ne3elel b$d 26hTEU- 5 10 15 20 25 30 35 2 0 MAY 2003 1 Method of ﬂéf'@ﬁ
Alkane Sul fonic Acid The invention relates to a process for the pr ﬁb 0
of al kanesul foni c acids. Al kanesul fonic acids are used in a nunber of
industrial applications. Long-chain al Ranesul fonic acids have for exanpl e,
sur f act ant prﬂm H | e short-chain al kanesul fonic h as

nmet hanesul f on mw ulm m, for exanple, be used as auxil WW@ for
the el ectrodeposi t.j@Qp.0f noble nmetals such as tin or lead in

plating of printed circuit boards for electronics or in the pr@%hratlon of
tinplate. The literature describes a nunber of processes for the
preparati onof _arkanesulfoni ¢ _aci ds. For thi s purpose, alkyl'nercaptans or

di al kyl disul fides, [n parti are d as s rtjn erials, which
are usuagly prepar edh5§p‘?ﬂe f:%%‘ﬁ‘iﬁfn@f GPSggﬁ ‘Eﬁ”f‘f g‘écn’%tth al cohol s. The
oxi dation reaction of the alkylnercaptans or of the dialyl disulfides to
give the co vari ety
of oxidizing agents. For exanple t he oxi di zi ng agent can be hydrogen

per oxi de, chlorine, di,meth sul foxi de or m xtures aof dinethyl sulfoxide
and hydr oi odii® dAVENtoR Q&ﬁﬁ%ﬁﬂﬁﬁn%apr8§F83t5ﬁ¥ SRS 9 s cr i bes
an oxi dati omfofalixanespnld@paiandcadsdi al kyl disul fides using Br2 to give
aIkanestfonlc acids. The Br2 is preferably obtained fromHBr to nake
handl i ng~easi er. The oxidation of HBr to Br2 can be carried out with oxygen
in the presédd&anesuddpaliygt iacids? ager ugedR008 @ runhen LbHfirdustirialci d or
with nitric gd daleaghl . ag,ce0-Unpling AdGHesul¥OMId RGGR Gwies #H ch Form

in the oxidation_of HBr with™nitric acid are reoxl di oxygen to give
nitric acid e"lalmpéleder srEastanby e PIPRSEG RS on WhidBe seROXE-AMbunds

present in t316aHe@eQFDntie gb\/:@d%lﬂ f BakR assd méﬂﬁa@ééﬁiﬁfb@ﬂc ofad#, to Br2
and the_ oxidation of the t ans nd/or | k dlsulfide mnth Br2 can
be carr?‘gd GRP i e FH2HR 'e (,etd}sse %E‘f é?)‘%\rfr}?fg

al kanesul fOIdl(BMo@hprltthenomﬂjamobhe ofne&lall;sl rmmiapasansmr ofi aléad

di sul fides th gRLi N esepce_af ro | de i aci d.
The OXIdatlg% MA?%y enpﬁa%%ﬁé §gse g%ng%& 899 ??E a%?%E?Q d%%grlbed
for exanpleelQ¢UEQHZC§9¢r722 ihe BSePaIEIlQEOOf tlnplate

20 The literature describes a number of processes for the
preparation of alkanesulfonic acids. For this purpose,
alkylmercaptans or dialkyl disulfides, in particular,
are used as starting materials, which are usually
prepared by the reaction of hydrogen sulfide with

25 alcohols. The oxidation reaction of the alkylmercaptans
or of the dialyl disulfides to give the corresponding
alkanesulfonic acid can be achieved using a variety of
oxidizing agents. For example, the oxidizing agent can
be hydrogen peroxide, chlorine, dimethyl sulfoxide or

30 mixtures of dimethyl sulfoxide and hydroiodic acid, and
electrochemical oxidation.

WO 98/34914 describes an oxidation of mercaptans and/or
dialkyl disulfides wusing Br; to give alkanesulfonic
35 acids. The Br; is preferably obtained from HBr to make
handling easier. The oxidation of HBr to Br; can be
carried out with oxygen in the presence of catalytic



These publications relate to the oxidation of alkyl mercaptans or
pol ysul fides (such as . dialkyl 20 disulfides) with oxygen absorbgcp MAY 2003
nitric acid. The al kyl nercaptan or the polysulfide is oxidized in stages to
gi ve the desired al kanesulfonic acid. Buring the oxidation, mxtures of
ni trogen nonoxide, nitrogen dioxide and nitrous oxide form The nitrogen

monoxi de 2Saapdnt e o Agen; dhoxhdg,anfapnieEbed Bihe aygenagbsorbed

in the nitric aci into pure nitrogen xide or into nitric aci which in
turn are avakidbréngopdent.f Shgamisrogenalorisesuvivial Eeimisin ThReni t r ous

oxi de is exgkudgdibhowrt hhrSysiam nit i sagduant He ofedRidiéa P{2e8SS is the
hi gh content of nitrous, oxide faqorned which, as a "greenhouse gas" simlar

to hal ogena?&igﬁ’ﬁet%n‘é%"%nd‘létlﬁ-&ne%ﬂqeaa§ tF 0| 68i &I 0BVERE and nust
t her ef orge b&xi&@ﬁidhEdoﬁfftﬁéonkhmﬁuﬁffgaﬁpéﬁﬁ&§n1pBeQBntndMﬁtftﬁb pl ant,

which is a 35 conpl ex pr.ocedur Furt her rmr t he, of f gases Q conprise
ol ati vel y PEPGSSREinBLvE SHLERsGEn b, e PRATHIS 5 HEL18550 25 30
sul f ur conpBundand weheh okiikawiioa mfsttiee marcmmchnm andbop| diapkgtedure.
The reacti 084 %g%g@ ur escﬂ‘ ol {zhe e r%%ctég% age é{ﬁyal Iny |S taggtr ange

