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Abstract 

The main goal of this article is to present the results of state the microstructure in chromium ledeburitic tool 

steel commercially named Sverker 3. This material was treated by austenitizing at various temperatures and 

then quenched in oil. Paper is focused on distribution and change in carbide particles depending on 

austenitizing temperature. Analysis was focused on population of these particles and classification particles 

by EDS analysis results and measuring of hardness. According to chemistry of particles were particle sorted 

by types. Beside that all results are compared to phase equilibrium calculated in Thermo-Calc.  
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1. INTRODUCTION 

High alloy tool steels usually contain a higher carbon content and are mainly alloyed by Cr, W, V, Mo. [1]. High 

alloy tools steels were developed in order to achieve such important mechanical and physical properties like 

hardness, abrasive wear resistance [1,2,3] corrosion resistance and dimensional stability [1,4]. Hence, these 

steels are suitable for variety industrial operations such as cutting, forming [3], plastics moulds, measuring 

instruments, gauges and many others. [5]. Mechanical properties of tool steels are determined by their phase 

composition, microstructure, matrix and type, quantity, size and distribution of the carbides. The microstructure 

can be varied by the use of proper heat treatment procedure. In most cases, the tools made of ledeburitic 

steels are subjected to various hardening and tempering regimes. By applying these heat treatment schedules 

the soft ferrite/carbide microstructure is replaced by much harder martensite. Hence, also, the properties of 

steel can be modified by using the heat treatment in great extent [3]. Chromium ledeburitic steels contain 

higher level of carbon and chromium. Presence of these elements is mainly linked with precipitation of wide 

spectrum of carbide particles, mainly the M7C3. Morphology of carbide particles significantly affects the 

mechanical properties. These particles are able to improve wear resistance. On the other hand as first limitation 

in use is linked with higher number and higher sizes of certain kind of carbides which lowers a toughness or 

cause a sensitivity to fracture [4]. Higher austenitization temperatures are related to dissolution of carbides 

whose alloys are able to improve hardness of matrix. The second limitation occurs as the decrease of Ms and 

Mf temperatures is due to matrix saturation increase [6]. Among the main purposes of the current experiment 

belong revealing how the alloying elements were partitioned between phase constituents present in material. 

Besides that, it is necessary to compare hardness of specimens which correlate with distribution of chemical 

elements. The final goal is to determine the morphology, size and population of all the carbide particles and 

how these characteristics are influenced by the used heat treatment regimes. 
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2. METHODOLOGY AND RESEARCH 

The material used for experiment was commercially available ledeburitic tool steel Sverker 3 with chemical 

composition (in mass %) 2.05 C, 0.3 Si, 0.8 Mn, 12.7 Cr, 1.1 W, and Fe as a balance. Cylindrical specimens 

with dimensions of Φ 16 x 8 mm were cut off from steel bar. After that the specimens were subjected to 

conventional hardening procedure. It consisted of gradual heating up to the required austenitizing temperature, 

hold there for 25 minutes and quenched. The first ramp was chosen at 600 °C with a 10 minutes duration. 

After this stage the specimens were heated-up to final austenitization temperature, held there and 

subsequently oil-quenched. The level of the final austenitizing temperature was chosen from the range 900-

1050 °C, with a step of 25 °C. Microstructural analysis of specimens was carried out by scanning electron 

microscope (SEM). Before that the specimens were grinded by a set of abrasive papers with different size of 

abrasive (in order 220, 320, 600, 1200), and polished with various type of diamond suspensions (in order 9, 6, 

3, 1 µm). As an etchant 3% ethanol solution of picric acid (Picral) was used. For SEM analyses a JEOL 7600F 

scanning electron microscope coupled with energy dispersive spectroscope (hereinafter EDS) detector was 

used. Microstructural images were acquired at different magnifications, i.e. 1000x, 3000x and 5000x. Chemical 

composition of carbide particles and the matrix was estimated by EDS analyser. Hardness measurements 

were performed by Vickers method, at a load of 98.1 N (HV10), by using a ZWICK 3212 hardness tester. For 

verification of the reliability of the obtained results they were compared with calculated phase equilibria for the 

given system, by using a ThermoCalc 2021 software. Quantitative analysis of microstructure was focused to 

determine the number of carbide particles. The measurements were performed on areas of 10 x 10 μm. In 

order to ensure statistical consistency, the input data were averaged from 5 measurements for each specimen. 

Among the main parameters: the mean number of microparticles per volume unit – Nk (1/mm3), mean 

interparticle spacing lA (μm), calculated according formulas in [7] and quantity of carbides (%) evaluated by 

point method [6,7]. 

