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Process for producing alkyl sulfonic acid
Description

The invention relates to a process for producing alkyl sulfonic acid in a reactor which contains a
liquid phase comprising aqueous nitric acid, wherein dialkyl disulfide is fed into the liquid phase
in the reactor and a crude reaction product is formed in the reactor by chemical reaction of the
dialkyl disulfide with the nitric acid.

Alkyl sulfonic acids, in particular methanesulfonic acid (MSA), are used in a large number of ap-
plications in pure form and in admixture with water or other solvents. The use of MSA is particu-
larly widespread in electroplating, tinplate production and wire tinning. Alkyl sulfonic acids are
also employed as solvent or as catalyst in alkylation and esterification reactions for example. A
further field of application for alkyl sulfonic acids is the production of biodiesel where the typi-
cally employed sulfuric acid may be replaced by alkyl sulfonic acids on account of the improved
performance properties of the latter.

Alkyl sulfonic acids are also an alternative to phosphoric-acid-containing cleaning product for-
mulations. Since MSA in particular forms readily soluble salts and is readily biodegradable, the
alternative use of alkyl sulfonic acid can play a role in water pollution control. A further use of
alkyl sulfonic acids is the catalytic alkylation of benzene or substituted benzene with olefins to
produce linear alkylbenzene. This in turn is a starting material for the production of linear al-
kylbenzenesulfonic acids, the most commonly used surfactants.

For producing alkyl sulfonic acid, different processes are known. According to the descriptions
of US 4,052,445 and US 4,239,696 dialkyl disulfide reacts with hydrogen peroxide. In US
4,052,445 the reaction is carried out in an inert medium in the presence of a catalyst. The pro-
cess of US 4,239,696 uses an alkyl sulfonic acid as liquid medium. A further process for produc-
ing alkyl sulfonic acids by oxidation of a dialkyl disulfide with hydrogen peroxide is described in
EP-A 0 313 939. Here, the dialkyl disulfide is mixed with aqueous hydrochloric acid.

A process for producing alkyl sulfonic acids by oxidation of a sulfur containing starting com-
pound, for example dialkyl disulfide, with an oxygen containing fluid like air, oxygen enriched air
or pure oxygen is described in EP-A 3 453 447. The reaction is carried out in a reaction vessel
with an expansion vessel on its top. The reaction vessel preferably is a stirred tank reactor.

WO-A 2015/086645 and WO-A 2015/085522 both disclose processes for producing alkyl sul-
fonic acids by oxidizing a dialkyl disulfide in solution in an alkyl sulfonic acid in the presence of
catalytic amounts of nitric acid.

Besides these processes which use oxygen or hydrogen peroxide as oxidizing agent, further
processes are known in which the dialkyl disulfide reacts with nitric acid forming alkyl sulfonic
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acid, a mixture of gaseous nitrogen oxides like nitrogen dioxide, nitrogen monoxide, and water.
The molar ratio of nitrogen dioxide and nitrogen monoxide that is formed in the process de-
pends on the molar ratio of dialkyl disulfide to nitric acid that is used as can be seen in reaction
equations (1) and (2).

3R-S-S-R+10HNO; — 6 RSO;H + 10NO + 2H0 )
R-S-S-R+ 10HNO; - 2RSOsH + 10NO2 + 4H0 2

Such a process is described for example in US-B 6,531,629. In this case, the dialkyl disulfide is
fed into a liquid phase containing the nitric acid. As mixtures of dialkyl disulfides with nitrogen
oxides may be explosive, the dialkyl disulfide is added to the reaction mixture immersed under
the surface of the liquid. Several moles of gaseous nitrogen oxides are formed in the reaction
per each mole of dialkyl disulfide. The evolution of these large amounts of gases induces a
strong flow in the reaction mixture and results in vigorous mixing of the liquid contents. By this
process, the conversion and selectivity compared to other processes can be increased. None-
theless, there still are byproducts formed like sulfuric acid.

Sulfuric acid impacts the properties of the alkyl sulfonic acids and especially methanesulfonic
acid for example in electroplating applications and, thus, needs to be removed from the product
stream by a separation process. The stream leaving the process (“purge” or “purge stream”) is
proportional in size to the amount of sulfuric acid generated in the reaction. Therefore, even if
only a slight improvement in selectivity of the reaction is achieved, the overall yield of the pro-
cess can be significantly improved.

For efficient separation, the sulfuric acid cannot easily be concentrated to any desired value.
This leads to purge streams much larger than the actual amount of sulfuric acid generated,
causing losses of the desired product.

Therefore, it was an object of the present invention to improve the process for producing alkyl
sulfonic acid by reaction of dialkyl disulfide with nitric acid, where the formation of by-products is
reduced.

This object is achieved by a process for producing alkyl sulfonic acid in a reaction apparatus

which contains a liquid phase comprising aqueous nitric acid, wherein dialkyl disulfide is fed into

the liquid phase in the reaction apparatus and a crude reaction product is formed in the reaction

apparatus by chemical reaction of the dialkyl disulfide with the nitric acid, wherein feeding the

dialkyl disulfide comprises at least one of:

- the liquid dialkyl disulfide is fed into the reaction apparatus through an orifice having a hy-
draulic diameter of less than 5 mm;

- the liquid dialkyl disulfide is fed into the reaction apparatus with an inlet velocity of at least
0.6 m/s.
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The term “orifice” here refers to any opening in the reaction setup through which liquid dialkyl
disulfide may be fed into the liquid phase in the reaction apparatus. Orifices may for example be
openings on lines or at the end of lines and nozzles or feeding points of dialkyl disulfide into
lines containing nitric acid or the liquid phase from the reactor.

The hydraulic diameter is defined as the diameter of a circular area which has the same cross-
sectional area as the described orifice and can be calculated by

dy, = —
7]

with the hydraulic diameter di, the cross-sectional area of the orifice A, and the perimeter of the
orifice U.

