1 Method for the continuous production of nethyl nercaptan from
car bon- cont ai ni ng conpounds, sul fur and-hydrogen "The .invention relates to _
~a process for continuously preparing netlhyl nercaptan by reacting-a

m xture conprising carbon conmpounds w th sulfur and hydrogen, wherein the

. carbon disul fide and hydr ogen sul fi de conpounds which formare converted

to methyl nercaptan. Methyl. Mercaptan is an industrially inportant

“internmediate' for the synthesis of nethionine, and for the preparation of
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. catal yst consisting of an . alum num oxi de support and transition netal

oxi des and ba5|c pronoters The mercaptan is usually synthesized in 15 the

gas phase %; ven t%;eﬁeH%&%59QI§%p %Q%e%%ogoénéoﬁE1Hﬁ8§§y§es bet ween -1

and 25 bar. f*h gas mxture cé) rises, .as wel he nmet hyl
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reaction, f@fe @gﬁﬁmre;ézﬁrtlapmdmﬂammie:caqmabﬁn di oxi de, - nitrogen and
hydrogen, are al'so present in the product gas. 25 The nethyl nercaptan

formed is r dfromthe product S t-yr e, ined
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net al oxi des pronot ers, - whi ch silicon dioxide preferably serves

as a supportatass MIWPQJE&W&O%W%&%% MeAtEPdt €0For t he
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25 The methyl mercaptan formed is removed from the product gas
| mixture, for example as explalned in US 5866721, ‘in a '
plurallty of distillation and,scrubbrng‘columns at

temperatures between 10 and 140°C.

Methyl mercaptan can alternatlvely be- prepared from carbon

© 30 oxides, hydrogen, sulfur and/cr hydrogen sulfide. Accordlng _
to US 4665242, for example, methyl mercaptan 15 prepared
using catalysts based on alkall metal Cungstates. Compared
to the methanol-based method,'these processes have lower'

selectivities for methyl mercaptan and conversions of



) US 4, 057,613 describes a catalyst-free pr otess for 25 preparing carbon

“.disulfide fromsulfur arid hydrocarbons. Bell et al. describe, in US

"~ 2,565,195, a process for hydrogenating ¢arbon disulfide to nmethyl .

mer capt an and di met hyl sul fide over Friedel-Crafts-type acidic catalysts
(AlC13, BF3). -The by-products obtained include hydrogen 30 sul fide,

t hi of or mal dehyder trithi onmethyl ene,' nethyl enedithiol, nethane and et hene.
Audeh et al. describe, in US 4,822,938, the reaction of methane with

sul fur to %ﬁ%%fQ$8_ di syjdi 4%&01%?tB@latE%!Qﬁp%a%r%ﬁ%s@!gﬁﬁf

hydr ocar bons. S based on N Systens and H ZSM 5-zeolites are
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reacti on. Ci%be%%lasul fi.de and rretcﬂé( &Hﬂi}rlg% cﬁ%gr}splégﬁe\r}e%&/here as.
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rect eaction of mxtures obtained in other processes,

~ which comrm@emwte@emuwrlmﬁrﬁq%%mﬁﬁt@& Rdrordrons, with

or withgut yaheiveydriogenand siul fadn conpound $raspedilal Isecardbarn a
~disulfide, to methyl mercaptan, has to date hot been possible in . 20

industri al ISP88™Vant yi el ds and Sel ecti viti es, but instead leads to a-
mul titude of by-products. There is a need for puri fication-proCesses, sone
of them conp exq04 /088 Chizel mildimude Momrﬁmi yvademparientfowdmiot be

recycled into the .nroces ﬁ%@@éﬂb&?' estd Wdd-d _25
met hyl ner(,papet an ané)rhencertlpt[%&@ﬁeconom VI gi) ty of . the- proc);ess QQJH
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si nce the hydr ogen 0 sul fi obt ai ned, according to the pr| or art, cannot

be utilized in. another process and has to be -convert tal -
sul fur and Vet X RP GRS o d?ﬁ?ﬁtﬁ@u%%%ﬁ%%lf Cf C?ﬁanner ,
of 4 d aus-di ltexrtﬁﬂqtl leﬁwengartco H e ket tmamalftc:atme:alalctnennadhm H2S

, regeneratlon ant ﬁ:}}f‘( ces%} cendﬂgy{%] 410551: eé

‘conponent otf I on 'S re e over
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mer capt'an fromm Xt ures I ch conprise especially hydrocarbons and sul fur,

wher ei n t het Ry ERyErEul F1H Ot aY ned TEUFA i GO P EEHhON iy

vi abl e mannerqTEhey Gansbon @i sedd | s whi ode foF s asoranl i suefnidiiat e can
~also originate fromother sources. - 10 The invention provides a process

for prepari’titf $RetIBAYHet capt an, conprising the St eps of
Ué 4,057,613-describes a catalyst-free process for

25 pfeparing carbon disulfide from sulfur ard hydrocarbons.

: Bell et al. describe, ih US 2,565,195, a process for
hydregenating carbon disulfide to methyl mercapten and
dimethyl sulflde over Friedel- Crafts- type acidic catalysts
(AlCls, BF3). The by- products obtained 1nclude hydrogen

' 30' sulfide, thloformaldehyde, trlthlomethylene, v

' methylenedlthzol methane and ethene.

'Audeh et al. describe, in US 4{822,938,tthe reaction of

 methane with sulfur o give'cquon disulfide, methyl



hydrogenating carbon disulfide with water and b)reacting the hydrogen

sulfide forned in this reaction with at | east one of the.conmpounds

- selected fromthe.group 15 consisting of3al dehydesr-ethers, alcohol s, CO
G2, CO+CR and COS, in the presence of a netal oxide cat aI yst. The -

‘reaction with the carbon oxides is effectedin the presence of hydr ogen.

. The further oxygen conpounds nentioned Should preferably be used as a

co-feed in this case. 20 This process can Preferabl y follow the :

- preparatio f han, disul lJCict)yy:al so

.- be obtai neg(n%%éﬁaﬁg‘g %9%$¥%0Pﬁg§?%%f car bonyl y'(sgﬁtlsfcr s%zgocgél) C:Oolmcar bon
- di sul fide (TSH)emhdaedr Wi oxierel L e dactivh mba @@ 68t dihfed in the

‘preparati on. Of - €A5H0Ns 26 &i Guhfihge LM 58S .01 hiaddid 00 R ttihe iahd he
any unconverted sul fur and ]_)P/drocar bon(s),. carbon di sulfr e%e t he
0

hydr ogensul $1 &l 1o rirRte S| Rl Paredus| i Fhdf | o1 R mpounds, ~ and

AS ref err edrdéfc@bot hecd gaet amt sum. Xide eand trﬂrra:mnm@rmamamf drkke hydr ogen

- sulfide present.in the reaction. mxtuefor nmercaptan. The
hydr ogenat | SH-oF 3¢ e A bon™ di Surf i mi‘E?jlaiscaedar‘lt eesacotfgtn pressure

-of at | eastrédarcgauge, cmp@m‘rairreylmﬁlmﬁ %Mlcgaawp@@dlua:etsemfer ature
of at |east;gZ00 P Ly 50Gm Wer &, the 1l ar, 1GS2/H2/ H2S ratio

isin'the ra%ge&*(%g(?rr%&ia% e°’10 Sreferab y in. thealranégle_| from1:2:2

. to 1:5:5, weaeiym@g@rp@resenfor ne%@reéls% reginaserasw fdglfot i on 10 conponent
—in the subsequent reacti on of hydrogen sulfide with CO and/or CO2,and need
~only bqoadd%l:éfwr@glﬁo regud y el , (T”ne £EAONOMIC Al a,brsiultﬂuxoflst heseeral |

~ -process: for repar met hyl . nerc n, whic roce i a carbon .
‘di-sul fide d Gr'sordi e gen i Miei i nor‘?ri duct

- selectivi tyﬁlifcﬂfocfmrtl:lﬂyrhs ner<npt i thas e iake tdrel cardidn esourlee ulnsesd The
Cinventive Yse, of;caron compolnds. which. are.obtal ned ag ¢

corrponents O]f or as V\b eans 1 n, er processes or%}%ave tO date

- been ut.ili z@”@bttmtt%/ as a fuel for 20 energy genetati on can achi eve an

addi ti onal cost advantage. Exanples of sources of theSe starting m xtures

for preparifig. Gaf oo, dissd]ge @femﬂa&ur@é &&%&@&h&h%l se '
sul fur-cont ai ni ng conponents (e.g, H2Si - j er;url ties, car bon

di sul fi de- dofft & i ey StH EEPEC O § ﬁﬁ’.ﬁhe%n‘;??@ Y
preferably m&m&@nmm@o@a{rme sad tth airedudi’hdji‘tsataﬂeai edlyimtdzrmar bons
wth a C2-C6 Further .sources u for start.in tures are

i ndustri al %}%cse%@g%f F R BEAT n%s%er%laaﬁ]?ld rrboogner# losrﬂsﬁci%w conpounds,
i n-which reﬂleathy/]elryertcaa@fearandum stofddlye prceidrm’:t@l 3I® =i gbtial ned, but

