ﬂ1QﬂﬂMﬁrQﬁﬂfﬁQk#Qﬁ

eudresaul.f cdaversaBy ethehealdsdlal yart tfrxaﬁﬁlané)rbﬁaiéﬂ
aIt cursor prior to or after SU|flq%Eﬁilo The t,
Bt oREe B heboRbek ) Fasarts. Shru ety shart w1l
shapbe ShbfWdEQhandfhyﬂeosuhbomﬂﬂ anthet@mwpl e@vevertheless, it

h . | fided
g?f:eL: ﬂ‘é gt’ EE}‘[‘E ﬁgu%pgg %gnlg oftht%ﬁe‘lsgact%%ve:%cat S"feidﬁtde
rmewwsem Wyahegeﬁheusﬁmeeweag%&p@ﬁ@@@ @S Ide@snrdibed herein

%b%”@ﬁéahuighﬁér ﬁngrﬁﬁgrgae?r%QQQE el elad st system as
nperature for a.tinme such that the active catalyst

ﬁ§§%nF§ 40T| ERiE PAVEPSLPH-converted to the

The term “carbon oxides” as used herein relates to carbon

monoxide or carbon dioxide or combinations thereof.
|

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
methylmercaptan or any other specified by-product.

As used herein, the term “conversion” indicates the
percentage of the moles of carbon monoxide that were
converted to methylmercaptan or any other reaction product,
The part percentage which gives rise to methylmercaptan

alone is called selectivity.

Thus, Yield = Conversion x Selectivity
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sul fide. Conversion of the catalyst fromthe oxide,
hydr oxi de or any other salt to the sulfide state w |l

wachasigeoizhe wei ght of the conpound sonehow. PCT/EP2004/010872

Nevertheless, it will permt, prior to sulfiding, the
use of the sulfide precursor%&thln t he sanme wei ght
range as descri bed herein for the sulfide in order to

grovide a catalyst systemas defined for this
' iRATONHEL t RYRIT @EPBORUbLE B80T 281 BRER RS & fur and

RPALEE&n lOr & HWONpFONOXT 88 SfaLBiNgMmEtexid@sOfFor the
' thereof. The term"(g

conblnatlpn S ﬂourl b space

Gereta P ahd de TR b TRt ipa’ CESREH! ok ilR fiay e

(ssdiatd yrépnlalcté eps&)t obr cat boof oxhdesarhydr ngepxade, but
£ g

LGP bR e@g s"aﬁ%ﬁggé%%@ﬁ%t% “#i°¥35%?ﬁ31§hert

pemverseng cdhan caxbanddiexi@aperabugl sndcprvsd@cdties

dhe i&keR "Yi&dgirgenotes the nunber of noles of CO or
per initial 100 nol es actually converted into

net hyl nmerc ﬁpta or an er sgeC| i ed by- Eroduct. As
USE RS & oR gp O’éb ©e?s FAdPRat BsVER&OUS
$mmiﬁﬁﬂamgtxﬁctfmxﬁm¢eSr@farambhnownnasldgnthaslmegas and

%‘é%é;ﬁdy”%ré%%‘é( Ty SoRE 20,0 m%ﬁﬂogéhegugﬁag% Prtial

r
per%en a e Wh vesTrrse
@mﬂd@¢xmncnﬁnnwdn¢©mébossca$t@dmséeé@rmwngyoanagural gas,

Xaahéhg a@&ﬁ“’k‘?{éﬂl %éuu'r}ﬁl @géiauéglér&areeadgve% de,

en sulfide or_elenental sulfur and X en are
@h%t Jeq@f%oo%t%?ﬂ ngeFat R B QR f oF REhWe bt oKBRY T PTOCESS

bhes psgs end £ bEng | ©0. n&aibeh daoxidetnayebectHaedet 0
rqﬁ%ife pa t_or $ of thg13 aébon nonoxi de, but carbon
TR e §8 HoT Peddt FUe BRd=BPabt &8s hi gher
conversions than carbon di oxi de at high space

GB4 ocitkPes and PowerCPressiies . (Equ. 1)

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:

CO + HyS + 2 Ho - CH;SH + H0 (Equ. 2)
CO, + HyS + 3 Hp - CH3;SH + 2 H;0 (Equ. 3)
CO + 8§ + 3 H» — CH3;SH + Hy0 (Equ . 4)

CO, + S + 4 Hy - CH3S8H + 2 H0 ({Equ. 5)
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M xtures of carbon nonoxi de and hydrogen in various
stoichionetric ratios are al so known as synthesis gas

woenvos/egoas2easi | y produced by various net hods, SIOMERS04/010872

partial oxidation of hydrocarbons, steamreformng of
natural gas, naphtha and hi gh2vacuum resi dues from
crude oil distillation or coal gasification. The well
known process of steamreform ng of natural gas
Itethdrel)iesed behaxenpreo | e acxoa iy sgs t desbeibed herein,
1O s + + E}‘HHd eN ¢S I de
% %%ulpﬁi%ﬁ%&%?ev lpa?ogllééss orrcl}%eljr;ry%agigl_g ?gr% in
wternediafe mravdeyy bysulklhicde n(C@f bnvhiah 58| formpd upon

e e d 8ol o vV aROFH aﬁcﬁl&iicﬁ@ral@@fﬂ%@ro@éﬁi 8d1@kde:
after contacting themw th the feed of reactants in

e reactor. Elenental sulfur nay be fed together wth
%gfb&ﬁ oxi des and hyarogeﬁo i feCely to the ré§E¥br%5
since under the tenperature and pressure conditions of
@0 present inventied, sulCHaSHWH Ho®e in the (Bght.ed)
state and will formH S imedi ately upon contact with

ﬁa&drs}geeg)ro%@sscf@é@&ﬁ'bé&%f@m cpp bes ex8aR! EbLRE, that,
as: CO HS+ 2 HCHSH+ H O (Equ. %éhico + HS + 3
hy Q599 LR ppregefu. caha ks ts s the et spf+theo
{rFiemeli 43 ‘oaibordyH SHIH de 20410 ¥&EQHinih) 234! byi S

elieved tﬁﬁg over. t he g?tal sts descrifed.gereiay b
FHF FAY o Drt e S ST He hyTREBTenSET SRt bY #RE/or by
imterawidiat tthe ardmatyd ors Ut dnpler {108y, whihed restdtied in

ggar 3G | f | de and n .

1sui ¥|ge: C%a{lc?—?o%)%&&%{ qu.” | Ig'COS + %EY%%EIQSI—PX pPine
e Ratalys fordese et dereidscribetphdpeen, fpun@aghat the
8a G f théthanol and dimethylether as reaction
products of carbon oxides with hydrogen does not occur
within the temperature and pressure range described herein.
Consequently, using carbon monoxide as carbon source, only
carbon dioxide, methane, carbonyl sulfide, carbon
bisulfide, and dimethylsulfide are the only potential

reaction by-products.