' t

bet ween 25 an WeVer , tse tenperatures conmpletée B8Av&rsion to

t he al kanesneaohorsacid is not achi eved. Thus, for exarrpl e, in the reaction
to gi vq]dret hanesul foni ¢ aci d, under these reaction conditions the reaction
partially remains at the stage of the internmedi ate product S-nethyl

net hanet hi cBBPEbakt Betlrad sof npeeRadiag calkanaswhEPRbF ca€bApodiAdtiRi ch

rel eases subkuda€ioni € alﬁgnﬁegbaﬁeaﬂgceﬁpaﬁ&§k§moaa§ﬁ@9uaég afdnextremely

exothernmally at 170C. is therefore_an ct of the present invention to
o ovi de an SERRERI i | bhet SARATRE pPEeRuT iRt BELARES TheRsEERkr at i on o

al kanesul f oactdaciTiee i nxlidglnlpur|Wytlancbxyrgegnoodinyiehds,pmrmqopbf.sses
v rualy CREBLELORL: NG o HIRLIHLE! Al I a0rd 01, LS 20BSCY oS
t 0 a ,

achi eved by a process repar’atl on (nesul Toni ¢ "aci

conpri sing &hd W%I 20%27199%er5 (a) oxidation of alkyl nercaptans and/ or

di al kyl disulfides and/or dial kyl polysulfides having fromthree to nine
sul fur atons, with nitric acid to form al kanesul fonl c acids,, water, nitrogen

oxi des and GREE® bypRIkRations,) redekeratton dihe he MWidaddom oxPdes
obt ai ned frapkglepréaptans h oxygepolps@ifirias trieuani d and Heayklying of the

nitricfﬁjdd gufkf&eé?)wf¥g o%y&%ﬂ %gszoged in nitric acid. The
alkylmercaptan or the polysulfide is oxidized in stages

to give the desired alkanesulfonic acid. During the
oxidation, mixtures of nitrogen monoxide, nitrogen
dioxide and nitrous oxide form. The nitrogen monoxide

25 and the nitrogen dioxide are converted by the oxygen
absorbed in the nitric acid into pure nitrogen dioxide

or into nitric acid, which in turn are available for

the formation of alkanesulfonic acids. The nitrous
oxide is excluded from the system. A disadvantage of

30 this process is the high content of nitrous oxide

formed which, as a ‘"greenhouse gas similar to
halogenated methanes and ethanes, leads to ecological
problems and must therefore be separated off from the
offgas stream in an industrial plant, which is a
35 complex procedure. Furthermore, the offgases also

comprise relatively large amounts of nitrogen and



' 'The process according to the invention conprises carrying out the teX)s é'_g)
and (b) in reaction chanbers separate fromone another. 5 Accordi MYQO
net reaction carried out is an oxidation of the al kyl nercaptan or of the

di al kyl disulfide with (atnospheric) oXygen. The nitrogen oxides which form
in step (a) are |low 10 oxidation state nitrogen conpounds (NO NO2

m xtures), Wal¢hrarcnRRdl ,Z6fhidh S1ERelRiet QuEitY bPUF&ndVidd | gnaal d or
nitric acid conhalnln nltrogen di oxide. The nitric acid used in the
process acc&PIPrE*t Br F&IPREent i on can, accordingly, be pure nitric acid or
15 nitric acid containing n| trogen di OXI de The spatial separation of the
oxi dati on Otsr mercaptcgns and/ or_di al l§y uI fltg}S and/ or . di al kyl

pol ysul fi dedPfaviFFGrEm t MeSP GO ﬁé C’frur B CFAgeNsy are

al kanesu$ f oniscaddiyd ist€lpe ( 2ahgandeitiveecne Pneand i B0° of Hbeenerrr o@en oxi des
(step (b)) vant use action stel (a) and step
(b), can betzla?'rgl ed 9‘?’ s%ﬁ%%é%tel y ?’%gﬁeé%ot hecroné’r?ot H’é’r un%gjr

reacti on condkonesulfanig medd tis ek faghimviesh Zhusf, rfior @J@mp&ede can be
suppr essed ‘r{b”t'ﬁé'&%cﬁ} ekb Qivk | IndchhRath ?utco A6 eVeneLY good

yi el ds of al kanesul fonic aci ds. process accor to the invention is
preferably 3besrrikeReAORoNCPRatIPRS St ( afe#‘ﬁél@m dadrdialdyusual |y

carried; @ut rahmaghavaied tt@i@er@sagee idF oyt OniQbinddl & i P dener si on
and in 35. order o av0| i | dup of hazardous trace c onents such as
met hyl ni tr 3C8e& nent:jﬂ?fdﬁtflﬂ“@étﬁ faTlél%leEﬁr‘F‘%gﬂgtﬁlr Lig &he
preparat i gnuabtabubanmuﬂaéumﬂc whi2h0 Wef&@?@ S eilbed Hmogeaeraﬂrfonstgr) (a)
is carrie t,~at reacti ratures rom,50C to0,150C ref.erably
from 100C t§% EOC %e oc%%fa spr essgﬁpgapﬁoéltséfg (a?n?s erf bet ween
100 nbar aneéx®thermapigf ertabrw .at nospheric pressure. The mer capt ans

and/ or g al kyl disulfides and/or dialkyl polysulfides used in the process
according to the invention contain hydrocarbons which can be aliphatic 10
or cycl oal i phati. tiaFefex® apPy Qniecsr M ytheheregepscdnyentisdi ¢ s are
:c i near1 or 12)%:&6@&66 a|amh?bb6nb¥fdbﬁg_la&b?rhﬁ@ﬁh@@i@e Tbeageeéef Qﬁﬁbﬁ% contain
roml to arti ar refera m1lt ,. carhon ato ery
particul arl P 58‘@1’*“& %E’Fy ’%%?p rt’aé"d]oélal Eﬁ’gtqlﬂﬂlcr R §'r’aﬁ§'9chhus t he
al kyl mer cappamstyr andl kid gosed| fytebdsy e anel hghppreapean wirrtdiaidiyhy|

di sul fi X gl SYN=To [l | .disulfides in the process
accordlgg tg t glé:%%\q; ;t?lgnl.f\ﬁ ttglg i‘<’3| gEQE?}éngFggs are generally
prepared from hydrogen sul fi de and nmet hanol, although other access nethods

are al so knewigi n ék&‘j?e&ﬁte'iétmeﬂ:hf@féd cuﬁgrl Ya Prgf&eedd y EBe didlekyl
di sul fides are prepared b ;gatlon f al Irrercaptans w th sul fur

di ssol ved i R*&R3GAG& M c ? RpEsyt ﬁPdeeaﬁé‘iiﬁg FOIRR I RE Sl yst. In

th| S procesfoﬂliew&hlgylsmepsapt ans can be used as "crude nercaptan streani,
%Tercaptan streamnot purified by extraction or distillation, from

the reac ion of alcohols with hydrogen sulfide on a 30 suitable cat aI yst.

