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Process for preparing alkanesulphonic acids

The present mvention relates to a process for preparing alkanesulphonic acids from dialkyl

disulphides with nitric acid and oxygen.

Alkanesulphonic acids are the organic derivatives of sulphuric acid, frorn which they differ
structurally in the replacement of a hydroxyl group with an organic radical. The general
structural formula of the alkanesulphonic acids therefore runs R-80s-H, where R devotes an
organic radical, such as alkyl or arvl for example. Depending on this organic radical, a
distinction is made between aliphatic, aromatic or heterocyclic sulphonic acids. The free
sulphonic acids are generally colourless and hygroscopic substances whose acid strength
corresponds  to  that of the inorganic acids. Indeed, with a pK, of -535,
trifluoromethanesulphonic acid s one of the strongest known acids and therefore belongs to
the group known as the superacids. In contrast to the sulphate salts of mercury, lead and

stiver, the corresponding sulphonates have very good solubility 1u water.

The sitaplest representative of the alkanesulphonic acids 1s methanesulphonic acid, which 1s
commonly also abbreviated to MSA, in accordance with its name as methanesulphonic acid.
At the same time, by virtue of its diverse possibilities for use, methanesulphonic acid is also
the most cconomically important alkanesuiphonic acid. For example, methanesulphonic acid
serves as a solvent and catalyst for a varicty of organic reactions, such as alkylations,
esterifications, polymerizations or heterocycle syntheses, for example. Another field of
application 1s the formation of acid addition salts of basic pharmaccuticals with
methanesulphonic acid in human medicine. In addition, methanesulphouic acid 15 inereasingly
finding use as a constituent of cleaning products, since its colourlessness and odourlessness
allow it to be easily integrated into cleaning solutions. Frovo an indusirial standpoint, the most
significant are the metal salts of methanesulphonic acid, which find use as clectrolytes in
methanesulphonic acid electroplating baths, especially for the production of circuit boards for
the electronics industry. Another new field of application for methanesulphonic acid is that of
oil drilling: the petroleum-bearing strata accessed by borcholes often release the oil only to a
imited extent or not at all. For enhanced release of the oil, therefore, the oil-containing rock

strata are softened using methancsulphonic acid.
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On the industrial scale, alkavesulphonic acids are mamufactured by oxidation of alkyl

mercaptans and/or dialtkyl disulphides or dialkyl polysulphides.

WO 98/34914 discloses a process for oxidizing alkyl mercaptans and/or dialkyl disulphides
with molecular bromine to give the corresponding alkancsulphonic acids. In this process,
bydrogen bromide is initially oxidized with oxygen in the presence of catalytic amounts of
nitric acid, or with nitric acid as oxidizing agent, to give molecular bromine. The oxides of
nitrogen that form in this reaction are regenerated with oxygen and water to give nitric acid,
which is returned to the process step of the oxidation of hydrogen bromide to molecular
bromine. Thereafter, using the molecular bromine obtained in this way, the mercaptan and/or
the dialkyl disulphide are or is oxidized to the corresponding alkanesulphonic acid. As a result
of the use of melecular bromine, the alkanesulphounic acids prepared by the method of
WO 98/34914 always contain halogen and are therefore not suitable for use in the fabrication
of circuit boards. In that application, indeed, the presence of halogens must fundamentally be

avoided.

As an alternative to this, US 2,433,395 discloses a process for direct oxidation of dialkyl
disulphides to alkancsulphonic acids with oxygen in the presence of catalytic amounts of
nitric acid. The process of US 2,433,393, however, leads to a pale reddish brown product.
Removal of colorants and odorants from the sulphonic acid obtained with this process,
therefore, necessitates an additional cleaning step, in which the sulphonic acid is bleached
using concentrated nitric acid. According to US 2,502,61¥, however, alkancsulphonic acids
prepared by the process of US 2,433,395 still also countaim further impuritics, such as sulphur
dioxide and pungent sulphoxides, whose removal necessitates further cleaning steps.
US 2,433,395 additionally teaches control of the reaction temperature through introduction of
readily evaporable liquids, such as petroleum cthers, into the mixture of the oxidation
reaction. The hguids, by evaporating with a high vapour pressure, remove the heat of
oxidation from the reaction mixture and so cool it. fn the gas phase, however, liquids of high
vapour pressure may form explosion hazard gas muxtures together with oxygen. This
represents a considerable safety risk, and the process of US 2,433,395 1s therefore not suitable

for industrial application.
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Equally unsutted to imdustrial preparation of alkanesulphonic acids s the process according to
US 2,433,396, That docuroent discloses a two-stage process for preparing alkavesulphonic
acids by oxidizing a dialkyl disulphide, in solution m an alkanesulphonic acid, with oxygen
and a catalytic amount of an oxide of nitrogen. The reaction of the mixtures disclosed in that
document, however, is not without problems; instead, cxplosion hazard mixtures may be
formed. Moreover, the alkancsulphonic acids prepared by the process of US 2,433,396 still
contain considerable amounts of oxides of nitrogen, which are removable from the
alkancsulphonic acid neither by stripping with a gas stream nor by heating. In order to obtain
a clean, commercially utilizable alkanesulphonic acid, therefore, it is necessary for the crude
alkanesulphonic acid obtamed with the process of US 2,433,396 to be cleaned in a scparate
step, for example as disclosed m US 2,502,618, by contacting of the alkanesulphonic acid-
containing phase with an olefin that is not miscible with the resulting alkanesulphonic acid,

more particularly a monoolefin hydrocarbon baving at least § carbon atoms.

US 2,498,318 discloses a process for oxidizing dialkyl disulphides with oxygen to

atkanesulphonic acids in the presence of oxides of nitrogen at tewperatures of not more than

hmnd

25°F, corresponding to 52°C, in order to prevent or at least reduce the mcidence of
carbonization and of corrosion in the reaction zoune. These reaction conditions, however, do
not allow complete conversion of the dialkyl disulphides mto the desired alkancsulphonie
acids. In this process too, moreover, a pale reddish brown product is obtained, which must be
bleached with concentrated nitric acid in a further step, i order to remove the colorants and

odorants.

A process for preparing alkanesalphonic acids by oxidizing alkyl mercaptans with oxygen and
catalytic amounts of nitric acid in the presence of small amounts of water 18 disclosed in
US 2,545,910, In that process, a solution comprising an alkyl mercaptan and an oxide of
nitrogen as catalyst is gassed with air. Before oxygen is absorbed in this solution, a mercaptan
nitrogen oxide complex is formed. When the oxidation of the mercaptan i this complex
begins, this occurs, according to US Patent 2,727,920, with almost explosive vigour. The
exarnples of US 2,505,910 also describe a vigorous release of NO, when the process 18 carried
out, a phenomenon which also gives vise to severe foarming within the reactor. The process of
US 2,505,910, therefore, does not allow a simple and safe procedure and is consequently not

suitable for the large-scale production of alkanesulphonic acids. In  addition, the
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atkanesulphonic acids preparcd by this process contain coloured impurities, which must be
removed from them by treatment with concentrated nitric acid. This, worcover, wakes the

process of US 2,505,910 economically unattractive as well.

US 2,697,722 discloses a process for preparing alkanesulphonic acids by oxidizing dialkyl
disulphides and/or dialkyl polysulphides with oxygen in the presence of at least stoichiometric
amounts of nitric acid. As a result, however, considerable amounts of water are also
mtroduced into the reaction, and must subsequently be removed from the desired product in
operations that are both highly costly and highly energy-consuming. The process of

US 2,697,722, therefore, is not economically attractive for industrial application.

US 2,727,920 discloses a process for the single-stage oxidation of alkyl mercaptans with
aqueous nitric acid and oxygen to the corresponding alkanesulphonic acids. In this process,
however, the aqueous nitric acid is introduced in a wulti-molar excess, in other words
superstorchiometrically, in relation to the mercaptan to be converted, meaning that
considerable amounts of water and oxides of nitrogen must be separated from the resulting
alkancsulphonic acid. Increasing the ratio of mercaptan to wiric acid is not an option,
according to UN 2,727,920, since even small amounts of alkyl mercaptan react with such
vigour that the metering of larger amounts of alkyl mercaptan to the nitric acid 1s out of the
question, owing to the attendant explosion hazard. With this process, therefore, only low
space-time vields are achievable. The process of US 2,727,920, consequently, 18 not suited 1o

industrial production of alkanesulphonic acids.

WO 00/31027 discloses a process for preparing alkanesulphonic acids that oxidizes alkyl
mercaptans, dialkyl disulphides and/or dialkyl polysulphides with nitric acid at temperatures
of SO°C to 150°C. As a result of the large fraction of nitric acid in the reaction mixture,
constderable amounts of water as well are introduced into the reaction, and must subsequently
be separated, with high energy consumption and high cost, from the desired product. Another
disadvantage of this process lies in the formation of large amounts of oxides of nitrogen,
which arc detrimental to health and a hazard to the covironraent, and of which dinttrogen
oxide, No(3, 15 also rated as a greevhouse gas. In order to avoid the release of these oxides of

nitrogen, thercfore, corresponding measures must be taken, which are likewise high in cost
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and energy, and which therefore make the process of WO 00/31027 cconomically

unatiractive.

The puoblished Chinese patent application 101648892 A describes the preparation of
alkanesulphonic acids by oxidation of a dialkyl disulphide using air and nitric acid. In this
process, nitric acid is always in cxcess in relation to the dialkyl disulphide to be oxidized. The
decomposition of considerable amounts of nitric acid results in discoloration of the product.
To remove the colour, theretore, the product mixture must be admixed with a DeNOx
catalyst. Moreover, the use of large amounts of nitric acid in this process also has the
disadvantage that the large quantities of water mtroduced must be separated off again by

highly energy-consuming distiliation.

It is an object of the present invention, therclfore, to provide a process for preparing
alkanesulphonic acids from sulphur-containing precursor compounds that allows the

mexpensive production of alkanesuiphonic acids in high yields from safety-relevant aspects.