The crude reaction product obtained in the reaction usually is fed into a purifying process to ob-
tain pure alkyl sulfonic acid. In the purifying process, by-products and reactants which did not
react, usually are removed by distillation, wherein distillation preferably is carried out in at least
two distillation stages. If the alkyl sulfonic acid is methanesulfonic acid or ethyl sulfonic acid, the
sulfuric acid is a high boiler compared to the alkyl sulfonic acid and for this reason accumulates
in the bottom of each distillation column. As sulfuric acid is detrimental to product quality and
the sulfuric acid concentration in the pure alkyl sulfonic acid preferably is below 50 ppm, it is
necessary to remove the sulfuric acid by a purge stream. Due to the technical limitations of the
separation process, the purge stream which is withdrawn at the bottom of the distillation column
still contains a high concentration of the alkyl sulfonic acid. For reducing the amount of alkyl sul-
fonic acid being withdrawn from the process and thus increasing the yield of alkyl sulfonic acid,
it is necessary to minimize the purge stream. However, if the amount of sulfuric acid produced
as by-product in the reaction is reduced, the purge stream can be reduced, too.

Surprisingly it has been shown that by using an orifice having a hydraulic diameter of less than
5 mm, more preferred of less than 3 mm and particularly of less than 2 mm, by feeding the lig-
uid dialkyl disulfide into the reactor with an inlet velocity of at least 0.6 m/s, preferably of at least
1.8 m/s, particularly preferably at least 2.5 m/s, the formation of by-products produced in the re-
action of dialkyl disulfide with nitric acid for producing alkyl sulfonic acid, particularly the for-
mation of sulfuric acid, can be reduced. By additionally and further preferably feeding the dialkyl
disulfide into the reactor through a plurality of orifices, wherein the number of orifices is larger
than 1.0 orifices per cubic meter reaction volume, more preferred larger than 1.2 orifices per cu-
bic meter reaction volume and particularly of larger than 1.7 orifices per cubic meter reaction
volume, a further reduction of by-products may be possible. “Reaction volume” in this context
refers to the volume of liquid reactants present in the reactor.

Further, by the reduction of the by-products formed in the reaction, like sulfuric acid, the purifi-
cation process of the alkyl sulfonic acid can be facilitated, too, and simultaneously, the losses of
product also are reduced.
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The alkyl sulfonic acid preferably is methanesulfonic acid or ethyl sulfonic acid. If the alkyl sul-
fonic acid is methanesulfonic acid, the dialkyl disulfide used in the production process is dime-
thyl disulfide. Correspondingly, if the alkyl sulfonic acid is ethyl sulfonic acid, the dialkyl disulfide
is diethyl disulfide. Particularly preferably, the alkyl sulfonic acid is methanesulfonic acid and the
dialkyl disulfide is dimethyl disulfide.

The reaction usually is carried out at a temperature in the range between 50 °C to 150 °C, pref-
erably at a temperature in the range from 80 °C to 140 °C and at an operating pressure in the
range from 500 mbar to 8 bar, preferably at atmospheric pressure.

The reaction apparatus, in which the reaction is carried out, may comprise one reactor or a bat-
tery of at least two reactors. Preferably, for increasing the yield, the reaction is carried out in two
reactors. In this case, the liquid dialkyl disulfide and the nitric acid are fed into a first reactor, in
which a first crude reaction product is formed, the first crude reaction product is fed into a sec-
ond reactor, in which the reaction for forming the alkyl sulfonic acid is completed, thereby form-
ing the crude reaction product. The reactor, or, if a battery of at least two reactors is used, the
reactors, can be reactors with a high degree of back-mixing like stirred tank reactors or loop re-
actors. Alternatively, the reactor or the reactors may be reactors with a low degree of back-mix-
ing like a tubular flow reactor. Preferably, the reactor or the reactors is/are reactor(s) with a high
degree of back-mixing. If more than one reactor is used for carrying out the reaction, it is possi-
ble that all reactors have the same construction, e.g. all reactors are stirred tank reactors or
loop reactors, or that all reactors are different, for example one stirred tank reactor and one loop
reactor.

The reactor, if the reaction is carried out in only one reactor, or at least one of the reactors into
which dialkyl disulfide is fed, if the reaction is carried out in a battery of at least two reactors,
may be a reactor which comprises an external fluid circulation. In a reactor which comprises an
external fluid circulation, the dialkyl disulfide may be fed either directly into the liquid phase in
the reactor, for example via an orifice, or as an alternative into the external fluid circulation. For
feeding the dialkyl disulfide each of the feeding alternatives, namely feeding the dialkyl disulfide
into the reactor through an orifice having a hydraulic diameter of less than 5 mm, or feeding the
liquid dialkyl disulfide into the reactor with an inlet velocity of at least 0.6 m/s, and additionally
feeding the liquid dialkyl disulfide into the reactor through a plurality of orifices, wherein the
number of orifices is larger than 1.0 orifices per cubic meter reaction volume, can be used. If the
dialkyl disulfide is fed into the external fluid circulation of the reactor, it is fed through at least
one orifice. Depending on the diameter of the external fluid circulation line and if the dialkyl di-
sulfide is fed through a plurality of orifices, it is particularly preferred if the line through which the
dialkyl disulfide is fed ends in the external fluid circulation in the form of a ring or as a sphere or
a distributor head like a shower head in which the orifices are formed. If the dialkyl disulfide is
fed into the external fluid circulation, particularly preferably a mixing nozzle is used for feeding
the dialkyl disulfide.
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Alternatively, the reactor, if the reaction is carried out in only one reactor, or at least one reactor
into which dialkyl disulfide is fed, if the reaction is carried out in a battery of at least two reac-
tors, may be a jet loop reactor. A jet loop reactor usually comprises a vessel with an inner tube
having open ends, the inner tube being arranged concentrically in the vessel. For introducing a
component like dialkyl disulfide into the liquid phase, usually a nozzle is used which is arranged
at one open end of the inner tube to introduce the liquid phase into the inner tube. By introduc-
ing the liquid phase into the inner tube, a flow is generated in the liquid phase inside the jet loop
reactor from the nozzle through the inner tube, around the end of the inner tube which is oppo-
site the nozzle and back in the space between the outside of the inner tube and the walls of the
vessel. The nozzle thereby may be arranged at any end of the inner tube. If the nozzle is ar-
ranged at the upper end of the inner tube, the liquid flows downwards in the inner tube and up-
wards in the space between the inner tube and the walls of the vessel and if the nozzle is ar-
ranged at the lower end of the inner tube, the liquid flows in the opposite direction in the jet loop
reactor. Further, it is also possible to arrange the nozzle at any position inside the inner tube. In
this case the flow direction of the liquid in the jet loop reactor depends on the nozzle orientation
and, thus, on the direction in which the component leaves the nozzle. It is particularly preferred
to arrange the nozzle inside the inner tube submerged below the surface of the liquid phase to
prevent the formation of explosive gaseous atmospheres inside the reactor.

