107

15

=20

25

" 30

Method for the continuous production of methyl metcaptan

from carbon-containing compounds, sulfur and hydrogen

The invention relates to a process for continuously

preparing methylAmerﬁaptan by‘reactihq-a'mixiu;e comprising

- carbon compounds with sulfur and hydrogen, wherein the .

carbon disulfide and hydrogen sulfide compounds which form

are converted to methyl mercaptan.

'Methyl:mércaptén'is aﬁ'industrially‘important intermediate’
for the synthesis of methionine, and for the pre@aratioh of
dimethylfsﬁlfoxide_and_dimeﬁhyl‘sulfone. Methyl mercaptan
is prepared predominahtly from‘methéno; and hydrogén -
sulfidé by reaction over a catalyst consistiﬁg of an

aluminum oxide support and tran81tlon metdl oxides and

basic promoters. The mercaptan is usually synthesized in

the gas phase at temperatures between 300 and 500°C and at
pressures between 1 and 25 bar. The product gas mixture
comprises,-as well as the methyl mercaptan formed and

'wafer, Ehe unconverted proportions of the methanol and
..hydrogen Sulflde startlng materlals, and, as by~ prcduc s,

dvmethyl sulfide and dlmethyl ether,‘and aLso small amounts
of polysulfldes (dlmethyl alsulflde) Gases which are inert
for the purposes of the reactlon, for example carbon
monox1de,‘carbon d10x1de, nltrogen and hydrogmn, are also

'present in the product: gas.

The methyl mercaptan formed is removed from Lhe product gas

mixture, for example as explaln@q in US 5866721, 4in a
plurality of distillation and~scruobing‘columns at

températures between 10 and 140°C.

Methyl mercaptan can alternatlvely be- prepared from carbon

oxides, hydrogen, sulfur and/or hydrogen sulflde -According

to US 4665242 for example, thethyl mercaptan ws prepared

‘using catalysts based on aikall metal tungstates Compared

to the methanol-based.method, these processes have lower

selectivities for methyl mercaptan and conversions of
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carbon oxides. US 4410731 relates to a process and
Catalysté for ﬁhelp;eparation of methyl mercaptan from
carbon oxides, hydrogen and hydrogen sulfide or sulfur .

' based or alkali metal molybdenum sulfides comprising

transitién metal oxides as promoters, and. alumlnum oxide as

a support. W02005/040082 claims a process and Catalysts for
the preparatlon of methyl mercaptan from carbon oxides,
hydrogen and hydrogen sulfide or sulfur, based on alkali

metal molybdates comprising transition metal oxxues as

promoters, in which silicon ledee‘pxeferably serves as a

'Support.

Us 2008/0293974&1 claims a.process and uatalysts for: the '
Drnparatlon of methyl mercaptan from ‘carbon-~ - and hydrogen~

. containing chpounds, sulfur and/or oxygenvbased on alkali

metal molybdates promoted with transition metal oxides.

The preparation of methyl mercaptan from carbon disulfide
or carbonyi sulfide and hydrogen is a furfhér'élternative
to ;he methandl—based méthod. However, thé prbéésSes areAmA
characterized by éomparatively'low selectivities‘fdr methyl |
meréaptan; a multitude of byfprodugts'&hich are - ‘

inconfenién and COstly to remove, and the necessit y of

'-handllng tox1c carbon dlsulflde or carbonyl eulflde 1n

large amouﬂts

US 4, 037 613 descrlbes a catalyst free process for

| preparlng carbon dlsulflde from sulfur ard hydrocarbons.

* Bell et'al. describe, in'US 2,565,195, a process for

hydrégenating carbon disulfide to methyl mercaptan and
dimethyl sulfide over Fr¢edel Crarts~type acidic catalysts
(A1Cls, BF3). The by p*oducts obtained lnclude hyarogen
sulflde, thlo;crmaldehyd@, trlthmomethylene, s

“methylenedlthlol methane ahd ethene.

‘Audeh et al. describe, in US 4,822,938, the reaction of

methane with sulfur to give carbon disulfide, methyl
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mercaptan and higher hydrocé*bons. Catalysts based on Co-Ni
systems and H-ZSM-5-zeolites are used. The aim of the
reaction is the gvadual forma*lon of higher aliphatics and
oleflns based on methane in a- ‘Fischer-Tropsch-like

_reaction. Carbon disulfide amd methyl mercaptan are

'COHSld@”ed here as 3ntermed1azes.»Dlsadvantaces of the

reaction are comparatlvely high reactlon Lempmraturea of
580-640°C and a nroad spectrum of sulfur- containing
Teactﬁon Droduc s for example hydrogen sulfldu.