This object is solved by oxidizing a dialkyl disulphide, mtroduced in the form of a solution
with a concentration of not more than 20 weight per cent in the corresponding

alkanesulphonic acid, to give the desired alkanesulphonic acid.

The present invention accordingly provides a process for preparing alkanesulphonic acids of
the formula R-SO:-H, corprising the step of oxidizing a symmetrical dialkyl disulphide of
the formula R-S,-R, in solution in an alkanesulphonic acid, in the presence of catalytic
amounts of miric acid, with R denoting a C;-Cy; alkyl radical and the alkanesulphonic acid
used as solvent being identical with the alkanesuiphonic acid obtained from the oxidation of
the dialkyl disuiphide in question, charactenized in that the conceniration of the dialkyl
disulphide in the solution is not more than 20 weight per cent (wt %), the ratio of dialkyl
disulphide to umitric scid ranges from 2000:1 (wolmol) to 111 (molwel), and the

concentration of the alkanesulphonic acid used as solvent is more than 70 weight per ceunt.

The expression “not voore thau 20 weight per ceot” is used in the coutext of the present

mvention to refer to all conceivable values from more than 0 wt% up to and including

20 wt%. The expression “not roore than 20 weight per cent” therefore encorpasses not only
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the integral values 1,2, 3,4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 and 20 wi% but
also all values from greater than 0 wi% up to and ncluding 20 wt% that can be expressed by

real numbers,

In the context of the present invention, the solution of the dialkyl disulphide in the relevant

atkanesulphonic acid s also referred to as the reaction mixture.

In the context of the present imvention, the stated concentration figures denote the
concentrations of specific components in the reaction mixture at the start of the reaction. For
example, the figure for a dialkyl disulphide concentration relates to the concentration which
comes about after the dialky]l disulphide has been fed into the reactor and after i has
subsequently mixed with the alkanesulphonic acid, with the amounts of the other compounds
present  being unegligible. Correspondingly, the figure for an  alkanesulphonic acid
concentration relates to the concentration which comes about after the alkanesulphonic acid
has been fed into the reactor and after its subscquent mixing with the dialkyl disulphide, with

the amounts of the other compounds present being negligible.

The term “dialkyl disulphide” is utilized in the context of the present invention in line with
the common general knowledge of the skilled person, and identifies a group of chernical
compounds from the group of the organic disulphides that corresponds to the general formula
R'-8)-R’, with R' and R® cach denoting a hydrocarbon radical. With the proviso that these
hydrocarbon radicals are not chemically reactive under the oxidizing conditions cwployed in
the process of the invention, and that the dialkcyl disulphide in question is soluble or at icast
sufficiently suspendable in the alkavesulphonic acid, the process according to the present
tivention is not subject to any restrictions on the size or structure of the hydrocarbon radical
in the diallyl disulpbide. The radicals R' and R” are lincar or branched hydrocarbon radicals,
preferably linear, cach with a C; to €y, alkyl radical, preferably a C; to Ty alkyl radical and
more particularly a C; to €y alkyl radical, optionally substituted by radicals which are not
reactive under conditions for oxidation reactions. R' and R” are preferably selected from the
group consisting of methyl, ethyl, n-propyl, sopropyl, n-butyl, isobutyl and tert-butyl. Since
the dialkyl disulphide used in accordance with the fnvention is symmetrical, the radicals R’

and R* are identical,
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The ratio of dialkyl disulphide to nitric acid of 2000:1 (molieeol} to L1 (molmol)
encompasses all ratios which can be expressed by integral and real numbers, from inclusive of
2000:1 (molmol) to inclusive of 1:1 {(molmol). This ratio expressly encompasses the ratios
2000:1 {molrool), 1000:1 (molVmel), 300:1 (mol/rel), 200:1 (mol/mely, 100:1 (molrool),
801 (molmeol}, 601 (molmeol}, 401 (molmel}, 30:1 (molmol), 201 (mol/mol), 10:1

{roVmol), 2:1 (mo¥Vmel) and 1:1 (mo¥Vmel).

If the process according to the present invention is carried out in batch operation, the mitial
concentration of the diallyl disulphide tn the reaction mixture is not more than 20 wt%, and
also decreases continuously over the entire course of the reaction. The initial concentration of
the alkancsulphonic acid in the process of the invention is then 80 wt% and, because of the
continual formation of alkanesulphonic acid, increases continuously over the course of the
reaction. In continuous operation, i contrast, there is permanently a concentration of the

diabloyl disulphide of 20 wt% at most.

By these means it is ensured that the oxidation of a dialkyl disulphide to the corresponding
alkancsulphonic acid can be carried out safely and with no explosion propensity even on the
industrial scale. The fact, indeed, that the oxidation takes place in a solution with more than
70 weight per cent of an alkancsulphornic acid cnsures that the heat given off, which is
substantial particularly at the start of the reaction, 18 absorbed by a high-boiling selvent (for
methancsulphonic acid, the boiling point 1s about 167°C at 13 hPa). The advantage of this 18
that 1o the process of the inveotion the oxidation of dialkyl disulphides to alkanesulphouic
acids proceeds smoothly rather than explosively. Moreover, when the process of the present
invention is performed in a batch reactor, there is, as reaction time progresses, a reduction in
the heat of reaction given off, owing fo the continuously decreasing concentration of dialkyl

disulphide.

The usc of an alkanesulphonic acid as high-boiling solvent has another safety advantage,
namely that the tendency to form gas mixtures from organic compounds and oxygen is

avoided or at least reduced to an extent such that there 1s no nisk of explosion.
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If, on the other hand, the dialkyl disulphide concentration exceeds 20 wi% as is the case in
known processes, the heat of veaction that is veleased can vo longer be controlied to the level

reguired for an industrial process.

The fact that the process of the present invention uses an alkanesulphonic acid as solvent that
1s also the target product of this process at the sarac tirne removes the need — which cxists in
the known preparation processes for alkanesulphonic acids — to separate the solvent from the
destred product. Consequently, in the process of the vention, the distillative purification of
the crude product is significantly less costly and complex, and this entails correspondingly

fower capital costs and operating costs.

According to the view put forward in the literature, the oxidation of alkanesulphonic acids
from dialkyl disulphides proceeds via the intermediates of an S-alkylthioalkane sulphoxide
R-S-S0O-R, followed by an S-alkyl thicalkanethiosulphonate R-S-S0»-R, by an S-alkyl
sulphoxide alkancthiosulphonate R-SO-SO-R and by a dialkyl disulphone R-S0;-50,-K,
with the latter being finally hydrolysed to the desired alkanesulphonic acid. The combined use
of an alkanesulphouic acid as solvent and of catalytic amounts of nitric acid wn the process
according to the present invention has the advantage over prior-art processes that only the
quantitics of water nceded to form the desired alkanesulphonic acid need be introduced into
the reaction. This permits the preparation of a substantially ashydrous alkanesulphonic acid.
The concluding distillative purtfication of the “crude” alkanesulphonic acid therctore serves
primarily only for the purpose of relieving the desired alkanesulphonic acid of fopurities in
the trace range and of oxides of nitrogen resulting from the thermal decomposition of the
nitric acid. This distillation of the “crude” alkavesulphonic acid therefore requires not only
fess — and less complex — apparatus, but alse less energy, and the capital costs and energy
costs of the process of the wvention are therefore signficantly lower than in the case of the

processes known from the prior art.

The process of the present invention is especially suitable for the preparation of
methancsulphonic acid. By means of the process of the invention, indeed, methanesulphonic
acid can be obtained with a purity of at least 95%, preferably at least 97% and more
preferably at least 99%. The significantly reduced water content results in fewer disruptions,

particularty when the methanesulpbonic acid is employed as catalyst in chemical reactions.
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In one embodiment of the preseut invention, theretore, the dialkyl disulphide which is reacted
to the corresponding alkancsulphonic acid is dimethyl disulphide, and the alkanesulphonic

acid obtained is mcthanesulphouic acid.

In accordance with the invention, the process according to the present invention can be carried
out even with a comparatively low ratio of dialkyl disulphide to wnitric acid of 1000:1
{(molmol} and cven 2000:1 (mol/rool} and also at any desired ratios between inclusive of
1060:1 (moVmol} and inclusive of 2000:1 (molmel). By increasing the nitric acid
concentration to a ratio of dialkyl disulphide to nitric acid of 500:1 (mo¥mol}, the
predomivant fraction of the dialkyl disalphide s reacted to the alkanesulphonic acid within

Just 90 minutes.

In one embodiment of the present invention, the ratio of dialkyl disuiphide to nitric acid is

therefore 5001 (molmel) to 1:1 (molVmol).

Increasing the nifric acid concentration further, to a ratio of dialkyl disulphide to nitric acid of
10G:1 (molmoly, even allows virtnally complete conversion of the dialkyl disulphide to the
alkanesulphonic acid within 60 minutes. As a result of further increase in the nitric acid
concentration, to a ratio of dialkyl disulphide to nitric acid of 10:1 (molmel), dialkyl
disulphides are in fact oxidized almost completely to the corresponding alkancsulphonie acid

i just half an hour,

In a preferred embodiment of the present nvention, the ratio of dialkyl disulphide to nitric

acid is therefore 100:1 (mol/mol) to 1:1 {mo¥/mol).

The ratio of dialkyl disulphide to nitric acid is preferably 80:1 {mol/mol} to 1:1 {mol/mel),
60:1 (roVmol) to 1:1 (moVmol), 40:1 (mol/mol) to 111 {molmely, 20:1 (molmol} to 11

{mol/mol}, or 10:1 (mol/mol) to 1:1 {mol/mel).

The process of the preseut mvention allows the preparation of alkanesulphonic acids from the
corresponding dialkyl disulphides with yields of more than 90% from safety aspects with a

maxumum concentration of the dialioyl disulphide 1 the alkavesulphonic acid of not more
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than 20 weight per cont. From safety aspects, however, it 18 even more favourable for the
process of the wmvention to be carvied out with a couvceniration of not more than about
10 weight per cent of the dialkyl disulphide in the alkanesulphonic acid. The reason is that in
that case the developmeut both of the temperature and of the pressure during the oxidation of
the dialky! disulphide arc lower than if the concentration of the dialkyl disulphide is more
than 10 weight per cent or even up to 20 weight per cent. This perraits cven more ctfective

control of temperature when implementing the process of the invention.

