cTekionono0HeIx Matpur [2,3]. VIX HemocTaTkaMu SIBJSIFOTCS HU3Kas 3(PQPEKTUBHOCTb, MHOTOCTaIUHHOCTD U
BBICOKAsI CTOUMOCTb.

CyIecTBeHHOE CHIDKEHHE JHEepros3arpar MOXeET OBITh JOCTUTHYTO NPH IDIa3MOXMMHUYECKOH mepepaboTke
WJIO B BHIE ONTHMAaNBHBIX MO cocTaBy mioopranmdeckux cycnensuii (MJIOC), mMerommx ammabaTHYECKyIO
Temneparypy ropeauns He MmeHee 1200°C [4].

Ha puc. 1 moxasano Bmusaue conepxannsa NJIO u mmsemsHOro torumBa ([AT) Ha aamabatudeckyro
temnepatypy ropeans (T,,;) pa3nu9IHBIX IO COCTaBY MIOOPTAHHICCKUX CYCTICH3HM.

Puc. 1. Bmusane cogepxxanus MJIO n IT Ha agnabatndeckyio TeMIIepaTypy TOpEeHHs HI00PTaHUIEeCKUX
CycCreH3ui

W3 nonyyeHHOH 3aBUCUMOCTH ONpeiesieH cocTaB nioopranuueckoii cycnensuu (MJIOC-1) ¢ MakcuMallbHBIM
conepxannem MJIO (40 %), umeromeit T,,~1200°C: (15,5 % T : 44,5 % Bopna : 40 % WJIO). [{ns onpexneneHus
ONTUMANIFHBIX ~ YCIOBHH TIpoOIlecCca TMPOBEIACHBI pPAacy€Thl PABHOBECHBIX COCTABOB Tra3000pasHBIX U
KOHJ/ICHCHPOBAHHBIX MPOAYKTOB IIa3MOXUMHU4YecKkol mepepadbotku kommosumnuu MJIOC-1. PacuéTel mpoBeaeHbI
mpu atMocdepHoM naBienuu (0,1 Mlla), mmpoxom mmamazone temmeparyp (300-4000) K u st pa3iamaHbIX
MAacCOBBIX JOJeHd BO3AYIIHOTO ImiasMeHHoro TtemioHocuTens (10-90) %. [ns pacu€roB mcmonb3oBajach
muueHsuonHas nporpamma « TERRA».

B pesynbpTaTe mpOBENEHHBIX pacueTOB IMOKa3aHO, 4TO Ipu TemmepaTrypax no 1500 K m maccoBoil mone
Bo3ayxa 70 % W BBIIE OCHOBHBIMH MPOAYKTAMH B KOHIEHCHPOBAHHOU (paze SBIAIOTCS MPOCTHIC M CIOXKHEIC
okcuabl MetauioB (SiO,, Al,Os, ZnO, MnO, Cr,O; 1 1p.) BKJIOYas MarHUTHBIA okcun xerne3a Fe;Oy(c), duro
MO3BOJIMT IPUMECHHUTh MATHUTHOE OCAXIICHHUE JJIs1 U3BJICUCHHUS ITUX MIPOIYKTOB.

ITo pe3ynpTaTaM MpOBEACHHBIX MCCICIOBAHMUN MOTYT OBITh PEKOMEHIOBAHBI JUIS MPAKTHYCCKOW pean3aiuu
cienyromue ycnosus: coctaB kommozunuun NJIOC-1 (15,5 % AT : 44,5 % Bogpa : 40 % WJIO);maccoBoe
otromenwue ¢as (70 % Bo3ayx :18 % UIIOC-1); Temneparypa (1500+£200) K.
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MJIASMOXUMHUYECKWIH CUHTE3 U NCCIEJOBAHHE HAHOPASMEPHBIX
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JUCIIEPCUOHHOE YPAH-TOPUEBOE AJEPHOE TOIIVIMBO
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IIpuopuTeTHBIM HampaBlIEHHEM JalbHEUINEr0 pa3BUTHUS SAEPHOM SHEpreTHKU B Poccuu siBnsercst co3nanue
ADC c peakropamMu Ha OBICTPBIX HEHTPOHAX, WCIOJIB3YIOUIMX YPaH-IIYTOHHEBOE IHCIEPCHOHHOE SCpHOE
tormnuBo ([AT) B Buae cnoxubx okcuaHbix komnozunuit (COK), BKIOUarOmuX OKCUABI ACTSAIUXCS METAIIOB
(ypaH, mIyTOHHIH) paclpeleleHHBIX B MAaTpHUIle C BBICOKONH TEIIONPOBOJHOCTBIO M HHU3KUM CEUCHHEM
PE30HAHCHOTO MOTJIOLIEHUS HEUTPOoHOB [1].

B ornuune OT MpUMEHSEMBIX METOJOB MOJy4YEHHUS CIOXKHBIX OKcuAHbX Kommnoszuimit (COK) myrtem
pa3aenbHOro MOJMYYeHHs U MEXaHHYEeCKOT0 CMELIeHHs: OKCHA0B METAUIOB, MIasMoxuMudeckuii cuates COK u3
JIUCTICPTUPOBAHHBIX BOJHO-OPTaHWYECKUX HHUTPATHBIX pacTtBopoB (BOHP), Brmo9arommx oOpraHmIecKuid
KOMIOHEHT (COHPTHI, KETOHBI), WMEET CIEeAYIOIINEe NpEeuMyIIecTBa [2]: OJHOCTagWIHOCTH, TOMOTCHHOE
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pacripeznenenue $a3 ¢ 3aJaHHBIM CTEXHMOMETPUYECKHM COCTaBOM, BO3MOXKHOCTh aKTHBHO BJIMSTH Ha pasMmep H
MOPQOJIOTHIO YaCTHL], HU3KHE YHEPrO- U TPYA03aTPaThl.

