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One of the directions in development of nanotechnologies used for produc-
tion of building materials, development of theoretical and practical meth-
ods applied for improving the properties of finished products and opera-
tional constructions in Ukraine consists in use of nanosystems for regula-
tion of material structure and binder properties. The hydration mecha-
nism of mineral binders in the presence of nanomodifiers is quite poorly 
described in the scientific literature, but the results of laboratory studies 
confirm their significant impact on the technological process and changes 
in physical and mechanical properties. Studies on both the influence 
caused by nanomodifiers and the mechanism of gypsum binder hydration 
in the presence of nanomodifiers are topical. The goal of this article is 
studying the mechanism of hydration process, structure and properties of 
gypsum binders in the presence of carbon nanomodifiers. As revealed, in-
troduction of carbon nanostructures into gypsum compositions affects, 
first of all, the rate of chemical reactions (hydration of binders), mor-
phology of crystals and composition structure. Use of a relatively small 
amount of modifier makes it possible to change the structure of mortar or 
concrete, to increase significantly the strength characteristics and to im-
prove the physicochemical properties. Carbon nanotubes (CNTs) are one of 
modifiers. They are mainly neutral with respect to the components of the 
binder solution and affect the hydration process by increasing the surface 
energy, creating crystallization centres and nanoreinforcing the structure. 
For achieving a more efficient action of the nanomodifier, mechanical or 
chemical destruction of separate chemical bonds on the surface of nano-
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tubes is applied (functionalization). Functionalization of CNTs’ surface 
gives an opportunity to disperse them more evenly throughout the bulk of 
the modified material; it also contributes to reduction of sedimentation 
effect and provides chemical interaction between nanotubes and matrix of 
the substance. Modification of gypsum with nanomaterials increases its 
compression strength and bending strength as well as water tightness. It 
is experimentally established that the optimal concentration of CNTs with 
the greatest increase in strength observed is of 0.005–0.05% of the bind-
er dry mass. Providing the same content of nanomodifiers in the gypsum 
matrix (0.035%), the maximum increase of compression strength (28–
30%) is achieved by means of using CNTs functionalized with hydroxyl 
groups. 

Одним із напрямів розвитку нанотехнологій виробництва будівельних 
матеріялів, розробки теоретичних і практичних метод поліпшення вла-
стивостей готових виробів та експлуатаційних споруд в Óкраїні є вико-
ристання наносистем для реґулювання структури матеріалів і власти-
востей в’яжучих речовин. Інформації щодо механізму процесів гідра-
тації мінеральних в’яжучих речовин у присутності наномодифікаторів 
в науковій літературі достатньо мало, але результати проведених лабо-
раторних досліджень підтверджують значний вплив їх на технологіч-
ний процес і зміни фізико-механічних властивостей. Дослідження 
впливу та механізму процесу гідратації гіпсових в’яжучих у присутно-
сті наномодифікаторів є актуальними. Мета статті — дослідження ме-
ханізму процесу гідратації, структури та властивостей гіпсових 
в’яжучих у присутності вуглецевих наномодифікаторів. Зроблено ви-
сновок: введення в гіпсові композиції вуглецевих наноструктур впли-
ває в першу чергу на швидкість хемічних реакцій гідратації в’яжучих 
речовин, морфологію кристалів і структуру композиції. Використання 
достатньо незначної кількости модифікатора дає можливість змінити 
структуру розчину або бетону та значно підвищити міцнісні характери-
стики, поліпшити фізико-хемічні властивості. Одним із наномодифіка-
торів є вуглецеві нанотрубки (ВНТ), які в основному нейтральні по від-
ношенню до складових розчину в’яжучої речовини та впливають на 
процес гідратації за рахунок збільшення поверхневої енергії, створення 
центрів кристалізації та наноармування структури. Для більш ефекти-
вної дії наномодифікатора проводиться руйнування механічним або хе-
мічним способом (функціоналізація) окремих хемічних зв’язків на по-
верхні нанотрубок. Функціоналізація поверхні ВНТ уможливлює більш 
рівномірно дисперґувати їх по всьому об’єму модифікованого матерія-
лу, сприяє пониженню седиментаційного ефекту та забезпечує хемічну 
взаємодію між нанотрубками та матрицею речовини. Модифікація гіп-
су наносистемами збільшує його міцність на стиск і вигин, а також во-
донепроникність. Експериментально встановлено, що оптимальна кон-
центрація ВНТ становить 0,005–0,05% від сухої маси в’яжучого, за 
якого спостерігалося найбільше збільшення міцности. За однакового 
вмісту наномодифікаторів у гіпсовій матриці (0,035%) максимальний 
приріст міцности за стиснення досягається з використанням ВНТ, фун-
кціоналізованих гідроксильними групами, і становить 28–30%. 
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1. PROBLEM STATEMENT 

