
                                                                                                  11th International Conference on Tribology – Serbiatrib ‘09 64

 
Serbian Tribology  

Society 

SERBIATRIB ‘09
 

11th International Conference on 
Tribology 

 
University of Belgrade 
Faculty of Mechanical 

Engineering  
Belgrade, Serbia, 13 - 15 May 2009  

EFFECT OF MICROSTRUCTURE ON THE EROSIVE WEAR 
RATE OF AISI 1020 AND AISI 8620 STEELS 

 
E. Dağaşan1, D. Odabaş2, E. Gerçekcioğlu2 

1 Erciyes University, Engineering Faculty, Department of Materials Science and Engineering,  
38039 Kayseri, TURKEY, edagasan@erciyes.edu.tr, 

2Erciyes University, Engineering Faculty, Department of Mechanical Engineering,  
38039 Kayseri, TURKEY, odabasd@erciyes.edu.tr, gercek@erciyes.edu.tr 

 
 

Abstract: In this study AISI 1020 and AISI 8620 steels were used to explore the effect of microstructure on 
the erosive wear rate of steels. 3 different heat treatment steps including homogenization + normalization, 
dual phase heat treatment (partial austenization at temperatures between critical temperatures and rapid 
cooling) and quenching (austenization at temperatures above AC3 and quenching) were applied to obtain 3 
different microstructures of pearlitic +ferritic, ferritic +martensitic and martensitic.  

On the other hand, erosive wear tests were carried out at constant impact angle and constant impact 
velocity for time periods of 240 seconds. As a result, it was observed that pearlitic+ferritic microstructures 
of both steels have the maximum mass loss and erosive wear rates while the martensitic structures have the 
smallest values. That case is mainly because of the existence of martensite phase and its increasing effect on 
the hardness of specimens. 
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1. INTRODUCTION  
 

Erosive wear is caused by the sliding or 
impacting actions of solids, liquids, gases or 
combination of all on a solid body [1]. On the other 
hand, erosive wear can be basically determined as 
the mass loss from a solid surface due to the 
continuous impact effect of solid particles [1, 2]. 

Every engineering material has a different 
reaction to this type of wear. Although erosive wear 
resistance is not a characteristic property of the 
material it mostly depends on the surface functions 
[3]. 

Erosive wear rate of a material can be explained 
as a complex function of internal factors like target 
material properties including microstructure, 
morphology and mechanical properties of the target 
material and outer parameters like erodent particles, 
impact angle, impact velocity and temperature [2]. 
Microstructure of the target material has the biggest 
effect on the erosive wear rate with particle 
velocity, particle size and impact angle [1, 3, 4]. 

 

2. EXPERIMENTAL PROCEDURE 
 
2.1 Materials 

 
For experimental procedure low carbon and low 

alloyed AISI 8620 and AISI 1020 steels were used 
and their chemical contents are given in Table 1.  
Table 1. Chemical Content of the Used Steels 

Steel C Si Mn Ni Cr Mo Fe 

AISI 1020 0.18 0.19 0.60 0.55 0.02 0.002 Balance 

AISI 8620 0.25 0.27 0.94 0.53 0.57 0.210 Balance 

The hardness values of the as-received 
specimens were 155 HV and 115 HV for AISI 8620 
and AISI 1020, respectively. 
 
2.2 Heat Treatment Procedure 
 

To explore the effect of microstructure on the 
erosive wear rate, 3 different microstructures 
obtained after different heat treatment steps as 
shown in Figure 1. 
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Figure 1. Schematic View of Heat Treatment Steps 

Firstly, both steels were homogenized at 1170 
°C for 5 hours and furnace cooled. Then 
normalization step was performed at 910 °C for 30 
minutes and bars were air cooled. By this way, first 
microstructure that consists of ferrite and pearlite 
was obtained for the erosive wear tests. Figure 2 
and Figure 3 show ferritic-pearlitic microstructures 
of AISI 8620 and AISI 1020, respectively. 

 

Figure 2. Homogenized and Normalized  
Microstructure of AISI 8620 

By taking ferritic-pearlitic form as the initial 
microstructure 2 different heat treatments were 
applied to specimens. These steps consist of critical 
annealing (partial austenization) + rapid cooling 
and continuous annealing (austenization) + rapid 
cooling. 

For following heat treatment steps critical 
temperatures Ac1 and Ac3 were determined by 
Andrews’s formulas (Eq.1 and Eq.2) 

 

3
= 910 - 203 C -15.2Ni + 44.7Si +104V + 31.5Mo +13.1WAc   (1) 

 

1
= 723-10.7Mn -16.9Ni + 29.1Si +16.9Cr + 290As + 6.38WAc   (2) 

 

 
Figure 3. Homogenized and Normalized 

Microstructure of AISI 1020 
 

By using equations (1) and (2) critical 
temperature values of AISI 1020 and AISI 8620 
steels were determined as given in Table 2. 
Table 2. Determined Critical Temperatures of Steels 

 
 
 
 
 

Although homogenization and normalization 
steps were applied in the form of cylindrical bars, 2 
mm. thick specimens were cut from bars for 
following heat treatment processes in order to ease 
martensite transformation during rapid cooling. 

