; WKe3eTQLh6DT6: 2 1 MAY 2003 -1 Method of Producing Organic Disulfi 2ei N?Ay%
1S 20 25 30 The present invention relates to a process for the prepérat 003
of organic disulfides. Various processes for the preparation of organic

di sul fides are known fromthe prior art.-EP-A 0 171 092 descri bes a process
for the preparation of dialkyl disulfides in which alcohol, sulfur and
hydrogen sulfide are reacted directly to give dialkyl disulfdes and water.

The process rs—preferably—earried—out—over—a—zeeHte-based—eatalyst—at

tenperatures of from 200 to 400C and in a pressure range from atnospheric
pressure to 600 psig. A p&m\;\z AuGgesl S that mul ti conponent
product m xtures are obt gjilﬁgg&? 1 gné)t a?n“(EZJ)lbal ky‘? di sul fide can only be
isolated in poor_vields (approximately 50% of the theoretical vield). US
5,202,494 describes a process in which mercaptan is reacted with oxygen
over an N gQ Nﬁzo doped al,um num oxi de ca%al yst to give_ dialkyl disulfide
and water. Thé P@é%énvﬁﬂﬂ%ﬁ‘é%tew&iﬁfwff s dhersapasaidon of organie Aismifidest o be
renoved fromthe systemduring distillative work-up. FR-B 1 358 398

di scl oses ptocess for t P eparatlon di a sul fides from

mer capt ansg1 an aBP‘éSnBrr‘?f’gﬁsessg?‘ tﬁ}F Prepagiior oL ‘?fga’%ld%/?}‘rlp‘ii@ aﬁgéﬁmwg frﬂ@ H6r m of
a solution inpaorast.gani ¢ solvent, in particular in an organic dial kyl

di sul fide. The catal ysts used are am nes. A disadvantage of this process is
t hat clean, and therefore expensive, mer ca&t ans have to be used as starting

material s. |t EPsAOHAL P3rdeseibeslyy puoressffor ke prepawationiaf\diatkybdistdfigesoni de a
process for tQaidar ﬁ@a{oqtt mnuoindq&meﬁ il 5 aﬂedﬁacae@lmcﬁ;%tgﬁvé 4Tk 10W

cost and readi,] v ble r materi al s n rovl e desired, dial kyl
disulfide®n g8 ﬁﬂﬁ ém é"’a’:‘%m’%@é"?@éﬁﬁdp&e fbl ﬁ?&“%b?‘éc‘?ven@ ZRohited %by a
process for tbsalgstepartahpanatucds off frami 200lits WDICesdbyn 9)prekatiieorangt from

mer captans w r I e n g I u an ne as
Catal yst The miopbitt pSs3RE, KES0b"pR0 L AARahaY " ot B o850 Bk
conpri ses usi nglltmmmecr@ap"pém nagturez:?r yd eobiginasa froen whichethaidislkplrdisulfstgct i on

of al cohol's chirhorﬂ}’@é%ﬁﬁecﬁﬁi‘ﬁobﬂﬁe%%ipp@o;&ﬁxhﬁbb’%%%‘f”tﬂe%ﬁé@reﬁ&ﬂ yi@gcapt an
synt hesis. For the purposes of e present invention crude” ner’capt an
streant id°a 5 mercaptan stream not purified by extraction or distillation

fromthe synt 8s3, 302494 describes a process in which mercaptan is reacted with oxygen over

an MgO/Na;O-doped aluminum oxide catalyst to give dialkyl disulfide and water.
The process produces high-boiling components, which have to be removed from
the system during distillative work-up.
20
FR-B 1 358 398 discloses a process for the preparation of dialkyl disulfides from
mercaptans and elemental sulfur in which the sulfur is used in the form of a
solution in an organic solvent, in particular in an organic dialkyl disulfide. The
catalysts used are amines. A disadvantage of this process is that clean, and
25 therefore expensive, mercaptans have to be used as starting materials.

It is therefore an object of the present invention to provide a process for the
preparation of organic disulfides which starts from low cost and readily available
raw materials and provides the desired dialkyl disulfide in good yields.

