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WO 2008/098810 PCT/EP2008/050464 1 Method for producing methyl

mer, a lalkyl sulphides and dialkyl polysulphides The inventign
Wr%la%cé?‘ Eé a%grg]&gss for preparing alkyl mercaptan by reg&ﬁ{gEg Taogcat R 0464
mixture comprising dialkyl 5 sulphides.and/or dialkyl polysulphides and
optionally dialkyl ethers with hydrogen 'sulphide over heterogeneous

catalysts. Methyl mercaptan is an industrially important intermediate for

oMo ot SBT3 e RGRg V) R AAp(eheR (HeRATa

xide an dlmgrzﬁé; p ,
FréaGF IR dthuhoPaid Ayd@EEALEIphide by reaction over a

catalyst consisting of an aluminium oxide support and transition metal
Oxides ard thasic promadters. tb i theeactionfofrmethamat with hytkegen

rsiphide-al the typical ieactiontemperatures: and, vsingan-ecanamical 1y
viziblﬁqlh%ggo%%n g%lghigea%%:efs, thf rga(ﬁ;tl n_%%umbrlllu O|sts.ucc>:ltl1t ?t

“Hime yI'sulp |(§1 IS alwéys grmédad we aslmé?hfﬂ merc%p%an.ain Y
CHeRiition toethisetRe MfoEMaligl the 20 rathbn f5:givepolyslighidesiegus

climethyd gisulphide) is also observed. These compounds are removed in
the course of workup of the product gas stream. When no further

weooppmicallyvdable ptilization of these compopents is, Passible, e reqiate
-products are typically disposed of, for 25 example by incineration or
P W AR Tt pRS et ora e OB ot ARG B ™ ©F

Ppreparationspravess folemeathy/| dereaptah andlidnoestheMtonpmioercaptan
Mabilityof ther pracessminithis: context Ang-alteLhalive, isthe reeyeling of

tbﬁ SHI]pégd S or | (%iéféuI%hides ir%to athg &anrroggss. Vr\{gen é@en suIC;S')Pidaerl

evel, accor %g to i %6@(& is kept'su %lentﬁ/ohlgﬁ%y a ?ecycling,
FhEREMtGIateAe support and transition metal oxides and

bagic promoters.

In the reaction of methanol with hydrogen sulphide, at the
typical reaction temperatures and using an economically
viable hydrogen sulphide excess, the reaction equilibrium
ig such that dimethyl sulphide is always formed ag well as
methyl mercaptan. In addition to thiocether formation, the
reaction to give polysulphides (e.g. dimethyl disulphide)
is alsc observed. These compounds are removed in the course
of workup of the product gasg stream. When no further
economically viable utilization of these components is
possible, the by-products are typically disposed of, for
example by incineration or reaction with alkalisg. This
procedure lowers the overall selectivity of the preparation
process for methyl mercaptan and hence the economic
viability of the process. In this context, one alternative
is8 the recycling of the sulphides or polysulphides into the
process. When the sulphide level, according to US 2816146,
is kept sufficiently high by a recycling, the new formation
of mercaptans from alcchols or ethers is suppressed. The
process hag the seriocus disadvantage that large amounts of

sulphides have to be separated, condensed and, on recycling
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of mercaptans from alcohols or ethers is suppressed. The process has

&592'35’5@ ﬁéjé%%dd/ antage that large amounts of sulphid \ﬁ%t?o%% 050464
separate%, condensed and, on recycling WO 2008/0988911%% / °

PCT/EP2008/050464 2 into the circuityevaporated again. For this
purpose, large amounts of heat and cooling energies are required.
Typical catalysts which are used in industrial processes for producing

methyL mereaptan from methanaland hydrogen g, sulphide ?Jy@&@@h large
selectivities for the formation of methyl mercaptan and lead to a
BOTHpr ALl 16 evaitition  of diffethyFHptiide 3na dim@thyf Gulphide.
A problem in this connection is that these compounds accumulate in the
Teiieuft Whe el vare Tetcl6d M thel process, SiNEE #ie 16 batdlpstssses
ftseddndbie priag artaamanly.poady establishrthaequilibsiun: betweelrogen

. mercapt imet ide,. Thi n t,d h.case
e P e A Bl e
RRe Neasd 6ty BTy ATBUNECGURC 15 ACSHGHT by TEC 1R9303 s 1on
isal passibleltossepanatde thensulghidetand. todconverttit iea separatélem in

dRagtion, siep-oyera differgatcatglyst.to-meihyl metcapiap. Howeyver, it {s,¢
necessary to select a hl\gh excess of hydrofgjéeg) sulphide in order to,

Hehidte tethfically Telea conversicis of 20 dimsthpFSiiffide. BEIES the
98038 de seribes aprobessini avhichrthecsulplside formeed; iy apstablish
wupstieam 1eagtertogather withtherotal ameunt ot Aydregen sulphide

' %ssed qver a Q&Hgliyst which e1‘{,|IC|Ce:[;/1tt§E/E es%)hs%escthe arter

Srlelgué.[l%%’elg LNLS TTBE?HS ¥ .&1’1 eac o s F_ %:
réaction eéquilibrilim between stlphide and mercaptah 25 (précatalyst, €.4.

