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This paper outlines the preliminary study of a plasma components electromagnetic separator. This device is intended
for separating the heavy components of spent nuclear fuel (SNF) from the light ones. The power consumed in this
process is expected to comprise about 1-10° eV per particle. We performed our experiments with the SNF simulating

gas mixture. The results obtained permit to draw a conclusion that the effect of separation may be achieved.
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1. INTRODUCTION

No country throughout the world possesses a closed
fuel cycle, and all SNF is sent for the eternal storage.
Ukraine produces about 350 tons of SNF annually. One
ton radiochemicaly reprocessed SNF brings 7.5 tons of
solid and 2200 tons of liquid radioactive waste (RW).
Thus radiochemical reprocessing of SNF is the
technology for furnishing RW. The electromagnetic
separation means are safer but energy consuming and
cannot be applied for the required scale of SNF
reprocessing. The present paper aims at the development
of physical foundations for plasma technology SNF
reprocessing spending about 1000° eV per particle. This
facilitates not only restoring SNF, but also obtaining the
narrow mass spectra. Subsequent processing of spectra
obtained will enhance the efficiency of electromagnetic
separation and isotope production.

2. EXPERIMENT SCENARIO

The separation of heavy and light elements occurs
with plasma rotating in crossed electric and magnetic
fields. On achieving the cyclotron resonance condition g
= /2, the resonant ions are accelerated and can be
spatially separated [1-6]. Here 0, = 9,58010°[z0j '1B is a
ion cyclotron frequency for a mass ( and a charge z, and
0 E/BUr is a plasma rotation frequency at a distance r
from the axis of rotation.
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Fig.1. Fuel element composition

Fig. 1 schematically shows the elemental composition
of nuclear fuel, in particular UO,, and Zr. As a result of
nuclear disintegration the lighter and transuranic elements
are produced (Fig. 2).
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Fig.2. Spent fuel element composition

While processing SNF the light fission products are
separated from the heavy ones. At the initial stage of
studies it is reasonable to select a simulation object which
is more suitable and safer in usage in comparison with
SNF [7]. The mixture consisting of 47% Xe, 47% Kr and
6% CO, serves as such an object (Fig. 3). Xe simulates
uranium. Under resonance condition for Xe, it is
transferred to the chamber wall, and the plasma density
experiences a 1/3 decrease. This ensures the ion transport
in the plasma.
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Fig.3. Gas mixture simulating fuel element composition

The gas plasma source based on electron drift and
described earlier [7, 8] generates the plasma. Leaving the
source it moves along the force lines of a decreasing
axially-symmetric magnetic field (Fig.4). In the absence
of the radially distributed electric field E, the plasma
extends to the end of a discharge chamber. Switching on
the E, induces the plasma to rotate with the frequency
w,=E, /BOr.

Under condition of wr = /2 the resonance
acceleration of ions takes place and their spatial release in
a radial direction is possible. As the electric field builds-
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up the acceleration can occur at multiple frequencies of w
c/2,0cr/4, ete.

Fig.4. Experiment arraignment: 1 — electromagnetic
coils, 2 — plasma source, 3 — longitudinal and butt
collectors, 4 — discharge vacuum chamber

The yield of resonantly accelerated Xe ions on the
multielectrode collector is expected in a ring domain of
the of the chamber wall’s middle part. At the following
plasma  parameters n;=10'-10" cm®, T;=10¢eV,
Tipe; = 100eV, Te=10eV, H=2kOe the values of
Larmor radii for the light ions, Xe ions and electrons will
be rl=lcm, r;=5-6cm, 1.=10%cm, accordingly.
Taking into account the plasma R and r.; radii ratio of Xe
ions, R/r;; = 3 and the phase difference of rotating ions in
a field tube the longitudinal size of the Xe - ions yield
domain will be 3r.. Presently the data about increments of
amplitude rise of ion-cyclotron instability are not
available, therefore these are preliminary assessments.
The butt collector (Fig.4) consists of four coaxial
electrodes that span the plasma cross section. However,
the fact that the ions are mainly yielded in the butt
collector domain is not a well-defined proof of the
separation process. The separation process can be
affirmed by elemental analysis of the targets that are
located in the ion yield domains. The ion implantation
coefficient is 0.1-0.2 as the Xe ions energy reaches
100 eV at saturation concentration of [11-5.10" cm™.
However the recharging processes can significantly
complicate the result.

