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ACTINIDES FILTERING OUT IN THE DEMO-IMITATION SEPARATOR
WITH A MAGNETIC FIELD OF A GIVEN CONFIGURATION

V.B. Yuferov, V.V. Katrechko, V.O. llichova, S.N. Khizhnyak
National Science Center “Kharkov Institute of Physics and Technology”, Kharkiv, Ukraine
E-mail: v.yuferov@kipt.kharkov.ua

To simulate spent nuclear fuel (SNF) cleaning up from fission products, the concept of a demonstration-imitation
separator (DIS) with a plasma rotating in crossed electric and magnetic fields is being clarified. The parameters of a
magnetic system consisting of a combination of superconducting and water-cooled windings are presented. The
features of plasma drift in a magnetic field of a given geometry are pointed. The estimation of energy
consumption for the creation of a magnetic field of the separator, which is ~ 250 kW, has been carried out.

A method for removing actinides from a plasma separator into an external container is proposed.

PACS: 28.41Kw

INTRODUCTION

Earlier, in order to purify the plasma from
impurities, the motion of plasma in magnetic fields of
various configurations was investigated. In [1], a
method is considered for the selection of heated ions in
a curvilinear magnetic field for processing spent nuclear
fuel (SNF) and radioactive waste. In the given geometry
of the magnetic field, the plasma drift is associated with
the deviation of ions from the axis of the system in the
direction of the binormal to the magnetic field lines. In
[2, 3], the mechanisms of purification of hydrogen
plasma from impurities during drift in the magnetic field
of a toroidal solenoid are considered. In particular, using
the magnetic field of a toroidal solenoid, under
experimental conditions [2], the possibility of cleaning a
hydrogen plasma bunch from impurities located in the
slow part of the bunch has been shown. In [4], the
motion of a plasma in a toroidal plasma channel with a
voltage applied to its wall is considered, and the features
of the passage of high-energy and low-energy particles
in it are investigated. In [5], in order to separate
actinides and lanthanides, it is proposed to use an
asymmetric magnetic trap to control the motion of
heavy and light ions in a centrifugal magnetic mass
filter. In [6], a conceptual design of the demonstration-
imitation separator (DIS) for simulating SNF clean up
from fission products in a plasma rotating in crossed
electric and magnetic fields is presented. A non-
radioactive mixture of oxides that imitate SNF is used
as a working material. The main component is uranium-
238 dioxide. In this paper, we consider the configuration
of the magnetic field of the DIS setup, which provides
spatial separation of the actinide ions in a plasma from
the ions of other type, collection of target ions
(M =232..277) in a localized zone and a possible
method of actinides removing from the separator into an
external container.

1. PARAMETERS OF THE DIS
MAGNETIC SYSTEM

The magnetic field of the DIS setup is developed
using a combined system of windings: superconducting
—1, 2 and water-cooled — 3, 4 (Fig. 1). It is assumed that
the working mixture of oxides simulating SNF enters
the plasma source (PS) in the form of a micropowder.
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Controlling the plasma flux under conditions of
magnetization of heavy ions, in particular actinides,
requires the creation of strong magnetic fields. For this
purpose, it is proposed to use a magnetic system in the
PS, which includes two superconducting solenoids with
a constructive current density of ~ 10*A/cm? The
geometry of the magnetic field in the PS affects the
process of plasma formation and ensures its
injection into the vacuum chamber of the plasma mass
filter. In our case, a mirror-type magnetic system is
created in the PS, formed by windings 1 and 2, with the
maxima B(z)~3.2T and B(z)~25T, respectively
(Fig. 2). Creating a minimum magnetic field is provided
by the selection of the current values of solenoids 1 and
2 and their location. A high degree of plasma ionization
is achieved due to oscillations of electrons trapped in
magnetic field and increasing the number of particles
collisions in the plasma (n.~10"cm?® T.~5eV).
Earlier [7], the influence of the mirror ratio of the
magnetic field on the parameters of the plasma formed
in the uranium-lanthanum system was studied. In the
magnetic system of the PS, the mirror ratio is 2.07 (see
Fig. 2), which, according to [7], insignificantly affects
the formation of plasma upon ionization of the working
mixture containing ~ 95% of actinide oxides by low-
energy electrons (up to 10 eV). An important role for
trapping particles in the PS is played by the reflecting
wall, where the outlet is located.

