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Method for handling aqueous methanesulfonic acid solutions

The present invention relates to a method for handling aqueous solutions of methanesulfonic
acid in apparatuses comprising austenitic steels having a chromium content of from 15 fo
22% by weight and a nickel content of from 9 to 15% by weight.

Methanesulfonic acid (H:CSO3H, MSA) is a strong organic acid which is used for a
muitiplicity of different processes, for exampie for electroplating processes, in chemical
synthesis, in cleaning agents or for tertiary mineral oil production.

MSA can be prepared by various processes, for example by oxidation of methanethiol by
means of Cly, followed by hydrolysis, as disclosed, for example, in US 3,626,004.
Alternatively, it is also possible to oxidize dimethyl disulfide with Cl.. The processes lead to
MSA which, in spite of purification, still comprises significant amounts of chlorine
compounds, for example chloride.

WO 00/31027 discloses a process for oxidizing dimethyl disulfide with nitric acid to MSA, the
oxides of nitrogen which are formed being reacted with O: to give nitric acid again and this
being recycled to the process. CN 1 810 780 A discloses a process in which ammonium
sulfite and/or ammonium hydrogen sulfite is reacted with dimethyl sulfate to give ammonium
methanesuifonate and ammonium sulfate. The ammonium sulfate can be precipitated with
Ca?* as CaSQ4. MSA can be liberated from the remaining Ca(CHsSOs3) with sulfuric acid and
can be worked up, once again CaSO4 being precipitated. EP 306 904 A2 discloses a process
in which sodium sulfite is reacted with dimethyl sulfate. MSA can be liberated from the
resulting mixture after acidification with concentrated sulfuric acid. The three last mentioned
processes have the advantage that the MSA obtained is virtually free of chlorine compounds.

As an acid, MSA can of course attack metails. Low-alloy steels are usually not stable to MSA.
WO 2006/092433 A1 investigates the corrosion behavior of low-alloy steel for pressure
containers (material number 1.0425, about 0.3% of Cr, about 0.3% of Ni, from 0.8 to 1.4% of
Mn) in 70% strength MSA. The steel is attacked by MSA to a substantially lesser extent than
by hydrochloric acid but the addition of corrosion inhibitors is necessary in order to reduce
the removal of metal to an acceptable level.

In relevant brochures, polyethylene, polypropylene, polyester, polystyrene, glass enamel,
ceramics, tantalum or zirconium are proposed as materials for handling methanesulfonic
acid. Furthermore, the use of steel having a material number 1.4539 and 1.4591 was aiso
proposed (Lutropur® MSA brochure, "Die "griine" Sdure fiir Reinjger’, 10/2005 edition, BASF
SE, Ludwigshafen). Such steels are high-alloy chromium nickel steel (1.4539 about 20% of
Cr, about 25% of Ni; 1.4591 about 33% of Cr, about 31% of Ni).

As a material for apparatuses for handling MSA, for example for storage and/or transport, the
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use of steel having sufficient resistance to MSA is highly desirable because only in this way
is it possible to aveid providing containers, apparatuses and pipelines with internal linings
comprising corrosion-resistant materials. The abovementioned steels are very expensive
special steels which are difficult to procure. Workpieces comprising these steels are
accordingly expensive and the use of such steels for relatively large components, such as,
for example, tanks, is therefore uneconomical.

It was therefore an object of the invention to provide cheaper, lower-alloy steels for the
production of such components, which steels nevertheless have good corrosion resistance to
aqueous MSA solutions.

Accordingly, a method for handling aqueous solutions of methanesulfonic acid (MSA) having
a concentration of from 50 to 99% by weight of MSA and a total chlorine content of less than
50 mg/kg in apparatuses in which the aqueous MSA solution is in contact with steel surfaces
was found, the steel comprising austenitic steels having a chromium content of from 15 to
22% by weight and a nickel cantent of from 9 to 15% by weight.

Regarding the invention, the following may be stated specifically:

The method according to the invention relates to the handiing of aqueous solutions of
methanesulfonic acid (H:CSOsH, MSA) in apparatuses in which the aqueous MSA solution is
in contact with steel surfaces.

Here, the aqueous MSA solutions have a concentration of from 50 to 99% by weight of MSA,
based on the sum of all constituents of the aqueous solution. Preferably, the concentration is
from 55 to 90% by weight, particularly preferably from 60 to 80% by weight and very
particularly preferably about 70% by weight.

The aqueous MSA solutions can moreover also comprise customary secondary constituents
and/or impurities in addition to water and MSA.

