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Abstract. Complex nanodispersed systems with multi-walled carbon nanotubes and nanodispersed silica have a significant 
impact on the processes of hydration, hardening and strength gain of construction composites predetermining their durability. 
While using a scanning electron microscope with an attachment for X-ray microanalysis and a device for infrared spectral 
analysis investigations have shown that the main effect of the cement matrix modification in the case of adding complex 
nanodispersed systems is provided by direct influence of hydration processes with subsequent crystallization of new for-
mations. It has been noted that while adding carbon nanotube dispersion and nanosized silica a binding matrix is structured in 
the form of an extremely dense shell from crystalline hydrate new formations on the surface of solid phases that provides 
strong binding matrix in cement concrete. The addition effect of  carbon nanotubes has been analyzed and quantitatively  
assessed through an investigation for every case of one sample with nanotubes and one sample without them with the help of a 
nanoindenter and scanning electron microscope.  It is necessary to solve rather complicated challenging task  in order to assess 
quantitatively the addition effect of  CNT on material characteristics at a micromechanical level. At the same time it is pos- 
sible to investigate surface of a concrete sample with one-micron resolution. In this case it is necessary to prepare samples for 
nanoindentation with exclusion of all CNT defectable effects that have been shown by a SEM.  So in this case more adequate 
method for assessment must be a picoindenter , which combines a test method  for nanoindentation with an optical SEM po-
tential. Such equipment is in the stage of  in-situ testing process at the Vienna University of Technology. The investigation  
is based on the fact that the main modification effect of mineral binding matrix while using incorporated complex nanodis-
persed systems and nanosilica is ensured by a direct influence of hydration processes and subsequent crystallization of new 
formations. Scanning electron microscopy and X-ray microanalysis with detection in IR spectra have revealed that adding  
of multi-walled carbon nanotubes dispersion together with nanodispersed silica provides  structuring of rather dense shell  
of hydrated new formations along cement matrix on the surface of solid phase. The structured interfacial layers form separate 
cells in the modified cement matrix  that ensures a formation of extremely filled system and predetermines structural streng- 
thening of the modified cement matrix due to formation of spatial packaging. Consequently, the main factor increasing char-
acteristics of cement concrete which is modified with carbon nanotubes and nanosilica is a structural modification of calcium 
hydrosilicates with relation to composition and morphology of new formations. 
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Реферат. Комплексные нанодисперсные системы с многослойными углеродными нанотрубками и нанокремнезе- 
мом имеют значительное влияние на процессы гидратации, твердения, набора прочности строительных композитов, 
предопределяя их долговечность. Исследования с использованием сканирующего электронного микроскопа и Х-лучевого 
микроанализа с обнаружением в инфракрасном спектре показали, что главный эффект модификации в случае добав-
ления комплексных нанодисперсных систем обеспечивается направленным влиянием процессов гидратации с после-
дующей кристаллизацией новообразований. Установлено, что при добавлении дисперсии углеродных нанотрубок и 
нанокремнезема формируется структурная матрица в виде чрезвычайно плотной оболочки из кристаллогидратных 
новообразований на поверхности твердой фазы, что обеспечивает прочную вяжущую матрицу в цементном бетоне. 
Эффект добавления углеродных нанотрубок анализировался и количественно оценивался исследованием в каждом 
случае одного образца с нанотрубками и одного без них с помощью наноиндентора и сканирующего электронного 
микроскопа. Чтобы количественно оценить эффект добавки углеродных нанотрубок на характеристики материала на 
микромеханическом уровне, необходимо решить сложную задачу. В то же время возможно исследовать поверхность 
бетонного образца с разрешением в 1 микрон. При этом необходима подготовка образцов для наноиндентирования  
с исключением всех эффектов дефектности углеродных нанотрубок, показанных сканирующим электронным микро-
скопом. Вместе с тем более адекватным методом оценивания в данном случае должен быть пикоиндентор, который 
комбинирует испытательный метод наноиндентирования с оптическим потенциалом сканирующего микроскопа. 
Такое оборудование находится в стадии полевых испытаний в Венском техническом университете. Исследование 
основано на том, что главный эффект модифицирования минеральной вяжущей матрицы с использованием включен-
ных комплексных нанодисперсных систем и нанокремнезема обеспечивается непосредственным влиянием процессов 
гидратации и последующей кристаллизацией новообразований. Сканирующий электронный микроскоп и Х-лучевой 
микроанализ с обнаружением в инфракрасном спектре показали, что введение дисперсии многослойных углеродных 
нанотрубок совместно с нанокремнеземом обеспечивает построение вдоль цементной матрицы очень плотной обо-
лочки вновь образованных гидратов на поверхности твердой фазы. Структурированные поверхностные слои фор- 
мируют отдельные ячейки в модифицированной цементной матрице, что обеспечивает формирование предельно 
наполненной системы и предопределяет структуры модифицированной цементной матрицы благодаря формирова-
нию пространственной упаковки. Следовательно, основным фактором, повышающим характеристики цементного 
бетона, модифицированного углеродными нанотрубками и нанокремнеземом, является структурная модификация 
гидросиликатов кальция относительно композиции и морфологии новообразований. 
 

