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Method for producing methyl mercaptan from dialkyl sulphides and dialkyl

olysulphides The invention relates to a process for preparing alkyl
r@gﬁgﬁ%’ﬁé&@ting a reactant mixture comprising diall3F5 SBRMidds/ 050464

and/or dialkyl polysulphides and optionally dialkyl ethers with hydrogen

sulphide over heterogeneous catalysts. Methyl mercaptan is an

industrially important intermediate for the synthesis of methionine and for

the preparation of dimethyl sulphoxide and dimethyl sulphone. Methyl
]ﬁ?etfgﬁéaﬁ% pRIFATEE b rinBkty ReRFRRiRhof A8 hydrbEnT

sulohidedey restior ovekacatalysteoohsistidg ©f an aluminium oxide

support and transition metal oxides and basic promoters. 15 In the

Teactinmefaetbanekwith bydrogen _syiﬁqtﬁg%bg?t ﬁ&% tﬁ@i@glarﬁggorgmyi
res.and_using an econgmically viable rogen sulphide ,

i%(%gsgﬁ%f relz%f:tigﬁ aecc%ﬁ briuf %es%%%ﬁgt di rlrfé%/ﬁﬁ %uﬁo%rfg}er isawdystaleyl

FSriidd: 58 el MR eredptaR Ursatiditoriothetherdorimation] the

2lereagtioretdgive polysulphideste:g. dBuend disulphide)s alstogensous

Qobserued, These compounds are removed in the course of workup of the
product gas stream. When no further economically viable utilization of

hese components is possible, the by-products are typically disposed of,
D%r‘" %g%xgrgl%%aﬁ; incinetatioh of fielg%ggﬁ %ﬁ%ya”%gl%?’r ﬁ%o&@&%médlate
i6Welsthe DR FalEsElEctivity 'of tid. preparatiordprbeess for pethylration of

dnercabtan and berse the economie ¥iahility Qﬁtllﬁh@hmﬂgesﬁé?ﬂyls_ hmcel-zrcapt an
: It Ve is the recycling of th ul) ides or polysu lides
{ﬁgéqﬁ%p%}%r%c?gsg%ﬁéﬁ ?}%—’ g&ﬁp%ﬁae%{}‘e?cé&%?din%&% 8?5?@&?%&, is

SR Saffitiently g by 8teBY@iRgathedtéw Totination of fidreaptais From
zdlcohols ometherslis suppressedafet2ansition metal oxides and

basic promocters.

in the reaction of methanol with hydrogen sulphide, at the
typical reaction temperatures and using an economically
viable hydrogen sulphide excess, the reaction equilibrium
is such that dimethyl sulphide is always formed as well as
methyl mercaptan. In addition to thicether formation, the
reaction to give polysulphides (e.g. dimethyl disulphide)
is also observed. These compounds are removed in the course
of workup of the product gas 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 alkalis. This
procedure lowers the overall selectivity of the preparvation
process for methyl mercaptan and hence the econonic
viability of the process. In this context, one alternative
ig the recycling of the sulphides or polysulphides into the
process. When the sulphide level, according to US 2816148,
is kept sufficiently high by a recycling, the new formation
of mercaptans from alcohols or ethers is suppressed. The
process has the serious disadvantage that large amounts of

sulphides have to be separated, condensed and, on recycling
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into the circuit, evaporated again. For this purpose, large amounts of heat

and cooling energies are required. Typical catalysts which are used in
TS Y SEEs5@s for producing methyl mercaptan fromBREHEGPA8d 050464
hydrogen 5 sulphide exhibit high selectivities for the formation of methyl
mercaptan and lead to a comparatively fow evolution of dimethyl sulphide

and dimethy! disulphide. A problem in this connection is that these

compounds accumulate in the circuit when they are recycled into the

1PSCedsT8inge The 1 catalfEts TRBE I B pribr difdart BAK posrRose, large
astablish the ehuiibriemdetwetn methylenercaptanrand-dimethyls .
sulphide. This means that, in each case, at most a quarter of the
tRdesised Rewly fesmed.sulphide isconyvered in thecase.afyecyslingdato. ¢
ihe clioulty 1545 shown by DE-C 1193038, s also passible to separate,
the s I"pﬁldé an(ftol con\)értin a sepgra%e réaction step over a ditferehit™ = 2
Tatalystds nfethyiimercaptah. Hfovesvet Vit isirietebsarytbsefactadttighn of
rexcess ofleydregen sulphitle: inserdestozachievestechnically relevanto1lution
on ;qﬁ§gf imethyl s ide. DE+C 11930 scribes a process .
Cisjr%)\,/vé%?i(Ef'ii"the sulﬁﬁgg%r%ed%a%}%%@% %ﬁ%%ééﬁér@vi%mtﬁgiem_ e
tGtaF anfothE s Hydrogén Stibhide reqtire@M B passed Bveracatyst in the
awhichn gfficiently establishes thereactien equitibriumebetween sulphidenard +he

ﬁ%@@p@ﬂsﬁ@@yaﬁyﬁh@-%MQQS_//;}!?Q@: iy eorz?@gt%m%}l CStablish
tqﬁbtamed are sgbseq en%léé, after addition of methanol or dimethyl etherxF
conductat ovet atai catait (REWE4 AT03T6Verhich the aledharor

thé eiialreadis Withnasyet dieohvertad dydivgenstiphide togiveanethyl-tex

of the undesired newly £formed sulphide is converted in the

case of recycling into the circuit.