The feed rate of the reactants through the catalyst bed of
the reactor is reported herein as total gas hourly space
velocity. The process of the present invention can be
operated at space velocities in the range of 1 to 10000
h™', preferably of from 100 to 5000 h™, preferably of from
300 to 5000 h™, and more preferably from 750 to 3000 h™*.
The optimum space velocity employed will vary between 100
and 5000 h™' depending upon the other conditions of the
process, such as temperature, pressure and molar ratio of
the reactants. It has been found, that the lower the space
velocity the higher the selectivity for methylmercaptan and
the lower the formation of undesired by-products, such as

carbonyl sulfide.



by using the present catal ysts, the yield of the
i nternmedi ate carbonyl sulfide can be m nim zed by
woeaspamsng the total gas hourly space vel oci t pCBREZ004/010872

by increasing the reaction tenperature, thus resulting

in increased yields of nmethylfercaptan . Furthernore,

by using the catal ysts described herein, it has been
found that the formation of nethanol and di net hyl et her
The medeli ortpoodifc reasftagarshdm dxXieleSead thiydregeh- €.

c%%%nng&l%cugqugogggnts diefpeyat f&n&ﬁ‘@af”é&i?gﬁ? and

range escri'b nsequent y, using car
hyshegicte ShOUdsr len howese SOMSy tartR b okp gan excess of

rg@fﬂ@@@%, seArEh ey p&@ffér%l ardn oy st fi4eioands co;.-

met hyl sul fide are th ot ent tio
PrisdEergesT s are B’ theidabt hrtld fhf8ugh
ﬁx’rﬁee:anoalyyﬁedw@émfl t/h@ r/eactamd ils £ epofted tmeenl atadizing

S%Eh 3 g%!ry I EV:L Ta?xemf%%%ss xﬁb‘?tar

present nt’ron can e O e ate ace ve OCItI
Yatichefr a;ﬂn@e r@raCLatch\;51(§I§B€)z/l$/ ‘HaBr/ 8beva ﬂypﬁﬁfer@ﬂnlm@ange

Het w00 1h / r/efler/akj_l Y of f/Ofmo?‘O)O t® /509@ hhoréNBreferably
nor e pre eraldy rom 750 to 3000 nzget;lnums pace

hedmsem: | dnl dyed /will | apsk v t/et4we/erfl 1/004a 59pewR 1n the

e@@%&@m%émn the Prigferc@ndif irORS-&fert hs pioEess,
ratio o

such as te ature, pressure a nol.ar
R 8 T o S TR ey 1igkr e fens fish the
prelaaeist )aridﬁe:amaglwtst feef sHeeqinaddnt fiovention,
t t r. t
un é/)iln{rggl pr&?}gtﬂséq%séu% S carr{)onyr}ws Jfllﬁ)g(IJIeH 3aT e
Svgi favr rsaatur@eofm ddig ahRsenae He IeBPIEXture, i.e.,

carbon oxi de, hydrogen sulfide or elenmental sulfur and

ydy agen shoul dybe chgsem socas +ocogsul t i n(BEUEXEESS
of hydrogen sulfide. Preferably, the nolar ratios of

fgjfé 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
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, hydrogen
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 arranged in the reactor to increase
the overall yield of methylmercaptan. Preferably hydrogen
and/or hydrogen sulfide are introduced between the catalyst
beds, thus increasing the overall yield of methylmercaptan.

The reactants are advantageously preheated to at least
120°C prior to entering the reactor. The preferred
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/H S/H ranges between 1/ 1/ 0 and 1/ 10 / 10,
preferably between 1/ 2/ 1 and 1/ 4/ 4 . \Wen

woutond/emoszg el emental sulfur to replace H S i n RdTeEH2e®ih10872

the nolar ratio of the reacta_lers Ci-2/SIH S/IH w ||

preferably range between 1 / /1/ 1and 1/ 10/ 10

/[ 10, nore preferably between 1/ 2/ 2/ 1 and 1/ 4
As shown in the equation below, the presence

/ [ 4, . ,
B’Fé}h%‘}ldb%nt?%p?ﬁa%t‘ér%r’é%%?siEFBmf orOt ke Polititi OF15E
aBérhyr el capt fune é/!ltimlﬂi&r pPEOGEEs, aadecabalcyﬁg@l Qfastelse may

[ ese L nventl.on t nNerca n ca e _eadl

£ratiied MR LMoo IR IR "BR1 B0, 080 REnERATkes
pyelf egenly o@veer? H G Okl SE58°COSr +t ey ( Bay. be) mikeds with
e&’é/ééﬁé‘%ﬁf’éuf SFIC%E yt&’ué%{:gﬁiﬂ?e%ﬁgt rBHREES using a
series o | Xe cat al yst eds O a reactor conpri si ng

one or nmultiple (n = - 10% reaction zones for the
TR nt EUPeTREEE ¢ oh? FReWRERATBHel8r IRDRESSLYt Fentrolled by

tieact émteBsese Cah tite f €dt Heyveepelihfhl eACHEOGeZ0EESM at

The ¢ t_ my be ed in_fix beds wi th

THSF b o G ate g a0 Pon opEREFEAB PR PeRe P deast

190°G dedt@00t@meraferabtynbevveerczbfdang #604C, more

%@Eé‘{éﬁf’y agbags nﬁz@fa%§e3959§‘?sv°vh%£ El]h:?uk”‘isnh' &d as
e reactants carbon oxide, sul fur, hydrogen sulfide |

BORC FRRE oenthe CFRGRSS | ntRfct geREFREURBI andr REE§Sure 1in

et of & bEeb N heeh d 0bd Ner reagtor sufbecieact At fafByaba

[ oduced separat g at different zones/catal ysts,
BT e as oL LRt FaFy ATFaAYeA Thet FEarEA olSt o

éxctleasei ¢ hef wvehed | hgael is ofupel hgdinexcaphanly .
Preferably hydrogen and/ or hydrogen sulfide are

| nt b t t ' '
IS diceh "ESURE AL, B8 PLIE pbElene JEBcLEE] JERLNT
Eeenaidiemt af coie | §y prevdatedecasbanyl equl £ide capr per

hOn B 284 NGy tHEa A€RCI PrindPEaPiRE 80 daction temperature.
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
2 bar, preferably 2 4. To increase the yield of
methylmercaptan the pressure is preferably within the range
of 4-60 bar, more preferably in the range of 5-40 bar.

