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WccnenoBaH mpoliecCc UMMOOUAU3ALUN OTXOLOB YpaHa B CTEKIIOKPUCTAILIN-

YeCKUI MaTPUYHbIA MaTepuain C UCII0Nb30BaHUEM CaMOPACIPOCTpaHAloLle-
rocsi BricoKoTeMIeparypHoro curresa (CBC). IIpu mepepaboTke 0TXOROB UC-
T0/1b30BaH COPOEHT Ha 0CHOBE TEPMUYECKU 00pabOTaHHOTO CUNUKATes, Ha-
CHILIEHHOT'O YPAHOM U3 XUAKUX 0TX0n0B. MccnenoBaHa CTPyKTypa CUHTE3U-
POBAHHLIX MAaTPUYHbIX MaTepuanoB metomamun POA n CIM.

KnioueBble cnoBa: uMmMobMNM3aLus, YpaHCOAEPXKALLME KUAKUE OTXOAbI, CAMOpPaCnpo-
CTPaHAWMIACA BbICOKOTEMNEPATYPHbI CUHTE3, CUAMUKAreNb, COPOLUOHHOE Hackliwe-
HWE, MAaTPUYHBbIA MaTepuan.

Key words: immobilization, uraniferous liquid waste, self-propagating high-
temperature synthesis, silica gel, sorbtion saturation, uranium containing liquid waste.

Ha npeanpuatuax aTOMHOro TOMIMBHO-3HEPreTUYECKOro KoMMaekca obpasyloTcs
ypaHcofepaliue KuaKue oTXOAbl CPELHEro ypoBHA aKTUBHOCTU. [lns usonauuu Ta-
KX OTXO/I0B OT OKpyXaloweil cpeabl HeobxoamMMa pa3paboTka TEXHONOMUIA UX KOHAU-
LMOHMPOBAHUA C LeNbI0 3KONOrMYecku 6e3onacHoro 3axopoHeHus B Gopme Aonrosey-
HbIX MaTPUYHbIX MAaTEPMaoB, B KOTOPbIE MHKOPMNOPMPOBAHbLI HEYTUAU3UPYEMbIE OCTaT-
KU ypaHa. Takue TeXHONOTUU BKMIOYAIOT B ce0s ABa OCHOBHbIX NOC/NEA0BATENbHbIX Ne-
pefena: NepBbil — U3BNEYEHUE U3 KUAKUX OTXOAOB KOMMOHEHTOB, COAEPKALLMX YpaH,
M UX 06e3BOXKMUBAHWE; BTOPOM — MMMOOMIM3AUMA NOYYEHHbBIX MPOAYKTOB B XMMUYEC-
KW U TEPMUYECKM YCTOMYMBLIE MATPUUYHbIE MATEPUaANbl, HALEXHO MU30AMpYlOLMe ypaH
oT 6uocdepsl.

OaHMM M3 BapMAHTOB NepBOro nepefena ABAAETCS, B YaCTHOCTU, CBEPXCTEXUOMET-
puyeckas copbuus coefuHeHUN ypaHa C UCMONb30BAHUEM COPOEHTA, Hanpumep, Ha
ocHoBe Si0, [1, 2], ¢ nonyyeHMeM TaK Ha3biBaEMbIX COPOLMOHHbLIX KanbLuHaToB. Nc-
NnoJib3yeMblil B JaHHOI paboTe COPOLMOHHbIA KanbLUHAT XapaKTeprU30BaNCs YCIOBHOM
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ctexnomeTpudeckoit dpopmynoit [U05-5,67Si0,]*. Bo BTopom nepeaene copOLMOHHbII
KanbuuHaT npefnaraetca GUKCUPOBATL B MATpULE C MOMOLLbIO METaNIOTEPMUYECKOrOo
camopacnpocTpaHstolerocs BbicokoTemnepatypHoro cuntesa (CBC) [3-5]. 06pasy-
loWMecs MaTpuyHble MaTepuanbl BKIKOYAIOT B CBOIO CTPYKTYPY PafMOHYKAuAbl n16o, B
cnyyae o6pa3oBaHus PaAMOHYKINAAMU COOCTBEHHbIX, HANPUMEpP, OKCUAHbIX UAU Me-
Tannnyeckux, as, LeMeHTUPYIOT UX, U30UPYSA TEM CaMbiM OT BHELWIHEN Cpefbl.

