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Abstract. This article covers use of nanocarbon modified cement (nCMC) that was made with use 
of chemical vapor deposition method. The tests were performed with traditional destructive method as 
well as with the use of special ultrasonic equipment. The specimens with nCMC was tested for 
compressive and tensile strength. However, the results showed that use of nCMC made only minor effect 
on these characteristics, when results from other research groups indicate that nCMC improves cement’s 
properties greatly. Therefore, authors hypothesize that characteristics of nCMC modified paste matrix 
highly dependent on the geometrical characteristics of nanofiber such as length, type of structure (single-
walled, multi-walled) and chirality. This hypothesis is based on the ultrasonic tests' results. Furthermore, 
the positioning, distribution and the proportion in the material of carbon nanotubes (CNTs) needs to be 
researched more. 

Аннотация. В статье рассмотрено использование наноуглеродного цемента (НУЦ), который 
был получен методом химического осаждения из газовой фазы. Испытания цементных 
материалов проводились традиционным разрушающим методом, а также с использованием 
специального ультразвукового оборудования. Образцы с НУЦ испытывали на прочность при 
сжатии и растяжении. Однако результаты показали, что использование НУЦ оказывает 
незначительное влияние на прочностные характеристики, в то время как результаты других 
исследовательских групп показывают, что НУЦ значительно улучшает свойства цемента. Поэтому 
авторы выдвигают гипотезу о том, что характеристики модифицированной пастообразной матрицы 
НУЦ сильно зависят от геометрических характеристик нановолокна, таких как длина, тип 
структуры (однослойные, многостенные) и хиральность. Кроме того, необходимы дополнительные 
исследования положения, распределения и доли в материале углеродных нанотрубок (УНТ). 

Introduction 
Nanomaterials in construction industry became one of the most innovative line of research. Even 

though there are not many cases of their practical use, this field of search has many perspectives due to 
unique characteristics of these materials. Nanostructures allows to significantly improve such properties 
as: compressive strength, conductivity, and resistance to electromagnetic pulse (EMP) [1, 2]. 
Furthermore, use of nano-modified concrete can greatly reduce the cost of construction. This can be 
achieved by reducing the amount of cement in the compound of concrete. 

Concrete being the most used material in construction is valued for its characteristics such as 
compressive strength, hardness and modulus of elasticity. However, nanotechnologies allowed to greatly 
improve these characteristics. A group of scientist from Saint Petersburg Polytechnical University 
(SPBPU) managed to greatly increase the compressive strength of concrete with synthesizing carbon 
nanofiber on cement particles [3]. The result of their research was hardened cement paste that was twice 
as strong as the control one. Moreover, civil engineers have been already using concrete with modifiers 
based on fullerene for a long time [4, 5]. These modifiers can also greatly improve compressive strength 
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of the concrete. However, the problem of equal distribution of modifier through the volume of the material 
still needs to be resolved for all types of nanomodifers. So it can be concluded that there are two main 
trends in research of nano-concrete: synthesis of nanostructures on matrix material and direct addition of 
nanostructures into modified material [6–10]. 

Analysis of recent researches indicated the lack of data covering the test of cement hardened 
paste modified with nanocarbon modified cement (nCMC). Nevertheless, there is a lot of information 
about the concrete produced with use of special cavitational setups [19], although this method of 
producing of concrete is quite complicated and there is no data considering simple mixing of nCMC with 
cement in certain proportions. Moreover, further analysis of this problem revealed that there is actually no 
information about attempts to define characteristics of nCMC that is simply mixed with standard cement 
in concrete mixture.  

Therefore, the main goal of this research is to precisely examine the properties of nCMC. To 
achieve it our team had to produce the samples in lab conditions under the control of the supervisor, test 
them and analyze all gathered data. 

Experimental methods 
To create specimens of modified cement was used special setup made on the base of Laboratory 

of lightweight materials and structures. The process of chemical vapor deposition allows to grow carbon 
nanostructures that may be formed into multi and single-walled structures. The possibility of formation of 
such structures is obtained due to the presence of iron in the clinker mineral celite. With increasing 
temperature and duration of the synthesis increases the amount of nanostructures, however the critical 
factor is the emergence of free CaO, which has negative impact on cement products. Regarding this, the 
temperature of synthesis is limited to 650 oC. 