In a further embodiment of the present invention, the concentration of the dialkyl disulphide

in the alkanesulphonic acid is up to about 10 weight per cent.

The concentration of the dialkyl disulphide in the alkanesulphonic acid is preferably about 1
to about 6 weight per cent, more preferably about 2 to about 6 weight per ceut and more

particularly about 4 to about 6 weight per cent.

The expression “about” in connection with weight per cont ts used in the context of the
present invention to refer vot only to the figure explicitly given but also to those figures which
deviate by +/~ 10% from the figures explicitly given. The indication “about 10 weight per
cent”, therefore, encompasses not only the integral figures of 9, 10 and 11 weight per cont but
also all figures which can be expressed by real numbers and lie between inclusive of 9 and
melusive of 11 weight per cent. The statersent “gbout 2 weight per cont” encompasses not
only the integral figure of 2 but also all values which can be expressed by real nurbers and
which lic between inclusive of 10% less than 2 wi% up to and including 10% greater than
2 wit%. The statement “about 4 to about 6 weight per cent” encorapasses the itegral figures
of 4, 5 and 6 weight per cent and also all figures which can be expressed by real numbers and

He between inclusive of 109 less than 4 wit%s up to and inclusive of 10% greater than & wi'%,
fer)

With regard to the teroperature regime, it has been found that in the oxidation of dialkyl
disulphides to the corresponding alkanesulphonic acids, elemeuntal sulpbur is precipitated if
the temperatures mn the process are more than 90°C. This 1s atiributed to a scarcity of oxygen
in the reaction roixture at high temperatures during the oxidation of the dialkyl disulphides:
18 thought that in the event of an oxygen deficit in the reaction mixture, the sulphur atoms in

the dialkyl disalphide are not fully oxidized to sulphur with a positive formal charge. In other

16
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words: 1t 18 thought that the dumalkyl disuiphide is not coropletely oxidized to an 8-
atkylthicalkane sulphoxide R-5-8O-R, to an S-alkylthio alkanethiosulphonate R-S-S(»-R, to
an S-alkyl sulphoxide alkancthiosulphonate R-50-80;-R or to a dialkyl disulphone R-80;-
SOL-R. It s additionally thought that the oxidation stops at sulphur with the formal charge 0,
which is said to be accompanied by destruction of the organic compound, to which the
observed precipttation of clemental sulphur is attributed. Sulphur precipitates roust be
prevented in the industrial production of alkanesulphonic acid, since the precipitated sulphur
is detrimnental to the quality of the product, reduces the yicld of the desired alkanesulphonic
acid, and may lead to fatlures because of clogged pipelines, pumps, columns, ete. Reaction

temperatures of permancntly above 90°C must therefore be avoided.

A reaction temperature of not more than 90°C in the process according to the present
invention has the advavtage, moreover, that no explosion hazard gas mixtures with oxygen
are formed. The reason is that the boiling pomts of alkanesuiphonic acids are well above
90°C; for cxample, the boiling termnperature of methancsulphonic acid, the simplest
atkanesulphonic acid, is 167°C at 13 hPa. The boiling point of dimethy! disulphide as well,
the simplest representative of the dialkyl disulphides, is 110°C and hence above the moaxamuom
temperatare in the process of the invention. The ignition temperature of dimethyl disulphide is

significantly higher: 1t 18 370°C in air under 1 atm.

In a further cmbodiment of the present invention, thercfore, the process is carried out at

teraperatures of not more than 30°C.

The process according to the preseut wnvention is preferably carnied out at a temperature of
about 30°C to 90°C. The reason is that, irrespective of the ratio of the dialkyl disulphide to the
nitric acid o the reaction mixture, these temperatures permit virtually complete oxidation of
the dialkyl disulphide to the alkanesulphonic acid. The expression “about 30°C” is used in the
context of the present mvention such as to also encompass valucs which deviate for a short
time, in other words for a time period which is negligible in comparison to the reaction time,

by up to -5°C from 30°C.

At low temperatures, however, owing to the relatively low supply of energy, the oxidation

reaction 1s not completed until a correspondingly longer reaction tirue has clapsed. For
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mstance, at a reaction temperature of 30°C or 40°C, the oxidation of dimethyl disulphide to
wmethanesulphonic acid requires approximately three or four howrs, i order to achieve
virtually complete conversion of the dimethyl disulphide. Implementing the same reaction at a
teraperature of 70°C or 90°C leads to the virtually coroplete conversion of the dialkyl

disulphide within a period just of well below an hour.

In a preferred embodiment of the process according to the present invention, the process is

carricd out at a temperature of about 70°C to 90°C.

The expression “about 70°C” is used in the context of the present invention such as to also
encompass values which deviate for a short time, in other words for a time period which 1s

negligible in comparison to the reaction time, by up to -5°C from 70°C.

In the process according to the present invention, the concentration of the dialkyl disulphide
to be oxadized 18 not more than 20 wit%. The weight fraction of the nitric acid in the reaction
mixture can be approximately disregarded, since in the process of the invention it is used only

substoichiometrically relative to the dialkyl disulphide.

In the context of the present invention, the term “stoichiometric”, in relation to the ratio of
nitric acid to dialkyl disulphide, 15 used to refer to a ratio of nitric acid to dialkyl disulphide of
1:1. Correspondingly, in the context of the present invention, the term “substoichiometric”, in
relation to the ratio of nitric acid to dialkyl disulphide, is used to refer to all ratios of rtric
acid to dialkyl disulphide that lic below a ratio of nitric acid to dialkyl disulphide of 111 — for
example, a ratio of dialloyl disulphide to nitric acid of R0:1 {mol/mol), 63:1 (mol/mol}, 40:1

(molmol}, 20:1 (moVmol} or 10:1 {molVmel).

In the process of the present invention, therefore, the reaction mixture may comprise 8¢ wi%
of alkanesulphonic acid or more. In addition, however, it is also possible for further
components, which act as solvents and are inert under the oxidizing conditions, to be present
i the reaction mixture. Supplementary inert compounents are those which can be separated by
distillation from the desired alkanesulphonic acid and that have a low vapour pressure,
meaning that they do not cause explosive mixtures in the gas phase. Exemplary inert

componeunts, recited without Hrmtation, are sulphoxide and dimethylforroamide. The fraction
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of the alkancsulphonic acid in the reaction mixture 18 preferably as high as possible, since the
alkanesulphonic acid used as solvent in the reaction mwixture is identical with the oxidation
product and therefore, with good yields, need not be removed distillatively from the product

mixture,

In a further embodiment of the present invention, the concentration of the alkanesulphonic
] ; I

acid used as solvent is therefore at least 8O wi's.

In the context of the present invention, the expression “at least 80 wit%” is used in such a way
that it cncompasses all figures from inclusive of 80 weight per cent to less than 100 wit%. The
expression “BO wi%” therefore encompasses the integral figures 80, 81, 82, 83, 84, 83, 86, 87,
8K, 88, 80, 01, 92, 93, 94, 95, 96, 97, 98 and 99 wt% and also all conceivable values from

inclusive of 80 to less than 100 wt% that can be expressed using real numbers.

The concentration of the alkancsulphonic acid i the process according to the present
tnvention is preferably at least about 90 weight per cent, more particularly at least about 92
weight per cent, and wore preferably the concentration of the alkanesulphonic acid used
ranges from about 92 to about 96 weight per cent. The expressions “about 90, about 92 and
about 96 weight per cent” are used in the context of the present invention to refer also to
deviations of + 2 weight per cent from the respective figure explicitly stated. The expression
“at lcast about 90 weight per cent” thercfore encornpasses all figures from inclusive of 88
weight per cent to less than 100 weight per cent. These are, expressly, the integral figures 88,
89, 90, 01, 92, 93, 94, 95, 96, 97, 98 and 99 weight per cent and also all conceivable values
from inclusive of 88 to less than 100 weight per cent that can be expressed using real
numbers. The expression “at least about 92 weight per cent” encompasses all figures from
inclusive of 30 weight per cent to less than 100 weight per ceot: these are, expressly, the
mtegral figures 90, 91, 92, 93, 94, 95, 96, 97, 98 and 99 weight per cent and also ali
conceivable values from inclusive of 90 to loss than 100 weight per cont that can be exprossed
using real numbers. Correspondingly, the expression “about 92 to about 96 weight per cent”
encompasses all figures from melusive of 90 to inclusive of 98 weight per cent: these are,
expressly, the integral figures 90, 91, 92, 93, 94, 95, 96, 97 and 98 weight per cent and also all
concetvable values from inclusive of 90 to inclusive of 98 weight per cent that can be

expressed using real mumbers.
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In a preferred embodiment of the present invention, therefore, the concentration of the

alkancsulphonic acid used as solvent is at least about 90 weight per cont.

The process of the present invention is not fundamentally subject to any restrictions on the
oxidizing agent, provided that # reroains ensured that the oxadation can be carried out sately.
In accordance with the invention, oxygen, both in free form and in bound form, is a suitable
oxidizing agent fn the process of the invention. In the context of the present mvention, the
term “oxygen in free form” is used in accordance with the common general knowledge of the
skilled person and refers to oxygen which is not, through covalent bonds, part of an organic or
morganic compound. Oxygen in free form s, for example, molecular oxygen O, ozone Oz or
an oxygen radical. In accordance with this understanding, therefore, an oxygen molecule or an
oxygen radical that is part of a complex or 1s present 1o coordinated form, for example, s also
interpreted as oxygen in free form. Oxygen in free form used in the process of the invention
may therefore inchude pure oxygen or an oxygen-cnriched gas strearn, such as oxygen-
enriched air or a mixture of pure oxygen and a gas which is not reactive under the oxidizing
conditions, referred to as an inert gas, nitrogen or argon, for example. Conversely, the term
“oxygen in bound form” refers to any oxygen which, as a result of at least one covalent bond,
is part of an organic or norganic compound. These compounds with oxygen 1o bound form
are wltimately used to transfer oxygen atoms onto the sulphur atoms present in the dialkyl
disulphide, m order to oxidize them from the formal oxidation state of -1 m the dialkyl
disulphide (in steps} to the oxidation state of +3 in the dialkyl disulphone. Alternatively, in
the context of the present invention, it is also possible to make simultaneous use of oxygen in

free form and of oxygen in bound form to oxidize the dialkyl disulphide.