As 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
ig necessary to select 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 amount of hydrogen sulphide reguired, is
passed over a catalyst which efficiently establishes the
reaction eguilibrium 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
(KoWO./A1,0;3) over which the alcohol or the ether reacts with
as yet unconverted hydrogen sulphide to give methyl

mercaptan.

Ag described in the abovementioned patent application, the
separation of reaction product and hyvdrogen sulphide in the
cagse of use of large hyvdrogen sulphide excesses is,

however, found to be difficult.
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30 mercaptan. As described in the abovementioned patent application, the
separatio? of reaction product and hydrogen sulphide in the case of use of

T gé WArSgef ddiphide excesses is, however, found to FEHffER 0 @By 50464

58159456 relates to a methyl mercaptan process in which the hydrogen
sulphide conducted in the circuit is mixed with fresh hydrogen sulphide,
and the overall 3125 stream is subsequently divided between a methyl
merca tanéreactor nd 5 a DMS cleav%%e reactor. Upstream of the methyl N
TRerdaptan reactor, ohe 1255 bsHeamis Miked Mithieftianor Sehikethdic
Seeohd dubstreart passésiinte thelclebvdge reactor thecDMS. Thenixed
Ppreduct streams,of-the dwo seastarsiare subsequently.fedtogethes toarcom 15
roduct workup. 10 US 2831031 discloses catalysts based on .
%yrg p“h%é%%g%% af(%:lu\rdTL nd%ftcgrjlﬁj% dioxide® oz\%%art%% ?c h dimethy Slphide” jgor and
TohViertsd f6 ietidy| Fifsre Aptan Wilts ATEadmam sélectivitylaf D796 acaprtan
conversion oh42%, $)S:400514%and IP5246203 tescrike BLIINIUML1 1e
xlesdione with, coball malvhdate of 1e Jungsten sulblide, WIDWYEL s ¢n
dimethyl sulphide conversions of, respectively, 41 an %6 and,
T8§petiively SEIcEHities bf §5 “éﬁ@@%%?or%%@th?f“’rﬁe%&ﬁéén pEe
sachieveds Faitherfeatalystsclaimed-in US 4343006 are-z&alites (X, Y, L)
doped with sodium or potassium ions, 20 with which maximum me_thyl
uercaptarselactivities-efH5% ake pshieved with adimatbyhauphide i - acig
sonversion gf,7 9%, 4 28153426 relatestoaluminium oxidgs, modified
with '
converted to methyl mercaptan with a maximum selectivity of
97% at a conversion of 42%. US 4005149 and JP 5246203
describe aluminium oxides doped with cobalt molybdate or
tungsten sulphide, with which dimethyl sulphide conversions
of, resgpectively, 41 and 88% and, respectively,
selectivities of 82 and 93% for methyl mercaptan can be

re

)

achieved. Further catalysts claimed in US 4313006
zeolites (¥, ¥, L) doped with sodium cor potassium ions,

ith which maximum methyl mercaptan selectivities of &5%
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
DME cleavage conversion of 40% can be achieved. The
H,8/DMS ratic in the reactant gas is 2 to 28 in the
abovementioned applications. Preference is given to
pursuing & high H,8/DMS ratic in order to achieve
sufficiently high DMS cleavage conversions. US 4005149
describes a process for catalytically cleaving organic
sulphides with hydrogen sulphide in the presence of
sulphactive catalystsg. As a result of the addition of
carbon disulphide to the reaction mixture, the overall
conversion of sulphides to mercaptans can be increased. A
disadvantage of thisg process is the use of toxic carbon
disulphide in the process, which has to be separated again

from the reaction products in a costly manner. Generally,



phosphorus oxides and tungsten oxides, with which a maximum DMS
cleavage conversion of 40% can be achieved. The 25 H25/DMS ratio in
the reactant gas is 2 to 28 in the abovementioned applications. Preference
is given to pursuing a high 3125/DMS ratio in order to achieve sufficiently
high DMS cleavage conversions. US 4005149 describes a process for
catalytically cleaving organic 30 sulphides with hydrogen sulphide in the

. presence.of sulphactive catalysts, As a result of the addit] on, .

“gistu p?higel © ?ﬁée)gr%agt%naﬁ?xaﬁ le thSeL?%\%eﬁéﬁggos n&e?s%%ﬁ%%%%p%{dges téth

hydereaptans ehhibedferchdcd AHsaavatage o tHiopritessidifrusgnd the

@k toxiscarbep 35:disuphide imtheprogess, svhietehas to=be Separated
again_from the reaction in.a cast ner , +4.in he

R a50 of Al SuTKILS o Melcasians Aty atoas e hich

NEBRBAVIBES for TRETCEBRARITY REFRaamumh-SipPtesion of by-‘ﬁ&&?ﬁ‘ﬁg the

addd ptrsueds In-sahtrastthe décompesitias of-(palhasulplides fo by

ol cantans.for example over alumipium oxides quithgut the addiien 9f ana =

ydrogen sulphide, is characterized by comparatively low S%Iectg/ltles fo

DTtAyISRERCRpHHR &d QBF(%fJOé%)e%E%m gf‘ﬁ%‘ cfe" MEshkira et ar- S

f cleserizeyfdrexampl&sinReactiKinst. Caslalett. sk 70, Nol1, 70, Neo. 1.

