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Abstract  

The combustion of fuels plays an important role in the field of industry and power engineering. Circulating 

fluidized bed combustion (CFBC) is a clean technology and also it is a convenient method of energy production 

from a wide range of fuels. The present paper reports the results of the authors' investigation focused on the 

analysis of heat resistant steel samples from one of the Polish circulating fluidized bed boilers. The anchors 

were degraded during boiler operation and lost their mechanical durability. To determine the reasons for 

anchors degradation the materials were subjected to microstructural analysis using a light microscope, 

scanning microscopy Joel JSM 5400 equipped with EDS. In the case of the investigated anchor samples, the 

formation of a large number of hard and chromium-rich intrusions was determined. The reason for material 

problems as incorrect positioning of the anchors in the refractory material was determined.  
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1. INTRODUCTION 

Recently, more attention is put to the fluidized bed combustion technology [1] mainly due to its numerous 

advantages, such as the ability to accept various fuels, low emission of NOx, and high combustion efficiency. 

There are three basic types of fluidized bed combustion boilers (see Figure 1):  

• Bubbling fluidized bed boilers with atmospheric pressure, A-BFB or BFB,  

• Pressurized bubbling fluidized bed boilers, PBFB,  

• Circulating fluidized bed boilers with atmospheric pressure, A-CFB or CFB, and pressurized circulating 

fluidized bed boilers, PCFB. 

In the CFB boiler, the combustion process takes place in an oven where the temperature is maintained at 

around 850 - 860°. In the fluidized bed boiler, the refractory materials are used to minimize wall erosion, isolate 

uncooled elements and help protect steel elements. Refractory materials are used in: the bottom wall of the 

combustion chamber, the roof of the combustion chamber outlet, loop seals, start-up, channel burner, cyclone, 

and external fluidized bed heat exchangers. These materials are in place thanks to anchors welded to the ribs 

of the membrane wall. The main task of the anchoring system is to provide high mechanical durability of the 

refractory, which is responsible for high protection against erosion and corrosion. The anchor failures easily 

leads to damage to the refractory wall cladding [2]. Failure of the anchoring system can have several causes, 

e.g. improper anchor design, improper use of material, incorrect parameters boiler, not enough anchors per 

square foot of refractory. Failures also result from rapid or incorrect heating and cooling of the refractory 

material during boiler operation. This causes the irregular expansion and contraction of the refractory material, 

which results in cracking or flaking. Anchor system failure on walls and roofs will result in the weight of the 

refractory to pull itself away and result ultimately in cracking and collapse.  These failures may result from the 

irregular thickness of the material, the improper use of expansion joints, or the improper use of refractory layers 

[3]. 
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Figure 1 Basic types of fluidised bed combustion boilers 

The anchors must be made of heat and corrosion-resistant materials [4-6] because, in CFB boilers, it can be 

exposed to high temperatures during equipment operation. If carbon steel is used in this case, the anchor will 

certainly fail due to harmful microstructure changes and accelerated corrosion. 

The obtained results may be also useful in other apparatus parts working in aggressive, sometime high-

temperature environments e.g. biotechnology [7-9] or produced at high-temperature impulse impacts e.g. laser 

machining [10-12]. The obtained datasets may inspirational as a source of reliable data for many computational 

analysis methods e.g. image analysis [13,14], bootstrap numerical simulations [15,16] and – especially for 

industrial developments – decision support systems [17] and possible failure analyses [18-20], in the context 

of lean management [21] and sustainable development [22]. 

2. MATERIALS AND METHODS 

The tested anchors were obtained from one of the Polish CFB 75 MWe coal boilers. An example and shape 

of anchors is seen in Figure 2.  