MobB/R 12035 SHHeE fe e EEh Products obtaikiediste stibsequerfli afein the
et ot methdanotgr dimethyt etherreanducted over a main catalyst
(K2W04/Al203)over which the alcohol or the ether reacts with

Ag shown by DE-C 1193038, it is also possible to separate
the sulphide and to convert it in a separate reaction step
over a different catalyst to methyl mercaptan. However, it
is necessary to gelect a high excess of hydrogen sulphide
in order to achieve technically relevant conversions of
dimethyl sulphide. DE-C 1193038 describes a process in
which the sulphide formed, in an upstream reactor, together
with the total amcunt of hydrogen sulphide reguired, is
passed over a catalyst which efficiently establishes the
reaction equilibrium between sulphide and mercaptan
{precatalyst, e.g. Mo0:/Al:0;). The reaction products
obtained are subseguently, after addition of methanol or
dimethyl ether, conducted over a main catalyst
(KoWO4/A1,05) over which the alcohol or the ether reacts with
as yet unconverted hydrogen sulphide to give methyl

mercaptan.

As described in the abovementioned patent application, the
separation of reaction product and hydrogen sulphide in the
case of use of large hydrogen sulphide excegses ig,

however, found to be difficult.
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as yet unconverted hydrogen sulphide to give methyl 30 mercaptan. As

gss%r%’:\éj/i@gtggﬂpovementioned patent application, the ﬁ?ﬁ%(&f 050464
i arge

reaction product and hydrogen sulphide in the case of use o

hydrogen sulphide excesses is, howevegr, found to be difficult. WO
2008/098810 PCT/EP2008/050464 3 JP 58159456 relates to a methyl
mercaptan process in which the hydrogen sulphide conducted in the

Gculbisgmixed witn fresh Q)éd@g%éﬂw%@@%%r?vﬁ%h@%g St cn
glﬁsgbsequently divided between a me hﬁ/: mercaptan reactor and 5 a

AR re BBt " HS &SN L HE ethy I ThErcapiart Héactsr, bieed
WS sdbstanm isimixedwith néthdeol, wiile tthe sSecondsubsti@ant ream is
passes;inte the, cleavage eacterwith, the,RMS, Thebraduct streams-of, - ana
th %o reactors are_subseque fed to eth%' to.a product \JAr/orkup. 10t
DO TS AR e oEe ataivsts PREST O by Yoo Bic e T Capt an
Hemilimdioxde, duér whkehtdirrthyl sulphidediswishvertadrormethyvhile
Percapianwithagaadarm @@@@E\gt%m&@?%@t r'% 9@%\&@§i§nr@;a4_2£ggrlu§ith

5 and.JP 5246203 describe aluminjum oxides doped with cobalt
?ngo%yl?é@té o'iriq% ﬁoéi%ﬁtsu?éﬁggm v%itﬁn%lvh#%hedi{;n%?hﬁes%ghcfaes are

BORFSTSIORRT bF ré&pedtiveR: 23 ant 8 8YoRai il Fedp rtivENP selectivities
of 92 and 93% for methyl mercaptan can be achieved. Further catalysts
CRimed v Us 43:3006:are ebdlitty (X3 Y& pddped withsudliummroric acid
patassiun ions, 20xithawhich maximurmrmethybmeygantan sglegtivitigs of
5% ar a&hjceé/ed Wi}'grh i\dr%rggghayl gglghj,ge onversion of 70%. . JP
g .

6 _
58186456 relatesn{%ta minitm oxides modified wit aXp %%%h(s)?u}“seocﬁ&érslty of

8Nd tarigste A OXHRESS With Which 2emakimurf COMS cradagde® cbRvéraioh of
40%cedbbeschievetad he:25iH3SHIMSratie im thesreactamtgagis 248 or

ggﬂ%&%@n sulphide, with which dimethyl sulphide conversions
of, respectively, 41 and 88% and, respectively,
selectivities of 92 and 93% for methyl mercaptan can be
achieved. Further catalysts claimed in US 43130056 are
zeolites (X, Y, L) doped with sodium or potassium ions,
with which maximum methyl mercaptan selectivities of 65%
are achieved with a dimethyl sulphide conversion of 70%.
JP 58159456 relates to aluminium oxides modified with
phosphorus oxides and tungsten oxides, with which a maximum
DMS cleavage conversion of 40% can be achieved. The
H,S/DMS ratio in the reactant gas is 2 to 28 in the
abovementioned applications. Preference ig given to
pursuing a hich H,8/PMS ratio in order to achieve
gufficiently high DMS cleavage conversiong. US 4005149
describes a process for catalytically cleaving organic
sulphides with hydrogen sulphide in the presence of
gsulphactive catalysts. As a resgult of the addition of
carbon disulphide tc the reaction mixture, the overall
conversion of sulphides tc mercaptans can be increased. A
disadvantage of this process iz the use of toxic carbon
disulphide in the process, which has to be separated again

from the reaction products in a costly manner. Generally,
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abovementioned applications. Preference is given to pursuing a high

1;&ZSL/%\/@ 6@%%@order to achieve sufficiently high DM a?\ﬁ%eaw 9050464

conversions 4005149 describes a process for catalyticall

organic 30 sulphides with hydrogen sulphide in the presence of
sulphactive catalysts. As a result of the addition of carbon disulphide to
the reaction mixture, the overall conversion of sulphides to mercaptans

fande increased A disagdyaniage QJE@!E%PI&%%SST;'B the Use Q10X s ¢ 1y

carbon 35 disulp hlde in the process, which has to be separated again

%‘?ﬁﬂ%e%a%‘tﬂ)ﬁkb}éﬁuct?%ﬁ% c%%f‘lﬁ ﬁ?&n‘ffe?léénépalﬂy%ap‘*an and the
2008098840 RCEAER 2008/050464 voidthe tleavageuof eliakyl suiphides