Accor ding to US 4,864,074 to han et alq, sulfur is .reacted
with methane to give methyl mercaptan and higher

hydrocarbons over aluminum oxide and zeolites. In this
- Process to&, hydrogen sulfide forms in StOlCthﬁ@LrlC

_amounts

The dlrect reactlon of mixtures obtalned in other
processes, which comgrlse methane or higher, eepec1ally

saturated, hydrocarbons, w1th or w1tnout water, hydrogen

A-and sulfur compounds, espeCLally carbon dxsulflde, to
Vmethyl mercaptan, has to‘date not been. possible in .

'1ndusbrlally relevant yields and Sélectivitiés{'but instead

leads to a multitude of by-products. There is a need for
purlflcatwon prbceases, some of them complex, in which a
multltude of secondary ‘components cannot be recycled into

" the process This reduces the- overall select1v1ty for -
‘methyl mercaptan and hence the economic viabil ity of the

process.

The reaction of Hydquarbons with sulfur is always
accompanied by the formation of hydrogen sulfide. This

A“;constitutes 4 significant disadvantage since the'hydrogen
3@ “:sulfidc obtained accordlng to the prlor art, cannot bé-
- ~ut -ilized in- another process and has to be converted to .

'alemental sulfur and water by means of combustlon with a1r 

or oxygen in the manner of a Claus like reactlon Owing to
the addltlonal capital cost of an HQS regeneratlon plant
{(Claus process) and the loss of the hydrogen component of .



value in the H;S combustion, this reduces the overall

economic viability of the process.

It is an object of the embodiments disclosed herein to provide
an economically viable process for preparing methyl mercaptan
from wmixtures which comprise especially hydrocarbons and
sulfur, wherein the hydrogen sulfide obtained 1is utilized
in an economically viable manner. The carbon disulfide
which forms as an intermediate can also originate from

other sources.

The disclosure provides a process for preparing methyl

mercaptan, comprising the steps of

a) hydrogenating carbon disulfide with water and
b) reacting the hydrogen sulfide formed in this reaction
with at least one of the compounds gelected from the group

consisting of aldéhydes, ethers, alcohols, CO, CO,, CO+CO,
and COS, in the presence of a metal oxide catalyst. The
reaction with the carbon oxides is effected in the presence
of hydrogen. The further oxygen compounds mentioned should

preferably be used as a co-feed in this case.

In a first aspect, there is provided a process for preparing
methyl mercaptan, comprising the steps of a) hydrogenating
carbon disulfide in the presence of a catalyst and b) reacting
the hydrogen sulfide formed in thig reaction with at least one
of the compounds selected from the group consisting of
alcohols, ethers, aldehydes, COS, CO, CO,, CO+ _CO;, in the
presence of a metal oxide catalyst, wherein hydrogen is only
added 1if reqguired, <characterized in that molybdate or
tungstate comprising catalysts comprising transition metal and

alkali metal oxides or sulfides as promoters are used.
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This process can preferably follow the preparation of the
carbon disulfide. Carbon disulfide can explicitly also be
obtained via the disproportionation of carbonyl sulfide

(COS) to carbon disulfide (CS,) and carbon dioxide.

The reaction mixture obtained in the preparation of carbon
disulfide comprises, in addition to the in the any
unconverted sulfur and hydrocarbon(s), carbon disulfide,
the hydrogen sulfide formed simultaneously and possibly
further compounds, and 1s referred to as the reactant

mixture.

In a preferred embodiment, the methyl mercaptan formed in

the hydrogenation of the carbon disulfide is removed before
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the_cbnversion oflthe hydrogen sulfide present in the

reaction mixture formed to methyl mercaptan.

The hydrbgenation of the carbon disulfide takes place at a
reactioﬁ pressure of at‘Leést's bar gauge, especially up to
50 bar-gauge,~and é temperaﬁure of aﬁ-least~200°c; '
espec1ally up to 350°C, where the molar. CS,/Hp/HS ratio is

in the range from.1.¢.l to 1:10: 10, preferably in the vaﬁge

 from 1:2:2 to 1:5:5.

The hydrogeﬂ present in excess serves as a react¢on

component in the subsequent reaction of hyd ogen sulfide

:w1th CO and/or .CO; and need only be added there 1f

regquired.

‘Thé ‘economic viability of the overall process for préparing
‘methyl mercaptan, which proceéds via carbon disulfide as a

precursor, depends cruc1ally on the product selectivity- for
methyl mercaptan, based on the carbon source used. The
1nvent1v¢ use of carbon compounds which are obtained as