In one embodiment of the present mnvention, theretore, for the oxadation, air, a gas stream

enriched with oxygen in free form, and/or pure oxygen in free form, is fed in.

Preference for the oxidation is given to using oxygen in free form or a gas stream enriched
with oxygen in free forra. The reason 1s that, as a result of the molecular oxygen and also the
water present n the reaction mixture, the oxides of nitrogen which have formed as a result
both of the oxidation reaction and of thermal decomposition are regenerated to give the nitric

acid again. During the implementation of the process of the invention with witric acid as
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oxidizing agent, this regeneration 18 an automatic and always accompanying reaction.
Accordingly, 1 the same reactor in which the alkavesulphonic acid and the nitrogen oxides
are formed, also the regencration of the nitrogen oxides with oxygen and water to nitric acid
proceeds. An advantage of this is that there is preferably no veed for continuous addition of

nitric acid in the process of the invention.

If, however, the oxides of nitrogen are not fully regenerated to the nitric acid, and there is a
consequent loss of nitric acid, such loss can be compensated by addition of fresh nitric acid.
This supplementation of unregenerated and hence lost nitric acid may take place either

sporadically or continuously, depending on the particular amounts required.

Oxidation of the dialky! disulphide by means of a gas stream enriched with oxygen in free
form has the advaotage that a gas stream which 18 more cost-effective, relatively, than pure
oxygen is fed into the reaction. Furthermore, in line with the course of the oxidation reaction,
the amount of oxygen in the gas stream to be fod in can be adjusted at will. In the simplest
case, this gas stream is air containing more than the 20.942 vol% (volume per cent} of oxygen

coramonly in air.

By feeding a gas strcam with more than 21 vol% of oxygen i free form nfo the reaction
mixture, it is ensured both that there is very substantially complete oxidation of the diatkyl
disulphide to the corresponding alkanesulphonic acid and that there s regeneration of the

oxides of nitrogen NOx to the nitric acd.

In a preferred embodiment of the present mmvention, theretfore, a gas stream containing oxygen
in free form, with a free-form oxygen content of more than 21 vol%, is fed in for the

oxidation.

In the context of the present invention, the expression “more than 21 vol% of oxygen m fice
form” refers to all figures from greater than 21 vol to inclusive of 100 vol% that can be
expressed by integral and by real numbers. In the liroiting case, the gas stream with a free-
form oxygen content of more than 21 vol% is pure oxygen in free form, preferably molecular

oxygen On.
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The process of the present invention is not fundamentally subject to any restrictions on the
pressure at which i 18 performed. The setting of the pressure in the process of the present
invention is accomplished typically by way of a gas stream containing oxygen in free form
that 1s fed to the reaction wikture. In accordance with the invention this ruay be aw, a gas
stream enriched with oxygen in free form, more particularly a gas stream containing more

than 21 vol% of oxveen in frec form, or pure oxygen in free form.
Vg , e

The process of the present invention 18 not fundamentally subject to any restrictions on the
pressure. The upper pressure limit is determined by the pressure resistance of the reactor
cmployed. Since high or very high pressures necessitate complicated and costly reactors, the
process of the present invention s preferably operated at pressures of not more than 100 bara.
In practice, moreover, it has emerged that a pressure of 20 bara leads neither to an increase in
the yield nor to more rapid completion of the reaction. In the context of the present mvention,
the expression “bara” ts synonymous with “bar absolute” and is used as a unit for the absolute
pressure. In accordance with the conuvon general knowledge of the skilled person, the
absolute pressure ts measured without taking account of the prevailing air pressure, in other
words absohutely relative to the zero pressure i eropty space. Preferably, however, the
process of the present invention is carried out at superatmospheric pressure. In the context of
the present invention, the expression “supcratmospheric pressure” is used in such a way that it
encompasses all pressures in the range of more than 1 bar that can be expressed using integral

or real numbers.

In one embodiment of the present mvention, therefore, the process is carried out at a pressure

of more than 1 bara to 20 bara.

The pressure of about 20 bara 1s used 1o the context of the present wvention in such a way
that it also encompasses deviations of +/~ 10% from the figure explicitly stated. The
expression “about 20 bara” therefore also encompasses all mtegral figures frorn inclusive of
18 bara to inclusive of 22 bara, explicitly the figures I8, 19, 20, 21 and 22 bara, and also all
figures that can be expressed using real numbers, from inclusive of 18 bara to inclusive of 22

bara.
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The pressures to which the reaction mixture 1s subjected are advantageously selected such that
they lead to av increase io the product yvields., On the basis of a yield for the formation of
methanesulphonic acid of roughly over 96% at a pressure of more than 2 bara, such as at
3 bar, for example, a staged increase in pressure by 3 bara in each case leads, given constant

temperature, to an increase in the yield to up to more than 99%.

In a preferred embodiment of the present invention, therefore, the process is carried out at a

pressure of more than 2 bara to about 15 bara.

The pressure of about 15 bara is used in the context of the present invention in such a way
that it also encompasses deviations of 4/~ 2 bara from the figure explicitly stated. The
expression “about 15 bara” therefore encompasses all integral figures from inclusive of 13
bara o inclosive of 17 bara, explicitly the figures 13, 14, 15, 16 and 17 bara, and also all
figures that can be expressed using real numbers, from inclusive of 13 bara to inclusive of

17 bara.

A reactor for the oxidation reaction 1s preferably preceded by a mixer, in order to fmprove the
homogeneity of the reaction mixture. This additional mixer prevents or reduces a non-
homogeneity on the part of the reaction mixture hence also contributes to improved kinetics in
the reaction, with consequences of an improved vield of the desired alkanesulphonic acid. The
reaction wixture can be borsogenized n a static or a dynamic rmxer. A static mixer in the
sense of the present invention is a nuxer in which optimum mixing of the fluids takes place
not by moving components such as a stirrer or a screw, but instead only by a particular,
constructionally imposed flow movement of the fluids to be mixed. A dynamic mixer in the
sense of the present invention, n contrast, s a mixer in which optiouro mixing of the fluids
does take place as a result of moving components. In the context of the present invention,
therefore, a dynamic mixer is understood to inchude a continmuously operated stirred tank m
which there is no oxidation reaction, since, for example, the energy required to initiate or to

maintain the reaction, or the catalytically active mitric acid, are not supplied.

The homogenizing is preferably carried out in a static mixer. The reason is that in this way

there is no npeed for the fault-susceptible and possibly maintenance-intensive woving
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components of a dynamic mixer. The at least one reactor for the oxwdation reaction 1s

therefore preferably preceded by a static raixer.

Further factors which lead to an increase in the yield of alkanesulpbonic acid are a fine
division and alse a high residence time of oxygen in the reaction mixture. This is achieved,
for example, by feeding in oxygen using what is called a jet nozzle or using a perforated plate,
by means of suitable stirring elements in the reactor, or by carrying out the reaction in a long

and slima, continuously operated stirred tank reactor.

In the process of the invention, furthermore, one or more scolubilizers may be used in order to
ensure improved homogeneity of the reaction mixtare. In the context of the present mvention,
the term “solubilizer” is used in accordance with the common general knowledge of the
skilled person to identify a compound which contributes to the dissolution of a compound
with low sclubility in a solvent. Basically, all compounds are suitable as solubilizers for the
process of the invention, provided that they enable the dissolution of a dialky!l disulphide m
the corresponding alkancsulphonic acid and themselves, under the conditions for the
oxidation of the dialky! disulphide to the alkanesulphonic acid, react neither with the dialkyl
disulphide nor with any intermediate or with the desired end product. The selection of the at
icast one selubtlizer 15 governed by the absolute requirement for casy scparability from the
desired alkanesulphonic acid. If the boiling point of the desired alkanesulphonic acid differs
sufficiently from the boiling point of the solubilizer or boiling points of the solubilizers, the
alkancsulphonic acid can be separated from the at least one solubilizer by distillation. This
may entail additional capital costs, operating costs and energy costs. If the boiling points of
the alkanesulphonic acid and of the at least one solubilizer are not sufficicutly different from
onc another, or if the distillative separation of the at least one solubilizer has an adverse effect
on the destred alkanesulphonic acid, alternatively, it is preferred not to separate off the at least
one solubilizer by distilfation. The latter alternative causes no problems if the fact, that the at
icast onc solubilizer remains in the alkancsulphonic acid, has no adverse effect on the

atkanesulphonic acid and on its subsequent end uses.

In a further cwobodiment of the present invention, therefore, a solubilizer between the dialkyl

disulphide and the atkanesulphonic acid is used.
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The usc of alkanesulphonic acid S-alkyl ester of the formula R-SO,-S-R in the process of the
wvention produces effective solubilization between the dialkyl disulphide and the
corresponding alkanesulphonic acid. The advantage of this specific solubilizer over others is
that it is formed as an intermediate n the oxidation of dialkyl disulphides to alkanesulphonic
acids and is therefore able, under the reaction conditions of the process according to the
present invention, to undergo further reaction to the desired oxidation product. Generally
speaking, the alkanesulphonic acid S-alkyl ester that is formed during the process of the
invention undergoces almost coraplete further reaction to the alkanesulphonic acid within a
maximum of 2 hours. Therefore, the radical R of the alkanesulphonic acid S-alkyl ester is
identical with the radical R of the alkanesulphonic acid obtained by the process of the present
invention, and thus, i has the same rocaning as defined above in context with the
alkanesulphonic acid. For the preparation of methanesulphonic acid from dimethy! disulphide,
therefore, a particularly preferred solubilizer 1s methanesulphomce acid S-methyl ester
{(MMTS). Particularly at concentrations of more than about 7 weight per cent of dimethyl

disulphide in methanesulphonic acid, MMTS has proved to be a particularly good selubilizer.