- whi ch YUSt ORAR( Bl Jfglg%@i@r%r&s t&éﬂ?s parrrc@rs@réotl%ﬂlr@g AL adh idhout

further ad ue or posed In sonme her way. More

-particul ar]l%ﬁdﬁi it @ he Iﬁrb‘e%’%%dfac‘é%rkéﬁ’ﬁbmﬂjﬂ%% |Wﬁé?ﬁ ilgh,d SF¥ghE St r eans

whi ch are ﬁfbﬁ%ﬁ%ﬁ%ﬁb@é%§se§o@é\%£oﬁﬂem s@mﬁlch,exlaﬂmrecrss H2S
COs, SO, S02-contai ni ng al k sul fides

unds, 6 -al
ol ysul 11 der Car et USbeE S TG Exariet 11 5l ST e e SaSoEHeR are
obt ai ned f riom gffgass st reans fednepd afs dmrag;]elnerealtadtgxerw g;o:cor cheni cal

pr 0dUCP§a| dif %9@}3' gr%é)]%c%g')tan Saeﬂ?d?”ﬁén% ‘El‘reeChé"éoqwu Qfl;ﬁ{l Z&&Wgr a&g)tl on.

bi ol og m pr ocesses it i'on an
processes)rnThESESQas m xtures may conprrse as narn . .conponent s,
-hydrocarbons, especially methane, carbon oxides, -organic sulfur and

ni trogen Coppounds.of sl 0gesr S fihsies @ﬁtmeédlﬁsftgtﬂerafsormounds and

are used with' 10 preference in the rocess accor di ng t he |nvent| on.
The direct ¥EHRWHOHGF RY arlte n%orﬁr%m%so 1o A1 B L it ditigas with
net hane as ddies td - €OMPARERME: ficant disadvantage since the hydrogen

30 - sulfide obtained, according to the prior art, cannot be -
o :utilized:iﬁ_another‘pfbcess'an@,has'to:be'cenvertéd to .
" elemental sulfur and water by means of combustion with air
or oxygen in the manner of a Claus like reaction. Owing to
the additional capltal cest of an HjS regeneratlon plant

.35 (Claus process) and the loss of the hydrogen co_mponent of .



"hydroCar bons, for exanple, fromheavy 'oil fractions, resi dues frontcrude
oil refining or higher hydrocarbons in 15 general, for exanpl e ol i gomer s,
pol ymers or _ polycyclic aromatics, whith dare nornally obt ai ned, for
exanpl e, also as waste streans, in other chem cal processes, mnth sul fur
and t he subsequent hydrogenatlon of the carbon disulfide to methyl :
~mercaptan with further conversion of the hydrogen 20 sulfide forned at the
sanme time is the subject of the invention. OnMng to Significantly | ower B
raw materi 3l Gesty Jilo Nes opbanttheantyOostaaduant age hhcrheivarial e
-.oper ati ng- cogt elh Focar ons ‘used are rvidually or in a nlxture
.25 aIkanesdﬂanWPQ.Wkﬁbﬂﬁkﬂﬁtﬁﬁtﬁhﬁnﬁio%%ﬁeC|aIIy having 1 to 8,
preferably having 1 to 4 carbon atons, especially nethane.as the main

~ consti tuentrof; 4 he, hydyoeardons,e \@Ltehse"iﬁ; tlleﬂeQﬁ:%cb)y t\wlprm,ldeataw at ed
‘cyclic. or unsaturated cyclic hydrocar bgfnq ounds, al so_ i ngC

" pol yeycl i ¢ SPHPORR T I06 VAR e ttH&C e dr Al )?“e é’tlh)?\eré:ta
-al dehyde fqrrrmzt d@hydefes Eqmgiwmanmgamm@ldMWMarblomsomd .
enbodi nment , i nv t| on It e[nﬁt acprl e e|nn utlajt %ﬁot%eiqlesyl sfd qlecl%\y@le%h

forns, for ur| cap ar tion from car

" disul fide, iirs atromre:mmcnyl]m etmkaltﬂ ynasires 4 d}t@)l@mﬁl@ﬂlmlﬂﬁf car bon-

and OXygen“ﬁﬁfB@'fBﬁ% Wm@&é&%ﬁé %%@@%rr@l@a&@@% be

wor ked up by a downstr aus process to.give sulfur or in sonme other.
" way. The cartsr comgoiffds or “hydrocarbons can be provided in the 10 solid,
liquid or gaseous state, but are preferably in gaseous format the tine of

the reagti ame Atd%ﬂéﬂtﬂgﬁﬁlfﬁﬂd’vrddtﬁ sk aeasbofers yppipd migis awrteeL fed as the

‘reactant to t rocess for. pre i carbon disulfide is natural gas with
net hane or “?éfthr%tgtaat’s' t‘tfe“%%rbggaﬂ?t [6ft 9 addition, the 15 reactant

- gas mmy -conprise organic “sul fur COwpounds or H2S. | Li kewn Se present are
~general ly |a1erth§gzasegse,na‘tamge>c&rtmcel i tswolgeide Ty ewdtaomsf t hese gas -
m xtures with sulfur is effected without further workup of the gases at a

_ reaction prgssur Xy athd 8ARTroyd-ArauBSRECT @l de D kD 30 PaHezARGMA -
t enper at ur ek%of ar'f‘ea\zpcastg 200C, esrpcggm algﬁ/ 300- 600C, wnlth i quid or gaseous

sul fur in a one-stage-or nultistage process ste ally.in the :
presence of¥iditatalhatskiti 3 oMt HERPordg st ef%tf Ciexg‘?ﬁﬂ "Rst ens

or H 25 Z3Mmzeolidest %Mertyd@s,use@hwth ANcEXEesS @f, a0 BfO%CO@rrpar ed

‘to the stoichja rical)]l necessar unt r bon, di f r ts as
‘the -main Eﬁtﬁ%dﬁébflq hﬁ% r%%%%efrb% r%%%% i Th C’sauéal :C ogtﬁ"al ned are
sul fides, %apgjjysulvh‘destmd:atmcm szBlimel:‘e heffreetc@@ntn mha Wree o i ses

~hydrogen- cont H L% GPTPARe N or e fdIe &m&&%@&ndé Ay dordmehid n the
sanme process.s optionally a fur

process 8 step, the reaction
m xt ure thtpsrétﬁﬁlaibﬂe:d hs yerdtad %@%’Woﬁent%%sa@%ctl on pressure of
~at least 5 bar, especially 6 to 50 bar, and a tenperature of at |east

200C, @@Decmsl m?&%é %%%eﬁﬂbﬁﬁCﬁéﬁl&ﬁtt}ﬁ@ 6 € 18 f B8R CId OB xture

whi ch conprises neth écapta i n_product fnd furt er tg/dr ogen

sul fide carbon di ulfl Carbon 1su 1decan explicitly a - ,
obtalned via the disproportionation” of carbonyl sulfide

(COS) "to carbon disulfide (CSZ) and carbon droxrde

The'reaCtion mixture obtained in the preparatioﬁ,of carbon
25 disulfide compriseS; in addition to the in the any '
unconverted sulfur and hydrocarbon( 8), carbon disulfide,
the- hydrogen sulflde formed simultanecusly and possibly
':further compounds, and ig referred to as the reactant

