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Abstract— The re heater and super heater  tubes of the 

boilers used in thermal power plants. Surface degradation 

due to combined effect of erosion–corrosion mechanism, 

resulting in the tube wall thinning and premature failure. 

Steels (GradeA,T11,T22) can be used as boiler tube 

materials to increase the service life of the boilers, 

especially for the new generation ultra-supercritical boilers. 

The aim of the present investigation is to evaluate the 

erosion–corrosion behaviour steels (GradeA, T11, T22)  in 

the real service environment of the coal-fired boiler of a 

thermal power plant. The cyclic experimental study has 

performed for 1000 h in the super heater zone of the coal-

fired boiler where the temperature was around 900◦C.  Fly 

ash particles entrained in the flue gas of coal-fired boilers 

can cause serious erosion on the critical components along 

the flow path. Such erosion can significantly jeopardise 

operational life of the boiler.                                             
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I. INTRODUCTION 

In coal-fired power stations, about 20% of the ash produced 

in the boilers is deposited on the boiler walls, economisers, 

air-heaters and super-heater tubes. This deposited ash is 

subsequently discharged as slag and clinker during the soot-

blowing process. The rest of the ash is entrained in the 

stream of flue gas leaving the boiler. These ash particles 

collide with the boiler steel components and cause extensive 

surface erosion. In advanced stages of erosion, the 

components get perforated, and may fail once they lose their 

structural integrity. Such erosion, together with the 

processes of blocking, fouling and corrosion, shortens the 

service-life of boiler components. Once this happens, the 

power station unit has to be shut down in order to replace 

the damaged components. The resulting penalty is not only 

the cost of replacing the components but also the cost of 

stoppage of power production. It is desirable, therefore, to 

be  able to predict the rate of erosion of the coal-fired boiler 

components in order to plan systematically for the 

maintenance or replacement of these components and avoid 

forced outages. Figure 1 is a schematic of a coal-fired boiler 

assembly. Various investigators have addressed the problem 

of solid particle erosion but the work has remained confined 

to room temperature investigations. Many parameters are 

now known to influence erosion behaviour. The magnitude 

and direction of an ash particle’s impact velocity relative to 

the target metal surface constitute essential data needed for 

evaluating erosion of the surface due to particle impact. 

Magnitude and direction of a particle’s rebounding velocity 

depend upon the conditions at impact and the specific 

particle–surface material combination. Restitution behaviour 

is a measure of the momentum lost by the particle at impact 

as such and it corresponds to the work done on the target 

surface, which, in turn, is a measure of the extent of erosion 

suffered by the material of the target surface.  

II. LITERATURE REVIEW 

Chandler & Quigley[1986] Studied that the high 

temperature erosion–corrosion of heat exchanger tubes and 

other structural materials in coal-fired boilers is recognised 

as the main cause of downtime at power-generating plants, 

which could account for 50–75% of their total arrest time 

Maintenance costs for replacing broken tubes in the same 

installations are also very high, and can be estimated at up to 

54% of the total production costs. 

Fig. 1: Coal-fired boiler assembly. 
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Metals Handbook [1990] studied that the super 

alloys exhibit outstanding strength and surface stability at 

temperature up to 85% of their melting points. Usually the 

super alloys are used at temperatures above 540◦C.  

Levy [1993] investigated that a dynamic surface 

layer consisting of a mechanical mixture of particles from 

the boiler gases and oxide scale growing from the base 

metal is formed on boiler tubes. This layer is constantly 

refurbished and removed at a rate that resulted in an 

essentially constant thickness of the deposit/scale layer 

during steady state operation of the boiler. 

Weulersse–Mouturat et al. [2004] studied that the 

combustion of coal generates erosive–corrosive media 

particularly near the super heater tubes of the boilers. 

III. EXPERIMENTATION 

A. Substrate Material and Sample Preparation 

Three types of boiler steels (GradeA1,T11,T22) have been 

selected for the present study . The specimens with 

dimensions of approximately 20 X 15 X 5 mm
3 

will be 

prepared from the steel tubes. Specimens were prepared 

manually and all care was taken for any structural changes 

in the specimens. Three samples were hung through the soot 

blower dummy point in the middle zone of platen Super 

heater of the Stage-II boiler at Guru Nanak Dev Thermal 

Plant, Bathinda, Punjab (India). The samples were kept in 

the zone where temperature was 900 ± 10◦C. The study was 

conducted for 10 cycles; each cycle consisted of 100 h 

exposure followed by 1 h cooling at ambient conditions. 

Cyclic study provides the severest conditions for testing and 

may represent the real plant operation where breakdown or 

shutdown occurs frequently depending on the power 

requirement. The average volumetric flow of flue gases was 

around 122m3/sec. At the end of each cycle, the specimens 

were visually observed for any change on surface. The 

weight of specimens was measured subsequently. Due to 

similar erosion–corrosion behaviour of all the specimens, 

analysis of only representative micrographs is presented 

here. 

B. Composition of Steel Tubes Materials 

Alloy 

Grade 
Elements C Mn Si S P Cr Mo Recommended Applications 

Grade 

A1 
Actual 0.27 0.67 0.17 0.0051 0.009 - - 

Boiler parts specially in the construction of 

water walls 

T11 Actual 0.16 0.44 0.28 0.0050 0.013 0.91 0.51 
Boiler parts where service are stringent from 

the point of temp. and pressure 

T22 Actual 0.17 0.35 0.11 0.0015 0.020 2.64 0.90 
Boiler parts where service conditions are 

stringent from the point of temp. and pressure 

Table 1: Composition of Steel Tubes Materials 

C. Hardness Test  

Testing the steel material on Rockwell hardness Testing 

machine on B scale at 100Kgf.. 