Ключевые слова: нанодисперсная система, многослойные углеродные нанотрубки, нанокремнезем, сканирующий 
электронный микроскоп, Х-лучевой микроанализ, гидратация, цементный бетон 
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Introduction 
 

Carbon nanotubes (CNT) were first synthesi- 
zed in 1952 (fig. 1) by the members of Institute  
of Physical chemistry and Electrochemistry of 
Russian Academy of Sciences, L. V. Radushke- 
vich and V. M. Lukyanovich [1]. The main proper-
ties of CNT were systematically described by 
Sumio  Iijima  who  discovered   them  in  1991  as  

a by-product of fullerene synthesis [2]. The authors 
of the given study have synthesized carbon nano-
tubes using an original technology presented  
in patent [3] the technique of which is described  
in article [4]. The produced nanostructures were 
used to modify the structure of non-autoclaved  
cellular concrete. It was also shown that CNT in-
crease the strength of aerated concrete by 70 %, 
while the stabilization of the pore structure with 
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their size and the decrease of the average density 
of aerated concrete are noted [5]. Further stu- 
dies [6, 7] found that adding CNT changes not only 
the structure but also the composition of calcium  
hydrosilicates (CHS) that form the main values of 
the properties of dense cement concrete.  

Calcium hydrosilicates are the main compo-
nents of set cement at the nanoscale. The nature of 
their structure determines the values of strength 
and durability of cement concrete. There are some 
works which present the results of the studies of 
the changes in the morphology of crystalline hy-
drates based on calcium hydrosilicates due to  
adding nanodispersed modifiers based on car- 
bon nanosystems to the hardening cement mat- 
rix [8–10]. Using a nanodispersed modifier can 
control the kinetics of the interaction between  
cement minerals and mixing water, influence  
the composition and structure of CHS, increase  
the degree of polycondensation of silicon-oxygen 
anions of calcium hydrosilicates. Thus, in the pro-
cess of modification of cement matrix with CNTs 
one of the main issues is the directed regulation  
of the processes of polycondensation of silicon- 
oxygen anions in order to strengthen the borders of 
the contact areas and provide the increased 
strength, water- and frost-resistance of concrete. 

 
 

Fig. 1. Carbon nanotubes found in 1952 by the members  
of Institute of Physical Chemistry and Electrochemistry  
of Russian Academy of Sciences, L. V. Radushkevich  

and V. M. Lukyanovich [1] 
 
Calcium hydrosilicates are the main compo-

nents of set cement at the nanoscale. The nature  
of their structure determines the values of strength 

and durability of cement concrete. There are some 
works which present the results of the studies of 
the changes in the morphology of crystalline  
hydrates based on calcium hydrosilicates due to 
adding nanodispersed modifiers based on car- 
bon nanosystems to the hardening cement mat- 
rix [8–10]. Using a nanodispersed modifier can 
control the kinetics of the interaction between  
cement minerals and mixing water, influence  
the composition and structure of CHS, increase  
the degree of polycondensation of silicon-oxygen 
anions of calcium hydrosilicates. Thus, in the pro-
cess of modification of cement matrix with CNTs 
one of the main issues is the directed regulation of 
the processes of polycondensation of silicon-
oxygen anions in order to strengthen the borders of 
the contact areas and provide the increased 
strength, water- and frost-resistance of concrete. 

In the review of the works about the use of 
CNTs [11–13] it is noted that most researchers li- 
mit the role of nanotubes to the nanoreinforcing  
of the set cement structure considering the micro-
structures containing carbon nanotubes, which  
are in physical contact with CHS or located in mi-
crocracks. The amount of the modifying nanotubes 
exceeds 0,05 % of weight of the binder, which is 
apparently caused by their insufficient dispersing, 
despite using various dispersing methods and ap-
plying surfactants for aqueous dispersions. 