',mrxture

30 In a preferred embodiment, the methyl mereeptah formed in

‘the hydrogenation of the carbon disulfide is removed before



Before the conversion thereof, the nethyl mnercaptan is preferably renoved
fromthe reaction m xture by processes known per se. 10 Carbon disulfide
~can-explicitly also be obtained via the5di sproportionation of carbonyl
sulfide (COS). to carbon disulfide (CS2) and carbon di oxi de. Car bonyl
sulfide is obtained, inter alia, .in the reaction of carbon oxides (CO CM
~with sulfur. The hydrogenation of.carbon disulfide 15 thus forned, which
may al so be present in mxtures with carbonyl sulfide, is effected in a
- manner anal.Qgous t - ribed Ve 14S gexpl-akpgd” ahoyg.: the
Problemto t%% SCZ nv‘ged‘l%lﬁl}}r} ﬁefdftzl;ectkﬁ?@n og;f%%hyélro ar bgns w th sul fﬁr -and the
reaction ofre2@tdarbon xdivsid ficdemed e MpthogeAcir§aPheni nevi t abl e occurrence .
of the -H25 coproduct. In the process according to the invention, the
feeding of 10wy g CRMMEUNGS, of eher abl-yoal coRahsidet hakssoplakdehydes,
especi ally nmethanol ,” di net hyl ether, or farnal dehi/lde, car bor.lgbJ sul fi ge or
carbon 2508FE 1 B ERE 0 Ao A5tas &6 Tt A8 SRR SSPBeh& UtV 'Red®i n
mat eri ab f om0 fprnmaretdnd anercomptranursuct thatetbe aoefall yiel d of :
met hyl- nercapt an,_-based qn_the ¢carbon used, ingreases At, the
process carv’] eec&p?elgﬁ ed ?Cr? a‘%gja?:?i cular %&8@3&%?5?@%&%1 Hég?rgﬁn%rs, ,
si nce .a 30 iCostHey nmordelUg mfm tlhd :Ry drroden Osdilfi geelierhbaysiibséfaenange
conver si on I\enent sulf.uyy (for exanple in-a Caus reactor) is
. di sPensed vé]:%hni3 ]]'gadﬁoti on, this can significantly reduce the hol dup of
~H2S in the TE\I@ant, whi ch constitutes a significant safety advantage. 9
Fol | owi ng t'He& dorirasito 615 Yite 1Ry Gr6GET SATCde 25aft EF3FERBYal of the
-met hyl 1 per caphherithe ringeneiednieedsteeks o dinheuredeat eal fiide
exanpl e, carbqgn disul fj de, Aare -.recigﬁl ed in%o tgﬁegr 'c_eeSés.i'fThe overal |
sel ecti vi t Y5 Ché Y HatT6n26f REEHy P mér €aptaR=Ts I et ehsed by |
.. recycl i'-ng thkepcdardabn, hydrogen and sul fur conpounds into the process. . It
“is a particular advantageof the-invention that (polysulfides are obtained -
with Sel ectjy t] D3N 1110.800 85, naS Ul BT Bekebiagi nto
I 1 C .
the pr oces_sIl,hecaér onénﬁ‘ls('zﬁjlt%l e, .Tyér exar?pl e, V?hl C%rl s? thI cr %ee%ar%t glbe
separ at ed imetd o i ated mafiielh. PrAE Ssioduct CgavoR LiGPé TSt RE Past
- processsst ep- Al LONV IS QM Ofctihe hydr egenreuldfrideceorprnicsesviay weld as
15 the nmethyl mercaptan and water for gtr%d; unconverted starting naterials,
for exanpl &etisthdife StFPos GHBISF Gher hydr G NS CSMEEREnol "S- hydr ogen,
- and .traces iofvarariben wHeox de;atarbapmunoddertdnt byepobtadhedsash as.
carbonyl sul fide, dinethyl sulfi nd al- Il nt.s of..
- pol ysul f i-déc’sec(odlldr?er%yqong%/osnueir%Sde(%e’a%’dc caggr Edgdrfsc i SSl}lr%ES% Eéésgg%\%ﬁi ch are .
‘inert for thegquagses dfaveactd clatef drecaxanpllezen indgens ar évallséopr esent
- in the,pro . . ~ENe. .1 VA ey, for 1S 8N f ' -
he,pr odygt, e eihyda Jrereaptan frorned disnameved Luomnthee.
product gas%ltrﬁﬁ?geeinfor exanpal e as expl al ngd. [ nlle:_l-aA-_ 1768826, 25 ®
pref er abl y Bxvrarlsisurcd isgpisiediadt iMIeRg o Hitd 'S FUEBiRG - d6fumns. at |
tenper at ur gs-heiwaen Eiand d40Q £ iCrr bore diaxirde, eakBoWhTRROXHR i se
hydrogen, hydrogen sulfide-and, aS b }groduct .Qaﬁgggyl' sulfidﬁi ,
di et hyl sl FildE &R E To s I RES iﬁi Qﬁ-gpoﬁ%m ‘Ydés Ediethyt <5
di sulfide) and 3tear boinsudi Siudd- et samet ree cytodesths .ntlet e xuoesss.
Advant ageous| this streamis.r ' opt i |._prace tep,
pr ef erg ly (J(?aéd:layjtr}%ycaﬁqmﬁrlvﬁet ﬁ)r\/\e/ae%g‘{aemﬁ g(llje(qjﬂia% il On%_?ﬁ Hor?
: saturated or unsaturated hydrocarbons with a Cp;-Cg radical.
Further sources used for starting mixtures are industrial
processes for obtaining organic nitrogen_oﬁ sulfur
compounds, in which relatively laﬁge amounts of by-products
~ 30  are thained,'but which-must generally, agcordingrto'the
' prior art, be inciﬂérated_withogt'further'additidn of value
or disposed of in somé other way. Moréjparticu1arly, in the
procesgs according'to the'invéhtion, offgas. streams which
are obtained in such processes and comp;ise; £Or example,

35 EQS,-COS, 302, Sog—containing compouﬁds,_alkyl sulfides or



- a manner that the cycle gas recycled into the process conprises only one
-~ or nore of the main nethanol, CS2, CO2, 10 CO H2 and H2S conponents,

~ which can be converted to met hyl -mercam an under the process conditions .
descri bed. The econom c vi-ability of the overall process is increased by
virtue of the fact that advantageouSly, no inconvenient and:-coStlY renoval
of potential catal yst poisons, for exanple, sulfur conpounds and el enental
sul fur, is needed before the rretered addition of the reactant m xture to

the process, .18 £y ofj SUC Rds ;akier the
reaction i n t L@E 1?%5}121%1% rn%%c% bon 10 %%91 g C}i]SThese ,
subst ances igan fogd e r‘f@@{qhy atl’df tqliéadrf(%%e‘%f%gﬁtfﬁ@rs Wit afge fredct | on

gases recyelietht s Widhout, Sultiher amrdgip c@and:kfé?f[ﬂ?;raqs%ir@@u@ftst hgigasesy
whi ch constitutes a signifi cant cost advantage with re aﬁ? Eo t.he capl tal
oS i |

and oper at {9y YGs ST A HE PGS I hRirarita Y PIgFat

sul fur - sontRitiHRg 1$4dgsno M Ly My, e ftnadrted ias kydpideduetis tabnt-he
-process, can be fed direct Iey in sali d IS| qﬂw d QL aseou%sf ormas. a
reactant t&YNEFHoCesd eSS "Ss TR T §5568 Which are

obt ai ned frommmﬁfeg%,sﬂneanmdmm,pleames:ﬁaﬂrl}ger@eﬁmmgC@ﬂf@logly or 20
chem cal prod tly.. or g t S Iy in the
cont ext of b| o] odl ngragﬁé Y tﬁu\glnadanrﬁﬁgﬁlei‘t% Ism prdlglg%sgsr q?lar\clid’”E g%ﬁ be fed
directly t eulie secard Wrldcess fsxreﬁlerrrf&@@asd%n X e emap eglomptiise,

MRi N CONPORSRLS, r M AGARDANS r AILGONAl S0 IOt OXHde Sn valhfi bk . 25 and

ni trogen corrpounds in a total concentrati on of 5 to 90% by . .

vol ut he, . especially 50 to 90% Qcha rgs as her subit ances.

The react i Mo lgd€ati Xt éyﬁmst Jdiﬁd“d‘r u&aes'sefo SsRIPCan
optionall ynlae;lﬁfaflecgteﬁad wisingnear reateal ags tthebyna3ith rceaqiqrmamtl, , & one-stage or
mul ti stage.process..ste t Qnv fs iyl fjde to nethyl
ner capt an, h. dqrof uaﬁb coSPiveflr:m on grfp%hyd(raf(r)%eﬂﬁq}ega d}C era &#OE“ pursued. The
_ reaction i srq@eﬁ@ami:tcsrumudfatoﬂameeﬁmm regadtigd g thWéirmaaboeezllﬁzl H2S
ratio is 1g3ﬁn3eﬁaq L 5ch0: Ly BSP &G dza/e];i-,5 Jpc;-lygméx% k5 pkA.yAdvant ageousl y,

the reacti ganromthe__ 1 reaction of drocarbons W th _sul fur
| eaves t hi STFEdESE st At 43¢ pradsyrey d?bta‘th stt T FFePdSpeditdy 5 to
50 bar and sgarha £ ed rdiamgctiy mﬂdmwhémwdﬂerpmml aﬂtthG stheur

hydr ogenati_on, onst i si gni ficant St ad ce it is
“possi bl e t G §}@nssél @a{é%ﬁ’oﬁ%@%e%as?adé Wi tH i %ggl s%n e to
operating eests.l @;ﬁnamajalry widppdratils:f aromenm/iary ol etﬂrentfafldrsweﬁur or
- sul fursgont \ i ,