Prior to starting the reaction, the catalysts are
preconditioned in a flow of hydrogen or carbon monoxide or
carbon monoxide and hydrogen at temperatures between 20 and
500°C, preferably between 200 and 400°C, and pressures
between 1 and 10 bar. Subsequently, the catalysts are
exposed to a flow of hydrogen sulfide or hydrogen and
elemental sulfur under reaction conditions. The total time
for the preconditioning process may range from 6 hours (h)
to 48 hours, preferably of from 10 to 24 h.

An improvement in methylmercaptan yield and higher
selectivities of this product is achieved when the catalyst
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preheating tenperature ranges from 150 to 350 C .
Usi ng el enental sulfur as sul fur source, the reacting
w@assm40m8y be either fed through |iquid sulfurpPel/EP2004/010872

tenperatures preferably between 150 and 450 C or they

may be m xed with gaseous sullPur prior to entering the
reactor. The tenperature in the reactor is generally
controlled by the tenperature of the catal yst bed
himteqondjdsi drrexin it 4 esste@00 1 hydupoen 600c&rbon
ASRLE APl P UWRE 5@3%&12%%96%ﬁ6‘9i§90p%10r to

preferably between 250 an , hore preferably
HAPHRE e Catyheht RY ferPPSingefhgscatalyst to

HeREdqE dUl £k OGesStrédie dLMRdaddee and PLESEYr Rhich
in thc%s\rqet?&%or shoul d be at ] east sufficient to

fREI Y e T98ff P St ate. Al though the

reaction is exothermc, further heat is supplied

B galdgs dg hastieme chacmck ehiatediby t hecpcésegt the
cﬁ}fséﬁn - dyct rbon

lgﬁ [ eecéaﬁge&rﬁém%%g%%h%%u%%€y |n%%ga£f|%nghtehle)rocess

afgen i ipRarurdrauels 819 eeas oy nt Breferagly; naeél

*add i oh tﬂl&ﬁﬁt@th?ﬁm teti'(PIS)‘t@@'Céﬁd i_l_c‘ﬁt S&Rpoeh €0ph¥ssure
I.Nncr.e (1 e rea on erat ure. e.pressure.in
SRl e enaraiai Ty UHodASEPE PTORRErap| §his may be
achiawa@ase dlenghialgl e mpddyd Neegapti@anthberpaessonezone
s nr.ef | v wiLhin the of _ 4-

i M s WA L Glfad A e i Bher8BbEan
diee thadc t9wiif 1 dehe wadter yand cardgnr debiel f1daedAinnegsential

O Qe il QISSE AL CRMDASLJIN0Kd dendf  €RE beas NBaLXGde
and hydrogen at tenperatures between 20 and 500 C

TR 4F AR 00 AP0 S , LAkl Pt dsdfragcumulation
detwaadr liranthd Ghsdes Subgenitenidyl d theve ad ahggasiaeeimpact

B S A R T Behdree RS SRE Toral

gelartivity.

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 aqueous solution of 62.0 g of K;MoO, dissolved in 130 ml
of distilled water is prepared, to which 24.9 g of cobalt
nitrate and 60 ml of ammonium hydroxide are added
successively under continuous agitation. After complete
dissolution of the cobalt nitrate, 40 g of citric acid are
added under stirring to generate the impregnation liquid.
150 g of Si0O, are brought into contact for 24 h with the
impregnation liquid prepared above. Thereafter, the wet
catalyst is filtered and dried at room temperature and then
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(h) to 48 hours, preferably of from10 to 24 h . An
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selectivities of this product_is achieved when the

catalystl 5 is preconditionedlﬁn a stream of hydrogen

or carbon nonoxi de and hydrogen or carbon nonoxi de

prior to sulfurization of the catal yst by exposing the
cdatigidydin 88 hyenogen 8HNT ifdr ¢h.a ftldearadbfonyerbepation at
anp@ogul fur which precedes the catalytic reaction. The
process is further characterized by recycling the

unconsuned reactants to the feed gas streamin the
ﬁﬁﬁégééﬂéiﬁer a first pass through the reactor.

Preferably, all reaction products liquid at 0-5 C and

at. amhi entiepnessoilatsoaulod I8 4separfatfed firomitmwate and 13.0
gaseg,U% £Ph gﬂ%ﬁsnﬂga%eﬁ%}is@% 1R ye dz%gnﬁueammtﬂled

t he gasés eav n action zone an eparatin
| i quiwasesuéh @geﬂémﬂ mince aftiah 1) rﬁetc’ff—ylcrs%ﬁlfCF oﬁaCld are

wat e LaRd 268EBoN LRigeH Lo i RS RAaAlion for 30 m1n to
characteristic_of this process._i.s at the gas be

recy@ﬁ@&rﬁ§eCGFﬁléﬂ@5$9Hﬁﬁﬁoqr%%9W egpent J 100 ¢

aCCU6E|8hDQHaﬁé Mﬂ&Eédlmnthhepﬁﬁpe&gnaﬁhbnthth@.@Ee@ared
a ne

thyl.nerc n
t he %%(%'Ssg thV| Ogﬁ%e P esen ]i@f%vle%ﬁ |3ir¥?1;h§gf the
explmeMeaama1w5¢eC@$Emdt|n®qmu£ammdn§Muﬁ$AMﬁ¢i1¢W£@ubN

of egggq a4 =&=Tpual p [ f
Catalystsgi th?? %P1%§g§1alystQ§%%Eﬁ§q3g§5;%gﬁﬁﬁé€$?n at

of 6208°§ -oPNKFREO I AXTTWRRPTFPA 3R R ieF Wrst PPFagned.
water is prepared, to which 24.9 g of cobalt nitrate
and 68 aluebuameenithdiy dfodilde @ efag@datssium molybdate

dissolved in 110 ml of distilled water is prepared, to
which 10 ml of ammonium hydroxide are added under
stirring, followed by adding 10 g of citric acid to
adjust the pH of the solution. The stirring is
maintained until the citric acid is completely
dissolved to produce a steeping solution. Finally, the
Fe,0;-NiO-supported carrier produced above is
impregnated in the steeping solution for 24 h, followed
by filtration, drying at room temperature, and by
drying at 80°C in an oven for 2h, followed by
calcination at 500°C.

