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Stage ionization is an intermediate stage separation of spent nuclear fuel (SNF) between heating stage and
magnetoplasma separation of fission products (FP) and nuclear fuel (NF) in rotating plasma. The process of plasma
formation involving actinides and lanthanides that will remain in SNF after heating stage by way of example U/La is
considered. The influence of mixture percentage composition and value of mirror ratio of magnetic field on the ratio
U*/La" is investigated. It is shown that it is preferable to operate with low temperature plasma to improve the
separation that is considerably for reducing of U?* formation.
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INTRODUCTION

Magnetoplasma (MP) method of spent nuclear fuel
separation into NF and FP is an alternative to existing,
radiochemical, methods that are widely used in the
practice of many countries, such as France, Japan, etc.
The main advantage of the MP method is that it is
purely physical, and therefore does not require
chemicals and does not lead to large amounts of liquid
radioactive waste [1-5].

MP method consists of three successive stages of NF
and FP separation: heating, ionization, mass-separation
of plasma rotating in crossed fields [6,7]. The possibility
of spatial separation of different sorts ions in rotating
plasma was shown in [8-10]. It is advisable to carry out
the simulation experiments [11] on SNF separation in
non-radioactive multi-component medium with stable
isotopes, included in the SNF composition.

1. PURIFICATION OF SNF FROM FP BY
IONIZATION

Since SNF contains mainly oxides the dissociation
processes which lead to additional energy costs may
play a significant role. The most of these compounds
with binding energy (Epong) l€Ss than the ionization ones
(Ej) can be removed from SNF at the heating stage.
Thus mostly oxides of U, Zr and lanthanides will remain
in SNF after heating stage (Fig. 1).
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Fig. 1. Binding and ionization energies of NF and FP
elements and oxides (remained after heating stage)
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It is estimated that preliminary heating stage allows
to remove up to 75 % of impurities — FPs — from SNF
(Fig. 2).
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Fig. 2. SNF percentage composition before and after the
heating stage

It is possible to separate light FPs such as Zr, Nb at
the ionization stage. Heavy FPs (lanthanides) have
physical and chemical properties close to actinides (in
particular ionization potentials and cross sections) so
their separation at the ionization stage is quite complex
task.

2.U" AND La* IONS FORMATION
IN U/La PLASMA

Consider the basic processes that take place during
plasma formation by the example of simulation mixture
U/La:

1) direct ionization
AM)+ e—A(M+)+et+e —
La(U)+e — La'(U")+e+e,

2) charge exchange processes
La*(U")+U (La) — La(U)+ U™ (La"),

3) recombination processes
La"(U")+e — La(UV).

The rate constants of these processes can be
determined from the Arrhenius equation [11] and
depending on values involved in this equation will lead
to predominance of certain processes of plasma
formation. The estimates of differences in reaction rates
for FP and NF atoms due to internal vibrations of
molecules and difference of ionization potentials are
provided in [11].
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Due to lack of published data in physical values of Mathematical model
ionization and charge exchange cross sections for
actinides and lanthanides, it is advisable to carry out
evaluative calculation of plasma formation process with
different initial concentrations of U-La.

Taking into account the processes of ionization,
recombination, charge exchange and lifetime of plasma
for U-La the system of differential equations describing
plasma formation process is following:

Ny /dt=NeN’y 6 °Ve-NeNy ko — Nu "N’ 0, Viuy+Nu®Nia " 0,7 Via) — Nu™/ 75
dNLa+/dt = Ne NLaOO'iLaVe‘NeNLa+kp_ NLa+NU0 0'n21Vi(La)+NLaONU+O_n12Vi(U) 'NLa+/TLa ;
dNe/dt = NeNUO O'iUVe'|' Ne NLaO Oj I_aVe'NeNLa-‘.kp - NeNU+kp -Ne/ 7,

where k, — recombination coefficient; N°, N* — densities al N =N =50%
of neutrals and ions; Ne — density of electrons; o; — —Nz=9‘5‘:’/°-NL(,=5°/°
ionization cross section of i-component; o, o, — 41
charge exchange cross section; v, v; — velocities of
electrons and ion-neutrals; t — lifetime of plasma L
(determined for mirror system of plasma confinement), 3
0.4 InR; 1,7, — lifetime of ions U and La, o 24
‘E1/’L'2 ~ (Mu/MLa)O‘S.
In the stationary process (dNy./dt = 0 and dN,./dt = 1
0) and neglecting the recombination member k, we
obtain te following equations: 0
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Nulz— NeN'uai Vet Nu'Nia 0, Viga) / Nia  Fig. 3. The ratio of U* to La* ions at different initial
o Viuyt+l/w; concentrations of neutrals versus electrons energy
Nia"= NeN°Laai™Ve+ NLNu“o?viwy / N (Hiax / Hiin = 10)
3,0
O-n21V|(La)+1/ TLa - — Hmax/Hm|n=10
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For calculation of ionization cross sections the ] ——H, ./H.=2 |
Thomson formula was used: 2,0
. 2 ‘o 1,5
met dE w1 1 err (1 P =7
0’,—=—_J.j=—,———, =dmy; —| | --— =
EE E N\l E I)\E E 1,0
where e — electron charge; E — incident electron energy; 0,5+
| — atomic ionization potential; R — ionization potential 1
0,0
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The exchange cross sections were obtained using the E eV
methods of molecular physics.
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Fig. 4. The ratio of U™ to La™ ions at different values of
the mirror ratio of magnetic field depending on the
electron energy (a — Nu=NIla=50%);
b —Nu=95%, Nla=5%)
Fig. 3 shows the dependence of U*/La* on electron
energy for different initial concentrations of neutral
atoms in the mixture of actinides and lanthanides. For