260NN DL D RAAUGL S TR i G&Qﬁeeegﬁvﬁey@en g de Lo methyl

hydrogenatlon sequent conversion o
_ mer capt an |l§1V@fotec§tred Gwirg fug tmnlp?m%lxtw%é?a%ataaqeﬁeé FGREver

it has beeh ound 1 o ibg an adwantagequsy uard antid Q;Heefvfalr%eluwe hydr ogen
-sul fide beforehand fromthe reacti on m xture which forms Il’l the resent

reactions, OPS ORI GRS catd Yot M Beer FsUdd to B¢ deSs for
the reactiam fzomitdvsgpur pose. Preference is given to usi ng catal ysts
based on al'kali netal nolybdates or alkali netal tungstates, whi ch may be

applied.to yppor t US 585221 = eC| |l ui r
cat al yg%s IC%%BSV gLeZon% | ¢ 1ol Yb etnélumrﬁsandsapgo a%slﬁ/u%%%g% oun S,
where M and Ipnm@artﬁéalpr dsentng nl dne Q:O’mﬁ:hmd atfars e xans e ad2R004, and

conpri se at,Jigast. ane a6t ive pxidi o COmaUNd: afnd he,enendlodor mla Ax0y. -
A here is an e nent fromthe -manganese, chromumor iron group, .
espeC|a||y391uﬂ % &ng volume, Saturated cyclic or unsaturated

cyclic hydrocarbom compounds, which also include polycycllc

‘ 30'faromat1cs

" The ether used lS preferably dlethyl ether, the aldehyde_
_formaldehyde '

The alcohols include methanol,'ethanol, propanol, alcehols

having 1-10 carbon atoms and at least one hydroxyl group,



.25 x and y are each integers froml to 7. The catal yst conpriseS the
conpounds preferably in a weight ratib of AxOy/ K2Mo04/ support =
(0.001.-0.5)/(0.01-0.8)/1 or AxOy/ Mb03/ K20/ support
(0.0001-0.5)/(0.-01-0.8)/(0.005-0.5Y1 the. weight ratios preferably bei ng
~in the range of 30A, Ai K2ZM)04/ support = (0.001-0.3)/(0.05-0.5)/1 or

Ax0y/ Mb03/ KX0/ supPort = (0.001-0.3)/(0.050.3)/0.03-0.2/1: These catal ysts
~preferably conprise one or nore pronoters selected fromthe group of :

oxi di ¢ conpg é%laﬁofaﬁdg enaraly f o3 YkOy, in which Mis a transition

el enent or a mthe group of the rare earths, and x and y are
-~ each integers from1l to 7, ‘according to the de ree Rf OXIg tion of the
tepiecar Fha

el ement s Fﬂ%s‘éﬁa sl igreatter athsy IEe SnEG OIS 5 particular 5
embodi nent ,h Mrdmyn alsaibe , RuhiCh MrmsSr f@md eBampre tHatiag ofthké

popor 1o By eI, e i e Lonags o QALY SR vy
- 0-0.50)5(0. ﬁafbfbr&ﬂ)]l;( Oa:ﬂﬂ}ltﬁmb)dub riHBidMe:m Whééleceab@hysﬁgdapeiyeﬁposed to
an Hos-contalni ng, At ”Dc%f&%gu%é?seft%f G361 e pidin¢ aRhahecampounds, which

‘do not nean the sup terial, are converted to sulfidic corrpounds or
miktures ofwoxiati dllfariid/ Ui st eop SIS, PRRICERSate PrrRewssd fugabire in
accordance W tdythe,imentd.on. 15 The support materials used are.
preferably silicon dioxides, alum num oxi des, titanium dioxide, zeoli tes
or activated carbons-. Titanium di e |s§% refer abllb% used i t.h.an %réat ase

content of B& MAGETRETRE Brepatat & G EER & F?ﬁ’l °St dde

i npregmat i asb PrdCeEsisguM tdr \/Aﬁis@fbu&(ﬂaﬂﬂt@,cmom p(n‘l'eftehrebde’suned _
pronoters or_ active oxidic . .compour ds appl.i 0 r .

i npr egnat ed?EUPPoT L GE St}bécgl(:]eue % % C%gtoltnon%ﬁ%l%f%g%%%&r?g&}h% The
reaction oftnmmmmmmhmrsgﬂsfancaanchdwesmt@reoge@@ttna@ﬁ oP the

carbon di S;& §%ﬁ?;§% SARLAD A &Ry efarabliy cerbiaad jaroRa th
reacti.on appar at us e? be done ‘using different or identical cat%lysts

‘Advant ageoustihasubtl e doinimis A e pe Ydderorlts, 180 sHdt Ve ©
distilhati %@acﬁdﬁ&?dﬁbﬁ% &;Qin@frsmsétcﬂgﬁﬂche&ﬁﬂ(ﬁb& @ontp@beldburaﬁi el,Eeact or s

are used for the catalyze 13 conversion .to t nme ta The

conver si.on tEHELH IPHETapt3ht i ¥ 6 Yedhfbﬁrfgﬁéﬁs éf/ép éiaagng ysts based
on al kali rre;tﬁjoqmi.ybdat es or alkali netal ‘tungstates. At a tenperature of
-200 to 600C, 5.preferably 250 to 400C and a pressure of 1.5 to -50 bar

preferably 8t 4 b EC%@I (st Ch arse useq, advant,ageousdias 4l :
descri bed |n aprg f%a |ons 5?60&}’\/8&182 WO 2005/ 021491, WO 2006/01 5668

and WO 2006/068869. fug-hay awnmﬁhe?f SO AARSIR 20T & HEATHEM IRE S THE
reaction wWidh sulfdrsand ghe hydiogenmaty on do Jretdae, neicaptan are.
- conbined.in éﬁgéfgﬁﬁgéué% at least 200°C, especially 300-600°C, with
liquid or gaseous sulfur in a one- stage or multistage -
process step, optlonally in the presence of a catalyst
kneown ffém the pﬁior art, for example Co-Ni systems or H-

725 Z8Mbh~zeolites.

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

stoichiometrically necessary amount.

o Cafbon disulfide results as thezmain'prbduct'of this
_ reéction By—pfoducts which may be Obtaihedeaﬁeesulfides,
30 polysulfides and thiols. Since thé.feactaht mixture
comprlses hydrogen- contalnlng Components, the H:S coproduct

is’ always formed

In the same,prodess step, or opticnally a further process



-~ coproduct int

The product gas mixture can be separated by di f ferent known processes A
particul arly advantageous separation is 15 described in patents
'EP-3-0850923 (US 5866721). Unconverted Iydrocarbons, alcohols, carbon-
oxi des, carbon disulfide, -hydrogen and hydrogen sul fide, and also_gaseous
by- product's, for exanple carbonyl sulfide, are recycled into the process.
This is done in such a way that the 20 conpounds nentioned are fed in
prior to the nethyl mercaptan formation froM carbon disul fide, and are

reacted thege, n tﬁté %é’ﬁéﬂéﬁ’%ﬁ%&étﬁﬁw%t\mn@@ ii$ oblaiaed,asnha

drogenation of carbon disulfide, to gl ve net hyl
mer capt an. T(X@fe?%fs(,ﬂt t%@@%’%ﬂq W@@Qﬁﬁéﬁ@& HhPass Pedditng into the

react ant gaés%Mﬂ@ﬁgﬁ%'% g Oradd 4 ecreldmguret @it e proeess, the

CR(COS)/ CQ HIH2S ratio i ge by, 8. 4eaction Wt r.to: 1; 1
Lo 01101 B0 i < St BE ot 1 o ok Joed 6t Gheataly e Fafhds na
fixed bed reactioron anineactd arhiatbe;ompsicrambbiertd 30 reoldamtanors dher eacti ve

distillati g{gap]tat a thu erat&tr&]}g&b‘g‘t n%%&ﬁ%e]r?%%l 14 during the renoval of

met hyl ner m,can be recycle process without further workup,
~which increases the overall selectivity of the process for nethyl -
‘mer capt an b%@&)rtftﬁarwelt%l@mr@ﬁtméﬂ%e FIsgine 1eSErpEsnt 6 5f ur t her

- explain the,process,, Whefsidy "Roh &g denotes rifkird Idyugtialdseesmanner,
‘the reacti on of net hane wth. sulfur hydrogen and et hanol or 00/ CQ2 to

gi ve nmet hylkKHfeattars%nd "Route b" the direct hydrogenation of carbon
disul fide to methyl nercaPtan with 10 sinultaneous reaction of- hydrogen
sul fi deow tdtaﬁmirhaﬂoslulcﬂlo@’dﬁ eAN]HiCltSly mplem ami daraitieel eden dimiec

cviability of. the ceSs |sthe t | t of solid,
bor Of Jfstt%(}ht;)igeéln cont a| Sg%c'%%

l'iquid and/ eous bon- starting materials,
- -which are ctneadtieldifw t&ﬁzs)ulafmir qanfthhe dl@Xprd@Geéﬁelrbaﬁdlt relfade fRat this

stream needﬁtﬂ% dﬁé@%}ﬂ‘% desul furized idh & CUmiHgaled dmnneo, .