Catalyst C

An aqueous solution 33.0 g of potassium carbonate and 46 g
of ammonium molybdate dissolved in 130 ml of distilled
water is prepared, to which 10 ml of ammonium hydroxide are
added under stirring, followed by adding, under stirring,
24.9 g of cobalt nitrate and 35 ml of ammonium hydroxide to
the aqueous solution prepared above. After dissolution of
all added ingredients, 50 g of citric acid are added to
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i mpregnation liquid. 150 g of SiO are brought into

contact for 24 h with the inpkZEgnation |iquid prepared

above. Thereafter, the wet catalyst is filtered and

dried at roomtenperature and thenl6 dried in an oven

aﬁjﬁ@tctﬁérpﬁhoffthomedubyoﬁa|Whﬂabi@alakdﬂﬂlﬂé stirring

%ataggs%.B %. An gueous solution_ of n q §§ﬁ3{ r.ri
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a n d un C@nti 1 a8

?ﬁ?ié@ng‘c‘ign iegfﬁgaagggt EQ hY g%ﬁa??%ﬁ%%las ?A {18 1A room

temReyakburey, fqééoye@f byg; égyarlé' §(§a|8é?6q r%nt lg@ oven for 2h,

bABRr egnat havibhgdtdsppepar ed above for 24 h , foll owed
by filtration, drying of the wet catalyst cake at room

Ee gratuge follomed by drying at 80 Cin an oven for
. tedicination at 500 C. An Fe2 3-Ni O - support ed

carrier was obtained. 2 . An aqueous solution of 41.4
3. of 7pdtmssofinanoaybdats doisblivadofncei@um ndftrate

di St{LLROCNBLEE b8 BECHALEYs LOmMNI €8 49,80 Gfich 170 ml of
ammnwm_ﬁ roxi de are Elner stirrin

by a@ufﬁhgli@dgwweé. Epi towerdthe ﬁ@PG?t’ltﬁ-’ﬁglﬁﬂ @rf tcm,rlum
sol gﬁieﬁatéhlesoigrgﬂgsil@ rrmquﬂb Ness kNt i$ %thﬁr_égh&téd for
aci IS CO ele | SSOIl ve . proquce a s epLn

2ol 4B, S8R Ehf, TmprasRas fan L LS BEebag e pie, then
prodﬂtbdeﬁhdyedfsednategoamedemperEEuSEeembﬁgawmdu&WOmrying
for 24 {Q ’06811'%}9'6909% Ebktﬁg“gﬂg ALy 8¢ .8t JHoap 500°C. an

tenperature I'n"an oven for
follﬁq@ﬁfﬂgmrted carrler was obtained.

2. An aqueous solution of 62.0 g of potassium molybdate
dissolved in 130 ml of distilled water is prépared, to
which 10 ml of ammonium hydroxide are added under
stirring. After dissolution of all ingredients, 24.9 g
of cobalt nitrate, 30 ml of ammonium hydroxide and 40 g
of citric acid are added to the agqueous solution
prepared above to adjust the pH of the aqueous
solution, while maintaining the agitation for 30 min to
produce a steeping solution with pH 8.6. Finally, the
CeO;-suported carrier prepared above is impregnated in
the steeping solution for 24 h, then filtered, dried at
room temperature, followed by drying in an oven at 80°C
for 2h, and calcination at 500°C.

Catalyst E

1. Under stirring, 22.9 g of nickel nitrate, together with
15 ml of ammonium hydroxide and 10 g of citric acid are
dissolved in 165 ml of distilled water, while

maintaining the agitation for 30 min to produce an
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calcination at 500 C. Catalyst C An aqueous sol ution

33.0 g of potassium carbonate and 46 g of anmoni um
woredoglodmse di ssolved in 130 m of distilled waP@€r/EP®04/010872

prepared, to which 10 nl of agnoni um hydroxi de are

added under stirring, followed by addi ng, under

stirring 24.9 g of cobalt nitrate and 35 m of

%59§F?¥%r X|Qe to tgg qgﬁf%S&SMlﬁlwﬁh egiof Si0,

abo |on 0 ed I ngredi en
g of(26rBOi meabl)daa“lee ixgdegmaskd ddjusté thhe Wmff;}]@ered

sol Hl'i:h%ﬁ a‘é‘“!rb%m”%'eﬂ{p@r%‘ rﬂ,&ét 'ﬁJllQﬁvéd”bﬁQixg}fh °1n an

produce an inp D %natlon in

150048 fits|8© Fz or3 2ohme§ﬁ§d é?aelqﬂfﬁ?rtég?’fhtaéa 5(}\0‘%%

| npyegeakicen al Ngo-@upPorded caddienr filtered, dri ed at
roon1tenperature fol |l owed by drying at 80 Cin an

ovelgg ﬁ:lg S Bﬁ g%%égmgat '(;L&rll% 1 de arfe Célss%ail.tvagcilsI Ddo m1

l\)

1 on cerium ni
(concedtisatildedowa@er03® d/ann) ars ammm.wsdimrm It®

fdigtihl ed y@at %rf %,Mo%}a%h tRe . cRneRNt rt%%éﬁah& fwith 15 g

ceriumnitrate. SI O7(20- 30 nes
i npPégRatadcr @ﬁlﬂﬁriemaédte@e Unesite Griah o i digeping

preﬁ@&%ﬁt&B@VgortB©nmﬁhl&Qf@%néydﬁéjéﬂsﬁééﬁmng solution
in an oven, at 80. C for

te ture fol |Lowe n
o CARE BH B ot Fafied 19 smec A db bRt Sasi €
carpmepawaﬁ abbaienéd. ithprefmagcusedus t$w (Htempiofg 62 Dution

g Ofopobags! WDl Rt el $Haledd 1ol dBdpdideure,

dis wat er preparéd, to which
anné@ﬂ&@mﬁ@db@xﬂ@@laﬂel@d@@dQanuﬁﬁ &} 9G rfiayy.2hnf tand

di sgahutin@r:enf a2l Isoigrgr.edi ents, 24.9 g of cobalt
nitrate, 30 ml| of anmmoni um hydroxi de and 4 of citric

ﬁ??ﬁ% %r% added to the aqueous sol ution
The catalysts A - E described in Example 1 were tested
under the following reaction conditions: the total gas
hourly space velocity was 3000 h™!, the reactant molar
ratio for CO / H, / HpSwas 1 / 2 / 1, respectively and the
catalyst bed temperature was 300°C (maximum) and the
absolute pressure was 7 bar. The catalytic activity was
evaluated for a single-pass of the reactor. Determination

of conversions and yields were made as described above.