" secondary boﬁpohents of, or as waste streams in, other
processes or have-to date been utilized only as a fuel for
- energy generation can achieve an addL»lonal cost advantage.
,Examples of sources of these startlng mixtures. for )
preparing carbon’ dlsulflde are natural . gases which comprise

sulfurmcogtalnlng components,(e.g,-ﬂgsﬁ CO8) as impurities, -
and carbon disulfideuconta'n'ng streams. The mixtures
generally comprise prefer ably methane and one or more
saturated or unsa?urated hyd*ocarbons w1th a Cy~Cs radical.
Further sources used for startlng mlxtures are industrial
processes for obtaining organic nltrogen or sulfur
nompounds, in which relatlvmly larce amounts of by—products
are ob*alneﬂ, but Wthh must general;y,'accordlng to the
prlor art, be 1n01nerated wmthout further- addition 0f value
or dlsposed of in some o*her way. More parLlcularly, in the
process accordlng to the 1nventlon, offgas streams whlch

are obtalned in such proces;es and comprlse, for example,

H,S, CoOs, soz, 503~containing compounds, alkyl sulfides or
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élkyl'polysalfides can be used. These explicitly also

include gases which are obtained from offgas streams from

plants~for generating energy or chemical products, directly .
or via separation’ techniques, or arise within biological

metabolism processes (e.g.. fermentatlon and: degradation.

- processes). These gas mixtures may comprlse, as main

components, hydwocarbons, especially methane, carbon
oxides, organic sulfur and ﬁl;rogen CampOJnds or hyarogen
sulfide, as well as fdrther vompourds, and are used with

preference in the process according to the invention.

The direct reaction of starting mixtures, for example,

natural gés.with methane_as the main coémponent,
~hydro€arboné,'fdr example, from heavy oil fractions,
';esidués from crude oil refining or:higﬁer hydrocarbons in
general, for example oligomers, polymers or polycyclic

: aromatics["which are normally obtained, for éxample, élso

as waste streams in other chemical processes, with sulfur
and the subséquent hydrogegation,of the carbon disulfide to-
methyl mercaptan with further conversion of the'hydfogen

ﬂsulflde formed at the same ‘time is the subject of the

invention. Ow1ng to sngn1flcantly lower raw materlal costs,
it hdS a 1gn1f1cant cost advantage in.the varlable
operatlng costs. The. hydrocarbons used are, 1nd1v1daally or

in a mixture:

alkanes having 1 to QO'carbén atoms,  especially havihg 1 to

8, preferably having 1 to 4 carbon atoms, especially
methane as the main constituent of the~hydroéarbons, with
30 to 100% by volumé, satufated cyclic or unsaturated
cyclzc hydrocarbon compounds, which also lnciude poiycycllc

aromatlcs -

' The ether used 15 praferably dlethyl ether, the aldehyde.
formaldahyde

The alcoqols 1nclude methanol ethanol pxopanol, alcohols
hav;ng 1-10 carbon atoms and at ieast one bydroxyl group,'



Lo
,‘gaseous form at the tlme of the reactlon Advanfageous¢y,

15

2C

25

30

‘polyols and especially methanol.

In one embodiment, the invention is notable in that

hydrogen sulfide, which forms, for example, duriﬁg methyl
mercaptan: formation from carbon disulfide; is converted by

ipreferably simultaneous reaction with carbon- -and oxygen-

containing cohpounds to methyl mercaptan, and need not be
worked up by a downstream Claus procegs to glve sulfur or

in some otber way.

The carbon compo&nds or hYdrocarbons can be provided in the-

SOlld llquld or gaseous s;ate, but are preferably in

the hydrocarbon supp ying source fed as the reactant to the
process for preparlng carbon disulfide is natural gas with
methane or ethane as the main constituent. In»addltlon, the

reactant gas may comprlse crganic sulfur compounds or H,S.

- Likewise present are generally inert gases, for example

nitrogen.

The reaction of these gas mixtures with sulfur is effected
without further workup of the gases at a reaction pressure’
of at least 5 bar, especially 5 to 50 bar, and a ‘
temperature of at 1east 200°C, especially 300-600°C, with
liquid or gaseous sulfur in é‘one~stage or multistage -
process step, optionélly in the presence of a catalyst
known from the. prier art, for example Co-Ni syqtems or H-
7.5M5~ zeolltes

'Sulfur is used Wlbh an excess of 1 to 30% compared to the

stoachlomefrlcally necagsary amount.

Carbon diSLlfidé:resﬁlts”aé théVmain pr6duct'of this
reactlon By~products wthh may be: obtalned are SulIldeS,
polysulfldes and thiols. " Since vhe reactant mlxture
comprlses hydrogen- contalnlng components, the H,S coproduct

is always formed

In the same process step, or oytionally a further process
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hydrogen at-a reaction pressure of at least 5 bar,

- especially 5 to 50 bar, and a temperature of at least

200°C, especially 250°C't0‘450°c over a catalyst to glve a

reaction mlyture which comprlses methyl mercaptan as the

main product and further hydrogen sulfide

Before the conversion tﬁereof the methy& mercaptan is

preferably removed from the reaction mixture by processes-

. known per se.