30
We have found that this object is achieved by a process for the preparation of
organic disulfides by oxidation of mercaptans with sulfur dissolved in an organic
disulfide using an amine as catalyst. The process according to the invention
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mer capt ans from al cohol s and hydrogen sul fide. The "crude nercapagf SM ﬁgﬂm3
can al so conprise hydrogen sul fide which has not fully reacted ér é

as secondary conponents, dial kyl sulfide, snmall anmounts of al cohol and

di.al kyl ether. to Such a "crude nmercaptamn streant is usually purified by
conplex, multistage pressure distillation, which involves high costs.

di spensing with t i e age and
the entire pr% Qggg%ﬁ%éh%gﬁélg%ﬁl tn@ﬁ95$§ ?%Egﬁée q@azﬁyesdﬁfsfln
cost advant agalcehalg witbduygtogzn puléds uverz@dtaéyppanablascou mereaptan eypihese.
I.ncreased safety is also ensured. 15 The "crude nercaptan” used is prepared
by reaction of al cohol and hydrogen sulfide over a catal yst suitable for
ner capt an synForedhes purpeses e dhe griesest hrvenrtigmatd yoipde rpeigagien steameniet at ur es

bet ween 3SD api i sitﬂaamﬂ)t%ﬁ@i@asaypéa@a@uonmed@ﬁmaioylsmnvmé GYnthédis be used
are all those cat al ysh_s c},{\% thﬁg;?gg ‘ﬁﬁ IIed in 20 the art and
suitabl e for FSFERBDSAO gkfﬂf‘ and by, de-j Lhe g Fipdh mescaptifetream sk um
oxi des, ';he dalpanédnptisedhjaﬂbg@ hllﬁl&é}wmﬂi’-b&sOn&GﬁtlBOGéapteﬂ waf€i0 And,ERs A ;)
749 961 3 K 4 : 15 9

4. Ca0 (EP-A 6“88 ‘¥6%‘)%p8%“ﬁ B% aﬁulgﬁ‘%?}enra‘eﬁ?‘eﬁ#‘fé 0%?‘}“5?‘013““53‘2‘][@1%36 assi um
tungstate on activated Al203 as cat alyst, as are described in US 3,935, 276

and Hilli 30 o saf% Foléﬂl&s n?é?&g?n”?ﬁ‘edm" Y héarly ﬂw%#fédps;ﬁfc%ﬁr%l&esr?ﬂlﬁs@gs, ons

Developrre reduce thhe ri sk
the process aPESHWHE ﬁ@tlllalqmévm%@mlvawhlg& ceﬁéﬁaﬂw Jispeaping avjthothe digtillefionn 1 t o

3 bar absol ut stag@raqu@s"saiél gag@ﬂ@é@idénaml me@hmsg@ds&@s €an befk&"r@étﬂotﬁfwﬁmﬁxt
ot herwi se cust onar raduce t "crude

ot reant  gaseoliESHy: DS ituly it Aeosivaredh SN SrbelFr ety eRERLEdS o
si npl e tubul anotrequital: Irunchsesatety ds dsceensaredol i d catal yst, preferably

potassi um tungstate on activated A1203. This stream of gas is oxidized with
sul fur di 430l ved | n an organi c disulfide using an am ne as catalyst to give
or gani ¢ di sul fThee'srudgsmercaptan’Nuged Boprgpared DyTreactinng ahiakcobels and hydrogeed as

sol vent and t Bgirias @e&t £cathlgst! duitdle tf6r MercAHtP syreikksA! FThPrREesR Iyrefemﬂ ane
conpound. This neans that 1t is e& ecgﬁf c%/ E@,ICS rate of f &gltl onal
sol vent. 5 Th&FGH | BhidhCEBHAEE SO EF 8q A e g.asew;en 33981

di ssol ves in oatghysisovidels varf belesedoargatlitbosp chaptysisf indes: tartbe persoe dkilled dor di ng
to the Tnvent y@naObRNufiaho! 7 thbicfian Afusyl! besenle INilA" B

