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Abstract  

This article describes how to improve the tribological properties of cast iron by local strengthening by ceramic 
layer, directly in the casting process. The research comprised test molds with a ceramic (composite) layer. 
The ceramic preform (insert with Al2O3) was made basing on proprietary development of geometric 
assumptions. The tests included measurement of resistance to abrasive wear under ASTM G 65-00 standard 
and some quantitative measurements were also made. The basic advantages of combining ceramics and iron 
alloy include, without limitation: high hardness of the mold on the working surface and resistance to abrasive 
wear; increased resistance of the element to impacts compared to solid ceramic elements, extended lifetime 
of the molds, cost reduction of operation of machine elements made with the casting method, thanks to the 
increased lifetime and durability of the elements. 
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1. INTRODUCTION  

The surface layers are made to obtain better properties, which cannot be assured by materials from one metal 
alloy. Most of the pressure comes from modern industry continuously breaking technological barriers and such 
extreme working conditions often cause premature wear of the machinery elements. The materials used must 
be characterized with growing resistance to abrasive wear in the surface layer of the mold, corrosion and high 
temperature of the working environment. An example could be a sliding bearing sleeve with high strength and 
sliding properties thanks to its low friction coefficient. The structural materials most frequently used in the 
machines are cast steel and cast iron. It would be impossible to reach abrasive resistance, hardness, tensile 
strength, impact strength and plasticity on such a high level with the use of cast iron or non-alloy casting steel 
only [1, 2].  

The layers can be created in numerous ways. The process can be done by, e.g. thermal spraying, PVD coating, 
detonation spray coating, plating or hard facing. An interesting and competitive method of element surface 
processing and improving its properties is the layer mold technology [3, 4]. This method deserves special 
attention, because it brings about numerous advantages of the technology and properties of the layers 
obtained. The molding technology (mold cavity preparatory procedures) is fairly easy, the use of any additional 
equipment is not necessary and it is economic, because it is performed within one process [5, 6, 7, 8]. The 
layers are made very fast, their thickness is adjustable and they and can be coated on any surface of the mold. 
Furthermore the crack occurrence in the thermal impact zone is eliminated [9].  

For the casting methods of producing alloy layers the mold surface must be appropriately prepared [10, 11]. 
Therefore, we can divide them into the following [12, 13, 14]: 

• layers produced as a result of casting mold inserts (including without limitation bimetals), 
• layers obtained by fusion of alloy components located on the mold surface by means of the cast metal 

heat, 
• granular layers produced by infiltration of liquid metal alloy down inside the layer prepared on the mold. 

Metals can be combined by diffusion or mechanically. In the case of mechanical combination of two materials 
we can already talk about a composite material. 
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A composite is a material produced from at least two components (phases) with various properties in such a 
way that it has better and/or new (additional) properties as compared to the components used separately or 
resulting from simple summarizing of such properties - a composite is an externally monolithic material, 
however with visible boundaries between its components [15]. 

Combining ceramics and iron alloys with casting method is a complex question resulting from more than double 
density difference between both materials.  

The methods of obtaining composites in casts enable designing casts reinforced on the surface in zones or 
throughout their entire volume. They allow for obtaining products combining the properties of a selected cast 
alloy with “phases” (Al2O3), highly resistant to abrasion ceramic. Thanks to such solution it is possible to design 
elements of machines and devices locally reinforced with a ceramic phase. Its advantage is the limitation of 
the production costs resulting from the application of several technologies and the cost of the material used. 
In as much the scientific works on the ceramics-aluminium composites are known, in so far there is no such 
information concerning the composites of iron alloy - ceramics composites. The issue of producing composites 
or ceramic materials and iron alloys, and thus, the difficulties with their even distribution in the volume of the 
molten metal and with high temperature of the iron alloys inducing disintegration of the ceramic preforms and 
uncontrolled layout of ceramic grains in the cast volume [1,3,5].  

The method of obtaining composite molds locally reinforced with hard ceramic particles will be presented in 
this paper.  

2. OWN RESEARCH 

The purpose of the research was the production of a ceramic insert to create a reinforced layer in a cast iron 
alloy. The research also included testing abrasive wear resistance and quantitative tests of the surface share 
(in the area tested) of ceramics in the part of the reinforced alloy.  

The electrocorundum ceramic grains (Al2O3) or electrocorundum and carborundum mixture (SiC) with the 
maximum 10 % share of the latter in the overall volume can be used in the production of the preform (insert). 
The dimensions of the ceramic grains may fit in the range from 1.4 to 2.8 mm, which corresponds to F8 to F14 
dimensions, according to FEPA standard. The ceramic grains in the preform can be joined with binding material 
based on water glass or synthetic resins used in molding compounds of the foundry sector. Such preform is 
fixed in the cavity of the mold (Figure 1) and gravitationally cast with liquid metal (cast iron or cast steel). 

 

Figure 1 Forming of surface composite layers - founding method; 1 - composite premould; 2 - liquid metal 

The preform’s structure is based on geometric dependencies [16]: 

• side length of elementary cell � = � + ��   mm, 

• preform length    = n!b    mm, 
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where: 
nL - number of openings on the preform’s length, 
d - opening’s diameter (max. 20 mm), mm 
od - space between openings (max. equal to preform’s thickness), mm 
nS - number of openings on the preform’s width, 
g- preform’s thickness, 
L- preform’s length, 
s- preform’s width. 