An advant agdadf w©kiidagiepar apfon plbrésercaptanal kyandiew| f idfeslkyd t hat t he

process can be c@hikug¢ilds ahd@oRAKYA rgfoqg%ulefmﬂy haEaRe i dial kyl

disulfide 35 which is stored tenporarily is not in . a pressurized
container. In addPEesn, tai [WA BRSHVF| c?é'—qnbs a""%FBr a{blet%ltcabPElﬁeéfd’ nat eri al

and can thereforé&om alkanesulfonic acids, water, nitrogen oxides
30 and other byproducts,

(b) regeneration of the nitrogen oxides obtained from
step (a) with oxygen to give nitric acid and
recycling of the nitric acid to step (a).

35



+'2 0-MAY 2003 6 handl ed safely. This process is described in Patené
Application No. 198 54 427.8 (official file reference) which has A% 100k q
at the sanme tine and has the title "Process for the preparation of dialkyl
disulfides". 5 The dial kyl disulfide which is preferably used is reacted to
gi ve al kanesul fonic acid and nmust therefore be repl eni shed. Repl eni shnent
of dial kyl disul f.i an . ace Jnto e se g eaction
m xture 10 ?héstégg?gfgor%ﬁgﬁiéigynxﬁikv%%g s%??gégPo_ tﬁgﬁP%gﬁ?% of the
reaction m feGreingfouhethedsteph (a)i and ke vapseaghice ehamhergeaction
mxture, inttpREGLE ¥Xighesnef afbehky! disulfides and nitrogen oxides can
form which are explosive. The dialkyl disulfides are 15 therefore
preferably nmetered into the reaction m xture i mersed under the surface of
the 1iqu d. abABBASHENY Fantheor mtaNeactiale daetidd tdig reagt oanvi a an
imersion tube.or.in a circulatipon circuit via a m xing . nozzle. 20 The

nol ar ratioﬂxbﬁaﬁFR9ln%fcaﬁ?%nsa R RRERY I W s&éfiggg aftPoEY di al kyl

pol ysul fi dediba¥fhdefwbtht (atrospharixe) sokygenatons to nitric acid is, for
mercaptan, generally from1l:1 to 1:10, preferably from25 1:2 to 1:6,
particularly preferably from1l:2 to 1:4. For dial kyl disulfides, the nolar
rati o i s gefibealnijtfogen 1oXidesl: @iclpr doemabiy fatep 1(8)t mrke 10ow
particuarl bl y 1 T hal eyl ides are
et er Ay GrBRERELAY stace? Thkirobln conabboldle (hO/Y; BRRBERIG e
oxi dati on cHhipB @xer ieePwidized opB sd@m ofbbr ton HUStPWFy BRtrd&ctors
with a highadedr e ohibask- Hedd19coRPaBniing! Thid rdgen edidaike I e@gkOr or

| oop reactor, or in a,reactor, wth | ow degree of back-mxing, e.g. in a
LubUl ar 11 oRAFEAEL oRCiBy CHEPRNCER | SR vAF AP Tor ARTEOLNS 0 tRRYEBE03 | out
step (a) iniowentéant otamwy idccodidiiicAlyy, ober epater snittic a daigh degr ee of
back-mxd ng, .L{..re r b rie f re with a high degree of
back-rﬁ%%’ngné#%lﬁseéggt§8§£?ﬁ§%égcgﬁgrg?eéesfégi,ebe operat ed bel ow 5 the
boiling point of the reaction m xture as pure oxidation reactors, or at the
boi |i ng poi pheOls JiG 410364 hOPa il UDE: ML SxidMHidl) bPemeybpesns
concentration of 'the reaction mxture can_ be achi eved sinply _by renoving
excess di | upBA4gheHialiiny i d1guigides AR Q¥ efer Yl e PRIYSHEALICENe
(r)]?(i ﬂa; ion paatrigf; L F2opl arhre@NSitd S wina bgﬁlﬁﬁij Oht bi® reagth giivewi th a

ig ee ack-mi xing, e.g., two stirred-tapk reactors,. e tenperature
2t he B s ThaBBesi TR0 il hB, el fefnd P BRSGRERRETOR: 58T do and
nitric aci dthee nitiroged, axside=ef estadp y(be) ween a8Paahdged0s, begamiseul arl y
preferably < TN C r t i i akged with

e e T e B34 of oF & \aPer arabiiro3bol BY e Ba nie

the overflo , adtor, is preferably éd between 100 20
-and 150C, partiedl aPr§ peeparabey)YbefkOsnh POCTRSH 190CLWEEh &P4S3rati on of

-the react oppe@fbentreacthenr esndeRednbi. Ms of rek@ltgatheOFormaltion in the
two re ors_can be between 1Q mi nutes and 10 hours efenagk%& etween 1

and 3 rsOfos BARECHF  n@*H@&t of2F he PRactTHRPLESSE oXi Yof the
nmer capt an oconipakkglyd sard i de i ss ppekseibdliley b ssichiesd Wwery goodenser

pl aced in t9§e95E98§ g&kggggﬁﬁkgnggnggfggge recycle to the reaction

m Xt ur e.

The process according to the invention is preferably

30 carried out continuously.

Step (a)

The oxidation is wusually carried out at elevated

temperature in order to obtain a high conversion and in
35 order to avoid a buildup of hazardous trace components

such as methyl nitrate or S-methyl methanethiosulfate

as can form during the preparation of methanesulfonic



'30 If step (a) is carried out in a battery of two reactors with %@‘@?2003
degree of back-m xing, then the al kyl nercaptan or dial kyl disulfi

di al kyl polysulfide used is largely oxidized in the first 35 reactor, where
essentially the correspondi ng al kane st fonic acid and, in a small anount,

i nconpl ete oxidation products as well as excess nitric acid and 2 0 MAY
2003 s snul lacarburirs géneudl ur steaci(@ )f arsn cadheigdebdtofatal kearet son f oni ¢

acid in the mxtu .S, althd tage~of . Lt h ti su y ady
greater thar?eé@%{ag:rug%g’r aéfy%%é‘ﬁ Sg%c btééeglgon ’heggﬁguﬁf’g% n@%‘%’gpt an 5
and/ or di al Kyl0°dl sud f Léle°@ndlbe dipeldadingplpsesdunke iUsedtepn (tahe Becond
reactor co {] i datyi rnggaag_ti akes ce, @fglt of
whi ch the vyi eﬁ%(fr@lg{kyr%g:gﬁé onilcocbgci I's %hu&al ﬁ i}%l)%:lf’eas%géf%r%mr t han
90% pr eber aHmpaphex ichPFeg3%rer0 The excess nitric acid present in the