Table 1
Catalyst Conversion |Yield (MC) |Yield (MC)
(co) /% /% / OucTear B
Catalyst A 28 10 0,20
catalyst B |28 11 0,24
Catalyst C 23 12 0,25
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prepared above to adjust the pH of the aqueous

solution, while maintaining the agitation for 30 mn
wa mopesoasece a steeping solution with p H 8. 6. HamEr204/010872
the Ce0 -suported carrier prepared above is
i mpregnated in the steeping §d@ ution for 24 h , then
filtered, dried a t roomtenperature, followed by
—drying-ipA-apnoven-at 80 ; n at
EalGyst @thEYst 1 . Unfdf stirring)922%9 g of nickel
nitrate together with 15 ml o f a ni um hydr gxi de
§$ f gEo focitric acifhpLare dissol(ed25n 165 m|l o f

Y?(E ater Whl|e Talntalnlng qhe agltatlor for

O D

Ao toee—andt—S8 =Pt cgncul ot lquTu wi—th pH

@0 1z ¢Enrhmc:1h011®©1@eof Si O (20-30 nesh) are
MEPL egoat éf% ggag then filtered, dried at room
tenperature owed by drying in an oven at 80 C for
2 h , and cal CI nation at 500 C to generate a

rted carrier. 2 . 62.0 g of potassium
nol ybdate are dissolved in 160 mM of distilled water
Ta)bi@rzn @hﬂoxﬂgu&ou&nls@fmbnnoftohehi:ahalﬁtnrb attivity of a

Ca%aa%SdEdc unde%q:g‘??régggy}%eg\é\qqga %%E?r%)%n&&%%lrg%o Igloz

¢@r:gzeeaera$ ecanpiredi hg gorafevenapt hapﬂlzsm o pgrEszMom

3%£éds&ﬂp9ﬁéegaﬁérEé?fl@feﬁéEgglﬁbovﬁhbsmaterlals were
Wﬁg{gnat ed in the steeping solution for

24h, the
ST | telaeaﬁo%%m@%nﬁ@?aﬁa% CPB@FE\?\EHSbythQ total

%%%lmgutnya@pfwégv@rloﬁﬂtﬁ ‘lﬁzas 2bpoantt, gzﬂm; riaiaddhhrﬁ:t molar
e cata st,s E escrine 1-N
BohD £°1 Were Yedt g'gsuﬁ’agr t he 7A({I Fowt g oe: e%cltvelry

cavglysonisedt bempetatugaswas 350°C and the absolute
pressure was 10 bar. The catalytic activity was evaluated

for a single-pass of the reactor. Determination of

conversions and yields were made as described above.

Table 2
Catalyst Conversion [(Yield (MC) |Selectivity|Yield (MC)
(CO) /% /% (MC) /% |/ OmcTeat Tht
C0,03/K,Mo0, |8 3 38 0,07
/810,
K,M00./Si0; |2 0,5 25 0,01
(reference
material)
Example 4

The above mentioned catalysts A - E were tested under the
following reaction conditions: the total gas hourly space
velocity was 3000 h™', the reactant molar ratio for CO / H;



hourly space velocity was 3000 h , the reactant nol ar

ratio for CO/ H/ HSwas 1/ 2/ 1, respectively and
wda es/cavgd yst bed tenperature was 300 C (nmaxi MROTYERNGH/010872

the absolute pressure was 7 bar. The catalytic

activity was evaluated for a2fl ngl e-pass of the

reactor. Determ nation of conversions and yields were

made as descri bed above. Table 1 Catal yst Conversion

YiBisl MOl Vi @ d/ (MO)ardsEDer %édh /wdatpdyBoérRe@B8idOthe

0020n 02! BLY8LaBodga Lo 242V S) £ 29:d2.0:28081) . vor

batbhopasesoxte malmthlymetempeaat&xanpae 32086l e 2
?HQ%@m&nFOQH&rtﬁénaﬂé?i%g C@%@Eé’&k@ @SE' ¥i H%,0f The

catal yst consistin I mpr.egnat ed on
S?@%&FWe@c‘éé"é*éﬁp‘d@%de’t’%l‘aa%fle?@ﬁcé eAnglespase of the

peaetér Il\/bxﬁé s&PROKS €doR nog h@oﬁﬁ&E? £ahei endngt eniggl wetlemade
ria t ested under e.follow.,ng r cto

TR Fhatt| FROTE: b <GS hohr £y o8piYeCOUPBEF £ ids the high

8P80e ht ithe yratfandf nbéthyiméroapvanChrbdiicedHIE whe 2
, tively, the catalyst bed tenperature

é%%sé%%%{(g%%g%he absol ute pressure was 10 bar. The

catal ytic activity was evaluated for a single -pass of

the reactor. Determ nation of conversions and yields

were made as descri bed above. Table 2 Catal yst
Conversion Yield (MC) Selectivity Yield (M)



(CO/% /% (M)/%/ Co OK MO8 3 38 0, 07 /SiOK MO
/Si2 0,5 25 0, 01 (reference material ) Exanple 4 The
woehovenent i oned catal ysts A - E were tested wpaderP200u10872
followi ng reaction conditi on?' the total gas hourly
space velocity was 3000 h , H‘e reactant nolar ratio
for CO/ H20/ HS was 1/ 1/ 2 . Another test was
performed in the absence of drogen (CO/ HS =1/
3), respectively. For bot PF'%‘?% the catal yst bed

pressure waco/aH,sThelgaval ytic aato Sy =was/ 3
eval uated fjor a single -pass of the| reactor.

fermnati nvers nd yi d W d
%t P Hed a:gé(;% = Jaﬁ‘gﬁﬁe ]r(garly ermnshh?jé@ “ﬁféléld
hi gh space e y| €@k of (M@t hyl mercaﬁpt-an MOHucetMch /
the present asfir&t? 55g - 21 T&b%cat H{dh S 7 1 U P Qe Bt p?
S

S = 1/3 Cat uonYle Con Yield Yieldjver
(M) (MO) ) (MO (M) / sion /% & [ % (CO | (cO
/% /% Catallysg A 1 32 0/ 59 93 24 0,47 Cafalyst B 71
32 0,68 93 6 0,54 Catal yst C 72 33 0,68 D1 24 0| 48

SAAYST D |37 1356 94 @ps9. 5T o3 [24 0,47
catalyst B |1 32 0,68 93 26 0,54
catalyst C |72 33 0,68 91 24 0,48
catalyst D |0 32 0,66 94 25 0,51
Catalyst E |72 32 0,77 92 25 0,60
Example 5

Catalyst B was tested under the following reaction
conditions: the total gas hourly space velocity was 750 h
1500 h™, or 3000 h'!, the reactant molar ratio for CO / H;

/ H;S was 1 / 1 / 2, the catalyst bed temperature was
varied between 220°C (minimum) and 320°C (maximum) and the
absolute pressure was 7 bar. The catalytic activity was
evaluated for a single-pass of the reactor. Figure 1 shows
the selectivity for methylmercaptan formation as a function
of the total gas hourly space velocity and the reaction

temperature.

Table 4 demonstrates that the formation of the by-products
methane, dimethylsulfide and carbon bisulfide is kept to an
absolute minimum (S < 1%) under the three reaction

conditions of the process.



Catalyst E 72 32 0,77 92 25 0,60 Exanple 5 Catalyst B
was tested under the follow ng reaction conditions:

wao tespensd gas hourly space velocity was 750 hedBRR200/010872
or 3000 h the reactant nol ar
the catal yst

was 1/ 1/

absol ute pressure was 7 bar.

