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Today, there are many papers showing the effectiveness of the use of carbon nanotubes as additives to composites. 

Their use in polymers is especially successful, but the efficiency of their use in ceramics poses many questions. The aim 

of the work was to study the effect of the addition of carbon nanotubes on the properties of ceramics. For this purpose, 

pure silica, obtained by the hydrolysis of tetraethoxysilane in an alkaline medium, was taken as a model. The obtained 

granules of the material were well sintered at 900 ° C and it was decided to compound this material with carbon nano-

tubes. Depending on the method of introducing, the result turned out to be diametrically opposite. Nanotubes intro-

duced during the synthesis of silica played a role in the formation of silicon dioxide grains and effectively compacted 

the material, increasing its hardness. On the contrary, nanotubes grown in ceramic pores wedged the grain of silicon 

dioxide, making the material softer. In the first case, it is important to note that the synthesis of ceramics is not affected 

by the synthesis of nanotubes. In turn, nanotubes always affect the process of forming ceramics. This influence leads to 

a change in the structure of the grains of ceramics, and as a consequence of the mechanism of interaction between 

them, which in turn changes the density and strength of the ceramics. 

In the second case, in order to grow nanotubes in the pores and cavities of the ceramic material, one must first im-

pregnate the ceramic material with a catalyst. Thus, there is a requirement for a precursor of the catalyst – the absence 

of its interaction with ceramics. The second requirement is for inertness of the ceramics, both to the catalyst and to the 

entire synthesis process. In addition, it is necessary that the structure of the pores does not change during the synthesis, 

i.e. they did not close during the synthesis of nanotubes, but provided transportation of the starting materials and reac-

tion products. 

Therefore two mechanisms that affect the formation of a composite ceramic material have been described. The  

described composite can be used in the rocket and space industry for compounding ceramic fairings and thermal insu-

lation. 
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ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɪɚɛɨɬ, ɩɨɤɚɡɵɜɚɸɳɢɯ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɝɥɟ-
ɪɨɞɧɵɯ ɧɚɧɨɬɪɭɛɨɤ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɫɚɞɨɤ ɤ ɤɨɦɩɨɡɢɬɚɦ. Ɉɫɨɛɟɧɧɨ ɭɞɚɱɧɨ ɢɯ ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɨɥɢɦɟɪɚɯ, ɨɞɧɚɤɨ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɟɪɚɦɢɤɚɯ ɨɫɬɚɜɥɹɟɬ ɦɧɨɝɨ ɜɨɩɪɨɫɨɜ. ɐɟɥɶ ɫɬɚɬɶɢ – ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɞɨ-
ɛɚɜɤɢ ɭɝɥɟɪɨɞɧɵɯ ɧɚɧɨɬɪɭɛɨɤ ɧɚ ɫɜɨɣɫɬɜɚ ɤɟɪɚɦɢɤɢ. Дɥɹ ɷɬɨɝɨ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɶɧɨɣ ɫɪɟɞɵ ɛɵɥ ɜɡɹɬ ɱɢɫɬɵɣ 
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ɤɪɟɦɧɟɡёɦ, ɩɨɥɭɱɟɧɧɵɣ ɦɟɬɨɞɨɦ ɝɢɞɪɨɥɢɡɚ ɬɟɬɪɚɷɬɨɤɫɢɫɢɥɚɧɚ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ. ɉɨɥɭɱɟɧɧɵɟ ɝɪɚɧɭɥɵ ɦɚɬɟ-
ɪɢɚɥɚ ɯɨɪɨɲɨ ɫɩɟɤɚɥɢɫɶ ɩɪɢ 900 °ɋ, ɢ ɛɵɥɨ ɪɟɲɟɧɨ ɤɨɦɩɚɭɧɞɢɪɨɜɚɬɶ ɷɬɨɬ ɦɚɬɟɪɢɚɥ ɭɝɥɟɪɨɞɧɵɦɢ ɧɚɧɨɬɪɭɛ-
ɤɚɦɢ. В ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɨɫɨɛɚ ɜɜɟɞɟɧɢɹ ɪɟɡɭɥɶɬɚɬ ɨɤɚɡɚɥɫɹ ɞɢɚɦɟɬɪɚɥɶɧɨ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦ. ɇɚɧɨɬɪɭɛɤɢ, 
ɜɜɨɞɢɦɵɟ ɜ ɩɪɨɰɟɫɫɟ ɫɢɧɬɟɡɚ ɤɪɟɦɧɟɡёɦɚ, ɢɝɪɚɥɢ ɪɨɥɶ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɡёɪɟɧ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɢ ɷɮɮɟɤɬɢɜɧɨ 
ɭɩɥɨɬɧɹɥɢ ɦɚɬɟɪɢɚɥ, ɩɨɜɵɲɚɹ ɟɝɨ ɬɜёɪɞɨɫɬɶ. ɇɚɩɪɨɬɢɜ, ɧɚɧɨɬɪɭɛɤɢ, ɜɵɪɚɳɟɧɧɵɟ ɜ ɩɨɪɚɯ ɤɟɪɚɦɢɤɢ, ɪɚɫɤɥɢ-
ɧɢɜɚɥɢ ɡёɪɧɚ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ, ɨɬɱɟɝɨ ɦɚɬɟɪɢɚɥ ɫɬɚɧɨɜɢɥɫɹ ɦɹɝɱɟ. В ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɜɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ  
ɧɚ ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɟɪɚɦɢɤɢ ɧɟ ɜɥɢɹɟɬ ɫɢɧɬɟɡ ɧɚɧɨɬɪɭɛɨɤ. В ɫɜɨɸ ɨɱɟɪɟɞɶ, ɧɚɧɨɬɪɭɛɤɢ ɜɫɟɝɞɚ ɜɥɢɹɸɬ 