The concept of developing building materials science is aimed at de-
velopment of modern materials with their properties being superior 
to existing ones. A variant of solving the problem may consist of 
the use of nanotechnology, which is in its infancy, as there are no 
theoretical provisions for creating bulk materials. There are several 
lines of research on development of nanotechnologies for production 
of building materials, development of theoretical and practical 
methods to improve the properties of products and service facilities 
[1–3]. 
 One of these lines in Ukraine is presented as use of nanosystems 
to regulate the structure of materials and in accordance with the 
properties of binders. The hydration mechanism of mineral binders 
in the presence of nanomodifiers is quite poorly described in the 
scientific literature, but the results of laboratory studies confirm 
their significant impact on the technological process and changes in 
physical and mechanical properties. 
 The present article is concerned with solving problems of theoret-
ical generalization and studying complex technological processes of 
hydration of solutions with nanomodifiers added, their influence on 
structure formation and physical and mechanical properties of bind-
ers, relationship with the composition of raw materials and techno-
logical process of receiving products. 

2. THE AIM OF THE ARTICLE 

The goal of this article is studying the mechanism of hydration pro-
cess, structure and properties of gypsum binders in the presence of 
carbon nanomodifiers. 

3. RESULTS AND DISCUSSION 

Carbon nanotube-based modifications of composite materials locat-
ed, according to the authors [4], on edges of separate crystals of 
hydrated calcium silicate contribute to filling microcavities and 
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connecting them to each other. At the same time, carbon nanotubes 
(CNTs) of smaller length bind structural formations of short order, 
while long nanotubes bind crystallites that are more distant. 
 The most scientific hypotheses are based on the assumption that 
carbon nanoparticles (CNPs), carbon nanotubes (CNTs) are crystalli-
zation centres by means of increasing the phase interface surface 
and changing the surface energy of the system. Gypsum structure is 
mainly formed by means of changing the input parameters that is 
obviously insufficient as far as this process is prolonged, and it is 
determined by numerous parameters (volume, temperature, pres-
sure, concentration of source components, diffusion rate, crystalli-
zation, etc.). 
 According to the experimental studies performed, general state of 
the system can be characterized using chemical potential or using 
changes in thermal energy [5]. The theoretical assumption is that 
adding nanoparticles with a large specific surface changes proper-
ties of the system, i.e., the first stage of controlling of the process 
of hydration with nanoparticles can be represented as follows: 

 CaSO40.5H2O1.5H2OnanoparticlesCaSO42H2O. (1) 

 The process of calcium sulphate hemihydrate transition to calci-
um sulphate dihydrate is studied in the article; change of condi-
tions and hydration rate in the process of the hydration can change 
the structure of crystals as well as their spatial structure and fill-
ing of frame that is never less important. In research studies [6, 7], 
it was found that, by means of changing the morphology of gypsum 
crystals (through adsorption modification), we can change the 
strength of crystallization structures on the base of calcium sul-
phate dihydrate. 
 Formation of structure of gypsum binders can be regulated by 
means of changing the rate of calcium sulphate hydration [8, 9]. In 
turn, this depends on the hemihydrate solubility rate and is subject 
to the laws of diffusion [10]: 

 1
dc C c

SD
dt





, (2) 

where dc dt  is amount of substance dissolved per unit of time; D—
diffusion coefficient; S—specific surface of the soluble substance; 
C1—concentration of saturated solution; c—actual concentration at 
the given moment of time; —thickness of the diffusion layer. 
 Changing the rate of calcium sulphate dissolution may affect the 
structure of the material. In turn, the rate of crystal formation de-
pends on the surface energy. If the surface energy at the interface 
between the crystal and the solution decreases, the stability of the 
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system is improved. The amount of energy can be changed through 
adsorption of surface-active substances (surfactants). There is de-
pendence (Gibbs equation) between the excess of material in the 
surface layer and its concentration in the solution [10, 11]: 

 
c

G
RT c

 
   