In a preferred embodiment of the present invention, therefore, alkanesulpbonic acid S-alkyl
ester of the formula R-80;-5-R s used as solubilizer between the dialky! disulphide and the
atkanesulphonic acid, with the alkyl radicals R of the alkanesulphonic acid S-alkyl ester being
tdentical with the alky! radicals R of the dialkyl disulphide to be converted and with the alkyl

radical R ofthe alkancsulphonic acid.

With particular preference, the reaction mixture comprising dialkyl disulphide is present in
one phase both before and during the oxidation of the dialkyl disuiphide. This is achieved
nmore particularly through the combination of a static mixer, upstream of the at least one
reactor for the oxidation reaction, with alkavesulpbornic acid S-alkyl ester as solubilizer

between dialkyl disuiphide and alkanesulphonic acid i the oxidation reaction.

Basically, the process of the present invention is not subject to any restrictions regarding the
type of reactor used for perforrmng the process. Therefore, the process can be performed
either discontimuously in a batch reactor or contivuously 1o a tubular flow reactor or 1o a
continuously stirred tank reactor. Preference is given to the use of a rector, which also to

perform the process of the present invention in a continuous way.

19



10

20

25

30

WO 2015/085522 PCT/CN2013/089136

As far as the momber of reactors is concerned, the process of the present nvention s vot o
principle subject to any restrictions. The process of the invention may therefore take place in a
single reactor, such as in a stirred tank reactor, for example, or in two or more reactors, such
as in a combination of a main reactor with a finisher reactor or after-reactor, for example. By
way of example, a continuously operated stirred tank reactor, as the main reactor, in which the
greatest amount of the dialkyl disulphide s reacted, may be combined with a tubular flow
reactor as finisher reactor or atter-reactor, which serves for completing the oxidation reaction.
To achieve complete conversion of the dialkyl disulphide, this combination needs only
comparatively small reactor volumes. If, conversely, the process of the present invention is
carried out in a single reactor, preferably a coutinuously operated stirred tank, coroplete

conversion of the dialkyl disulphide requires a significantly greater reactor volume.

Preferably, therefore, the process of the present tnvention is carried out in a combination of a
main reactor with an after-reactor, more particularly i a combination of a continuously

operated stirred tank reactor with a tubular flow reactor.

If the process of the invention is operated in a reactor combination of a continuously operated
stirred tank as main reactor with a tubular flow reactor as after-reactor, then preferably nmitric
acid and/or oxygen are or is fed additionally into the tubular flow reactor in order to ensure
virtually complete oxidation of the remaining fraction of the dialkyl disulphide to the

alkancsulphonic acid.

The internal volume of the at least one reactor i which the reaction is carried out 18
preferably filled completely with the reaction mixture comprising at least dialkyl disulphide
and alkanesulphonic acid. If a gas phase forms over the hquad phase or the actual reaction
mixture, the volume of this gas phase is very small, and so the consequences of a potential
cxplosion are unobjectionable. It 1s possible, for example, for individual gas bubbles to ascend
to a region over the reaction mixture. Since, however, the volume of these gas bubbles 1s
neghigibly small as compared with the reaction mixture or with the overall reactor volume,

any explosion within the gas bubbles is not noticeable.
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When the process of the invention s carried out in two or more reactors, as well, the mieornal
volurne at least of the first of a nurober of reactors should to be filled completely with the
reaction mixture. The reason is that the concentration of the dialkyl disulphide, which could
form an explosion hazard mixture with oxygen in free form, 1s the highest in the first of a
number of reactors. The tendency for explosion hazard mixtures to form is therefore also the
highest m the first of a number of reactors. For this reason, preferably, the mternal volurac at
feast of the first of a number of reactors is filled completely with the reaction mixture

comprising at lecast dialkyl disulphide and alkancsulphonic acid.

After the oxidation of the dialkyl disulphide to the corresponding alkanesulphonic acid, the
product nuxture obtained from this conversion 1s subjected to distillative purification. The
distillative purification preferably subdivides into a first and a downstream, second
distillation, the first distillation rerooving the low boilers and the second distillation the high
botlers from the alkavesulphonic acid. In the simplest case, this distillative purification is
carried out m two distillation colurnns. Alternatively this distillative purnification may also
take place in two thermally coupled distillation columns or in what is called a dividing wall
coluron. The process of the invention preferably therefore also encompasses the purification
of the alkanesuiphonic acid obtained from the process of the invention, in a dividing wall
column or in at least two distillation colurans, preferably m at least two thermally coupled

distillation columns.

Figures:

Figure I shows the sample temperature in °C as a function of the time in seconds in a
pressure/heat accumulation test {experiment 23} in an adiabatic calorimeter (Phi-TEC 11}
Sample composition: 792 g  methavesulphonic  acid/21.38 g dimethyl

disulphide/5 g HoO/1.1 g HNO; (65%)/0;

Closed sample container: Hastelloy € 276 with a volume of 115 mi
Total sample volume: about 80 ml
Sample container fill level: about 70%
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Figure 2 shows the pressure in bara as a function of the timme i seconds i a pressurc/heat
accunmulation test (experiment 23) 1o an adiabatic calorimeter (P-TEC 11},
Sample composition: 792 ¢ methanesulphonic  acid/21.38 g dimethyl

disulphide/S g HLO/1.1 g HNGs (65%)/0;

Closed sample container: Hastelloy C 276 with a volume of 115 ml
Total sample volurae: about 80 ml
Sample container fill level: about 70%

Figure 3 shows the pressure in bara as a function of the sample temperature i °C in 8
pressure/heat accumulation test {experiment 23} in an adiabatic calorimeter (Phi-TEC 11}
Sample composttion: 792 g  methavesulphonic  acid/21.38 g dimethyl

disulphide/5 ¢ HyO/1.1 g HNO: (65%)/0;

Closed sample container: Hastelloy € 276 with a volume of 115 mi
Total sample volume: about 80 ml
Sample container fill level: about 70%

Figure 4 shows the time-dependent change in teroperature 1n K/woin as a function of the
sample temperature in °C in a pressure/heat accumulation test (experiment 23} in an adiabatic
calorimeter (Phi-TEC II).

Sample composition: 792 ¢ methanesulphonic  acid/21.38 g dimethyl

disulphide/s ¢ HyO/1.1 ¢ HNO; (65%)/0;

Closed sample container: Hastelloy € 276 with a volume of 115 mi
Total sample volume: about 80 mi
Sample container fill level: about 70%

Figure 5 shows the heat output in W/kg as a function of the sarople temperatare n °C in a
pressure/heat accumulation test {experiment 23} in an adiabatic calorimeter (Phi-TEC 1}
Sample composttion: 792 g  methancsulphonic  acid/21.38 g dimethyl

disulphide/s g HLO/1.1 g HNO: (65%Y/0;

Closed sample container: Hastelloy C 276 with a volome of 115 mi
Total sample volume: about 80 mli
Sample container fill level: about 70%
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Figure 6 shows the sample temperature in °C as a function of the time in seconds in a

pressure/heat accumulation test {experiment 24) in an adiabatic caloviacter (Phi-TEC H). The

material investigated was the reaction effluent from experiment 23, with the following

Sample composition:

Closed sample container:
Total samiple volume:

Sample container fill level:

79.2 ¢ mcthanesulphonic  acd/21.38 g dimethyl
disulphide/5 g H,O/1.1 g HNO; (65%)/0;

Hastelloy C 276 with a volurac of 115 ml

about 80 mi

aghout 70%

Figure 7 shows the pressure in bara as a function of the time in seconds in a pressurc/heat

accummulation test {experiment 24) i an adiabatic calorimeter (Phi-TEC ). The matenal

investigated was the reaction effluent from experiment 23, with the following

Sample composition:

Closed sample container:
Total samiple volume:

Sample container fill level:

79.2 ¢ mcthanesulphonic  acd/21.38 g dimethyl
disulphide/5 g H,0/1.1 g HNO; (65%)Y 0,

Hastelloy C 276 with a volurac of 115 ml

about 80 mi

about 70%

Figure 8 shows the pressure m bara as a function of the samuple temperature in °C i a

pressure/heat accumulation test {experiment 24} in an adiabatic calorimeter (Phi-TEC H). The

material investigated was the reaction effluent from experiment 23, with the following

Sample composition:

Closed sample container:
Total sample volume:

Sample container fill level:

79.2 ¢ mcthanesulphonic  acd/21.38 g dimethyl
disulphide/5 g H,O/1.1 g HNO; (65%)/0;

Hastelloy C 276 with a volurae of 115 il

about 80 ml

about 70%

Figure 9 shows the sample temperature in °C as a function of the time in seconds in a

pressure/heat accumulation test (experiment 25} in an adiabatic calorimeter (Phi-TEC 1)

Sample composition:

Closed sample container:

Total sample voluroe:

79.2 ¢ mcthanesulphonic acid/21.38 g dimethyl
disulphide/S g HhO/1.1 g HNG; (65%)/0;
Hastelloy C 276 with a volume of 115 mi

about 80 md
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Sample container fill level: about 70%

Figure 10 shows the pressure in bara as a function of the time in seconds in a pressure/heat
accumulation test (experiment 25) in an adiabatic calorimeter (Phi-TEC I,
Sample composition: 79.2 g methancsulphonic  acid/21.38 g dimethyl

disulphide/5 g H,O/1.1 g HNO; (65%)/0;

Closed samiple container: Hastelloy C 276 with a volime of 115 il
Total sample volume: about 80 ml
Sample container fill level: about 70%

Figure 11 shows the pressure 1o bara as a function of the sample tewperature wm °C i a
pressure/heat accunmulation test (experiment 25} in an adiabatic calorimeter (Phi-TEC 1)
Sample composition: 79.2 ¢ mcthanesulphonic  acd/21.38 g dimethyl

disulphide/s g Ho0/1.1 ¢ HNO; (65%)/0,

Closed sample container: Hastelloy C 276 with a volurac of 115 ml
Total samiple volume: about 80 mi
Sample container fill level: about 70%

Figure 12 shows the time-dependent change i temperature in K/min as a function of the
sample temperature in °C in a pressure/heat accumulation test {experiment 23} in an adiabatic
calorimeter (Pu-TEC ).