di scharge fromreaction step (a) can be separated off distillatively by
sinple distillation in a manner known per se usiqugﬁwater and _be recycled to

the oxidati dRSMEEFARFAMH LY oA ALkl bl diguHiidr s i R/ en R LY L ky|

pol ysul Ii deiadlgxsg?f_(i@)e)s _ogs(te@ t ha regenep@bbeﬁsof ?ﬁberaimjogeat om;\ﬂ_eshw; th
oxygen to gi,ve nitric aci ste : e .ot her products, which form
in the reactﬁné’r?lﬂilé’éha?%tﬂrbm"é’ﬁgbceﬁ%’oﬁlﬁn ‘é?’s‘ﬁ’ bgage% a?gﬂp??Bh? one

anot her 120 dirsti |dydliosd iphathie .pr odreatisiailanigonpl et ef exalstag ) on phef er abl y

bei ng retur 0 0X] I ( P A n_t.hi er, . Vi y all of
the nitric g;g{idaﬁc?csa r (;%tnai ir_f‘g(g]t'(ll"'—’qn)f? hé&gys][age%ﬁéa’% hgkorﬁ ya%%ésa%%l{lj#?#%g due 25
to the forndtydroasirbegr yradi¢alamofheseofpraferakloxdetand ifmanplete
absorpti on i, Shgp (ﬂartimﬁﬁtlﬁPrBE%QErhﬁigesfP&E’ 1havgvery, oghypsaal |
according to the current positign of nodernh nitric acid plants. 30 In a
preferred edfirenYerY h®agédeNdardictRreferaRtachihet Fadigaler a8Parati on

col grm oper atethyis xaacsic{jailmﬁiaigj Cﬁﬂuﬁﬂth%—héﬁkﬁh@@f_ @éllﬁSa@ébfomﬁélﬂﬁﬂ nitric
acCl as tOp 150] { an t he (0] tompr uct t Q1 C taLne IS a

o ot Poss DRt e el A TcRbR o ek, ATS R e rarel y 106
by wei ght of water and approximately 1% by weight of sulfuric acid. Ntric

acid is onl fﬁﬁ]%}{ r of < % bys weh iRt . 44T . Y, 2003 9
colum is g)ébnlgéra y Coépgl'rgat d %tl %cr)o%s.% (bt ?}%ﬁlrybdalr%mpfrle%es?a_ tﬁgom 50 to
300 nbar anPXRCesS | | AFePHRERY ur &9 oftRRnedAVERpLEPBm 13he o diatkyl

pr _Ef er abpy fdﬁﬁllﬁQiésp a&(@%erﬁaﬂﬁiy (ﬁ)ﬁeﬂ-@ﬁed 52 240 ﬁ&&@@gé’ﬁ sherpakrogen
oxides (NO'NOZ, MXERRSS], | Sudtal ' Yefl Tt QLehSULt meratyLes
known 1in the literature. Particularly preferably the
dialkyl disulfides are prepared by oxidation of
alkylmercaptans with sulfur dissolved in an organic
25 dialkyl disulfide using an amine as catalyst. In this
process the alkylmercaptans can be used as "crude
mercaptan stream”, i.e. as mercaptan stream not
purified by extraction or distillation, from the
reaction of alcohols with hydrogen sulfide on a

30 suitable catalyst.

An advantage of this preparation process for dialkyl
disulfides is that the process can be carried out at
atmospheric pressure. This means that dialkyl disulfide
35 which 1is stored temporarily is not kept in a
pressurized container. In addition, dialkyl disulfide
is a storage-stable feed material and can therefore be



'10 and increased pressures in order to achieve very good absorpti Oh‘l Nm ?e
regenerated nitrogen oxides NOx and thus to obtain a very hi ghly A 20
concentrated nitric acid. For the purposes of the present invention, NOX is
15 essentially taken to nean NO, NO2 6203, N204 and N205. The concentration
of the nitric acid used in the process according to the invention is

general | y: }Fc{ﬁ)@i&? Q49 | byTH\g%gtBroégﬁergbl %éé tQ 7P¥e &y Wei ght, 20

parti cul ar eralﬁlfromS Pre erence Is givento

carrying o%@pﬁ-’eefpt ot h8BMaMI it & e Jeﬁmlesfblﬁefreﬁee@%) 60C,

par ticul aryy; ok ehes a@éan T oI @Cat Ot BECs ahBe+ 8RS OhHE ChRE CERYET £S5t PE ©
preferably between 5 and 20 bar, 25 particularly preferably between 3 and

12 bar. Th@?%‘@"e?r"er%‘?lf o‘i‘f‘%fp’%%@rrﬂttlr%é# Ayl FisudFiE8E s effective at
the same tinme as offgas vvashl ng fox the sul fur conpounds produced in step

(a) as byprodu 30 mea rocess of f i S fre from

mal odor ous® é\’p"’luaef*%l or w dl‘@h‘lof des orpr&f&gﬁéllypo}l?g f+¥es, and
appr oxi natﬁéac’c@drespgﬁde Iaﬁ.ldatn‘ésmd.lﬁmﬁjd iagid candatust ebereﬁbrei tric acid
pl ant s. e_of he rele dj.ngs 35

N thout addft FoRar™bahed; ;8P kR SnkSLT8TAG150ke1 1 §PaTYFIQBROBEES 30 o
The oxygentall';edplm'ethet@ egeaevapoonphesgendr &hey reactiphemigtokggen. The
react g appacalys upedxi snfensral bu18y BHSOLRLERBeCOEURRe LiqhsqPref erably
a cool ed a Sor%tl o] corresponds to known co urms or the
prepar at i o®f ofthgi t¥eactian PEvhvRet r dfertsi additinesdscaknte ofhexanpl e, be
30| i 39 vehyer pHABEevEaRhe UfLTHi’sti?@rD ﬁtﬂkEﬂﬁé Oinﬁﬁh?ﬁésmﬂ%tiﬁésw lt h

unped or agra ac oling can take place, either in_the colum or
in externaf égt%%gs@h E 8; C$ a%%‘g PEtHPIER uPRLFes gl afPYMoper at ed at
fromO to 6ﬂ£¢hprefterabé>yp1csmé) t oTReC, qmrae;lﬂegrlablcylsnsbfiwesnal hye Fresh