 
, (3) 

where c   is surface energy; c—concentration of the additive; 
G—adsorption of the additive; R—gas constant; T—absolute tem-
perature. 
 Concentration of initial components, volume, temperature and 
pressure inside the system change during hydration of gypsum 
binders or other mineral compounds. Due to this, composition of 
the solution is changed. This system can be characterized by a 
chemical potential 1. 
 Chemical potential of additives can be presented as a coefficient 
of intensity (degree of stress) of substance chemical energy in the 
system (it can be viewed as the product of the intensity factor and 
the power factor, and, at the same time, capacity factor is the num-
ber of moles or the concentration of the substance): 
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where P, T, {ni} mean stability of pressure, temperature, numbers 
of moles of all areas except first one. 
 Increase of chemical energy can be presented as a chemical ener-
gy intensity factor of the given substance in the system. Thus, 
chemical potential is the measure of change of the specific function 
at constant parameters and masses (concentrations) of all materials, 
except mass (concentration) of the component being variable in the 
system. Then, chemical potential can be considered as a thermal ef-
fect: 

  VQ U   or  PQ H  , (5) 

where QV is isochronal thermal effect; QP—isobaric thermal effect; 
U—change of internal energy; H—thermodynamic function of 
enthalpy. 
 Use of modifying additives is an effective technological method 
of purposeful influence on these processes. Solving tasks of optimal 
modification requires determining the relationship between the 
type, composition, concentration and method of controlling and ob-
taining the functional characteristics of binders. This system in-
cludes a rather complicated, but very important process—it is a 
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physical and chemical mechanism of interaction between compo-
nents during transition of solution into artificial stone. Developing 
theoretical explanation of this mechanism will give an opportunity 
to organize a highly efficient control of the hydration process. 
 When considering the process of hydration and structure for-
mation of gypsum binders, physical and mechanical tests were per-
formed within the frames of this work in order to determine influ-
ence of nanosystems on these processes. Possibilities of developing 
theoretical supports for the purpose of practical application for 
regulation of hardening processes aimed at improved properties of 
solutions and concretes were considered too. 
 The following materials were used in the work: gypsum binder 
(Table 1), plasticizer (Sika Wiskogret) and distilled water. Multi-
layer carbon nanotubes (CNTs) were used as nanomaterials; their 
parameters are presented in Table 2. 
 The following substances were also used in our studies: carbon 
nanoparticles (CNPs), carbon nanotubes functionalized (CNTs–OH, 
CNTs–COOH). These are CNTs’ surfaces chemically modified with 
functional groups, for example, hydroxyl one or carbonyl one [12–
16]. For CNTs oxidation with hydroxyl groups used, a mechano-
chemical method is used [17, 18], which consists in a joint grinding 
of CNTs and alkali during 60 minutes (Fig. 1). 
 Carboxylation was carried out through the interaction of nano-
tubes with various mineral acids [19–21] (chromium salts and man-
ganese salts in oxidation stages, hydrogen peroxide). 
 Figure 2 shows CNTs after ultrasound processing. Functionalised 
CNTs (unlike initial ones) do not form large agglomerates and are 
well separated. 
 A gypsum binder with the addition of a surfactant (which was 
predetermined in amount of 0.4% of the binder mass) was used as a 
reference sample (Table 3). 
 A uniform distribution of nanoparticles in matrix volume is an 

TABLE 1. Characteristics of the gypsum binder. 

Gypsum binder W/G, % 
Solidification periods, min Strength, MPa 

start end compression bending 

G-5 65 7 12 3.35 2.1 

TABLE 2. Properties of multilayer carbon nanotubes. 

Names 
of materials 

Number of layers Length Diameter 
Specific 
surface 

Frequency 

Multilayer CNTs not more than 30 2–5 m 10–60 nm 120 m2/g 95 
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important factor of production technology for creating optimal 
crystallization conditions [13, 14]. This means that the modifying 
additive (despite its insignificant concentration) must be evenly dis-
tributed in the medium of the solidifying material. 
 In Johann Plank’s works [15], it was noted that, during binder 
modification with multilayer carbon nanotubes including calcium 
ions and polycarboxylate superplasticizer, there is a moderate in-
crease of concrete strength for 28 days not more than 30%, which 
is related with insufficient degree of CNTs’ dispersion due to depo-

 

Fig. 1. Schemes of functionalised carbon nanotubes: a) with carboxyl 
groups; b) with hydroxyl groups. 

  
a      b 

Fig. 2. Photomicrographs of multilayer carbon nanotubes: (a) pure CNTs; 
(b) modified CNTs. 