 

Figure 1. Schematic diagram of the device used for nCMC synthesis: 
1 – furnace, 2 – chemical reactor, 3 – rotameter, 4 – valves, 5 – hydraulic lock, 6 – gas tanks 

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 to recover 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 and nanofibers using carbon supersaturated iron 
catalyst. 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 
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Tests of the specimens were performed in accordance with Russian State Standard  
GOST 310.4-81. “Cements. Methods for determination of flexural strength and compression”. 

To determine the water-cement ration of the mortar mix was used 1,500 g of standard uniform 
sand and 500 g of cement. 

Sand and cement were mixed in a spherical cup, pre-rubbed with a wet cloth, and hand mixed for 
1 minute. In the center of the dry mixture was made the deepening to which was added 200 g of water, in 
order to maintain water-cement ratio of 0.4. Water soaked for 30 seconds, and then the mixture was 
stirred again for 1 minute. After that mortar was put into Pan grinder (Fig. 2) for 150 seconds 
(20 rpm).After the additional mixing it was divided and put in the cone layer by layer. Then the form was 
mounted on a vibrating table. Each layer was also rodded 10–15 times. Then all the excesses were 
removed the mixture was shaken 30 times for 30 seconds. After all these procedures the form was 
removed and the lower base of the cone was measured in order to define the flow of this particular 
mixture. 

 

Figure 2. Pan grinder: 
1 – base, 2- bowl, 3 – bowl axis, 4 – axis slider, 5 – runner 

With W/C = 0.40 the optimal flow of the mortar mix is considered to be around 106 ÷ 115 mm. If the 
flow is less than 106 mm, W/C should be increased in order to achieve the flow of 106 ÷ 108 mm. If the 
flow is more than 115 mm W/C need to be decreased to obtain the flow around 113 ÷ 115 mm. In our 
case the W/C = 0.48 

For the production of control test specimen were used the following compound: 500g of cement 
(PC 500 D0), 1500g standard uniform sand and 240ml water (W/C = 0.48).  

For the manufacturing of the beam specimens the mortar mix was prepared the same way as the 
mix for the definition of flow with the exception for the shaking part. The cement paste of standard 
consistency was laid in special forms with size 40 x 40 x 160 mm, that were attached to the vibrating 
table, and compacted by vibration for 3 minutes. Before switching on the vibration each section was filled 
with a 1 cm layer of a mortar mix. The remaining part of mixture was put during the first 120 seconds of 
vibration. After the vibrating, excesses of the mixture were removed and the surfaces were smoothed. 
Then specimens wereput for 24 hours into chamber with high humidity level. Until the tests beams were 
stored in water under the temperature of 20+-2C.  

The test of the beams was performed at the age of 3, 7 and 28 days. The specimens were tested 
for their tensile and compressive strength using special presses. 

Method of preparation of the control mortar mix was also used in the manufacture of test beams 
with nCMC in which certain amount of cement was replaced with nCMC respectively (1 %, 5 %, 10 %). 

Furthermore, the specimens were tested with non-destructive method of ultra-sonic defect 
identification. All the specimens were tested with surface (Fig. 3a) and direct method (Fig. 3b). It should 
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be also mentioned that the surface method demanded three measurements of ultrasonic impulse velocity 
and each was determined from different side of the specimen. 