BoicokoTemnepatypHbll TBepgodasHbeii CBC-npouecc npotekaer C BbifeneHunem
BHYTPEHHEN XMMUYECKON 3Hepruun. lNpu 3TOM B X0fe ropeHus pearupylowmx KOMno-
HEHTOB MPOMCXOAMUT UX KPAaTKOBPEMEHHbI pa3orpes B 30He ropeHUA [O TemnepaTyp
Bbiwe 2000°C, 4yto obecneynBaeT NOMHOTY XMMUYECKUX NpeBpalleHuii. IToT npouecc
OT/NIMYAETCH BbICOKUMU TEXHMKO-IKOHOMUYECKMMM NoKa3aTensmMu 6narofaps OTHOCH-
TENbHOW MPOCTOTe €ro peasu3alny U BHeneyHOW 3Heprocbeperaiowein TEXHONOTUM.

B pabote n3yyeH npouecc ummobunusauum B pexxume CBC copOUMOHHOrO Kanblm-
HaTa, CofepXallero ypaH, B CTEKNOKPUCTAIMYECKYIO MaTpULy.

NonyueHue cTeknokpucTannmyeckoin marpuubl. Pacyet peuentypsl CBC-wuxTbl
NPOBOAMUICA B COOTBETCTBUM C YPaBHEHWEM OXWUAAEMOW aNIOMUHOTEPMUYECKON peak-
Luu

(6,67 — 2x)Al + (3 — x)Mo0O; + xALL,O; + MgO + [UO; - ySi0;] =
= 3AL0; - 2Si0; + UO, + (3 —x)Mo + [(y-2)SiO; + 0,33 ALO; + MgO],

MYIITHT CTCKJ'IO(baBa

roe y = 5,67.

B pesynbrate CBC-npouecca npegnonaranock NONy4YnUTb CTEKNOKPUCTANNNYECKYIO
MaTpuLy, B KOTOpol MHKopnopupoBaHbl kpuctanibl UO,. JleBas yacTb ypaBHeHUA npej-
CTaBNSIET COCTAaB UCXOAHOI WUXThI, BKAOYAKLWei B cebs roptoyee (Al), okucnutens
(Mo0s), cTpykTypHyto fob6aBky (Mg0) u copOUMOHHbBIN KanbLuMHAT. 3HaYeHMe X yCTa-
HaBJMBaeTCA IKCNEPUMEHTANbHO B COOTBETCTBUM C ONMTUMAsbHbIM PEXUMOM FrOpeHus
WKXTbI, BbIOPAHHOTO cocTaBa. B npaBoil yacT ypaBHEHMA NMpUBELEHbl OXWAAEMble
NpOAyKTbl npouecca, B Tom yucne mynnut 3AL03-25i0, — Hanbonee TepmopMHamuyec-
Ku ycToinumnBoe coepuHeHne B cucteme Al,05-Si0;,

CBC npoBoannu B rpauTOBLIX TUMAX, TEPMOU30NMPOBAHHLIX WAMOTOBLIM KUPMU-
4yoM. MiHnuunpoBaHmMe npouecca CMHTE3a OCYLWECTBAANOCH TEKTPONOAXUIOM CMeCH
Al ¢ Mg, nomelLeHHON HA NOBEPXHOCTb MOAMNPECCOBAHHOMO BPYYHYIO MOPOLIKA LWMXTHI.
Mpouecc npoTekan B CNOKOWHOM pexume, 6e3 MCKpOBbIAeNneHU. onyyeHHbI npo-
OVKT NpefcTaBnsan coboi CneKWnincs NpoYHblil MaTepuan, COXpaHMBLWMNA GopMy TuUr-
Nf, C peAKkumMM rasosbiMu nyctotamu (puc. 1). Ero nnotHocTb coctasuna 3,61 r/cm3, a
yAenbHas akTueHoCTb no 238U pasHa 4-10% Bk/kr.

Pe3ynbTaTbl M3yueHUa CTPYKTYypbl 06pasua creknomarpuubl. 06pasel; Obin Uccne-
AOBaH MeTofiaMu peHTreHodasoBoro aHanu3a (PPA) n ckaHupytoLein 3NeKTPOHHON MUK-
pockonuu (CIM/3[C). Pe3ynbTathl 3TUX UCCNELOBAHUIA NpeACTaBAEHbl HA pUc. 2 U 3.

Hanbonee MHTEHCUBHbIE OTPaXeHWUs HA AWUPAKTOrpaMMe OTBEYAOT TPEM TNABHbIM
kpuctanauueckum dasam — UO,, metanamnyeckomy Mo u mynnuty (puc. 2).

