
IMPROVEMENT OF COAL FIRED  

POWER PLANT'S PERFORMANCE BY USE OF  

WEAR RESISTANT COMPONENTS 
 

S. Zic
1
, J. Zic

2
, T. Mestrovic

1 

 
1 Department of Industrial Engineering and Management, Faculty of Engineering, 

University of Rijeka, Rijeka, Croatia 
2 Vorax d.o.o., Rijeka, Croatia 

 
KEY WORDS: maintenance costs, coal fired power plant, coal pulverizer 

 
ABSTRACT. Importance of coal fired power plants in global production of electric energy is 

continuously increasing. In power plants that burn pulverized coal, coal pulverizers (coal mills) grind 

larger coal particle. Short working period, high costs and frequent breakdowns of elements used in 

pulverizing process in coal fired power plants represent problems that every plant's maintenance 

department is aware of. This paper deals with rotary mill's beater bars for pulverising of coal. New type of 

beater bars, more resistant to abrasion, erosion and impact wear is developed and tested. Aim of tested 

beater bars is to reduce maintenance stops and costs, increase production of electrical energy and reduce 

total cost of ownership. 

1  INTRODUCTION 

In a fossil fuel power plant the chemical energy stored in fossil fuel is converted into thermal 

energy, mechanical energy and, finally, electrical energy for continuous use and distribution 

across a wide geographic area.  

Importance of coal fired power plants in total production of electric energy is well shown on 

Figure 1. Data represented on it shows values for USA in 2010 [1]. Other countries might have 

different proportion of energy produced from coal fired power plants but global production will 

not deviate significantly from data represented in Figure 1. 

The world's power demands are expected to rise 60% by 2030. With the worldwide total of 

active coal plants over 50000 and rising [2], the International Energy Agency (IEA) estimates 

that fossil fuels will participate in total of 85% of the energy market by 2030 [3]. 

Coal is prepared for use in power plants by crushing the rough coal to pieces less than 50 mm 

in size. Then, it is transported from the storage yard to in-plant storage silos by rubberized 

conveyor belts. In power plants that burn pulverized coal, silos feed coal pulverizers that take 

the larger 50 mm pieces, grind them usually down to 80 µm [4], sort them, and mix them with 

primary combustion air which transports the coal to the furnace and preheats the coal to drive 

off excess moisture content.  

Short working period, high costs and frequent breakdowns of elements used in pulverizing 

process in coal fired power plants represent problems that every plant's maintenance 

department is aware of. Beside these problems, sudden stops or breakdowns represent 

significant loss of production, possible problems in electricity transmission and distribution in 

region around power plant and environmental pollution due to non optimal working conditions. 

Because fuel and emissions management assets represent large percentage of operating costs, 

maintenance personnel often have to solve conflicting challenge of keeping equipment working 

for longer periods with increased equipment wear rates. 



 
FIGURE 1. Generation of electricity by energy source in USA for 2010. 

Source: U.S. Energy Information Administration (EIA) 

2  DESCRIPTION OF THE PROBLEM 

Although several types of pulverizing equipment are commonly used in coal fired power plants 

this article deals with rotary mill type of coal pulverizer where large diameter rotors (up to 

diameter of 4000 mm and weight of up to 5 t) crush larger (up to 50 mm) coal pieces. Each 

rotor consists of up to 15 blades that reduce size of coal by impacting it with high kinetic 

energy. 

This type of pulverizers have been in use for more than 50 years in coal fired power plants. 

Due to historical reasons, most of materials used in pulverizing application is of traditional 

type. There are only three types of coal beater pars used in South East region of Europe: 

manganese steel, structural steel and hard faced structural (or manganese) steel. 

Beater bars are in this process subjected to high stress abrasion, impact and erosion from coal 

and hard particles in it. Depending on the wide variety of factors, beater bars last from 15 to 90 

working days. After that period, mill has to be stopped and worn beater bars have to be 

replaced with new ones. During this period, bars (regardless of its material) can lose up to 50% 

of weight because of impact and abrasion loss. Figure 2 shows worn manganese beater bars 

after approximately 55 days of work. 