- Mor eover ucts are renoved after the reaction can be
recycl ed i rfi%) tWetbr GEdSEr -APENTYGEGUSIRE oD 8 TS EGGEAP &l SProcess regime-
is sel ggted;ni@d [ rde@cd | qnﬁlcpft q&@ye%mds b Eiﬂeééftﬁ: Siaimen PRSI e irange, such

that i.t is possible to ense ostI ression of t S
bet ween t heéa i Wy @ 1 i bh %\%% q}; R RN ed%zlta t he.

starting pressurid@ai ddhergases, under V\hl ch they Ieave the fi rst process
step. Advant ageously, this pressure |s 25 set to 5 to 50 bar, especially 8

~'to 40 bar. Gas e}gpvgtilc ane, dé‘erﬁheoé] rp pase (ﬂfvédtqrprtqfeess are
di schar ged conef I"nuously or 'SCONT i NUOUS] romthe process via a purge

gas streamredExanp) et hmqu?ﬁ@%e%%tfpr%é%ﬁ%%&%r@%dﬁﬁﬂqw A the

first spage, Rihane yas;donyerd Q‘J)(diﬂoéérguiéj 1l fillevaitt 8 1Y es:ﬁwlee@tcelS 50
bar- and a tenperature of 500-550C to _carbon disulfide,. and hyggi -
i suI fur

sul f| de. THi's Gy diaPedoBEREIUGTg e st RARESSRr BEGREEREY -qu
phase and ikbr&0oldmg dhe Deaglcd gasexygardiatebyndd.t grrdfiedadvwes t he

' Irleggt[ gr phaselc thoola£preot)§1erls§oocr bglc:rfet?‘néegf gsge)gj{ﬂlfln%cc%%n%l()p the
-dlmethyl ether or formaldehyde, carbonyl sulfide or carbon
25 oxides (CC, CO,, CO+CO0z), causes this HyS to be utilized in
| material form to form methyl mercaptan, such that the
_eVerall yvield of methyl mercaptan, based on the carbon
used, increases. As a result, the process can be operated
_ in a particularly economically viable manner, since a
-30- -costly workup of the hydrogen sulflde with a. subsequent '
o conver51on to elemental sulfur (for example in a Claus
| reactor) is dlspensed w1th In addltlon, this can 7
51gn1f1cantly reduce the holdup of HzS 1n the plant, which_ 7

constitutes a 81gn1f1cant safety advantage



Hydrogen was added to the reaction product of the first 5 stage, with the
aid of which the carbon disulfide formed in the first stage was
hydrogenated in the second stage at 15-50 bar and tenperatures of 150-450C
to methyl nercaptan. The reactants were provided in two ways.: 1. H2S and
CS2 were prepared in a prelimnary reactor 10from nmet hane and sul fur.
‘(Exanple 1) 2. H2S was prepared in a prelimnary reactor fromH2 and

sul fur, and CS2 was added.to the prelimnary reactor by neans of an HPLC

punp. (Examle R)ing tnel Mercakalkvhl ¢rachikvintrsgsndeteriminedakeera single
pass 15 through the reactor. Exanple Sulfur was heated to S%OC unde& a
pressure offSM®Vsdr O Takdiea WL ESFCReRRané EntPAPPY6FeRd( 12EFShas s
~introduced.s Thirg prReadH:s | edrt exampethane rponvetsioniat, 48ré% under 20
st eady-state cog@% i.ons and hence to a product gas m xture consisting of
- 1-6. 3% 052,71 dtcﬁlf ,t%g.h?o/oﬂﬁfcgﬁ&%z. 6% H25. Car bon- cont ai ni ng _
.~ by-products” were not observed (selectivity for .C52 = 100% .- -Percentages
“in the aserhd qesatixtawles tshoulvd foe itheefpressdcas % by thelume. 25 H2
was added t hi s pradu 1 XL i edt.o ec ge. Thus,
for the-seé%ﬁ%ﬂgiﬁgéggi%%¥$%%§#§ﬁ€%€5%%3???Pgnéa§sC%%?S%é,9 .g%?%H, 18. 7%
N2, 18.2% HZBl and A4y, SHR U e RINDCAPSEGS -cat al yst, the
conversions-, yields and selectivities of this hydrogenation are reported

30 as , a functii:on ¢fatianmarat Werdn at@blo Lher eacthenopr esstre .p = 15

N 3 _ . : ST 0
) o Nty SR G CRRLLRPT O BLeEh L Y MELY (R o

10  and,. as a result of the recycling into the process, garbon '
' disulfide, for example, whiCh-is toxic, need not be

separated in a complicated manner. .

The product'gas mixture‘of the last process step for
Zconvefsion of the_hydregeﬁ-sulfide,comprises, as well as
15 the methyl mercéptah and water formed, unconverted starting
materials, for example, methane and possibly;other‘
hydrocarbons, methanol;rhydrogen,'and traces of carbon
dioxide, carbon monoxide and by—ptodﬂcts:such as carbonyl
sulfide, dimethyl sulfide and.also small amounts of
20 polysulifides (dimethyl disﬁlfide) and carbon disulfide.
Gases which are inert for the purposes of-the reaction, for -

'éxample, ﬁitrogén, are also presént in the product gas.

The methyl mercaptan formed is removed from the'product gas
mixture, for exaﬁple'as explained in DE-A-1768826,

25 preferably in a plurality of distillation and scrubbing
“cblumns.at ﬁempératures between 10 and 140°C. Carbon - .
dioxide, cafbon monoxide, hydrogen, hYdrogenlsulfide and,
as by-products, carbonyl sulfide, dimethyl sulfide and also
small amounts of polysulfides (dimethyl disulfide) and '

30 'carboh disulfide,1a:e.re¢ycled into the process. '

 Advantageously, this stream‘is réééted in an Optioﬁall
_prodeés step, preferably Catalytiéally, with watei in su¢h :
© a manner thét théfcycle-gas_récycled_into the process

compriSes only one or more of the main methancl, CSy, COg,



DVS 250 17.16 0.00 93.37 0.26 0.00 16.02 0.04 300 66.97 0.00 90.18 0.29
-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
10

C0O, Hy; and HzS oomponeﬁts, which can be converted to methyl

mercaptan under the process conditions described.

The economic viability of the overall process is increased
by virtue of the fact that advantageously, 1o inconvenient

5 and costly removal of potentlal Catalyst p01sons, for
example, sulfur compounds and elemental Sulfur, 1s needed
before the. metered addition of the reactant mlxture to the
process. leew1se absent is a removal of Such compounds
‘after the reactlon in the proceéss stage to form carbon

10 disulfide. These substances can be fed directly to the

o procese togeéther witb the reactiob gases recycled, without.
further workup and compression of the gases, which '
constitutes a significant- cost advantage with regard to the
- -capital androperating,costs of the process.zAdvantageouely,

15 - sulfur or sulfur-containing slags, which may be obtained as
by-products of the process, can be fed directly in solid,
liQuid or gaseous form as a rcactant to the procese, These
explicitly also include gases whibh are obtainedrfrom
offgas streams from plants for generating energy or

20 chemical products, direetlyror Via'separationrtechhiqués,
or arise in the context of biological degradation and
metabolism-processes, and can be fed directly te the second
process step. These gas mlxtures may comprise, as main
components, hydrocarbons, alcchols, carbon oxides, sulfur

25  and nltrogen compounds in a total concentration of 5 to 90%
by volume, . especially 50 to 90% by volume, as well as cther

substances..

The redction of the gas mixture with liquid or gaseous
‘sulfur can optionally be effected using a catalyst, by

30 reaction in a one-stage or multistage proCess step.

N For the conversion of carbon diSulfidejto metbyl meroaptan,
a full-conversionjof hydrogen is preferablyfhot pursued.
The reaction is'perfOrmed'such that, after the reaction,
the molar CS,/Hy/HpS ratio is 1:1:1 to 1:10:10, especially
35 1:1:1 to-1:5:10. Advahtageously, the reaction gas from tbe



83.07 0.40 0.00-83.04 0.40 375 99.97 3.23 79.12 0.39 3.23 79.09 0.39 400
99.97 10.09 71.57 0.45 10.09 71.55 0.45 The product selectivities and
yields which result for the overall protéss, based on the CH4 used, are
shown in Table 2. Table 2: Tenp [0-0] CH4 conversion- CS2 :

reaction of the hydrocarbons 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
compres51on to the hydrogenation. This constitutes a
5 'significant cost advantage since it is possible to dlspense
 with a compressor stage with high capital and operating
costs. Optionally, apparatus for removing elemental sulfur
or sulfur- coutalnlng by-products may be connected upstream

" of the hydrogenatlon

10  The subsequent conversion: of hydregen sulfide to methyl
mercaptan is effected in a further pProcess step over
catalysts. However, it has been found to be an advantageous
variant to remocve the hydrogen sulflde_beforehand from the
teaction mixture which forms in the,presentdreactions;

15 ‘Metal oxide catalysts have been found'to be advantageous
for the - reaction for this purpose. Preference-is given to
using catalysts based on alkali metal molybdates or alkali
‘metal tungstates, which may be applled to supports
(US 5852219) Especrally suitable are supported catalysts

20 ~ which comprise oxidic molybdenum.and potassium compounds,
‘where Mo and K may be present in onercompound for example
KzMoOy, and comprise at least one active oxidic compound of
the general formula AﬂO A here is an element from the

7 "manganese, chromium or iron group, especrallyuMn or Re, and
25 x and y arereach integers from 1 to 7. The catalyst- '
r_comprises the compounds preferably in a Weight ratio of
A Oy /KMoy / support = (0.00l—O.S)/(0.0l—O.8)/l or
Ag%/MoOy@QO/support (0.0001-0.5)/(0.01-0.8)/(0.005-0.5)/1

the weight ratios preferably-being in the range of
30 A0,/KMoO./support = (0.001-0.3)/({0.05-0.5)/1 or
2,0,/Mo03/K20/support = (0.00'1{0'.3)/(0.’0’5'—0.'3_}/o..o_3~d.f3/'1.'