According to the invention, the total chlorine content in the aqueous MSA solution is less
than 50 mg/kg, preferably less than 25 mg/kg and very particularly preferably less than

10 mg/kg. The chiorine may be, for example, chiorine in the form of chloride ions or chlorine
bound in organic compounds.

MSA solutions having such a low total chlorine content can be prepared by processes known
to the person skilled in the art, for example by oxidation of dimethyl disulfide by means of
nitric acid by means of the process disclosed in WO 00/31027 or from ammonium sulfite
and/or ammonium hydrogen sulfite by reaction with dimethyl sulfate,
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The aqueous MSA solution can moreover comprise sulfate ions as an impurity. However, the
amount of sulfate ions should as a rule be less than 300 mg/kg, preferably less than
200 mg/kg, particularly preferably less than 100 mg/kg and particularly less than 30 mg/kg.

The term "handiing” is intended to comprise ali methods of handling aqueous MSA solutions
in apparatuses, in particular during the entire product flow from production to use. It may
comprise in particular the storage, the transport or the use of MSA solutions. Preferably, it
comprises the storage and/or the fransport of aqueous MSA solutions. :

The apparatuses may be all types of apparatuses which are used in the course of handling
aqueous MSA solutions, provided that they have steel surfaces with which the aqueous MSA
solutions can come into contact. The apparatuses may consist here in their entirety of such
steels but they can of course also comprise other materials. For example, the apparatuses
may be those comprising another material or another steel which are lined with the steel
according to the invention.

The apparafuses may be closed or open apparatuses, for example apparatuses selected
from the group consisting of tanks, storage containers, tanks of railway tank cars, tanks of
tanker trucks, fank containers, reaction tanks, metering apparatuses, pipelines, flanges,
pumps or instrumentation components, troughs, drums, apparatuses for electroplating,
internals of tanks, such as baffles, stirrers or metering pipes.

According to the invention, the steel surfaces which are in contact with the aqueous MSA
solution are surfaces of austenitic steels having a chromium content of from 15 10 22% by
weight and a nickel content of from 9 to 15% by weight.

The term "austenitic steel" is known to the person skilled in the art, for example from “Rémpp
Online, Version 3.5, Georg Thieme Verlag 2009°

. The preferred chromium content is from 16 to 20% by weight and the preferred Ni contentis

from 10 to 14% by weight.

As a rule, the steel moreover comprises manganese, in particular in an amount of from 1 to
3% by weight.

In addition, the steels used according to the invention may comprise from 1 to 5% by weight
of molybdenum, preferably from 1.5 to 4, particularly preferably from 2 10 3, % by weight.

Furthermore, the steels may comprise from 0.1 to 2% by weight of titanium, preferably from
0.5 to 1% by weight.
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In particular, there méy be steels which comprise the elements stated below (data in each
case in % by weight):

Mn Cr Ni Mo Ti

steel 1 about 2 18-20 ca. 10.5 - -

Preferred steel 2 about 2 16-18 10.0-14.0 2-3 -
Particularly preferred steel 3 s2 16.5-18.5 { 10.5-135 | 20-25| <0.70

The temperature of the MSA which is in contact with the steel surface during handling is as a
rule less than 40°C, without it being intended to limit the invention thereby fo this
temperature. Preferably, the temperature is from 10 to 40°, preferably from 15 to 30°C and,
for example, about ambient temperature.

The present examples are intended to further illustrate the invention:

Materials used:

Solutions of in each case 70% by weight of MSA in water were used for the following
experiments. The preparation processes for the MSA used in each case are listed in table 1
and the analytical data are listed in table 2.

Preparation process

MSA 1 Oxidation of dimethyl disulfide according to WO 00/31027

MSA 2 Reaction of (NH4)2802/NHsHSO3 with (CH3)2SOs, precipitation of sulfate with
Ca(OH),, followed by H2SO, treatment

MSA 3 Oxidation of dimethyl disulfide with Cl;, followed by hydrolysis

MSA 4 Oxidation of dimethyl disulfide with Cly, followed by hydrolysis (different
manufacturer)

MSA S Oxidation of CH3SH with Cl;, followed by hydrolysis

Tab. 1 Preparation of the MSA used
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Comparison | Comparison | Comparison
MSA1 | MSAZ MgA 3 MgA 4 MgA 5
S04~ [mg / kg] 8 155 31 55 56
CI" [mg / kgl <5 <5 <5 7 <5
NOs™ [mg / kgl <5 8 <5 g <5
NO2™ [mg 7 kg] <5 <5 <5 <5 <5
Total metal content [mg / kg) <1 <1 4.2 <1 <1
Total content bound c¢hiorine [mg / kg] <1 7 350 170 83
Oxidizable components {mg / kg] <1 <1 <1 <1 <1