2,

ratio for CO/ H/ HS

tenperature was varied
between 220 C (m ni nun) and 320 C (maxi nrum and the

The catalytic activity

was eval uated for a singl eTphte &f the reactor. Figure

1 shows the selectivity for methylmercaptan formation
@ 1 9nat) qn @, hestebah pasciour|lsmpnce syekosi
/aﬂ’g"lth readtjon tefperaturf, Tabld 4 demonstrafes
tHat {h& for|fdtion of the blL%brodudt/® net haré,
-di-rethydsul-fli-de—andicarbon pisulfide is kept to a
wsol utd m fidfum (S|¥71% upler thd<three f&action
condi {ions df the pfocess. 2R Tabl e (4 GHSV $( MO S(b)
%&ps 45( CH[B9S(DVB) 28( CS ) [ L1 7% %1% [ % | %/ % 75D 43
17{0 <1 41 1500 41 39 20] <1 <1 <1 3000 28 31 39(0 O
4 oL / o el oo ol Ant t O — caollact v
1L OR Y TOUT T pact—iv \vAwy| T — oCIifCCT T VvI T
E&QrpleBG Ca?’éllyst > has te%qrgd under the f56F ow nf
eaction conditionsl the toh al _qgas jhourly s$pace
MO t9h a5 3980 dpdde FERSE molar ratio for CO/
H/ H géms 1/ 1%102 , the cg?%lyst bed tenperature
5 Ed-oetXveen 220 C (ninimun) and 320 C (maxi mum

and the absol ute pressure was
Example 6

Catalyst D was tested under the following reaction
conditions: the total gas hourly space velocity was 3000
h!, the reactant molar ratio for CO / H, / HS was 1 / 1 /
2,
(minimum) and 320°C

the catalyst bed temperature was varied between 220°C
(maximum) and the absolute pressure was
7 bar. Table 5 shows the selectivity for methylmercaptan,
dimethylsulfide

and carbon bisulfide formation as a function of the

carbonyl sulfide, carbon dioxide, methane,

temperature of the catalyst bed. It should be noted, that
the formation of methane, dimethylsulfide and carbonyl
bisulfide is kept to an absolute minimum (S < 1%) under the
various reaction conditions. The catalytic activity was

evaluated for a single-pass of the reactor.
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2 . Process according to claim1 , wherein the active
conponent is a My- -K- based species, its precursor

waoazoes/enistes of nol ybdenum 3 . Process accor dirtg/ER2004/010872

claim2 , wherein the active conponent is a potassium
nol ybdat e or ammoni um hept ant24gbdate(NH ) plus a
pot assi um salt or nol ybdenum oxi de plus a potassium
salt. 4 . Process according to claim3 wherein the
whkaghisr aLladmes KgMO /carrier is of from0.01-0.80/1,
when the active conponent is expressed by the anDunt'
gf K&/DO' or the vveightfratig of Mo _3/K O/carrier

-01- CBTBYPEOBE PHOSEPT, fRheh ?heaaeﬁessuaenﬁénem P
expr emstdybyerhepaanubly obnbBO:3ngndnKiOtimate Rricmesse of

accor g poh 0ok AL ! aﬁlf%@ ohgérbﬁé’geg%h%féée B Mfarogen

conponent of 't reg or “coat
onto @&heetavated §9mner@tuseepandppégﬁaureﬁ aysid & to

the Sitdféﬁéﬁm@& gbelaueeeatyge eerRbirRgiak Bﬁea%l’tﬁwt
W th nen .. Process according

he active conpo
cl ai nfamBoRegE at g&h@rglﬁa§ﬁ@ ﬁE?F%@Sca?QI?§Flﬂﬁé§r9?°ter
extrudﬁd,0@pﬁ$bhell?edateafﬁiarthree di mensi ona
catal yst particles. 7 . Process according to Caiml,

EherebPoéggﬁ QESQ?&?HgZES E§35S0¥C'Sﬂekgléh%hE?%%tﬁas

sfre ceSs accor Ing to
7, mheme¢menhe1§ae Yo-BeKrbayefiedppsicepanssepriocumsor are

al | byzpaogdustsm¥hisleanf. | iquid at 0- 5 C and anbi ent
pressure, and wherein the recycling gas is

ataI%tlcaIIy convgrted SO s to onlg consi st of
ar boh* xFeRs2Ch9Erb98ntaAng ﬁ§ﬂr%gew gtPfPgLhegactive
Pr ocessmpotendi hyg & opavysefuhhtobybaetdengrchamaiium

heptamolybdate (NH,) (Mo7024 plus a potassium salt or
molybdenum oxide plus a potassium salt.

4, Process according to claim 3, wherein the weight ratio
of K,MoO,/carrier is of from 0.01-0.80/1, w@en the
active component is expressed by the amount of K,Mo00,;
or the weight ratio of Mo0O3/K,0/carrier is 0.01-
0.80/0.01-0.50/1, when the active component is
expressed by the amount of Mo0O; and K;O.

5. Process according to claim 1, 2, 3, or 4, wherein the
active component of the catalyst is impregnated or
coated onto the carrier by multi-step impregnation
applied to the surface of the support or coating of
the support with the active component.

6. Process according to claim 1, 2, 3 or 4, wherein the
active catalyst mass is extruded or pelletized to form
three dimensional catalyst particles.

7. Process according to Claim 1, wherein the unreacted
gas is recycled to the feed gas stream in the process.
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wherein the selectivity of each of the by -products
nmet hane, di nmet hyl sul fi de and carbon bisulfide is not

waoioghesoshan 1% 10. Process accordi ng to any BEFfT/EFM®04/010872

preceding clains, wherein thg.total selectivity of
nmet hyl mer capt an can be increaSed by decreasing the
total gas hourly space velocity to | ess than 10.000 h
, and/ or bé si mul t aneousl y _increasing the reaction

8t enpeF AFGFE BECPERPBLafrOr 843P o BHEXELIR fhe g ds} Pe

accordcpgled Chakspidatetiefeom the W-Profascdwuiiiych are
space.yvelocityn,i ecreased.so.as _to be within the .

g ST 08t h0r 8 B 0600 SIRARRE PRESFeRS Gid whbrein the
t enpeeayvot engsgsenukt aatelytyceddyveaseverded so as to only

tenpepatiLes tr @ bei4aQ C RE HRAGAIEH N0
to any ofgghg prggéggng éé%?ﬁs?y%%§F§$LQ§he§}ota &
sel e8B1{i€9- of nethyl nercaptan is increased by at

| east 1,5% by decreasing the total gas hourly space

9Xﬁloptb¢eﬁg ié&b;&EngPt69?§§ a&igh@L@&édédﬂﬁgraE$ims,
erejn the rri e | .SILLL I Ca. . r QC S cCCor

Lo CIAPRRISWhAPeP R L ERELNEEYy BEpFa OF fics Rivg Produtts
cat amgthasgst dimeshglrutfade ehdoxiaddenobisullffiides iy not

sul f§ n i dgs sel ected fromthe groups
cons#ggﬁﬁg ngﬁogsbdenunl iron, cobalt, nickel,

| ant hanum cerium_and manganese.2 6 15. Process _ |
19ccoPuPRgSEo2EFaF iR, tRher¥i ALt RBcaBreFedinchtidins

se!Sﬁh@ﬂeiﬁoahéheogﬁmuse@Fasﬁsgtpgoqgmbg@@amaﬁaaﬁﬁaﬁﬂcan

(0) 4| S Or rare art nmet a OXlI . . roces

o cobsi RictEeEed kv ate i Bar el The Fotart SPa POWRLY pace

contealecinyt he taesal yetn 10.000 h™, and/or by
simultaneously increasing the reaction temperature to

temperatures up to 500°C.