R(-S)~~-R2%in e radlca ependent e -organi c &sulflde

used or to thelumipempmxidesutheddopants used beipg dn KQH ;ﬂEBsAeth 3447 79he2aKeGe

reaction - i.egpR 0945960 3NBYG, tl@vtb@ ORedeh KinST atal PEett. 23, hoqgms?m:s s
processin uct and

f er abl d
Cvent "pret o ab Grchd B éP??]rﬁl%ﬁag@ﬁfef?lapws v BhaR bolena ptat
preferably from a’i:twae& Alfdpaerbiabisechs soé desooibed anldis 3,0B3RTY aodrifillis ©. al so
physi cal I'y _di ﬁJnY fﬁ Witler! REEE T agpésg/gé T A A
pol ysul fi &és j ol nt y sy ed’ r eact Perper at
bet ween room 149 fséatst JPB2.ahel rfcwéeam |rtislﬁg>f p?éﬂl?ﬁtwf@fth? r%oq;ﬁiga?ﬁ%dlagsteﬂhp de to

be prepared Inmrelﬁao@r@saaaﬂ OfarfiBd CARt aNTrdnd BCLONBADAE eabdblufe, t;b‘l@fd‘r@dl owi ng
equation to give or atg\l c di SH' fide

re,
the di ssol ved 2BRAOKHRAtEY Fupesphef eaﬂ&??‘flﬂaﬁfwg CP%%lﬁryn@stP 1§Lha5k| y, while
| ower pol ysulfides as far as the trisulfide (n=3) only react slowy.
B f thg h
ctrean aroequl VO gs s udk Bfesibin sRhaS ol CnidGeat i, BEL SRGHAR
organi ¢ di sul farepsfesatdy ohayasd t© a S1mQL¢I tibwlasrepefor &I@rre@@t@m\reé a sgbd gatelyst,2 R- SH

* RS S SR - diSbtyhotadkm AhefeeUiinoidy Acrrcgaﬁrhfa strehATgades beiiRg does
not react co ete gl ve .organi c .di sulgj& Thus, .t he end gro duct

obt ai ned i s notittasyti 1§§sl\5¢§unfqnd%rgmvéélsa nwselgdarsawraedés CHEYSRINEYE a

m xture of or n@@ig@ﬂh@g des and organic trisulfides, which is further
purified. Furtherm)re the product m xture further conprises the am ne used
as catal ys. 35 Ami nes which can be used in the process according to the
invention are primary, secondary and tertiary aliphatic or aromatic am nes.
Preference is given to using



2 1 MAY 2003 -4 primary, secondary or tertiary aliphatic am nes. 2 LW?UM
_preference is given to liquid or solid am nes having a boiling poin

the boiling point of the organic disulfides used and an extrenely | ow water
solubility of generally less than 0.5 g/ 1. Very particularly preferably,

t he am nes used have a boili ng poi nt above 140C 5 and a water solubility of
l*ess than O. /1. ver riicul arl ferred am nes are
primry, seco a?rﬁard? F d SEI:{H a‘ﬁeﬁm%& tﬁ’gait @o'fgraﬁlr‘h%s"ﬁég%ﬁ) E%P’E?Bﬁre ¥fs. For
exanpl e, tri deefgtabiy the,safatcoynpanndebhis mehnsathaiNt i dotneeténsheyGo~sépdzate~ofdim ne,
di cycl ohexyl ami ns: pgble. The amne is generally used in an amount of
from0.1 to ia%})?ra%i%\%l\glr%weh ‘preferably from0.5 to 5% by wei ght,

particularly to preferably from1l to 3% by wei ght, based on the sul fur
used. The p roﬂ%%ll@&ﬁ@rc@héﬁtst&atté‘% thovaptiden is suitable for the

preparati on of organi ¢ disulfides fromany nmercaptans. In general,

mer capt ans containing aliphatic, cycloaliphatic, aryl, arylal kyl or aral kyl

r adi Ealt st a{ edWﬁad Sugmf«‘ d@dst[)lﬂgﬁtth %rgadf cabtﬂﬁaeSSoﬁgaﬁtcbpol ktﬂﬁdﬁs Qfe trbatgahed
unsubstituted, or substitute uncti.ona s such. as 0

hal ogen, thi i} CIOFHS‘B%t ﬂe QyeT éﬁylorg%‘ﬁT fp(S’i)S?ﬁ{fo@gla\*%nW ﬁﬁn?%gl )%r%a nitro
or nitroso grR@EPER, satwlneit thd radicat® Roareondepeﬂldmneﬁmercagaﬂc diHide used or