B pabore mpencraBieHbl pe3ynbTaThl HCCIEAOBAHHWH Iporecca IuazMoxummdeckoro cuaTeda COK m3
JIUCTIEPTUPOBAHHEIX pacTBOopoB BOHP, Brimowarommx ameToH W CMEIIaHHBIE BOJHBIE HHUTPAaTHBIE PAacTBOPHI
HeouMa (BMECTO ypaHa), caMapus (BMECTO IUTYyTOHUS) M MarHHS.

[oxroroenennsie pactBopsl BOHP momaBammcs (300 m/9ac) depes Iucrepratop B PeakTop IUIa3MEHHOTO
Moxmynsi Ha Oaze BUD-mmasmoTpona, rae B BO3AYIIHO-IDIA3MEHHOM TIOTOKEe NpH Temmeparypax >1000°C
ocymectBisuics cuaTe3 COK, 3ateM B y37e «MOKpOI» OUYHCTKH TIPOUCXOAMIO WX PE3KOe OXIIaKICHHE
(«3akanka») ¢ oOpa3oBaHMEM BOJHBIX CYCIEH3WH, KOTOpbIE OTCTaWBaJM, (pUIBTPOBAIM M IPOKAIUBAIH B
teyenue 20 MunyT rpu temmnepatype 150 °C.

B xome wucciaemoBaHuii TPOBOMMINCH JiasepHas mudpakims BogHbix cycrnensuit COK, ckanupyromas
9JIeKTpOHHass MUKpockonus, B3 T-aHanu3 u peHTreHo(ha3oBbIii aHAIU3 ITOJYYEHHBIX TTOPOIIKOB.

YcTaHOBIIEHO, YTO MPHU Pacxojie BOJABI Ha «3akajiKy», yactoTe nucnepratopa (50 ') u pasauyHbIX o =
Sm/(Sm+Nd) yBenunuenue momu marpuibl B Bume Y,0; (10...30 %) B cocraBe COK «Nd,03-Sm,03-Y,03»
TIPUBOIUT:

- (mpu a = 0,1) x cHIKeHnro pa3mepa gacTui BoaHbIX cycnersuid COK ¢ 12,1 mxm 10 4,3 MKM, yBETHYSHHIO
Syn mopomkoB COK ¢ 5,5 mo 7,8 M/ ¥ cHIDKeHHIO pasMepa «3eper» B COK ¢ 147 um g0 115 am;

- (mpm o = 0,3) x cHWKeHHIO pa3Mepa dactur BomHbIX cycrmeHsuit COK c¢ 13,6 mxm mo 10,2 mKkwm,
yBenmaeHuto Syz nmopomrkos COK ¢ 6,9 mo 8,6 M/ ¥ CHIDKeHHIO pasmepa «3eper» B COK ¢ 118 uM 10 93 HM;

OTO TO3BONAET YTBEPXKAATh, UTO IDIa3MEHHAs MepepadoTKa AMCIEprHpoBaHHBIX pacTBopoB BOHP B
BO3JIyIIIHO-TUIa3MEHHOM ITOTOKE NPUBOJMT K IUIa3MOXHUMHUUECKOMY CHHTE3Y HaHopasMepHbx COK.

Pab6ora BeimosHeHa npu puHAHCOBOI noepxkke Poccuiickoro Hayunoro ¢onna (mpoekt Ne 18-19-00136).
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Ceramic nuclear fuel made of UO, has a number of disadvantages: low thermal conductivity, high brittleness,
tendency to crack, a short cycle of use, and a limited resource of the **U [1]. This has caused a slowdown in the
development of nuclear energy in a number of countries.

A promising today is the creation of dispersion nuclear fuel, which is characterized by the absence of
contacts between particles of fissile material due to their uniform distribution in the matrix and has the following
advantages: high thermal conductivity and good mechanical properties, high enough fissile material burn, high
radiation resistance and strength, localization of fission products in matrix [2].

Common disadvantages of the technologies used to obtain complex oxide compositions from solutions
(usually nitric-acid) are: multi-staging, high cost of processing raw materials, inhomogeneous phase distribution,
the need to use much chemicals.

At the same time, the technology of synthesis of oxides in air plasma has the following advantages: one-
staging, homogeneous distribution of phases with a given stoichiometric composition, the ability to actively
influence the size and morphology of particles [3, 4].

It should be noted that the processing of nitric-acid solutions in plasma is quite expensive. To reduce energy
consumption, it needs to add any organic component into the solutions, which, when oxidizing in the air plasma,
creates additional energy, allowing to increase the consumption of the processed solution and, thus, increase the
yield of the target product.

The work represents carried out thermodynamic modeling of plasmachemical synthesis of complex oxide
compositions from water-organic nitrate solutions (WONS), consisting of fissile material (inclusion) and matrix.
Uranium dioxide was considered as a fissile inclusion, and magnesium oxide as the matrix material, acetone
were used as organic component. The proportion of fuel inclusion in the target complex oxide composition was
selected within the range of 95% — 85%, the proportion of the matrix within 5% — 15%.

Based on the modeling results, the optimal WONS based on uranyl nitrate, magnesium nitrate and acetone
were calculated, and the optimal modes (WONS—air ratios) of the WONS plasma treatment were calculated. It
was shown that with an excess of air, non-target products (UO;, U304, UsOy) are formed from the initial
solutions, with a deficiency of air — products of incomplete thermal decomposition of hydrocarbons in WONS
(soot). It was shown that the optimal air fraction varied in the range of 69% — 71%.
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