ɧɚ ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɟɪɚɦɢɤɢ. Эɬɨ ɜɥɢɹɧɢɟ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɫɬɪɭɤɬɭɪɵ ɡёɪɟɧ ɤɟɪɚɦɢɤɢ ɢ, ɤɚɤ 
ɫɥɟɞɫɬɜɢɟ, ɦɟɯɚɧɢɡɦɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɧɢɦɢ, ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɦɟɧɹɟɬ ɩɥɨɬɧɨɫɬɶ ɢ ɩɪɨɱɧɨɫɬɶ  
ɤɟɪɚɦɢɤɢ. 
Вɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ, ɱɬɨɛɵ ɜɵɪɚɫɬɢɬɶ ɧɚɧɨɬɪɭɛɤɢ ɜ ɩɨɪɚɯ ɢ ɩɨɥɨɫɬɹɯ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɧɭɠɧɨ 

ɩɪɟɠɞɟ ɧɚɩɢɬɚɬɶ ɤɟɪɚɦɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ ɤɚɬɚɥɢɡɚɬɨɪɨɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɡɧɢɤɚɟɬ ɬɪɟɛɨɜɚɧɢɟ ɤ ɩɪɟɤɭɪɫɨ-
ɪɭ ɤɚɬɚɥɢɡɚɬɨɪɚ – ɷɬɨ ɨɬɫɭɬɫɬɜɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɟɝɨ ɫ ɤɟɪɚɦɢɤɨɣ. Вɬɨɪɵɦ ɬɪɟɛɨɜɚɧɢɟɦ, ɨɱɟɜɢɞɧɨ, ɛɭɞɟɬ 

ɹɜɥɹɬɶɫɹ ɬɪɟɛɨɜɚɧɢɟ ɤ ɢɧɟɪɬɧɨɫɬɢ ɤɟɪɚɦɢɤɢ, ɤɚɤ ɤ ɤɚɬɚɥɢɡɚɬɨɪɭ, ɬɚɤ ɢ ɤɨ ɜɫɟɦɭ ɩɪɨɰɟɫɫɭ ɫɢɧɬɟɡɚ. Кɪɨɦɟ 
ɬɨɝɨ, ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɜ ɩɪɨɰɟɫɫɟ ɫɢɧɬɟɡɚ ɧɟ ɦɟɧɹɥɚɫɶ ɫɬɪɭɤɬɭɪɚ ɩɨɪ, ɬ. ɟ. ɨɧɢ ɧɟ ɡɚɤɪɵɜɚɥɢɫɶ ɜ ɩɪɨɰɟɫɫɟ 
ɫɢɧɬɟɡɚ ɧɚɧɨɬɪɭɛɨɤ, ɚ ɨɛɟɫɩɟɱɢɜɚɥɢ ɬɪɚɧɫɩɨɪɬ ɢɫɯɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɵɥɢ ɨɩɢɫɚɧɵ ɞɜɚ ɦɟɯɚɧɢɡɦɚ, ɜɥɢɹɸɳɢɟ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɤɨɦɩɨɡɢɬɧɨɝɨ ɤɟɪɚɦɢɱɟɫɤɨɝɨ 

ɦɚɬɟɪɢɚɥɚ. Ɉɩɢɫɵɜɚɟɦɵɣ ɤɨɦɩɨɡɢɬ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɜ ɪɚɤɟɬɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ ɞɥɹ ɤɨɦɩɚɭɧ-
ɞɢɪɨɜɚɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɨɛɬɟɤɚɬɟɥɟɣ ɢ ɬɟɩɥɨɢɡɨɥɹɰɢɢ. 