3. RESULTS AND DISCUSSION 

3.1. As-received state 

The examined steel was delivered in a state after soft-annealing. The steel in this state contains non-uniformly 

distributed, irregularly shaped eutectic carbides, almost uniformly distributed quasi-globular secondary 

carbides and uniformly distributed eutectoid carbides. Carbides are distributed in ferritic matrix [3,5,8]. From 

the point of view of chemistry three types of carbide particles were determined by EDS measurements, further 

denoted as K1, K2 and K3. These carbides are different from the point of view of their origin, which is reflected 

in their chemical composition. The average chemical compositions of these particles (in mass percent) are 

shown in Table 1. With respect to computed equilibrium, Figure 1a one can assume the presence of major 

amount of M7C3 and minor amount of M23C6 phases [6,8,9]. Besides that, one would also expect also the 

presence of M3C2 (see Figure 1a). But, in real situation the diffusion rate is very low below the characteristic 

A1 temperature, hence, the presence of M3C2 is very unlikely. As mentioned in [10] steels of D-type are 

characteristic by presence of M7C3 particles and maximum iron content in M7C3 is around 50%. This statement 

corresponds to the results in Table 1 for K1 and K3 types. The mean spherical diameter of the K1 - carbide 

particles in range between 2.5-22 μm. It corresponds to the findings in [9] where author found M7C3 particles 

with maximal diameter approx. 21.5 μm. Correspondingly, the K2 - carbides have a size from the range 0.35-

1.4 μm and K3 - particles have a size in range 0.3-1.9 μm. The origin of K3 small particles (0.05-0.52 μm) is 

very likely in the eutectoid transformation. In many cases these particles are spherically-shaped, which is highly 

expected shape in specimens after soft-annealing [11]. According to EDS, a slightly lower chromium content 

was found in these particles. The measured bulk-hardness was 245 HV10, which is expected value for similar 

tool steels.  
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Table 1 Categorization of carbides by chemical composition obtained by EDS (mass %) 

 C Cr Mn Fe W 

Carbide K1 11.11 ±0.41 42.7 ± 0.41 1.33 ± 0.1 42.71 ± 0.37 2.15 ± 0.25 

Carbide K2 7.8 ± 0.65 18.72 ± 4.42 1.39 ± 0.38 64.12 ± 6.64 7.89 ± 2.25 

Carbide K3 10.30 ± 1.07 31.5 ± 5.33 1.3 ± 0.16 54.82 ± 6.36 1.92 ±0.31 

 

Figure 1 a) Calculation of phase equilibrium in temperature range 0-1600 °C, b) Fe-C-Cr phase diagram 

3.2. As-quenched state: matrix 

 

Figure 2 SEM micrographs of samples treated at different austenitization temperature a) 900 °C, b) 1050 °C 

After application of austenitization and quenching procedure, the microstructure of the material has been 

changed from ferritic/carbidic to martensitic/carbidic, with a presence of certain amounts of retained austenite, 

as Figure 2 illustrates. Increasing the austenitizing temperature induces more pronounced saturation of matrix 

with alloying elements. The matrix was saturated mainly with the chromium, carbon and tungsten, Table 3. An 

optimal matrix saturation level is an important factor that influences the as-quenched hardness as well as the 

secondary hardenability of this kind of material. Together with increasing content of alloying elements in matrix, 

the characteristic Ms and Mf temperatures become lower [8,12]. This results in increase in amount of retained 

austenite in as-quenched steel microstructure [12]. The retained austenite is soft phase, hence the specimens 

treated above 1000 °C have lower hardness than those treated at 1000 °C (Table 2). The main source of the 
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saturation of the matrix is the dissolution of carbide particles [10]. Figure 3 shows that increasing the 

austenitizing temperature reduces the number of carbides. The most significant difference in number of carbide 

particles is between specimens treated at 975 °C and 1000 °C. By comparing the micrographs in Figure 2 it 

is possible to observe that the main decrease in population of particles occurred inside original austenitic 

grains. There are situated mainly fine particles of K2 and K3 types. 

3.3. As-quenched state: carbides 

By the calculation of phase equilibrium (Figure 1a), it is very likely to expect two types of carbides in this steel 

system in the as-quenched state. The first one is the major M7C3 phase and the second (but minor) phase is 

M23C6 [6,8]. The third carbide (K3) identified by EDS is very likely other crystal modification of M7C3. Fukaura 

proved a presence of M7C3 as white large particles and M23C6 as small black round particles in AISI D2 steel. 

However, this assumption should be confirmed by further analysis. As abovementioned, the carbides of K1 

type have greater size (2.5–22 μm), and are situated on the grain boundaries. In many cases the K1 have 

irregular or angular shape, very similar to rod and rectangles [3,6,8,10,13]. Besides that, the same chemical 

composition was also identified for smaller-sized particles which have mostly quasi-globular shape [13]. The 

largest particles belong to the eutectic carbides. In similar Cr-steels, a presence of M7C3 phase is very common 

phenomenon. These carbides are stable up to the solidus temperature, hence, they were not affected by the 

applied heat treatment. The K2 carbide particles have much smaller size (0.35–1.4 μm), predominantly 

globular shape, and are situated inside original austenite grains [14,15]. Their nature is originated probably by 

the fact that, they are formed due to the decreasing carbon/chromium solubility in the austenite. Therefore, 

one can call them as secondary carbides. According to Fe-C-Cr diagram (Figure 1b), it is clearly visible that 