lanthanum and value of magnetic field mirror ratio on
the plasma formation process is investigated. The results
of calculations are presented in Figs. 3-4.
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concentration of 95 % uranium and 5 % lanthanum the
amount of formed uranium ions is reduced significantly
in comparison with lanthanum ions. In this case, it is
clear that the sharp decline of U*/La" is observed in the
electrons energy range up to 7.6...8 eV, and then with
further increase of electrons energy the ions ratio U*/La"
decreases slightly. With the same initial concentration
of uranium and lanthanum the increase of electron
energy also leads to decrease of ratio of formed uranium
and lanthanum ions. It follows that for more effective
separation of actinides and lanthanides mixture it is
advisable to use low energy electrons.

Fig. 4 shows the influence of mirror ratio value on
the process of uranium and lanthanum ions formation.
The obtained dependences also demonstrate the high
degree of separation in the region of low electrons
energies. With the same initial concentration of U and
La in the mixture the increase of mirror ratio leads to
decrease of separation efficiency, while with
concentrations, close to existing concentrations in SNF,
there is inverse relation.

CONCLUSIONS

To determine the possibility of actinides and
lanthanides separation at the ionization stage by way of
example of U/La mixture it was found that:

o for strongly different initial concentrations of
uranium and lanthanum the degree of separation is
related to the electron energy;

e it is advisable to operate with low-temperature
plasma with electron energies close to the threshold
ionization energies;

o the increase of magnetic field mirror ratio leads to
increase of degree of separation for mixture U/La
(95/5%) unlike the mixture U/La (50/50%).
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OCOBEHHOCTH CO3/JAHUS IIJIA3MBI JJISI MATHUTOILIA3MEHHOI NEPEPABOTKHU OSIT
HA CTAJUU MOHU3ALIUU

B.B. Kampeuko, B.B. IO¢epos, A.C. Ceéuuxapso, T.H. Tkauesa, C.B. Ilaputii, B.O. Hnvuuésa

Craaust MOHU3AIHMH SBIISIETCS MPOMEXXYTOUYHON CTamuel pa3jeneHus oTpadboTaHHOTO siaepHoro TorumBa (OST)
MEXIy CTaJuell HarpeBa M MarHUTOIUIa3MEHHBIM pasfeseHueM mnpoaykrtoB nenenus (I1J]) u smepHOro TorumBa
(SIT) Bo Bparmaromelics mwiasme. PaccMoTpeH mporecc Co31anus M1a3Mbl, BKIIOYAIONISH aKTHHOUIBI U JIAHTAHOU/IBI,
koTopeie octanytcs B OAT nocne craguu HarpeBa, Ha nmpumepe cmecu U/La. MccnenoBaHo BIMsIHUE MPOIIEHTHOTO
COCTaBa CMECH M BEJIMUYMHBI MPOOOYHOTO OTHOIIEHHS MATHHTHOTO MoJs Ha cooTHomenne U'/La’. TTokasaHo, 4To
HU3KOTEMIICpATypHasA IJiadMa UMECT NPECANOYTCHHUC Ui YIYUYHICHHUA CEllapaluy, 4TO TAKXKE CYIIECTBECHHO JJIid
yMeHbIenus oopazosanus Us'.

OCOBJUBOCTI CTBOPEHHS IVIA3MM JIJISI MATHITOILJIA3MOBOI ITEPEPOBKH BSII
HA CTAJII IOHI3ALLIT
B.B. Kampeuko, B.B. FO¢gepos, O.C. Csiukap , T.1. Tkauosa, C.B. Illapuii, B.O. Inviuosa

Cranis ioHi3aIii € TPOMIXKHOIO CTaAi€l0 PO3AIICHHS BigmparsoBaHoro siaepHoro maimsa (BAIT) mix cragiero
HarpiBy i MarHiTOIDIa3MOBHM po3auteHHsAM mnpoayktiB moxiry (ITIT) Ta smeproro mammBa (SI1) B mmaswmi, mo
obepTaeTbes. PO3rIsIHYTO TPOIEC CTBOPEHHS IIIa3MU, IO BKJIIOYA€ aKTUHOIMW 1 JIAHTAHOINMH, sIKi 3aJHUIIAThCS B
BAIl micns cramii HarpiBy, Ha mpukmani cymimi U/La. JlocmimpkeHO BIUIMB MPOIEHTHOTO CKJIagy CyMIlmi Ta
BEIMYMHA TPOOKOBOIO BIJHOIICHHS MArHITHOTO IIOJI1 Ha  CHIBBIIHOIICHHS U*/La*. Tlokazano, 1m0
HHU3bKOTEMIIEpaTypHa IIa3Ma Mae€ IepeBary Uil IOJINIIeHHS cemapaiii, M0 TaKoX ICTOTHO /il 3MEHIICHHS
yreopenns Us".
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