These'catalysts preferably comprise'one or more promoters
selected from the group of oxidic compounds of the general

“formula MiOy, in which M is a transition element or a metal



~Selectivity NC [94 OHS 052 'Yield [99 MC DMVS 250 49.67 79.30 15.34 -0.09
39.39 7_62 0.04 300 49 67 31.62 57.81 0.37 15.71 28.72 0.18 325 49.67 4.16
76 14 : 12

“from the group of the rare eatths, and x and y are each
integers from 1 to 7, according to the deqree of oxidatiocn

of the elements M used

. M is preferably Fe, Co, Ni, La or Ce. In a particular
5  embodiment, M may also be Rb, Cs, Mg, Sr and Ba. The ratios

of the propoﬁtions by weight are in the ranges of:
K;MoOg /M,Oy/support = (0.01-0.80)/(0.01-0.1)/1

Mo03/K,0/Me0y/ support = '(0'.107—0_.50)/(0.10—0;30')/(0.01—_
1571, o

19 ‘When these catalets ate exposed to an HQS—containingf
atmosphere before use, the oxidic metal compounds, which do
not mean the_support material, are converted to sulfidic.
compounds,ot mixtures of oxidic and sulfidic compounds,

which are likewise usable in accordance with the invention.

15 - The support materials used are preferably silicon dioxides,
' alUminum oxides, titaniumIQioxide, zeolites or activated

carbons.

Titanium dioxide is.préferably used with an anatase content

of 60 le%;

20. The preparatlon is effected in a multlstage impregnaticon
| process, with whlch soluble compounds of the desired
promoters or active oxidic compounds are’ applied to the
support. The 1mpregnated support is subsequeﬂtly dried and

Optlonally ca101ned

25 The‘reaction'of the hydrocarbons with sulfur and the
'hydrogenatlon of the c¢arbon disulfide to methyl mercaptan
are preferably comblned.ln one reactlon apparatus Th;s can

be done using dlfferent or’ ldentlcal catalysts '
. Advantageously, bubble columns, trlckle bed reactors,
30 'reactivé-distillations; fixed bed reactors, staged reactors

“or tube bundle reactors are used for the catalyzed



0.60 2.07 37.82 0.30 350 49:67 0.03 79. 50 0.76 0.01 39.49 0. 38 3%5 48. 13
0.03 78.13 0.76 0.01 37.61 0.37 400 44.87 0.03 75.82 0.95 0,01 ,34.02 0.42
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conversion to methyl mercaptan.

The coﬁversion te methyl mercaptan 1s effected preferably
over catalysts based on alkali metal molybdates or alkali
metal tungstates. At a temperature of 200 to. 600 c,

5 preferably 250 to 400 ¢ and a pressure of 1.5 to 50 bar,
preferably 8 to 40 bar. Catalysts which are used
advantageously are described in applications _
'W072005/040082, WO 2005/021491, WO 2006/015668 and
WO 2006/063669.' | '

10 n a further embodlment of the 1nventlon the reactiOD with
'sulfur and the hydrogenatlon to methyl mercaptan are

combined in one apparatus.

'The product gas mixture can be séparated by different known
processes. A particularly7adventageous separation is
15 described in patents EP-B-0850923 (US 5866721) .

Unconverted hydroCarbons,'alcehols,:carbon oxides,. carbonr
disﬁlfide, hYdrogeh and hydrogen sulfide, and also gaseous
' by—products, for example earboﬁyl sulfide, are recycled
7 into the process. ' This is done in such a way that the
20 compounds mentloned are fed in prlor te the methyl
mercaptan formation from carbon disulfide, and are reacted
- there in situ with hydrogen sulfide, which is obtalned as a
coproduct in the hydrogenation of carbon dlsulflde, to glve-
-methyl mercaptan. Otherwise, the recycllng is effected by
25 feeding ihte the reectant gas. Advantageously, prior to
recycling into the process, the CO(COS) /CO/Hs/H,S ratio 15-
adjusted by a reaction with water to 1:0.1:1:1 to
1:1:10:10. This can be done in a catalyzed ot uncatalyzed
) manner in a flxed bed reactor, a reactlon tube, a scrubblng
30 column, or a reactlve dlStlllathn ‘at a temperature of at .

ileast 120 C

Reaction components for example sulfides, polysulfides and

hydrocarbons, which are obtained in the last process step



Exanple 2 10 The procedure was -acCording to the above-described Option 2
(separate feeding of carbon disulfide). The conditions in the prelimnary
. stage were selected such that, before the hydrogenati on stage, a gas :

m xture of 12. 7% N2, 9.9% CS2, 17 12.6% H2S and 64. 8% H2 was -est abl i shed.
At 20 bar and a total flowrate of 18.6 ml/mn, the follow ng conversi ons,
yields and selectivities for the hydrogenati on were achi eved for the |

catal yst (28% K2Mb04/Si 02) as a function of 5 the main reactor tenperature

((: -cl)-ﬁ\?:area)m On@%@h&% %%nﬁ)cvtélv'éfy VB YA p¥b 8! dEY Mo DMBCGHMed [C] CS2
into the process w1thout further workup,. whlch increases
the overall selectivity of the process for methyl mercaptan

‘based on carbon, to more than 95%.

5 Figure 1 serves . to further explain the process, wherein
"Route a" denotes, in an illustrative manner, the reaction
of methane with sulfur, hydrogen and methancl or CO/COZ to
give methyl mercaptan and "Route b" the direct
hydrogenation of carbon dlsulflde to methyl mercaptan Wlth

10. srmultanepus reaction of hydrogen sulfide with methanol or
CO/CO;. What is. important for the economic viability of the
process is the possibility of using a multitude of solld
liguid and/or gaseous, carbon- and hydrogen-containing
startlng materials, which are reacted with sulfur in the

15 process, and the fact that this stream need not be purlfled,

| and-desulfurlzed in a complicated manner. Moreover, all
-by¥prbduete which are removed after the'reaCtien can be
7 recycled'intorthe procese.-Advantageously, if a sequential
process .regime is selected, all reactions_proceed within

20 ‘the same pressure range, such that it is-poséible'te
dispense with a costly compressron of the gases between the
individual reactlon steps The reactlons are effected at
the starting pressure of the gases, under which they leave

7 the first’ process step. Advantageously, this pressure is

7_25' set to-5'to_50 ber; espebially 8 to 40 bar. Gases wnich are
inert for the purposes of the process are discharged
continuously or discontinuOuely from the process via a

purge gas stream.
Examples:.
30- Thgeprocees preeented here eemprises two.etages;
In the first stage,'methaue was Cenverteduru liquid sulfur
at a pressure of 15-50 bar. and a temperature of 500-550°C

to carbon disulfide and hydrogen sulflde. This 1nvolved
bubbllng the methane through the llquld sulfur phase and
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cooling the product gés, immediately after it leaves the
liquid phase, to approx. 150°C by means of a cooler placed

atop the reactor.

Hydrogen was added to the reactlon product of the flrst'

-5 stage, w1th the aid of which the carbon disulfide formed in
the first stage was hydrogenated in the second stage at
'15-50 bar and temperatures of 150-450°C to methyl

mercaptan. The reactants were provided in two ways:

1. | HzS and CS; were prepared in a preliminary reactor
10 from methane and sulfur. (Example 1)
2. H;8 was prepared in a‘preliminary'reactor from Hp

and sulfur, and CS; was added to the preliminary

reactor by meansjof an'HPLC'pume‘(EXample 2y

The catalytic activity was- determined for a-single pass

.15 through the reactor.
"Example 1

Sulfur was heated to 500°C under a pressﬁre-ofIIS bar, and
a mixture of methané'andrqitrogen (1{1) was introduced.
This procedure led to a methane conversion of 48.4% under
20 - steady-state conditions and . hence to a product gas mixture
conéisting of 16.3% CSé, 17.4% CHy, 33.7% N and 32 6/ HQS
Carkbon- contalnlng by-products were not cbserved
{selectivity for CS; = 100%). Percentages in the case of

o)

gas mixtures should be interpreted as % by volume.

