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STRUCTURE OF 22Cr25NiWCoCu AUSTENITIC STAINLESS STEEL AFTER AGEING

The 22Cr25NiWCoCu austenitic stainless steel was developed by AB Sandvik Material Technology in Sweden. Due to its
high creep strength and good corrosion resistance, this material is well suited for use in superheaters in advanced coal-fired power
boilers as well as in other types of steam boilers using various types of fuel. The examined material was subject to long-term ageing
for the time of annealing up to 20 000 h at 700 and 750°C. Precipitation processes and microstructure stability as-received and after
ageing were investigated. Examination of the microstructure was conducted using scanning electron microscopy. The identification
of secondary phases was carried out by X-ray phase composition.

Using the results of the investigations of precipitation processes in the microstructure, both within the grains and at the grain
boundaries, their statistical analysis was carried out. To illustrate this impact, the following parameters were used: surface area and
equivalent diameter of precipitates. Based on the surface area measurements, the percentage of the phase in the reviewed photo’s

total area was calculated.
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1. Introduction

The development of power engineering in Poland may be
continued based on the national hard and brown coal resources
or more or less support from nuclear power engineering and
renewable energy engineering. The amendments to the energy
legislation confirm the concerns of entrepreneurs from the re-
newable energy sector and environmental organisations that the
development of traditional energy, including gas power stations,
is still promoted for various economic and social reasons. This
may cause Poland to fail to meet the international and EU envi-
ronmental and climate protection commitments and may also re-
sult in problems of preserving the country’s energy security [1-9].

Technologies that generate energy in a stable and predict-
able way, which exclude wind power plants, will be promoted
to a greater extent. It may turn out that renewable energy will
be produced in a significant part of coal-fired power plants by
the so-called co-firing of wood. In addition to co-firing, we can
also count on energy production from biogas and photovoltaic
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farms. In addition, the construction of a Polish offshore wind
farm is planned [10-17].

At present, the power grid in Poland is old and generally
degraded. Therefore heavy investments in energy engineering
are required with regard to the modernisation of power units and
transmission lines, which also operate at the verge of capacity.
This makes it necessary to launch large-scale research into ma-
terials intended for elevated and high-temperature applications
[18-23]. Materials used for equipment in the power industry
should have good properties under prolonged exposure to heat,
stress and corrosive environments. The 22Cr25NiWCoClu steel
is now one of the best materials that can be used in components
of superecritical boilers operating under the toughest tempera-
ture and stress conditions. Due to its high creep strength and
good corrosion resistance, this material is well suited for su-
perheaters in advanced coal-fired power boilers. The subject
of the investigations in this paper was the statistical analysis of
precipitation processes in the test steel microstructure during
long-term ageing.
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TABLE 1
Chemical composition of the 2Cr25NiWCoCu steel, wt %
Chemical composition [wt %]
C Si Mn P S Cu Cr Ni W Co Nb B
0.06 0.25 0.50 0.01 <0.01 2.9 23.0 24.1 3.2 1.4 0.4 0.005

2. Material for research

The research subjects were sections of superheater coils
with dimensions of ¢ 38 x 8.8 mm made of heat-resistant aus-
tenitic 2Cr25NiWCoClu steel. The chemical composition of the
test steel is presented in Table 1.

22Cr25NiWCoClu steel with approx. 22% chromium, 24%
nickel, 3% tungsten with the addition of copper and cobalt ca-
pable of operating within ultra-supercritical steam parameters
(up to 700°C). The examined material was subject to long-term
ageing for the time of annealing up to 20 000 h at 700 and 750°C.

3. Test results

In the as-received condition, the microstructure of the test
steel only showed the primary precipitates which were observed
within the grains (Fig. 1), but no precipitates were observed
at the grain boundaries. The ageing process of a solution-heat
treated steel results in the precipitation of secondary phases.
The secondary phase precipitates at the grain boundaries and
precipitates within the grains are present in the microstructure of
the 22Cr25NiWCoClu steel after ageing. During the initial ageing
period, there is a visible precipitation process in the test steel,
which intensifies with an increase in the ageing time. In the test
steel after 1000 h ageing at 700 and 750°C, the M,;Cq4 carbides
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Fig. 1. Microstructure of 22Cr25NiWCoClu steel in as-received condi-
tion, SEM

and fine Laves phase precipitates (Fe, W) were identified at the
grain boundaries. Longer ageing times result in the occurrence
of particles of the ¢ phase at the grain boundary (Fig. 2). The
amount and size of precipitates of this phase increase with the
extension of ageing time, which results from the high coagula-
bility of the o phase.

