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Abstract. Cast iron is widely used in the casting of components. This article uses experiments to analyze hardness, a 

mechanical property of nickel-modified malleable cast iron. An SPB-B2 induction furnace was used to melt the samples, 

which were cast in sand-clay molds. The samples were modified with pure nickel at levels of 0.1%, 0.3%, and 0.5% relative 

to the charge. The hardness of the resulting samples was determined using an HXS-1000Z hardness tester. It was found 

that increasing nickel content increases the hardness of the samples. A graph was plotted based on the obtained results. The 

authors' conclusions are presented at the end of the article. 

INTRODUCTION 

At present, ferrous and non-ferrous alloys are the main materials widely used in the mechanical engineering 

industry [1–4]. Cast iron belongs to the group of ferrous metallurgy materials and is widely used in various sectors of 

industry due to its unique characteristics and diverse properties [5–8]. Ferrous metallurgy plays a key role in the 

economy, determining the viability of industry. Almost all enterprises use products of ferrous metallurgy, which serve 

as the primary materials for the production of equipment and tools.  
The advantage of cast iron is that it can be used to manufacture parts of complex shapes, as demonstrated by the 

engine block and cylinder head of an internal combustion engine. This casting method is known for its cost-

effectiveness when producing components with intricate geometries. However, a disadvantage of cast iron is its high 

density, which results in the production of heavy parts. Engineers and metallurgists face the task of reducing the weight 

of these components. The use of alloying elements and heat treatment can improve the properties of the alloy, affecting 

its machinability [9–12]. Due to the limitations in achieving manufacturing tolerances solely through casting, 

mechanical machining is required to improve the surface quality and dimensional accuracy of castings [13].  
Toshiro Kobayashi and Hironobu Yamamoto conducted research aimed at increasing the impact strength of 

austenitic ductile iron by strengthening the sites of crack origin, such as graphite–matrix interfaces and eutectic cells, 

due to microsegregation of alloying elements [14]. In the work of Taiwanese researchers S. S. Shi and his colleagues, 

the tensile properties of austenitic ductile iron (ADI) with an upper-bainitic structure were investigated at temperatures 

from 27 to 420°C using cast iron with spheroidal graphite [15]. The results showed that the stress decreases with 

increasing temperature of austenization and hardening treatment. 

Based on the above research and analyses, this study examines the enhancement of the hardness of malleable cast 

iron by modifying it with nickel. 

MATERIALS AND EXPERIMENTS 

An electric induction furnace of the SPB-B2 brand was used for melting the cast iron [16], which ensures very 

high quality of the cast iron and allows the use of any charge materials (Fig. 1). The chemical composition of the 

malleable cast iron selected as the research object is presented in Table 1. This type of cast iron is used for casting 
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parts that operate under various high loads [17–20]. Nickel was added to the samples as a modifying element in the 

amounts of 0.1%, 0.3%, and 0.5% relative to the charge. To measure the hardness of the cast samples, an HXS-1000Z 

hardness measuring device was used (Fig. 2). 

 

 
FIGURE 1. Induction furnace 

 

TABLE 1. The composition of ductile iron 

C Si Mn S P Cr - 

2.6 - 2.9 1 - 1.6 0.4 - 0.6 до   0.2 до   0.18 до   0.08 C+Si = 3.7 - 4.2 

 

 
FIGURE 2. HXS-1000z hardness tester 
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Hardness was measured using the Brinell method. The polished surfaces of the samples were used for testing, so 

that when pressed with a 10 mm diameter ball indenter, it would be smooth and flat. Before polishing the sample, it 

was necessary to cut off a piece from the finished part or sample for further testing. An electric erosion machine model 

DK7725 was used for cutting (Fig.3). The cut samples with different percentages of nickel were wider and 5x50 

millimeters long, and the thickness was 5 mm (Fig.4). 

 

  
FIGURE 3. Electroerosion machine for sample 

preparation 

FIGURE 4. Samples for hardness testing 

 

RESEARCH RESULTS 

After preparation and cutting of the samples for Brinell hardness testing, the surfaces were manually ground to 

obtain a smooth and even finish. Grinding was carried out using sandpaper of various grits, starting from P80 and up 

to P1200. This was done to ensure that the processed surface eliminated surface irregularities and provided reliable 

contact with the indenter. The measurement step was 1 mm to ensure high data accuracy and to eliminate possible 

errors during testing, as shown in Figure 6. 
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FIGURE 5. Hardness of samples in terms of nickel concentration: a) 0.1% b) 0.3% and d) 0.5 % 

 

CONCLUSIONS 

Based on the obtained data, it can be concluded that as the nickel content in malleable cast iron increases, the 

hardness increases proportionally to its concentration. With the addition of 0.1% Ni, the average hardness based on 

49 measurements was 127.77 HB with a deviation of ±9.28. For the alloy with 0.3% Ni, the average hardness reached 

135.89 HB with a deviation of ±16.54, and with 0.5% Ni, the hardness was 157.49 HB with a deviation of ±8.54. In 

all samples, a common trend was observed: the hardness on the outer surface was higher compared to the middle and 

the end of the sample. This may be due to the fact that the modifier used acts more strongly on the surface of the part. 
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