é%ﬁ@&%@tan§wthﬂ&ygz@9?§h%@8¥l'd§fh'@ﬁ&ﬁ@“élﬁtﬁ%ﬁ@ég‘e{%&‘maﬂ
and the maximul %) res ion ofb gducts are pursu d.In con%ast

8e€ompgsmon of glyﬁjsu?prﬁ_c‘fg Waﬁfgng% %%an%"ﬁ& o8- che
g inhan cxﬁééz@m@@mwelb@lﬂm@ofmdmg@mgmpﬁme@ by
€cbaracterizekhy compaatively ew selectiviies fermethymersaptan andy o

1 broad s ectrum of by:products. Mashki tal. descrlbe for examp
&5 LR RITI0 N5, 1190 Y10 28e,

eact. |net ‘&ffétm Le the
%‘é’éo%ﬁfbﬁwof%ﬁ%ﬂ%suﬁ%ﬁ?&é to C(ﬁéﬂh%ll nfe?(%ptan‘&\ﬂﬁqou? Plasve. 1,
eglditiohegver aeidic catalykis ot maximumonethyhseigapt@nsuliphide to

ﬁ@gﬁgimﬁéfé%éﬂ%nA&EQ%@¥£“hKQSQS@Y€§8h[898§t£%”%E838§tazysts

7, No. 2, 387-391 (1985)] for the cleavage of dlmethyl 15 sulphide
Wﬁ#hﬂﬁé@é?f@u]b%ﬁé’ OVBEYSRBMTufFoSHE. 3 Thagmunt aliVity is

achieved when the catalysts have a large number of aprotic Lewis acid
e BAdsasiOsteEsE At efdtesstrenil atie cdtaliBts basédén 3.5% . -

Na20al203, descrilestiby Keshelev £t al. exbibit akadMSqonversionm 20
éﬁ?ﬁ%@dg0W§¥%nﬁng%E%En@Hﬂg%q%gngm%%ﬁ§naluminium oxide, a
maximum activity is achieved when the catalysts have a
large number of aprotic Lewis acid sites and basic sites of
moderate strength. The catalysts based on 3.5% Na,0/Al.0;
described by Kosghelev et al. exhibit, at a DMS conversion
of 9.5%, however, only maximum methyl mercaptan
selectivities of 82%, while methyl mercaptan selectivities
of 97% with a conversion of 38% are achieved over pure
Y-Al,04.

It igs an object of the invention to provide an economically
viable process, an apparatus and specific catalysts for
preparing methyl mercaptan from dialkyl sulphides and/or
dialkyl polysulphides and hydrogen sulphide.

The inventicn provides a process for continuously preparing
alkyl mercaptans by reacting a reactant gas comprising
dialkyl sulphides and/or dialkyl polysulphides with an at
least molar excess of hydrogen gulphide at elevated

temperature in the gas phase and

al in the presence of a catalyst based on or ceonsgisting

of Al,0;, Si0,, Ti0O,, alumincsilicates, zeolites,
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selectivities of 82%, while methyl mercaptan selectivities of 97% with a

#8”5%’%%8%%%%’ are achieved over pure 'y-A1203. It ?&Q/ng%gf/tggo 464

Invention to provide an economically 25 viable process, an apparatus‘and
specific catalysts for preparing methyl mercaptan from dialkyl sulphides
and/or dialkyl polysulphides and hydrogen sulphide. The invention
provides a process for continuously preparing alkyl mercaptans by

reacting.a featantoas camprising 30 dialio sulides andlordiall 1

polysulphides with an at least molqr excess of hydrogen sulphide at
elevatd® @BHperdtute Fithe §E<Bhas¥an@a) in the presence of a

catalyst based on or consisting of A1203, Si02, Ti02, aluminosilicates,
eoliteS[\WO 28881098810 R TEPEOUS/E50464 bagetitohites @r separate

aluminast: whigh-coitam=at lgast:1%:py weight of alkali metal oxide, b) in
a reactor which comprises at least n = 2 separate catalyst zones, wherein

& ¢) thepredominant portionor, the tatal amoynt of the, dialkylsulphides,

and/or djalkél olysulphides” mentioned is introduced into the reactor into

the firStEatalyst Zome togetfierWitd St IeasPa Horidt of e RitarEfount

of the hydrogenssilphide wseddad 40 W) tie Emainiraramountofthehe
hy?rogk%apaigea@@ds%‘ H&gleiaﬂ%éﬁmkdefmql%rtd@lﬁ(glt a portion
polysulphides is,_ metered in between the catalyst zones. means C

o Co- Byt RS A TG oty S e & Yokl 2 e, 2nd
sulphur atoms. 15 The process is preferably performed continuously.

PreferfetFeXampes StHiaRy - Siplides BRid DAy StipRideesviRer of

are reacteddn acéortlasee withdthe and/or dialkyl polysulphides is

metered in between the catalyst zonesg.

Alkyl means C; to Cs-alkyl, especially methyl. The poly-

sulphides have generally 2 to & sulphur atoms.
The process is preferably performed continuocusgly.