cycl oal i phat 'thie Fr%?da&?a'n%s%‘“d%&%é;tt& %%Qéeﬁt Eﬁotﬂg?ctﬁgld{e%tml?}ﬁt R @é}e%%t

particula® S o
n-propyl, i sdprvetg/be ofhths@@rw tyneseltiwggh thlzos praferabl ixgrdento W@t&@ddlmméapt an.
ghl S gl ;/els di téayih @ éh\d' proﬂi(tjct'hnﬂrs@méht pxeferagprtw%tm )dh-i8 gBskriily an t
i i sobuty a or  di i des reference i s gjven to
usi ng mer captiaig rc% %rﬁtetﬁbgf 3&9@? tdoec"rrﬁ@it@aﬂfosml‘f’é’\?ﬁﬁl&‘ H908H 1 to 3
carbon atons csmqimsaalanihhstball}edhmdlvamr Ssr'sunﬂhﬁp&ie d'tBbb&&ﬁts&tfur blad theOdtgﬁmc
pref erence |s rc T rred 25
pr epar ed ’érgatJ desﬁpngltg%rylmbngzcorc?ﬁoﬁvgfoy ge) rQ%h%l éé {Jaltﬁ¥re§)[’gt“%ﬁler%°f%cess
according to ttsmeenahweranddrrc bsilipg gortadf] the cmgamcedlsulﬂdeatg ke prepageduoube
process. The REQRESSF fn%chP‘f § ﬁPa&Btld}énPer @/ftﬁrtl?é)fo\flo@m?é anftloh Rive! orfanic
bypr oduced products of ue can be reused. he present |1 nvention thus
further rel atdgulfigesy process conprising the foI I ow ng steps: (a) reaction
of al kanols with hydrogen sulfide over a suitable catalyst to give a 35
"crude nercaptan strea W Si an, water, hydrogen sul fide and
smal | anmoifnts of ot herr9b§spro ucﬁsﬁgsugﬁ{ agﬂgrgam C suI fide and et her, r 2
1 MAY 2003 -5 (b) reaction of the "crude nmercaptan stream’ wth sul fur
di ssolved in aanfreadtgseteu%ttfm dRd Whd Righat ﬁélyﬁllﬁdé’é‘ teact%oanauﬂad?nmre

reaction col um, gnent ch formare returned

step (a), 5 (leyveba%tg @é??a‘ts th&’gfmts‘h‘ d?é%tﬁgtqn%r%ic&ilﬂw BTy

?g ;Jeous ]phas ehydvdsgeﬁhsurtﬁder euttﬂ)\mdseﬁtr Q’mtlﬁd; écragls trﬁdﬁl‘caﬁﬂa‘rﬁ s’@ézgﬁ'n @,aud:quutibrphﬁse
purificatjaon rgan a i C t rises

| owboi | i & cor‘f“ﬁ%rqenr%t ¥ etP t%ge‘&? %artlganrgééw&%;uqr?angg dlét'Tﬁ Iaﬁgzg) AiE

di ssol ved 1 orisulfiflesis, fam:mn[aln,(ﬁssmd anount s of other by- products wher e

the organic disulfide is taken of f, any | ow boiling conponents which form

are returned to step (

sul fides to 12) which form
di ssol ved sul fur and an%)FreS e%t/ﬁr%eoRtsosiVeHﬁb) wi th addition of

sul fur and optionally fresh am ne, 15 where the phase separati on and t he
removal from

o T AR S e B B SOHEF RS oy Pl By 0 B
disulfide. Thus the end product obtained is not a pure polysulfide-free organic
disulfide, but always a mixture of organic disulfides and organic trisulfides, which
is further purified. Furthermore, the product mixture further comprises the amine
used as catalyst.