A lot of works suggest using two or more 
nanosystems for the modification of cement con-
crete, nanosilica being used as the second additive 
in most cases [14–17], which due to the synergistic 
effect from being used with CNTs intensifies the 
processes of CHSs forming, densifying the struc-
ture of set cement. At the same time, these systems 
can significantly change the structure of the inter-
phase boundaries in cement composites due to the 
crystallization of new CHS formations on the sur-
face of the solid phase with the formation of dense 
shells that connect the components of cement con-
crete. This dramatically increases the role of nano-
silica which binds calcium hydroxide to form CHS 
contributing to extra densifying of lowly cohesive 
new formations. 

Thus, adding nanosized particles to the con-
crete composition enables the control of the pro-
cesses of hydration and formation of the hardening 
cement structure at the nanoscale, providing the 
directed formation of the required macrostructu- 
re to achieve the required properties of concrete. 
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At the same time the nature of self-organization  
of the cement concrete microstructure is not clear, 
nanosystems being added, especially CNT that 
provide the formation of high-strength set cement 
from the originally lowly cohesive new crystalline 
hydrate formations. 

 

Materials and Methods  
 

Multi-walled carbon nanotubes (MWCNT) were 
used as an aqueous dispersion of Vulvek 100 “No-
vyy Dom”, LLC (Izhevsk) prepared on the basis  
of GraphistrengthTM Masterbatch CW2-45 premix 
produced by Arkema Group Co. French company. 
The premix containing 55 % of carboxymethyl-
cellulose and 45 % of MWCNT was dispersed in  
a high-speed bead mill mixer. 

The binder used was Portland cement of  
CEM I 42.5N JSC “Nevyansky Cementnik”; the 
fine aggregate – ditch sand from Selychinskoye 
deposit (Udmurtia) meeting the requirements of 
GOST 8736; coarse aggregate – ballast stone  
from river gravel of 5–20 mm fraction meeting 
GOST 8267 from Kama deposit. 

The amorphous finely-dispersed silica includes 
a mixture comprising 90 % of microsilica MK-85 
(Tula) with an average particle size of 300 nm and 
10 % of synthetic nanosilica Nanosilika (Cairo) 
with an average particle size of 15 nm. 

The microstructure of the produced samples 
was studied with a scanning electron microscope 
JSM-7600F of JEOL company and Phenom G2 
Pure. The analysis of set cement by means of infra-

red spectroscopy was conducted with a FT-IR 
spectrometer of Spektrum One in the frequency 
range of 4000–650 cm–1. 

The water resistance of the samples was deter-
mined by means of a “wet spot” test on the certi-
fied unit, as well as “VIP-1.2” device concer- 
ning the air permeability of the concrete samp- 
les. The frost-resistance tests were carried out by 
means of accelerated method using heat-cold 
chamber KTH-74. 

 

Results and Discussion 
 

The main task, the solution of which deter-
mines further development of technology of ce-
ment concrete modification by means of carbon 
nanotubes, is to produce a stable dispersion that 
would not be broken down for a long time due to 
the CNT coagulation. This task is solved by dis-
persing CNTs in aqueous solutions of surfactants 
when exposed to ultrasound [9, 18]. Using high-
speed bead mill can improve dispersing MWCNT 
and apply the produced dispersions on an industrial 
scale [7]. At the same time, in such dispersion the 
amount of nanotubes does not exceed 20–25 %,  
the remaining volume of the particles is located in 
the range of several micrometers (fig. 2a). The ad-
ditional processing of this dispersion with ultra-
sound provides dispersing nanotubes to nanometer 
size (the average particle size is 25 nm). Thus, ac-
cording to the average particle size (fig. 2b), nano-
tubes do not only separate, but also are destructed 
and possibly broken down. 

 
                                           a                                                                                                               b 

 

 

Fig. 2. Distribution of multi-walled carbon nanotubes in aqueous dispersion: 
a – after processing in a high-speed bead mill; b – after additional ultrasound processing 
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The analysis of the influence of dispersion on 

mechanical properties of set cement in the compo-
sition of fine concrete shows the increase in 
strength, which is in direct proportion to the dura-
tion of ultrasonic processing of dispersion (fig. 3). 
The conducted studies show that the concentration 
of nanotubes in the set cement matrix can be li- 
mited to 0.001 % from the weight of Portland ce-
ment, and the strength values of the set cement will 
not yield to the values shown in fig. 3. 