 

 
FIGURE 2. Beater bars made of 12% manganese steel after 45 working days 
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Most important factors that affect wear life of bars are: type and hardness of coal, percentage 

of ash, sand and other hard particles in it, speed of rotary coal mills, hardness and metallurgical 

properties of beater bars etc. 

3  PERFORMANCE OF BEATER BARS 

As indicated previously, three types of beater bars are most often used in rotary coal pulverizer 

- bars made of manganese or structural steel and hard faced bars. Hard facing is a technique by 

which a wear resistant overlay is welded on a softer and usually tougher base metal. Main 

advantages and disadvantages of each type of bars are indicated in Table 1. 

 
TABLE 1. Advantages and disadvantages of commonly used coal beater bars 

Type 

of bars 
Advantages Disadvantages 

Construction 

steel 

 Low cost material 

 Can be easily purchased on market 

 Oxy-acetylene cutting does not affect 

performance of bars 

 Minimal working period 

 Unpredictable wear rate 

 Often replacements 

 Large stock due to often replacements 

Manganese 

steel 

 Better life time 

 More predictive wear rate 

 Twice more expensive material 

comparing to construction steel 

 Oxy-acetylene cutting affects quality and 

performance of bars 

Hard faced 

 Wear resistance can be added exactly 

where it is needed on the surface 

 Expensive alloying elements can be 

economically used 

 Life time up to 90 days 

 High costs of hard facing material 

 Slow technique 

 High costs of welding personnel 

 Wear rate is not proportional and 

predictable 

 

Although hard facing can be done in a number of ways, most practical and most often used is 

method of manually hard facing with self shielding flux cored wires or alternatively called 

open arc process. This process is faster and more economic than manual or oxy-acetylene 

welding. 

In this process, welding operator with welding power source works with hollow hard facing 

wire filled with alloying elements. Technical details of wire most commonly used for hard 

facing of coal pulverizing bars are shown in Table 2. 

 
TABLE 2. Technical details of welding wire used for hard facing of coal beater bars 

C Si Mn Cr Mo Fe 

5,0 1,2 0,4 27,0 1,3 bal. 

Hardness of hardfaced layer: 57-60 HRc 
 

Diameter: 2,4 
 

Polarity: DC + 
 

Current [A]: 260-320 Arc Voltage [V]: 28-30 
 

 

  



Originally, beater bars were made of manganese steel as decades ago it was considered to be 

highly wear resistant material. However, in coal pulverizing application, manganese steel does 

not perform well. Usual lifetime of these beater bars is approximately 50 working days. In 

comparison, bars made of construction steel such as St 52.3 last up to 40 days in same mill and 

with same type and composition of coal. Therefore, lots of maintenance departments in coal 

fired power plants reduce purchasing costs of beater bars by simple changing material from 

manganese to construction steel. 

Increased lifetime of hard faced coal beater bars is result of much higher hardness of hard faced 

layer. Hardness of construction steel is up to 100HB and hardness of austenitic manganese 

steel is about 200 HB. Austenitic manganese steel work hardens up to 450 HB and is very well 

suited for heavy impact applications. Increase in hardness is result of repeated impacts on 

surface of bars. However, impact of 50 mm coal on manganese beater bars does not result with 

significantly increased hardness (which would lead to increased life time of coal beater bars) 

because coal is heterogeneous and soft comparing to steel. In addition, coal in its structure has 

abrasive particles such as quartz sand which results in significant amount of abrasive wear on 

coal beater bars. Manganese steel is not resistant to abrasive wear and, therefore, performance 

of these types of bars is not significantly better comparing to construction steel. 