TABLE 3. Composition and properties of the reference sample. 

Gypsum, % Surfactant, % W/G, % pH 

Solidification 
periods, min 

Strength, MPa 

start end compression bending 

100 0.4 59 7.2 6 8 4.6 2.2 
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sition of calcium ions to the surface of separate nanotubes. 
 The developed technology of producing samples includes disper-
sion (in an ultrasonic mixer) of nanoparticles (carbon nanotubes, 
activated nanotubes) in a concentrated solution of plasticizer (in our 
investigations, it is Sika plasticizer) and water according to the cor-
responding regime. Homogeneity is controlled based on optical den-
sity and zeta potential. Then, the dispersed solution is mixed in a 
turbine mixer with water in quantity corresponding to the water–
gypsum ratio for the given batch of the binder. 
 Samples-beams are made according to the standard method ac-
cording to DSTU B B.2.7-82 2010. 

 

Fig. 3. Dependence curves of heat-release intensity during hydration of 
calcium sulphate hemihydrate: 1—gypsum; 2—gypsumCNTs–OH; 3—
gypsumCNTs–COOH. 

 

Fig. 4. Rietveld diagram of gypsum hardening over time for G-5: 1—after 
the 1st cycle; 2—after the 18th cycle. 
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 Main testing methods are as follow: chemical tests for determina-
tion of changes in pH of the environment; physical tests—electron 
microscopy, infrared microscopy, x-ray phase analysis, calorimetric 
studies; mechanical tests for determination of strength properties. 
 In the process of performing studies, the following tasks were 
set: 1) to investigate dispersion of the modifier in the bulk of the 
binder; 2) to study the influence of hydration-process mechanism 
and properties of gypsum binders in the presence of CNTs. 
 Hydration is a physical and chemical transformation of a binder 
solution into a hardened stone (effectiveness of this process is de-
termined by properties of this stone). Regulation of it by means of 
various factors gives an opportunity to change mineralogical com-
position and structure of the hardened solution and its properties. 
By means of nanoadditives introduced, fundamentally new materials 
can be obtained (with properties of the next higher order in compar-
ison with properties of existing materials). 
 As mentioned above, this process can be represented with a chem-
ical potential, i.e., coefficient of intensity (degree of stress) of sub-
stance chemical energy in the system. Chemical potential can be 
viewed as a thermal effect giving an opportunity to regulate the 
rate of physical and chemical transformations and structures. 
 Thus, calorimetric studies of gypsum–water solutions and gyp-
sum–water–nanoadditive compositions showed an increase in heat-
release intensity during hydration of gypsum in the presence of 
nanoadditives (Fig. 3). This indicates the possibility of controlling 
the process of hydration and solidified (hardened) structure for-
mation in order to provide required properties of mineral binders. 
 During studies with the use of x-ray diffractometer (X’Pert PRO 
MPD 3040/60 Fa. PANalytical, Institute of Ceramic, Glass and 
Building Materials—IKGB TU Bergakademie Freiberg), the hydra-
tion processes of the initial mineral binder (gypsum plaster) and 
this binder modified with carbon nanotubes were analysed in time 
(Figs. 4, 5; Table 4). 
 The x-ray photograph (Fig. 5, curve 1) of the gypsum sample 
shows significant amounts of calcium sulphate hemihydrate (24%) 
and calcium sulphate dihydrate (up to 67%) after the 1st hardening 
cycle (5 min 16 sec). The hydration process is completed at the 18th 
cycle (Fig. 5, curve 2), i.e., after 95 minutes. Main-intensity im-
pulses of the rejected lines of calcium sulphate dehydrate corre-
spond to 6200, 4250 and 3300. 
 Data from the x-ray photograph of CNTs-modified gypsum binder 
hardening are indicative of the hydration process intensification. 
The hydration process is also completed at the 18th hardening cycle 
(upon expiration of 95 minutes); however, calcium sulphate dehy-
drate formation rate is considerably higher. The lines of main im-
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pulses of calcium sulphate dehydrate correspond to 11300, 9900, 
6000 (Fig. 6). 
 During hydration of unmodified gypsum plaster within the 18 
cycles (95 minutes), the process is running with formation of 
CaSO42H2O in the amount of up to 86%. Under the same condi-
tions, hydration of the modified gypsum reaches the level of 93% 
and amount of unreacted CaSO4 is even slightly decreased (Table 4). 