 

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɜɚɪɰɟɜɚɹ ɤɟɪɚɦɢɤɚ, ɭɝɥɟɪɨɞɧɵɟ ɧɚɧɨɬɪɭɛɤɢ, ɤɨɦɩɨɡɢɬɧɵɟ ɦɚɬɟɪɢɚɥɵ. 

 

Introduction. The unique properties of carbon nano-

tubes such as their strength and chemical resistance [1; 2] 

determine the interest in their use as an additive to various 

materials for the production of composites. At present 

time, there are a lot of works [3–8] showing the efficiency 

of the use of carbon nanotubes as additives to composites. 

Their application in polymers is especially successful  

[9–12], but the effectiveness of their use in ceramics 

leaves many questions. For example, direct mixing of 

ceramic particles with carbon nanotubes leads to a dete-

rioration in the strength of a composite with an increase in 

the proportion of nanotubes [13] and only using them in 

materials with a large proportion of the amorphous phase, 

including glass and crystalline glass [14], increases the 

strength of such a composite. 

Materials used and experiment. Carbon nanotubes 

were obtained from ethanol [15] on a [Ni (NH3)6]Cl2 pre-

cursor at a temperature of 600 °C. 

As a model ceramics, we used quartz ceramics pro-

duced from a slurry of aqueous ammonia and tetraethox-

ysilane obtained by annealing in colloid suspension. The 

structure of such ceramics is grains of amorphous SiO2 

(fig. 1) with the size of 200–500 nm. Ceramic material 

was obtained by hydrolysis of tetraethoxysilane followed 

by sol-gel precipitation and annealing at 900 °C.  

Since the efficiency of direct mixing of nanotubes 

with ceramic particles does not always give an effective 

result, and it is very difficult to achieve uniformity of dis-

tribution of nanotubes in this case, the authors used only 

two methods, which guaranteed uniform mixing. On the 

one hand, carbon nanotubes can get into ceramics during 

its formation from a suspension, and on the other hand, 

carbon nanotubes can already be placed in ceramics by 

growing them in pores and cavities of the material. 

To implant nanotubes into ceramics at the growth 

stage, the following method was used. The nanotubes 

were dispersed by ultrasound in 2-propanol to obtain a 

stable colloid. Then dispersion containing 0.1 mas. % of 

nanotubes was added to tetraethoxysilane in a volume 

ratio of 1:10, respectively. After that, ammonia was added 

to the mixture, and the suspension was recieved by  

agitation. The suspension, after drying, was annealed  

at 900 °C. 

The growth of nanotubes in ceramics was provided by 

introducing a catalyst into the pores of ceramics annealed 

at 900 °C and was carried out at a temperature of 600 °C 

from ethanol. The catalyst was added into ceramics  

by impregnating the finished material with a precursor. 

Results. In fig. 2 photographs of received materials 

are presented. On the left, there is a composite obtained 

by synthesizing ceramics in a dispersion of carbon nano-

tubes, on the right, there is a composite with carbon nano-

tubes grown in the pores of ceramics. 

As you can see, with the same amount of substance, 

completely different volumes of material are obtained. It 

should be noted that the density of ceramics obtained by 

synthesis from a dispersion with carbon nanotubes is less 

than without nanotubes (or with nanotubes grown in the 

pores of the finished ceramics). This decrease in density is 

determined by the addition of carbon nanotubes during 

the synthesis of ceramics and is explained by the fact that 

carbon nanotubes, having a high specific surface, lower 

the free energies of the formation of ceramics on their 

surface. Thus, they act as a catalyst for the growth of ce-

ramics. 

Measuring the hardness of ceramic composites clearly 

indicate the hardening of ceramics obtained on carbon 

nanotubes, compared with the original, at the same time, 

the growth of carbon nanotubes reduced the strength of 

carbon nanotubes (see table). 