14834189, ZQQ_@HOtbe ﬁggomﬂéémgﬁ @wm@}hwﬁdi%ﬂﬁ@ﬂggg meteyliphide to
mercaptan without addition acidic catalysts with maximuy

Rt BB SUI LS bf §9s SREer g o Loty ol gl == v =

w [REactaKiHeRTC ket V6|, PFrNBP2 236 B3I E L1065 HoR thePdedvaye of
dimethyl sulphide with hydrogen sulphide over 7-aluminium oxide, a

Admaximtinoactivity issachievedayhen the [(Fatalysts Haveat|largehamber G0l -

2 3Prafis Lewis agid sites apddasic sitesof mederatesangth fTMgimethyl
c%ltaly,sts based on S.C?% Na20/Al Oﬁgggcnt{?gxbyﬁ:ﬁ(gm%gv £t %I. g})glgl it,

SUL RIS Bnirsibesi S5, RBwRYer? dnly maximim methyl mercaptan’

maslootivities bf62%ywhite At Teetcap@an seletiviies bY9¥%h Witlra =

1. §08version:of 38%r argrachiavedieues pusey dAROBeK isad objest of thetes of

miention to provide. an eqonomically yiable Racess, 8N APPREANS 8 .o,
spemﬁc cata ys?s %rlgreparlng methyl’'mercaptan from dialkyl sulphides

AanaferERTKIPoRREIDREE aRll Htrogaiddphide SSUMMARYCOonversion

of 9.5%, however, only maximum methyl mercaptan

gelectivities of 82%, while methyl mercaptan selectivities
of 97% with a conversion of 38% are achieved over pure
'Y“Al 501,

It is 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.

SUMMARY

In one aspect, there is provided a process for

continuously preparing an alkyl mercaptan comprising:

reacting a reactant gas mixture containing a dialkyl
sulphide and/or a dialkyl polysulphide with an at least
molar excess of hydrogen sulphide at 100° C. to 600° C. in

a gas phase and



In one aspect,thereis provided a processfor continuously preparing an
alkyl mercaptan comprising: reacting a reactant gas mixture containing a
dialkyl sulphide and/or a dialkyl polysulphide with an at least molar excess
of hydrogen sulphide at 100 C. to 600 C. in a gas phase and 4a a) in the
presence of a catalyst containing Al2@3, Si02, Ti02, an aluminosilicate, a
zeolite, a bentonite or an alumina, and at least 1% by weight of alkal

a} metakddder &3 imageadiorwhichaihgleidescnt separate edtabyst Zarges

-and 'n’i ; in ¢).th q] inant portion ar the total

: l%rﬁoér}%t %‘%f%%%l%%%ﬁ%é aéd%o%%?a%%}'pz%]ysgu%hﬁgg J|’sim'i%trct})liﬂj uced

a Ll yonhe redactortipsteeaih ot a fivst ceralyist zore togetter with-at least de,
portion of the total amount of the hydrogen sulphide used, and d) a

b) remaining amounteh the;hydrogen suiphide and of thedialkyl sulphidg, . . -
and/or dialkyl polysulphide is metered in between the catalyst zones, e)

204 ndthe T8althnt §aS§ mixturé’€6aids a dialkyl ether which reacts with
hydrogen sulphide to give an alkyl mercaptan and hence increase the
c) oveealkselectivity-ofthe pracess. PETAEEDDESCRIBTHONhe he

. Invention provides a process for continuously preparing alkyl mercaptans
T B e LG4 bo b E IRy SR HES Sniffor STl g ic 2
inpolysuphides with arpatdeastimolar @xcess of hydragen sulphide abgether
wiGlevated lempetatire, ip the gas e@@é’aﬁ)'%ﬁ@§u%f358%°%82ﬁ§§§1¥5&en

based on or consisting of Al202, Si02, Ti02, aluminosilicates, zeo
sulphide used, and

d) a remaining amount of the hydrogen suiphide and of the
dialkyl sulphide and/or dialkyl polysulphide is metered in

between the catalyst zones,

e) and the reactant gas mixture contains a dialkyl ether
which reacts with hydrogen sulphide to give an alkyl
mercaptan and hence increase the coverall selectivity of the

process.