wat er re e jzed t IS P col um,
wher ellagani:g%fﬁg%grg Eg??égé%ﬁ&g |e(r?’e,(‘)ixylgnet arge?ggﬁ%égd ??‘8%?%”09%
oxi de escapemersedt ndawctbe aswofaiceg afo the ikiantd onIfoershen
preparatiopgaRf aldeanesbhbesi c @&]{&'5 1%*&% ”!Lfar 't%é‘CkQaEEEEG’\hd nahhe

reaction discharge in step (a) accor ngly, preferably returned,

fol | owi ng +BRBYALOR BHPE h‘érréacf’ll Sﬁr&Pééﬁ&PﬁeClFS“é’t’-eHléa? BLxdpgp (b) and
t he produchezefeinconpl ete oxidation which are |ikew se present are, after
reervraT,l returned to step (a). The already very pure al kanesul fonic acid
obtained in the process according to the invention can be purified in a
downst r eanThecunai alt st 4t ben oot ol alkhy 1wer cdptgparser alnld/ capedddkydt head

pressures gfgh,i ey V\ﬁ 1 EHd?Qr”baEalﬂg‘?Ef e?re%elflgr?gtb%dt OPwngbarfroh\n this

case, |rrpur|t|es occur _1ntra hetop or at
t he bottonFBFe@het%mW FHefuEt LAFOBS kéﬁésw%ﬁpc aeid iiswushar y

obt ai ned i negcsptantr ganmetake9f ffrohhel yestbt 1090 pl kaaeswhboRi gragi d is
col orlzejss 1:2 to 1:6, particularly preferably from 1:2 to 1:4.
For dialkyl disulfides, the molar ratio is generally
from 1:2 to 1:20, preferably from 1:3 +to 1:10,
particularly preferably from 1:3 to 1:6.

30 The dialkyl polysulfides are preferably used in a
mixture with mercaptans or dialkyl disulfides.

The oxidation can be carried out in one reactor or in a
battery of reactors with a high degree of back-mixing,
35 e.g. in a stirred-tank reactor or loop reactor, or in a
reactor with a low degree of back-mixing, e.g. in a

tubular flow reactor. Preference is given to carrying



"'2 0 MAY 2003 11 and generally has a purity of >99~, preferably of ﬁ@é%
with a sulfuric acid content of >50 ppm Methanesul fonic acid obt%. 9%
this way is suitable, for exanple, for use in el ectrochem cal baths

particul arly preferably,

according to the invention by oxidation of dinethyl disulfide. The

met hanesul f QRj«C AGA @Dt ]?ﬂﬁ%éifféj;{c%&” ! c?,tl i ané%@&w{%f“ sbaditd on) 10

generally has a purity of >99~ an

Is colorless. The su

5 Very

met hanesul fonit acid is prepared in the process

uric aclid contents

are general [¥ittes@ t haghsodggree seh dandimidedaf odifc BERALPESpaticul arly
sui tabl e fonpaiaedikselACtrrAIBLali tatdshide dégtde &£ CHAPRINI Bthdlr awi ngs,

Fig. 1 shows diagra tically the process_according to the invention.
20 Rl is rea"(ﬁeor‘g gﬁ ‘5]

whi ch st@p (dhe i bodaihigedpotiht250RSH IR Sredflttivmendaguae uaed Gunee or

SE4m WL ERESSH 930 i cdeF1ERA oUbe . operate

Her e,

ReIH 2 in

di al kyl disulfide used HNO3 is nitri ' d.30 r-HNO3 is nity id
recyel ed {1 GRATHY) TERCEOEPep T5) A0 REP oG o0F ot oRCst BRE

nitrogen 35 meamdionds EIQENGE ,mM xwheee) H2Aursngat ethe 2 syhbhe@2DH3 - 12
"QZ" is at nqﬁﬂng_r' ygen LRe0ffdas ' r ti0 | e,
conprising the reda{:ccrtaﬁgé')ré)q‘pr%gd(ugieThtfe exaj'froprreh%}é{“ggvea %Iﬁt ibogna?{:r;fl ustrates

the inventi chiimply Byamenevisdriexcessackidiys aguedivsgmdmr(ic ggid.2) shows
the expgpi nental set-up. Apparatus:

15

20

25

30

35

In a preferred embodiment, the oxidation part of the
plant consists of a battery of two reactors with a high
degree of back-mixing, e.g. two stirred-tank reactors.
The temperature in the first reactor, into which
alkylmercaptan or dialkyl disulfide and nitric acid are
metered, is preferably between 50 and l140°C,
particularly preferably between 80 and 120°C. The
second reactor, which is charged with the overflow from

the first reactor, is preferably operated between 100

"and 150°C, particularly preferably between 130 and

150°C with evapofation of -the reactor contents. The
residence times of the reaction mixture in the two
reactors can be between 10 minutes and 10 hours,
preferably between 1 and 3 hours.

Some of the heat of the reaction of the oxidation of
the mercaptan or dialkyl disulfide is preferably
dissipated via a condenser placed in the offgas stream
with condensate recycle to the reaction mixture.

If step (a) is carried out in a battery of two reactors
with a high degree of back-mixing, then  the
alkylmercaptan or dialkyl disulfide or dialkyl
polysulfide wused is largely oxidized in the first
reactor, where essentially the corresponding alkane
sulfonic acid and, in a small amount, incomplete

oxidation products as well as excess nitric acid and



20 A 16 oxidation reactor (stirred-tank reactor) B 2nd oxi datiorzl Qﬁﬁcﬁl r
(stirred-tank reactor) C Condenser D Condenser E Plate colum co { i @ 44
bubbl e-cap plates for 25 the regeneration of nitric acid F Buffer container
for nitric acid G 15t vacuumrectificatg on colum with glass ring packing H
Bott om product heat exchanger 30 I Condenser with reflux divider J 2nd

vacuum recti_figati m_ i t nge Ki K ony . u heat
exchanger Lsggﬁgen%g?ﬁg\#gh ?%\?I%(ﬁdi{%n%e%&%g 3%&\/ Eg%é Q.%Qplggeed of
pur e di net hpllkdineulsuilfeordioia¢id api dhecauistgren isfeall AhEgedt@gedei oni zed
water 5 Exhayst.ghl Pl boili 0 f t hanesyoloni ¢ aci d
outfl ow 10 %lfSHI Sﬁl?bo]is?l ng %@oﬁ%ﬁ%u%ﬁ] ova\} Oétgylag\?v‘b’/?rom t htadof i'rst to
the second ®viederabayr &darorody, Obrged fAtorthdeampust @fi dmaLcAPtaBactor 11