Fig. 3. Compressive strength of cement concrete modified 
with MWCNT dispersion:      – produced with high-speed  

bead mixer;      – after ultrasound processing  
of the dispersion for 20 min 

 
Taking into account the destruction of multi-

walled CNTs with such combined dispersing tech-
nology, it is necessary to interpret the strength in-
crease of the cement matrix as in this casethe tradi-
tional reference to nanoreinforcing of the cement 
matrix by means of carbon nanotubes is not correct 
enough. The main effect of the modification of set 
cement in this case is provided by structuring the 
new crystalline hydrate formations based on CHS. 
At the same time due to the contact interactions of 
the structured boundary layers the spatial frame 

cells are formed in the structure of the modified 
matrix. A large number of point contacts ensure 
the formation of extremely filled system in which 
the collective transfer to adhesion in a short- 
range order leads to the hardening of the structure 
of the modified binding matrix due to the for-
mation of spatial packing of CHS (fig. 4). This 
leads to a dense and strong mineral matrix that 
provides durable composite material for construc-
tion purposes.  

Therefore, it is necessary to pay attention to the 
microstructure of the new formations in the set 
cement matrix and, above all, to the composition 
and morphology of CHS. In the process of cement 
setting crystalline hydrates cover the surface of the 
solid phase in the composition of cement concrete 
with a thin layer of 3–10 microns of dense new 
formations (fig. 5a, b) forming high-strength shells 
that combine the components of concrete in a 
frame. Carbon nanotubes being denuded, in the 
case of formation of shrinkage cracks, the nano-
tube surface is overgrown with calcium hydrosili-
cates (fig. 5c). In certain cases carbon nanotubes 
can provide “self-healing” of cracks with new for-
mations, crystallization of which is stimulated with 
nanotube surface. 

To determine the composition of the cement 
matrix adjacent to the surface of basalt fiber, X-ray 
microanalysis of new formations was conducted. 
Its results are presented in fig. 6. Based on the re-
sults of X-ray microanalysis, it can be argued that 
around the basalt fiber there are dense structured 
shells from the new formations of sheet structure 
(calcium hydroxide) coated with amorphous cal- 
cium hydrosilicates. The presence of carbon in the 
composition confirms the presence of carbon nano-
tubes in the studied microvolume. 

 

                                                           a                                                b                                          c 
  

 
 

Fig. 4. Scheme of the structuring of the set cement modified with CNTs: a – distribution of CNT in the set cement after tempering;  
b – structuring the new crystalline hydrate formations based on CHS; c – forming of the special packing from CHS;  

1 – particles of cement clinker; 2 – carbon nanotubes; 3 – new formations based on CHS; 4 – structured boundary layers 
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                                  а                                                             b                                                           c 

 

  
Fig. 5. Microstructure of the cement matrix modified with carbon nanotubes in cement concrete  
with dense new formations: a – on the surface of quartz sand; b – the surface of basalt fiber [19];  

c – carbon nanotubes in a shrinkage crack coated with calcium hydrosilicates 
 

 
 

Fig. 6. Results of X-ray microanalysis of new formations on the surface of basalt fiber [19] 
 
Using an complex additive comprising MWCNT 

dispersion along with nanosilica leads to the densifi-
cation of the structure of set cement in the space be-
tween the structured shells (fig. 7a), new hydrosili-
cate formations appearing as clusters in the presence 

of silica fume (fig. 7b), and additionally densifying 
the binding matrix in the composition of cement con-
crete (fig. 7c). Such structure leads to a significant 
increase in the cement strength in the composition of 
the modified concrete. 

 
                                  а                                                                  b                                                              c 

      
Fig. 7. The microstructure of cement concrete modified with the complex additive (“DC-5” with 8 % of nanosilica):  

а – densification of crystalline structure with new hydrosilicate formations; b – fragment of microstructure  
with densifying bunch-like new formations; c – fragment of microstructure with a particle of nanosilica 
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Infrared spectral analysis of the check sample 

(fig. 8a) and the samples modified with a comp- 
lex additive (fig. 8b) confirms the intensification  
of hydration of Portland cement along with the 
formation of additional calcium hydrosilicates  
(increase in the intensity of the absorption lines 
1085 and 1089 cm–1). The formation of calcium 
hydrosilicates of different basicity is also confirmed 
with an additional absorption line of 1033 cm–1. 

Thus, the use of complex additives with multi-
walled  carbon  nanotubes  and  nanosized  silica 
significantly changes the set cement structure in 
the modified concrete due to the directed crystalli-
zation of new formations based on calcium hyd- 
rosilicates, stimulating their crystallization of the 
surface of solid phase components of concrete.  
At that, not only the morphology of new forma- 
tions, but their mineralogical composition chan-
ges, as well as the basicity of calcium hydrosili-
cates, which in its turn determines their strength 
characteristics [20]. 

 

Experimental Results 
 

To check the actual influence of the CNTs  
on  the  characteristics  of   the   concrete,   samples  

without CNTs (type A) and with CNTs (type B) 
were subjects to several series of experiments per-
formed at the Institute for Mechanics of Materials 
and Structures at Vienna University of Techno- 
logy: They were examined by the help of a 
nanoindenter and with a scanning electron micro-
scope (SEM). 