Type Of Material Weight (load) Reading of HRB 

Grade A 100 83 

T11 100 78 

T22 100 74 

Table 2: Hardness Testing Results 

D. Microstructure of Steel Material 

1) Grade A1 

 
Fig. 2: Microstructure of Grade A 

 
Fig. 3: Microstructure of T11 

2) T22 

 
Fig. 4: Microstructure of T22 

3) Drilling Operation 

Drilling the 1mm diameter hole in the steel material pieces. 

 
Fig. 5: Drilled Steels Samples. 

E. Experimentation of Steel Material in Guru Nanak Dev 

Thermal Plant    

Steel material pieces Were hanged in the boiler shell at 

31meter height at above 1000 
0
C temp. First we had selected 

the nichrome Wire capacity                                                        

of 3000w. Then we had Hanged  the two pieces of    each 

steel type and then passed the nichrome wire  through the 
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drilled hole and hanged in the boiler shell. As per the ASME 

Standard the 100 hr. 10 cycles are done on the steel material 

at the end of each cycle 1 hr. cooling at atmosphere temp. 

and cleaning the steel by acetone and NHO3 pieces and 

check the weight of the material by help of highly accurate 

weighing machine at the Four decimal reading in gram and 

check each material and repeated. 

 
Fig. 6: Specimen of steel (Grade A, T11, T22) 

IV. RESULT AND DISCUSSION 

A. Calculations of Alloy Loss in mmpy (Millimeter Per 

Year) 

The corrosive loss was calculated by measuring the weight 

change of the sample (Wic –Wfe). The weight change 

multiplied by the hours in a year was divided by sample area 

multiplied by the density of the sample multiplied by the test 

time necessary to produce a loss rate in mmpy. 

Lc =(Wic-Wfc) * 8760 *10/ A* d * t 

T11 Material weight                

Actual Weight (mg) 
Gain of Material 

(mg) 

7191.11 76 

7191.11 62 

7191.11 54 

7191.11 46 

7191.11 35 

7191.11 33 

7191.11 30 

7191.11 26 

7191.11 21 

7191.11 22 

Table 3: Total Gain of material T11 by erosion and 

corrosion 

1) T22 Material Weight    

Actual Weight (mg) 
Gain of material 

(mg) 

7155.11 110 

7155.11 80 

7155.11 75 

7155.11 65 

7155.11 45 

7155.11 39 

7155.11 37 

7155.11 35 

7155.11 32 

7155.11 31 

Table 4: Total Gain of material T22 by erosion and 

corrosion 

2) Grade A1 Material Weight 

Actual Weight (mg) 
Gain Of material 

(mg) 

7153.02 85 

7153.02 72 

7153.02 60 

7153.02 52 

7153.02 41 

7153.02 37 

7153.02 35 

7153.02 30 

7153.02 22 

7153.02 20 

Table 5: Total loss of material Grade A1 by erosion and 

Corrosion 

The total weight loss of each erosion-corrosion 

sample was measured then the weight change due to 

corrosion . The weight change due to erosive loss was 

multiplied by the hours in a year and then divided by the 

erosion area multiplied by the density of the sample 

multiplied by the test time required to obtain the erosion loss 

rate. Adding the corrosion loss value and the erosion loss 

value results in the erosion-corrosion rate. Again, all of 

these material preformed well at room temperature. The 

Grade A  looks even worse at 900C in the oxidizing 

atmosphere as the losses due to corrosion and erosion are 

combined. At elevated temperatures the loss on the Grade A 

was catastrophic. The other materials may have some utility 

in these conditions, but their loss is substantial. The despite 

the apparent loss rates for  Grade A in certain conditions the 

T11 and T22 performed better. For regular use better 

materials than any these would needed, at these 

temperatures. 

3) Steel Material T11 

Condition 

Temp. 
Alloy, loss in mmpy 

900 .079 

900 .070 

900 .052 

900 .049 

900 .038 

1025 .035 

1025 .032 

1025 .027 

1025 .018 

1025 .019 

Table 6: Total loss of material T22 

4) Steel Material T22 

Condition 

(temp.) 

Alloy, loss in 

mmpy 

900 .28 

900 .20 

900 .19 

900 .16 

900 .11 

1025 .10 

1025 .09 

1025 .092 

1025 .082 
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1025 .080 

Table 7: Total loss of material T11 

5) Steel Material Grade A1 

Condition 

(Temp.) 

Alloy, loss in 

mmpy 

900 .074 

900 .061 

900 .053 

900 .045 

900 .034 

1025 .030 

1025 .028 

1025 .023 

1025 .020 

1025 .021 

Table 8: Total loss of material Grade A1 

V. CONCLUSIONS 

A new high temperature hostile atmosphere erosion test 

apparatus has been demonstrated. It has been shown to 

produce useful information on the loss of material due to the 

effects of both corrosion and erosion in both high 

temperature oxidizing and conditions. While these result 

correlate with accepted practice that that both T11 and T22 

are superior alloys for power plant hot areas none of the 

sample steels run would have acceptable lifetimes at 900 or 

1025°C. Finding better materials for these conditions will be 

the grounds for further work. 
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