DETATLED DESCRIPTION

The invention 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 sulphide at elevated

temperature in the gas phase and

a) in the presence of a catalyst based on or consisting

of Al;0s, 8i0;, TiO,, alumincsilicates, zeolites,
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5 bentonites or aluminas, which contain at least 1% by weight of alkali

metal oxide, b)in a reactor which comprises at least n2 separate catalyst

¥Bned Uet&Bs 8)the predominant portion or the total arB6GAER3REE /050464
dialkyl sulphides and/or dialkyl polysulphides mentioned is introduced into

the reactor into the first catalyst zone to§ether with at least a portion of the

total amount of the hydrogen sulphide used, and 10 d)the remaining

amount of the hydrogen sulphide and of the dialkyl sulphides and/or

dialkyl Pelystishides 18 méterdt imtfetwebi the eatalst 2oRés. MRJC 1% by
meansvEl ¢ €5eelk | @specialbymaethyk e, poly-sulphides have

generally 2 to 6 sulphur atoms. 15 The process is preferably performed

sontinuausly. Rreferred exanples of dialkyl sulphidesand dialkyk ccparate
polysulgglgtdeg, V\S/Eich are reacted in accordance with the invention with
hi

hydrogen S%TB/ efo Sﬁ% ’all%ry %%:écrégptan are dimethyl sulphide, dimethyl

disulphide, dimethyl 20 trisulphide, dimethyl tetrasulphide and ~
Tithiapenfanes > Thase fpbly)Saiphides May besmeteréd intd theproeess e
alone ctiin Bapnixterelwith dmetaykisfubphide alt ks/alsp pogsiblestoimeter

alky! ether, compoynds, for example.dimethy ether, la.thereactant gas;,
SaK‘m%@égge%%%ggg%ﬁg%g%ggtogether 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 betwsen the catalyst zones.

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

sulphides have generally 2 to 6 sulphur atoms.
The process is preferably performed continucusly.

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 tetrasulphide and dithiapentanes.
These (poly)sulphides may be metered into the process alone
cr in a mixture with dimethyl sulphide. It is also possgible
toe 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
cf 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
selectivity for the reaction product of greater than 98%.
The formation of further by-products, for example carbon

disulphide, should as far as possible be suppressed.
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25 reacted with hydrogen sulphide to give methyl mercaptan. Equation (1)
illustrates, using the example of the cleavage of dimethyl sulphide, that

YRe rERAi4 ﬁ%%g]tﬁa performed without formation of by- pro%ﬁ@t/sEﬁ‘%@QﬁrﬁOSMM
of the invention is to perform the conversion to methyl mercaptan with a

30 selectivity for the reaction product ongreater than 98%. The formation

of further by-products, for example carbon disulphide, should as far as

Possible be suppressed. Caused by the low exothermicity of the cleavage
“rgéct?orgfﬁe préheat@bsreactant gas mixture Wﬁlcﬂ%%)c’rﬁprlses hydrogen
sulphide and dialkyl (poly)sulphides can be converted to 5 methyl

FrRereaptanyin ncadiaatfereiak i TR Féactantigas mbddradngy asapction,
wompriserdialkylethers-ordiaryl; a&we&&ﬁp@slauwﬂnewm@thers esIR§drogen

dgdl[h aégsp(ltfysu%&hlgegrang% % Pﬁpsg &'ﬂl‘%& 3 e%ng)ge era dlalk I s%g%ge
I%%paéﬁény‘%ﬂaﬁat@llﬁh@?e;fe%ﬁlf@pﬁé?era%ﬁﬁﬁaﬂror%ee.n%%%@a}t gas
il whicheatlegasts2, @speciatly 2-te 25] eatalyst zohes are-eonniected inethers,

Sehes- The gatg%&gg nes mayhe configured, for example, as fixed beds

or tube bundles filled with 15 catalyst. Optlonally it is also possible for a

tI%l:rahté/ of individyal ag&grgtu&es of this 1 ﬁ}? . UI8e G%%rglgcted 15&2rans(%mc)um

e reactant mixture comprising seous 0 yl su?phl
Cbﬁrawapdﬁzéup‘fw@ré%w%r@géh ﬁﬂﬁﬁiaglanza@m’%%wﬂﬁme* ange from 3:1
eonyrenteisatetesed inte 20 the reactor, insusbai mpnpenthat to 25:1.

preferably the total amount of dialkyl (poly)sulphides, upstream of the first
atalystzonecis addeg with 9&915&0%@/49%%@598”95 fegtleastthe which
ncth Pa Q%ft e total amoug droge sulphide, while the remaining

AmoLiit of hydrogen Sulphide 25 is Meteredin behween tha Gatalyst zones.
Optivrailyat sralse pbssibletocadebthe sl amount ofRydroger sulphidered,
Apstreamefitbe fisst catalyst zones The prodectigasimixiure Cande with
cga:@gg%% tl’;’d’sﬁ'%ﬁﬁ‘%’“ Arpcqsses, A partiularly advantageous, . ; .,
ofplnd1VLdual apparatusges of this type to ba connscted in

series. The reactant wmixture comprising gaseous or liguid
dialkyl sulphides and/or dialkyl polysulphides, hydrogen
sulphide and optionally further components is metered into
the reactor in such a manner that preferably the total
amount of dialkyl (pocly)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 hvdrogen
sulphide, while the remaining amount of hydrogen sulphide
is metered in between the catalyst zones. Optionally, it is
also possible to add the total amount of hydrogen sulphide

upstream of the first catalvyst zone.