Fig.5 gives E and H values, at which the resonance
condition is achieved for four gases with different atomic

mass.
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Fig.5. Resonance achieving condition

3. EXPERIMENTAL RESULTS

The experiments were carried out using Xe-Kr-CO,
mixture and individual Ar and CO, gases. Due to the
implantation of plasma ions into the walls and ion-
initiated desorption the further discharges in individual
gases were the discharges in mixtures and time was
required to clean the walls. Fig.6-8 gives distribution of
current for 4 electrodes of a butt collector.
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Fig.6. Butt collector current at 150 V (gas mixture)
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Fig.7. Butt collector current at 100 V (Ar)
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Fig.8. Butt collector current at 100 V (CO-)

The typical minima that are present in obtained plots
can be interpreted using data given in Fig.5. One can see
that the minima match with expected arrangement of ions
of a given mass in all the Figures. Certain offsetting in
position of these minima at the curves for the butt
collector electrodes that are located along different radii
can be explained by a radial magnetic field
inhomogeneity.
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4. CONCLUSION

As it follows from the figures the presence of minima
can be associated with meeting the resonance condition
for certain masses and their escape in the transverse
direction. In order to justify the preceding conclusion we
need: to conduct the mass analysis of the escaping ions; to
study the surfaces in the areas where the certain kinds of
accelerated ions are expected to come. We also need to
record the electromagnetic radiation intensity in the
vicinity of frequencies wg = wWc/2 for ions of different
masses and plasma rotation frequency registration.
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HNPEJABAPUTEJIBHOE UCCJIEJOBAHUE JEMOHCTPAIIMOHHOI' O IIVTASMEHHOTI'O CEITAPATOPA

A.M. Ezopos, B.b. IO¢epos, C.B. llapuwuii, B.A. Cepouumanos, O.C. /Ipyii, B.B. Ezopenkos, E.B. Pvbac,
C.H. Xuycusx, /I.B Bunnukoe

Onucanel TpeABApUTEIbHbIE HCCIEIOBAHHUS BO3MOXKHOCTH pPAa3E€leHUs TSKEIOW M JIETKOH KOMIIOHEHT
orpaboranHoro spepHoro Ttommsa (OSIT) npu osHeprosarparax Ha ypoBHe okono 1010° 5B/atom Ha
JIEKTPOMAarHUTHOM IIJJa3MEHHOM CENapaTope 3JIEMEHTOB. OKCIIEPUMEHTHl IPOBOAMIMCH HA CMECHU Ta3oB,

umutrpytomux OST. TlomydeHHble pe3ysibTaThl O3BOJISIIOT CHIENAaTh BBIBOJ O JOCTHKEHUH dddekTa pa3aeneHus.

MOIEPEJTHE TOCALKEHHS JEMOHCTPAIIMHOI O IIJTASMOBOI'O CEITAPATOPA

O.M. €z0pos, B.b. IO¢epos, C.B. lHlapuii, B.O. Cepowumanos, O.C. /pyin, B.B. €E2openkos, €.B. Pubac,
C.M. Xixcuax, /I.B. Binnikoe

OnucaHo monepenHi JOCTIIKCHHS MOMKJIMBOCTI PO3IUICHHS BaXKOI Ta JIETKOT KOMIIOHEHT BiJIpaIibOBaHOIO
spepHoro nanuea (BSIII) mpu eHeprosuTparax Ha pisHi 6ina 1010° eB/aToM Ha eeKTPOMArHITHOMY IIIa3MOBOMY
cernapaTopi eJeMeHTIB. EKcrepuMeHTH NpOoBOIWINCH, Ha cyMimn raziB, mo imirye BSIL. Otpumani pesynbrarti
JTO3BOJISTFOTH 3pOOUTH BUCHOBOK PO JOCSTHEHHS e(heKTy PO3/IiIICHHS.
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