Sample composition: 79.2 ¢ mcthanesulphonic  acd/21.38 g dimethyl

disulphide/5 g H,O/1.1 g HNO; (65%)/0;

Closed sample contaimer: Hastelloy C 276 with a volurae of 115 il
Total sample volume: about 80 ml
Sample container fill level: about 70%

Figure 13 shows the heat output in W/kg as a function of the sample temperature in °C in a

pressure/heat accumulation test (experiment 25} in an adiabatic calorimeter (Phi-TEC 11).

Sample composition: 79.2 ¢ mcthanesulphonic acid/21.38 g dimethyl
disulphide/S g HLO/1.1 g HNGs (65%)/0;

Closed sample container: Hastelloy C 276 with a volume of 115 ml

Total sample voluroe: about 80 ml
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Sample container fill level: about 70%

Figure 14 shows the sample terperature 1n °C {(continuous line) and the pressure in bara
{intervupted line) as a function of the tiroe in seconds in a pressurc/heat accumulation test
{experiment 26) in an adiabatic calorimeter (Phi-TEC 1}

Sample composttion: 792 g  methancsulphonic  acid/21.38 g dimethyl

disulphide/s g HLO/1.1 g HNO: (65%Y/0;

Closed sample container: Stainless steel 1.4571 with a volurne of 110 ml
Total sample volume: about 80 ml
Sample container fill level: about 73%

Figure 15 shows the time-dependent change in temperature in K/min as a function of the
sample temperature in °C n a pressure/beat accomulation test (experiment 26) i an adiabatic
calorimeter (Phi-TEC II).

Sample composttion: 792 g  methancsulphonic  acid/21.38 g dimethyl

disulphide/s g HLO/1.1 g HNO: (65%Y/0;

Closed sample contaiver: Stainless steel 1.4571 with a volume of 110 ol
Total sample volume: about 80 ml
Sample container fill level: about 73%

Figure 16 shows the pressure in bara as a function of the sample tenmperature m °C in a
pressure/hicat accumulation test (experiment 26) 1u an adiabatic calorimeter (Phi-TEC 1)
Sample composition: 79.2 g methancsulphonic  acid/21.38 g dimethyl

disulphide/S g HoO/1.1 g HNG: (63%/(,

Closed sample container: Stainless steel 1.4571 with a volume of 110 ml
Total sample volume: about 80 mli
Sample container fill level: about 73%

Figure 17 shows the sample temperature in °C as a function of the time in seconds in a

pressure/heat accumulation test (experiment 27} 1n an adiabatic calorimeter (Phi-TEC 1)

Sample composition: 110,67 ¢ methanesulphonic  acid/11.0g  dimethyl
disulphide/2.6 g Hy0/0.57 g HNO; (65%V0,

Closed sample contaimer: Hastelloy C276 with a volume of 115 mil
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Total sample volurme: about §1 mi
Sample container fill level: about 74%

Figure 18 shows the pressure 1u bara as a function of the time i seconds in a pressure/heat
accumulation test {experiment 27) in an adiabatic calorimeter (Ph-TEC ).
Sample composttion: 11067 ¢ mcthancsulphonic  acid/11.0g  dimethyl

disulphide/2.6 g Hz20/0.57 g HNO; (65%)/(,

Closed sample contaner: Hasteloy C276 with a volurme of 115 mi
Total sample volume: about 81 ml
Sample container fill level: about 74%

Figure 19 shows the pressure in bara as a function of the sample temperature in °C in a
pressure/hicat accamulation test (experimaent 27) 1u an adiabatic calorimeter (Ph-TEC 1)
Sample composition: 110.67 ¢ methanesulphonic  acid/11.0g  dimethyl

disulphide/2.6 g Hy0/0.57 g HNO; (65%Y/0;

Closed samiple container: Hastelloy €276 with a volume of 115 mi
Total sample volume: about 81 wl
Sample container fill level: about 74%

Figure 28 shows the time-dependent change in temperature in K/min as a fanction of the
sample temperature in °C n a pressure/heat accumulation test (cxperiment 27} in an adiabatic
calorimeter (Phi-TEC II).

Sample composition: 110.67 g methanesulphonic  acid/11.0g  dimethyl

disulphide/2.6 g Ho0/0.57 g HNG; (65%)/ O,

Closed sample container: Hastelloy C276 with a volume of 115 mi
Total sample volume: about 81 wl
Sample container fill level: about 74%
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Examples:

A) Suitability of methanesulphonic acid as solvent in the oxidation of dimethyl

disuiphide

Methancsulphonic acid was mnvestigated m 10 cxperiments for #ts suttability as a solvent in
the preparation of methanesulphonic acid by oxidation of dimethyl disulphide. This was done
by preparing solutions of different amounts of dimethyl disulphide i rocthanesulphonic acid,
nitric acid {65 wt%) and small amounts of water and transferring them to an autoclave. The
conversion of the dimethyl disulphide to the methanesulphonic acid took place at
temperatures of 30°C to 90°C and at pressures of 3 bara up to 12 bara oxygen. For this
purpose, oxygen was introduced mto cach of the samples via an immersion tube, and a stirrer
was used to ensure optimaum distribution i the reaction mixture. The individual compositions
of the reaction mixtures i experiments 1 to 10, and the specific reaction conditions in these

reactions, are summarized in Table 2.

The experimental results reproduced 1o Table 2 show that methanesulphonic acid (MSA) s
suitable in principle as a solvent in the oxidation of dimethyl disulphide (DMDS) to
methanesulphonic acid. Depending on the selected reaction conditions (pressure, temperature
and time), however, yields of methanesulphounic acid that differ sharply from one another are
obtained. The methancsulphonic acid vield, for imstance, fluctuates between 78.0%

{experitaent 1) and > §9.0% (experirnents 3, 6 and 19).
{CX] {

B} Productivily optimization of the reaction parameters

In further experitaents 11 to 22 in an autoclave, the reaction pararncters were optimized with a
view to maxinmm productivity (high methanesulphonic acid yield and low reaction time or

residence time).

The individual compositions of reaction mixtures 11 to 22 and the specific reaction conditions
i these experiments are summarized in Table 3. Depending on the particular reaction
temperature, for ratios of dimethy! disulphide to nitric acid in the range from 100:1 {mol/mol)

to 1:1 (mol/mel}, virtually complete conversion of the divoethyl disulphide is obtained within

28
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just an hour. In cxperiment 21, indeed, complete conversion of the dialkyl disulphide s
, , 3 f

achieved within half an hour.
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3 Safety optimization of the reaction parameters

In experimnents 23 to 27, the reaction behaviour of different mixtures of dimethyl disulphide,
methanesulphonic acid, pitric acid and water was examined from the standpoint of plant
safety, with addition of pure oxygen under largely adiabatic conditions. For this purpose, a
nurmber of cxperiments were conducted with different experimental conditions, using in cach

case a closed sample in an adiabatic calorimeter (Phitec 1),

1. Samples:

1] Methanesulphonic acid

1.2 Dimethy! disulphide

1.3 Nitri¢ acid, 65% strength

1.4 I3 water (i.e. deionized (fully dimineralized) water)

2. Investigation of reaction behaviour under adiabatic conditions
2.1 Measurements in the adiabatic caloriracter (Phi-TEC 1)

2.11 Measurement method

The Phi-TEC 11 1s a PC-controlied calorimeter which can be used to simulate the behaviour of
a large reactor under conditions of an industrial plant even using relatively small quantities of

sample, such as 10 to 100 ml, for cxample.

With the PHITEC U calorimeter, a pressurc/heat accumulation method is ermployed n which
{depending on the mandated experimaental conditions) a relatively high wmeasurement accuracy
is obtained, taking account of the detectable heat output in the reaction (typically about 2-
5 W/kg when using a closed sample container). From the profile of the temperature and of the
pressure, measured gver time, reflecting the exothermicity of the reaction and the formation of

decomposition gases, the thermal stability of the sample in question can be investigated.

The experimacnts are carried out using an adiabatic calorimeter; the entire rocasurerent

apparatus is installed in a pressure-resistant autoclave.
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Inserted into the pressure vessel s a cylindrical saraple container made from stainless steel of
wmaterial nurober 1.457 (alternatively, a sample contamer made of Hastelloy) with a volume of
110 ml, inscrtion taking place into a heater systern whose heating units, while fully
surrounding the sample container, do not have any mechauical contact with . Using a
magnetic stirring rod (also referred to as magnetic flea or stirring bar}, which is located on the

base of the sample vessel, the sample is stirred.
> 3

The sample container has very thin walls, with a wall thickness of typically only 0.15 mum,
The pressure which comes about in the closed sample container in the course of a
measurement, therefore, and which is composed of the vapour pressure and the partial
pressure of decomposition gases, is also established, via a tracking coutrol system, n the

surrounding autoclave, in order to prevent deformation of the sample container.

The ambient temperature of the sample container is adapted continually to the sample
temperature, thereby largely preventing a flow of heat from the sample into the ambient
environment. The ambient temperature is therefore regulated in such a way that at no point in
timae is the difference between the sample temperature and the ambicut teraperatare 0 kelvin,

and so adiabatic conditions prevail.

The favourable ratio of the heat capacity of the sample container to the heat capacity of the
sample results i a relatively high seusitivity of measurement, which is quantified by the so-
called phi factor @, as given by the following equation:

Heat capacity of sample + heat capacity of sarmaple container

P = - <
Heat capacity of saraple

The value ofthe dimaensionless phi factor is ideally not much more than L

The maximum adiabatic temperature increase determined in cach experiment 18 corrected by

the phi factor, in order to take account of the energy needed to heat the container.

2.1.2  Experimental procedure and measurement results

2.1.2.1 Experiment 23
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A closed sample container made from the nickel-chromium-molybdenum alloy Hastelloy
276 was used, with a volume of 115 ml, the contamer being equipped with an immersion

tube for the feeding-in of molecular oxygen, and with a stirring bar.