Cdrbor dlsulflde can expllcltly also be obtalned via the

dlsproportlonatlon of carbonyl sulfide \COS) to Qarbon

disulfide (CS,) and carbon dioxide.. Carbonyl sulfide is

obtained, intér alia, .in the‘reactlon of carbon oxides (CO,
COm) with sulfur. The hydrogerazlon of ca:bon dlsulflde
thus formed, which may also be present in mxxtuxes w1th
carbonyl sulfide, is efﬁecned in & manner ana¢ogous to that -

described above.-

As explained above, the problem to be solved in the

reaction of hydrocarbons with sulfur and the reaction of
- .carbon dlsulfldeleth hydrogen is the inevitable occurrence -
of the H;S coprodudt In thé process according to the '

invention, the feeding of oyygen compounds, Dreferably
alcohols, ethers or aldehydes, asp801ally ‘methanol,

‘dimethyl ether or formaldehyde, carbonyl sulfide or carban'

oxides (CO, COy, CO+COz) , causes this HzS to be utilized in
material form to form methyl mercaptan, such that the

~overall yield of methyl mercaptan, based on the "carbon

used, increases. As a result, the process can be operated
in a partlﬂularly economically viablé manner, since a
costly workup of the hydrogen sulflde with a subsequent '

» conve;s;on to elemental sulfur (for exampTe in a. Claus

' reac or) is dlspensed w1th ‘In addition, this can

significantly reduce the holdup of H,S in the plant, which
constitutes a significant safety advantage.
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Following the conversion of the hydrogen sulfide, after
removal of the methyl mercaptan, the unconverted feedstocks

or intermediates, for example, carbon disulfide, are

recycled into the process.

" The overall selectivity for the-formét%on of methyl

m@rcaptan is increased by recycling the carbon, hydrogen

and sulfur compounds into the process.

It ié-aipafticular-advantage of the invention that -
(poly)éulfides are 6btained,wiﬁh Seieétivities less than 1%
and, as a result of the recYcling into the précesé, carbon
dlsulﬁlde, fok exampie, which lS ?dx1c, need’ not be -

separated in a complicated manner. .

The product'gas iixture'of the last process step for

‘conversion of the. hydrogeﬁ sulfide. compfises, as well as
the methyl mercaptan ‘and water formed, unconverted Startlng:

maaezlalb, for Aan@le, methane and pos 1bly other
hydrocarbons, methano1'-hydfogen,iand traces of carbon
dicxide, carbon monox¢de and by- products such as carbonyl

-sulflde, dlmethyl SuLflde ana also small amounps of |

polysulfldes (dimethyl disulfide) and parbon disulfide.

 Gases which are inert for the purposes of-the reaction, for -

'éxample, ﬁit:ogém; are also present in the product gas.

The methyl mercaptan formed is removed from bhe produrt gas
mixture, for example as -explained in DE- A~1?68826 ‘
preferably’ in a pWArallty of dlstlllatzon and scrubbing

‘columns at temperatures between 10 and 140°C. Carbon -

dioxide, carbon monoxide, hydrogen, hydrogeﬁ sulfide and,
ag by~products, carbony; sulfide, dimethyl sulfide and also
small amounts of polysulfides (dimethyl disulfide) and

‘carbon disulfide, are recycled into the process.‘
'Advantageously, this szream is reacted in an optlonal
.process step, prererably caualytﬂcally, with wauer in suchl:
- a manner that the cycle gas. recycled 1nto the process '

comprlses only one or more of the main methanol, CSZ, cob
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C0O, H,; and HgS Componeﬁts, which can be convertéd to methyl

“mer¢aptan under the process conditions described.

The economic viability of the_everali process is increased
by virtue of the fact that advantageously, po_ﬁnconvenient
and costlylrémoval of poténtial cataiyst poisons, for
examblé, sulfur compounds and elementa* sulfur, “is needed
before the. metered addition of the reactant mmxture to the
process. Likewise absent is a removal of. such compounds

‘after . Lhe Leactlon in-the procéss stage to form carbon

disulfide. These substances can be fed directly to the

' process togéther with the reactlon gases recycled,_w;thout,

further workup and compression of the gases, which

‘constitutes a significant-cost advantage with regard to the
" capital and operating-costs of the process. Advantageously,

sulfur or sulfur~containing s]ags, which may be cbtained as.
by—pvoducts of the process, can be fed dlrectly in solid,
llauld or qaseous form as a reactant to the Drocess These
expllcltly also include gases which are obtained from
offgas streams from plants for generatlng energy or ‘
chemlcal produﬂts, dlrectly_or via separatmon techniques,
or arise in the context of biological degradatidn and
mefaboiism-processes, and can be fed dlrectly to the second
proceus step These gas mlxtures may comprise, as main
cammonen s, hydrocarbons, alcochols, carbon oxlaes,tsulfur
and nltrogen compauqu in é total concentration of 5 to 90%
by volﬁme,:espeaially 50 to 90% by volume, as’Weil as other

substances.

The reaction of the gas mixture with liquid or gaseous

sulfur can optloralhy be effected using a caualyst by

reactﬁon in a one stage or multlsuage process step

For the conversmon of carbon dlSUlflde to methyl mercaptan;
a full conversion of hydrogen is preferably not pursued.