Hard faced bars can have layers of wear resistant material with hardness of up to 67 HRc with 

special, wear resistant carbides in its structure. Depending on type, these carbides can have 

hardness up to 3400 HV. However, it is important to note that the hardness of the materials 

does not always correlate with wear resistance. Thus, special tests should be performed to 

determine the resistance of the material to impact, gouging abrasion, grinding (high-stress 

abrasion), erosion (low-stress scratching abrasion), seizing or galling, and hot wear [5]. For 

best and most accurate results, real field test is required. 

 

 
FIGURE 3. Hard faced beater bars after 70 working days 

Wear performance of hard faced beater bars are still unsatisfactory for most coal fired power 

plants. Usually rotary mills are stopped for maintenance and replace of bars at least four times 

per year. This is very good result comparing to bars made of manganese or construction steel. 

In this case, each mill is usually stopped 10 to 12 times per year. 

Regardless of significantly harder layer of hard faced beater bars there are still many problems 

that occur from this solution and some of them are: very rough surface due to hard facing and 

differential wear of bars, hard facing layer is relatively thin (up to 10 mm) and of uneven 



hardness, due to soft base material once when hard layer is worn, beater bar’s geometry is 

rapidly reduced, loss of beater bar’s edges results in damage or rotor’s body what is 

unacceptable due to high costs of repair or replacement. 

4  PROPOSED SOLUTION FOR INCREASING WEAR RESISTANCE 

As it was indicated earlier, main reason why beater bars have such a short life time is due to 

high impact, abrasion and erosion from coal’s hard particles. As it is known [6], there is no 

laboratory test that can measure absolute wear resistance for particular field problem. This 

problem is even bigger if product is subjected to several types of wear as in our case. 

Therefore, only real field test of new materials and modified geometries will give exact 

performance in this type of coal pulverizer. 

New beater bar should offer wear life of at least 150 working days. Therefore, significant 

improvements in production technology and materials used for new type of beater bars should 

be investigated. Special care should be taken to reduce wear of beater bar edges. As field tests 

show, after edges are reduced progressive deterioration of upper bar’s surface starts. Beside 

extended life time, new beater bars should have lower total cost of ownership. Therefore, the 

most economical solution should be chosen. Cemented carbides provide excellent wear 

properties in impact and abrasive working conditions such as rock drilling applications, coal 

and abrasive gravel crushing, etc. primarily due to the combination of high hardness and high 

toughness. Cemented carbide inserts are brazed to base steel. 

Brazing was chosen because of expected performance, production speed and possibility for 

mass production. Brazing is a group of welding processes in which materials are joined by 

heating to a suitable temperature and by using a filler metal with a melting point above 450°C, 

but below that of the base metal. The filler metal is distributed to the closely fitted surfaces of 

the joint by capillary action. Brazing provides advantages over other welding processes, 

especially because it permits joining of dissimilar metals that, because of metallurgical 

incompatibilities, cannot be joined by traditional fusion processes. Since base metals do not 

have to be melted to be joined, it does not matter that they have widely different melting 

points.  

Types of brazing processes are: torch brazing, twin carbon-arc brazing, induction brazing, dip 

brazing, resistance brazing, infrared brazing, diffusion brazing, furnace brazing and some other 

special processes. 

For this application, furnace brazing is chosen. It is used extensively where the parts to be 

brazed can be assembled with the filler metal preplaced near or in the joint.  

Furnace brazing offers a number of advantages [7]:  

1. It can be used to simultaneously assemble as many as a thousand joints resulting in high 

production and reduced brazing costs.  

2. Distortion can be prevented in the furnace brazing of many assemblies.  

3. Dimensional control and contour stability are much improved in furnace brazing when 

compared to processes involving localized heating.  

4. Assemblies can be fabricated by furnace brazing that cannot readily be manufactured by 

other joining methods.  

5. Furnace brazing, when used to back up spot welds, improves the fatigue characteristics 

of the joints.  

