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Abstract 

 

Durability of composite materials largely depends on possible occurrence of 

cracks in the structure and on the spreading pattern thereof. The article examines 

the nature of crack formation in samples based on slag and clay in thermal testing. 
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1 Introduction 
 

The function of an effective heat-resistant material for industrial furnace lining 

can be performed by a composite material based on a clay-slag binding agent 

featuring high-performance properties [1-4]. 

 

2 Experimental study 
 

The paper presents an analysis of the nature of occurrence and spreading of 

cracks at thermal resistance testing of samples, taking into account the seal type 

and the filler presence. 
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Being heated for the first time the material structure undergoes major 

structural and material transformations, significantly altering the physical-

mechanical and thermal properties of the material. The shrinkage phenomenon 

and thermal expansion of the hardened clay-slag-chamotte composites cause 

deformation of various marks in the structure, causing the corresponding stresses 

between its components. The reactions, taking place in the solid state between the 

material’s components at high temperature, in some cases increase these stresses, 

in other – relax them. Tensile stresses weaken the link between the structural 

components and appear to be the basis of division of the composite’s 

heterogeneous structure into fragments, separated from each other by cracks. 

In this regard, in the course of thermal stability testing of samples the authors 

visually assessed the surface conditions thereof. The samples were produced by 

various methods on the basis of the clay-slag binding agent and an activator of 

optimal structure, both with a heat-resistant filler, and without it [3, 5, 6]. The 

samples hardened under air and moist conditions at t=20±2°C, after that they were 

subject to testing. The picture of crack formation on surfaces of the clay-slag 

samples after various cycles of testing is provided in figure 1. 

 

3 Results and discussion 
 

After the first heating-cooling cycle the vibrated sample’s surface was covered 

with a small amount of cracks. Large pores were the centers of crack formation, 

from which the cracks began to spread. Further, after 2-3 cycles, the quantity of 

cracks was growing, their size and depth of penetration into the sample was 

increasing. In the aggregate the cracks formed a grid covering the whole sample. 

After 4 thermal resistance testing cycles a part of shallow cracks united into a 

large one, the length of which was up to 4-5 cm with the depth up to 2 cm. The 

width of cracks is up to 1 mm. After the 6th testing cycle the sample was covered 

by a grid of very large and deep cracks. The length - more than 5 cm, the width – 

up to 2 mm, the depth - more than 3-4 cm (fig. 1, a). After the seventh heating-

cooling cycle the sample shivered into shallow pieces along the cracks. 

 
 

Figure 1:  The nature of crack formation in the vibrated (a) and compressed (b) 

samples made of the clay-slag binding agent after 6 thermal resistance testing 

cycles and in the pressed samples made of the clay-slag binding agent with 

chamotte sand after 40 thermal resistance testing cycles (c) 
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After the first testing cycle thin hair-like cracks with the length up to 1,0-1,5 

cm appeared on the pressed sample’s edges. Further, there was observed the 

development of the previously formed cracks and the emergence of the new ones. 

However, the total quantity thereof after the 2nd testing cycle was much less, than 

on the vibrated samples. After the 4th thermal resistance testing cycle the quantity 

of cracks increased considerably, they united into a rather strongly branched grid. 

It is difficult to estimate the development of cracks inside of the structure, but it is 

supposed that large cracks do not break the structural connectedness as the sample 

kept its integrity up to the 6th testing cycle (fig. 1, b). The destruction occurred 

when some part of cracks connected and penetrated the whole sample. 

 

The fact that the sample broke into several pieces (2-3 pieces), i.e. along very 

large cracks, is the evidence that the sample contained a small amount of large 

main cracks. The separation of shallow fragments at testing was not registered. 

 

The filler introduction (fig. 2) considerably increased the terms of the 

beginning of large cracks formation, which, in turn, increased the thermal 

resistance of the samples. The first major cracks appeared on the sample only after 

20-25 cycles of water thermal cycling. It follows from this that impregnations of 

particles of chamotte sand strengthen the material’s structure due to extinguishing 

of cracks at their development from cycle to cycle. In this regard the introduction 

of the chamotte filler in the form of inclusions into the insufficiently heat-resistant 

clay and slag matrix can be considered as an efficient method to improve 

operational properties of the clay-slag material. Even a greater improvement of 

thermal resistance has been achieved by the authors at the introduction of 

chamotte bricks fr. 1,25-2,5 mm into the grog matrix. 

 

The assessment of the nature of crack formation and thermal resistance of 

various samples testifies that the pressed structures are steadier under conditions 

of a sharp change of temperatures from 800 to 20°C. At the fillers introduction the 

thermal resistance increases manifold, the nature of crack formation changes 

towards a decrease of the quantity of cracks and the size of their disclosure before 

the sample’s destruction. 

 

Thus, the grain-size composition of the heat-resistant fillers and the introduced 

quantity thereof considerably impact the thermal resistance of the filled clay-slag 

materials. In this regard, the assessment of optimization of the structural topology 

of the high heat-resistant filled composites is extremely important. From this 

perspective, it is advisable to determine the interparticle distance in the structure 

of the clay-slag binding agent. Such assessment gives a chance to more accurately 

estimate the interparticle distances, defining crack formation. 
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Figure 2: Dependences of distances between the surface of chamotte filler 

particles (1) and the thermal resistance of the clay-slag-chamotte composites (2) 

on the content of broken chamotte bricks of various fractional compositions: a) 

broken chamotte bricks fr.0,3-0,6 mm; b) broken chamotte bricks fr.0,6-1,25 mm; 

c) broken chamotte brick fr. 1,25-2,5 mm 

 

 

Figure 2 describes the dependences of the distance between the surfaces of 

chamotte filler particles and the compositions’ thermal resistance on the filler 

content with various particle sizes. 
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4 Conclusion 
 

The graphs show that the maximal thermal resistance of 71 cycles is provided 

at the distance between the surfaces of particles of chamotte grains equaling to 0,6 

mm. Thus, the average grain size equals to 1,87 mm with the content thereof 

being 100% of the binding agent’s mass. As the average particle size of the 

chamotte grog decreases to 0,924 mm the thermal resistance maximum of 42 

cycles of water thermal cycles is provided at the distance between the particles’ 

surfaces of 0,27 mm, that corresponds to 100% of the chamotte filler content from 

the binding agent’s mass. As the average particle size decreases to 0,45 mm the 

thermal resistance significantly falls to the maximum value of 12 cycles at 80% of 

the filling from the clay-slag binding agent’s mass. The optimal distance 

providing this thermal resistance is 0,17 mm. 
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