Results of nanoindentation on two concrete 
samples. For this test series, one sample of type  
A and B have been used. One each of the two sam-
ples an extensive test series was performed with  
a Hysitron Triboindenter, analogous to test se- 
ries conducted before on other concrete samp- 
les [21, 22]. For each single measurement, the 
force was increased over 10 s up to a maximum 
value of approximately 1200 µN, kept constant for 
5 s and then again linearly decreased over 10 s.  
If the force is plotted as a function of the depth, we 
get curves as in fig. 9. 

Actually, the indentation depth h is a function 
of the force F, which is given by the indenter, but 
usually F(h) is plotted instead of h(F). The elastic 
material parameters, such as Young’s modulus E 
and the hardness H can be calculated based on the 
curve sector with decreasing force [23]. 

 
                                                                  а                                                                  b 

  
 

Fig. 8. IR-spectra of the cement matrix in the check sample (a)  
and the sample modified with a complex additive (b) (MWCNT dispersion with nanosilica) 
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  Indentation depth as function of indentation force 
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Fig. 9. Force as a function of the indentation depth  

for one indent on concrete 
 
For performing the indents, first the top side of 

each sample was polished to get a smooth test sur-
face, which is necessary as a reference for measu- 
ring the indentation depth as precise as possible. 
As can be seen in fig. 10, the remaining height 
fluctuations in the pictured area were in the range 
of a few microns. (It was only possible to reduce 
the roughness to a certain degree, because during 
the polishing smaller parts of the material, but also 
parts in the range of 1 mm and more crumb- 
led away from the samples. This way, not only  
the roughness was increased locally, but also the 
whole sample became smaller and smaller.) 

With every indent, Young’s modulus E as well as 
the hardness H of the material is quantified at the 
respective reading point. An area of 100×100 µm 
was examined on both samples with a grid  
of 40×40 indentations, resulting in a total sum  
of 1600 measurement on every sample. (Each of 
these test series took about 3 days.) Fig. 11a shows 
the results for sample type A and fig. 11b shows 
the analogous results for sample type B. In the 

same way the hardness can be plotted, but the pat-
tern for this parameter is rather similar to the pat-
tern of the modulus, though the variation of the 
results is even higher, as demonstrated in tabl. 1. 

 

 
 

Fig. 10. Scan of an area of 60×60 µm  
of the polished surface of sample type B,  

as done with the imaging mode of the nanoindenter 
 

Table 1 
Mean values and standard deviation for Young’s modulus 

and hardness, based on 1600 single measurements  
for each sample type 

 

 Тype A Type B 

Young’s modulus E, GPa 47,80 ± 31,20 56,30 ± 38,70 

Hardness H, GPa 2,56 ± 3,09 3,82 ± 6,04 

 
While for the modulus, the standard deviation 

is in the range of 65 % of the mean values, for the 
hardness the standard deviation even exceeds the 
mean values, though test areas have been chosen, 
which appeared relatively homogeneous in the op-
tical microscope attached to the nanoindenter, as 
shown in fig. 12. 

 
 

                                                a                                                                                                     b 

       
Fig. 11. Young’s modulus on sample type A (а) and type B (b), as calculated on the basis of a 40×40 grid of indents 
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Fig. 12. Image of an optical microscope of the test area  

for type B (marked by the white square) 
 
The distribution of E, as given in figs. 11a and 

11b, suggests that it is not a mere statistical distri-
bution. Instead there are areas with significantly 
higher (or lower) modulus, compared to the average. 
For example, there is a zone in the lower left part of 
fig. 4, where E is higher than 100 GPa throughout 
and reaches maximum values of 250 GPa. 

These variations of E and H probably result 
from the spatial distribution of the various phases 
of the material. This distribution is also reflected  
in the histograms of Young’s modulus, as given  
in fig. 13. 

 
Histograms of Young’s modulus, as detected dy Nanoindentation 
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Fig. 13. Histograms of Young’s modulus  

for the test results in fig. 11a and 11b 
 
While there is a distinct global maximum for 

the distribution at approximately 30 GPa (type A) 
and 36 GPa (type B), it would be challenging to 
identify any local maxima and therefore to distin-
guish the various phases, based on this test series. 
There is also no systematic pattern in the distribu-
tion of E, and there are no significant structures 
visible in the optical images of the inspected areas, 
which clearly reflect the measured distribution of 
the modulus. Especially it wasn’t possible to detect 
any elongated structures, which might have been 
caused by nanotubes. One reason for that might be 

the distance of 2,5 µm between two indents, which 
is roughly the tenfold of the presumed diameter of 
the nanotubes. Other possible reasons will be dis-
cussed at the end of this paper. 

