
1. Object of research

Modern brown coal power stations must correspond to the request of the today's climate protection politics. Corrosion is a 
well known damage mechanism in conventional combustion systems. Power plants which include CO  capture processes 2

such as oxyfuel power plants produce a different flue gas than current plants. The corrosion of plant components as a result of 
contact with the specific oxyfuel flue gas and ash is a significant issue that must be examined. 
Within the project the corrosion behaviour of selected boiler materials under air and oxyfuel process conditions and the 
influence of ash deposits for an overall time of 1.110 hours was tested. In co-operation with the Federal Institute for Material 
Research and Testing, Department V, Division V.1 - Composition and Microstructure of Engineering Materials the specimen 
were analysed with the help of light and scanning electron microscopes.
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Concerning carbonisation the material samples were etched and analysed by light microscopy. Due to the diffusion of carbonic compounds at the bounding 
surface from basic material and oxide layer the formation of metal carbides takes place under the presence of alloying elements like chromium, niobium and 
tungsten. Simultaneously the carbon will be bound in the material structure. The result is a near-surface reduction of the material ductility and a high risk of 
technical failure of the component.
Only the samples of material no. 5 showed under all process conditions carbonisation phenomena because the percentage of chromium, which strongly 
inclines to carbide formation, is only in this material high enough. As shown in figure 3 a chromium depleted ferritic layer with a thickness of 2-3 mm exists under 
the oxide layer. In the subjacent material structure the carbonisation appears as a dark verge with a thickness of 10 mm. Because chromium is bound to the 
metal carbides it can not form protecting layers.

5. Summary and future prospects

The realised research has shown that the alloy composition and the process conditions (air - oxyfuel, with and without ash deposits) strongly influence the 
corrosion behavior of the materials. The studies show the formation of not leak proof and not protective oxide layers. In particular, the diffusion of sulphur to the 
boundary layer between base material / oxide layer has negative influence to the corrosion resistance of the materials. A higher sulphur activity under oxyfuel 
conditions was observed. Only the material sample no. 5 seems, due to the higher chromium content, to reduce the sulphur activities. Furthermore, the high 
chromium content of this sample causes the observed carbonisation phenomena in this material. The other materials showed no carburization. The results 
indicate that the oxyfuel conditions have a corrosive effect on the materials and therefore require special attention. However, the relatively short storage times of 
1,110 hours shows only rough tendencies.
Thermodynamic calculations with the software FactSage which will verify the practical analyses are the next step of the BTU-BAM research work.
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alloy C Ni Mn O Mo Fe Cr Cu Si W Co

no. 1 0.31 0.04 0.73 0.04 0.27 98.43 0.09 --- 0.14 --- ---

no. 2 0.74 0.02 0.58 0.02 0.27 96.93 0.95 0.07 0.41 --- ---

no. 3 0.25 0.07 0.42 0.01 0.85 96.08 1.98 0.13 0.22 --- ---

no. 4 0.17 0.11 0.71 0.002 0.97 95.46 2.35 --- 0.23 --- ---

no. 5 0.23 0.28 0.36 --- 0.25 83.01 12.01 --- 0.30 1.43 1.47

table 1: Chemical composition of the material samples

2. Characterization of the materials

The corrosion of steels with different Cr content were tested. Ring shaped specimen with dimensions 51mm x 4 mm x 30 mm 
(outer diameter x wall thickness x length)  were prepared from commercial tubes. In table 1 the test materials composition is 
compared. The analysis was performed with an Jeol microprobe JXA-8900 RL averaging 12 different measuring points with 
an uncertainty of 0.01 to 0.02 wt.% of the mean value.