O f gas fsomatn_fa%%ecemamﬁdaaheﬁl_ﬁagt OfndPoR2 @Qﬂﬁf?atﬁ‘o dFNder om t he
second oxidation reactor™to the nitric acid regeneratiqn 13 Qutflow from

the second &%cdat iTn theadesond Haactqn GomRIQiiAT &k ithe A% oM 14
Condensat e idaRaTohr @@kieRe pliact, \wacwind=Rald fdffalidi athe liwnd for t he
nitric acid r«i%glnehfaLtion 15 Bottom pr%d?ﬂét dj schar%ee f{:omthe ftihrst to the
second vacu EEUEORE CorP TSt Uit 3% Yr HTT2] sT2hAPgEg than

cont i nuousl| P03 preferabilygmovrieathan BB3%pure di nethyl disulfide (> 98% and
fromF wth 45 to 50% strength nitric acid in the DVDS (di net hyl di sul fide):

HNO3 nolar ratio of 1:5. The 30 dinethyldisulfide is introduced beneath the
surface. Th&heenpxeessr eitnichedidcpoesants iroothe Tidd schargendean me in

reactor A GRlaedlidhedas a(qYoldaeN bl skBarhiad! GO §iBe{ MRy A
divided by the ljiquid stream9 which is continuously |eaving reactor A, is
35 about 2. P¥h simple distillation in a manner known per se using
water and be recycled to the oxidation of mercaptans
15 and/or dialkyl disulfides and/or dialkyl polysulfides
(step (a)) or +to the regeneration of the nitrogen
oxides with oxygen to give nitric acid (step (b)). The
other byproducts which form in the reaction discharge
from step (a) can also be separated from one another
20 distillatively, the products of incomplete oxidation

preferably being returned to the oxidation (step a)).

In this manner, virtually all of the nitric acid is
retained in the system, the only losses occurring due
25 to the formation of very small amounts of nitrous oxide
and incomplete absorption in step (b). The absorption
losses are, however, only small according to the

current position of modern nitric acid plants.

30 In a preferred embodiment, the second reactor is
attached to a water separation column operated as a
stripping column. This separates off water and nitric
acid as top product, and the bottom product typically
obtained is a colorless 98% strength alkanesulfonic

35 acid containing approximately 1% by weight of water and
approximately 1% by weight of sulfuric acid. Nitric
acid is only present in traces of <0.2% by weight. The



2 0 MAY 2003 - 14 5 10 15 The liquid stream 9 which is continuousl

| eaving reactor A consists of about 32% of nethanesul fonic acid, ZI%MAHOO:‘
nitric acid, 0.6% of S-nethyl nethanethiosul fonate and 560 of water and is
fed to reactor B. The tenperature in redctor B is 130C. The residence tine
in reactor B, calculated as a quotient of the liquid volume in reactor B,

di vided by t Lquid. s wWhi [ S.cQnti S | eawvi r or B, is
about 2.2 h. @$%ghﬂl qlﬁsi d&é‘?‘?ren%%f,ﬁ?)oaﬁ?%kéﬁis%gonﬁ%ﬁﬁo%ésfl ;/:%I elad\}fbné[% ?a?dct or B
consi sts of avedersb¥yof firomandsll f dwi ¢ 300dmba®% oéndi t rat acitdll< 0. 2%

of S methyl ueRiBanak:asulionale and 3%l WY Yo Fhds, RASSRLAN he

vacuumrectification colum just bélow the top of the'c m. Thé crude
yi el d of net k&RBsdPlofioc 288°6-in stream 9 is > 95% 20 The vacuum
rectificagion colum G operates at a head pressure of from95 to 100 nbar
(absolute) and a still tenperature of 180 to 190C. The bottom product 15
| eaving the vEeRutPectification 25 col urm G consists of about 98% of

met hanesul foni c acid, about 1% of water and about 1% of sulfuric acid and

is fed to va&“um rectification colfu J. Vac;Elum rectifi.cation Ig(sl{# J
operates at d fiead SFEPFELIIL of*f r orfiSbolit “5°€8 10 % ab @)1 and a
still tenperatixtares )f ricm gdrertalll§0 ¢carAPEOL. olihe ati deow akempdfatatresam 7

| eavi ng e uuk (ficati UE iSts . > 999 re&% 35
met haneswf o\ré?{:a ;&géfﬁ%&ﬁdﬂgﬁ%&%ﬁﬁ%i gHa\cLlr con‘?en?ggf‘e‘%gSéoe%Bm Ae1 t ot al
yi el d of met Bhsesption cofctheamegengiratied anivrogen >ogddes NOx0 aysly 2003 -
15 5 10 15 28u85to obtain a very highly concentrated nitric acid.

For the purposes of the present invention, NOy is
15 essentially taken to mean NO, NO,, N;0;, N,O; and N;Os.

The concentration of +the nitric acid wused in the
process according to the invention is generally from 20
to 100% by weight, preferably from 40 to 70% by weight,
20 particularly preferably from 50 to 70% by weight.
Preference is given to —carrying out step (b)
isothermally at temperatures of from 0°C to 60°C,
particularly preferably from 0°C to 30°C. The absolute
pressures are preferably between 0.5 and 20 bar,
25 particularly preferably between 3 and 12 bar.

The regeneration of the nitrogen oxides in step (b) is
effective at the same time as offgas washing for the
sulfur compounds produced in step (a) as byproducts,
30 meaning that the process offgas is free from malodorous
mercaptans or dialkyl disulfides or dialkyl
polysulfides, and approximately corresponds in its
composition to that of current nitric acid plants. The
offgas can therefore be released into the surroundings
35 without additional post-treatment.