The ceramic preform for the production of a reinforced layer in the cast iron mold, made as a cuboid profile 
from granular ceramic material with openings of 5 % to 25 % voluminous share, whereby the distance between 
the openings does not exceed the maximum preform thickness of 25 mm, while the preform’s weight does not 
exceed 15 % of the weight of the mold‘s reinforced part.  

For the tests presented herein, noble electrocorundum (alundum) containing 99 % Al2O3 was used. The binding 
material to join the grains was produced basing on water glass. 

The structure of the ceramic preform used in the tests is as follows (Figure 2): 

• side length of elementary cell -  30 mm, 
• space between openings - 15 mm, 
• opening diameter - 15 mm, 
• preform’s length - 60 mm, 
• preform’s width - 26 mm, 
• insert’s thickness - 15 mm, 
• profile openwork A = 23 %. 

 

Figure 2 Ceramic insert to form the composite layer 

Upon short annealing in ca. 500oC the preform was placed in the appropriate part of the mold. Then the mold 
was cast with liquid perieutectic cast iron of ca. 1450oC temperature. As a result, a good infiltration of the liquid 
metal into the preform is obtained, creating a composite metal-ceramic layer in the mold, which is resistant to 
abrasion to the thickness up to 15 mm.  

In Figure 3 a sample cast locally reinforced with a composite ceramic layer has been presented.  
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Figure 3 Casting with locally reinforcement produced layer 

The research included quantitative measurement of the particle on the surface cross-section of the composite 
obtained, with the use of Nikon Nis-elements BR 3.10 program. In virtue of the tests carried out the highest 
percentage possible in relation to the surface to be reinforced could be determined. The results have been 
presented in Table 1. 

Table 1 Percentage of ceramic particles in relation to the load carrying part of the mold 

Sample Surface of the sample Surface of the particles 
Surface occupied by the 
particles 

Number of 
particles 

1 611.61 mm2 191.02 mm2 33.25 % 138 

2 536.08 mm2 183.01 mm2 31.10 % 130 

3 666.33 mm2 202.32 mm2 33.85 % 132 

4 432.09 mm2 148.36 mm2 33.19 % 99 

5 846.12 mm2 243.14 mm2 30.41 % 98 

6 552.86 mm2 173.52 mm2 29.16 % 111 

Based on the research it has been found that the best density of particles in the cast is ca. 30 % of the surface 
which has been reinforced with the particles.  

The research also included measurements of abrasion resistance with the use of device made under ASTM 
G 65-00 standard (Figure 4). Such device is intended to test the abrasion resistance of the metal-mineral type. 

The basic technical details of the device: 

• three-phase engine speed 600 rpm  ± 10 rpm, 

• the functional wheel’s speed 200 rpm ± 10 rpm, 

• the functional wheel’s characteristic dimensions: diameter 230 mm, thickmess 25 mm, height of 
vulcanized rubber hoop 10 mm, 

• sample load 130 N, 
• abrasive material’s streamflow: 500 g / min (dry sand). 

The result of the trials carried out was the reduction of the samples’ mass measured with accuracy up to 

0.001 g. The test enabled determination of the mass reduction (∆m) for each of the surface composites 
obtained. The measuring results have been presented in Table 2. 
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Figure 4 Flowchart of the abrasion resistance measuring device 

Table 2 The results of abrasive resistance examination 

Material Average mass loss, g 

Composite No. 1 (insert - F12, the density of grain 30 %) 0.122 

Composite No. 2 (insert - F12, the density of grain 33 %) 0.117 

Composite No. 3 (insert - F10, the density of grain 25 %) 0.170 

Composite No. 1 (insert - F12, the density of grain 29 %) 0.149 

matrix composite (cast iron) 0.231 

Based on the observation of the composite produced, it has been noticed that the molten metal poured into 
the mould well penetrated between the insert particles, creating no local agglomerates and no discontinuation 
in the combination metal - Al2O3 particle have been noticed (good dampening - Figure 4). Based on the test 
of abrasive wear strength a significant increase of this property has been found, it has been noticed that during 
the tests the matrix (cast iron) was largely exposed to abrasion affecting the test result. More reliable 
measurements of abrasive wear strength should be carried out in conditions closer to real ones.  

3. CONCLUSIONS 

The method of producing ceramic inserts to create surface composite layer with Al2O3 enables to obtain a cast 
with locally increased abrasive wear strength. Maintaining some geometric assumptions assures the 
production of a composite in a desired point of the cast.  

To obtain penetration (infiltration) of liquid metal through the preform, the following conditions must be met: 

• the minimum openwork of the preform expressed by the percentage of openings in the volume of the 
ceramic preform is at least 5 %, preferably 15-25 %,  

• the preform’s weight should not exceed 10 % of the mold reinforced part’s weight, 
• single preform’s thickness up to 25 mm, while the maximum distance between the openings in the 

preform should not exceed its thickness, 
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• the layout of the openings in the preform forms an elementary cell being an equilateral triangle.  

The basic advantages of combining ceramics and iron alloy include, without limitation:  

• high hardness of the mold on the working surface and resistance to abrasive wear; 
• increased resistance of the element to impacts compared to solid ceramic elements, 
• extended lifetime of the molds,  
• cost reduction of operation of machine elements made with the casting method, thanks to the increased 

lifetime and durability of the elements. 
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