Using the results of the investigations of precipitation
processes in the microstructure of the 22Cr25NiWCoCu steel,
both within the grains and at the grain boundaries, their statistical
analysis was carried out. The results of mechanical tests [24-26]
indicate that these precipitates significantly impact the proper-
ties of the test material. To illustrate this impact, the following
parameters were used: surface area and equivalent diameter of
precipitates.

The quantitative analysis of precipitates was performed
using a computer-based image analysis system, based on the
microstructure images acquired with a scanning electron mi-
croscope at 2000x magnification. The image analysis system
was calibrated to the scale marker on the microstructure images.
A fixed measurement frame of 1020 x 940 pixels was used. An
example workflow used during the image analysis to extract
the analysed phase precipitates is shown in Fig. 3. Based on the
surface area measurements, the percentage of the phase in the
reviewed photo’s total area was calculated. In order to clearly
define the average size of a particle from a set of particles, the
average diameter equivalent to the area of particles in the that
set was determined.

When calculating the surface area and equivalent diameter,
the focus was placed on the M,;Cq4, Laves phase and o phase
precipitates, the calculation of which was possible using the
images of microstructure obtained from the scanning electron
microscope. The calculated statistical measures describing
the empirical distributions of the equivalent diameter of the
precipitates.

The M»;Cg carbides have relatively low thermal stability,
which results in an increase in the size of these precipitates with
the extension of ageing time (Fig. 4), whereas the percentage
of M»;Cg carbides decreases with the passage of ageing time
(Fig. 5), which is caused by their absorption due to growth of
the o phase.

With elapse of the time of ageing at both 700 and 750°C, the
percentage and average diameter of the Laves phase precipitates
increases (Figs. 6, 7). The Laves phase is a more efficient and
stable precipitate than M,3Cq carbide. The Laves phase effect
precipitated within the grains on the steel properties depends on
its size and volume fraction.

The precipitation of ¢ phase in austenitic steels is much
slower than that of M,;C¢ carbides because the preferred pre-
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Fig. 4. Results of the quantitative analysis of the equivalent diameter
of M,;C precipitates after 20 000 h of ageing
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Fig. 6. Results of the quantitative analysis of the equivalent diameter
of Laves phase after 20 000 h of ageing

cipitation processes are the formation of carbides and/or nitrides.
It is mainly due to the fact that the diffusion of chromium
in austenite takes place very slowly, the o phase precipitates
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Fig. 5. Results of the quantitative analysis of the surface area of M»;Cg
precipitates after 20 000 h of ageing
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Fig. 7. Results of the quantitative analysis of the surface area of Laves
phase after 20 000 h of ageing

in austenite are non-coherent precipitates with matrix and, in
addition, the solubility of carbon and nitrogen in austenite is low
[27]. With elapse of the time of ageing at both 700 and 750°C,
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Fig. 8. Results of the quantitative analysis of the equivalent diameter
of o phase after 20 000 h of ageing

the percentage and average diameter of the o phase precipitates
increases (Figs. 8, 9).

The histograms of the distribution of the average diameter
equivalent to the size of precipitates of the analysed phases and
the selected histograms describing the distribution of the surface
area of the analysed phases for the most characteristic states of
the material are shown in Fig. 10 for M,;C precipitates, Fig. 11
for Laves phase precipitates and Fig. 12 for o phase precipitates,
respectively, in the test steel after 20 000 h ageing at 700°C.
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Fig. 9. Results of the quantitative analysis of the surface area of ¢ phase
after 20 000 h of ageing

4. Summary

The obtained results confirm the observations of the micro-
structure that show a higher share of the ¢ phase in the materials
aged at 750°C than in those aged at 700°C and a higher level of
the o phase precipitates at 750°C.

Compared to the currently commercially available austen-
itic heat resistant steels that can be used at up to 650°C and the
nickel alloys that can be used above this temperature, which
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g. 10. Histograms of the distribution of the average diameter (a) and surface area (b) of M;Cg precipitates after 20 000 h of ageing
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g. 11. Histograms of the distribution of the average diameter (a) and surface area (b) of Laves phase after 20 000 h of ageing
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Fig. 12. Histograms of the distribution of the average diameter (a) and surface area (b) of o phase after 20 000 h of ageing

are however significantly more expensive, the test steel is an
alternative the application of which may reduce the investment
cost of the whole boiler.

The results of the described investigations are not only of
practical significance. Still, they can also be used in the diag-
nostic activities for the assessment of the critical components
of the pressure part of power boilers working above the limit
temperature, which is particularly valuable from the application
point of view in estimating the time of safe service of the test
materials. This is also of great importance with a view to the
introduction of the test steel into the Polish power industry and
may provide a knowledge base for the development of degrada-
tion processes of the test steels’ microstructure and properties in
forecasting their service life.
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