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In this study the erosive-abrasive wear resistance of CFB and boron steels with different heat treatments 
were compared and the effect of microstructure on wear was investigated. An application oriented dry-pot 
laboratory test method with 8-10 mm granite gravel was used to produce erosive-abrasive wear environment 
that simulates the wear mechanisms and the wear surface deformations observed in mining equipment used 
in handling of iron ore [7]. The results were also compared with the results from the previous work and the 
field test conditions studied in it. 
 

2. MATERIALS AND METHODS 

Two steels have been used in this study; a conventional boron steel and a high carbon steel, both with two 
different heat treatments. Boron steels were austenitized at 900 °C and then quenched in water (BQ) or 
following the quenching tempered for two hours at 200 °C (BQT). The other steel was treated to acquire 
carbide free bainitic (CFB) microstructures: Austenitization was performed at 950 °C and followed by 
austempering at 270 or 300 °C (CFB270 and CFB300 respectively). Table 1 presents the chemical 
compositions of the steels and their measured surface hardnesses. The chemical composition of the two 
steels was measured by optical emission spectroscopy (OES). Microstructure for the boron steels was 
tempered lath martensite and the CFB steels showed microstructure consisting of ferritic laths surrounded by 
retained austenite. 
 
Table 1: Test materials and their properties. 

Material BQ BQT CFB270 CFB300 
Hardness [HV1] 522 ± 7 514 ± 5 601 ± 8 548 ± 11 
C [%] 0.26 1.0 
Si [%] 0.24 2.5 
Mn [%] 1.12 0.75 
Cr [%] 0.42 1.0 
Ni [%] 0.14  

 
The erosive-abrasive wear tests were conducted in Tampere Wear Center at Tampere University of 
Technology. A high speed slurry-pot erosion wear tester [16] was used with dry abrasive bed (dry-pot) for 
application oriented wear tests, that in the previous study was proved to simulate industrial mining process 
well [7]. The tester comprises of a rotating main shaft where the samples are attached in horizontal positions. 
The current tests were done similarly as in the previous study, i.e. having samples in two lowermost sample 
levels submerged into the abrasive bed, as presented in Fig. 1. Before the test is started the samples will be 
totally submerged under the bed of abrasives, i.e. samples are not visible. 
 

  
Figure 1: High speed slurry-pot and the dry-pot test method showing a test sample inside the abrasive bed before 
completing the abrasive filling. 
 
Samples were round bars with diameter of 25 mm. With rotation speed of 1000 rpm the sample tip speed was 
10 m/s. The tests were done with the sample rotation test method [16], which means that the sample levels 
were changed during each test so that every sample was tested in each sample position. Sample rotation 
method ensures that the test conditions are similar for all samples during a complete test. The tests were 
composed of four 15 minute cycles, giving total test time of 1 hour. After each cycle the abrasive batch was 
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Figure 5: SEM images of wear surfaces 2 mm from the sample tip. 
 

 
Figure 6: SEM images of wear surfaces 2 mm from the sample tip. 
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3.3. Characterization of wear behavior 

Cross-sectional studies from the tested specimens revealed differences on the level of deformations. It was 
observed in the cross-section of the BQT steel the deformation depth was between 10 to 20 µm and the 
embedded abrasive particles were found to reach the depth of 20 µm. The BQ steel had the most deformed 
surface layer of the steels, i.e. the grain size was finest. The depth of the layer was around 5 µm. The 
deformation depth of the both CFB steels was at similar level (0 - 5 µm). The deformation layer of CFB300 
was finer than that in the CFB270. Higher deformation depth was found on the CFB300 below the embedded 
abrasives, 10 - 20 µm. None of the deformation layers showed any clear orientations, but the boron steels 
had the sharpest interface under the surface layers. Figure 7 presents SEM BSE images of the longitudinal 
cross-sections taken from the samples centerline. Cross-sections of the CFB steels showed quite superficial 
material removal with low profile impact craters compared to the boron steels impact craters which were 
deeper and occasionally filled by embedded abrasives. Note that the cross-sections of steels BQ and CFB300 
were at the other side of the centerline than the BQT and CFB270 which resulted in difference in the 
appearance of the cross-sections in Fig. 7.    
   

Figure 7: SEM images of the cross sections, 2 mm from the sample tip. 
 
Before the wear tests, the bulk hardness of the materials was 601, 548, 522 and 514 HV for the CFB270, 
CFB300, BQ, and BQT materials, respectively. The hardness profiles for the first 200 µm beneath the worn 
surfaces are presented in Fig. 8. The surface hardness was 820, 750, 730 and 660 HV respectively for the 4 
materials. The hardness drops on the first 80 µm under the surface were larger for the BQ and BQT steels 
than for the CFB steels. The BQ and BQT steels showed increased hardness values only close to the surface. 
Below that the hardness was close to the bulk hardness. The hardness values of the CFB steels are increased 
for a larger depth as shown in Fig. 8. This supports the findings about the near surface deformations from the 
cross-sections. 
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Figure 8: Hardness profiles for the CFB-steels and the boron steels. 
 
According to XRD analyses of the phases present, the main phase present in water quenched (BQ) and 
quenched and tempered (BQT) steels is martensite but a small amount (0.3 - 0.7%) of iron carbide is also 
detected in these steels. The XRD patterns of the both CFB steels consist originally of ferrite and austenite 
and after the erosion tests some of the austenite have been transformed to martensite. The amount of 
austenite was about the same, 35 and 40 %, in the CFB steels prior to the wear testing. The decrease of 
austenite was 14 % for CFB300 and 8 % for CFB270 caused by the austenite-to-martensite transformation 
induced by the impact-erosive loading. Fig. 9 summaries the XRD data regarding the transformation in the 
CFB steels. Ref-values refer to the content before the tests.    

 
Figure 9: Austenite and ferrite/martensite amounts before (Ref-Values) and after erosion tests. 
 

4. DISCUSSION 

The boron and CFB steels with their different microstructures consisting of martensite and carbide free 
bainite, respectively, were studied in this work. Both had very fine-grained lath microstructures. The 
hardness of the CFB300 steel was almost the same as for the BQ and BQT steels while the CFB 270 had 
higher initial hardness. The main difference in the microstructures was that the martensitic lath structures of 
the boron steels contained also carbide precipitates, while the laths in the CFB structure contained ferrite and 
austenite.  