The reaction is performed such that, after the reactlon,
the molar CSZ/HQ/HQS mat:Lo is 1:1:1 to 1: 10 10, espeCLally
ir:i:1 to-1:5:10. Advantaoeously, the reactlon gas from fhe
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reaction of the bydrocavbons with sulfur leaves this
process step at a pressure of at least 5 bar, especially
5 to 50 bar and can be fed dlrectly without further
compr65ﬂlon to the hydrogenation. This constitutes a

‘significant cost advantage since it is possible to dlspense

“with a compressor stage with high capital and operating

costs. Optiorally, apparatﬁs for removing elemental sulfur
or sulfur- CODtalnlng by~products may be connected upstream

" of the hydrogeratlon‘

The subSequep* conversion cf hydrogen sjl‘ide £0 methyl
merc aptan is effected in a further proceus ste over

catalysts. However, it has been found to be an advantageous
variant to ;emOVe the.hydrogen Sulflde_beforehand from the

feaction mixture which forms in the present reactions.

Metal oxide catalysté have been found to be advantageous

for the reaction for this purpose. Preference is given to
using catalysts based on alkali metal molybdages or alkali

:metal.tungstates, which may be appiled to suaports

(Us 5852219)". Espec aily suitable are supmorted catalysts

) whlch comprlse ox;dwc molybaenum,and potac31um compounds,
where Mc and K may be present in one compound, for example

IQMOO4, and comprise at least one ‘active oxidic compound of-

the general formula AWO - A here is an element from the

manganese, chromium or iron group, especially.Mn or Re, and

x and y are each integers from 1.to 7. The catalyst.

. comprises the compounds preferably in a weight ratio of

E&Gg/KﬁkXM/support = (0.003—0.5)/(6.01~G.8)/1 or
Ax0y/Mo03/K,0/support (0.0001-0.5)/(0.01-0.8)/(0.005-0.5)/1
the. weight ratios preferably being in the range of

B40,/K;Mo0,/support ‘= (0.001-0.3)/(0.05-0.5)./1 or

Ax0y/Mo03/K;0/suppott = (0.001-0 .3)/(0.65=0.3) /0. 03-0.3/1.

Theéé“éatalysté preferably comprise one or more prpmoters
selected from the group of oxidic compounds of the general

"formula MOy, in which M is a transition element or a metal
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from the group of the rare earths, and x and y are each

integers from 1 to 7, according to the dedree of oxidation

of the elements. M used

M is preferably Fe, Co, Ni, La or Ce. In a particular
embodiment , M may also.be Rb, Cs, Mg, Sr and Ba. The ratios
of the proportions by weight are in the ranges of:

K2MoOs/MyOy/support = (0.01-0.80)/(0.01-0.1)/1,

MoO3/%,0/MOy/sUpport = (0.10-0.50)/(0.10-0.30) /(0. 01~

0.1)71.

When these catalysts are exposed to an HyS-containing

atmosphere before use, the oxidic metal compounds, which do
not mean the support material, are converted to sulfidic.

compounds or mixtures of oxidic and sulfidic compounds,

.which are,likewise usabié in aCcordanceewithgthe invention.

vThe support materlals used are preferdbly 511100n dioxides,

aluminim ox1des, titanium dioxide, zeolites or activated

carbons.

- Titanium dioxide is preferably used with an anatase content

of 60 mol%.

The preparatlon is effected in a multxstage impregnation
process, with whlch soluble compounds of the desired
promoters or active 021d10 compounds are applied to the
support. The impregnated support is subsequently dried dﬂd
optionally calcmned : '

The reaction of the hydrocarbons w1th sulfur and the

‘hydrogenatlon of the carbon dlsulflqe to methvl mefcaptan
are preferably comblned in one xeactlon appara;us Th;$ can
‘.be done’ using dlfferent or 1dent1ca’.catalysts, S
. Advantageously, bubble columns, trickle-bed reaétors,

reactive distillations, fixed bed reactors, staged reactors

or tube buhdle reactors afe used for the catalyzed
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conversion to methyl'mercaptan,

The conversion £o methyl mercaptan is effected preferably
over catalysts based on alkali metal molybdates or alkali
metal tungstates.-At a temperature of 200 to. 600 c,
preferably 250 to 400 C and a pressure of 1.5 to 50 bar,

preferably 8 to 40 bar. Catalysts which are used

advantagecusly aré described in applications

‘wo"zoo5/o4oosz, WO 2005/021491, WO 2006/015668 and
wo‘2006/0636691' Lo ‘

En a further embodlment of the 1nventlon, Lhe reactlon Mlth

"sulfer and the hydrogenatlon to methyl mercapuan are

comblned in one apparatus

'fhe.product gas mixture canAbe'separated by different known

processes. A‘particplerlynadveﬁtageous separation is
described in patents EP-B-0850923 (US 5866721).