The coraposition of the sample for the cxperiment is summarized in the table below:

el 9%} Denstty {ral] [ai %] i}
{g/ml]
Methanesulphonic acid 198 | 7424 1.48 13378 | 792 | 74.24 | 5351
Nitric acid (63%) 2.75 1.03 I 2.75 i1 1.03 110
Dimethyl disulphide 5345 1 2004 1.03 S1.89 | 2138 | 20.04 | 20.76
Water 12.5 | 4.69 I 12.50 5 469 | 500
Total: 266.7 | 100.00 200.93 | 106.68 | 100.00 | 80.37

Under intrinsic vapour pressure, the sample container, which had been evacuated beforchand,
was charged first with the methanesulphonic acid and also with the fractions of nitric acid and
water, and then dimethyl disulphide was added. Thereafter the sample was heated to the
setpoint terperature of 70°C. When the heater was switched off, a weakly exothermic
reaction was apparcut in the subsequent period, 1o which a temperature of 72°C was reached
up to the point of addition of the oxygen. This was followed by the addition of pure oxygen,
with an mnitial pressure i the sample container of about 7.5 bara, with the objective of using
the feeding-in of oxygen to set an overall pressure of 12 bara as rapidly as possible. For this
purpose, the pressure reduction station of the oxygen flask was set to the target pressure and
verified using a reference pressure manometer. A reverse flow preventer imstalled i the feed
fing prevented backward flow of the gas. Immediately after the introduction of the oxygen, a

very strongly exotherroie reaction began, 1o association with very rapid pressure rise.

Owing to the very strongly exothermic reaction, the pressure in the sarmple container, in spite
of pressure limitation and shut-off of the feed-line valve for the oxygen, rose well beyvond the
setpoint pressure, and reached a maxumum of 20.4 bara. The saraple temperature reached a
maximum of 119°C. Since the tracking control system of the temperature was unable to
follow the very rapid temperature rise, it is assumed that the achievable temperature

maximum would be even higher. (Not mcluded in the appraisal of the temperature fncrease
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and pressure increase are the offects of the rate of introduction of the oxygen and of a fraction

of heat of compression resulting froma the injection.)

After the temperature and the pressure had dropped to about 84°C and to about 11.2 bara,
respectively, oxygen was injected again at up to 12 bara. This produced a further exothermic
ctfect, although significantly weaker in cxtent by comparison with the first addition of

oxygen.

Figures 1 and 2 show the time-dependent profiles of the sample temperature and of the
pressure, respectively, and Figure 3 shows the temperature-dependent profile of the pressure.
The uncertainty of results is + 1 K for the teroperature and =+ 0.4 bar {for the pressure. Figure 4
shows the time-dependent change in temperature as a function of the sample teraperature, and
Figure 5 represents the teroperature relationship of the heat output. For the calculation of the
exothermic heat output, the specific heat of the sample was estimated at constant pressure {¢,}.
For this purpose, for the fraction of organic compounds, the assurmption was made of a
specific heat at constant pressare {cp) of 2 Jg * K, and a {¢;} of 4.1 (g * K} for the

inorganic fraction.

Owing to the concentration of dimethyl disulphide, there was a very rapid increase in
temperature and pressure when this experiment was carried out. Under the experimental
conditions, however, there was no damage, and certainly not any destruction, of the sample
contatner. The temperature and pressure jocrease that occurved in this experiment was
therefore non-critical. The concentration of 20 wt% therefore represents the marginal region
in the process of the invention at which the oxidation of the dialkyl disulphide to the
corresponding alkanesulphonic acid can stil be carried out safely and readily. For a
controllable implementation of the oxidation of the dialkyl disulphide to the alkanesulphonic
acid, therefore, the concentration of the diatkyl disulphide in the reaction mixture ought to be

not more than 20 wi%, preferably less than 20 wit%.

2.1.2.2 Experiment 24

In this experiment, the reaction effluent from cxperiment 23 was used, and the effect of the

addition of oxygen at different temperatures was ivestigated. For this purpose, the sample
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container was filled with the reaction effluent from experiment 23, and the sample was first
heated to the setpoint temperature of 50°C with the stivver running. After the heater had been
switched off, the pressure was about 0.7 bara and the temperature remained constant.
Thereafter the pure oxygen was added via the immersion tube of the sample container, with
the aim of achieving a final setpoint pressure of 12 bara. For this purpose, the pressure
reduction station of the oxygen flask was set to this pressure and checked using a reference
pressure manometer. A reverse flow preventer installed in the feed line prevented the gas

from flowing back.

Even with a relatively quick injection of the oxygen, a rapid temperature risc was cvident,
mitially up to about 60°C. At this pownt the pressure in the sample container, despite pressure
limitation and shut-off of the oxygen feed-line valve, rose above the setpoint pressure and
reached a value of about 13 bara. After a shght drop, the sample teroperature rose without
external supply of energy, solely as a result of the heat released during the exothermic
reaction, up to about 105°C. This was paralicled by a drop in the pressure from 13 bara to 3
bara. After heating to 111°C and a short run-in phase, oxygen was again injected to a setpoint
pressure of 12 bara, with a pressure of 12.1 bara becoming established. Both duning the
injection and also thereafter, there was only a slight change in temperature observed, of about
1 K. This was followed by a further two heating steps to a final temperature of 121°C, but no
exothermic reaction was observed. The experiment was therefore discontinued. After cooling
to room temperature and releasc of pressure on the sample container, the remmant sample was

removed.

Figure 6 shows the time-dependent profile of the sample tevaperatare, and Figures 7 and 8
show the time-dependent and temperature-dependent profiles of the pressure, respectively.

The measurement accuracy 18 = 1 K for the temperature and + 0.4 bar for the pressure.

The profile of temperature and pressure as shown in Figures 6 and 7 indicates that in the
subsequent reaction of the reaction coffluent from experiment 23 there is still a certain
conversion. In this subsequent reaction, however, both the development of temperature and
the developrment of pressure are significantly lower than in the preceding conversion. The two
experiments 23 and 24 show that the oxidation of dialkyl disulphide to the corresponding

atkanesulphonic acid can be carried out controllably in two successive reactors.
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2.1.23 Expenment 25

In this experiment, the oxygen was added at 50°C (in contrast to the corresponding
temperature of 70°C in experiment 23} and the sctpoint pressure was 12 bara. For this
purpose, 8 closed saraple container made from the staindess steel alloy Hastelloy C276 was
used, with a vohime of 115 ml, this container being equipped with an immersion fube and a

stirring rod or sturing flea.

The composition of the sample for the cxperiment 15 as follows:

(gl {961 Density {ral] gl %] [ml]
{g/ml]
Methanesulphonic acid for | 7424 148 13378 | 792 | 7424 | 5351
Nitric acid (65%) 2.75 1.03 1 2.75 1.1 103 110
Dimethyl disulphide 5345 1 2004 1.03 S1.89 | 2138 | 20.04 | 2076
Water 12.5 | 4.69 I 12.56 5 469 | 5.00
Total: 266.7 | 100.00 200.93 | 106.6% | 100.00 | 80.37

Under intrinsic vapour pressure, the sample container, which had been evacuated beforchand,
was charged first with the methanesulphonic acid and also with the corresponding fractions of
nitric acid and water. Subsequently the corresponding fraction of dimethyl disulphide was
added to the sample container. Thercatter the sample was heated to the setpoint temperature

of S0°C, with the stivrer rapning.

When the heater was switched off, a very weakly exothermic reaction was apparent 1n the
subsequent period, in which a temperature of 51.4°C was reached up to the point of addition
of the oxygen. At a pressure of about 6.7 bara, the addition of purc oxygen via the immersion
tube in the sample container was commenced, in order to set a total pressure of 12 bara with
the use of oxygen as rapudly as possible. For this purpose, the pressure reduction station of the
oxygen flask was set to the corresponding pressure and verified using a reference pressure
nanometer. A reverse flow preventer installed in the feed line prevented backward flow of the

ras stream. Immediately afler the introduction of the oxyegen, a very sirongly exothermic
¥ \ , S Y
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reaction was apparent, in association with very rapid pressure rise. Despite pressure lirattation
on the oxygen supply flask and closing of the 1nlet valve, the pressure in the sample container
rose to about 18.5 bara. The sample temperature reached a maximum of about 98°C. Since the
tracking coutrol system of the temperature was unable to follow the very rapid teroperatore
rise, it is assumed that the achievable temperature maximum would be even higher. (Not
imcluded 1n the appraisal of the temperature increase and pressure increase are the effects of
the rate of introduction of the oxygen and of a fraction of heat of compression resulting from
the injection.) After the attainroent of the temperature roaximum and the shutting-off of the

oxygen supply, and also a drop in pressure to about 8.9 bara, the experiment was ended.

Figure 9 shows the time-dependent profile of the sample temperature. Figures 10 and 11
represent the time-dependent and temperature-dependent profile of the pressure, respectively.
The measurement accoracy 1s = 1 K for the temperature and + 0.4 bar for the pressure.
Figure 12 shows the time-dependent change in temperature as a function of the sample
temperature, and Figure 13 shows the heat output as a function of the sample teraperature. For
the calculation of the {exothermic) heat output, the specific heat of the sample at constant
pressure {c,} 18 estimated. For this purpose, for the fraction of organic corapounds, a specific
heat at constant pressure {¢,) of 2 J/{g * K) is assumed, and a {c;) of 4.1 JAg * K} for the

morganic fraction.

In experiracnt 25, the oxidation of the dimcthyl disulphide to the corresponding
methanesulphonic acid 1s joitiated by feeding m oxygen at a temperature of SO°C, which is
20°C lower than the corresponding temperature in experiment 23. Accordingly, the curve
profiles for the time-dependent change 1o temperature and for the heat output of the reaction
are also shifted by this temperature difference in experiment 25 by comparison with the
corresponding curve profiles in experimoent 23, Apart from this shift, the profile for the time-
dependent change in temaperature and the profile for the heat ountput in experiment 25 are
paralict to those i experiracnt 23 {cf. Figures 4 to S and 12 to 13). Similar comments also
apply in respect of the development of temperature and of pressure in experiments 23 and 25

{cf. Figures 1 to 2 and Sto 11).
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The results of experiments 23 and 25 show that the oxidation of the dialkyl disulphide
proceeds with a covoparable exotherro 1o both experiments, independently of the respective

starting temperature.