To check if it is in principle feasible to detect 
nanotubes with the indenter, one concrete sample 
of each type has been inspected by the help of a 
Scanning Electron Microscope. 

Results of microscopic determination of con-
crete samples. For this part of the work, an analyti-
cal high-resolution FEGSEM of the type FEI 
Quanta 200 FEGSEM has been used, which is 
available at the Vienna University of Technolo- 
gy [24]. Again, the two concrete cubes inspected 
by the SEM were both polished on the top side, but 
because of the roughness of the material and its 
tendency to brittle, only a part of the visible sur-
face of the prepared side was effectively polished, 
while on the rest of the top side there was a rela-
tively rough fracture surface left. These disparities 
are also visible of the images obtained by the SEM. 

In the middle of fig. 14a there is a relatively 
smooth area, which is obviously the result of the 
polishing process. (On closer inspection, flimsy 
scratches are visible, all running in the same direc-
tion, which is a typical byproduct of the polishing 
process.) Contrary to that, the surface in fig. 14b is 
much rougher and completely irregular. A similar 
distinction was found for the sample of type B; see 
fig. 15a and 15b. 

The images in fig. 15a to 15b were done with 
the same magnification (×1000) and also otherwise 
with the same parameters. While the polished area 
on the left half of fig. 15a has a similar appearance 
to the polished are in fig. 14a, there are elongated 
structures visible in the unpolished area of fig. 15a as 
well as in fig. 15b, which are not visible in fig. 14b. 
With higher magnification (×10000), these struc-
tures can be identified as nanotubes (fig. 16a). 
While in the unpolished areas the nanotubes are 
clearly visible, especially in zones of cracks and 
pores, it seems that they are destroyed by polishing 
the surface, or that they are covered with attrition 
material and therefore neither visible in the SEM 
nor detectable by the nanoindenter.  

This process would explain why the mean va- 
lues of E and H, as identified by the test series with 
the nanoindenter and as listed in tabl. 1, are rather 
similar for concrete types A and B, since the abso-
lute concentration of Nanotubes in the concrete 
material is only a fraction of a percent. 
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Fig. 14. Polished area of concrete sample type A (a) and Unpolished area of concrete sample type A (b) 

 
                                                            a                                                  b 

     
Fig. 15. Polished area of concrete sample type B (a) and unpolished area of concrete sample type B (b) 

 
             a  b  

 

 

Fig. 16. a – detail of fig. 15b with nanotubes from magnification (×10000);  
b – detail of fig. 15b with nanotubes from magnification (×20000) 

 
CONCLUSIONS 

 
1. The research has found that the main effect 

of the modification of mineral binding matrices 
using complex nanodispersed systems compri- 
sing MWCNT and nanosilica is ensured with the 
directed influence on the hydration processes and 
the subsequent crystallization of new formations. 
Scanning electron microscopy and X-ray micro- 
analysis confirmed with IR-spectra have revealed 
that adding multi-walled carbon nanotubes disper-
sion together with nanodispersed silica provides 
the structuring of the binding matrix along with the 
perfect dense shell of hydrated new formations on 
the  surface of  solid  phases.  The  structured  inter- 

facial layers form the special frame cells in the 
modified cement matrix which ensures the for-
mation of extremely filled system predetermining 
the strengthening of the structure of the modified 
binding matrix due to the formation of the spatial 
packaging. Consequently, the main factor increa- 
sing the characteristics of cement concrete modi-
fied with carbon nanotubes and nanosilica is the 
structural modification of calcium hydrosilicates 
concerning both the composition and the morpho- 
logy of new formations. 

2. To quantify the effect of the addition of the 
CNT on the characteristics of the material on a mi-
cromechanical level proved to be a challenging 

102 Наука 
техника. Т. 16, № 2 (2017)  и 

Science and Technique. V. 16, No 2 (2017) 



Сivil and Industrial Engineering 
 

 
task, though. While it is possible to inspect the sur-
face of a concrete sample with a resolution in a 
range of 1 micron, the necessary process of prepa-
ration of the samples for the nanoindentation pro- 
bably obliterates all detectable effects of the CNTs, 
as shown by a SEM. Therefore, a more adequate 
examination method in this case would be a so-
called picoindenter, which basically combines the 
test method of a nanoindenter with the optical  
potential of a SEM. Such an instrument is right 
now at the stadium of field testing at the Vienna 
University of Technology, though, and hopefully 
will be available at a later date. 

