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Abstract. The article discusses the use of nano-modified cement. 

Comparative tests of samples made on the basis of the test material for 
compressive strength. A differential thermal analysis was performed. 

1 Introduction 

According to the Emergencies Ministry, only in the 4th quarter of 2018 in Russia, the 

number of fires is approaching 34 thousand, due to which thousands of people died. The 

greatest danger in a fire, in addition to poisoning by combustion products, is the collapse of 

the supporting structures of walls and floors made of concrete and reinforced concrete. The 

materials from which the building structures are made are exposed to high temperatures and 

undergo various changes. These changes are accompanied by characteristic signs, which are 

expressed in the form of transformation of physical, chemical and mechanical properties of 

substances and materials, in the development of deformation, destruction or complete 

destruction of parts of the building [1-5].  

The main task of improving the safety of buildings and structures during operation is to 

improve the fire resistance and heat resistance of structures, for this it is important to use 

modern materials with enhanced heat-resistant properties [6-11]. Research of the behavior 

of high-strength concrete in case of fire and after temperature exposure showed that 

changing the structure of concrete by adding some components to its composition 

contributes to changing the properties of concrete [13].  

In recent years, nanomaterials and composites based on them have become the most 

popular [14-18]. A construction composite based on nanocarbon cement grown on iron 

oxide in clinker was described in [19]. In previous research, a number of 

physicomechanical characteristics of the material, causes and conditions for the growth of 

carbon nanotubes were determined for this material. However, due attention is not paid to 

the heat-resistant properties of concrete and its connection with the structure change. 
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In such a manner, the purpose of this research is to study the heat-resistant properties of 

building composites based on nanocarbon cement (nCMC): 

1. Prepare samples in the laboratory; 

2. Conduct differential thermal analysis of samples with 1%, 3% and 5% nCMC; 

3. To test the samples of composites based on nanocarbon cement (nCMC) for 

compressive strength; 

4. Analyze the collected data. 

As a research object, a construction composite based on nanocarbon cement was 

chosen. 

2 Methods 

The cement used for this research has the following characteristic and compound: grade 

M500 D0, no additional mineral supplement, C3S – 60.42 %, С2S – 12.94 %, C3A – 5.72 %, 

C4AF – 12.46 %. Placed in a reactor with an argon atmosphere the cement of clinker 

minerals is heated to a temperature of 650 °C, the heating allows recovering hydrogen, and 

then argon got replaced by acetylene. As a result of catalytic decomposition of carbon in 

acetylene-hydrogen environment under atmospheric pressure, there can be noticed a growth 

of carbon nanotubes (CNTs) and nanofibers using carbon supersaturated iron catalyst (Fig. 

1). The catalyst particles can stay at the top of the nanofibers or nanotubes (apical growth) 

or in ground (root growth). The number of nanostructures depends on the amount of iron 

catalyst. In this case, 1 % by weight of the cement matrix [19]. 

 

Fig. 1. Scanning Electron Microscopy image of the cement matrixes with CNTs. 

For the manufacture of the control sample were used 500 g of cement, 1500 g of 

monofraction sand and 240 ml of water. Pre-mixing of sand and cement was carried out in a 

spherical cup manually, then automatically in a runner mixer. The water/cement ratio for all 

mixtures is 0.48. 

To obtain comparable results, the above method for preparing a mortar mixture was also 

used in the preparation of samples with 1%, 3%, and 5% nCMC. After achieving a uniform 

distribution of fiber in the cement-sand mixture, water was added. Tests for ultimate 

compressive strength were carried out at the age of 28 days. 
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Further tests were carried out for a batch of similar samples, kept at a temperature of 

485°C according to the method GOST 20910 for 4 hours and then cooled in a furnace to 

room temperature.  

Also for samples subjected to thermal effects was carried out differential thermal 

analysis. 

Differential thermal analysis (DTA) is based on the constant measurement and 

comparison of the temperatures of the test and control sample, taking into account the heat 

or cold applied. When the temperature in the sample changes, the process of enthalpy 

change (during melting, recrystallization, decomposition, oxidation, etc.) may occur with 

the release (absorption) of heat at different rates [20-23]. To record temperatures, a 

measuring cell is used, the circuit diagram of which is shown in Fig. 2. 

 

Fig. 2. DTA measuring cell. 1 - thermocouples to measure the temperature of the control and test 

sample; 2 - control sample; 3 - sample container; 4 - the general temperature environment; 5 - test 

sample. 

The test and control specimens are located in symmetrically arranged containers relative 

to the whole construction of the measuring cell. Thermocouples (1 Fig. 2) simultaneously 

record the temperature change of the samples (t1, t2) with time at summed temperature (T). 

The effects associated with the transfer of heat within the cell are not taken into account, 

since their effect applies to both samples in the same way. At any time, the sample emits 

heat dH/dt, this heat is used to increase the temperature of the sample, or is dissipated in the 

environment (3, 4 Fig. 2). 

3 Experimental results and discussion 

Differential thermal analysis of samples from 1%, 3% and 5% of nCMC, and also without 

the content of nCMC showed that Ca(OH)2 decomposes in the area from 480°C to 550°C, 

the cement stone becomes more porous, the corrosion of cement (Fig. 3). On the DTA 

curves, there is no significant correlation between the endothermic dips and the nCMC 

additives. Thus, there are no additional phases capable of hardening the concrete. Thus, the 

nature of the hardening of concrete nCMC is not thermodynamic. 
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Fig. 3. Differential-thermal analysis of samples with different content of nCMC. 

The compressive strength of a batch of control cubes of 50x50 mm with a change in the 

concentration of nCMC from 0 to 5% shows a tendency to increase in strength. 

The results are presented in the Fig. 4. 
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Fig. 4. The tensile strength of the samples of cement-sand cubes in compression with different 

content of the nCMC. 
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A batch of similar samples maintained at a temperature of 485 ° C (Fig. 4), on average, 

reduced the strength of samples of all types. The highest strength values are shown by 

samples with a content of 3% nCMC. 

4 Conclusion 

The conducted research allows us to draw the following conclusions: 

1. In the area from 480°C to 550°C, Ca (OH)2 decomposes, the cement stone becomes 

more porous, the effect of corrosion of cement occurs. But despite this, the samples 

retain their strength due to the preservation of nanotube bonds, which have not 

collapsed under the influence of temperature, while the cement products have partially 

decomposed and no longer have sufficient resources to counteract the stresses arising 

in the samples. 

2. The best results were shown by samples containing 3% nCMC. This is explained by 

the fact that the presence of nanotubes, which can be seen in Fig. 1, indicates an 

increase in the strength characteristics of the material, since they perform a reinforcing 

role in the structure of concrete and discrete nanostructuring of cement systems [21].  
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