11. Process according to Claim 10, wherein the total gas
hourly space velocity is decreased so as to be within
the range of 100 h™? to 5000 h™!, and/or the reaction
temperature is simultaneously increased to
temperatures from 250 to 400°cC.

12. Process according to any of the preceding claims,
wherein the total selectivity of methylmercaptan is
increased by at least 1,5%, by decreasing the total
gas hourly space velocity by 75%.

13. Process according to claim 1, wherein the carrier is

silica.

14. Process according to claim 1, wherein the active
promoter of said catalyst system is a mixture of
oxides or sulfides or sulfides and oxides selected
from the groups consisting of molybdenum, iron,
cobalt, nickel, lanthanum, cerium and manganese,
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K MO /M /carrier equals to 0.01-0.80/0.01 0-.10/1,
when the anmount is expressed by M; or the wei ght

WO Bb$/040082 t he contents in the catal yst MO / K K/TEP2004/010872
/carrier equals to 0.10-0.504Q.10 - 0.30/0.01 -0.10/1,
wherein Mis selected fromthe group consisting of
transition netal oxides and rare -earth netal oxides ,

and x

and y are integers from1l to .

Pro
1§ccoPHPﬁ§stso ACCRFMLTE, BRh&l&i™ M4 s "‘Q??Jiﬁérraet%%l ctEeE
f r onpirbaogeaup sc erSietitgiy fafon e grduhdssneisting of

mang
Pr oc

Dghgs rEaRak e A Gielacd ANt NANUM AN QLU IB)see.

erern eac Irve

conponents are met aI sul fides, produced by sulfurizing
1i-t hPpgesgeAcsoridide o srlaim e méwmueion. the wakght

pr°C§§%160%Qr@h@gcb%ﬂgdﬁénih1tH@“€é%él§§E*pOtaSSlum
conmponent in the - derived fraomthe

cons@?‘ﬁ@{%%%?ﬁ%?ﬁw?%@tlét £° BofasSi- &%/ ngllat 1071,
pot aw&ewrthyédamuﬁe;, 1@otea<§ﬂleggemrd@om@bg, oot 8Bai waight

nitrat

Pr ocess

e g E?\tas%l icarb atec ¢ 0l o ¢
accof8i Hﬁ i M f |"se|1ﬁ'1 Sar &t )ysst is prepared
by nifbOs/K1/8K0, npaeghari equwhentki M6 CO- OM3O/® a0 -
(NH4b By .a1R0t @L%)S/'lu%@rte nsl*/f"q@ %\éqqgc,acce r% SHe group

of the active conponen . rocess accor

cl ai FPRS1skABLeoR |tm§m§g}r$&tqrbrmqt§lpé>r>flmfeoﬁrb§ ltﬁslf%'gearth

pot amskm s&liliesselseet &d s e ArEy<aNsisdm Ny © 5
pOt assi um acetate, potassium oxal at e, pot assi um

X
B s Be P r ity

pot assi um C%r bonat.e

BT e

sium ni.frate, and.
dﬁ% an oxXide

sel esedectedmftrben gheu grwms icstrisrigs tafngrel £y idemum
Iron moﬁ%ﬁle}lumr,] ' ﬁ\ié?llg’anle@ét, h FYH tc'e Hi¥Re1 , lanthanum and

18.

19.

20.

21.

cerium.

Process according to claim 3, wherein the active
components are metal sulfides, produced by sulfurizing
with hydrogen sulfide prior to the reaction.

The process according to claim 1, wherein the
potassium component in the Mo-0-K is derived from the
group consisting of potassium acetate, potassium.
oxalate, potassium hydroxide, potassium carbonate,
potassium nitrate, and potassium bicarbonate.

Process according to claim 1, wherein the catalyst is
prepared by multi-step impregnation when K;MoOs, MoO3
or (NH4)¢M07024 plus a potassium salt is employed as
precursor of the active component.

Process according to claim 20, wherein impregnation is
performed by using potassium salts selected from the
group consisting of potassium acetate, potassium
oxalate, potassium hydroxide, potassium carbonate,
potassium nitrate, and potassium bicarbonate, and
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and manganese. 22. Process according to claim1l
wherein the reactor tenperature is at |east 250 C ,

wo bespainsd pressure is at |east 2 bar, the totedT/BE®04/010872

hourly space velocity ranges . from 100 - 5000 h and the
reactants are at a tenperature of at |east 120 C when

fed to the reactor 23 Process according to claim1

or 20, erein t erature is_of from 300-450 C ,

t he 5 Jr 1Sl ¢atedntr PRetP6t gifolg}ﬁsconsmtmg
hour lof spsicebde e tyrds, 7063000 hick@d, PaneRsaum, cerium
accor 1, wherein the reactants, carbon

oxid éﬂéﬂ%ﬁqﬂazﬁ§ or hydrogen sul fide and hydrogen are

fed to the reactor, respectively, at a proportion of

32 0/ BIPARFS/AVACI LW 5. cImmim pk ocelRereincthpnreactor

wher Qiéinﬁékeat’f@@étisona& S1&36¢ I pelooit ReacktX@Upressure is
cat al arrangenent or in a fiuidized bed to aid

in re‘éct](ﬁ'ast% 3t ur'e R o gf'fstlﬁ%ué;(m fegffcvelocity
reactral[ges?fiﬁrd?ﬁ 0BG S- B0 thigah8 thal Mebhc@ants are at a

Compri T e S mitt e (2l ith FedcEPonzoReactor-

is used for the che_m cal reaction, in vvh| ch one or
2dr e RYfoqdns rmrdvglgga@@scb@imbb ded2Bet veeneihethe

react {o) t I :
wher eﬂf n %fmggﬁ aly O"ﬁfiﬁ :g??:a%%fj@l ne?léxgggﬁégre s at
with ]te?ﬁ%ﬁ’ rfe dPa eartjjastli‘% ‘é‘é‘%&ﬂorﬂ%‘f PRF¥1Y ubbpge velocity is

reactmes-Fauo enhbetter tenperature control . 28.
Process according cl ai m 26, mherein hydr ogen, hydrogen

[ fi nt hesi as, or C n ox1de are fe
2h ¢ e R e S Y R oS F et e
carbon oxide, sulfur and or hydrogen sulfide and

hydrogen are fed to the reactor, respectively, at a

proportion of 1/0/1/0 to 1/10/10/10.

