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Abstract. Problem statement. In recent years, development of nanostructured materials with 

the use of carbon nanotubes (СNT) has become one of the most topical trends in modern 
nanomaterials science due to their mechanical, chemical and electronic properties. Purpose. The 
investigation of the effect of carbon nanotubes on the structure and physical and mechanical 
properties of calcium sulfate hemihydrate. Conclusion. The research conducted to evaluate ultimate 
bending strength and ultimate compressive strength as well as water-gypsum ratio of test beams at  
2 hours has shown that an increased content of the nanoadditive causes the improvement of 
structural characteristics of the composite material. Given the same content of the nanomodifier in a 
calcium sulfate matrix, maximum increase in compressive strength of 27-29% has been achieved by 
using carbon nanotubes (CNTs) and hydroxyl groups. Using non-modified carbon nanotubes in the 
presence of the additive has provided an increase in strength of 13-15% only. Chemical 
functionalization of the surface of carbon nanotubes promotes reduced sedimentation effect inherent 
to nanoparticles; moreover, it makes it possible to achieve a more uniform nanostructure dispersion 
throughout the modified material volume and provides chemical interaction between the substance 
matrix and nanotubes. Interaction of calcium sulfate dihydrate molecule with graphene-like surface 
is a chemical process, which has been proved by methods of quantum chemical analysis. The 
improved strength of CNT-containing gypsum composite has been achieved due to the accelerated 
process of calcium sulfate dihydrate crystallization at the graphene surface.  

Keywords: carbon nanotubes, sulfate calcium hemihydrate, gypsum binder, nanomodifiers, 
hydration, strength. 
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Анотація. Застосування наносистем у різних областях будівництва спонукає проводити 
дослідження структуроутворення, яке впливає на різні властивості мінеральних в'яжучих 
матеріалів. Проведені дослідження з визначення границі міцності на вигин і при стиску, 
водогіпсового відношення зразків-балочок у віці 2-х годин показують, що при однаковому вмісті 
наномодифікаторів в гіпсовій матриці максимальний приріст міцності при стиску досягається 
при використанні вуглецевих нанотрубок (ВНТ) з гідроксильними групами і становить 27 – 29 
%. При використанні немодифікованих ВНТ приріст міцності при вмісті добавки становить 
лише 13 – 15 %. Підвищення міцності гіпсового композиту, що містить ВНТ, обумовлене 
прискореним процесом кристалізації двухводного гіпсу поблизу графенової поверхні. 

Ключові слова: вуглецеві нанотрубки, напівгідрат сульфату кальцію, гіпсові в'яжучі, 
наномодифікатори, гідратація, міцність. 
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Аннотация. Применение наносистем в различных областях строительства побуждает 

проводить исследования структурообразования, которое влияет на различные свойства 
минеральных вяжущих материалов. Проведенные исследования по определению предела 
прочности на изгиб и при сжатии, водогипсового отношения образцов-балочек в возрасте 2-х 
часов показывают, что при одинаковом содержании наномодификатора в гипсовой матрице 
максимальный прирост прочности при сжатии достигается при использовании углеродных 
нанотрубок (УНТ) с гидроксильными группами и составляет 27 – 29 %. При использовании 
немодифицированных УНТ прирост прочности при содержании добавки составляет лишь 
13 – 15 %. Повышение прочности гипсового композита, содержащего УНТ, обусловлено, 
ускоренным процессом кристаллизации двуводного гипса вблизи графеновой поверхности.  

Ключевые слова: углеродные нанотрубки, полугидрат сульфата кальция, гипсовые 
вяжущие, наномодификаторы, гидратация, прочность. 

 
Introduction. In recent years, development of nanostructured materials with the use of carbon 

nanotubes (СNT) has become one of the most topical trends of modern nanomaterials science due to 
their mechanical, chemical and electronic properties [1-7]. 

Creation of nanocrystalline materials with improved performance properties is essential to the 
optimization of structures, improvement of their reliability, energy saving and resource saving as 
well as improvement of strength and antiwear properties of products. 

Review of latest research studies and published papers. Articles [8-11] represent the review 
of up-to-date approaches to the implementation of nanotechnology principles in construction materials 
science. Impact of nanomaterials on the initial stage of structure formation process, i.e. heterogeneous 
nucleation (nucleus formation) has been assessed. The authors of the papers [8-11] have investigated 
the influence of main factors on heterogeneous nucleation and showed that the mentioned factors form 
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three mechanisms of influence of primary nanomaterials on the material structure formation process.  
Up-to-date ideas on electrical, magnetic, thermal, optical, diffusion, chemical and mechanical 

properties of nanomaterials have been summarized [12-17]. The papers have emphasized and 
demonstrated the dependence of these properties on the structure of materials and geometry of 
nanoparticles. Significant attention has been devoted to storage and transportation of nanomaterials. 

Based on the conducted review of reference sources, it seems reasonable to study the 
influence of carbon nanotubes on the structure and main physical and chemical properties of 
calcium sulfate hemihydrate. 