A jet loop reactor can also be constructed without an inner tube. In this case the orientation of
the nozzle needs to be in a way that the introduced liquid phase from the nozzle flows down-
ward into the vessel. If no inner tube is used, it is particularly preferred to arrange the nozzle be-
low the surface of the liquid phase to prevent the formation of explosive gaseous atmospheres
inside the reactor.

If a jet loop reactor is used for the inventive process, the dialkyl disulfide is fed into the jet loop
reactor either into the recirculation line or directly into the nozzle with an inlet velocity of at least
0.6 m/s, preferably of at least 1.7 m/s, even more preferred 2.5 m/s.

Further it is possible to feed the dialkyl disulfide into the reactor into the recirculation line or into
the nozzle with an inlet velocity of at least 0.6 m/s and additionally through a plurality of orifices,
wherein the plurality of orifices preferably is arranged in a ring which surrounds the nozzle con-
centrically.

If the dialkyl disulfide is fed into the jet loop reactor only via a plurality of orifices, it is preferred
to arrange the orifices either in a ring or at least two concentric rings or in a distributor head
which are positioned underneath the surface level of the liquid.

As a further alternative and preferably, the reactor, if the reaction is carried out in only one reac-
tor, or at least one reactor into which dialkyl disulfide is fed, if the reaction is carried out in a bat-
tery of at least two reactors, particularly the first reactor of the battery of at least two reactors, is
a tank reactor. The tank reactor may be a stirred tank reactor or a tank reactor without an addi-

tional mixing device. If the tank reactor does not comprise an additional mixing device, the liquid
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in the tank reactor is mixed by introducing the dialkyl disulfide into the tank reactor by one of the
inventive alternatives. Independently of whether a tank reactor without mixing device or a stirred
tank reactor are used, each of the alternatives for feeding the dialkyl disulfide can be used. The
dialkyl disulfide for example can be fed into the tank reactor through a plurality of nozzles which
are arranged at the bottom and/or the walls of the reactor, through a dip tube having at least
one opening or through a distributor, particularly a distributor ring, positioned in the liquid having
a plurality of orifices. If the dialkyl disulfide is fed into the reactor via a distributor, the line to
which the distributor is connected may be introduced into the reactor at any position, for exam-
ple from the bottom or, from the top, which means that the distributor forms the end of a dip
tube. Preferably, the line to which the distributor is connected is introduced into the reactor from
the side in a way that the line is below the surface of the liquid.

Independently of the type of the reactor, it is necessary that the dialkyl disulfide is fed into the
liquid phase in the reactor to prevent formation of explosive mixtures of nitrogen oxides and di-
alkyl disulfides. During the reaction of dialkyl disulfide and nitric acid in the liquid phase large
amounts of gaseous nitrogen oxides are formed and the gas flow causes vigorous mixing of the
liquid contents.

Further, independent of the type of reactor, the reactor may comprise an additional mixing de-
vice. The additional mixing device may be any mixing device known to a skilled person, for ex-
ample a stirrer. Stirrers that can be used as mixing device preferably are high speed stirrers
suitable for dispersing. Such stirrers for example are propeller stirrers, oblique blade stirrers,
multistage impulse and countercurrent (MIG) stirrers, interference multistage impulse and coun-
tercurrent (interMIG) stirrers, or disk stirrers. The design of the stirrers may be single or multi-
stage. When using a stirrer, it is further preferred if the vessel comprises baffles.

If the reaction is carried out in two reactors, the first reactor preferably is operated at a tempera-
ture in the range from 50 to 150 °C, particularly at a temperature in the range from 80 to 120 °C,
and the second reactor into which the crude reaction product is transferred, preferably is oper-
ated at a temperature in the range from 100 to 150 °C, particularly at a temperature in the range
from 130 to 150 °C.

The residence time in each reactor can be in the range from 10 minutes to 10 hours, preferably
between 1 and 3 hours.

If the reaction is carried out in two reactors, usually, the dialkyl disulfide is largely oxidized in the
first reactor, forming a first crude reaction product, which contains essentially the corresponding
alkyl sulfonic acid and, in a small amount, incomplete oxidation products as well as excess nitric
acid and small amounts of sulfuric acid. The yield of alkyl sulfonic acid in the first crude reaction
product obtained in the first reactor is usually already greater than 60 %, preferably greater than
80 % or even greater than 90 %, based on the amount of dialkyl disulfide used. In the second
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reactor completion of the oxidation reaction takes place, as a result of which the yield of al-
kanesulfonic acid is usually increased to more than 90 %, preferably more than 93 % or even
more preferred more than 95 %.