 
Vickers ceramic hardness 

 

Type of ceramic Vickers hardness number 

Without CNT 300 MPa 

Ceramics made with carbon 

nanotube dispersion 

1 GPa 

Ceramics with CNT grown in 

pores 

200 MPa 
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Fig. 1. Quartz ceramics. Scanning electron microscopy 

 

Ɋɢɫ. 1. Кɜɚɪɰɟɜɚя ɤɟɪɚɦɢɤɚ. Ɋɚɫɬɪɨɜɚя ɷɥɟɤɬɪɨɧɧɚя ɦɢɤɪɨɫɤɨɩɢя 
 

 

 
 

Fig. 2. Quartz ceramics, the samples of equal mass. On the left there is a composite  

obtained by synthesizing ceramics in a dispersion of carbon nanotubes, on the right there  

is a composite with carbon nanotubes grown in ceramic pores 

 

Ɋɢɫ. 2. Кɜɚɪɰɟɜɚя ɤɟɪɚɦɢɤɚ, ɨɛɪɚɡɰɵ ɪɚɜɧɨɣ ɦɚɫɫɵ. ɋɥɟɜɚ – ɤɨɦɩɨɡɢɬ, ɩɨɥɭɱɟɧɧɵɣ 

ɫɢɧɬɟɡɨɦ ɤɟɪɚɦɢɤɢ ɜ ɞɢɫɩɟɪɫɢɢ ɭɝɥɟɪɨɞɧɵɯ ɧɚɧɨɬɪɭɛɨɤ, ɫɩɪɚɜɚ – ɤɨɦɩɨɡɢɬ 
ɫ ɭɝɥɟɪɨɞɧɵɦɢ ɧɚɧɨɬɪɭɛɤɚɦɢ, ɜɵɪɚɳɟɧɧɵɦɢ ɜ ɩɨɪɚɯ ɤɟɪɚɦɢɤɢ  
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A significant increase in the hardness of ceramics 

grown on the basis of carbon nanotubes (fig. 3, a) is ex-

plained by the more dense structure of the original ce-

ramic grains, which was created by a matrix of carbon 

nanotubes. That is in the colloid, the formation of silica 

particles proceeded not only in volume, but also on the 

surface of carbon nanotubes, which led to a significant 

compaction of the entire material after annealing.  

 

 

 
 

ɚ 
 

 

 
 

b 

 

Fig. 3. Composite based on quartz ceramics:  
a – ceramics obtained with carbon nanotubes; b – ceramics with grown carbon nanotubes in it 

 

Ɋɢɫ. 3. Кɨɦɩɨɡɢɬ ɧɚ ɨɫɧɨɜɟ ɤɜɚɪɰɟɜɨɣ ɤɟɪɚɦɢɤɢ:  
ɚ – ɤɟɪɚɦɢɤɚ, ɜɵɪɚɳɟɧɧɚя ɧɚ ɨɫɧɨɜɟ ɭɝɥɟɪɨɞɧɵɯ ɧɚɧɨɬɪɭɛɨɤ;  
ɛ – ɤɟɪɚɦɢɤɚ ɫ ɜɵɪɚɳɟɧɧɵɦɢ ɭɝɥɟɪɨɞɧɵɦɢ ɧɚɧɨɬɪɭɛɤɚɦɢ 
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The decrease in the hardness of ceramics with carbon 

nanotubes grown (fig. 3, b) compared to the initial one 

can be explained by the deformations in ceramics that 

occur with the growth of carbon nanotubes, which have a 

wedging effect on grains. 

Conclusion. In this work, carbon nanotubes were 

placed in ceramics either during its formation from a sus-

pension, or by growing them in pores and cavities of ce-

ramics. 

In the first case, it is important to note that the synthe-

sis of nanotubes does not affect the formation of ceramics. 

Nanotubes always influence the process of forming ce-

ramics. This influence leads to a change in the structure of 

the ceramic particles, and as a result of the mechanism of 

interaction among them, which changes the density and 

strength of ceramics. 

. In the second case, in order to grow nanotubes in the 

pores and cavities of a ceramic material, you should first 

saturate the ceramic material with a catalyst. Thus, there 

is a requirement for a catalyst precursor – the lack of its 

interaction with ceramics. The second requirement is the 

inertness of ceramics, both to the catalyst and to the entire 

synthesis process. In addition, it is necessary that the pore 

structure does not change during the synthesis, i.e. they 

did not close during the synthesis of nanotubes, but pro-

vided the transport of starting materials and reaction 

products. 
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