35
Amines which can be used in the process according to the invention are primary,

secondary and tertiary aliphatic or aromatic amines. Preference is given to using



20 The preparation of the "crude nercaptan streant is preferably carii MAY 2003
out. in a sinple tubular reactor in the gaseous phase, and the resulting
streamof gas is then introduced into the | ower section of a reaction

colum, for exanple a bubble-cap colum..4g.n step (b) this stream of gas

meet s countercurrently with a solution of sulfur in organic disulfide in

whi ch the am q y ng
conmponents p rlgf d Héac'[()ﬁglﬂg%r Qé’&&#y ﬁl{)h‘&tﬁi g@l%?eg n ?@gﬁﬁlﬁ? B}e‘fé? Q% eL‘gglpéan edd

step (a). At nqmd bbml@rﬁr@fle&hﬂermgeaamlll@gnp@at theve ﬂm@cahmg:p@ns@ﬁ the @eganic a

m xture with <9§L9ﬁaéscustea hﬁ&lm eﬂﬁemﬂ&@%@f\%mwhgﬁ&eg"ené@m@rlesp%ayl% gndes is
obt ai ned. Furt hernor ottomof the reaction um” al so conprises the

amine, and wal®¥ W&l%@fﬁk@@ ekl R NBr Y amvwnfemhgg poing @bayre 1499G |
t enper at ure laaldtmrafeea@mbmfy 6flkssthan 6. 108N &h phitigulat, amﬁparhoulaﬂﬁﬁrefawf erably

f 50 to 100C t f 90,t0 9

tenperat ure 1 oenars pllfe) sleELTHA Rkl PO phng Tom 8 B P8 Sestea
particul arly gomé eFabb&arripi@rtndectydnrmne),cfattStmn@i)}uqhsangd@rdahtthyb@(Zv‘Glgd out
at 35 at nnspl‘%rut Ee gfﬁéﬁgx tamind aré sglltw ﬁ%ozgnm? qjer ag upgfilﬁﬁolu.lﬁ

separated from ano ase In ste

separ at or, anef emgbké 19, bﬂwplgﬁfplﬁﬁéfabléfp@fatq D éé:nbsawgtghbeoacwwlar out
directly ?Ofteﬁrefe'?@olﬁ%ﬁﬁpf@%%ymeh@ﬁ'tﬁaséc%r?ﬂie(s@l}m uskd. the aqueous phase is
separated of f" imedi ately after step (b), the bottomtenperature in the
reaction colum 5 should preferably be greater than 80C, preferably between
90 and 95C, sDhd picedshaecaditgotosthp harativo idsuitbrcioartige greparation s oogdnyc smal |
anounts of lo | fu ngds g fi the
other hand, %%‘9?8 gll%él? Yn ﬁmﬁtcc%g%g 1?1 lggﬁje(fgl %erﬁggﬂ%n% g({;}ﬁgﬁl gﬁphag?:

| ar ge secti on@cbfahp 1cc@t>dmryhtﬂﬁfl@amrarlbyll digels ab@u@ﬁ%&ﬁl&rag@djam aachcmés stl 1.

gulApl ngg[‘st ad&ne ﬁrlamsorp&mw AR Do DbdthGted BY ?LEHchQHal'g?oﬁﬂE%hcﬁ‘){Qr ogen

esent |nt rea xtu re romthe top of the
reaction col umireyls badogss, ﬁ‘:‘fbt ]élﬁ Y‘l@%‘}yg S“%%ﬂnﬂé&?y]eaf%%é‘ﬁf@ YR as
organi c sul fi @lemtﬁisﬁo@ohpsamdtmtéteroramen@el 80 pobayisdt@dtedn THei Sydl@dhipﬁatlﬁnd

reacted in the tupul ar_ reactor rca n.(step {(a ovmng
renoval of th‘@dWﬁF St o Hbfl%tg)r% gﬁﬁsuarnd% 1 snger? Sa%mﬁs“épérgl%tl%f § (15) "The
purification cammte ltssrmss;blledeltusfbylem it mipFapy Sdm@yl,ﬂn-éﬁisfﬁ,emt}'ls gi ven
reduoed pibssiry: iRvEr (R heplly HAS R HRIANES defly S pudpyion &t
excessi vel y hdepeapyl, di- é??ﬁ@’iat%‘ts% ityly 'é‘mrXFeQQW?’hgordél&ﬁ%ﬂs@??L@ﬁ

organi ¢ pol ysplefdret@® @nglvautd using anercaptaex eonpdiging Gaturated arrfphmptra&ncala’ he
distillation js.carrie st at i I

contains at 2 Irégdgrton} en %8%?% | Car éqclh e r%thﬁlgl :d{w o\m{ § OPE e?ca%gm ling
conmponent s obPatipedr geafenancet begldbrsttplmathvlomer@g@n dde rmr%@mré)h prefegedi c

