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Abstract

The construction material during corrosion processes loses its properties, it causes deterioration of functions,
loses its usefulness, applicability. One of the important aggressive environments in the building as well as
agricultural, chemical and energetic industry is nitrogen, from which nitric acid may be formed. Due to high
economic and also a good resistance to mechanical characteristics, good weldability and corrosion the 1.4162
steel is commonly used in industry as chemical, pulp cellulose industry, oil and gas industry, building industry.
The aim of the research was to determine the corrosive wear of 1.4162 steel, corrosion resistance with ferritic-
austenitic microstructure using the Huey test. The tested steel contains 0.03 % C, 21.2 % Cr, 1.42 % Ni and
5.0 % Mn. The samples were weighed before start of the corrosion processes and after them. Samples were
kept in nitric acid 65 % at temperature 332 K. The holding times of the samples in nitric acid were 48, 96, 144,
192, 240, 288, 336, 384 hours. The percentage of mass losses was determined by the weight method. Each
sample was examined metallographically using an optical microscope and the surface roughness test using a
profilometer. The test results were analyzed in order to determine the corrosion rate of steel in mm/year and
g/m2 as well as percentage mass loss and determine the corrosion resistance in this environment. After
corrosion of the steel, the roughness and mass loss has increased. Then it was confirmed that as the holding
time in boiling nitric acid increases, corrosive wear increases.
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1. INTRODUCTION

The first stainless steels were developed almost hundred years ago. Mainly grades this steels are ferritic,
austenitic and martensitic microstructure. In the 1930’s from a mistake in the melt shop in adding too much
chromium to an austenitic steel were melted two-phase (ferritic-austenitic) duplex steel. High chromium and
molybdenum contents provide excellent resistance to pitting and crevice corrosion. For the most part, the
corrosion resistance of a welded joint is slightly lower than the parent material [1,10].

Duplex stainless steel are among the most popular as construction material. They are used in a wide range of
industrial applications, but their properties are continuously studied to improve the quality of properties. Low
maintenance costs and very high material circulation, good environmental reasons for using will be further
important arguments to enhance the selection of this steels. It is great importance to have duplex steels readily
available to fabricators and end users. Because of this skilled technical support, well known its properties in
different temperatures are required to widen the application areas duplex steels [2-4].

There steels are more prone than austenitic steels to precipitation of phases causing embrittlement and
reduced corrosion resistance. The formation of intermetallic phases such as sigma phase occurs in the
temperature range 600-950 °C and reformation of ferrite occurs in the range 350-525°C (530 °C
embrittlement). In normal alloying, heat-treatment or welding processes the risk of embrittlement is not to high
[5]. However a risk exist for example in the failure that can arise during its operation causing overheating,
especially if the cooling is slow. Then heat treatment processes,
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for both solution annealing and stress relieving, is advisable at certain temperatures with subsequent rapid
cooling in water [6,7]. A lot of authors report that corrosion resistance of stainless steels depends on rich
chromium precipitates in microstructure [8,9].

The aim of this work is to influence the heating at 1423 K by 30 minutes and cooling down on air on roughness
and corrosion rate in nitric acid 1.4162 lean duplex stainless steel.

2. MATERIALS AND METHODS
The experiment was performed with lean duplex stainless steel LDX 2101 (1.4162, X2CrNiN22-5-2, S32101).

The samples were held at a temperature 1423 K by 30 minutes and cooling down on air. Accordance with
standard PN-EN ISO 3651-1:2004, Determination of resistance to intergranular corrosion of stainless steels.
Part 1: Austenitic and ferritic-austenitic (duplex) stainless steels. Corrosion test in nitric acid medium by
measurement of loss in mass (Huey test), corrosive media were represented by boiling nitric acid V 65 %.

Before experiments, the specimens with an area of 10.4 cm2 (4 x 1 x 0.6 cm) were successively polished with
emery paper to roughness no more then Ra=0.35 pm of, next mechanically cleaned with 95 % alcohol.

The corrosion rare of the 1.4162 steel measured in mm/year was calculated with the use of the below formula
(1), but measured in g/m2 were calculated with the use of the below formula (2):

8760'm
Teorm = St (1)
10000'm
rcorg = St (2)
where:

t - time of treatment in a corrosive solution of boiling nitric acid [hours]
S - surface area of the sample [cm?]

m - average mass loss in boiling solution [g]

p - sample density [g/cm?]

The influence of boiling nitric acid on the 1.4162 steel corrosion resistance was investigated using weight loss.
The mass of samples were measured by Kern ALT 3104AM general laboratory precision balance with
accuracy of measurement 0.0001 g.

Profile roughness parameters were analyzed according to the PN-EN 10049:2014-03 standard (Measurement
of roughness average Ra and peak count RPc on metallic flat products) by the Diavite DH5 profilometer.

3. RESULTS

The chemical composition of the tested steel is presented in Table 1.