 
REFERENCES 

 
1. Radushkevich L. V., Lukyanovich V. M. (1952) On the 

Structure of Carbon Produced at Thermal Decomposition 
of Carbon Monoxide on an Iron Contact. Zhurnal Fizi-
cheskoi Khimii [Journal of Physical Chemistry], 26 (1),  
88–95 (in Russian). 

2. Iijima S. (1991) Helical Microtubulesof Graphitic Carbon. 
Nature, 354 (6348), 56–58. DOI: 10.1038/354056a0. 

3. Babushkina S. N., Kodolov V. I., Kuznetsov F. P., Niko-
laeva O. A., Yakovlev G. I. Method of Producing Carbon 
and Metal Containing Nanostructures. Patent of the Russian 
No 2169699 (in Russian). 

4. Kodolov V. I., Shabanova I. N., Makarova L. G., Kho- 
khryakov N. V., Kuznetsov A. P., Nikolaeva O. A., Kere- 
ne J., Yakovlev G. I. (2001) Structure of the Products Simu- 
lated Carbonization of Aromatic Hydrocarbons. Journal  
of Structural Chemistry, 42 (2), 215–219. DOI: 10.1023/a: 
1010562 914410.   

5. Yakovlev G., Keriene J., Gailius A., Girniene I. (2006) 
Cement Based Foam Concrete Reinforced by Carbon 
Nanotubes. Materials Science, 12 (2), 147–151.  

6. Yakovlev G., Pervushin G., Maeva I., Keriene Ja., Pudov I., 
Shaybadullina A., Buryanov A., Korzhenko A., Senkov S. 
(2013) Modification of Construction Materials with Multi-
Walled Carbon Nanotubes. Proceedia Engineering, 57, 
407–413. DOI: 10.1016/j.proeng.2013.04.053. 

7. Yakovlev G. I., Pervushin G. N., Polyanskikh I. S., Sen- 
kov S. A., Pudov I. A., Mohamed A. E. (2014) Concrete 
of Increased Durability for Producing Transmission Line 
Poles. Stroitelnye Materialy [Construction Materials], (5), 
92–94 (in Russian).  

8. Ponomaryov A. N. Nanoconcrete – Conception and Issues 
(2007). Stroitelnye Materialy [Construction Materials], 
(7), 2–4 (in Russian). 

9. Sobolkina A., Mechtcherine V., Khavrus V., Maier D., 
Mende M., Ritschel M., Leonhardt A. (2012) Dispersion 
of Carbon Nanotubes and its Influence on the Mechanical 
Properties of the Cement Matrix. J. Cement & Concrete 
Composites, 34, 1104–1113. DOI: 10.1016/j.cemconcomp.  
2012.07.008. 

10. Korolyov E. V. (2014) Nanotechnology in Construction 
Material Science. Analysis of the State and Achievements. 
Ways of Developments. Stroitelnye Materialy [Construc-
tion Materials], (11), 47–79 (in Russian). 

11. Shama Parveen, Sohe Rana, Rau Fangueiro (2013). A Re- 
view on Nanomaterial Dispersion, Microstructure, and 
Mechanical Properties of Carbon Nanotube and Nanofiber 
Reinforced Cementitious Composites. Journal of Nano-
materials, 2013, 1–19. DOI: 10.1155/2013/710175.  

12. Saptarshi Sasmal, B. Bhuvaneshwari, Nagesh R. Iyer 
(2013). Can Carbon Nanotubes Make Wonders in Civil  
Structural Engineering? Progress in Nanotechnology and 
Nanomaterials, 2 (4), 117–129. DOI:10.5963/pnn0204003. 

13. Šmilauer V., Hlavácek P., Padevet P. (2012) Microme-
chanical Analysis of Cement Paste with Carbon Nano-
tubes. Acta Polytechnica, 52 (6), 22–28. 

14. Mehmet Gesoglu, Erhan Güneyisi, Diler Sabah Asaad, 
Guler Fakhraddin Muhyaddin (2016). Properties of Low 
Binder Ultra-High Performance Cementitious Composites: 
Comparison of Nanosilica and Microsilica. Construction 
and Building Materials, 102, 706–713. DOI: 10.1016/j.  
conbuildmat.2015.11.020. 

15. Anand Hunashyal1, Nagaraj Banapurmath, Akshay Jain, 
Sayed Quadri, Ashok Shettar (2014). Experimental Inves-
tigation on the Effect of Multi-Walled Carbon Nanotu- 
bes and Nano-SiO2 Addition on Mechanical Properties  
of Hardened Cement Paste. Advances in Materials, 3 (5), 
45–51. DOI: 10.11648/j.am.20140305.13. 