25. The process of claim 6, wherein the reaction is
carried out in a fixed catalyst bed arrangement or in
a fluidized bed to aid in reactor temperature control

of the exothermic reaction.

26. Process according to claim 1 or 7, wherein a series of
fixed catalyst beds or a reactor comprising one or
multiple (n = 1 - 10) reaction zones is used for the
chemical reaction, in which one or more of the
reacting gases can be fed between the reaction zones.

27. Process according to claim 1, wherein the catalyst may
be arranged in fixed beds with intermediate gas
injection or multitubular reactors for a better

temperature control.

28. Process according claim 26, wherein hydrogen, hydrogen
sulfide, synthesis gas, and/or carbon oxides are fed

to the reaction mixture between the reaction zones.
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29. Process according to claim?7 or 26, wherein al
products which are liquid at 0-5 C and anbi ent

woesewoz after the reaction are separated fr eOIWERI@AE0872

and the gas is then recycled into the renaining

gaseous fraction to the feed'ﬁ%s . 30. Process

according to claim?29, wherein the recycling gas is
directed over a catalyst bed for the conversion of

BY - pr Brecess bat¢ovedbei ngor etgtined to 2he Wbedegasall
streafyoddec SOEESE RFE0LILRYA! 8: Chab o Sananarkekh .t Ne

mai n by products are carbonyl sulfide, carbon
disuIP¥%ﬁ§u%%d?%¥eHiﬁ%?h?P@ﬁF%PHe@r32$eP@B€§§§ from the gas

accorghdocie® sadi 1y hemheeei 81688 iptoduBkSramn@ining
catalgtlcally converted to cagboa di oxi de,
met hy¥ AT Capt B QhtPRy P ogBh SEFFi 88Sbefore recycling

themto the feed gas stream 33 . A process for
pPepaProness sattardimef bonedatat afysvheysinnthe recycling

conpr sl ngs ther SLeRs eé?f)apésegﬂ,gg ?Qdi ?B!{;egﬁ@t t8Rversion
l'iquid of an aqueous solution of a salt of a

trans?f i¥rpiedpcey Poafere kaing nec¥rladdte phechessr gas
of K Mokdgs. plus a potassiumsalt or MO plus a

potassiumsalt; and Il) inpregnating a suitable

[ ith h i ' l,quid, foll d by.
A1 AT T AT B SR Tt gaP A Be e nBodtchY -
i nt erpmeatiates tareobtarvonhe sal bigst . c84boA gisuvéssdeor
prepqéﬁéwaxégmééh¥§g§¥§{ggd cat al yst system

conprising the steps A ) preparing an

inprggnation l'iquid of an aqueous ]
32. rocess according to claim 30, wherein by-products are

catalytically converted to carbon dioxide,
methylmercaptan and hydrogen sulfide before recycling
them to the feed gas stream.

33. A process for preparing a solid, preformed catalyst
system comprising the steps of

I) preparing an impregnation liquid of an aqueous
solution of a salt of a transition metal or rare-
earth metal and a precursor of K;MoO4 or
(NHg) éM07024 plus a potassium salt or MoOs; plus a
potassium salt; and

II) impregnating a suitable carrier with such
impregnation liquid, followed by drying the
intermediate produced, and calcinating such
intermediate to obtain the catalyst.

34. A process for preparing a solid, preformed catalyst
system comprising the steps of
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solution of a salt of a transition netal or rareearth
nmetal; B inpregnating a suitable carrier with such

woi2opveEgesat i on |iquid, followed by drying the PCTI/EP2004/010872

i nt ernmedi ate produced, optio l'y cal cinating such
internediate; C ) preparing aqueous st eepi ng

sol ution of a precursor of KZMOO4 or (NH ) plus a
potassiumsalt or MDO 3 plus a potassiumsalt; and D)

st eephhg tPECPRT tReedi at BPPLEYateani A1EB)Aweth aph@queous
aqueous st &sPuPPYos0bEt 408apProdeCedtirAnECLidRdnih@N or rare-
dryi ng and caIC|nat|fg the resultant catal yst. 35.

Process ac®dfotrmgtdlclaim 33 or 34, wherein the

i mpregnation liquid and/or the steeping solution is

treated w itpaeédydt ang dessubdbtabheocganierawitdth such

cont ai ni ng. . Qne n
aci d func?} Fég%?{ ?%c%ggﬁggto?é?géagg g&a?%?%égoQ%e
wher ei n t henberpediatderreddrad: hgptienadavdeadcinating

di met hyl aggtiM fdeerhrbdiibe; organic acid is formc
acid, acetic acid, propionic acid, butyric acid,

pent anoi ¢ aci d, hexanoi c acid, acr%llc acig, gropi%nic
aci d, Vi nyPBERET tNA e, AHRERARE r SFREPARPuSOLPGEOR; £F 2@

acid, 4-pentecorsoncsdfl, KMydyooirc (A, Mok iplasi d,

mal oni ¢ acj cCl nj cid, | e] Cl . .

3- hydr oxybéf?%/?:?s%l%i %j&% %’?éﬁg@ g%:lf%lsa %g‘?%t.%s%%?’a, salt; and
citric acid, tartaric acid or ethylene . _

di amiPe- t ettoeRing BleedinBernediebsspraedsrafingnt dB) with

cl aidm 35 OfhSCaqubeisi St £B81iNEISP1 Gt d6hdpk8atkkl ¢n (C) and
act d. then drying and calcinating the resultant

catalyst.

35. Process according to claim 33 or 34, wherein the
impregnation liquid and/or the steeping solgtion is
treated with alkyl amides, or an organic ac%d
containing at least one carbon atom and at least one

acid function.

36. Process according to claim 35, wherein the alkyl amide
is dimethylformamide or dimethyl acetamide, and the
organic acid is formic acid, acetic acid, propionic
acid, butyric acid, pentanoic acid, hexanoic acid,
acrylic acid, propionic acid, vinylacetic acid,
methacrylic acid, crotonic acid, 4-pentenoic acid,
sorbonic acid, oxalic acid, malonic acid, succinic
acid, maleic acid, 3-hydroxybutyric acid, glutaric
acid, adipic acid, citric acid, tartaric acid or
ethylene diamine-tetracetic acid.

37. Process according to claim 35 or 36, wherein the

organic acid is citric acid.