3. Research method

The determination of the corrosion behavior of the materials was realised in two steps (see poster above). For the initial phase 
of corrosion during a time period of 110 hours a 0.5 MW  test rig was used. The main components of the plant include: an th

adiabatic 0.5 MW  cycloid combustion chamber (furnace) with tangential firing, a forced draught (FD) fan, a hot gas cyclone th

with ash cooling screw and cooling circuit, a waste heat boiler (WHB) with cool water circuit, a dust filter with an induced 
draught (ID) fan and chimney. Dried Lusatian lignite with a particle size distribution of 0 to 6.3 mm and water content of 19 wt-
% was used as fuel. Figure 1 shows the process flow diagram of the plant. The test rig can be operated in air and oxyfuel 
conditions. The material specimen were fixed in the combustion chamber on a water and air cooled corrosion probe. The 
samples were cooled to 490 °C.
In the second step additional 1,000 hours annealing time in a laboratory corrosion test rig were performed.It consists of a gas 
mixing station, a tube furnace with an air-cooled probe coupled with an evaluation unit. The Carbolite tube furnace (type: STF 
15/450) is a horizontal furnace with a maximum operating temperature of 1,500 °C and a heated length of 450 mm. The gas 
mixing station is a PC-controlled system from QCAL Messtechnik GmbH, which enables different individual gases to be 
mixed using a mass flow controller (MFC). The gas can be enriched with steam generated by an integrated steam unit. The 
corroded samples, arranged in a probe, were installed in the tube furnace at a temperature of 490 °C. Approximately a third of 
the circumference of the samples was placed in an ash bed. The emerging part of the samples was in direct contact with the 
gas (figure 1). The used ash was obtained from the hot gas cyclone of the 0.5 MW  test rig. The arrangement elongates the th

test time. All specimen were treated with this two step corrosion experiment.

figure 3: Etched light microscopy of material no. 5

air-1,110h-no ash air-1,110h-with ash oxyfuel-1,110h-no ash oxyfuel-1,110h-with ash

4. Research results

The light and scanning electron microscope analysis 
showed a layered structure. The specimen no. 1 to 4 
showed inner and outer corrosion layer. Material no. 5 
exhibited only internal corrosion. The surface is always 
covered with Haematite (Fe O ) on a magnetite (Fe O ) 2 3 3 4

layer. Alloys with more than 2% Cr can form FeCr-spinels. 
The volume part of the spinels increased with increasing 
Cr-content. Where ash is in direct contact with the ash layer 
the haematite reacted with the ash layer and was not 
observed any more. Pores were always detected. The pore 
size and pore density increased with increasing water 
content of the flue gas.

figure 2: Light microscopy shots of material no. 1 and 2
with pores and disruptions

air-1,110h-no ash
mat. no. 1

The pore network, cracks and other defects support that the corrosion layer is not protective. The sulphur of the ash layer particles is high enough to increase 
the sulphur activity in the local chemical equilibrium. This causes a high sulphur content in the scale near or in direct contact with the metal interface. In contrast 
the 12% Cr steel formed a more protective layer and sulphur was not detected on the metal interface. The material loss of all samples is similar. The most stable 
material is No.2 which offers the highest Si content. At 490 °C the Cr is not mobile and the higher Cr content of sample 5 is not as effective for corrosion 
protection than the higher Si content due to the higher mobility if Si compared with Cr. Al samples demonstrate the impact of the ash layer caused by the 
reaction between ash and the oxide scale and the hight sulfur activity in this reaction zone. As known from published  experimental results at higher 
temperatures the higher Cr content of an alloy supports the carburization of the steel by formation of Cr-carbides.

oxyfuel-1,110h-with ash
mat. no. 2

,

alloy d  [mm]Start s [mm]
material loss [mm]

oxyfuel - no ash / with ash
oxide layer thickness [mm]
oxyfuel - no ash / with ash

no. 1 3.89 +/- 0.18 0.51 / 0.54 32.6 / 121.7

no. 2 3.68 +/- 0.04 0.27 / 0.43 71.7 / 104.3

no. 3 4.05 +/- 0.23 0.32 / 1.10 152.2 / 304.3

no. 4 3.78 +/- 0.04 0.56 / 0.74 54.3 / 291.3

no. 5 3.95 +/- 0.08 0.59 / 0.68 65.2 / 115.2

table 2: Original wall thickness, standard deviation, material loss
and oxide layer thickness under oxyfuel conditions
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figure 1: Ash bed and positioning of the samples
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