To obtain pure alkyl sulfonic acid, the crude reaction product which is obtained in the reactor or,
if the reaction is completed in a battery of at least two reactors, particularly in two reactors, in
the last reactor of the battery is worked-up. By working-up the crude reaction product, impurities
like by-products or reactants which did not react, are removed. Working-up the crude reaction
product preferably comprises at least one distillation step.

In the distillation step, high boilers and low boilers can be removed from the crude reaction
product. In this context, “high boilers” mean components having a boiling temperature above the
boiling temperature of the alkyl sulfonic acid and “low boilers” mean components having a boil-
ing temperature below the boiling temperature of the alkyl sulfonic acid.

The main by-product which must be removed from the alkyl sulfonic acid is sulfuric acid and is
concentrated in the distillation process. Besides the sulfuric acid, the concentrated sulfuric acid
usually also contains alkyl sulfonic acid. To achieve a stationary process in which the sulfuric
acid does not accumulate, it is necessary to remove a purge stream from that distillation column
in which the sulfuric acid concentrates.

If the alkyl sulfonic acid is methane sulfonic acid or ethyl sulfonic acid, the sulfuric acid is a high
boiler and, thus, concentrates in the bottom of the distillation. If, in this case, two distillation col-
umns are used and in the first distillation column the low boilers are removed and in the second
column the high boilers, the purge stream is withdrawn from the bottom of the second distillation
column. If, on the other hand, the high boilers are removed in the first distillation column and a
side stream or top stream from the first distillation column is transferred into the second distilla-
tion column in which particularly the low boilers are removed, the purge stream is withdrawn
from the first distillation column. If only one distillation column is used, the pure methane sul-
fonic acid or ethane sulfonic acid usually is withdrawn as a side stream, the low boilers are with-
drawn from the top of the distillation column and the high boilers including the sulfuric acid from
the bottom. However, particularly preferably, if the alkyl sulfonic acid is methane sulfonic acid or
ethyl sulfonic acid, working-up the alkyl sulfonic acid is carried out in two distillation columns by
vacuum distillation as described in US-B 6,531,629, where in the first distillation column low
boilers are removed and the bottom stream of the first distillation column is transferred into the
second distillation column in which the pure alkyl sulfonic acid is obtained as a side stream, the
top stream withdrawn from the second distillation column contains water, alkyl sulfonic acid, al-
kyl sulfonic alkyl ester and other low boilers and the bottom stream contains sulfuric acid, alkyl
sulfonic acid and other high boilers.

Independently of the number of distillation columns used for working-up the crude alkyl sulfonic
acid, the stream which comprises the sulfuric acid, also contains alkyl sulfonic acid. The amount
of sulfuric acid in the crude product needs to be as low as possible, because the lower the
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amount of sulfuric acid, the smaller the purge stream can be at the same outlet concentration of
sulfuric acid and, thus, the smaller is the amount of alkyl sulfonic acid withdrawn from the pro-
cess in the purge stream. This reduction in the purge stream results in an increase in product
yield. By the inventive process with the specific addition of the dialkyl disulfide, the amount of
sulfuric acid in the process can be minimized and, thus, the amount of alkyl sulfonic acid with-
drawn with the purge stream from the distillation also is minimized.

lllustrative embodiments of the invention are shown in the figures and explained in more detail
in the following description.

In the figures:

Figure 1  shows a schematic flow chart of a process for producing alkyl sulfonic acid;
Figure 2  shows a tank reactor with orifices at the bottom and the walls of the reactor;
Figure 3  shows a tank reactor with a distribution ring for feeding the dialkyl disulfide;

Figure 4  shows a reactor with an external fluid circulation with supply for dialkyl disulfide in
the reactor;

Figure 5 shows a reactor with an external fluid circulation with supply for dialkyl disulfide in
the external fluid circulation;

Figure 6 shows a schematic flow chart of the experimental set-up

Figure 1 shows a schematic flow chart of a process for producing alkyl sulfonic acid.

For producing alkyl sulfonic acid, particularly methanesulfonic acid, nitric acid is fed into a reac-
tion apparatus 41 via a first feed line 2 and dialkyl disulfide is fed into the reaction apparatus 41
via a second feed line 3.

The reaction apparatus 41 may comprise only one reactor or more than one reactor, for exam-
ple two reactors.

The nitric acid fed into the reaction apparatus 41 preferably has a concentration from 20 to

100 % by weight, more preferred from 40 to 70 % by weight and particularly from 50 to 70 % by
weight, and the dialkyl disulfide preferably is pure dialkyl disulfide having a purity of greater than
98 %. The molar ratio of dialkyl disulfide : nitric acid preferably is in a range from 1: 2 to 1 : 20,
more preferred in a range from 1 : 3to 1 : 10 and particularly in arange from1:3to 1: 6.
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The reaction usually is carried out at a temperature in the range between 50 °C to 150 °C, pref-
erably at a temperature in the range from 80 °C to 140 °C and at an operating pressure in the
range from 500 mbar to 8 bar, preferably at atmospheric pressure. Gaseous components ob-
tained in the reaction, which comprise nitrogen oxides like nitrogen monoxide and nitrogen diox-
ide, are transferred to a nitric acid regeneration system 39 via a gas line 7.

The liquid crude reaction product obtained in the reaction apparatus 41 is fed into a distillation
40 via a transfer line 8. In the distillation 40, the liquid crude reaction product is separated into a
light fraction 25, a mid-boiler fraction 23, comprising the pure methanesulfonic acid and a bot-
tom stream 22, which comprises high boilers.

The low boilers, which are obtained in the distillation 40 usually are condensed and the part
which does not condense is withdrawn from the distillation 40 as light fraction 25. The con-
densed low boilers, which contain nitric acid, are partly transferred back into the distillation 40.
That part of the condensed low boilers which is not transferred back into the distillation 40 is
transferred to the nitric acid regeneration system 39.

