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The aim of the thesis. Increasing the strength and toughness of carbon fiber 

reinforced plastic by oxidizing carbon tissue with nitric acid and adding 

plasticizers and thermoplastics to epoxy resin (ER). 

 

Research Objectives: 

 -increasing the strength of the ER by modifying it with plasticizers and 

thermoplastics; 

 - increasing the strength properties of carbon fiber reinforced plastic by 

increasing the chemical activity of carbon tissue and the process of oxidation with 

nitric acid; 

 -research of the effect of ER modification on the mechanical properties of 

carbon fiber reinforced plastic; 

 -research of the combined effect of modified carbon tissue and modified ER 

on the strength characteristics of carbon fiber reinforced plastic and the effect of 

vacuum infusion formation. 

 

Research methods: 

The main research and analysis methods used in the dissertation are: 

-mechanical testing of ER and carbon fiber reinforced plastic samples on 

tensile machines Instron and Shimadzu (Kazakh National University named after 

al-Farabi, JSC "IMOB", Institute of Combustion Problems); 

- tests for impact strength of samples ER and carbon fiber reinforced plastic 

on the MK-15 pendulum head. (Machine-building plant named after S.M. Kirov, 

Almaty). 

 

The main provisions (proven scientific hypotheses and other conclusions 

that are new knowledge), presented for the defense: 

- the effect of modification of  ER by plasticizers and thermoplastics on their 

strength and toughness; 

- the effect of carbon tissue modification on the strength characteristics of 

carbon fiber reinforced plastic; 

- the effect of modified ER on the mechanical properties of carbon fiber 

reinforced plastic; 

- the effect of the combined effect of modified carbon tissue and modified 

ER on the strength characteristics of carbon fiber reinforced plastic and the effect 

of vacuum infusion formation. 

 



Description of the key research results: 

The effect of modifiers on compression and impact strength of ERs ED-20 

and Etal Inject-T has been studied. The best results were obtained with the addition 

of 10% plasticizer: 

- for ED-20 resin: compressive strength 99.6 MPa (increased by 2%) and 

impact strength 39.5 kJ/m
2
 (increased by 2 times); 

- for Etal Inject-T resin: compressive strength 122.2 MPa (increased by 

15%), and impact strength 80.3 kJ/m
2
 (improved by 90%). 

An increase in the strength properties of resins is associated with their 

chemical interaction with plasticizers and thermoplastics. 

To strengthen the carbon fiber reinforced plastic, the effect of oxidation of 

the surface of the carbon tissue in a nitrogen solution was investigated: 

- carbon fiber reinforced plastic, obtained from carbon tissue with a surface 

oxidized in a nitrogen solution for 2.5 minutes and ED-20 resin, achieved tensile 

strength from 833 MPa to 900 MPa and compressive strength from 300 MPa to 

385 MPa. 

- carbon fiber reinforced plastic, obtained from carbon tissue with a surface 

oxidized in a nitrogen solution for 2 minutes and Etal inject-T resin, increased 

tensile strength from 1000 MPa to 1150 MPa (by 15%), compressive strength from 

425 MPa to 497 MPa ( by 17%). By oxidation of carbon tissue in nitric acid, 

carboxyl groups are formed on the surface of carbon tissue, which can improve the 

compatibility of carbon tissue and ER. Thus, mechanical properties are increased. 

For the first time, results were obtained on the effect of the combined effect 

of modified ER and modified carbon tissue  on the mechanical properties of carbon 

fiber reinforced plastic. The technology proposed in this dissertation makes it 

possible for the first time to obtain carbon fiber reinforced plastic with a 

compressive strength of 600 MPa and a toughness of 250 kJ/m
2
. 

 

Justification of the novelty and importance of the results obtained: 

Using the method of modification of carbon tissue and ER, for the first time 

in the dissertation work, a carbon fiber reinforced plastic with increased strength 

and toughness characteristics was obtained. The research of the effect of 

modification makes it possible to develop a new effective technology for 

producing carbon fiber reinforced plastic with high operational and technological 

properties, high strength and toughness. 

The novelty of the results obtained lies in the fact that for the first time the 

effect of the combined effect of modified ER and modified carbon tissue on the 

mechanical properties of carbon fiber reinforced plastic has been researched. 

The technology proposed in this dissertation makes it possible for the first 

time to obtain carbon fiber reinforced plastic with compressive strength up to 425-

600 MPa and impact strength up to 250 kJ/m
2
. This makes it possible to increase 

the stability of the design of carbon fiber reinforced plastic aircraft to shock loads. 

The scientific level of the presented dissertation work has scientific value, 

which is confirmed by the scientific works of the author: a) published articles; b) 

the results of an international conference c) a patent for a utility model.  



The developed technology for the production of impact-resistant carbon 

fiber reinforced plastic  for aerospace purposes has been implemented by 

“KazTechInnovations” LLP (Implementation Act). This will improve the technical 

and mechanical characteristics of aircraft manufactured by “KazTechInnovations” 

LLP. 

 

Compliance with directions of science development or government 

programs. 

Currently, a National Space Center has been built in the city of Nur-Sultan, 

an integral part of which is an enterprise for the design and production of 

spacecraft. The Kazakh-French LLP "Ghalam" is engaged in the creation of such 

production. 

Components of aerospace vehicles need impact-resistant carbon fiber 

reinforced plastic . High-strength carbon fiber is not produced in Kazakhstan, and 

therefore it is necessary to import it. Such carbon fiber with a strength of over 415 

MPa is included in the list of missile and dual-use goods and technologies (the 

technology is classified by International Export Control Agreements). In this 

regard, it is necessary to develop domestic technologies for the production of 

aerospace materials. 

To expand the scope of application of carbon fiber reinforced plastic in the 

aerospace industry, the production of impact-resistant carbon fiber reinforced 

plastic is relevant. Carbon fiber reinforced plastic is a composite material 

consisting of a connecting matrix and reinforcing carbon tissue. The production of 

carbon fiber reinforced plastic, which improves its physical and mechanical 

characteristics and gives it impact resistance, can be achieved by modifying carbon 

tissue and ER. 

In world practice, a technology for producing impact-resistant carbon fiber 

reinforced plastic with the preservation of the degree of static strength of carbon 

fiber reinforced plastic is required. This technology is quite complex, since with an 

increase in one indicator of strength properties, a negative impact on other 

properties is possible. For this reason, it is obvious that the simultaneous increase 

in the strength and toughness of carbon fiber reinforced plastic requires serious 

research. 

Due to the need for high strength and impact resistance of carbon fiber 

reinforced plastic for domestic production, the main provisions of the dissertation 

were developed within the framework of state scientific programs funded from the 

state budget. 

This research work is related to the activities of the state program 

"Development of space activities in the Republic of Kazakhstan for 2015-2017" 

and 2018-2020. "Development of technology for the production of impact-resistant 

carbon fiber reinforced plastic for defense and aerospace products" - Republican 

budget program 008 "Applied scientific research in the field of space activities, 

transport and communication". 

 



Description of the contribution of the doctoral student to the 

preparation of each publication. 

The author's personal contribution consists in setting the goals and 

objectives of the work, conducting research, processing and analyzing the results, 

formulating conclusions, writing articles and abstracts. 
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