 

Fig. 5. Rietveld diagram of gypsum hardening over time for G-5 modified 
with CNTs: 1—after the 1st hardening cycle; 2—after the 18th hardening 
cycle. 

TABLE 4. Changes in mineralogical composition of calcium sulphate hemi-
hydrate in the time (by weight %). 

Hardening cycles CaSO40.5H2O CaSO42H2O CaSO4 Impurities 

Mineralogical composition of 
unmodified calcium sulphate 
hemihydrate after the 1st harden-
ing cycle, Curve 1, Fig. 4 

24 67 4 5 

Mineralogical composition of 
unmodified calcium sulphate 
hemihydrate after 18 hardening 

cycles, Curve 2, Fig. 4 

5 86 4 5 

Mineralogical composition of 
modified calcium sulphate hemi-
hydrate after the 1st hardening 
cycle, Curve 1, Fig. 5 

14 77 4 5 

Mineralogical composition of 
modified calcium sulphate hemi-
hydrate after 18 hardening cy-

cles, Curve 2, Fig. 5 

1 93 1 5 
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 Results of quantitative x-ray diffraction analysis using the 
Rietveld method are presented in Table 4. 
 The follow-up analysis of x-ray photographs shows that, when 
adding CNTs, the hydration process is intensified and the transition 
of calcium sulphate hemihydrate to dihydrate is more complete. It 
is also confirmed by comparison of x-ray photographs of hydration 
process intensity (Figs. 6, 7). 
 Analysis of performed studies shows that one of high-impact fac-
tors affecting the mechanism of physical and chemical interactions 
in a dispersed medium is surface energy that should be taken into 
account, when creating a model. 
 We see the process of hydration of mineral binders as a system, 
which changes over time and undergoes macromicronano 
micromacro stages. 
 At the macro–micro–nano stage, the structure is partially de-
stroyed to nanoscale elements, since the destruction of main impu-
rities (5 to 15% or more) in the binders does not occur [13]. 
 The studies have determined the influence of carbon nanoaddi-
tives on the change of pH composition, which is also an important 
factor in the control during hydration of binders. According to the 
data presented in Fig. 8, it is evident that, at increased concentra-
tion of carbon nanotubes, there is an increase of the value of the 

 

Fig. 6. Intensity of calcium sulphate hemihydrate hydration process. 
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colloidal solution pH from 7.2 to 8.1, which affects the processes of 
gypsum hydration and, consequently, the processes of structure 
formation and physical and mechanical properties of final material. 
It is established that, in this case, the increase of the hydrogen in-
dex (pH) leads to increase of the gypsum binder strength. 
 Based on the above, we can conclude that thermodynamic curves 
reflect the possibility of implementing hardening processes in con-
junction with achieving necessary technological characteristics: 
times of setting, rheological properties, structure, etc. 
 In studies performed in the sphere of building materials science, 
the main task consists in developing the structure of materials with 
given properties, and an important factor of influence caused by 
nanoadditives is their quantitative content (Fig. 9). 
 Figure 10 presents data of compression tests of samples with the 
addition of pure CNTs and carbon nanotubes functionalized with 
hydroxyl groups. In this case, content of the nanoadditive was 
0.035% of the binder mass. It has been found that oxidized CNTs 
contribute to a more intense increase in strength (up to 28%) com-
pared to unmodified tubes. 
 Microstructure analysis of gypsum composition samples (Fig. 11) 
shows that, without a nanoadditive, the structure of gypsum crys-

 

Fig. 7. Intensity of hydration process of calcium sulphate hemihydrate 
modified with CNTs. 
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tals formed is characterized by a significant number of pores (Fig 
11, a). Modification by carbon nanotubes gives an opportunity to 
form structures with close packing of crystal hydrates with an in-
creased area of contacts between crystals of new growths (Fig. 11, 
b, c). 
 This leads to a significant increase in the strength of gypsum 
material. It can be assumed that CNTs’ additives play the role of 
‘crystallization centres’ with gypsum matrix structuring occurring 
throughout their surface that gives an opportunity to achieve an 
increased strength of gypsum composition. This is because the 

 

Fig. 8. Histogram of changes in hydrogen index value (pH) of the mixing 
water. 