30 35 The head take-off stream 6 | eaving the vacuumrectification rcgohm(]}]
consists of water, nethanesul fonic acid, nethyl nethanesul fonate :Z

| owboi I i ng conponents. The bottom product take-off stream 8 |eaving the
vacuum rectification colum J consisit® of sulfuric acid, nethanesul fonic
acid and ot her highboiling conponents. The plate colum for the nitric acid

regeneratl,lq{’é E ter%’sgt% egror}al Ees]?gbgngg ti‘B tegperﬁé 19} 20 to

45C. The ionli ze via feed to t ate co or t he
regener at i JPREPHARYG OXHI]NE. The air |ntroduced into the plate colum for
the regeneration of nitric acid E via stream 3 for the reoxidation of the

nitrogen oxi des | eaves the colum at the top exit. 5 with a reduced oxygen
content ( TP oreaCH{OY oRBRETALYH e URLR- é&nt%rtﬁrrﬁg”dff%fasag??eaﬁ‘i’b forned in

react op A@dtplutrt cedtf ros qma@m B0TPOGEE S dbyorptdensego fuf®npri ses NO
and NO2 an JN%kpassed to g gte coI foroéhe re%enerati op. of nitric
acid E. T TRt &PRAPAYS F g §°§’Pr€ Hedth PLSREHRCERnd freed
from condecnsalnlmrdaanMt sfrlolm cohttevgen Dxdiaigsr.i SEsed® amm,NO2orand is
passed to te the r ner of_nitr i d The
condensat eé}iainlgioeﬁm s 3158 ’70)’ ?r ehgt ﬁﬁ ?r éa BE| dkgﬁﬁglisc ssed to
t he pl ate mlmsfmrtmlmg'@temqk@d oWJmhtrd@m@cdd prt oanrphge@ having a
simla i d cQpsi sts of
%g% i3z AP ditd £145 eltﬁl:tﬁ enéa& 1d4tn COP

about 3%str c acid and i's ate co um for the
regener at | bh oFtennal heat Exchangeys at e haV| ng a simlar plate
concentration of nitric acid. 2 0 MAY 2003 - 16 The bottom product

outflow fromth | ate colu for, the regeneration of nitric aci E to the
nitric aciTPHuRPEPTEEAPR; o U, it | SPRCBRL L0 OPCABLEE B0 SEMBnt h nitri o
acid and itsofedorg theprreefaxxtahlyA fromtroc aw d 30%ces arefeepbiged by

LoPRLAS, LA S EaM {0 2ETUBhS oL 00, LopREHSLRRYO BejihRlaraakd v 5,
claim 5 Iwaveproéesqdded take phepdam ioh thealdadvesul fWrexe adeds,

conpri si ngy { pe f:LOle| OVd 119 abﬁméteﬁa)lrpxbﬁfv%éﬁ? Qfax%La'S.Xﬂ B Lt gggmand/ or
di al kyl dlsulfldes and/ or di al kyl pol i des having 10 fromthree to nine
sul fur at oMEEFRIFR rP¥19% SRFPED for m al kanesul foni ¢ aci ds, water, nitrogen

oxi des and other byproducts, (b) regeneration of the ni_trogen oxXi des_
PP AR, il 5Bl WakBoRRIAGT L8 OLHE MVl O AR LRRYC!Ing of
preparatlon of alkanesulfonlc acids, the nitric acid
present in the reaction discharge in step (a) is,
accordingly, preferably returned, following removal
from the reaction discharge, to step (a) or step (b),
25 and the products of incomplete oxidation which are
likewise present are, after removal, returned to step

(a).

The already very pure alkanesulfonic acid obtained in
30 the process according to the invention can be purified
in a downstream vacuum distillation column, which
generally operates at head pressures of from 0.1 to
20 mbar, preferably from 2 to 10 mbar. In this case,
impurities which occur in traces are separated off at
35 the top or at the bottom of the column. The actual
alkanesulfonic acid is usually obtained in a sidestream

takeoff. The resulting alkanesulfonic acid is colorless



" ‘'which conprises carrying out steps (a) and (b) in reaction chanbers
separate fromone another. 20 2. A process as clained in claim1, thMé?@ﬁ%
the process is carried out continuously. 3. A process as clained in claiml
or 2, wherein step 25 (a) is carried dlt at reaction tenperatures of from
50 to 150C and at an operating pressure of from 100 mbar to 8 bar. 4. A

process as i y cl ai 30 er ylofTEr capt ans
or the di alarrklcfi g@ F?lgg g%sthi gﬁuljlktyo %gl ysapl? P%%ér}te%?i dtngcar bon
radi cal s h ok rdfﬂ‘lhtanOSébfﬁﬁhcat aaid BGOBtGAtpr cdessHks Rﬂnm med in

any of cl a'M@tlﬂaﬁé@nﬁfdm.%r %ldldﬂlal,éwinéu sphfLdes abg ¢ Menchire step (a).
2 0 MAY 2003 -18 6. process as clained in claimb, wherein di net hyl

di sul fide |§9§»ﬁ%ﬁ%ﬁ%?' gor. ugepﬂacé§§05§°ehsmﬁﬁal|Ha5h§ of wherein some of

the heap of the oxidation of the mercaptan or disulfide or of the dialkyl

di ssi pat ed\}g%/ con enSf Ia ce Leam Wi t.h condf sat e I‘ECéCH ng. clains
1 to 6, reactionPBF-tRB-dF Yhé)r(ﬁ §IIF%1 Yol JREFITGRIHONG naFRE of gas 8. A

process as prepared | in ablieoprocaisss a]cddrdﬁ,ng/\/mam ekthestiaweft)ions yarri ed out
2 om0 SIS0 BE PRBRR MRNSSILE Bhel ARGRLR RIS bar.

A process a ai'med In 'S carri ed
out in ,a csuiddobbabred | eﬁtenl mmficat@onA (resunes @bstlbiatidonh any of

clai ms 14  Gehesthianel fiad he Hidiily 86k d>Bueseia | Bgt RelRagison fligcharge in

step (a) is, after "having renoved fromthe reaction m xture, returned
to 25 step (WHfwricstagpiqg bt;on%mat% herer generaley iLessniihare YXiRRM{ on whi ch

are |ikew sdy eaenﬁea{a&ueﬁltwnﬂdweacmavel@egarrtam\la@hlyr eduwitrashd o step

(2), and the alkanesullioni agld ig,o9gapated of f. . ASS Ava Al

. Aa. AS. AH Al A@ ?. AuFr. A?2. A. AF" #%&=>EFOGHcdC} xsni d_Z] ca] ca] cal ca] ca] ca] ca]