16. Péter Ludvig, José M. Calixto, Luiz O. Ladeira, Ivan C. P. 
Gaspar (2011). Using Converter Dust to Produce Low 
Cost Cementitious Composites by in Situ Carbon Nano-
tube and Nanofiber Synthesis. Materials, 4, 575–584. 
DOI: 10.3390/ma4030575. 

17. Sakthieswarana N., Sureshb M. (2015). A Study on 
Strength Properties for Cement Mortar Added with Car-
bon Nanotubes and Zeolite. International Journal of Engi-
neering and Computer Science, 4 (6), 12402–12406.  

18. Jyoti Bharj, Sarabjit Singh, Subhash Chander, Rаbinder 
Singh (2014) Role of Dispersion of Multi-Walled Carbon 
Nanotubes on Compressive Strength of Cement. Interna-
tional Journal of Mathematical, Computational, Physical, 
Electrical and Computer Engineering, 8 (2), 340–343. 

19. Saraykina K. A., Golubev V. A., Yakovlev G. I., Fedoro- 
va G. D., Alexandrov G. N., Plekhanova T. A., Dulesova I. G. 
(2015) Modification of Basalt Concrete with Nanodis-
persed Systems. StroitelnyeMaterialy [Construction Mate-
rials], (10), 64–69 (in Russian). 

20. Karpova E. A., Ali Elsaed Mohamed, Skripkiunas G., 
Keriene Ja., Kicaite A., Yakovlev G. I., Macijauskas M., Pu-
dov I. A., Aliev E. V., Senkov S. A. (2015) Modification 
of Cement Concrete by Use of Complex Additives Based 
on the Polycarboxylate Ether, Carbon Nanotubes and Mic- 
rosilica. Stroitelnye Materialy [Construction Materials], 
(2), 40–48 (in Russian). 

21. Lahayne O., Eberhardsteiner J., Yakovlev G., Leonovich S., 
Pervushin G. (2013) Nano-Tests on Concrete Samples with 
and Wiеhout Nanotubes. Mekhanika Razrusheniya Betonov, 
Zhelezobetonov i Drugikh Stroitelnykh Materialov Sbornik 
Statei po Materialam 7-i Mezhdunarodnoi Nauchnoi Konfe- 
rentsii. Tom 2 [7th International Scientific Conference “Frac-
ture Mechanics of Concrete, Reinforced Concrete and Other 
Building Materials”. Vol. 2], Voronezh, Voronezh State Uni-
versity of Architecture and Civil Engineering, 2013. 

22. Eberhardsteiner J., Lahayne O. (2014) Nano-Tests on 
Concrete Samples with and without Nanotubes. Stroitel-
nye Materialy [Construction Materials], (1–2), 21–24. 

23. With an Account on www.hysitron.com, the Manual of the 
Nanoindenter Can be Downloaded by Using this Link. Avai- 
lable at: https://support.hysitron.com/downloads/User%20Ma 
nuals/TI%20900%20TriboIndenter%20User%20Manual.pdf.  

24. Homepage of the USTEM (University Service Facilities for 
Transmissions Electron Microscopes), Vienna University of 
Technology, Austria. Available at: http://www.ustem. 
tuwien.ac.at/instrumentation/fei_quanta_200_fegsem/EN/.  

 

Received: 22.12.2016 
Accepted: 24.02.2017 

Published online: 28.03.2017 

 103 Наука  и техника. Т. 16, № 2 (2017) 
   Science and Technique. V. 16, No 2 (2017) 

https://support.hysitron.com/downloads/User%20Ma%20nuals/TI%20900%20TriboIndenter%20User%20Manual.pdf
https://support.hysitron.com/downloads/User%20Ma%20nuals/TI%20900%20TriboIndenter%20User%20Manual.pdf
http://www.ustem.tuwien.ac.at/instrumentation/fei_quanta_200_fegsem/EN/
http://www.ustem.tuwien.ac.at/instrumentation/fei_quanta_200_fegsem/EN/

	Главный редактор
	Борис Михайлович Хрусталев 
	Редакционная коллегия
	Б. А. ЯКИМОВИЧ (Ижевский государственный тех-нический университет имени М. Т. Калашни-кова, Ижевск, Российская Федерация)
	Ответственный секретарь редакции
	Адрес редакции
	Тел. +375 17 292-65-14

	ISSN 2227-1031.  Подписные индексы 00662,  006622
	
	Abstract. Complex nanodispersed systems with multi-walled carbon nanotubes and nanodispersed silica have a significant impact on the processes of hydration, hardening and strength gain of construction composites predetermining their durability. While ...
	Introduction
	Materials and Methods
	Results and Discussion

	