sul fide OJIE ngpegﬁ’égo?@ﬂﬁrﬁﬁﬁdﬁgfaccﬁi?&ingl@rﬂua@th?ﬁdlkﬁlﬂgg to step (a). The
organic d Sul e Is drawn off, the drawi ng-off preferably being carried
out in a sidestreamtakeoff of the distillation colum. The still solution
olr sone ?)f tlh];lfhébtdcbsssaicuﬁdircgntol the riRtdntio ds pﬁ:fahlﬂp c(ah)ed_bofutcﬁsses oémlmu\%xso

el emental sul fur a xture .an r
appropri ate, Pré’ﬁ?séh@ﬁll?‘fﬁc?%és cpﬁftg(lﬂparlgl gr(r%i%er’i by a qar gecl1 n c?podluec:ibﬁ'é’g?%cg

m xture into pﬂmduetppévals@mhmem%dt he reacti on coI um. The process
according to the invention provides a closed systemin which, 35 according

to the net® equation: 2 ROH + HZS + S~ RS -SSR + 2 HZO _ 2 1 MAY 2003 _,
The present invention thus further relates to a process comprising the following

steps:

(a) reaction of alkanols with hydrogen sulfide over a suitable catalyst to give a
35 "crude mercaptan stream", comprising mercaptan, water, hydrogen sulfide
and small amounts of other by-products such as organic sulfide and ether,



organi c disulfides can be prepared continuously using a prereactor ?nfhgw0ﬂm3
col.ums. The organic disulfides prepared in the process according to th

i nvention can be used in particular for the preparation of sulfonic acids.
In this connection, 5 they are suitable .sn particular for the preparation
of al kylsulfonic acids, preferably by oxidation of the organic disulfides

Wi th HNO3. | by he aaaeRPa YN gordddWhétBaptdl tredmSNAVS salfuC YRSAVEL YinP4PCESS
di agram for the synthesis d He

?_f the organic disulfides. to Her e, Ais a

tubul ar reactor i REHHCHISUdEE V(@) caLy ys ithe Ppine pajreackon sl Whegt urm i n
whi ch step (b) is leboilet @uipondfs Ghich RriheseuaaRPoater(aj,n Which step (c)
is carried out; Dis a distillation colum in which step (d) is carried
out; NRR is amine used as catalyst in step (b); Pis purified product
(organi ¢ di s i dehaselyeparation of thenesultingmixftinteond@siigaqaedsphaid) mehictat i ons

are given in the t rther illustrate the
i nvention. Exanpl égé%%ﬁ}%a\f%xn}a#%&&?rﬁpghﬁ%ﬁ?lJﬁg@{lﬂrfs&hg%(%eri mental plant The
t wo-stage di nethyl disulfide (DVDS) synthesis was carried out in a

conti nuously er af : i i : onent s
of 30 the 108 di duraayarer ﬁi?@@%@h"?ﬁm@‘ B e R0 25

mmin di aneter) weoiNg fUEPgER ﬁlesqumi)r)éafar%@swéa Radysubfides) dissolved oxi de
Wi th 14% by wei ghtsufffir, poiias shd Ridall n@sduatseof é‘thexabfﬁ-gfﬂdaét@,t whereahe 49€4aid m ddl e
of the reactor) a(rgi lﬁ%(?regsyre Ef 1.1 5?5.1bar abs 4 9/ ?1 i‘(]jEPS m)lg of gaseous
met hanol , 34 g/ h (FHHS SIRINAER 3RL 0L TP HINGSORIRINTRSs YhichdPrp 485 egHReF r om

t he reaction col unn stepofapcesdtdobysul fidesd w3 t/8)) WiRieh dornveiBidplved stfiir didret hyl
sul fide (DVB), s . (o] i / . _S_
ether) were fed {Tﬁa!rﬁtdn?ﬁ%"@&ﬁr&%{atp réég@?’ovrv%tﬁ%ﬂ%ﬂggg?g%%go%nﬁt(?p(glﬁwéltl ;?%ée?h
reactor outlet wa®mg 0% of H2S, 50.8% of MeSH, 10.3% of DMS, 21.6% of
H20, 2.49%..of MeOH, 1.2% of dinmethyl ether (DME). S This gas enters the

| ower section of the reaction col bubbl e- c col umm_.cont ai ni nq 20

bl Bt es) - and_ (G GRS EERRERAR] e eriAa LWAR T PG RgoegHsr ahase

sol ution (st iihlstep@tudanaakd place ohrmedibteht folowig siem(a) boimvnedihteyOfodlolwind

sul fur and O'Si!ep%sl of dicyclohexylamne is netered in), where MeSH reacts
with formati on“of "H2S. The gas exiting at the top of the colum and having
t he conposition above is to conpressed, as back gas, and returned to the