Preferred examples of dialkyl sulphides and dialkyl
polysulphides which are reacted in accordance with the
invention with hydrogen sulphide to give alkyl mercaptan
are dimethyl sulphide, dimethyl disulphide, dimethyl
trisulphide, dimethyl tetrasgulphide and dithiapentanes.
These {(poly)sulphides may be metered into the process alone
or in a mixture with dimethyl sulphide. It is alsoc possible
to meter alkyl ether compounds, for example dimethyl ether,
to the reactant gas, said alkyl ether compounds being

reacted with hydrogen sulphide to give methyl mercaptan.

Equation (1) illustrates, using the example of the cleavage
of dimethyl sulphide, that the reaction can be performed
without formation of by-products. The aim of the invention
is to perform the conversion to methyl mercaptan with a
gelectivity for the reaction product of gresater than 358%.
The formation of further by-products, for example carbon

disulphide, should as far as possible be suppregsed.
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invention with hydrogen sulphide to give alkyl mercaptan are dimethyl
ulphi | disulphide, dimethyl 20 trisulphide, d|
@tr%}églgﬁ%d% &'1 dithiapentanes. These (poly)sulph|des m eanOe 050464
into the process alone or in a mixture with dimethyl sulphlde It is also
possible to meter alkyl ether compounds, for example dimethyl ether, to
the reactant gas, said alkyl ether compounds being 25 reacted with

éﬁ/d@g@ﬂ sulpillde to give_methyl mercaptan. ign (1) illustrates,
Hh JTsulofide.

usmg the example of the cleavage of dimeth that the reaction
can be performed .without formation of b s. The aim of the
GRS (o fortth B CGRATAN 18 et e ot KR S 36 =0
tsutectiviti fortthe reastidim prodiret ofgreatersthah 8% cThefoARatidyofrogen
duntpens by pmiua&at@k§zam&e19ar@9mpai§a@§id@rsh@alck@ﬁn{aé@&d to
qssge be su essed. WO 2039 %98C81O E’:CT/ P2008f 20464 6 . gas
H@- §“§ CH38H Fl auseci:by e Iow éxothermic the
TelERE R f@aztuéﬁsmérﬁf@@h% Felstdnt g aS BT eQFhieh %Bw%/mr@é@ers
hyssagen 1spiphide andidialkyl(poly)sulphides can be converted to 5
methyl mercaptan in an adiabatic reactor. The reactant gas mixture may

@%0 ﬁemﬂs?@l@&ﬂ ethers,or z@%ﬁ;&hem@gfg#@%e%@ Q'l@%et?}glt%ltl?e%mount
e 10S O en su | ola mo nt o1 dia
s€| 8@%2 E?P‘é s?ﬁpﬁsdénragg a? 2 "1, pre Eg)llf/om 3:1

1:531%6 25:1 @spééiéﬁ@m Ftol254. :‘rﬁeiirea@i%ﬁﬁ@ qoaéﬂeYaBlgi pbrf@@méa L.
in a reactor in which at least 2, especially 2 to 25, catalyst zones are
Tonnectackinseries. The Latalystizones fnayrbel configuredadorexamplehich

As fededs ortube bundies filladwith 15 catalyst=Optionally.dtis also

ible for a pluralit f|n|V| [ r f thi
?Oﬁsﬁsgge%% a ?1“ ar)i Q %hgugaagggsatt:uszegnoest Ir?le;%p%etzo ggnflgured

for example, as fixed beds or tube bundles filled with

catalyst. Optionally, it is also pogsible for a plurality
of individual apparatuses c¢f this type to be connected in
serieg. The reactant mixture comprising gaseocus or ligquid
dialkyl sulphides and/or dialkyl polysulphides, hydrogen
gulphide and optionally further components is metered into
the reactor in such a manner that preferably the total
amount of dialkyl {poly)sulphides, upstream of the first
catalyst zone, 1s added with a portion which corresponds to
at least the nth part of the total amcunt of hydrcgen
sulphide, while the remaining amount of hydrogen sulphide
is metered in between the catalyst zones. Optionally, it is
algso possible to add the total amount of hydrogen sulphide

upstream of the first catalyst zone.

The product gas mixture can be separated by various known
processes. A particularly advantageous separation is
deacribed in EP 0850923 Bl, (US BB&6721). Unconverted
dialkyl sulphide or dialkyl polysulphide is recycled into
the reactor.
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series. The reactant mixture comprising gaseous or liquid dialkyl

i§rlt%j§g%?8gg/g£gialkyl polysulphides, hydrogen sulphide ar?%ﬁggtgﬁz%mﬂ

componeénts is metered into 20 the reactor in such &
preferably the total amount of dialkyl (goly)sulphides, upstream of the first
catalyst zone, is added with a portion which corresponds to at least the
nth part of the total amount of hydrogen sulphide, while the remaining

t of hydrogen sulphide 25 is metered in. between thecatalyst zones.
oy, K e e o Aouet of morages St

UPRTeahSf thetirSt-GRAlysEz6ne Thelprodtdtg 45 pitiFiEcart Be
rseparated by ariousdkiwn: pradesses1A paricularly advantdgeouds these
SSRarRtionds 30 desedbed in EP 0850923 B1, (U 5868721). - ¢ 4t

Unconverted dialkyl sulphide or dialkyl polysulphide Is recycled into the

TAEF WD 206876888 13 PEHRPO0BABDABA T RigiRE 1-SHoWS BRAT ing
pEeleyiedrembegdinrent Of the eattioneapparatusifoe cleaving=diatybl . In