2.1.2.4 Experiment 26

In countrast to experiments 23 to 25, which used a sample container made from the Hastelloy
C276 alloy, and with an immersion tube, this experiment was conducted 1o a sarple container
made from a stainless steel with material number 14571, The closed sample container in this
experiment has a volume of 110 ml and 15 equipped with a stirring bar or stirring flea, but not

with an immersion tube.

The nitial setpoint tewperature before the addition of oxygen was 30°C, and the setpoint

pressure for the addition of oxygen was 12 bara.

The coraposition of the sample for the cxperiment is summarized in the table below:

el [[%] | Density il [Tel 1% | (mil
[g/m]
Methanesulphonic acid for | 7424 148 13378 | 792 | 7424 | 5351
Nitric acid (65%) 2.75 1.03 1 2.75 1.1 1.03 i.10
Dimethyl disulphide 5345 1 2004 1.03 S1.89 | 2138 § 20.04 | 2076
Water 12.5 | 4.69 I 12.50 5 469 | 5.00
Total: 266.7 | 100.00 230.93 | 106.68 | 100.00 | 80.37

Under intrinsic vapour pressure, the sample container, which had been evacuated beforchand,
was charged first of all with the methanesulphonic acid and with the fractions of nitric acid
and water. Thereafier the fraction of dimsethyl disulphide was added to the sample container,
followed by the heating of the sample to the setpoint temperature of 50°C, with the sturer

runRning.

The time-dependent profiles of the sample temperature (unbroken hine) and of the pressure

{broken line) are depicted jointly in Figure 14, Figure 15 shows the time-dependent change in
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the sample tomperature as a function of the sample temperature, and Figure 16 the

temperature-dependent pressure profile.

After the beater was switched off when the setpoint feroperature of 30°C was reached, a
tenperature of about 51.5°C was established in the subsequent period, before commencement
of addition of oxygen. This was followed by addition of pure oxygen at & pressure m the
sample container of about 71.2 bara, with the objective of setting an overall pressure of
12 bara as rapidly as possible by the feeding-mn of oxygen. For this purpose the pressure
reduction station of the oxygen flask was set to the target pressure, and checked using a
reference pressure manometer. A reverse flow preventer instalied m the feed line prevented
the gas from flowing back. With a certain delay, there was a very strongly exothermic
reaction after the imtroduction of the oxygen, and a temperature maximum of about 350°C
was reached. The delay is atiributed to the fact that in contrast to experiments 23 to 25,
oxygen is not introduced mto the sample container via an immuersion tube, but instead is

miroduced from above onto the hquid phase.

In the phase of the addition of the oxygen, a banging noise was heard from the autoclave box
in which the calorimeter had been placed for the experiments. The experiment was
subscquently ended by switching off the heating system. A real pressure increase of up to
about 5.5 bara was still recorded, but the subsequent pressure/time profile was no longer
recorded. This is attributable to the destruction of the pressure transducer, whose rmaximum

permissible pressure 1s 100 bar.

The vapours of dimethyl disulphide are able, with air or oxygeun, to formo an explosive
nixture; the corresponding ignition temperature is 370°C. With regard to the ignition
teraperature of mixtures of flammable gases and vapours with air or oxidizing gas, it 1s known
that the temperature decreases very sharply with increasing pressure {cf. e.g. Hirsch, W,
Brandes, E., “Zindtcraperaturen bindrer Geomische bei crhdhten  Ausgangsdriicken”,
Physikalisch Technische Bundesanstalt, Braunschweig, 2005). With the sharp increase in the
teraperature and the increased mnitial pressure on addition of oxygen, the preconditions for the
obtaioment of the gnition temperature were provided for diraethyl disulphide. Despite the

free gas volume in the sample container being relatively small, it can therefore very probably
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be assumed that there was sclf-ignition of the gas phase containing oxygen and dimethyl

disulphide.

This experimaent clearly shows that the formation of explosion hazard muxtures frov ignitable

diabcyt disulphides with oxygen must fundamentally be avoided.

2.1.2.5 Experiment 27

A sample container made from the alloy Hastelloy C276 was used. This closed sample
container has a volume of 115 mi and is equipped with an imincersion tube and with a stirring

bar or stirring flea.

The nitial setpoint tewperature before the addition of oxygen was 30°C, and the setpoint

pressure for the addition of oxygen was 12 bara.

The coraposition of the sample for the cxperiment is summarized in the table below:

[2] [%] | Density [rol] lg] [%] | [ml]
[g/m]
Methanesulphonic acid | 302 87.66 | 1.48 204.05 | 1060.67 | 87.67 | 68.02
Nitric acid (65%) 1.7 0.49 1 1.70 0.57 0.49 (.57
Dimethyl disulphide 33 9.58 1.03 3204 | 11.00 | 958 16.68
Water 7.8 2.26 i 7.80 2.68 2.26 2.60
Total: 3445 | 100.00 24559 | 11483 { 100.00 | 81.86

Under intrinsic vapour pressure, the sample container, which had been evacuated beforchand,
was charged first of all with the methanesulphonic acid and with the fractions of nitric acid
and water. Thereafter the fraction of dimethyl disulphide was added to the sarple container,
followed by the heating of the sample to the setpoint temperature of 70°C, with the stiurer

runRning.

The time-dependent profile of sarapic termperature and pressure 1s depicted in Figures 17 and

18, respectively. Figure 19 shows the temperature-dependent pressure profile, and Figure 20
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shows the time-dependent change i the sample temperature as a function of the sample

temperatyre,

Au exotherroie reaction started immediately after the heater was swiiched off, when a
temperature of 70°C was reached. At about 71.3°C, oxygen was added rapidly with the aim of
cstablishing a pressure of 12 bara. When this pressure had been reached and the miet valve
was closed for the first time, the sample temperature was about 93°C. Following the
subsequent drop in pressure, oxygen was injected repeatedly i order to re-cstablish a pressure
of 12 bara. The accompanying increase in temperature, however, was no longer spontancous,
but instead was relatively slow. Over a time of approximately 4900 scconds, with repeated

further addition of oxygen, a maximum sample temperature of about 110°C was attained.

In this experiment, not only the development of temperature but also development of pressare
are much smaller than in experiments 23 and 25 (cf Figures 17 and 18). In contrast fo
experiments 23 and 25, thercfore, the starting conceniration sclected for the dimethyl
disulphide in this experiment permits discontinuous addition of oxygen over a prolonged time
period, without the setpoint pressure of 12 bara bewng markedly cxceeded. The process
parameters of experiment 27, especially the selected concentration of the dimethyl disulphide,
therefore permit a corresponding process for the preparation of methanesulphonic acid to be

operated with no safety problems.
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Process for preparing alkancsulphonic acids of the formula R-SOs-H, cornprising the
step of oxidizing a symmetrical dialkyl disulphide of the formula R-$,-R, in sohution
in an alkancsulphonic acid, i the presence of catalytic amounts of nitric acid, with R
denoting a C;-Cyz alkyl radical and the alkanesulphonic acid used as solvent being
identical with the alkancsulphonic acid obtained from the oxidation of the dialkyl
disuiphide in question, characterized v that the concentration of the dialkyl disulphide
in the solution is not more than 20 weight per cent, the ratio of dialkyl disulphide to
nitric acid ranges from 2000:1 (ruo¥/mol) to 11 (mol/mol), and the concentration of

the alkanesulphonic acid used as solvent is more than 70 weight per cent.

Process according to Claim 1, characterized in that the dialkyl disulphide is dimethyl

disulphide and the alkancsulphonic acid is methanesulphonic acid.

Process according to Claim 1 or 2, characterized in that the ratio of dialkyl disulphide

to nitric acid ranges from 560:1 (mol/mel) to 1:1 (mol/mol).

Process according to Claim 3, characterized in that the ratio of dialkyl disulphide to

nitric acid ranges from 100:1 {mol/mol) to 1:1 {mol/mol}.

Process according to any onc of Claims 1 to 4, characterized in that the concentration

of the dialkyl disulphide o the alkancsulphonic acid 1s up to about 10 weight per cent.

Process according to any one of Claims 1 to 3, characterized in that the process is

carried gut at teraperatures of not more than about 90°C.

Process according to Claim 6, characterized n that the process is carmed out at

temperatures of about 70°C to about 90°C.

Process according to any one of Claims 1 to 7, characterized in that the concentration

of the alkanesulphonic acid used as solvent is at least 80 weight per cent,
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Process according to Claim§, characterized in that the concentration of the

alkanesulphonic acid used as solvent 15 at least about 90 weight per cent,

Process according to any one of Clairos 1 to 9, charactenized in that, for the oxidation,
air, a gas stream enriched with oxygen in free form, and/or pure oxygen in free form is

fed in.

Process according to Claim 10, characterized in that, for the oxidation, a gas stream

comprising oxygen, containing more than 21 vol% of oxygen in free form, s fed in.

Process according to any one of Claims 1 to 11, characterized in that the process is

carried out at a pressure of more than 1 bara to about 20 bara.

Process according to Claim 12, characterized in that the process is carried out at a

pressure of more than 2 bara to about 13 bara.

Process according to any one of Claims 1 to 13, characterized n that a solubilizer

between the dialkyl disulphide and the alkanesulphonic acid is used.

Process according to Claim 14, characterized n that alkanesulphonic acid S-alkyl ester
of the formmula R-80,-S-R is used as solubilizer between the dialkyl disulphide and the
alkanesulphonic acid, with the alkyl radicals of'the alkanesalphonic acid S-alkyl ester
being identical with the alkyl radicals of the dialkyl disulphide to be converted and

with the alkyl radical of the alkanesulphonic acid.
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