For critical annealing (partial austenization) + 
rapid cooling process (this process is known as dual 
phase heat treatment) specimens were annealed at a 
temperature between Ac1 and Ac3 and quenched. 

From the evaluation of critical temperature values 
in Table 2, a constant critical temperature is 
selected for both steels as 780 °C. 2 mm thick 
specimens of both steels were annealed at 780 °C 
for 20 minutes and then cooled in a brine solution 
at -10°C.  

Consequently, a second microstructure with 2 
different phases (ferrite+martensite) was obtained. 

Figure 4 and Figure 5 show AISI 8620 and AISI 
1020 steels after dual phase heat treatments. 

 

 Ac1 Ac3 

AISI 1020 727 º C 832 º C 

AISI 8620 715 º C 831 º C 
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Figure 4. Ferritic and Martensitic Microstructure of 

AISI 8620 
 

 
Figure 5. Ferritic and Martensitic Microstructure of 

AISI 1020 
 

To get a third microstructure that has a 
consistence of martensite, specimens were annealed 
at a temperature above Ac3 (870 °C for AISI 8620 
and 920°C for AISI 1020) and they were cooled 
with same coolant in the previous step. 
 

 
Figure 6. Martensitic Microstructure of AISI 8620 

 

 
Figure 7. Martensitic Microstructure of AISI 1020 

 
2.3  Erosive Wear Tests 

 
After heat treatments were completed all of the 

specimens were eroded in the test system seen in 
Figure 8.  

 Erosive wear tests were carried out at constant 
particle velocity of 30 m/s at a constant impact 
angle of 90º with exposure times of 240 s. Particle 
velocity was controlled by gas pressure regulators 
and it was measured by using double-disc method.  

In the test system the nozzle diameter and the 
distance between the nozzle and the specimen were 
constant as 6 mm. and 10 mm. respectively. 

 
Figure 8. Schematic View of the Erosive Wear Test 

System 
1: Pressure Regulators, 2: Powder Filter, 3: Mean 

Reservoir, 4: Erodent Particles,5: Valves, 6: Manometer, 
7: Pressured Particle Tank, 8: Nozzle,  

9: Specimen Holder 

During erosive wear tests 420 µm sized G40 
particles were used as erodent. G40 particles have a 
density of 7.2 g.cm -3 and uniform martensitic 
microstructure. Their hardness is 55 HRc. 
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After erosive wear tests, the samples were 
cleaned with low pressure air, washed with alcohol 
and they were all weighed to an accuracy of 10-5 g.  
 
2.4 Results 
 

Generally erosive wear rate is determined as total 
mass loss divided by total erodent particle weight. 
For the exposure time of 240 s. total erodent mass 
is weighed as 58,2 kg at an impact velocity of 30 
m/s. All specimens were weighed before and after 
erosive wear tests and by the way total mass loss of 
each steel was determined. After then total mass 
losses were divided by total erodent mass to find 
out erosive wear rate. 

Determined erosive wear rates of the different 
microstructures of steels are given in Table 3.  
Table 3. Erosive Wear Rates of AISI 1020 and AISI 
8620 Steels with Different Microstructures 

Erosion Rates (mg/kg) 
  FP FM  M 

AISI 8620 2,49 0,84 0,26 
AISI 1020 2,77 1,69 0,35 

FP  : Ferritic-Pearlitic Structure 
FM : Ferritic-Martensitic Structure 
M   : Martensitic Structure 

As can be seen in Table 3, for both steels ferritic 
pearlitic microstructures show maximum erosive 
wear rates while martensitic form show the lowest 
ones. And also erosive wear rates of dual phased 
(ferritic-martensitic) specimens take place between 
FP and M forms.  

That case is mainly because of the increase in 
both the volume fraction of the martensite phase 
and in the hardness values while the 
microstructures of the steels change from FP to M. 

Hardness values of the steels which were 
measured by a Matsuzawa DXT-3 Rockwell 
Hardness Tester under a load of 100 kgf, Rockwell 
B scale are given in Table 4. 
Table 4. Hardness Values of  AISI 1020 and AISI 8620 
Steels with Different Microstructures 

Hardness (HRB) 
 FP FM M 

AISI 8620 76,3 103,8 116,9 

AISI 1020 70,5 95,9 112,1 

FP  : Ferritic-Pearlitic Structure 
FM : Ferritic-Martensitic Structure 
M   : Martensitic Structure 

Views of surfaces after erosive wear tests are 
given in Figure 9. 

 
Figure 9. View of Surfaces After Erosive Wear Tests 

3. CONCLUSION 
 

As stated before, microstructure is an important 
factor on the erosive wear behaviour of a material. 
In this study it was aimed to explore this effect on 
the erosive wear rate o steels by using AISI 1020  
and AISI 8620 steels. After heat treatments and 
erosive wear tests it was observed that annealing 
and quenching steps causes an increase in the 
erosive wear resistance of steels. So, it is obvious 
that this kind of heat treatment can be advised as a 
surface treating process for machine components 
that face erosive wear in practice. 
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