{paly)siiphides {0 Tﬂerpﬁpt_a@swwf@iﬁga@)Cé%imzén&e@ﬁ%&}?”&%ﬁ&%t of
th%se (o{0] unds 'i r(rarfgrred to C{;\s reacta as or reactant 5 mixture and
a e?atb Ca er an =} r:;ﬁﬁ

S préferaniy G e AreTeaptan o= =

stems prée y fronm processes for f):r%ﬁg
hy@fegasaphidlesritemetitantt Ing the Fector e hy(pi= 228)catdlist
ZoRes avhich cansistof adlistibutor.chamber anda catalyst ped Bh@ i des
fegenmedaed. prelelgice bavenle usng S 1o somivet songe, The 19
reactant mixture 2 comprising t e.alﬁi] I(poPQ sulphides mentioned enters

HhE First AtV stBE® B odgh the Suistibator ehambet 7. This frst
matalysticd/is aptidiably, ihiftewr direatiart of:the reactant gasgeaveredvered

firstauith, ahedsofiinert matedals. For examples alumipium Jn oxide o1 4y ps o
g}p{)jhgéessgﬁl%%rggmggagg@ H{:IangSRrgggk?fgusz?Pn%Sslnrﬁgy be used asg inert
materials. Downstream of the inert bed is disposed the
catalyst bed. After leaving the first stage, the gas
mixture is enriched in the distributor chamber 9 with
hydrogen sulphide 10 or optiocnally the reactant mixture 2.
The gas mixture subsequently flows cut of the distributor
chamber 9 into the second catalyst bed 11, and devices in
the distributor chamber 9 ensure turbulent flow and
complete mixing of the reactants which is distributed
uniformly over the entire area of the gsecond catalyst bed.
The supply of hydrogen sulphide or optionally the reactant
gas mixture is effected analogously at n - 1, preferably
(where n » 2) at n - 2, injection pointg between the
downstream catalyst beds of the apparatus. COptionally, it
is possible to dispense with a supply of hydrogen sulphide
or reactant gas mixture upstream of the last catalyst bed
at injection peint 12 in oxrder to obtain full conversion in
the reaction. The last catalyst zone may opticnally also be
configured longer than the other zones in order to enable

full conversion.

The process 1s also characterized in that the reactant gas

contains optionally at least 0.1% by volume, preferably 0.1
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materials. Downstream of the inert bed is disposed the catalyst bed. After

‘I@avé %Bhﬁog?é intt?ge, the gas mixture is enriched in the dist

: . PC Z%wﬁ) 050464
amber 9w ydrogen sulphide 10 or optionally the rEactARt M xqgr/e 74
20 The gas mixture subsequently flows_ out of the distributor chamber 9
into the second catalyst bed 11, and devices in the distributor chamber 9
ensure turbulent flow and complete mixing of the reactants which is

istributed uniformly over the entire_area of the.second catalyst bed. 25
%}m]?u(bp 9; oﬁ%‘} Tﬁéén%ﬁ%ﬁ encl (!L)lE gpt?or%ﬁyhfﬁé) r%gctgﬁ?lléﬁé 'mia%re is

R EREPENAIBFEGSIP AL A4, préfetafifcihere RS OF af's 2 Quiféctiiprress
points between thes loninstreasreatalyst bedsatthe.apparatisicion,

Optionally JL 15 passibledg dispensewith . supply. ahhydiogen sulphide, ¢ ...

30 or reactant gas mixture upstream of the last catalyst bed at injection

PORMAR HGHET S obtafr i convarstoifin e RN SPHE Tt Gatilyst
doaehwdy eptienallyrsso be parfigrmed longen¢harethetether geses in
order to enable full conversion. 35 The process is also characterized in
that the seastant gas scontaips optienalheatdeasi-te HyolwBecaptans

f lv O. 008/0 P2008/050464 8.to_10% by
D oo o A o M0 B Do des at

ANMGUTRETRESE MeasurdsuUispréss the fErmmith 6T-oligbfters and=0°C,
pohymers! Iryadditiono furdterGecendary corepenerds, dér example 50 bar,

e e reactant hos. Ths Qi) SLed R e
TB TS ided AR EamRr BT ercaptans. Brereratty bUaFcalyais nium

eohtprisirmpdlkal afetapdddey ot latteimparaturs ofd90 t816908;pports have

prefesably, 15040 £4506e d Oeshecially 3001 R A30Grangha pressue ahL® tnat

gﬁgofg%is acidity, compared to the unmodified catalyst

support, is reduced in a controlled manner while
simultaneously increasing the Lewis bagicity. Preference is
given to using y-aluminium oxides containing 1-50% by
welight, preferably 2 to 20% by weight, of alkali metal
oxide as catalysts. Preference is given to using
vy-aluminium oxides containing caesium oxide or rubidium
oxide in the proccess according to the invention ag
catalysts. The catalysts are prepared, for example, by
means of the lmpregnation of the catalyst support with
sultable alkall metal =zalts, which are converted to the
corresponding oxides by thermal decompesition. Preference
is given to using alkali metal nitrates, carbonates or the
alkali metal salts of carboxylic acids. The catalysts are
subsequently dried and optionally calcined at temperatures
of 50 to &00°C,