The distillation 40 may comprise only one distillation column or, preferably, at least two distilla-
tion columns. If the distillation 40 comprises one distillation column, the light fraction 25 is with-
drawn from the top of the column, the mid-boiler fraction 23 by a side take-off and the high boil-
ers at the bottom of the column. If two distillation columns are used, in the first distillation col-
umn the high boilers and mid-boilers are separated and withdrawn at the bottom of the first dis-
tillation column and low boilers are withdrawn at the top of the first distillation column and trans-
ferred into the nitric acid regeneration system 39. The mid-boilers and the high boilers with-
drawn at the bottom of the first distillation column are transferred into a second distillation col-
umn in which the high boilers are withdrawn at the bottom of the column as bottom stream 22,
the mid-boiler fraction 23 comprising the pure alkane sulfonic acid is withdrawn as a side stream
from the second distillation column and the light fraction 25 comprising remaining low-boilers is
withdrawn at the top of the second distillation column.

For regenerating the nitric acid, besides the gaseous phase obtained in the reaction apparatus
41 and the condensed part of the low boilers of the distillation 40, air 43 and water 44 are fed
into the nitric acid regeneration system 39. In the nitric acid regeneration system 39, the nitric
acid transferred from the distillation 40 is concentrated and the nitrogen oxides, which are ob-
tained in the reaction react with the water, thereby forming nitric acid. To compensate losses of
nitric acid, fresh nitric acid can be added to the system via line 45.

Different embodiments of reactor configurations carrying out the inventive process are shown in
figures 2 to 5. If the reaction apparatus 41 comprises a series of reactors for carrying out the
inventive process, all the reactors may have a similar construction, but it is also possible to use
different reactor designs for a series of reactors. For example in a series of two reactors, the
first reactor may be a stirred tank reactor and the second reactor may be a tank reactor with an
external fluid circulation line.
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Figure 2 shows a tank reactor with orifices at the bottom and the walls of the reactor.

In the embodiment shown in figure 2, the reactor 1 is a tank reactor to which the first feed line 2
for feeding nitric acid is connected. For withdrawing the crude reaction product, the tank reactor
comprises transfer line 8, and for removing evaporated low boilers and gaseous components,
the gas line 4 is connected to the top of the tank reactor.

For feeding the dialkyl disulfide, the second feed line 3 is connected to orifices 28 at the bottom
of the tank reactor and to orifices 29 at the walls of the tank reactor. The orifices 29 at the walls
of the tank reactor are at such positions at the walls, that all orifices 29 at the walls of the tank
reactor are placed below the liquid/gas phase boundary in the liquid phase. The orifices 28 at
the bottom and orifices 29 at the walls of the reactor have a hydraulic diameter of less than 5
mm. Additionally, the amount of orifices 28 at the bottom and of orifices 29 at the wallls is such
that the number of orifices is larger than 1.0 orifices per cubic meter reaction volume.

The tank reactor may be an unstirred tank reactor or a stirred tank reactor. If the tank reactor is
a stirred tank reactor, the tank reactor comprises a mixing device 30. As the mixing device 30
only is optional, it is shown in figure 2 with a dashed line. The mixing device 30 may be any type
of stirrer known to the skilled person and as described above.

The crude reaction product is withdrawn from the reactor 1 via the transfer line 8 and gaseous
components via a gas line 4.

Figure 3 shows a tank reactor with a distribution ring for feeding the dialkyl disulfide.

The tank reactor, which is shown in figure 3, differs from the tank reactor shown in figure 2 in
the feeding device for the dialkyl disulfide.

In contrast to the tank reactor shown in figure 2, the second feeding line 3 of the tank reactor of
figure 3 is a dip tube 31 which is connected to a distributor 32. In the distributor 32, orifices 33
are formed for feeding the dialkyl disulfide. As the orifices 28, 29 in the bottom and wall of the
tank reactor shown in figure 2, each orifice 33 has a hydraulic diameter of less than 5 mm and
the number of orifices 33 in the distributor 32 is larger than 1.0 orifices per cubic meter reaction
volume.

A further alternative for the reactor construction is shown in figure 4.

According to the embodiment shown in figure 4, the reactor 1 is a tank reactor with an external
fluid circulation 34. In the reactor shown here, the first feed line 2 for feeding the nitric acid
opens into the external fluid circulation 34. For circulating the liquid phase, a pump 35 is ar-
ranged in the external fluid circulation 34. The pump 35 may be any suitable pump for circula-
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tion of the liquid or gas liquid mixture, for example a centrifugal pump. The external fluid circula-
tion 34 ends in an ejector nozzle 36 through which the liquid is injected into the tank reactor.
The second feed line 3 for feeding the dialkyl disulfide ends in the ejector nozzle 36 and the di-
alkyl disulfide is sucked through the ejector nozzle into the liquid jet which leaves the nozzle.
According to the invention, the liquid dialkyl disulfide is fed into the nozzle with an inlet velocity
of at least 0.6 m/s. The mixture exiting the nozzle preferably is introduced into the tank contents
below the liquid surface to prevent the formation of an explosive gas mixture. To generate a
loop flow in the tank reactor, at least the nozzle outlet is surrounded by an inner tube 46. By in-
jecting the liquid into the tank reactor via the ejector nozzle 36 the liquid flows through the inner
tube 46 to a first end 47, surrounds the first end 47 of the inner tube 46 and flows outside of the
inner tube 46 in the opposite direction to a second end 48 of the inner tube 46 and then into the
inner tube 46 again. By this, the loop flow is generated in the reactor by which the components
are mixed.

A reactor with an external fluid circulation with supply for dialkyl disulfide in the external fluid cir-
culation is shown in figure 5.