Research purpose. Research of the impact of carbon nanotube (CNT) type nanomodifiers on 
the structure, physical and mechanical properties of calcium sulfate hemihydrate. 

Research methods. Methods of X-ray phase analysis and calorimetric tests have been used to 
investigate the mineralogical composition and kinetics of processes occurring in a modified matrix. 
The structure, size and morphology of newgrowths have been investigated by using scanning 
electron microscopes. 

The surface of CNTs has been chemically modified with functional groups to improve the 
performance of carbon nanotubes (CNTs) [17]. Carboxylation of carbon nanotubes has been carried 
out through their interaction with various oxidizing agents [18-21] For the oxidization of CNTs by 
hydroxyl groups, a mechanochemical method [21] has been used; the method involves milling of 
CNTs together with alkali within 60 minutes. 

Research findings. The influence of nanomodifiers content ‒ carbon nanotubes on the 
structure and main physical and chemical properties of gypsum binders has been determined.  

The analysis of gypsum binder and building gypsum-based samples (both non-modified and 
modified with the CNTs) has been performed during the research.  

During this research, we have used carbon nonotubes obtained from a catalytic hydrocarbon 
pyrolysis unit at the Center for Carbon Nanomaterials of the Vladimir State University named after 
A.G. And N.G. Stoletovs, Russia (Table. 1).  

 
Table 1 ‒ Properties of multi-walled carbon nanotubes CNTs 

 
Gypsum binder with the addition of surfactant in the amount of 0.4% of dry weight of binder 

has been used as a reference standard (Table 2). 
 

Table 2 ‒ Content and properties of the reference standard (over 100%) 

 
Carbon nanotubes have been added in the form of a suspension that has been prepared as follows: 

multi-walled carbon nanotube powder has been first added to a plasticizer-water solution with further 
processing in an ultrasonic dispersion machine, which has enabled us to obtain the stable dispersion of 
suspended nanoparticles in water. Polycarboxylate P-11 from Macromer Research and Development 
Enterprise (Vladimir, Russia) and Sika Retarder plasticizer (Switzerland) have been used as plasticizers. 
The suspension preparation process has been controlled by the parameters as follows: suspension 
density, colloidal system stability (evaluation of zeta potential), CNT concentration and viscosity. 

The research conducted to evaluate water-gypsum ratio, ultimate bending strength and ultimate 
compressive strength of test beams at 2 hours has shown that an increased content of the 
nanoadditive causes the improvement of structural characteristics of the composite material (Fig. 1).  

Material Number of walls Length, 
μm Diameter, nm 

Specific 
surface 

area, m2/g 

Purity, 
% 

CNT, % not more than 30 2-5 10-60 120 95 

Gypsum, 
% 

Surfactant, 
% W/G, % рН 

Setting time, min Strength, MPa 

Start End Compressive 
strength 

Bending 
strength 

100 0.4 59 7.2 6 8 4.6 2.2 
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Fig. 1. Histogram of impact of carbon nanotubes on strength of a gypsum binder 

 
Maximum increase in strength (27-29%) has been achieved by using carbon nanotubes 

(CNTs) and hydroxyl groups. When using initial nanotubes an increase in strength of 13-15% has 
been achieved (Fig. 2).  

 

 
Fig. 2. Histogram of dependence of compressive strength of a gypsum-based composite  

on the functionalization of carbon nanotube surface 
 

The analysis of the microstructure of gypsum composition samples has shown that the 
addition of a modifying additive results in the formation of a denser structure of gypsum samples, 
which improves physical and mechanical properties of the calcium sulfate matrix. 

It may be assumed that nanodispersed CNT additives function as „crystallization nuclei‟ on the 
surface of which calcium sulfate matrix structuring occurs with the improvement of structural 
characteristics of the gypsum composition. It is related to the fact that during growth, crystals partly 
penetrate into each other and form a three-dimensional network permeating and incorporating the 
entire gypsum stone into a whole body. 

Conclusions and future research prospects. Adding carbon nanostructures into gypsum 
compositions leads to the increased mechanical strength through the formation of a fine crystalline 
needle-shaped structure of higher density. Given the same content of a nanomodifier in a calcium 
sulfate matrix, maximum increase in compressive strength of 27-29% is achieved by using carbon 
nanotubes (CNTs) functionalized with hydroxyl groups. Chemical functionalization of the surface 
of carbon nanotubes promotes reduced sedimentation effect inherent to nanoparticles. Moreover, it 
makes it possible to achieve a more uniform nanostructure dispersion throughout the modified 
material volume and provides chemical interaction between the substance matrix and nanotubes. 

Interaction of calcium sulfate dihydrate molecule with graphene-like surface is a chemical 
process, which has been proved by methods of quantum chemical analysis. Improved strength of a 
CNT-containing gypsum composite is achieved due to the accelerated process of calcium sulfate 
dihydrate crystallization at the graphene surface.  
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