MeSH t ubul ar TiRaskpirativiIF @het "ErBH& et @lpYanS Bedaln "PisOftefetdb clirickhutdiasa i s
renoved fromt he Sést em S

The, still sol uti t : t 90C i

Lvo phase. t mgls SRS eadOrinhe epwatyatase. 2 e ohliRe RSB 6FI88Y et s
The phases aristrgdhzsd dntb dha lprasectiompaT ateactiombanmn; foryexamplese pabtde-eap and

th , oS Rhase ted | i . tALNEE /h).
Thg Fg\?\g o?&gnosm@ur p@:_%‘%?gs“leg%s‘?g%dsg‘t“ g‘%tﬁlef%gl %&fg_?o&g’ glggtf%cflgg?rgﬁﬁcgl u?m
whi ch i s opersatfey intorgabatdipdbdrein vigel dbeiramips oenvitsdr 3s. catakysthag been DVDS

\(Ngs 15)/8 0:{ azged dissoBved] DS iboaME dodtpRaérts pRAuSEddt tB b phEdhereRstidnt 61 @hn 8 6%
. 00

Gi et hyl - sul fedbtupisie Stamalardasyortomaf e dFirtan SoliBE, SRR HEh & B ul 1 ur

mixture with organic trisulfide and optionally other lower polysulfides is obtained.
Furthermore, the bottom of the reaction column also comprises the amine, and
water introduced from the mercaptan synthesis.

30
The still temperature in the reaction column is generally from 20 to 120°C,
preferably from 50 to 100°C, particularly preferably from 90 to 95°C. The head
temperature is generally from -20 to +30°C, preferably from 0 to +20°C,
particularly preferably from 0 to +10°C. Step (b) is generally carried out at

35  atmospheric pressure.
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The distillation is carried out in a distillation column which preferably contains at

25 least ten theoretical plates. Small amounts of low-boiling components obtained
during the distillation, such as mercaptan, organic sulfide or CS,, are separated off
and can be returned to step (a). The organic disulfide is drawn off, the drawing-off
preferably being carried out in a sidestream takeoff of the distillation column. The
still solution or some of the still solution is returned to step (b) by dissolving

30 elemental sulfur, preferably in liquid form, in this mixture and, where appropriate,
replenishing the catalyst amine, and reintroducing this mixture into the upper
section of the reaction column.

The process according to the invention provides a closed system in which,
35  according to the net equation:

2ROH+HS+S , R-S-S-R+2H,0
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D is a distillation column in which step (d) is carried out;

NRR' is amine used as catalyst in step (b);

p is purified product (organic disulfide);

DADS is organic disulfide.

20  The other abbreviations are given in the text above.

The examples below further illustrate the invention.

Examples

25
1. Example in a continuous experimental plant

The two-stage dimethyl disulfide (DMDS) synthesis was carried out in a
continuously operating laboratory apparatus which comprises all components of
30  the flow diagram (Fig. 1).

The MeSH tubular reactor (600 mm long, 25 mm in diameter) was filled with a
self-prepared catalyst of aluminum oxide with 14% by weight of potassium
tungstate. At a temperature of 400°C (middle of the reactor) and a pressure of 1.1
35  bar, 48 g/h (1.5 mol) of gaseous methanol, 34 g/h (1 mol) of hydrogen sulfide and
40 g/h of back gas from the reaction column (composition: 72% of H,S, 12% of
MeSH, 16% of dimethyl sulfide (DMS), small amounts of methanol and dimethyl
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S. The gas exiting at the top of the column and having the composition above is