  



4.1  CEMENTED CARBIDE INSERTS 

Cemented carbide bars offer excellent abrasion and erosion resistance comparing to manganese 

steel or CrC hard facing layers. Cemented carbide is mixture of tungsten carbide and cobalt 

powder. Size of TC grain and amount of cobalt are crucial aspects for choosing adequate 

cemented carbide for desired application. Tested beater bars were made of cemented carbides 

with 10% Co and TC with grain size of 3 μm. 

4.2  BRAZING ALLOY 

Steel has a dilation coefficient that is almost twice that of cemented carbides. While brazing, 

cemented carbides dilate differently than base material. During the cooling process, the silver 

hard solder in the joint area prevents the brazed component from returning to its original 

dimensions. The result is a tendency for the components to distort, which results in tensile 

stresses on the cemented carbide’s surface. High value of tension can result in cracks, 

rendering the cemented carbide component unusable. By using a sandwich alloy with a low 

fusion silver brazing alloy, copper penetrates the brazing space as a ductile material. During the 

brazing process, the components again dilate differently. As the components cool down, the 

increase in surface tension resulting from the difference between steel and cemented carbide 

(when it comes to shrinkage) leads to a deformation of the copper sandwich layer. This reduces 

the tension of the brazing joint and prevents critical tensile stresses [8]. Joint clearances were, 

as recommended, about 0.1 mm 

 
TABLE 3. Properties of used brazing alloy 

Composition in weight % Melting 

range 

Shear strength 

MPa Ag Cu Zn Mn Ni 

49 27.5 20.5 2.5 0.5 670-690 150-300 

4.3  GEOMETRY OF NEW BEATER BARS 

Figure 4 shows new beater bars developed by Croatian company, Vorax d.o.o., Rijeka. 

Improving beater bars performance is part of the project of improving lifetime and reducing 

operational costs of coal fired power plants. 

Beater bar is made of C45 steel with thickness of 80 mm and machined for precise brazing 

joints. Dimension of cemented carbide bars is 20x10x100 mm. Area between brazed cemented 

carbides is hard faced with alloy containing approximate 70% of FTC in tough NiCrB matrix. 

Hardness of FTC is 2400 HV and matrix about 55 HRc. 

New beater bars were mounted on rotary pulverizer and worked for 130 days. Comparing the 

usual lifetime of hard faced beater bars, they showed improvement of about 40% although 

desired goal was not achieved - to get 150 working days without repair or intervention. 

In order to accurately measure wear of frontal edge of beater bar (part of bars most subjected to 

wear) bar is measured in nine sections separated 50 mm as it is shown on Figure 4.  



 
FIGURE 4. Design of improved beater bars with furnace brazed cemented carbides 

 

Worn beater bar is shown on Figure 5. It can be easily noticed that leading edge of bar is 

completely worn out and that one complete line of cemented carbide inserts is missing.  

 

 
FIGURE 5 Worn beater bar with brazed cemented carbides bar after 130 working days 

Due to operating conditions it is common that the right part of bar is wearing out much faster 

than central and left part. This is especially visible on Figure 6. 

Wear profiles for nine measured sections are clearly visible on Figure 7. First sketch on this 

figure shows distance and position of cemented carbide bars that should have prevent 

significant wear on edges of bar. As is it shown on following nine sections, this row of 

cemented carbide bars is completely pulled out from the base metal. Once carbide bars are 

pulled out, base material wears out as fast as construction steel. 



 
FIGURE 6. Wear on right side of leading edge of tested beater bars 

 

 
FIGURE 7. Wear profiles of tested beater bar's leading edge 

5 CONCLUSION 

Newly developed and tested beater bars showed satisfying wear resistance on top surface. 

However, abrasion and erosion resistance of base material wasn't high enough to keep frontal 

cemented carbides from falling out. Although this has been expected and producer of newly 

developed beater bars hard faced the area between cemented carbide bars this solution didn't 

show satisfying results. In comparison to CrC hard faced beater bars first run of these bars 

shows increase of lifetime of about 40%. 

Despite its high initial cost, this technology is expected to offer lower total cost of ownership 

and significantly extended working period in future after mentioned disadvantages are solved. 
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