 

Figure 3. Ultrasonic pulse velocity test: a – The surface (indirect) method,  
b –The direct method (cross probing). 
1, 2 – transducer head, 3 – specimen 

Experimental results 
The data below states (Tab. 1) that noticeable improvement of the compressive strength (Fig. 4) 

was demonstrated only by the specimens that contained 1 % and 5 % of nCMC. Nevertheless, the 
control specimen turned out to have the maximum tensile strength (Fig. 5). It seems that these results are 
quite different in comparison to the group of researchers that managed more than 100 % of compressive 
strength improvement. [20–22]. But it may be only an indicator of the geometric characteristics of 
nanostructures. Only their presence is not a determining factor. Consider the length, thickness, density 
and mass of carbon nanostructures 

Table 1. Compressive and tensile strength of the specimens 

 

№ (%) 

 

Age, days 

3 7 28 

Tensile 
strength (Rt), 

MPa 

Compressive 
strength (Rc), 

MPa 

Tensile 
strength 

(Rt), MPa 

Compressive 
strength (Rc), 

MPa 

Tensile 
strength 

(Rt), MPa 

Compressive 
strength (Rc), 

MPa 

Control 
specimen 

7 37.5 8.2 50.36 8.6 60.2 

1% nCMC 6.9 37.5 8.1 51.85 8.2 61.8 

5% nCMC 6.6 35.7 7.8 49.85 8.2 63.47 

10% nCMC 6.45 33.14 7.5 48.65 8.3 58.82 

 

 

 

Figure 4. Compressive strength of the specimens 
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Figure 5. Tensile strength of the specimens 

However, the ultrasonic tests discovered that velocity of the ultrasonic pulse highly varies between 
control and nCMC specimens (Fig. 6). The results showed that the speed of the impulse during the 
surface control of the compressive strength is about 16% higher in the modified specimens. 
Nevertheless, the direct method showed quite the similar numbers for all specimens. It should be also 
stated that during the compression tests the nCMC specimens was destroyed with a certain blast sound.  

 
Figure 6. Results of ultrasonic impulse tests 

The images below demonstrate two types of nCMC. The first one with lower density of CNTs 
(Fig.7a) represents the material that was tested within the scope of this article. The second one (Fig.7b) 
is the perspective material that is going to be tested in order to define the optimal geometric 
characteristics of CNTs synthesized on the cement matrix. 

a)    b)  

Figure 7. SEM images of the cement matrixes with different types of geometrical characteristics of 
CNTs. a – the content of the nanostructures 1 %, b – the content of the nanostructures 6 % 
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Discussion 
The effectiveness of nCMC synthesized under different conditions can be only determined 

experimentally, however photos of the specimens allow us to suppose that compressive strength 
correlates with geometrical configuration of nanofibers on the cement. It seems that the synthesis of 
longer carbon nanotubes with higher density may lead to greater improvement of strength that just may 
be a confirmation of the study [23–25], where presented the research of foamed concrete, where they 
tested carbon nanomaterial that was a mixture of nanotubes and nanofibers with an average diameter of 

20–40 nm and 2 m long.  

The figure shows (Fig.8) the approximate area of maximum hydration, which produces maximum 
internal stress 

 

Figure 8. Approximate spreading of CNFs throughout the specimens: 
 1 – area presumably less hydration, 2 – area presumably the maximum hydration  

Therefore it may be concluded that proper geometrical characteristics of nanofibers still have to be 
defined.  

Furthermore, on the images in results section it is clearly seen that the length and density of 
nanofibers on the new specimens have multiplied and with following researches we will be able to 
compare different geometrical characteristics of CNTs. 

Conclusions 
However, as it was stated before, final conclusion can only be made after proper experiments. 

Nevertheless, on this stage of research we can already made following conclusions: 

• Geometrical characteristics of nanofiber can greatly improve mechanical features of the 
concrete. Therefore, the main goal is to determine the most effective set. It is very perspective 
field of study because the majority of researches only defined the optimal concentration of 
nCMC or tested only concentration of the CNTs. 

• During lab tests was noticed the fact that all nCMC-containing specimens had better results 
only in surface ultrasonic tests. With such dispersion of the CNTs throughout the specimens we 
can made a hypothesis that cement in the middle of the specimens had no feasibility to be 
properly hydrated. This can be explained by hydrophilicity of carbon, which prevented the 
penetration of water in the middle part of the sample. Nevertheless, it could be also stated that 
the porosity of the material in the outer layers lowered. This can lead to better water and frost 
resistance characteristics. 
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