The product gas mixture can be geparated by varicus known
processsg. A particularly advantagsous separaticon is
degcribed in EP 0850323 B1, (U8 5866721). Unconverted
dialkyl sulphide or dialkyl polysulphide is recycled into

the reactor.
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30 described in EP 0850923 El, (US 5866721). Unconverted dialkyl

sulphide or dialkyl polysulphide is recycled into the reactor. 7 Figure 1
YRow8 ¥’ BFFSrEd embodiment of the reaction apparatuB48r/EBaRAG / 050464
dialkyl (poly)sulphides to mercaptans according to Claim 1. The gas

comprising these compounds is referred to as reactant gas or reactant 5

mixture and stems preferably from processes for preparing methyl

mercaptan from hydrogen sulphide and methanol. In the reactor 1, n (n =

5158y Catdlyst¥ones Witick E6ASETGIh likibticreantdertaid & eatakken
bedare acsorimodatet: Preferdncel isygiverstol ysiag Bpl0 catalyst zones.

dheldreactant mixiuge 2 comprising the,alkyl(poly)sulphides mentioned
enters the first catalyst bed 8 through the distributor chambet 7.lTFistfirs§211 ese

CREIREBAE is BpliGrally” AW ditectidiP ot thE redétangas oversefirst
withta:bed ohihestrrateriats For ekample; @tuminium 45:0xide spheresor i ng

feramic Raschig Hags mnb%%dog%meéwaﬁ%-mmmewem
1|_r111eert E):%% gtczcl)lgpqsedqth?nca_tal%)s_t t% . After eavm%the first $t§1ge, the gas .
mixture 15 etrichet in thé distibutor chamberd with HyarogBh Sulphidéapst of
Br episHallyihe feasanbmixtee, 20-The §as mikere subsegquentiyodated.
Hows-autof the: distributor chamber-94into-the second-catalysihed 11 and

ices in the. distributor ch .ensure turbulent flow and complete
%%(i%r%ggo%hggftg:l;c%gﬁs%rﬁc%%s%i%ﬁtg Gni o?n#?“ 0\(/?@:?%3 e :?eg o

Bt tHet SECONdCHt RSt betf: 25 FIve sGpi bY Aifidiogen Sulghigersl: the
aptiomally-therreattanbgas mixtrelis effectad analageusly st -ils

freferably fwheren 2 2)at 82, injection poins.between the downstream. . 4
catalyst beds of the apparatus. Optionally, it is possible to dispeénse witha |

Stipply SfhydrSyertsliphide™5070r rBacant §as mixtife GFEHFEAR of terminium
Tasttatalydtetsatdnjectompoint 22 $rbider 10 obtaindull tanversidn s inert

dhe seaciion. Thelast catalystzonemaay optionally alsa.be configired. 1 o
full conversion. 8 to 10%

I%rll_%er tg%n }'%ed(_)th zaone in %rder tot%nakq_lg S| (

by voldrme, espemé% iy fQ_iL b by Voltime, of fiydrogen based oR tHE otal
HHOHREThEsE eSS %p?é@s thesbimatiorref oligniers ahdwith
Ipeiymersn Insadditiod,futhessecondanneqmponents fos exampleni xture 2.
Aitogen, waler 5-carbon mopoxide, gatson dioxide. carbony! splphide.or,
chamber 9 into the second catalyst bed 11, and devices in
the distributor chambexr 9 ensure turbulent flow and
complete mixing of the reactants which is distributed
uniformly over the entire area of the second catalyst bed.
The supply of hydrogen sulphide or optionally the reactant
gas mixture lg effected analogously at n - 1, preferably
(where n > 2) at n - 2, injection points between the
downstream catalyst beds of the apparatus. Optionally, it
i1s possible to dispense with a supply of hydrogen sulphide
or reactant gas mixture upstream of the last catalyst bed
at injection point 12 in order 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 is also characterized in that the reactant gas

containg optionally at least 0.1% by volume, creferably 0.1



10

20

30

dialkyl ether, may be present in the reactant gas. The dialky!

oly)sulphides are converted to mercaptans preferably over catalysts
V&%n‘éﬁ]i@ CAR&L Metal oxides at a temperature of 100 to BEBCEBRASAHR/S 0464
150 to 450C, 10especially 300 to 430C, and a pressure of 1.5 to 50 bar,
preferably 8 to 40 bar. The catalyst supforts used may be silicates,
titanium oxides, zeolites, aluminas, aluminium oxides and preferably
7-aluminium oxides. The supports_have preferably been modified with

fkali HietaY oXides Bhich fifat A% e Lewis Beidiy, ‘coiparedtdne oF
lupnocdified catakyst support is rediicedrinarcontroled manneswhile suppress

simultaneouslydncreasing: the Lewds basicity, Rreference js given {q using
E—@Iumiqfium oxides containing 1-50% by weight, prefgrably 2t020%by

WEIGhtEbf SRAP AT 0 SXIHE A Cataly SR T PFEFErBRTE IS givBRI6 Usinge ter

FagloatiniuAToxides comtaining: cdésivmdexide erubidilineoxXidée inltheo

Preqessiaceording tenthe ipyentiensas catalysts, J hecatalysts afg. .
prepared, for example, by means of the impregnation of the catalyst