     

Figure 2 Macroscopic appearance of the investigated anchor samples 

 

Types of Fluidised 

Bed Combustion 

Boilers 

Atmospheric classic 

Fluidised Bed 

Combustion System 

(AFBC) 

 

Pressurised Fluidised 

Bed Combustion 

System  

(PFBC) 

 

Atmospheric circulating 

(fast) Fluidised Bed 

Combustion system 

(CFBC) 

 

100



May 20th - 22nd 2020, Brno, Czech Republic, EU 

 

 

The refractory material was damaged because all anchors lost their mechanical properties and came off the 

membrane wall. The failure of the anchor system on the walls caused the weight of the refractory material to 

break away and cracks were formed. 

To analyse the causes of cracking and damage to anchors, several analysis were performed. Macroscopic, 

microscopic, and chemical analysis of the anchoring system was performed using an Axiovert 25 optical 

microscope from Carl Zeiss, a JEOL JSM-6610LV scanning microscope with a LaB6 cathode.    

3. RESULTS AND DISCUSSION 

Fractography of fractures of anchor elements obtained by the scanning microscope is shown in Figure 3. 

    

    

Figure 3 The cross-section view of the damaged anchor 

Fractographic studies confirmed macroscopic observations. Sediment formed as a result of boiler operation 

was revealed on the fracture surfaces. The fractures showed features of brittle fracture.  

In the next stage of research, metallographic specimens were made, which were etched to observe the 

microstructure of the steel from which the anchors were made. The microstructure of steel in the places of 

cracking of the anchors is shown in Figure 4 (light microscope - LM) and Figure 5 (scanning microscope-

SEM). 

Austenitic steel structure with very numerous precipitations of the second phase located mainly on grain 

boundaries was revealed in the elements which broke in a brittle manner without prior narrowing of the material 

as well as in the case of the element that underwent plastic deformation before cracking. 
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Figure 4 Microstructure of the damaged anchor – LM – different magnifaciations 

   

Figure 5 Microstructure of the damaged anchor (less and greater magnification) – SEM 

 

Element Weight (%) Atomic (%) 

C K 2.58 10.84 

Si K 0.47 0.85 

Cr K 23.14 22.45 

Mn K 2.32 2.13 

Fe K 52.49 47.41 

Ni K 18.99 16.32 

Total 100.00  

Figure 6 Chemical composition of the samples 

Figure 6 and Figure 7 show the results obtained by EDS analysis, performed in the damaged anchor. Analysis 

of the chemical composition of the samples indicated that the steel anchors are made of heat-resistant 

stainless steel AISI 310 (X15CrNiSi25-20). The steel has an austenitic structure and is designed to work in 

particularly high temperatures according to PN-71 / H-86022, EN 10095. Analysis of the breakthrough revealed 

an increased number of sigma precipitates in the damaged anchors. Those sigma precipitates contributed 
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directly to the formation of cracks and damage of the anchors since the sigma phase is an intermetallic phase 

that is hard and chromium-rich and its presence in the steel structure causes the significant drop of the 

resistance of the steel against impacts or mechanical loadings. 

 

Element Weight (%) Atomic (%) 

Si K 0.18 0.34 

Cr K 43.00 44.84 

Mn K 1.73 1.70 

Fe K 47.20 45.83 

Ni K 7.89 7.29 

Total 100.00  

Figure 7 Chemical composition of the samples 

4. CONCLUSIONS 

The microstructure analysis of the anchor elements revealed an austenitic structure and numerous 

precipitations of the sigma -FeCr fragile phase located mainly on the austenite grain boundaries, whose 

presence was confirmed by microstructure and chemical composition studies. Long-term heating of AISI 310 

steel (in the temperature range 500-900°C) is not recommended due to the risk of increased brittleness and 

the formation of a hard and brittle phase of intermetallic sigma. It was found that the reason for the anchors 

cracking was the way they were placed in the cladding layers. The anchor pin was placed in a layer of heat-

resistant concrete and was subjected to loads and deformations. This was related to, among others, thermal 

expansion of all materials during boiler operation. 

In further investigation, the more detailed methods will be used, among others surface layer scanning and 

analysis [23], analysis of materials additives [24] and more sophisticated methods of data analysis [25-28]. 
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