Taal RS TH A miup) Aty R AR R PR e O e ¢

alcalcalc a]m;%ﬁ ielda) ddlec Prosess| esrespdapc&pciheatiny BDMOB Kbc

Here,
20 R1 is reactor 1 in whieh step (a) is
carried out
R2 is reactor 2 in which step (b) |is
carried out
25
RSH/R-S-S-R is mercaptan used and/or dialkyl
disulfide used
HNOj; is nitric acid used
30
r-HNO; is nitric acid recycled from step (b)
into step (a)
NO/NO; are low oxidation state nitrogen
35 compounds (NO/NO, mixtures)

H,0 is water
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B 2™ oxidation reactor (stirred-tank reactor)
C Condenser
D Condenser
E Plate column containing 44 bubble-cap plates for
25 the regeneration of nitric acid
F Buffer container for nitric acid
G 1°* vacuum rectification column with glass ring
packing
H Bottom product heat exchanger
30 I Condenser with reflux divider
J 2"  vacuum rectification column with arranged
packing
K Bottom product heat exchanger

L Condenser with reflux divider
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1 Feed of pure dimethyl disulfide

Nitric acid feed
Air feed

Feed of deionized water

Exhaust air

Low-boiling component outflow
Methanesulfonic acid outflow

10 High-boiling components outflow

W O 13 o YT b W N

Outflow from the first to the second oxidation
reactor
10 Offgas from the first oxidation reactor
11 Offgas from the second oxidation reactor
15 12 Condensate stream from the second oxidation
reactor to the nitric acid regeneration
13 Outflow from the second oxidation reactor to the
first vacuum rectification column
14 Condensate stream from the first vacuum rectifica-
20 tion column for the nitric aéid regeneration
15 Bottom product discharge from the first to the

second vacuum rectification column

Experimental detajls:
25
The reactor A 1is charged continuously, with stirring,
via 1 with pure dimethyl disulfide (> 98%) and from F
with 45 to ©50% strength nitric acid in the DMDS
(dimethyldisulfide): HNO, wolar ratio of 1:5. The
30 dimethyldisulfide 1is introduced beneath the surface.
The temperature in the reactor A ig 100°C. The resi-
dence time in reactor A, calculated as a quotient of
the liquid volume in reactor A, divided by the liquid
stream 9 which is continuously leaving reactor A, is
35 about 2.2 h.
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The temperature in reactor B is 130°C. The residence

time in reactor B, calculated as a quotient of the

liquid volume in reactor B, divided by the 1liquid

stream 13 which is continuously leaving reactor B, is
10 about 2.2 h.

The liquid stream 13 which 1is continuously 1leaving
reactor B consists of about 55% of methanesulfonic
acid, 10% of nitric acid, < 0.2% of S-methyl methane-

15 thiosulfonate and 35% of water and is passed to the
vacuum rectification column G just below the top of the
column. The crude yield of methanesulfonic acid in
stream 9 is > 95%.

20 The vacuum rectification column G operates at a head
pressure of from 95 to 100 mbar (absolute) and a still
temperature of 180 to 190°C.

The bottom product 15 leaving the wvacuum rectification
25 column G consists of about 98% of methanesulfonic acid,
about 1% of water and about 1% of sulfuric acid and is

fed to vacuum rectification column J.

Vacuum rectification column J operates at a head
30 pressure of from about 5 to 10 mbar (absolute) and a
still temperature of from about 180 to 190°C.

The side take-off stream 7 1leaving the vacuum
rectification column J consists of > 99% strength

35 methanesulfonic acid having a sulfuric acid content of
< 50 ppm. The total yield of methanesulfonic acid after
distillation is > 90%.
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sulfuric acid, methanesulfonic acid and other high-

boiling components.

10 The plate column for the nitric acid regeneration E
operates at normal pressure and at temperatures of 20
to 45°C,.

The ionized water is fed via feed 4 to the plate column

15 for the regeneration of nitric acid E.

The air introduced into the plate column £for the
regeneration of nitric acid E via stream 3 for the
reoxidation of the nitrogen oxides leaves the column at
the top exit 5 with a reduced oxygen content (7 to 13%
- 20 by volume). :
The NO,-containing offgas stream 10 formed in reactor A
and freed from condensable components in condenser C
comprises NO and NO, and is passed to the plate column
for the regeneration of nitric acid E.

25 The NO,-containing offgas stream 11 formed in reactor B
and freed from condensable components in condenser D
comprises NO and NO, and is passed to the plate column
for the regeneration of nitric acid E.

The condensate 12 consists of about 7% strength nitric

30 acid and 1is passed to the plate column for the
regeneration of nitric acid E to a plate having a
similar plate concentration of nitric acid.

The condensate 14 consists of about 23% strength nitric
acid and 1s fed to the plate column for the

35 regeneration of nitric acid E to a plate having a

similar plate concentration of nitric acid.
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Nitric acid losses are replaced by topping up the
required amounts of 50 to 65% strength nitric acid via

stream 2 into the nitric acid buffer container F.
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10@® " L1010%@c®' () - : Alffroi three to nine sulfur atoms with nitric
acid to form alkanesulfonic acids, water,
nitrogen oxides and other byproducts,

(b) regeneration of the nitrogen oxides obtained
15 from step (a) with oxygen to give nitric acid
and recycling of the nitric acid to step (a),

which comprises carrying out steps (a) and (b) in
reaction chambers separate from one another.
20
2. A process as claimed in claim 1, wherein the
process is carried out continuously.

3. A process as claimed in claim 1 or 2, wherein step
25 (a) 1is carried out at reaction temperatures of
from 50 to 150°C and at an operating pressure of

from 100 mbar to 8 bar.

4. A process as claimed in any of claims 1 to 3,
30 wherein the alkyl mercaptans or the dialkyl
disulfides or the dialkyl polysulfides contain
hydrocarbon radicals having from 1 to 20 carbon

atoms. '

35 5. A process as claimed in any of claims 1 to 4,

wherein dialkyl disulfides are oxidized in step

(a).
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dissipated by a condenser placed in the offgas
10 stream with condensate recycling.

8. A process as claimed in any of claims 1 to 7,
wherein step (b) is carried out at from 0 to 60°C
and at an operating pressure of from 0.5 to 20

15 bar.

9. A process as claimed in any of claims 1 to 8,
wherein step (b) is carried out in  a cooled
absorption column.

20 .

10. A process as claimed in any of claims 1 to 9,
wherein the nitric acid present in the reaction
discharge in step (a) 1is, after having been
removed from the reaction mixture, returned to

25 step (a) or step (b), and the products of

incomplete oxidation which are likewise present
are, after they have been removed, returned to
step (a), and the alkanesulfonic acid is separated
off.