In a particular embodiment, the catalyst comprises oxidic
compounds of one or more transition metals of atomic
numbers 21 to 80, especially of V, Mn, Fe, Co, Ni, Cu, Zn,
Zr, Nb, Mo or W.
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preferably 8 to 40 bar. The catalyst supports used may be silicates,

V&'&Sa'}iH%f})Sg%%%%?O”te& aluminas, aluminium oxides a%wﬁgg@v%%/om%é

y-aluminium oxides. The supports have preferably been modifie

alkali metal oxides such that 15 the Lewis acidity, compared to the
unmodified catalyst support, is reduced in a controlled manner while
simultaneously increasing the Lewis basicity. Preference is given to using

Pluminium, exides pontaling 50y, weight, preferaly 210 20368Y.a cc.
weight, of alkali metal 20 oxide as catalysts. Preference is given to using

OF A MRAR SXFESontaining caesium oxide or rubidium oxide in the
process according to the invention as catalysts. The catalysts are
réparedt forer @imlessy reans sethblifplegriation oflthe catalyststs are
SEPRALMdbEAR Byitableaikalbmetnl salts, whighaseconverted fethecream at

gopespapding oxides by thermal deggmposijon. Breferance  is,given to
using kafl metal nitrates, carbonates or the alkali metal salts o

carboxylic acids. The catalysts are subsequently dried and optionally
afbindd L EHp AT IER 365756 to BD0E-h & PARIUTAASBBANERL S

he catalyst comprises oxidic compounds of one or more transition metals
of atomic numbers 21 to 80, especially of V, Mn, Fe, Co, Ni, Cu, Zn, Zr,
Ny e oz VhAER: 2008/09881 0 RGIVERPR008/0504641 8 sFhese metals methyl

&%E%ebetBr‘?ﬁSEESﬁﬂhﬁéQ%#E Phosphatgs o yrgphasphiates, Before,

they are_used for the Tirst time, the catalysts are “advantageously

TotgHidaEd I SrhytoGer ShiphideSétredt at %8 térpktiitire GRaEieakhe
d000Cforas least & h: Fig Heshews: ongermbtdiment of.the reactor
according to Claim 1.

Figure 3 shows the tesgt results for the cleavage of
dimethyl sulphide to methyl mercaptan in the presence of
hydrogen sulphide in a reactor with two catalyst zones and
H28 feeding upstream of the two catalyst zones in the

presence of different catalysts.

Example 1 shows, by way of example, the gsynthesig of the
catalystsg, while Example 2 describes the catalytic cleavage

of dimethyl sulphide tfto methyl mercaptan.
Example 1:
Preparation of M;0-Al,0; (M = Li, Na, K, Rb, Csg)}

49.66 g of LiNO; were digsclved in 300 ml of distilled
water. The solution was heated to approx. 60°C, such that
the salt had dissolved completely. 50 g of y-aluminium
oxide were added to the golution with stirring. The
solution was subseguently stirred for approx. 60 min. The
catalyst was stirred at a temperature of at least 60°C,
opticonally under reduced pressgure, until the complete
amount of liguid had been absorbed into the support. The
catalyst was dried under air at approx. 120°C overnight,

and then calcined at 500°C in an air stream for 3 h.
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Figure 2 shows the test results of the cleavage of dimethyl sulphide to

e in the presence of hydrogen 10 sulphi I
Vﬁls%%b?fé%%%t%aAﬂo& under the conditions of p =9 %Zﬁ%@@gm‘*
= 14/1. Figure 3 shows the test results for the cleavage of dimethyl
sulphide to methyl mercaptan in the presence of hydrogen sulphide in a
reactor with two catalyst zones and 15 H2S feeding upstream of the two
Latalyst zones in the presence of different catalysts. Example 1 shows, by
way of example, the synthesis of the catalysts, while Example 2

escribes the catalytic cleavage . of dimethyl sulphide to methyl -

G o T EanRplE e B aandion ot M O RISB I L % o,
10949066 § cridNOIWersHissoloéd In 300 ndl of elistilled water L Fe O F
splutionawas hegtedito apprax«RAG,such thah the satthag dissalved

completely. 50.0.0f -alumipiym 25 xide wee.added (o, the splujon it
sftirring. solution was subseduently stirred for approx. 60 min. The

catalyst was stirred at a temperature of at least 60C, optionally under

BeAGcs pRssstré UntiPthe Compiets aifiBunt gt fiqhifiad Gaéh hhEbmetcre
fintosthe suppbitdTheB0icatalyst was dried under al ot abproxk 120C in =

overight, and thensealgined ath 500CJn.an air sieam fordh. MO 21,0,
5100}213/0981810 PCT/EP2008/050464 f10 Example g qu Dl\/ﬂS cleava
i : eavace

4SS E%iejdtl%)a ?en?ﬁgr%?urrjésrgﬁgéj of % a Sﬁasglﬁ%e of

PH AT Theltatis of jidragdermsilphitiexo dimethyf SOphidey(DVISYHirethe
ferpastant-gas was Maded ksthedangeof 4tlead5 - Belore the siart of theg
%%%%’5# i‘ﬂ@% fresh catalysts wete Wishaylphidated,indhe reaglor at 350C
operaticon”, i.e. the HyS stream, similarly to a staged
reactor with H:S intermediate feeding, was fed in upstream
of the two catalyst zones. In both cases, the total H;S to
DMS ratio was 14:1. The space velocities and gas loadings
were identical in both cases. Figure 2 illustrates that, in
the inventive apparatus, over the catalysts which have been
modified with alkali metal oxides and are claimed in this
application, significantly higher DMS cleavage conversions
can be achieved than in conventional “cne-zone operation”,

for example in a conventiocnal fixed bed reactor.