25  H; was added ﬁo this product mixture which was fed to the
sécond'stage. Thus, for the second stage, the reactant
composition was 9% CS,, 9.6% CHj, 18.7% N, 18.2% H,S and
44.5% H,. For the K2M004/Si02 catalyst, the anversibns;

’ yieids and selectivities of this hydrogenation afe ﬁéportéd‘
30  as a function of temperature in Téble 1 (reaction préSsﬁre

p = 15 bar).
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Table 17
Selectivity [3] Yield (%]
Temp | C52 o . . : )
[°C] |conversion |CHy MC | DMS CH; - [MC  |DMS
250|  17.16| 0.00| 93.37| 0.26{ 0.00| 16.02| 0.04
300 66.97| 0.00{ -90.18] 0.29]| 0©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| 0.39
400 .~ 99.97| 10.09| 71.57| 0.45] 10.09| 71.55| 0.45
The product selectivities'and yields which result for the
5 overall process, based-on the CH; used, are shown in
Table 2.
Table 2:
Selectivity [3%] Yield [%]
Temp.|CHy 7 7 _
| [°C] | conversion [CS, |Mc DMS  |CS;  [MC |DMS
250 49.67| 79.30] 15.34] 0.09 39.39| 7.62, 0.04
300/ 49.67| 31.62, 57.81| 0.37| 15.71| 28.72| 0.18
325 49,67 .16 76.14| 0.60{ 2.07! 37.82 0.30]
350 49.67| 0.03| 79.50| 0.76; 0.01, 39.49| 0.38
375 - 48.13| 0.03| 78.13| 0.76| 0.061| 37.61| 0.37
400 z4.87| 0.03| 75.82| 0.95| 0.01| 34.02| 0.42
Example:2

I3

10 The,proéedure was according to the above-described Option 2.
(separate feeding of carbon disulfide). The conditions in
the preliminary stage were selected such that, before the

hydrogenation stage, a gas mixture of 12.7% Nz, 9.9% CS;,
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12.6% H,5 and 64.8% H, was established. At 20 bar and a
total flow rate of 18.6 ml/min, the follow1ng conver51ons,,
yields and selectivities for the hydrogenatlon were
achieved for the catalyst {(28% KsMoDs/5102) as a functionhof

the main reactor temperature (Table 3).

Table 3:
|Selectivity [8] - |Yield [%]
Cs; '

T conver-— _

[°C] |sion [%] |Mc - ipMs |cH,  |MC . |DMS  |CH,

150  |1.14 {160 |0 |0 11.14 0 0

165 |0.03 - 100 o 0o~ |0.03 0 0.

180 |o lioo o 0 o 0 0

195 0.8 100 |0 |0 0.8 o - lo

210 |6.84. " |100 |0 0 6.84 0. 0
225 |10.39 . 100 |G |G 110.39 0 0

240  |26.32  |100 ; 0o |¢ 26.32 |0 lo-

255 [53.01  [98.02.11.5 -|0.48 |52.84 0.81 lo.26
N270  |90.07 97.8 "1Q13_ 1.07  |8s.08  1.02 0.96
285 99.94 97.92 [0.92 |1.15 97.87 |0.92 1.15

300 {100  |97.54 |0.87 |1.6  |97.54  [0.87  |1.6

315|100 96.7 |0.87 |2.42 |96.7 0.87 |2.42
| 330 |100 94.96 |0.83 |4.22 94,96 |0.83 4.22

345  |100 92 0.85 |7.15 |92 0.85 . |7.15

360|100 187.34°11.09 11-58 87.34 1.09 11.58

375 1100 |79.81 |1.24 |18.95 |79.81 1.264 18.95

350 100 65.24 |1.44 |29.32 |69.24  |1.44 29.32

400 100 |61.27 |1.53 [37.19 |61.27 1.53 37.19
Examplé43:

Flgure 2a shows the formatlon of carbon disulfide by the

reactlon of sulfur with methane at 525°C w1th subsequent

 hydrogenat1on to methyl mercaptan over awcatalyst which
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comprises 2.9 m% CoO and 28 m% KzMoO, on an Si0, support.
Figure 2b shows the product selectivities and the CS5;
conversion for the hydrogenation step which follows the C3,

formation.
5 Example 4:

When carbon disulfide is. formed from methane and sulfur
(Example 1), hydrogen sulfide 1is obtained as a coprodﬁct
(Cséﬁﬁs = 1:2). In the subsequent hydrogenation step to
give methyl mercaptan (see Example 2), HgS.is likewise
10  formed as a coproduct. At a temperature_of'325bc and a.'
-'réactiQn pressure of 15 bar'(i)'methanol, (ii) CO or (iii)r
COZ; individually or together, at least in & total ratioc of
.1.1:1'(MeOH +_CO + COz) :HzS was éupplied to. the résulting
product gas mixture in the presence of the hydrogen
15 reguired. For allrthree reactants, an Hgs conversion of
>-95h% was'observed with simultaneously increased methyl
mercaptan yields. By iﬁcreasing the methanol/CO or COy
content and recycling'uncénverted reactants {(after removél
‘of methyl mercaptanj, it was possible to,achieve_full:

20 ccnversion of hydrogen sulfide.
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Claims

1. A process for‘preparing:methyl mercaptan, comprising

the steps of
a) hydrogenating carbon. disulfide and

5 b) reacting the hydrogen sulfide formed in this

' reaction with at least one of the compounds
Selected from the group consisting of alcohols;
_ethers,raldehydes,'CQS, CO, GOz,  CO+COz, in the

_presence of a metal oxide catalyst.

10 2. The process as claimed in claim 1, in which the

mixture comprising carbon disulfide comprises

. al further compounds from the reaction mixture
obtained in the preparation of carbon disulfide

from sulfur and_hydrocarbone, or

15 - " b) further éompounds from the reaction mixture
.obtained in the dlsproportlonatlon of carbonyl

--sulflde to carbon disulfide.

3. The process as clalmed in claim 1 or 2 in which the
methyl mercaptan is removed from the reactant,

20 mixture.

4. The precess as claimed in claims 1 and 2, in which
the carbon disulfide 1is converted at a'reaction |
pressure of at least 5 bar and a temperature of at
least 200°C, where the molar CSZ/CO/COZ/H_Z/HZS ratic is

25 - : in_the range from_l:l:l:l:lrto 1:10:10:10:10. .

5. The process as clalmed in claim 1, wherein the . -

_hydrogen sulflde is reacted w1th methanol

6. The process as claimed in claims 1 and 2, in which
the molar CS;/Hz/HxS ratio after the'hydrogenatien‘of'
30 . the carbon disulfide ranges from 1:1:1 to 1:10:10,



61.27 1.53 37.19  Exanple 3: Fi gure 2a-shows the formation of carbon
di sul fide by the 10 reaction of sulfur with nethane at 525C with '
subsequent hydrogenation to methyl nercaptan over a catalyst which 18
conprises 2.9 nP Co0 and 28 nfb K2Mb04 on.an Si 02 support. Figure 2b sShows
t he product selectivities and the CS2 conversion for the hydrogenation
step which follows the 052 formation. 5 Exanple 4: Wen carbon disulfide
is formed from et hane and sulfur (Exarrple 1), hydrogen sulfide is

obtai ned as a co oductll E1>2< dn t he subsequent hydrogenati on
step to give net r’?earcéyptan (see e 2), H2S is |ikew se 10 forned
as a coproduct. At a tenperature of 325C and a reactl on pressure of 15 bar
(i)- metharol, (%49 p(l@@sf(laff)cmzﬁe(ﬂnﬂdhﬁjcﬁﬂdﬂll%/ ofhqksjet Hete at least in

a total ratio ofyJdydsds fMVEOH &1 QQ #p GRS StiRpliad to-ddie resul ting
product gas m xture in the presence of the %dro]%en 15 required. For all

t hree react ant's,CHETaD SEsRET st GH" g - DHY g Fhergy

si mul tageousl y |dgprc§e€aﬁd;5[[ptﬁhydd1m€w§.apt an yields. By | ncr easi ng the
met hanol / CO-or 002 content - and recycling unconverted reactants (after

- renoval of pnethyl nercaptan), it V\as SSI a 20 :
conver si on “of hydtode<ti |éd% cl %ap%l{l)gzesgm oreelpr;e%}geri ng met hyl
mer capt an, conprh;sintg:&ﬂt&@eqms @ﬁrkaf)n wwmg@mlm@@mm Ful¥hee and
b) reacting the hy S[d+ ot t Qrf@ &P A4y a4 e 9 WA A alnd east one
cte rom '

of the conpounds Sk group consi sting of al cohols, ethers,
“al dehydes, COS, fm@ <OR:GOHDXY |Ihlﬁwerbr%§%n%é1%+r FIRRAUNGK de |
catalyst. 10 2.The process as clained in claim1; in whi ch the mxture

