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Trajectories of charged particles (UO, and La,Os) at magnetoplasma separation stage — in system of crossed
electric and magnetic fields — are calculated. The possibilities of UO, separation from La,O3 by changes in magnetic
and electric fields components are investigated. Adding of certain changes in magnetic field distribution does not
lead to the solution of problem, while the addition of variable component to constant radial electric field allows to
separate the nuclear fuel from lanthanides complex compounds at magnetoplasma separation stage.
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INTRODUCTION

The problem of handling with spent nuclear fuel
(SNF) is currently being solved by SNF disposal in
appropriate storages (that only leads to accumulation of
SNF) and partly by radiochemical reprocessing method.
The latter method has several disadvantages, including
the need to use chemicals and accumulation of liquid
secondary waste. At present, it is actively developed an
alternative method of reprocessing — magnetoplasma
(MP) separation method, which consists in separation of
nuclear fuel (NF) from fission products (FPs) in three
successive stages: thermal heating, ionization and
magnetoplasma separation in crossed electric and
magnetic fields [1]. This method is based on physical
principles and does not require additional reagents.
Furthermore, the method has advantages in terms of
energy efficiency.

Since nuclear fuel, used in the majority of nuclear
reactors, is oxide (i.e. uranium dioxide UO,), it is
advisable to consider SNF, received as a result of oxide
fuel operation.

After unloading of fuel elements from the reactors
they contain a variety of chemical elements formed after
the disintegration of radioactive isotopes of uranium and
plutonium. About 95% of elements are uranium-238 (or
rather its oxide) and transuranium elements, 5% -
fission products, which must be removed from the
overall composition of SNF. It is estimated [2] that in
investigated MP separation method about 1.5% of FPs
remain in SNF after thermal heating and ionization
stages. These FPs can be separated from NF at
magnetoplasma separation stage in ExB fields. This will
be elements with masses 106 a.m.u. (SrO), 160 a.m.u.
(Ce0O), as well as complex compounds with mass
324 am.u. (La,Os3). Trajectories of charged particles
with masses 270 a.m.u. (UO,) and 324 a.m.u. (La,0s) at
the third stage of MP method of SNF separation are
calculated and presented in paper.

1. MATHEMATICAL MODEL

It is known that the motion of charged particle in
electromagnetic field in the case of axial symmetry is
described by system of equations in cylindrical
coordinates, which includes the components of electric
and magnetic field [3]:
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mé=qE+q[\7,§],
m ¥-rp? =q E, +r¢B,-2B, ;
m 2fp+ry =q E,+7B —rB, ;
mi=q E,+rB,-r¢B, .
Initial conditions:
r©) =r, ¢(0) =9, 2(0) = z,,
F(0) =V, #(0) =V,q, 2(0) =V,,.
Components V., and V,, are represented as:
Vo =Vpsina, V,,=V,cosa, where Vo, — initial
velocity of particle (connected with initial energy
W, =mVZ/2=qU ), a — angle, with which charged
particle starts its motion in system.
The following initial conditions are accepted in
paper: r(0)=0.01 m, ¢(0)=0, z(0)=0, Wy=5 eV, a=45°.
The calculations were carried out in single-particle

approximation.
The induction of magnetic field has two nonzero

components, B, and B,, which are related as divB =0:
0, z<0,
37rB, . (7[2
\ sin| —
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0, z>4L;

j, 0<z<4L,

EBosin(”—Z+£)+EBo, 0<z<4l,
2)" 25

Induction of magnetic field along the z-axis is
decreased in 25 times from value 25 T (B)) upto 0.1 T
(Bunit = Bo / 25) and then is not changed until the end of
system (Fig.1,a). There is ionization of working
medium [2] in region of magnetic field maximum, in
this region plasma is collisional. Further, the plasma
from collisional turns into collisionless. The
collisionless plasma mode allows to use mathematical
model presented — movement of individual particles
without collective phenomena. In such system of
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crossed ExB fields it is easy to separate NF from light
FPs with masses 106 a.m.u. and 160 a.m.u. due to the
difference of particles trajectories in incident magnetic 1
field. Difficulties are with heavy compounds such as
La,0; (324 a.m.u.), since the mass of this molecule is
greater than UO, one (270 a.m.u.), and collector for NF
ions, except NF, will also get complex compounds of
lanthanides. One of the possible solutions of this

problem may be formation of additional section of
uniform magnetic field with length | and induction By
near Bynir (Fig. 1,b).
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Fig. 1. The distribution of induction magnetic field

I=04m;c-1=0.6m
It is seen that with increase of length | the difference

along z-axis: a — without additional section; b — with of Larmor radiuses UO, and La,Oj3 is risen, however,

additional section of uniform magnetic field
In calculations the values B,qq and | are varied. Thus,

even at value |

0.6 m and Bsyqg = 0.6 B¢ this
difference does not exceed 15 cm. Taking into account

the induction of additional section By was 20, 40 and ~ Of initial parameters variety (energy, angle, start
60 % of uniform magnetic field induction (0.2Buu, p05|_t|0n of !ons) yvould lead to "overlap" of NF and FP
0.4B it 1 0.6Byyir). The value | was 20, 40 and 60 cm. particles trajectories.