Figure 32 shows the positive influence of the increasing
Lewls bazicity of the catalysts in the inventive apparatus
in “two-zone operation”. With Cs,0-Al,0; catalysts, beth in
“one-zone” and “two-zone operation”, significantly higher
cleavage converslions were achieved than with catalysts
baged on Li0-A1,0;. The overall selectivity for methyl
mercaptan in all cases is 100%, i.e. no by-products were
detected. Among other catalysts, Cs;0-Al;0; catalysts with
different Cs,0 loadings were gynthegized (5 - 10% by
welght). As is evident to those skilled in the art,
modification with regard to ¥-Al,C: gource, performance of
the impregnation, digpersion of the alkali metal oxides,

porosity and BET surface area of the catalyst and
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hydrogen sulphide stream. Figure 2 shows, for Rb20-AlI203 (spheralite)

C i f.the dimethyl sulphide cleavage 10 conversi t
%e%?é% %;8% %l?nction of the temperature with classica%r égc\)/}?rﬁggg%y }5'50464
feeding” (fixed bed reactor with one ca]Lti\Iyst zone) and in "two-zone
operation”, i.e. the H2S stream, similarly to a staged reactor with H2S
intermediate feeding, was fed in upstream 15 of the two catalyst zones. In
Dotieeases, e fal i2s 19 MR atiogas 14, The spcgelaniies.; or
and gas loadings were identical’in both cases. Figure 2 illustrates that, in
HeLnRehte Sppaiatus ‘GUet thé¥ataf/ st WARR IR eeh thétified with
alkali metal oxides and are claimed in this 20 application, significantly
Fighet DMSTcleavaigedonviersions tdam 158 achiéved trareinscohventicisal
cong-zane pperatione, ferexamplgdn acgonyentjorral fixed begireastoraptan
Figure 3 shqws the positive influence of the increasing .Lewis basicity of
e et L A rat o s (a0 Jore St hlon” WHE
TEXRARCT eaitalykts JButHn Loz 6Re Tad SRo-Zotie GFevaRds:, dimethyl
sighificandy h&gherb@l_eamg@ﬁa@versi@ns@mfglaob&gv@@lghaﬂ witthceh high
gatalysts basedon L2Q:Al2Q3. The gverall selectiyity farmetiybe o
mercaptan In all cases is 100%, I.e. no by-products were 30 détected.

BRI 8the? Catilly$ts FEX20TRIFER catatysts Rith ™ diffietérit csdgntage of
fdadings/werel synthesized {5 4 18%cby Weight)! Aslipkvideat tosthose would
élﬁ@%@@m&@ ﬁ%m@%ﬁ%m{% 'iﬁé@% ddo Q%AI“IB% : E%Is Qa: di sgosed
rformance of the impregnation, dispersion of the_alkali metal oxides, -
BBty P S e GG Shan THihchEatin L A O DGR SR 1LY
PUTHEP2008/050461< L herfolhaned of thetdatalystcendiiohingoerial for
suliphidetionrean aghieveaveshigheriBMS cleavage-cenversionsi the to the
egouorpicviability of the overall procgssdeReN% or other by-products

are formed.

The methyl mercaptan formed is removed from the precduct gas
mixture together with the methyl mercaptan from the first
process step {(for example reaction of methanol with
hydrogen sulphide}, as explained in DE 1768826 (GB
1268842), in several distillation and scrubbing cclumns at

temperatures between 10 and 140°C.
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crucially on the product selectivity for methyl mercaptan 5 based on the

carbon sour d (e.g. methanol). It is evident from the above that
x«;ﬁl&]§1 %ﬂ?%é’f& ?gﬁgeq%/osmscl

€es, for example dimethyl sulphide, can be convefted
mercaptan with high yields, which increases the overall selectivity of the
preparation of methyl mercaptan. A parficular advantage of 10 the
invention is that dialkyl (poly)sulphides, which would otherwise have to be
&cig_%rated as by-products or disposed of in a costly manner, can be
Utilized in a technically simple and inexpensive transformation as a raw
material for methgl mercaptan. Moreover, in the process according to the

45 invERtSHD R CHrBon diktishisle BF SHiEr bySprodticts &R fothied™e BY
The metst mergaptandormed dsremoved-fremrtbe prediictigas. huiktude s
togetherwith the methyhmercaptan framsthe first pracesssteR 4o molar
example reactionfof mgthanol with fohhy rogen Sﬂlghidte 23 X lained in |
DE 178%?@%6% 1%( §2§3)€?% SSvRAr qiStiftioR - and ¢ ubbﬁré Soldimng® 10
at tenipe?atlifés BeRvserRIG and 140C. WO 2008/098810
PCT/EP2008/050464 12 Claims 1. Process for continuously preparing

alkyl nzercaptans tiye reactingrreactant gas sompyisingodiatyl sulphides

and/or d'alky%ﬁlﬁgrﬂ&qgswﬂh@@%|e§§6?9|31ri%?%%ﬁ%ﬁﬁﬁ)ﬁ%@@?@ates,

sulphide at elevated temptzjrature in the gas phase and a) in the presence

of a catalyst BESEd 67 or COHSIStG SFALI0* 812 2, Wiich contain
aluminosilicates, Jzsutites; bentonites Brtalwrhiraskahichresmtainog.de
least 1% by weight of alkali metal oxide, b) in a reactor which comprises

at leasbh = 2i separate catatystzanes,wheretnses at least n = 2

separate catalyst zones, wherein

) the predominant portion or the total amcunt of
the dialkyl sulphides and/or dialkyl
polysulphides mentioned isg introduced into the
reactor upstream of the first catalyst zone
together with at least a portion of the total

amount of the hydrogen sulphide used, and

d) the remaining amount of the hydrogen sulphide and
of the dialkyl sulphides and/or dialkyl
polysulphides is metered in between the catalyst