In the PS, the magnetized plasma components,
moving along the force lines of an inhomogeneous
axisymmetric magnetic field, are transported to the
outlet (r=5cm). They include magnetized ions
(M =232...277), which are injected from the PS in the
axial direction into the vacuum chamber of the
separator.

In a zone between the coils 2 and 3 there is a strong
decrease in the magnetic field, causing the appearance
of the longitudinal component of the electric field £,,
the equipotentials of which are the magnetic field lines
[4] and the motion of the plasma flux towards
the coaxial electrodes, which create aradial electric
field, E;. As a result, the plasma drifts in a decreasing
magnetic field at the transport of heavy ions to the
separation area with a relatively weak magnetic field
(see Fig. 2).
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Fig. 1. The magnetic field lines created by the system of
solenoids 1, 2, 3, 4 in the DIS setup; 5 — collector of
actinides; 6 — coaxial electrodes for creating a radial
electric field. The dotted lines are the boundaries of the
separation area
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Fig. 2. Axial magnetic field distribution in the DIS setup

The induction (B) of magnetic field in the separator
is determined by the axial and radial projections
B = B(r) and B, = B(2) in the plane (rxz). The B, value
is one of the parameters that affects the mass separation
of ions in a plasma mass filter. In the separation area,
where Bz is constant and the plasma is collisionless,
spatial separation of ions of various types occurs (in our
case, B,=0.1T on the z axis at a plasma density of
ne~ 10" cmin the separation area). The components of
B, and B, determine the specific features of the plasma
drift in the cylindrical chamber of the separator. Based
on the distribution of the magnetic field lines, in the
separation area two areas can be conditionally
distinguished (see Fig. 1). In the area 1 magnetized ions
and electrons, which are injected from the PS, are
transported along the magnetic field lines in the vacuum
chamber of the separator. Note that in the area 1 B, and
B, vary slightly (see the values of B, in the interval
0<r<25cm in Fig.3,a and B, in the interval
125<z<250cm in Fig.3,b). The gradient and
polarization drift of plasma is absent or not significant.
In the area 2 the gradient VB = 0 and it depends on the
magnetic field geometry (see the values of B, in the
interval 25 <r <130 cm in Fig. 3,a and B, in the interval
125<z<250cm in Fig.3,b). At such conditions
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charged plasma particles change velocity, and a local
charge in the plasma can occur, resulting in the
appearance of electric polarization fields that affect the
plasma drift.
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Fig. 3. Distribution of B, and B,, respectively, along the
radius (a) and length (b) in the DIS setup

In our case, the target ions (M = 232...277) under the
action of the electric field E, [7] are transported in the
radial direction to the collector in the area 2 (see Fig. 1).
The structure of the electric field in this area will affect
the dynamics of the plasma, and the ion trajectories will
deviate from the calculated ones in the one-particle
approximation [7]. To remove the polarization fields in
the separation area, it is necessary to compensate the
space charge of the ions by electrons. To solve this
problem, it is possible to use electron emitters, located
in the area 2, taking into account the equipotentials £,
which are determined by the superposition of the
magnetic fields of the separator coils. In addition,
the electrons from the emitter will ionize the residual
gases, forming a plasma with a density of ~ 10" cm™ in
the separator chamber. The parameters of the solenoids
from the magnetic system of the plasma separator are
presented in the Table. For cooling the superconducting
windings in cryostats with liquid helium, it is possible to
use, for example, industrial versions of a helium
liquefaction plant with a capacity of 40...50 kW
[8]. Thus, the energy consumption for creating
the magnetic field of the DIS setup by use of solenoids
1-4 is at the level of ~ 250 kW.
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Parameters of the DIS solenoids