Another alternate solution of problem is adding of 3. INFLUENCE OF ELECTRIC FIELD

variable component to constant radial electric field:
E, =E,+E.y. E.q=KkE,sin ot .
The value E, was taken equal to 400 V/m. In
calculations parameter k was 0, 0.1, 0.3 and 0.6. The

frequency w is related to ion cyclotron frequency in
uniform magnetic field Byt

Y om 25 (UO).
The following cases are considered: o = o, (UOZ),

VARIABLE COMPONENT ON PARTICLES
TRAJECTORIES

The trajectories of UO, (dash lines) and La,0O; (solid
lines) ions for different values of parameters k and w are
presented in Fig. 3, ab,cd. Fig.3,e,f shows three-
dimensional view and cross section view of particles

_ :ﬂ_ﬂ trajectories and vacuum chamber for case w = % o,

Calculations have shown that in the case of v = %

w="%w0, (UO0) w=0, (20)w="%aw, (a0) we (UO,) (see Fig. 3,b) the trajectory of UO," ions

exceeds radially trajectory of La,O;" ions at k = 0.6.
2. INFLUENCE OF MAGNETIC FIELD This means that adding of variable component leads to

ADDITIONAL SECTION ON PARTICLES the fact that the collector for NF (located at distance

TRAJECTORIES

Fig. 2, a,b,c shows trajectories of UO, (dash lines)
and La,O3 (solid lines) ions for different values B4 and
l.
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Rehamber from z-axis) will get only particles with mass
270 a.m.u., while FPs as La,O5" ions, will move toward
chamber end to appropriate collector.
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Fig. 3. Charged particles trajectories: a — v = w, (UOZ); b-w=1% w, (UOZ); C-o=0, (Lazos); d-w="% W,
(LaZOB); e — three-dimensional view for case w = % o, (UOZ); f — cross section view for case w = % o, (UOZ)

CONCLUSIONS

Thus, formation of additional section of uniform
magnetic field with parameters mentioned above (Bagq
and 1) does not lead to significant differences in ions
trajectories, while adding of variable component of
electric field with amplitude 0.6E, and frequency equal
to half of ion cyclotron frequency of uranium dioxide,
leads to movement of these ions along greater
trajectories that allows to separate NF from complex
compounds such as La,0s.
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PACYET TPAEKTOPUM IBUKEHUSA 3APSI)KEHHBIX YACTHUIL OAT HA CTAJIUN
MAT'HUTOIIJIASMEHHOTI'O PA3JIEJIEHUA

B.b. FO¢epos, T.U. Tkauésa, B.B. Kampeuxo, A.C. Céuukxaps, B.O. Hnvuuésa, C.B. Ilapuiii

Paccunranbl Tpaekropun apmwkeHHs 3apsokeHHbIX dactull (UO, m La,0O3) Ha cTagmm MarHMUTOIUIA3MEHHOTO
pasfeleHuss — B CHCTEME CKPEHICHHBIX 3JEKTPHYECKOro M MarHWTHOro mnosieid. McciemoBaHBI BO3MOXKHOCTH
otmenenuss UO, ot La,0; myréM BHeceHHMS W3MEHEHMH B KOMIIOHEHTHI MAarHUTHOTO M 3JIEKTPHYECKOTO IIOJIS.
BHecenne omnpenenéHHBIX M3MEHEHUI B pacrpeliefieHHne MarHUTHOTO IOl He JaéT JKeJaeMBIX Pe3yJbTaToB, a
n00aBJIeHUE IEPEMEHHONH KOMIIOHEHTHI K TIOCTOSIHHOMY PaJHalbHOMY SJIEKTPUYECKOMY IOJIIO TT03BOJISIET OTAEIHUTD
SIIEPHOE TOTUIMBO OT CJIOXKHBIX COSTMHEHHH JIAHTAHOUIOB Ha CTAaJIMH MarHUTOILIa3MEHHOTO pa3JIe/IeHusI.

PO3PAXYHOK TPAEKTOPII PYXY 3APSKEHUX YACTHHOK BSII HA CTAJII
MATHITOIINIABMOBOTI'O PO3AIJIEHHSA

B.b. IO¢epos, T.1. Tkauosa, B.B. Kampeuko, O.C. Cgiukap, B.O. Inviuoea, C.B. Illapuii

Po3zpaxoBano TpaexTopii pyxy 3apsmxernx gactuHok (UO; i La,O3) Ha cTazii MarHiTOma3MoBOTO pO3MIICHHS
— B CHCTEMi CXpPELICHNX eJeKTPHYHOro i Mar"iTHoro moiiB. Jocmimkeno moxmBocTi Bimaineras UO; Bix LayO;
IDIIXOM BHECEHHS 3MiH J0 KOMIOHEHT MAarHiTHOTO 1 €JICKTPUYHOIO IMONiB. BHECEHHS MEBHHUX 3MiH y PO3MOALT
MAarHiTHOrO MOJIs He Jae OakaHUX pe3yJbTaTiB, a JOJAaBaHHSA 3MIHHOI KOMIIOHGHTH IO MOCTIHHOrO palialbHOro
CJICKTPUYHOTO TMOJIS JI03BOJISIE BIJOKPEMUTH SIACPHE MNalMBO Bil CKIAJHUX 3'€IHAHb JIAHTAHOINIB Ha CTamii
MarHiToIIa3MOBOT0 PO3/IIJICHHS.
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