As in the reactors shown in figures 2 and 3, the nitric acid is fed directly into the reactor via the
first feed line 2.

In contrast to the reactor shown in figure 4, the second feed line 3 for feeding the dialkyl disul-
fide is connected to a nozzle 37 which is placed in the external fluid circulation 34. By using the
nozzle 37, the dialkyl disulfide is fed into the external fluid circulation 34 such that the inlet ve-
locity of the liquid jet leaving the nozzle 37 and, thus, also the inlet velocity of the dialkyl disul-
fide is at least 0.6 m/s.

To further mix the liquid in the external fluid circulation 34 and the dialkyl disulfide, it is preferred
to provide a static mixer 38 in the external fluid circulation 34 downstream the nozzle 37.

Examples

A setup according to figure 6 and to the following description was used for all examples given
below. The inventive process was performed in the set up as follows, in which the reaction ap-
paratus 41 comprises a first reactor 1.1 and a second reactor 1.2:

For producing alkyl sulfonic acid, particularly methanesulfonic acid, nitric acid is fed into a first
reactor 1.1 via the first feed line 2 and dialkyl disulfide is fed into the first reactor 1.1 via the sec-
ond feed line 3.

Due to the reaction conditions in the first reactor 1.1, at least some of the low boilers contained
in the first reactor 1.1, for example nitric acid and water, evaporate and are withdrawn together
with gaseous by-products from the first reactor 1.1 via a gas line 4 and fed into a first condenser
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5. In the first condenser 5, condensable components condense and are fed back into the first
reactor 1.1 via a recycle line 6. The non-condensed components, which comprise nitrogen ox-
ides like nitrogen monoxide and nitrogen dioxide, are transferred to the nitric acid regeneration
system 39 via a gas line 7. Preferably, the nitric acid obtained in the nitric acid regeneration sys-
tem 39 is recycled into the process and fed into the first reactor 1.1 via the first feed line 2.
Fresh nitric acid can be added via line 45 to compensate nitric acid losses.

From the first reactor 1.1 a stream is withdrawn via a transfer line 8 and fed into a second reac-
tor 1.2.

As in the first reactor 1.1, gaseous by-products are formed and low boilers partially evaporate in
the second reactor 1.2. The evaporated low boilers and gaseous by-products, like nitrogen ox-
ides, are withdrawn via a gas line 10 and fed into the second condenser 11. In the second con-
denser 11 the condensable low boilers condense. The condensed low boilers, which contain ni-
tric acid, are transferred to the regeneration for nitric acid via a feed line 12 and the non-con-
densed components comprising nitrogen oxides are transferred to the regeneration for nitric
acid via a gas line 13.

The liquid crude reaction product obtained in the second reactor 1.2 is fed into a first distillation
column 15 via a transfer line 14. In this first distillation column 15 light boilers are evaporated
and condensed in a third condenser 16. The reflux 17 from the third condenser 16 is divided
and transferred back to the head of column 15 or transferred to the nitric acid regeneration sys-
tem 39. The concentrated bottom stream is heated in a first reboiler 19 and part of the bottom
stream is transferred via a line 18 to a second distillation column 20. In the second distillation
column 20, the stream from the line 18 is split into a top stream 21, a mid-boiler fraction 23,
comprising the pure methanesulfonic acid and a bottom stream 22. The top stream 21 of the
distillation column 20 is condensed in a fourth condenser 24 and part of the stream is withdrawn
as the light fraction 25, whereas the rest of the condensed stream 21 is recirculated to the head
section of the second distillation column 20. From the bottom stream 22 a purge stream 27 is
branched off, before the stream is heated in a second reboiler 26 and recirculated to the bottom
of the second distillation column 20.

Example1:

The first reactor 1.1 was charged continuously, while continuously agitated, via the second feed
line 3 with pure dimethyl disulfide (>98%) and with 55-65% strength nitric acid via feed line 2 in
the DMDS (dimethyl disulfide): HNO3 molar ratio of 1 : 5,3.

Dimethyl disulfide is introduced submerged into the reaction mixture in the first reactor 1.1 via a
distribution ring.



10

15

20

25

30

35

40

WO 2023/156430 PCT/EP2023/053713
13

The distribution ring has 1.7 orifices per cubic meter of reaction volume in the first reactor 1.1.
An agitator is mounted below the distributor ring. The orifices are spread evenly around the dis-
tributor ring. The exit velocity of DMDS through the orifices is 0.63 m/s and the diameter of the
orifices is 5 mm.

The temperature in the first reactor 1.1 is about 100 °C. The residence time in the first reactor
1.1, calculated as a quotient of the liquid volume in the first reactor 1.1, divided by the liquid
stream which is continuously leaving the first reactor 1.1 through transfer line 8, is about 3.2 h.

The NOx-containing offgas stream formed in the first reactor 1.1 and freed from condensable
components in the first condenser 5 comprises NO and NO; and is passed to the nitric acid re-
generation system 39.

The liquid stream which is continuously leaving the first reactor 1.1 is fed to the second reactor
1.2 via the transfer line 8. The temperature in the second reactor 1.2 is about 130° C. The resi-
dence time in the second reactor 1.2, calculated as a quotient of the liquid volume in the second
reactor 1.2, divided by the liquid stream which is continuously leaving the second reactor 1.2
through transfer line 14, is about 3.5 h.

The NOx- containing offgas stream formed in the second reactor 1.2 is freed from condensable
components in the second condenser 11. The offgas stream leaving the second condenser 11
comprises NO and NO, and the condensate leaving the second condenser 11 comprises nitric
acid. Both streams are passed to the nitric acid regeneration system 39.

The liquid stream which is continuously leaving the second reactor 1.2 is passed to the first dis-
tillation column 15 via transfer line 14. The first distillation column 15 is operated at a head pres-
sure of from 85 to 100 mbar(abs) and a bottom temperature of 170 to 180° C.

