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Annomayusn. Ilposeden nouck cocmagos 600H0-0P2AHULECKUX HUMPAMHBIX PACMBOPO8 YPAHd, MOPUs MAZHUSL U
ANIOMUHUSL, OMBEUAIOWUX KPUMEPUIM aduadbamuieckol memnepamypul U HU3KOU meniomeopHol cnoCoOHOCHU.
Pacuem cummesa nposoduncs e nuyeusuposannoii npoepamme « TEPPA» npu ammocgeprom Oaenenuu u

memnepamype om 300 0o 6000 K.

Introduction. Accident tolerant and advanced technology fuel (ATF) also called "tolerant" fuel is the
nuclear fuel that is resistant to abnormal situations at nuclear power plants (NPP). The development of ATF has
become a key trend in the global nuclear industry in recent years, aimed at improving the safety of nuclear power
plants, practically eliminating the possibility of accidents with negative environmental impact. Tolerant fuel,
even in the event of loss of coolant and disruption of heat removal in the reactor core, must maintain its integrity
for a sufficiently long time. In addition, separate ATF variants with alternative fuel compositions can make
operation more cost-effective without increasing the level of uranium enrichment. Tolerant fuel has high thermal
conductivity, low heat capacity, increased heat resistance and uranium content. Such properties are achieved by
modifying the fuel rod cladding or the dispersive nuclear fuel (DNF) matrix.

The plasma-chemical method for obtaining highly dispersed powders of oxide compositions can compete
with existing methods, as it has a number of advantages, such as single stage, compactness of process
equipment, low energy consumption. The aim of the work was to model and study the process of plasma-
chemical synthesis of oxide compositions using the TERRA licensed program and to determine the optimal
composition of water-organic nitrate solutions (WONS), which ensures their energy-efficient plasma treatment.
This study presents the results of theoretical studying the process of plasma-chemical synthesis of oxide
compositions from BORR solutions, including an organic component (acetone), aqueous solutions of fissile

(uranium, thorium) and matrix (magnesium, aluminum) metal nitrates.

Poccust, Tomck, 25-28 anpenst 2023 T. Tom 2. Xumus

121



XX MEXAYHAPOAHAA KOHOEPEHIUA CTYAEHTOB, ACITMPAHTOB 1 MOJIOABIX
YUEHBIX «ITEPCIIEKTUBBI PAZBUTHUA ©YHIAMEHTAJIBHBIX HAYK»

122

Research methods. Magnesium and aluminum oxides were chosen as the matrix due to their high
thermal conductivity, low thermal neutron capture cross section, lack of interaction with uranium, relative ease
of production and alloy strength [1]. The net calorific value of a water-organic nitrate solution is determined by
the following equation [2].

s _ (100 —W - A)Qf 2,5W
b 100 100’
where Q¢ is the net calorific value of the combustible component, MJ/kg; W is water content, A is non-

combustible mineral substances in the composition %; coefficient 2.5 takes into account the latent heat of
evaporation of water at 0 °C, MJ/kg. A more objective indicator of the combustibility of a water-organic nitrate
solution is the adiabatic combustion temperature, which was estimated using this formula:

_ (100 - vox)QlS + voxCoxtox
ad = 100VC '
Water-organic nitrate solutions with Tag = 1500-1600 K ensure their energy-efficient plasma processing in

an air-plasma flow.

Results. The optimal values of the calorific value and adiabatic temperature at a coefficient a (the ratio of
the fissile component to the non-fissile one) are to 0.5 and the matrices MgO and Al,Os are shown in fig. (1, 2).
Table 1 shows the results of calculating the WONS compositions with minimal energy consumption and the

optimal value of the adiabatic temperature.
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Fig. 1. Correlation of the composition of the main products based on acetone on temperature after plasma
treatment at a=0.5 and mass fraction of air 57% (a) and 59% (b). MgO 5%, WONS-1
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Fig. 2. Correlation of the composition of the main products based on acetone on temperature after plasma
treatment at 0=0.5 and mass fraction of air 55% (a) and 57% (b). Al,03 5%, WONS-17

Table 1
WONS indicators

WON Q|S T d EUI’h
S Ne air, % uo, UsOg | UsOg UOs3 ThO, | MgO | AlLO; | C MJ/I’<g Ia<7 Mé/k
1 57 + - - - + + - - 5.44 1602 | 19.83
5 57 + - - - + + - 5.42 1591 19.98
9 57 + - - - + + - - 5.40 1580 | 20.14
13 57 + - - - + - - 5.39 1569 | 20.30
17 55 + - - - + - + - 5.14 1584 | 17.43
21 55 + - - - + - + - 5.12 1553 | 17.69
25 55 + - - - + - + - 5.10 1559 | 17.84
29 55 + - - - + - + - 5.08 1547 | 17.90

Of the 74 WONS compositions obtained, only 8 complied with the requirements that ensure their energy-
efficient plasma processing in an air-plasma flow. All 8 compositions of WONS were obtained on the basis of an
organic component, acetone, at o = 0.5 — 0.8, with a mass fraction of the oxide matrix (MgO and Al,O3) 5% and
an air content (55 and 57%).

Conclusion. The results obtained can be used to design a technology for the plasma-chemical synthesis of

fuel oxide compositions of dispersed nuclear fuel for high-temperature gas-cooled reactors.
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