Sippartwith 25 suitable alkalimetal salts, which are convertedtothe .
corresponding oxides by thermal decomposition. Preference is given to
RisfgalREl hetdi Titr a5 >carbbRated Bt the Aikdl Mé@l dalfedp L oxides at
Tarboxylic acidseThé catdlysts afd sabsequeantly dred and=aptionallyp 0 ° C,
£alcined atitempesatures 300160 19,600C Jpapayticular embodiment; the,
LI onpres e sompanis glone  pore tarsten e
Me bEW.es, titanium oxides, zeolites, aluminas, aluminium
oxldes and preferably y-aluminium oxides. The supports have
preferably been modified with alkali metal oxides such that
the Lewig acidity, compared to the unmodified catalyst
support, is reduced in a controlled manner while
simultaneously increasing the Lewis basicity. Preference is
given to using y-aluminium oxides containing 1-50% by
weight, preferably 2 to 20% by weight, of alkali metal
cxide as catalysts. Preference is given to using
y-aluminium oxides containing caesium oxide or rubidium
oxide in the process according to the invention as
catalysts. The catalysts are prepared, for example, by
means of the impregnation of the catalyst support with
suitable alkali metal salts, which are converted fo the
corresponding oxides by thermal decomposition. Preference
is given to using alkali metal nitrates, carbonates or the
alkali metal salts of carboxylic acids. The catalysts are
subseqguently dried and optionally calcined at temperatures
50 to &00°C.

h

O

In & particular embediment, the catalyst comprises oxidic
compounds of one or more trangition metals of atomic
numbers 21 to 80, especially of V, Mn, Fe, Co, Ni, Cu, Zn,
Zr, Nk, Mo or W.
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9 These metals may also be present in the form of hosphates or

p%mé)hoszhates. Before they are used for the first time, the catalysts are
v Ht%% 83§I§Jsgllphidated in a hydrogen sulphide streafCdy/Zr2008/050464

temperature of at least 100C for at least 1 h. Fig. 1 shows one

embodiment of the reactor according to*Claim 1. Figure 2 shows the test

results of the cleavage of dimethyl sulphide to methyl mercaptan in the
resence of hydrogen 1O_Lsulp ide over catalysts based on Rb20-7-Al203,

{iaer (e aoTRiOT of 12 i AHFHZSIOMS = A1 Figuré 3 dhowapriates

the rest resuitsforthescleavage of dimethyl sulphide to methyl mercaptan

in the presence of hydrogen sulphide in a reactor with two catalyst zones

mntlck:H2hdeeding upsiteamwf the:dva Catalyst zenes thheqresenee-ef zre

M%rﬁeggaeteug%,lye Eééﬁ%ﬁ&é@gwsiﬁy ng&le@g}p'%*ﬂ%ﬂ%eg@ﬁgé m at

the catalysts, while Example 2 describes the tatalytic cleavage of dimethy
BUIFHIEE TS MEty | THer@iptafi28G ExAmpte 1BréparatiGitor M2B-A1203

(M =Li, Na, K, Rb, Cs) 49.66 g of LINO3 were dissolved in 300 ml of
Histilled watel T hersp| RidrrRas g atedftodpproY UG sueh tharthasalk o
deglidissalved completely. 50 g of 7-aluminium 25 oxide were added to the
solution with stirring. The solution was subsequently stirred for approx. 60

MiBuTBe: shows the test results of the cleavage of dimethyl
sulphide to methyl mercaptan in the presence of hydrogen
sulphide over catalysts based on Rb20-v-RAL203, under the
conditiong of p = 9 bar and H2S/DMS = 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 rsactor with two catalyst zones and
H2S feeding upstream of the two catalyst zones in the

presence of different catalysts.

Example 1 shows, by way of example, the synthesis of the
catalysts, while Example 2 describes the catalytic cleavage

of dimethyl sulphide to methyl mercaptan.
Example 1:
Preparation of M;0-21,0; (M = Li, Na, K, Rb, Cg)

49.66 g of LiNO:; were dissolved in 300 ml of distilled
water. The sclution was heated to approx. 60°C, such that
the salt had dissolved completely. 50 g of y-aluminium
oxide were added to the solution with stirring. The
solution was subsequently stirred for approx. 60 min. The
catalyst was stirred at a temperature of at least &0°C,
optionally under reduced pressure, 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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catalyst was stirred at a temperature of at least 60C, optionally under
reducedéyessure until the complete amount of liquid had been absorbed

iH5to #9¢ 848581 She 30 catalyst was dried under air at appFdx EROR08/ 050464

overnight, and then calcined at 500C in an air stream for 3 h. 10 Example
2 The EMS cleavage was studied in a lje?nperature range of 100-500C
and a pressure of 1.5 - 25 bar. The ratio of hydrogen sulphide to dimethyl

ul hic{(t-:- (EMS) in the reactant gas was varied in the range of 1:1 - 25:1.
%é%r% Re ‘start of the reaction, the fresh catalysts were first sulphidated in

the reactor at 35000 for 2.5 h in a hydrogen sulphide stream. Figure 2
Showe for REZ0:ARD3WEPhéralitd} accormparisorist the BiiethyFadphidé
cleavage consersionstoanethybmercaptan as afupetion afitherario oF