OcHoBHas Macca o6pa3ua npefcTaBieHa YacTUYHO PACKPUCTANIN30BAHHBIM CTEK-
nom (puc. 36, r, #). B Hem HabnopaeTca KpucTannnyeckas ¢asa TEMHO-Ceporo LBeTa
(puc. 36, 1, 1) B BUAE YANMHEHHBIX KPUCTANN0B, KOTOPbIE B MOMEPEYHOM CEYEHUN UMe-
toT pombuyeckyto thopmy. Pasmep Kpuctannos no yaauHeHuo pocturaet 30 MKM, B no-
nepeyHoMm ceyeHun — 5 MkM. Mo paHHbIM POA 31a basa umeer CTpyKTypy, 6aM3Kyio K
MYJUIUTY, HO B OTNIMYME OT TEOPETUYECKOro COCTaBa B Hell MPUCYTCTBYET OKCWMA Mar-

* Cop6umoHHble KanbluHaTel Gbinn monyyeHst u npegoctasnensl A.K. Hapgosoit (BHUUXT).

46



M3secTua sByszos * ApnepHasa aHepretmka * Ned o 201 |

Puc. 1. BHewHuit Bup obpasua (yBenuyeHo B YeTbipe pasa)
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Puc. 3. C3M-u3obpaxeHus ctpoeHus obpasua: (a) u (e) — kpaesble yacTu obpasua; (B) — UeHTpanbHasa 4acTb;
(6), (r) u () — peTanbHOEe CTPOEHME KPaeBbiX U LeHTpanbHOW 30H; 1 — Mo meT.; 2 — MoO; 3 - Mo0Os; 4 —
U0;; 5 — «mynaut»; 6 — ctekno; 7 — MosSi
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Hus (Tabn. 1). Ee dopmyna no aHanorum ¢ MyaauTOM paccyuTaHa Ha 13 aTomoB Kuc-
nopoaa: (Mgo,39Als35512,29)8,03013-

Tabnuua 1
CocTaB oCHOBHbIX a3 maTpmLbl
no gaHHbim CAIM/3[C, mac %
OCHOBHblE KOMMOHEHTHI MATPULI
Okecmp, Crekno
Mynaut
1 2 3* CpepHee
Mg0 3,7 17,6 14,9 14,0 15,5
ALO, 64,0 265 | 252 26,0 25,9
Si0, 32,3 53,5 56,4 50,8 53,6
uo, He o6HapyxeH 2,4 35 9,2 5,0

Mpumeyanue. Cymma npusefeHa Kk 100%. * — BO3MOXEH 3axBaT 3epHa OKCMAA ypaHa.

Ha C3M-cHumkax dasza U0, umeet 6enblii LIBET M 06pa3yeT «CKENETHbIE» KPUCTanbl
npuyyAnuBoii dopmbl paamepom o 20 MM (puc. 3a-a). Micxons U3 3HaYeHMA OCHOB-
Horo otpaxenus (hkl = 111) okcupa ypaHa napameTp 3NeMeHTapHOI fYelikn ero pe-
weTkn paseH 5,428 anrctpem. C yyetom 3toro dopmyna AaHHoM asbl, BEPOATHee BCe-
ro, oteeyaet He UO,, a 6onee okucneHHoit pasHoctu coctaBa UOpps, HO C TOi e Kpu-
CTaNNYeCcKon CTpPYKTypon AopMUTOBOro TUNa.

MeTannunyeckuit Mo obpasyeT BblfeneHnUs oKpyrnoit Gopmbl pasmepom 6onee 5 MKM
(puc. 3a, 6, €). B TecHoit accounaumm ¢ HUM HaxoAATCA TaKKe Apyrue coefuHeHUs
monubaeHa: MoO, MosSi u Mo0s. MocnegHuii hopmMupyeT KpUCTanabl YATMHEHHO dop-
Mbl pa3mepom o 10 mkm (puc. 36, A). Cunnump monubaeHa obpasyeT KpynHble, A0
400 MKM, BblieNeHUs OKpyrnon GopMmel, B KOTOPbIX HAXOAATCA BKJIOYEHUA MeTananyec-
koro Mo (puc. 3e).

CocTaBbl (ha3 OCHOBHbIX KOMMOHEHTOB MAaTPUYHOro Matepuana (CTEKNO U MynnuT),
B KOTOPOM MMMOOMIN30BaHbI KPUCTaNbl OKCMAA ypaHa, npuBedeHsl B Tabn. 1. OTme-
TUM 3aMeTHble Bapualuu cofepxaHuin ypaHa B ctekne (6onee yem B YeTbipe pasa B
pa3HblX TOYKax aHanu3a), a TakKe ero oTcytcTBue B Mynnute. C yyeTom COOTHOLWeEHUA
KoNnyecTB pasHbix a3 B MaTpuLe MOXHO 3aKIK4YKUTb, YTO NMOAABAALWAA YaCTb ypaHa
3aknioyeHa B okeupe U0, 2s. Mo paHHbiM CIM-aHanu3a kakue-nnbo npumecu B cocTaBe
OKCMAQ ypaHa OTCYTCTBYIOT.

