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3. MATERIALS AND METHODS

1. INTRODUCTION
The aim of this work is to develop an innovative method for producing high-quality
functionalized graphene oxide FR - Oxygraphenes, which is a new type of allotropic
modification of carbon with a unique composition and properties, which is a
precursor for the production of graphenes.
The aim of this work was to study the process of synthesis of graphite oxide by a
new original method of pyrolysis of heterocyclic polymeric materials with a micronanocrystalline structure. The tasks included the study of the dynamics of oxidation
of natural graphite oxide - nanocrystalline cellulose, the study of the characteristics
of the material obtained.
This study is aimed at reducing energy costs, increasing the intensity of mass
transfer processes, which will increase the yield of the finished product, as well as
simplifying the production process.
The production of FR - Oxygraphene from nanocrystalline cellulose is carried out by
carbonization of NCC, a unique pyrolysis method carried out at low temperatures, at
which a carbon hexagonal matrix of nanocrystalline carbon is formed.
Thanks to the use of a specially prepared NCC precursor, a special catalyst, a
medium and pyrolysis modes, carbon microfilaments are formed, which consist of
crystalline nanocarbon fragments, graphene-like napkins.
NCC is subjected to partial oxidative destruction, activation, and stabilization. The
activated, stabilized NCC is subjected to low temperature, catalytic, oxidative
pyrolysis. Carbonization of pyrolysis nanofibrillar carbon is carried out by short-term
high-temperature treatment in a vacuum or inert medium.
The peculiarity of the original NCC pyrolysis method is the implementation of lowtemperature SHS pyrolysis of the NCC. The OH groups of the NCC undergo
oxidation, with the formation of an aldehyde or carboxyl group; without rupture of
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Figure 1-FR-oxygraphene structure
Figure 2 - Figure illustrating the functionalization of t nanocarbon matrix by
active oxygen groups.

2. PURPOSE

The urgent scientific task of developing heat engineering parameters and systems
for creating the possibilities of industrial synthesis of carbon nanotubes by the
method of catalytic pyrolysis, which, in contrast to the above methods, has a
number of advantages, such as: relatively low energy consumption of the process;
use of cheap and affordable carbonaceous raw materials; "soft" technological
parameters of synthesis; simplicity designs and manufacturability of the equipment
used; absencethe need for expensive cleaning from impurities.For the synthesis of
FR - Oxy graphenes and its hybrid derivatives, an innovative technology for the
production of functional nanocarbon materials is used.
In the proposed method, cellulose is used as a starting material, which is subjected
to special processing to obtain pure nano-crystalline cellulose.
Carbon nanofibers are produced by carbonizing self-assembling cellulose
nanocrystals.

4. RESULTS
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Figure 5- Image of a magnetite magnetic nanoparticle cluster with silica - phosphate shell.
Figure 6- Aggregation of a magnetite silicone phosphate nanocomposite surface the mass fractal type .
Figure 7- Characterizations of magnetic iron oxide nanoclusters (MNCs). TEM images of MNCs of different sizes

Laboratory tests

Figure 4-FR-Oxygraphene appearance, Black downy material Figure 5-Composition FR - Oxygraphenes in Atomic%:

DisposalC of
radioactive
waste was medium and low activity, carried out by method MNR conducted in the
- 94-96
O - 4-6
laboratory. There have been 17 experiments with different concentrations of radioactive waste substances.
Radioactivity measurements were performed of samples for low-background gamma spectrometer, ultra lowbackground cryostat 7500SL system '' with a semiconductor detector made of pure germanium and software
support, GENIE '', manufactured by CANBERRA.
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Figure 6- FR -Oxygraphene according to atomic force microscope
Figure 7-Electronic photograph of graphene powder obtained from FR - Oxygraphene

Figure 8- Magnetic hysteresis loops
of (a) Fe3O4 and (b) Fe nanowires.

Figure 9 - Room temperature magnetic
hysteresis curves of Fe3O4 and dye to
siliko-fosfat–Fe3O4 nanoparticles, where.
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Figure 8--Radiograph of FR-Oxigrafene
Figure 9-Raman spectrum of carbon synthesized by carbonization of NCC
Figure 11 -Transmission and scanning electron micrographs of magnetite nanoparticles. 200 nm range. The formation
Research
methods.complex oxides of iron, lanthanide and radioactive elements.
of microcapsules
SR XRF - study of nanostructured FR-oxygraphene carried out on a DRON-3 X-ray diffractometer.
Figure 12–The morphology of magnetite in a SEM image. Microcapsules immobilized radioactive elements included in
The composition and dimensions of FR-oxygraphene microfilament were determined on a scanning electron microscope
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Conducted pilot tests of radioactive waste salt medium activity
sediment from the deep evaporation of the MNR in the company of
"radioactive waste" NPP (Metsamor RA) with 02.10 on 30.10 2015 was
conducted 25 experiments and cleared 12.5 kg of radioactive waste at the
average activity of the salt deposit from deep evaporation. The
immobilization of radioactive waste in salt deposits from deep evaporation
magnetic ceramic matrix by obtaining test phosphate cement based FMR,
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followed by compression. Curing at room temperature and 150 ºC.
of radionuclide's in the spin ceramics
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phenomenal phenomenon, reducing the
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substances and reduction of graphene oxide.
FR - Oxy graphenes are analogs and derivatives of graphene and fullerene, but
differs from them in some kind of allotropic modification. FR - Oxy graphenes are
hybrid graphene sp-sp2 modifications containing free radicals.
The process of functional hybridization makes it possible to carry out the
processes of hybridization and graphinization in a single technological process of
low-temperature pyrolysis of the precursor, which significantly reduces the time
and eliminates the difficulties associated with the hybridization of chemically inert
graphenes and fullerenes, which is carried out in a multistage manner.
FR - Oxygraphenes are characterized by
➢ higher purity (≥99.9%)
➢ significantly low cost.
➢ high manufacturability
➢ ecological cleanliness of the synthesis process
➢ availability and cheapness of source material
➢ multifunctionality of the synthesized material
➢ controlled morphology of synthesized products
➢ high quality of synthesized materials
➢ the possibility of hybridization with a variety of materials
➢ obtaining materials with specified properties

5. CONCLUSIONS
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