10 compressed, as back gas, and returned to the MeSH tubular reactor, where a

relatively small proportion of the gas is removed from the system. The still

solution heated to about 90°C is two-phase, the upper phase being the water

formed in the MeSH synthesis. The phases are passed to a phase separator, where

they are separated and the upper, aqueous phase is collected in a discharge

15 container (26 g/h). The lower organosulfur phase is passed at the side to a

distillation column which is operated at subatmospheric pressure (300 mbar). The

product DMDS was isolated in a sidestream takeoff (53 g/h) and had a purity of

99.6% (0.1% of dimethyl! trisulfide, 0.3% of low-boiling components such as

dimethyl sulfide (DMS), MeSH, CS,). The yield of DMDS, based on the sulfur

20 used, is thus 94.9%. The low-boiling components produced at the top of the

distillation column were in this case not recycled to the top of the reaction column

as in Fig. 1.

2. Comparative Example

25
A solution of 50 g of sulfur, 25 g of DMDS, 1 g of triisobutylamine was introduced
into a thermostated glass tube fitted with frit and thermostated at 60°C. Gaseous
methyl mercaptan was then passed upwardly through the solution via the frit from
a steel cylinder in an amount of 24 g/h. The compositions of gas and liquid phases

30  were analyzed by gas chromatography as a function of time. At the start of the
reaction a large part of the methyl mercaptan was reacted to form hydrogen sulfide.
The gas phase over the liquid initially comprised about 75% of H,S. The content of
H,S then dropped until, at the end of the reaction, almost pure methyl mercaptan
passed through the solution. The reaction had ended after 13 h. 118 g of solution

35  were obtained which had the following composition: 0.5% of st, 5.8% of MeSH,
55.2% of DMDS, 32.9% of dimethyl trisulfide, 4.2% of dimethyl polysulfides,
0.9% of amine.
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a steel cylinder in an amount of 24 g/h. The compositions of gas and liquid phases
were analyzed by gas chromatography as a function of time. At the start of the
reaction a large part of the methyl mercaptan was reacted to form hydrogen sulfide.

10 The gas phase over the liquid initially comprised about 79% of H,S. The content of
H,S then dropped until, at the end of the reaction, almost pure methyl mercaptan
passed through the solution. The reaction had ended after 12 h. 156 g of solution
were obtained which had the following composition: 0.1% of H,S, 7.7% of MeSH,
90.5% of DMDS, 0.8% of dimethyl trisulfide, no dimethyl polysulfides, 0.8% of

15 amine. The yield of DMDS, based on the sulfur used, is 83%. The losses arise as a
result of the gaseous discharge of DMDS with the reaction gases.
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1. A process for the continuous preparation of organic disulfides comprising the

following steps

(a) reaction of alkanols with hydrogen sulfide over a suitable catalyst to give a
“crude mercaptan stream” comprising marcaptan, water, hydrogen sulfide

and small amounts of other by-products such as organic sulfide and ether,

(b) reaction of the “crude mercaptan stream” with sulfur dissolved in an organic
disulfide with catalysis with an amine, the amine being liquid or solid and
having a boiling point above the boiling point of the organic disulfide used
and a water solubility of less than 0.5 g/l, in a reaction column, where low-

boiling components which form are returned to step (a),

(c¢) phase separation of the resulting mixture comprising aqueous phase, which is

removed from the system, and organosulfur phase,

(d) purification of the organosulfur phase, which optionally comprises low-
boiling components, the desired organic disulfide, polysulfides, amine and
small amounts of other by-products by distillation, where the organic
disulfide is taken off, any low-boiling components which form are
returned to step (a), and polysulfides which form and amine are returned

to step (b), with addition of suifur and optionally amine,

where the phase separation and the removal from the system of the
aqueous phase in step (c) can take place immediately following step (a) or

step (b).
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3. A process as claimed in claim 1 or 2, wherein the catalyst suitable for mercaptan

synthesis comprises potassium tungstate on activated Al,0;.

4, A process as claimed in any one of claims 1 to 3, wherein the organic disulfide

used as solvent and the organic disulfide to be prepared are the same compound.

5. A process as claimed in any of claims 1 to 4, wherein primary, secondary or

tertiary amines having from 6 to 60 carbon atoms are used.

6. A process as claimed in any of claims 1 to 5, wherein the organic disulfide is
dimethyl disulfide.

1