The bottom product of the first distillation column 15, which comprises alkyl sulfonic acid as
main component and high boilers like sulfuric acid is withdrawn from the first distillation column
15 as a bottom stream 18 and, after a part of the bottom stream 18 is branched off, fed into a
second distillation column 20.

The part of the bottom stream 18 which is branched off, is heated in a heat exchanger 19 and
recycled into the bottom part of the first distillation column 15.

The condensate obtained in the condenser 16 with reflux divider contains nitric acid and is fed
to the nitric acid regeneration system 39.

In the second distillation column 20, which is operated with a head pressure in the range from 5
to 10 mbar(abs) and a bottom temperature in the range from 180 to 190 °C, the bottom stream
of the first distillation column 15 is separated into the top stream 21 comprising low boilers,
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which is withdrawn at the head of the second distillation column, a bottom stream 22 comprising
high boilers, and the mid-boiling fraction 23 comprising pure alkyl sulfonic acid as product
stream. The mid-boiling fraction 23 is withdrawn from the second distillation column 20 as a side
stream.

The mid-boiling fraction 23 leaving the second distillation column 20 consists of >99,5%
strength methanesulfonic acid having a sulfuric acid content of <50 ppm.

The top stream 21 is fed into a condenser 24 with reflux divider, in which the top stream is con-
densed, and a part of the top stream is recycled into the head section of the second distillation
column 20 and the rest of the condensed top stream is withdrawn from the process as light frac-
tion 25. The light fraction 25 leaving the second distillation column 20 consists of water, me-
thanesulfonic acid, methyl methanesulfonate and other low-boiling components.

The bottom stream is divided into a first partial stream which is fed into a heat exchanger 26, in
which the first partial stream is heated, and a second partial stream, which is withdrawn from
the process as purge stream 27. After heating, the first partial stream is recycled into the sec-
ond distillation column 20.

The purge stream 27 leaving the second distillation column 20 contains sulfuric acid, me-
thanesulfonic acid and other high-boiling components.

The bottom product leaving the first distillation column 15 contains:

methanesulfonic acid: 97.7 wt%
water: 1.6 wt%
sulfuric acid: 0.3 wt%
Example 2:

The reaction was performed in the same set-up as described as in example 1. The process pa-
rameters were as described as in example 1, but in this case DMDS was distributed with an exit
velocity of DMDS through the nozzles of 1.76 m/s and the nozzle diameter is 3 mm.

The bottom product leaving the first distillation column 15 contains:

methanesulfonic acid: 97.9 wt%
water: 1.6 wt%
sulfuric acid: 0.2 wt%

A comparison of examples 1 and 2 shows that by reducing the diameter of the nozzles and in-
creasing the exit velocity, the amount of sulfuric acid can be reduced by one third.
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Example 3:
The reaction was performed in experimental set-up 2 which is also according to Fig. 6.

The first reactor 1.1 was charged continuously, while continuously agitated, via the second feed
line 3 with pure dimethyl disulfide (>98%) and with 55-65% strength nitric acid in the DMDS (di-
methyl disulfide): HNO3 molar ratio of 1 : 5.1.

Dimethyl disulfide is introduced submerged into the liquid phase in the first reactor 1.1 via a dis-
tribution ring.

The distribution ring has 1.2 orifices per cubic meter of reaction volume in the first reactor 1.1.
An agitator is mounted below the distributor ring. The orifices are spread evenly around the dis-
tributor ring. The exit velocity of DMDS through the orifices is 2.51 m/s and the diameter of the
orifices is 3 mm.

The temperature in the first reactor 1.1 is about 100 °C. The residence time in the first reactor
1.1, calculated as a quotient of the liquid volume in the first reactor 1.1, divided by the liquid
stream which is continuously leaving the first reactor 1.1 through transfer line 8, is about 2.7 h.

The NOx-containing offgas stream formed in the first reactor 1.1 and freed from condensable
components in the first condenser 11 comprises NO and NO; and is passed to the nitric acid re-
generation system 39.

The liquid stream which is continuously leaving the first reactor 1.1 is fed to the second reactor
1.2 via the transfer line 8. The temperature in the second reactor 1.2 is about 130 °C. The resi-
dence time in the second reactor 1.2, calculated as a quotient of the liquid volume in the second
reactor 1.2, divided by the liquid stream which is continuously leaving the second reactor 1.2
through transfer line 14, is about 3.2 h.

The NOx- containing offgas stream formed in the second reactor 1.2 is freed from condensable
components in the second condenser 11. The offgas stream leaving the second condenser 11
comprises NO and NO, and the condensate leaving the second condenser 11 comprises nitric
acid. Both streams are passed to the nitric acid regeneration system 39.

The liquid stream which is continuously leaving the second reactor 1.2 is passed to the first dis-
tillation column 15. The first distillation column 15 is operated at a head pressure of from 85 to
100 mbar(abs) and a bottom temperature of 170 to 180 °C. The bottom product leaving the first
distillation column 15 is transferred to the second distillation column 20.

The condensate obtained in the third condenser 16 with reflux divider contains nitric acid and is
fed to the nitric acid regeneration system 39.
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The mid-boiling fraction 23 leaving the second distillation column 20 as side stream consists of
>99,5% strength methanesulfonic acid having a sulfuric acid content of <50 ppm. The light frac-
tion 25 leaving the second distillation column 20 consists of water, methanesulfonic acid, methyl
methanesulfonate and other low-boiling components.

The purge stream 27 leaving the second distillation column 20 consists of sulfuric acid, me-
thanesulfonic acid and other high-boiling components.