tempe v%fes"éﬂ%E'fééicéb"oc\!%éeﬁgyffegﬁ‘%g%@%gg%@)a‘:&%f with one

catalyst zone) and in "two-zone operation”, I.e. the tream, S|m|I%1rIy

16 AStATed PSRt BB Shtermetifite Fédtiity, asifed in updtréam 15
of the two catalyst zones. In both cases, the total H25 to EMS ratio was
Beip Fhel Ssacehveicitids ARe gas doadings webeidenticdl inhothipages. were
Figure Zillustrates that, EhthQH@VEFﬁB!@t&ﬂfaé%C}U&E@\GQE t%]@atabestﬁ in a

| e ifi ith alkali.metal oxides and are claimed.in this
J%Hé?g)p%%étj 69 r?l,?s%qr%%ar%%/ %g her ?M%ucﬁéaéag%g&%%érsﬁg s %ﬁd%eA _203
ERRIEVBE tA&S in EorEMEBAAIS BRe Zone GpefaliGiiRiol examipid fieacleavage
conventionah fixed bed readtondiguret3:shews therpesitive-influgnce, ef

dhe.increasing Lewis basicityof the catalysts in the-lnyentive.appargius
25in "two-zone operation”. With 0s20-Al203 catalysts, both’in

reactoy with one catalyst zone) and in “two-zone
operation”, i.e. the HpS 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.8 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 “one-zone operation”,

for example in a conventional fixed bed reactor.

Figure 3 shows the positive influence of the increasing
Lewis basicity of the catalysts in the inventive apparatus
in “two-zone operation”. With Cs,0-A1,0; catalysts, both in
“one-zone” and “two-zone operation”, significantly higher
cleavage convergions were achieved than with catalyste
paged on Li0-Al;0;. The overall selectivity for methyl
mercaptan in all cases is 100%, i.e. no by-products were
detected. Among other catalysts, Cs,0-A1,0; catalysts with
different Cs,0 loadings were synthesized (5 - 10% by
weight) . As is evident to those skilled in the art,
modification with regard to y-A1,0:; source, performance of
the impregnation, dispersion of the alkali metal oxides,

porosity and BET surface area of the catalyst and



15

20

"one-zone" and "two-zone operation”, significantly higher cleavage
conversions were achieved than with catalysts based on Li20-Al203. The

Berah A(&Ct® Ry for methyl mercaptan in all cases is 10086 5£ER8008/050464

by-products were 30 detected. Among other catalysts, Cs20-Al203

catalysts with different 0s20 loadings wete synthesized (5 - 10% by

weight). As is evident to those skilled in the art, modification with regard to
-Al203 source, performance of the impregnation, dispersion of the alkali

StaloRaEs 35 forosfty SR BETFSurfitEareaS the catalyst-aRg ER =1 on

parformancey of #reccatalysiconditithing ersulpkidation eas achieve even
higher DMS cleavage conversions. The economic viability of the overall

Precessdepends-efucially: R therproductselectivity fer-methyl meseaptan
2.hased-on the c an [ sed (e.g..methanol). It is evident from the
avk?(?\%se tr%r‘{fsuﬁorh%rgs, f r'8 eEzJ)if‘aL?né;CIe%ljefrg‘(55,-gt;htJf'\S’TL:JLI‘(’[E‘)Xﬁid%e?%apfl %té (%}hv@ﬁg& e

TREtRF Rercaptart #ith HigFfiekise whrdfindreases it 69etalt selekfivity?

of thispreparatiorcafemethyl-mercaptarA pattivulay ativantagegf 1 themerchyl
dnventionds that dialky! (poly)sulphides, which, would.otherwisg havefo be .,
incinerated as b%-products or disposed of in a costlyjmanner,, can be

YtifizétFin &'techmically Shpieand iexyérsive rafsismation-as 8 rake
geHEfor methyl mercaptanndoreover;in theprocessdceordidgiatheye of
dbdnvention; ne-toxie carhon disyiphide qrether by predycts.are formgd,, ;14
otherwise have to be incinerated 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
methyl mercaptan. Moreover, in the process according to the
invention, no toxic carbon disulphide or other by-products

are formed.

The methyl mercaptan formed is removed from the product 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 (CGB
1268842), in several distillation and scrubbing columns at

temperatures between 10 and 140°C.



The methyl mercaptan formed is removed from the product gas mixture
together with the methyl mercaptan from the first process step (for
example reaction of methanol with 20 hydrogen sulphide), as explained in
DE 1768826 (GB 1268842), in several distillation and scrubbing columns
at temperatures between 10 and 14qc;. 12 Claims 1. A process for
continuously preparing an alkyl mercdaptan comprising: reacting a
reactant gas mixture containing a di. alkyl sulphide and/or a dialkyl

Clpolysulphide with an at least molar excess of hydrogen sulphide at 100 C.
to 600 C, in a gas phase and a) in the presence of a catalyst containing
Al203,-SiC2, Ti02, an aluminosilicate, a zeolite, a bentonite or an alumina,
and at Iéast196 byweight of-alkal metal oxide 2b) in ageactor Which

e iNClUdes,"n’ separate catalyst zones and "n" is at least 2, wherein c) the
predominant portion orthe total amount of the dialkyl sulphide and/or
dialkyl polysulphide is introduced into the reactor upstream of a first

regatalyst zonetsgether withatléast-a poftioh ot thertotat amcunt of the

su hydrogen:sulphide 1ised, and : d).a remgining amquntthe hydrogen .. < +

uiphide and of the dialkyl sulphide and/or dialkyl polysulphide i:; metered

e g%&?éﬁfﬁé%é%ély%‘(%ﬁ@?ﬁ ef and ‘?ﬁé‘?eaa‘&aﬁfggs mixtare é0Rtains at

a glialkylether which reacts with hydrogen sulphide to dive an alkyl
mercaptan and hence increase the overall selectivity of the process.