Table 1 Chemical composition of the tested 1.4162 steel

Mean chemical compositions [wt. %]
C Si Mn P S Cr Mo Ni N Cu
0.03 0.87 5.0 0.025 0.010 21.2 0.64 1.42 0.20 0.25

Real mechanical properties at ambient temperature of the based 1.4162 steel, according to PN-EN ISO 6892-
1:2016-09 is presented in Table 2 and after corrosion test in the nitric acid at 332 K for 240 h in Table 3.
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Table 2 Mechanical properties at ambient temperature of the based 1.4162 steel

Mechanical properties (mean from 2 tests)
ReH Rm A
MPa MPa %
476 687 38

Table 3 Mechanical properties at ambient temperature of the based 1.4162 steel after corrosion test in the
nitric acid at 332 K for 240 h for t=4.06 mm

Mechanical properties (mean from 3 tests)
Ren Rm A
MPa MPa %
428 436 7

Before experiments, the specimens with an area of 13 cm? (4 x 1 x 0.6 cm) were successively polished with
800 grades emery paper to roughness Ra=0.35 pm of, next mechanically cleaned with 95 % alcohol.

Percentage effects of corrosion time on the relative mass loss (RML) of 1.4162 steel annealed at 1423 K by
30 minutes and cooling down on air is presented in Figure 1, regression equation and correlation coefficient r
at (3).

RML = 0.1467 - t — 3.7718 and r=0.9987 (3)
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Figure 1 Percentage effects of corrosion time on the relative mass loss (RML) of 1.4162 steel annealed at
1423 K for 30 minutes and cooling down on air

Effects of corrosion time on the corrosion rate measured in mm per year of 1.4162 steel annealed at 1423 K
by 30 minutes and cooling down on air is presented in Figure 2, regression equation and correlation coefficient
r at (4).

= —0.0001 - t% + 0.0866 - t + 13.098 and r=0.9662 (4)
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Figure 2 Effects of corrosion time on the corrosion rate measured in mm per year reorm Of 1.4162 steel
annealed at 1423 K for 30 minutes and cooling down on air
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Effects of corrosion time on the corrosion rate measured in gram per m? of 1.4162 steel annealed at 1423 K
by 30 minutes and cooling down on air is presented in Figure 3, regression equation and correlation coefficient
r at (5).

Teorm = —0.0001 - £2 + 0.0777 - ¢ + 11.752 and r=0.9662 (5)
30
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Figure 3 Effects of corrosion time on the corrosion rate measured in g per m? rcorg of 1.4162 steel annealed
at 1423 K for 30 minutes and cooling down on air

Profile roughness parameters of 1.4162 steel annealed at 1423 K for 30 minutes and cooling down on air for
different time is presented in Figures 4, regression equation and correlation coefficient r (means for 5
measutements) at (6)-(9).

R, = 0.0002 - t2 — 0.0292 - t + 1.0555 and r = 0.9971 (6)
R, =0.0003 - t2 —0.0342 -t + 1.557 and r = 0.9972 (7)
R, = 0.0008-t? 4+ 0.053 -t — 5.0484 and r = 0.9966 (8)
R, =0.0005 - t? +0.0738 -t — 5.6804 and r = 0.9934 (9)
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Figure 4 Profile roughness of 1.4162 steel annealed at 1423 K for 30 min. and cooling down on air after
corrosion tests in boiling HNOj3 for different boiling time: a) Ra - arithmetic average of absolute values [um],
Rq - root mean squared [um]; b) Rp - maximum peak height [um], Rt - Maximum Height of the Profile [um]

1089



JEV. w o
ME 1AL

2019 May 22" - 24t 2019, Brno, Czech Republic, EU

4. CONCLUSION

Corrosion rate and changes in roughness 1.4162 steel as a result of exposure the 65 % nitric acid at 332 K
best reflect the second degree curves.

Up to 48 hours of soaking samples in nitric acid the corrosion rate increases slowly. In the next period up to
240 hours a linear increase in corrosion velocity was observed. After exceeding this time, the corrosion velocity
oscillated around a constant size, and in the final period even slightly decreased. The first two stages are
natural. In the first, the acid induces surface development, which in the second test period is invigorated.
Achieving a constant corrosion rate can be explained by acid eluting of equiaxed grains.

After a time of 240 hours of the test, the samples lost about 30 % of the thickness and the equalization of the
yield point with the limit of tensile strength was observed. Such properties of the material should be explained
by creating corrosive hollows along the grain boundaries, which not only reduce the cross-section of the
material, but also create microstructural notches.

It has been confirmed that for steel LDX, roughness correlates with the rate of corrosion. Therefore, it is
possible to infer about the corrosion progress based on the surface roughness.

In further investigation, the more complex methods of data analysis will be used e.g. 2D image analysis [11]
and 3D image analysis [12], materials science-oriented statistical methods [13-15], even enhanced by fuzzy
[16-19] and Monte Carlo approach [20].
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