The bottom product leaving the first distillation column 15 contains:

methanesulfonic acid: 97.0 wt%
water: 2.0 wt%
sulfuric acid: 0.3 wt%
Example 4:

The reaction was performed in the same set-up as described as in example 3. The process pa-
rameters were as described as in example 3, but in this case DMDS was distributed with a dis-
tributor ring with 1.7 nozzles per cubic meter of reaction volume and an exit velocity of DMDS
through the nozzles of 7.45 m/s and the diameter of the orifices is 1.5 mm.

The bottom product leaving the first distillation column 15 contains:

methanesulfonic acid: 97.2 wt%
water: 2.0 wt%
sulfuric acid: 0.2 wt%

By the comparison of the composition of the bottom product leaving the first distillation column
15 of examples 3 and 4, it can be seen that by reducing the diameter of the orifices and increas-
ing the exit velocity of the DMDS, as well as increasing the amount of orifices per reaction vol-
ume, the amount of sulfuric acid can be reduced further.

Example 5:

The reaction was performed in the same set-up as described in example 3. However, in this
case the exit velocity of DMDS through the nozzles is 1.27 m/s. The residence time in the first
reactor 1.1 was increased from 2.7 h to 5.2 h and in the second reactor 1.2 from 3.2 h to 6.3 h.
All other process parameters were as described in example 3.

The bottom product leaving the first distillation column 15 contains:
methanesulfonic acid: 97.1 wt%
water: 2.0 wt%
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sulfuric acid: 0.3 wt%

The comparison with the results from example 3 shows that a reduced exit velocity of DMDS of
1,27 m/s and a longer residence time in the first reactor 1.1 and the second reactor 1.2 has no
effect on formation of sulfuric acid.

Comparative Example:

The reaction was performed in the same set-up as described in example 1. The process param-
eters were as described as in example 1, but in this case DMDS was distributed with an exit ve-
locity of DMDS through the nozzles of 0.41 m/s and the nozzle diameter is 5 mm.

The residence time in the first reactor 1.1 was increased from about 3.2 h to about 4.5 h and in
the second reactor 1.2 from about 3.5 h to about 5.4 h. All other process parameters were as
described in example 1.

The bottom product leaving the first distillation column 15 contains:

methanesulfonic acid: 97.7 wt%
water: 1.7 wt%
sulfuric acid: 0.4 wt%

A comparison of example 1 and the comparative example shows that by reducing the exit veloc-
ity through the orifices below 0,63 m/s the amount of sulfuric acid that is produced increases
significantly.
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List of reference numbers

1 reactor

1.1 first reactor
1.2 second reactor
2 first feed line
3 second feed line

4 gas line

5 first condenser

6 recycle line

7 gas line

8 transfer line

10 gasline

11 second condenser

12 feedline

13 gasline

14  transfer line

15 first distillation column
16  third condenser

17 reflux

18 line

19 first reboiler

20  second distillation column
21  top stream

22  bottom stream

23  mid-boiler fraction
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forth condenser

light fraction

second reboiler

purge stream

orifices at the bottom of the reactor
orifices at the wall of the reactor
mixing device

dip tube

distributor

orifice

external fluid circulation
pump

ejector nozzle

nozzle

static mixer

regeneration for nitric acid
distillation

reaction apparatus

air

water

nitric acid

inner tube

first end

second end
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Claims

A process for producing alkyl sulfonic acid in a reaction apparatus (41) which contains a

liquid phase comprising aqueous nitric acid, wherein dialkyl disulfide is fed submerged

into the liquid phase in the reaction apparatus (41) and a crude reaction product is formed

in the reaction apparatus (41) by chemical reaction of the dialkyl disulfide with the nitric

acid, wherein feeding the dialkyl disulfide comprises at least one of:

- the liquid dialkyl disulfide is fed into the reaction apparatus (41) through an orifice (28,
29; 33) having a hydraulic diameter of less than 5 mm;

- the liquid dialkyl disulfide is fed into the reaction apparatus (41) with an inlet velocity of
at least 0.6 m/s.

The process according to claim 1, wherein the reaction apparatus comprises a first reactor
(1.1) into which the liquid dialkyl disulfide and the nitric acid are fed and in which a first
crude reaction product is formed, and a second reactor (1.2) into which the first crude re-
action product is fed and in which the reaction for forming the alkyl sulfonic acid is com-
pleted, thereby forming the crude reaction product.

The process according to claim 1 or 2, wherein the crude reaction product is worked-up to
obtain a pure alkyl sulfonic acid.

The process according to claim 3, wherein working-up the crude reaction product com-
prises at least one distillation step.

The process according to any of claims 1 to 4, wherein the reaction apparatus comprises
a reactor (1; 1.1, 1.2) with an external fluid circulation (34).

The process according to claim 5, wherein the dialkyl disulfide is fed into the external fluid
circulation (34).

The process according to any of claims 1 to 4, wherein the reaction apparatus (41) com-
prises a jet loop reactor.

The process according to any of claims 1 to 6, wherein the reaction apparatus (41) com-
prises a tank reactor.

The process according to claim 8, wherein the dialkyl disulfide is fed into the tank reactor
through a plurality of orifices (28, 29) at the bottom and/or the walls of the tank reactor,
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through a dip tube having at least one opening, or through a distributor (32) having a plu-
rality of orifices (33).

10. The process according to any of claims 1 to 9, wherein the liquid dialkyl disulfide is fed
5 into the reactor through a plurality of orifices (28,29; 33), wherein the number of orifices is
larger than 1.0 orifices per cubic meter reaction volume.

11. The process according to any of claims 1 to 10, wherein the reactor (1) comprises an ad-
ditional mixing device (30).
10
12. The process according to any of claims 1 to 11, wherein the dialkyl disulfide is dimethyl

disulfide or diethyl disulfide and the alkyl sulfonic acid is methyl sulfonic acid or ethyl sul-
fonic acid.