“conpri shng war boﬂ%éilpsj_&ﬂcfé&# &@@Idﬁ@@d ar) & uiherl corpoundse & om tie
reaction mxture o taln in the$ aration_of carbon dlsu%flque from

sul fur and hydr dB4t 6O Cb‘?s 1%h) CH IR her O ROMPS R de FF oM the r€hct i on

m xture obtai nezcli,d-]rqumrs@taip@lia;rmr[am@esms carbonyl 'sulfide to carbon
di sul fide. The process as claimed in claim1 or 2; in which the nethyl

nercaptan Hﬁ)reﬁﬂﬂ§qugéé@%t§§ éf@fﬁéﬁ”ln claims 2-9, in which the
mixture for preparing carbon disulfide, as well as a
15 compound Selected from the group of methane,_

- saturated or unsaturated hydrocarbons w1th a Co—Cg
radlcal and hydrogen, comprises at least one.of the
compounds selected from the group con51st1ng of '
alcohols, ethers, aldehydes, cos, Co, CQQ, CO+COs.-

~ 20 11. The process as clalmed in clalms 1 to 9, in which the
carbon dlSUlflde ig formed in the preseﬂce of lquld
0T gaseous sulfur, in a one-stage cor multlstage ‘non-

catalyzed homogeneous reaction or using a catalyst.

12. The process.as claimed in claims 1 to 9, in which,
25 "~ after removal of the methyl mercaptan, uﬁcenverted
gaseous feedstocks and by-products are removed and -

reeycled into the process.

13.-'The,proeees_as.claimed in claims 1 to 12, in which’

" " the total amount of the'hydrogen'sulfide is adjusted

30 o 'by varying the carbon-hydrogen :atio'of the'eoﬁpounds
present in the reactant mixture or of:the Hzcoﬁtent

in the reaction gas fed to the process, and by



20m xture. 4.The process as clainmed in clains 1 and 2, in Wich the carbon
disulfide is converted at a reaction pressure of at least 5 bar and a
temperature of at |east 200C, where theZholar CS2/ CO CO2/ H2/ H2S ratio is
25in the range from,1:1:1:1:1 to 1:10:10:10:10. The process as clained in
claim1, wherein the hydrogen sulfide i's reacted with nethanol. 6.The
process as -clained in clains 1 and _2, in which : t he nol ar
- CS2/H2/H2S ratio after the hydrogenation of 30the carbon disul fide ranges
from1:1:1 to 13$Qr%@ng 30cespegbakl yfltde lptocds S dd-amccllre process as .
clainmed in claim2,- V%ere n thg hyd rocarbﬁns or. car boi conpoqu orrgrnate
from of f gas stredh FFoth preResBesIfOFP g@har st i hy & %rgvm%r Chemicat
products. 8. Thetpmpcessuas ehdi nedctnoslares@2;ravherein the hydrocarbons
or carbon conpounds originate fromthe workup of processes for oxidizing
hydr ocar bong, andy h@rﬁ%eégess? egamm&aogﬁncf@ﬂnéuifw gonppupds., 10 9The

process as claine clarns wherein the hydrocarbons or carbon
coMpeunds orlgrné?écfiﬁﬁrﬁﬂéFébﬂéEFOﬁﬁta%@¥?%%1%9%@@s§é§mﬁﬁﬁsfﬂﬁ#%ﬁ@mess

- as claimed.in-clgbpsrdadtokrh, Wak-ehxl BepsiXxtoiecd o, prepaid nLarden
disul fide, as well as.a -5§§ ound sel ected from/ ane,

he of. nme '
saturated or unsafuFdPed™i caF BEhST Wi £hE 21924 6:taa:%ﬁﬁ“?‘igdrogen,
conpri ses at | easptnosesobnt he metpoundsrsebest ed fronrthe group consi sting
~of al cohols, ethers, aldehydes, COCS, CO; 002, 00+002. . 20 11. The process
as cl ai med i@ cl thP}OEQS a%ncfghﬁ??tbﬁ 8?&89& P §&|§ qﬁl' éHrEHg'n

the presence of [i-quid or gaseols su i'na one-stade or nﬁltrstage

~ -non-cabal yzed heﬁﬁgehebu@frehethmﬁreﬁaﬁb©h@ wlcatallists apd Hhe process

as clained in Clﬁ&@oéeﬁé’t@on'Bf""@héhcagéoﬁfcﬁféuiﬁiﬁb\’%‘foﬂﬁedh:%”Et hyl
‘mercaptan, unconverte gaseous feedstocks and by-products are renoved_

and recycl ed |ntBGFHElp@%é@%@ta@3areTR%IB?B%%Qsl%sO%?aﬁ?ﬁﬁF%QTlcIarns 1to
12, in which theapphaktagount of the hydrogen sulfide is adj ust ed 30by
varying the carbon hydrogen ratio of the conpounds present in the reactant
- mxture or % H2 cont ent gn Rgemr EE'Qﬂa%%S ed t the pr CESS, and-
by 21 varyf BC 0P fibFe® of "t fe pr cess paraneters sel‘ect'ed’ ronrthe
group ab: resrdehhe triéaetippani konreenpecht aresandit edot | brenprlelssured 14,

The process as clalgs(d &?sﬁhghﬁé }stguﬁ 1r@dw@rf&rf@%wr¢ast' | I'ations,

bubbl e col um reactors, fixe reac ors, trickle bed reactors, staged
reactors or tubepﬁﬁﬁﬁﬂe?eﬁéﬁﬁrsna@e59§@6df6¥0¥%%5c%ﬁ%@y%eﬁ conversion to

' mﬁt hyl m%‘rcapt anhya§ogaﬂet@bﬁce§8te§ eiaewﬁddigupf@dém 1 to 9, in which
t he

17. ‘The process as clalmed in Clalms 1 to 16, in whlch
- 20 . ' -catalysts comprlslng alkali metal tungstates, alkall
o metal molybdates or alkali metal molybdates
comprising the transition metal oxides or sulfides as

~ promoters are used.

18. The process as claimed in claims 1 te 16, in which
25 molybdate- or tungstate-containing catalysts
comprising transition metal and alkali metal oxides

or sulfides as promoters are used.

19. The‘proeeSS_aS claimed‘in"élaiﬁZIT or 18, in which at
least one of the'premoterSZSEieeted from the group of
- BC oxides or sulfides of chromium;rof ireon, of Cobelt[
' of mahqanese and of rhenium is. present in the alkali
'metal tungstates, alkali metal molybdates or

halogenated alkali metal tungstates or alkall metal



10reaction of the hydrocarbons with sul fur and the hydrogenation of the
carbon disulfide formed to nethyl nercaptan are perforned in one reaction
, apparatus. 16. -The process as clainmed ¥A clains 1 to 15, in which 15the
reaction mxture which arises in the formation of .carbon disulfide is
supplied directly with no pressure drop in a second process step for

- hydrogenati on of the carbon disulfide. 17. The process as clainmed in
claims 1 to 16, in which 20catal ysts conprising al kali netal tungstates,
al kal'i metal nolybdates-of alkali netal nolybdates conprising the
transition netal oxXides or sulfides as pronoters are used. 18. The process

as claimed in claims 1 to 16, in which 25nol ybdate- . or _ .. . .
t ungst at e- édnt ai MNP 1% {bo?ﬁﬂ‘gf |Jﬁbn(%r%lﬁ%ﬁt’l olnPr% a2 and A&
met al oxi des or sufddes] as: i oyt eraratesasedihikth Fheprocessidas ¢l ai ned

in claim117 or 18, i.n, which 0 S wsel from
~ the group of- 3001&Cilci‘fek)sdeor}u%uﬁlrﬁoéé% %Sgﬁfo%mén(}tﬁo%’i %&%fpﬁgoﬁﬁg of
manganeSe and ofmashéri urieseph ese Mg re@ifeo Wl kal dandrethal cht HgEates 2tal kal i
~ nmetal nol ybdat es; o1 hal ogenat e al kaki c et@ofingst aties @inatkal i met al
-nol ybdates. 20. The process as clained in claiml1, 17 or 19, in which
supported cat al ystEn gk Aded, PuhFcALEoRPr POES ok i BIE hBl Y hIBNLRT ahtC”
pot assi um conpoudsyaWal@s My aheb K dsyedies present N @nercomraund, and
whi ch conprise at |east one actjve oxidic conpound, of the general formula
AxOy, A'i's one ot"Fof & érert s roHTthe T¥dn” of” nhhganese group,

especially Co; M or Re,  and x and y are each integers from1l to 7.