Unconverted hydrocarbéns,'alcehols,jcarbon oxides, carbon
disulfide, hydrogen and hydrogen sulfide, and also gaseous

- by-products, for .example cérboﬁyl sulfide, are recycled

into the process. This is done in such a way that the .
COmpounds mentloned are fed in prior to the methyl
mercaptan formatlon from carbon dlsulflde, and are reacted

"~ there in situ with hydrogen sulfi de, whwch is obtalﬁed as a
coproduct. in the hydrogenation of carbow d¢salflde, to glve
methyl mercaptan Otherw1s the recycling is effected by

_eedlng irnto the reactant gas. Advaﬁtageoﬁsly; priov to A
recycllng into the process, the C02’COS)/CO/H2/HZS ratio is
adjusted by a reaction with water to 1:0.1:1:1 to
1-1-10-70 This can be done in a catalyzed or uncataiyzed

. manner 1n a leed bed reactor, a reaction tube€, a scrubbinhg

colimn, or a reactlve dlStlLlatlon at a temperature of" at

“least- 120° C.

Reaction components for example sulfides, polysulfides and
hydrocarbons, which are obtained in the last process step
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‘during the removal of methyl mercaptan, can be recycled
" - into the process without further workup, which increases

theloverall'selectivity'of thé”process for methyl mercaptan

‘based on carbon, to more than 83%.

Figure 1 serves . to further explain the process, wherein

"Route a" denotes, in an illustrative manrer, the reaction
6f methane'with sulfur, hydrbgen and méthanoi or>COYCOg't0‘
give methyl mercap*an and "Route b" the direct
hyarogenatlon of carbon dlsulflde to mﬁthyl mercaptan with
simultaneous reaction of hydrogen sulfide with methanol ob
CO/CO;. What is. important foxr the economic viability of the
process is the possibility of using a multitude. of solid,
ligquid and/or gaseous, ‘carbon- and hydrogen-containing
Starting,materials,‘which-are reacted with”sulfur in the
process, and the fact that this stream need not be purified .
and desul furized in a complicated manner. Moreover, all

by products which are removed after the reaction can be
recycied‘1ntontne‘procesé..Advantageously, if a seguential

process regime is selected, all reactions proceed within .

the same pressure *ange,'such that it is-poséible o
dispense with a costly compression of the gases between the
individual reactlon steps. The reactlons are effected at
the startlﬁg pressure of the gases, under which Lhey leave
the first’ process step. Advantageously, this pressurée is
set to - to 50 bar, espec1ally 8 to 40 bar. Gases which are
inert for the purposes of the process are discharged

'contlnuouSLy or QlSCOﬂtlDUOhSly Irom the p?ocess via a

purge gas stream
Examples:

The process presented here comprises two. stages:

~In the first-stage,Amethahe was converted in liquid sulfur

at a pressure of 15-50 bar éhd“é temperature of 500~550°C
to carbon disulfide and hydrogen sulfide. This involved
bubbling the methane through the liquid Sulfur'phasé and
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cooling the product gas, immediately after it leaves the

_ liqﬁid phase, £o approx. 150°C by means of a cooler placed

atop the reactor.

Hydrogen was added to the reactlon product of the flrst'

stage, w1th the aid of wthh the carbon disulfide formed in
the first stage was hydrogenated in the second stage at

'15-50 bar snd temperatures of 150-450°C to methyl-

mercaptan. The reactants were provided in two ways:

. Hp8 and CS; were prepared in a preliminary reactor

from methane and sulfur. (Example 1)

2. ' HyS was prepared in a preliminaryireactor from Hp
aﬂd,sulfu:,_and CSg;was,added to the preliminary
‘reactor by means:of an HPLC'pump{'(Example 2

The catalytic activity was determined for zg single pass
through the reactor.. ‘ ‘

"Example 1

Sulfur was heated to 500°C under a pressﬁre of 15 bér, and

“.a mixture of methané‘andvqitrogeg (1{1} was introduced.
. This procedure led to a methane conversion of 48.4% under
20 -

sLeady state condltlons and hence to a product gas mixture
con81stlﬂg of 16 3% C5,, 17.4% CHy, 33.7% Ny and 32 6’ Hgs.
Carbon- contalnlng by-products were not observed
(selectivity for CS; = 100%). Percentages in the case of
gas mixtures should be interpreted as % by volume. '

H, was added to this product mixture which was fed to the

..secbnd‘stage. Thus, for the second stage, the reactant
. composition was 9% CS,, 9.6% CHj, 18.7% Nz, 18.2% H;S and

44.5% Hp. For the E,MoG;/Si0; catalyst, the conversibns; 

‘ y*elds and Select¢v1t1es of th*s hydrogenatlon are reported

as a@ function of temperature in Table 1 (reactlon p*essure

" p = 15 bar).
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Table 1F
- Sélectivity [%] .lYield %]

Temp | CS; o o . )