 

Fig. 9. Histogram of the effect caused by carbon nanotubes on the strength 
of gypsum binder. 
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number of crystallization centres per unit volume increases and 
crystals partially penetrate in each other creating a spatial network 
connecting the entire gypsum stone into a comprehensive whole. 
 Considering chemical potential as a factor of the energy system 
intensity, we should take into account not only the characteristics 
of the input factors, but also changes in the hydration process. Con-
trol and regulation of input parameters is not a significant problem, 
but control and regulation of system changes require a theoretical 
representation of the hydration process over time, and only then, 
we should select factors capable controlling the structure formation. 
The effect of CNTs’ nanomodifiers is as follows. 
 Sorption of Ca2 on the nanotube surface promotes supersatura-
tion of the solution near the surface and, consequently, accelerates 
crystallization of calcium sulphate dihydrate. Thus, it contributes 
to a more complete and fast transition of CaSO40.5H2O to 
CaSO42H2O. 
 Probably nanotubes attract crystals and form dense structure 
(Fig. 11) due to their high surface energy, i.e., nanotubes act as 
crystallization centres with a larger number of calcium sulphate di-
hydrate crystals formed on their surface that increases physical and 
mechanical properties. 
 It is also possible to explain the structure of forming solid parti-
cles in positions of the close and remote coagulation. With the help 
of fully hydrated gypsum binder, water forms a shell around solid 
phase particles that corresponds to fixation of calcium sulphate di-
hydrate particles in the position of remote coagulation. 
 If gypsum dispersion includes particles of a typical size of about 
100 nm, distance between them decreases by an order or more that 

 

Fig. 10. Histogram of dependence of gypsum-based composite compressive 
strength on the surface functionalization of carbon nanotubes. 
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corresponds to closing particles in the area near coagulation. This 
leads to an increase in cohesive forces between contacting particles, 
which is accompanied by an increase in their strength and, conse-
quently, an increase in gypsum strength physical and mechanical 
properties. 
 Influence of CNTs on the intensity of heat release during gypsum 

  
a 

  
b 

  
c 

Fig. 11. Photomicrographs of the gypsum plaster structure: a) gypsum 
plaster; b) gypsum modified with pure CNTs; c) gypsum modified with hy-
droxyl groups. 
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hydration indicates the possibility to intensify hydration process for 
achieving required technological characteristics—strength, installa-
tion time, etc. An increased crystallization rate of modified gypsum 
samples is reached by means of introducing the nanomodifiers with 
a high surface area and a high reactive capacity. 
 IR spectroscopy studies (Fig. 12) have revealed reduced intensity 
of frequency oscillations for gypsum composition modified with 
CNTs providing a slight change in the frequency of valence oscilla-
tions. There are noticeable differences in the area of high frequen-
cies (over 1000 cm

1). These frequencies correspond to oscillations 
of hydrogen atoms in hydrogen bonds (lower frequencies of about 
1000–2000 cm

1) and covalent bonds (of about 3000 cm
1). There are 

also frequencies of dry mixture oscillations (of about 800 and 1600 
cm

1). Shifts of hydrogen frequencies are not yet entirely clear. 
They may probably occur through the fragment boundaries, and, in 
the real system, they will not be observed. Shift of the peaks corre-
sponding to the hydrogen bonds (1000–2000 cm

1) in the area of 
lower frequencies may also be caused through the transfer of charge 
from the CNTs to the gypsum surface as well as through the weak-
ening of hydrogen bonds O–H. Changes in frequency of calcium va-
lence oscillations in the gypsum structure (433 cm

1 without CNTs 
and 341 cm

1 with CNTs) may indicate interaction of calcium sul-
phate with the CNTs [12]. 

4. CONCLUSIONS 

Addition of carbon nanostructures to gypsum compositions creates 

 

Fig. 12. IR spectroscopy of gypsum compositions. 
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conditions for the formation of a high-density structure with a fine-
grained coating that indicates increased strength characteristics of 
the material. Carbon nanostructures play the role of reinforcing 
discrete structure of gypsum systems. 
 Chemical functionalization of carbon-nanotube surface gives an 
opportunity to disperse nanoparticles more evenly throughout the 
bulk of the modified material; it also contributes to reduction of 
sedimentation effect and provides chemical interaction between 
nanotubes and matrix of the substance. 
 Modification of gypsum with nanoparticles increases its compres-
sion strength and bending strength as well as water tightness. It 
was experimentally established that the optimal concentration of 
CNTs with the greatest increase in strength observed was of 0.005–
0.05% of the binder dry mass. 
 Increased efficiency of modifying gypsum systems with function-
alized nanotubes has been established, and this can be a line of 
studies aimed at development of modern building materials. 
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