PaccMoTpeHHbI BapuaHT KOHAULMOHUPOBAHMA YPaHCOAEPKALUNX KUAKUX OTXOAOB,
BK/IOYalOWMiA B ceba M3BNEYEHNE ypaHa MeTOLOM CBEPXCTEXMOMETpPUYecKoi copbuum
M UMMOOUIM3ALMI0 COPOEHTA B CTEKNOKPUCTANIMYECKYI0 MATpULly, PeKOMEHAYETCsA UC-
nosb30BaTb KaK OCHOBY MpW pa3paboTke MPOMbIWAEHHO! TEXHONOrMKU 06e3BpexmBa-
HuA oTxonoB. MNpumereHne CBC-npouecca ans M3rotoBNeHMA LOATOBEYHBIX MATPUYHbIX
MaTepuanoB NO3BONUT pPeann3oBaTb TEXHONOIMIO, OTNMYAIOLLYIOCA NMPOCTOTOW, pecyp-
cocbepexeHnem 1 Manoil IHEProeMKoCTbH.
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gas processing, chemicalindustry, transport, nuclear power engineering, defense industry) is to detect
leaks of combustible gases in the early stages. The system allowing one to detect small concentrations
of combustible gases in air is capable of detecting an accident situation at an early stage. In the
event of timely taken actions, such diagnostics can help prevent the accident situation or confine it
in the early stages of its development.

Currently the systems based on capsular solid-electrolyte sensors are under development in the
SSC RF-IPPE, which are capable of meeting these requirements.

The sensors monitor the oxygen content in gas including combustible impurities as well and
provide the opportunity to make early detection of small concentrations of such impurities.
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SHS-Immobilization of High-Level Waste of An-Tc Fraction into Ceramic-Metal Matrix Materials\ E.E. Konovalov,
T.0. Mishevets, S.V. Yudintsev, B.S. Nikonov, Yu.D. Boltoev, S.S. Shulepov; Editorial board of journal «Izvestia
visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear Power
Engineering) — Obninsk, 2011. — 6 pages, 2 tables, 4 illustrations. — References, 8 titles.

The study has been performed into metallothermic processes of ceramic-metal (cermets) matrices
synthesis for immobilization of Nd, Sm and Re simulating actinides (An) and *Tc of high-level waste
(HLW) produced in the mode of self-propagating high-temperature synthesis. These matrices include
mineral-like formations having the structure of garnet and pyrochlore fixing neodumium and samarium
and alloys fixing rhenium. They are designed for long-term isolation of HLW from the environment.
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Immobilization of Uranium Wastes into Glass-Crystal Matrix Using the Self-Propagating High Temperature
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The study has been performed into the immobilization of uranium waste into glass-crystal matrix
material using the self-propagating high-temperature synthesis (SHS). Waste reprocessing involved
the use of sorbent based on heat-treated silica gel enriched with uranium from liquid waste. The
structure of synthesized matrix materials has been investigated by X-ray fluorescence analysis and
scanning electron microscopy.
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The Influence of Physico-Chemical Properties of Soils on the Bioavailability of °Co\LV. Kochetkov,V.S. Anisimov,
LA. Krikunov, M.V. Eremin; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya
energetica» (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2011. — 8 pages,
3 tables. — References, 6 titles.

Therole of physico-chemical parameters of soils in the accumulation of ©Co by plants (barley) was
defined. A method for scoring the buffering capacity of soils as for ®°Co contamination was proposed.
It s based on dependence between the main physico-chemical soil properties and accumulation of
the radionuclide in plants (barley). Soils are ranked according to the buffering capacity with respect
to ®Co.
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Studies of Shutdown BN Reactor Cooling-Down Modes \E.Yu. Anishev, V.S. Gorbunov, S.M. Dmitriev, S.L. Osipov;
Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of
Higher Schools. Nuclear Power Engineering) — Obninsk, 2011. - 6 pages, 5 illustrations. — References, 5 titles.
Emergency cooling modes of shutdown reactorand conditions for coolant natural circulation
developmentare considered.
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Experimental Investigations of Heat Transfer for the Case with Steam Condensing from the Steam-Air Mixture
on the Heat-Exchange Surface of the Containment Emergency Pressure Reduction SystemA.M. Bakhmetyev,
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Presented are experimentalinvestigation results for heat transfer for a case with steam condensing
from a steam-air mixture on an S-shaped heat-exchange surface of the containment emergency pressure
reduction system. The investigations were conducted in the air mass concentration range of 0.270.7
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