[°C] {conversion |CH, MC 1DMS CH4 MC DMS
250 17.16) 0.00] 93.37| 0.26, 0.00| 16.02| 0.04
300 66.97| 0.00] 90.18] 0.23| 0.00| 60.39] 0.19
325 95.65| 0.00/ 83.15| 0.33| 0.00| 79.53| 0.31
350 ' 99.97| .0.00, 83.07| 0.40] 0.00| -83.04| . 0.40
375 99.97|.  3.23| 79.12| 0.39] 3.23|-79.09] ©.39
400 '99.97| 10.09| 71.57| 0.45{ 10.09| 71.55| . 0.45

The product selectivities and yields which result for the

overall process, based on thé CHy used,

are shown in

Table 2.
Table 2:
Selectivity [%] Yield [%)
Temp | CH, . . A
[°C] |conversion 1CS,  [MC DMS: [C8,  {MC DMS
250  49.67| 79.30| 15.34} 0.09| 39.39| 7.62; 0.04
300 149.67| 31.62 57.8%| 0.37| 15.71} 28.72] 0.18}
325 49.67| 4.16| 76.141 0.6C| 2.07| 37.82| §.30
350 49.67] 0.03| 79.50] 0.76] © 0.01, 39.49| 0.38
. 375 48.13! 0.03| 78.13] 0.76| 0.0L} 37.61| 0.37
400, - 44.87| 0.03] 75.82| 0.95| 0.01| 34.02] 0.42
Examplélz

/

The procedure was accord ng to- Lh& above- descrﬁbed Option 2.+ -

(separate feedlng of carbon dlsulzlde). The conditions in-

the prel 1m1nary stage were selected such that before the

hydrogenatlon stage, a gas mixture of 12.7% N,, 9.9%

CS2 r
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12.6% H,S and 64.8% H, was established, At 20 bar and a
total flow rate of 18.6 ml/min, the follow1ng conver510ns,_
yields and selectivities for the hydrogenatlon were
achieved for the catalyst (28% K;Moc04/S510;) as a funﬁ ion of
the main reactor temperature‘fTable 3).

Table 3:
iSelectivity {%} K Yield [%]
|cs, " ' o
T conver— ) : o
[°C] -Ision [%] . iMC- | DMS |CH, MC DMS  |CH,
150 . j1.14 |10 jo o 11.14 0 0
165 0.03 - 100 |0 0.  Jo.oz o 0
180 o~ ligo_ o o o 0 0 -
195 0.8 100 - |0 |0 0.8 0 0
210 16.84. |100 |0 0 6.84 0 0
225  |10.35 1100 |0 |0 110.39 0 0
240 l26.32 {100 4; 0 |o 126.32 |0 1o
255 153.91°  |98.02 11.5 -10.48 52.84 0.81 10.26
1270 {90.07 97.8 |1.132 |1.07 |88.08 - [1.02 l0.96
285 |99.94.  97.92 |0.92 |1.15 |97.87 Jo.92 - |1.15
300 (100 |97.54 |0.87 |1:6- " |97:54 0.87 1.6
315 100 96.7 10.87 {2.42° |96.7 0.87 2.42
330|100 94,96 |0.83 |4.22 |94.96  |0.83 4.22
345  |100 - 192 0.85 [7.15 92 _|0.85 17.15
360|100 l67.34 (1.00 |11.58 [87.34 [1.09 11.58
375 1100  |79.81 |1.24 |18.95 [79.81  |1.24 18.95
350 100 69.24 |1.44 }29.32 l69.24 |1.44 29.32
400 100 61.27 |1.53 |37.19 (61.27 |1.53 37.19
Examplefsz

Figure 2a shows the formatlon of carbon disulfide by the
reaction of sulfur with methane at 525°C wmth subseﬂuent
_hydrogenatlon to methyl mercaptan over a\catalyst which
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compriées 2.9 m% ﬁoo and 28 m% K;MoO; on an SiO; support.
Figure 2b shows the product sélectivities‘and the CS;
conversion for. the hydrégenation step which follows the CS»

formation.

Example 4:

' When‘éarbon disulfide is. formed from methane 'and sulfur

(Example 1), hydrogen sulfide is obtained as a cbproduct
(CSp:HyS = 172} . In the subségueni hydrogenation step to

-give methyl mercaptan (see Example 2}, H,S is likewise
formed as a coproduct. At a temperature of 325°C and a .

'réactiQh pressure of 15 bar (i) methanol, (ii) CO or (iii)-

COz,; individually or together, at least in a total ratio of
1.¥:1'{MeOH1+;CO + CO2) 1HoS was éuppli@d to. the résu}ting
product gas mixture in the presence.of ﬁhe'ﬂydrggen
re@uired. For alldthree reactants, an Hgé conﬁeréioﬁ of

> 95% was obséfved with simultaneéusiy increased methyl
mercaptan yields. By xﬁcrgasing the méthanol/ég or COy

content and recycling unconverted reactants (after removal
y . - - .