ZOones,

e) and the reactant gas mixture may alsoc comprise
dialkyl ethers which react with hydrogen sulphide
to give alkyl mercaptans and hence increase the

overall selectivity of the process.

2. Procegs according to Claim 1, in which the reactant

gasg additicnally comprigses dialkyl ethers.

3. Process according to Claim 1 or 2, in which the total
amount of the dialkyl sulphides and/or dialkyl

polysulphides is introduced into the reactor into the
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c) the predominant portion or the total amount of the dialkyl sulphides

V@@dé%'odé?l tgtI?]Jg%'Bolysulphides mentioned is introduced intoﬁﬁegé%a?ct er050464

upstream o irst catalyst zone together with at least :gcg‘

total amount of the hydrogen sulphidel sed, and d) the remaining amount
of the hydrogen sulphide and 20 of theé dialkyl sulphides and/or dialkyl
polysulphides is metered in between the catalyst zones, e) and the

reactapt gas Mix(ULe My alsg comprise, dialiy pihets whihread with. .,
hydrogen sulphide 2510 give glkyl ercaptans and Rence increase the
overalP$elEctrAty GtnéP 112 SPldtes3AceEsRiing to Claim 1, in

which the reactant gas additionally comprises dialkyl ethers. 3. Process
@ccording te Claiart or 2i rowhichGhe total 302amouit, ofithevdialkyl

sulphides and/er dialiod spelysulghides,isintreduged into the #gacter to 1ea st
the W o/20198/0988 0 PC%I'/EI;ZOQ /0§0464 131first cg(tizgllyst zone taogether
2 Yof the Aydrogen Suiphidetissd 4 Prodsss!

with at1éastthe Tith f):ar
according to Claim 1, 2 or 3, in which catalysts consisting of y-A1203

Which RORGHSat18asT %1% by weight BFart alkaliimetaloXidedre tigeal ysts
5. Proegsiscaiccording to Glaimsd 4o 47 in ihichecatalystsf wiichaGortain atetal

least 1% byweightofamalkalimetal oxide selected from the group of G

or Rb are used. 6. Process according to Claims 1 to 5, in which the 10

satalysis re modified wifh compoynds,gftransition, mefgls, 7 Brocese
according to Claim 1, characterized in tha
catalysts are modified with compcunds of transiticn

metals.

7. Process according to Claim 1, characterized in that
the catalyst zones of the reactor are configured as
fixed beds, tube bundles or fluidized beds.

a8, Process according to Claimg 1 to 7, in which a

plurality of the reactors are connected in sgeries.

9. Process according to Claims 1 to 8, in which the molar
ratio of hydrogen sulphide to the total amount of
dialkyl sulphide and dialkyl polysulphide ig in the
range of 3:1 to 25:1.

10. Process accoerding to Claims 1 to 9, in which reactant
gas which comprises dialkyl sulphides and/or dialkyl
polysulphides and is obfained asg a by-product in the

preparation of alkyl mercaptan is used.

11. Procegs according to Claimg 1 to 10, characterized in

that the reactant gas contains at least 0.1% hydrogen.

12. Process according to Claims 1 to 11, characterized in
that the catalysts, before being used for the first
time, are sulphidated at a temperature of at least

10C¢°C in a hydrogen sulphide stream for at least 1 h.



the catalyst zones of the reactor are configured as fixed beds, tube

bundles or fluidized beds. 15 8. Process according to Claims 1 to 7, in
WonieA %8 HRAERY Bf the reactors are connected in series P§ B/ze808/ 050464
according to Claims 1 to 8, in which the molar ratio of hydrogen sulphide

to the total amount of dialkyl sulphide]at%d dialkyl polysulphide is in the 20
range of 3:1 to 25:1. 10. Process according to Claims 1 to 9, in which
reactant gas which comprises dialkyl sulphides and/or dialkyl , ,
blysUTBAHES And 76 OBEIAEH BE & Dy-bFBtLEL hthel préBT Ao SFARGE. 2
mercaptertistisedr 2541 Prodessadeording to 'Clainfetpen@ture of 100
igagﬂl@@rié%@ i:rt,tf;@tztbeégagaptlg@@lcleatr?&r@atdga%t&il% B)E]@@Q@Be of

. Process according to Claims : racterized_in that the

catalygt's?’ befors %e%f‘l%rdsgf for e first t%m%,o argeru bhidated at a
temperature of at least 30 100C in a hydrogen sulphide stream for at

least 1 h. WO 2008/098810 PCT/EP2008/050464 14 13. Process

according to Claims 1 to 11, characterized in that the reaction is effected

at a temperature of 100 to 600C, preferably 300 to 430C, and a pressure

of 1.5 to 50 bar, preferably 8 to 40 bar.