Tab. 2: Analytical data

The sieel grades stated in table 3 were used for the experiments. The steels No. 1, 2 and 3
are austenitic steeis and No. C4 is a martensitic steel (comparative experiment).

s
S ) .
= Material 1 Density | o}y 1 s | P cr Nib| N | Mo | Ti
& number [g/em?]
5]
1.4301/304 | 7.92 | 008 | 20 | 0.75 | 0.045 | 18.0-200 | 105 | 0.1 -
2 | 14401/316 | 7.98 | 008 | 20 | 075 | 0.045 | 16.0-18.0 [10.0-140] 0.1 | 23 | -
1.4571/316Ti] 7.98 |0.08| $2.0 | 1.0 |$0045 165-18.6 | 105135 - |2.02.5|%0.70
Ca| 140067420 | 77 | 015 | 1 1| 004 |120 -140] - -] -

Tab. 3 Steel grades used

Carrying out the experiments:

The tests were carried out in a 1 liter glass flask having a flat bottom with stirring in order to
simulate the flow of MSA. Test sheets of the abovementioned steel grades were used for
fixing (20 mm x 50 mm x 1 mm) and were provided with a 5 mm hole, cleaned in an
ultrasonic bath, dried by means of a nifrogen gas stream and weighed. The steel sheets
were suspended in the flask by means of a Teflon holder and the flask was closed. The MSA
in the flask was stirred by means of a magnetic stirrer at 750 rpm. After the end of the
experiments, the steel sheets were removed from the sample vessel, washed with
demineralized water, wiped carefully with an absorbent paper (for removing coarse corrosion
products), washed again with demineralized water, dried and weighed. The duration of the
experiment was 7 days in each case and the temperature was 23°C. In the case of steel

No. 4, the duration of the experiment was 1 day.

In each case the corrosion rate in mm removallyear was calculated from the mass difference
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according to the following formula:
Corrosion rate [mm/a] =87 600 * Am / A ™* p *£,

in which A, is the change in mass of the steel sheet [g], A is the area of the steel sheet
[em?], p is the density of the steel [g/cm?] and t is the duration of the experiment [h]. The
factor 87 600 serves for converting from cm/h into mm/a.

The results are listed in figures 1 and 2.

Figure 1 shows the corrosion rates (CR) in mm/year for steels No. 1 (Fig. 1a), 2 (Fig. 1b) and
3 (Fig. 1c). The experiments show that low corrosion rates are achieved in all experiments
only with the methanesulfonic acids which have a low content of total chiorine. MSA3 gives
reasonable results for steels No.1 and No. 3, but not for steel No. 2. The corrosion rate is
about 0.01 mm/a for MSA 1 and steel No. 1 ard is substantially below 0.01 mm/a with the
use of steels No, 2 and 3.

Figure 2 shows corrosion rates (CR) in mm/year for the non-inventive martensitic steel

No. C4. The comparative experiment shows that the corrosion rate in the case of ali
methanesulfonic acids is greater than 0.1 mm/a, interestingly, in the case of steel No. 4, MSA
3, MSA 4 and MSA 5 with higher chiorine content performing slightly better than the low-
chlorine MSA 1 and MSA 2. Corrosion rates of more than 0.1.



The invention claimed is:

1. A method for handling aqueous solutions of methane-
sulfonic acid (MSA) having a concentration of from 50 to
99% by weight of MSA and a total chlorine content of less
than 30 mg/kg in apparatuses in which the aqueous MSA
solution 18 in contact with steel surfaces, wherein the steel
comprises auslenitic steels having a chromium content of
from 15 to 22% by weight and a nickel content of from 9 to
15% by weight.

2. The method according to claim 1. whercin the steels
turthermore comprise from 1 to 5% by weight of molyhde-
num.

3. The method according to claim 2, wherein the steels
furthermore comprise from 0.1 to 2% by weight of titanium.

4. The methed according to claim 1, wherein the tempera-
ture of the MS A 1n the course of the handling is less than 40°
C.

5. The method according to claim 1. wherein the concen-
tration of the MSA 1n the aqueous selution is from 60 1o 80%
by weight,

6. The method according to claim 1, wherein the appara-
tuses are apparatuses selected from the group consisting of
tanks. storage containers, lanks of railway tank cars, tanks of
tanker trucks, tank containers. reaction tanks, metering appa-
-atuses, pipelines. flanges. pumps or instrumentation compo-
nents.