&) in the presence of a catalyst containing Al.O5, 510,
Ti0:, an alumincsilicate, a zeolite, & bentonite or an

-

alumina, and at least 1% by weight of alkali metal oxide,

b)Y +r

D) in a reactor wnich includes “n” separate catalyst zones

r?

is at least 2, wherein

¢} the predominant porticn or the total amount of the
dialkyl sulphide and/or dialkyl polysulphide is introduced
inte the reactor upstream of a first catalyst zone together

with at least a portion of the total amount of the hvdrogen

sulphide used, and

1

d) & remaining amount of the hvdrogen suiphide and of the
dialkyl sulphide and/or dialkyl polysulphide is metered in

between the catalvst zones,

e) and the reactant gas mixture contains a dialkyi ether
which reacts with hydrogen sulphide to give an alkyl
mercaptan and hence increase the overall selectivity of the

process.



13 The process according to claim 1, in which the react an gas
mixture additionally comprises dialkml ethers. 3. The process
according to claim I, in which the total amount of the dialkvl sulphide
and/or dialkyl polysulphide is introduced into the reactor into the first
catalyst zone together with at least I/{L part of the hydrogen sulphide used.
4. The process according to claim 1, in which the catalyst is y-Al203which
contains at least 1% by weight of an alkali metal oxide. 5. The process
accordintyte clainrd sin whichrthercatalyst-dontains at leastHl%:byrweight
~-9fan al 'a etal oxjde selected from the group of Cs or Rb. 6. The -
) ‘ﬁfrcobergékg%c%ré?ﬁéﬂfgéi?air%gfiﬁ Which the cat yat s modifisd by a ©-rers:
compound of a transition metal. 7. The process according to claim 1,
where the,catalyst zones of thejreactor are,configured as fixed;beds, tube
~ bundles or fluidized beds. 8. The process according to claim a, in which a
“Obitrafity Of féadtors-are Connected fivséfies!e angl/THe Biccess according
potoselain i dnwhichi the-hydregen suiphide, is present.in a molar ratio4o.the
. fotal amount of Qialk;/l sulphide and and/or dialkyl polmsulphlde in the
“%rdnge of 3116 257 EF AT 10" The proééss-adcdtdingto dtaint 1 %in which
hythe reactantlgasimixturescomprises the dialkyl sulphide and/or the dialkyl
polysulphide is obtained as a by-product in the preparation of alkyl
mercaptan. 55. The process according to claim. 1, wherein the
reactantlgas mixtares contairs-atileastt®.196 hydrogenin which the

an alkall metal oxide.

5. The process according to claim 1, in which the
catalyst contains at least 1% by weight of an alksli metal

oxide selected from the group of Cs or Eb.

M

H

6. The process according te c¢laim 1, in which th

Gl

F

catalyst is modified by a compound of & transition me

7. The preccess according to claim 1, where the
catalyst zones of the reactor are configured as fixed beds,

tube bundles or fluidized beds.
8. The process according %tc¢ claim 1, in which a
plurality of reactors are

connectaed in series.

m 1, in which the

o
i_ln

9. The process according to cl
hvdrogen sulphide is present in a molar ratioc to the total
amount of dialkyl sulphide and and/or dialkyl polvsulphide

A

in the range of 3:1 o 25:1.



12. The process according to claim 1, characterized in that wherein the
catalyst, before being used for a. first time, is sulphidated at a temperature
of at least 100 'C, in a hydrogen sulphide stream for at least 1 hour. 13.
The process according to claim 1, wherein the cting is effected at a.
pressure of 1.5 to 50 bar. 14. The process according to claim 1,
wherein t .e reacting is effected at a temperature of 300 to 430 C., and a
pressure of 8 to 40 bar.

10. The process according to <laim 1, in which the
reactant gas mixture comprises the dialkyl sulphide and/or

the dialkyl pelysulphide is obtained as & by-product in the

preparation of alkyl mercaptan.

1. Thz process according to c¢laim 1, wherein the

reactant gas mixture contains at least 0.1% hvdrogen.

12, The process according vo claim 1, characterized in
o

that wherein the catalyst, before being used for a first

time, 1s sulphidated at a temperature of at least 100

-

13. The process according to claim 1, wharein the

reacting is effected at a pressure of 1.5 to 50 bar.

14, The process according to c¢laim 1, wherein
reacting is effected at a temperature of 300 to 430° C.,

anc¢ a pressure of 8 to 40 bar.