“Qf methyl mercaptan), it was possible tolachieve full

conversion of hydrogen sulfide.
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Claims

1. A process for preparing methyl mercaptan, comprising
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the steps of

a) hydrogenating carbon disulfide in the presence of a
catalyst and

b) reacting the hydrogen gulfide formed in this
reaction with at 1least one of the compounds
selected from the group consisting of alcohols,
ethers, aldehydes, COS, €O, CCO,, CO+CO,, in the
presence of a metal oxide <catalyst, wherein
hydrogen is only added if required,

characterized in that molybdate or tungstate
comprising catalysts comprising transition metal and

alkali metal oxides or sulfides as promoters are used.

The process as claimed in c¢laim 1, in which the
procegss 1s preceded by the preparation of carbon
disulfide, which is present as a carbon disulfide

comprising mixture, which further comprises

compounds from the reaction mixture obtained in the
preparation of carbon disulfide from sulfur and

hydrocarbons, or

compounds from the reaction wmixture obtained in the
disproportionation of carbonyl sulfide to carbon
disulfide.

The process as claimed in claim 1 or 2, in which the
methyl mercaptan formed in the hydrogenation of the
carbon disulfide is removed from the reactant mixture
before the reaction of the hydrogen sulfide present

in the reaction mixture to methyl mercaptan.

The process as claimed in claims 1 and 2, in which



10

20

30

i%a

the carbon disulfide 1s reacted at a reaction
pressure of at least 5 bar and a temperature of at
least 200°C.

The process as c¢laimed in claim 1, wherein the
hydrogen sulfide is reacted with methanol.

The process as claimed in claims 1 and 2, in which
the molar CS;/H;/H,S ratio after the hydrogenation of
the carbon disulfide ranges from 1:1:1 to 1:10:10,
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especially 1:1:1 to 1:5:10.

The process as claimed in claim 2, wherein the
hydrocarbons or carbon compounds originate from
offgas streams from processes for generating energy

or chemical products.

The process as claimed in claim 2, wherein the
hydrocarbons or carbon compounds originate from the
workup of processes for oxidizing hydrocarbons and

for synthesizing nitrogen and sulifur compounds.

The process as claimed in claims 1 to 3, wherein the
hydrocarbons or carbon compounds originate from

biological metabolism processes.

The process as claimed in claims 2-9, in which the
mixture for preparing carbon disulfide, as well as a
compound selected from the group of methane,
saturated or unsaturated hydrocarbons with a C;-Cg
radical and hydrogen, comprises at least one of the
compounds selected from the group consisting of
alcohols, ethers, aldehydes, COS, CO, CO,, CO+CO;.

The process as claimed in claims 1 to 9, in which the
carbon disulfide is formed in the presence of ligquid
or gaseous sulfur, in a one-stage or multistage non-

catalyzed homogeneous reaction or using a catalyst.

The process as claimed in claims 1 to 9, in which,
after removal of the methyl mercaptan, unconverted
gaseous feedstocks and by-products are removed and

recycled into the process.

The process as claimed in claims 1 to 12, in which
the total amount of the hydrogen sulfide is adijusted
by varying the carbon-hydrogen ratio of the compounds
present in the reactant mixture or of the H; content

in the reaction gas fed to the process, and by
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18.
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varying one or more of the process parameters
selected from the group of: residence time, reaction
temperature and reaction pressure.

The process as claimed in c¢laims 1 to 9, in which
reactive distillations, bubble column reactors, fixed
bed reactors, trickle bed reactors, staged reactors
or tube bundle reactors are used for the catalyzed

conversion to methyl mercaptan.

The process as claimed in claims 1 to 9, in which the
reaction of the hydrocarbons with sulfur and the
hydrogenation of the carbon disulfide formed to
methyl mercaptan are performed in one reaction
apparatus.

The process as claimed in claims 1 to 15, in which
the reaction mixture which arises in the formation of
carbon disulfide is supplied directly with no
pressure  drop in a second process step for
hydrogenation of the carbon disulfide.

The process as claimed in claims 1 to 16, in which
catalysts comprising alkali metal tungstates, alkali
metal molybdates or alkali metal molybdates
comprising the transition metal oxides or sulfides as

promoters are used.

The process as claimed in claim 17, in which at least
one of the promoters selected from the group of
oxides or sulfides of chromium, of iron, of cobalt,
of manganese and of rhenium is present in the alkali
metal tungstates, alkali metal molybdates or
halogenated alkali metal tungstates or alkali metal



10

15

19,

22

molybdates.

The process as claimed in claim 1, 17 or 18, in which
supported catalysts are used, which comprise oxidic
molybdenum and potassium compounds, where Mo and K
may be present in one compound, and which comprise at
least one active oxidic compound of the general
formula A0y, A 1s one or more elements from the iron
or manganese Jgroup, especially Co, Mn or Re, and X

and y are each integers from 1 to 7.