M23C6 phase is expected mainly in carbon-depleted zones. By comparing the carbon contents in K1, K2 and 

K3 (Table 1), the K2 particles are very likely M23C6. The K3 carbides have similar size like K2 (0.3–1.9 μm) 

but they are elongated or quasi-globular shaped, and are situated inside the grains and as well as at the grain 

boundaries. A part of these particles may also belong to the group of secondary carbides. At higher 

austenitizing temperatures, more small-sized carbides were dissolved but large-size angular particles remain 

unaffected. The first significant decrease in population density of carbides was observed in specimens treated 

at 925 °C. This is because at 900 °C only very fine particles inside the original austenitic grains start to dissolve. 

The second significant carbides count decrease occurred in specimens treated between 975 and 1000 °C. 

According to Figure 1a, the complete dissolution of M23C6 is expected within this range, and certain decrease 

of M7C3 secondary carbides can also occur. In Figure 2 it is possible to see that the most pronounced decrease 

in carbide particles count was observed for small-eutectoid carbides. These particles are mostly situated inside 

original austenitic grains but some of them appear also on the grain boundaries. To validate the measured 

changes in carbide count a Thermo-Calc calculations were used. The results in Figure 1a clearly indicate a 

good agreement between measured values of carbide particles counts and theoretically predicted ranges of 

dissolution of individual carbide phases in the austenite.  

Table 2 Hardness of specimens depending on the  

             austenitization temperature 

  Hardness HV10 

soft-annealed 245.00 ± 1.63 

900 °C 687.00 ± 4.24 

925 °C 772.00 ± 16.33 

950 °C 788.67 ± 4.71 

975 °C 854.33 ± 5.19 

1000 °C 898.33 ± 6.13 

1025 °C 882.00 ± 9.80 

1050 °C 806.33 ± 4.71 
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Table 3 Development of the content of chemical elements in matrix depending on austenitization  

             temperature. 

soft-annealed 2.15 ± 0.18 0.59 ± 0.03 4.34 ± 0.99 0.78 ± 0.07 91.02 ± 1.24 1.12 ± 0.4

900 °C 2.62 ± 0.45 0.54 ± 0.06 4.83 ± 1.34 0.94 ± 0.09 89.61 ± 1.9 1.6 ± 0.08

925 °C 2.52 ± 0.44 0.58 ± 0.04 5.4 ± 0.42 0.85 ± 0.08 89.51 ± 0.7 1.9 ± 0.09

950 °C 3.2 ± 0.19 0.55 ± 0.02 5.42 ± 0.63 0.79 ± 0.01 88.62 ± 1.15 1.5 ± 0.1

975 °C 2.98 ± 0.5 0.6 ± 0.05 5.82 ± 0.34 0.89 ± 0.05 88.37 ± 0.92 1.17 ± 0.22

1000 °C 2.68 ± 0.09 0.61 ± 0.04 5.62 ± 0.35 0.8 ± 0.13 89.06 ± 0.43 1.18 ± 0.2

1025 °C 2.65 ± 0.13 0.58 ± 0.03 6.43 ± 0.18 0.88 ± 0.05 88.17 ± 0.36 1.29 ± 0.1

1050 °C 2.86 ± 0.43 0.55 ± 0.03 7.2 ± 1.12 0.9 ± 0.05 87.2 ± 1.48 1.29 ± 0.12

W (wt.%)C (wt.%) Si  (wt.%) Cr (wt.%) Mn (wt.%) Fe (wt.%)

 

 

Figure 3 Number of particles per volume unit depending on the austenitization temperature 

4. CONCLUSIONS 

Based on the results of the study, the following conclusions can be formulated: 

• Three carbide types were identified in examined steel. The largest K1 particles were eutectic carbides. 

They have angular shape, and are non-uniformly distributed in the matrix mainly at the grain boundaries. 

The K2 and K3 particles were much smaller, and manifested uniform distribution inside the grains as 

well as at the grain boundaries. They were detected as secondary phases but a part of them is also 

formed by eutectoid transformation. 

• The K1 and K3 carbides contain high amounts of Fe and Cr. The secondary K2 carbides also contain 

mainly these two elements but also enhanced amount of tungsten.  

• The matrix of as-received state contained approx. 4 % Cr and minor portions of other elements like Si, 

Mn and W. Heat treatment increased the amounts of Cr and W in the matrix while the amounts of Mn 

and Si were practically unaffected. The variations in amounts of different elements are related to the 

dissolution of different carbides in the austenite.  

• The dissolution of eutectoid and secondary carbides results in decrease in the number of particles and 

in increase in the interparticle spacing. 

• Saturation of the matrix caused increase in material hardness. But, the hardness increased only up to 

the austenitization temperature of approx. 1000 °C. Above 1000 °C the hardness rather decreased due 

to higher amounts of retained austenite maintained in microstructure.  
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