Current Conductor . Winding Power
. . Number | Resistance, :
Solenoid density, current, f length, consumption,
Alm? A of turns Q m KW
0 (super-
1 9-10’ 1350 995 conducting 1124
mode) ~ 50 (general
0 (super- cryosystem)
2 710 1050 995 conducting 1124
mode)
3 10° 600 600 0.27 5049 97.2
10° 600 600 0.27 5049 97.2

2. ACTINIDES REMOVAL FROM
PLASMA SEPARATOR

To select a given mass range (M = 232...277) of ions
(Fig. 4,a), a variable component of the electric field, E,
with a frequency equal to half the cyclotron frequency
of ions (M =238) is used, which ensures their
separation from the ions of another varieties that are
deposited on the end collector [9]. The collection of the
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target ions can be realized in a localized area of the
cylindrical vacuum chamber of the separator, the so-
called “pocket”-collector (see Fig. 4,b), wherein apart
from UO,", the ions of other actinides and their oxides
can be collected. lons deposition area is ~ 15 m Inside
there are grids with a high transparency coefficient to
obtain a uniform distribution of deposited layer onto the
collector surface [6].

Uo';u0,
" U;0;0°

Fig. 4. The sequential process of separation and collection of actinides in the DIS setup: a — 3D trajectories
of uranium ions (M = 238) and uranium dioxide ions (M = 270) in the separator volume; b — motion of ions of a
given mass range (M = 232...277) into the “pocket”’-collector; ¢ — deposition of target ions onto the collector
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Fig. 5. Procedure of removing actinides from plasma separator to the container

It is expected that the deposition of target ions with
an energy of 300...500 eV will be accompanied by
sputtering of the deposit layer, formation of a
multicomponent plasma and the presence of various
plasma-chemical reactions in the “pocket”-collector (see
Fig. 4,c).

After deposition of the ions onto the collectors, the
plasma separation process ends. Then, a mixture of
argon and oxygen is injected in the isolated zone of
actinides collection. The converting of the main
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component UO, into U3Og occurs as a result of chemical
reaction

3U02+ 02 i USOS (“' 700 OC).

To remove the deposited layer of actinides from the
“pocket”-collector, a purge system can be used, which
consists of: a subsystem for injecting a mixture of gases
of a given type at a temperature of 500...700 °C, a
container for accumulating actinide oxides, evacuated
pipes, a vacuum pump, vacuum valves, a compressor
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and a filter. In the cylindrical vacuum chamber, an
opening with a fast-acting vacuum valve is provided for
injecting a gas mixture under pressure into the area of
the “pocket”-collector. A hole is provided on the inner
surface of the “pocket” for removing actinide oxides
under the influence of a pressure difference created by a
vacuum pump, with the possibility of closing it with a
fast-acting vacuum valve. The vacuum valve system
ensures the tightness of the system and prevents the
penetration of actinides from the “pocket” area.

An inlet of inert carrier gases, for example, argon, in
a mixture with oxygen into the “pocket”-collector area,
leads to a significant change in the forces that act in the
condensed layer, to its cracking, a change in the
parameters of the crystal lattice of UO, and the
converting of UO, into U30g [10], after which the U3Og
powder together with other actinide oxides is blown out
by the flow of a circulating gas mixture from the
collector area into the container. Similarly, together
with uranium, other actinides are converted into oxides.
This technique could be a useful model for the
production of MOX fuel for power reactors.

CONCLUSIONS

The parameters of the magnetic system of the demo-
imitation separator, which consists of a combination of
superconducting and water-cooled windings, are
presented. The features of plasma drift in a magnetic
field of a given geometry are pointed. Two areas are
conditionally identified inside the separation area, one
of which is associated with the gradient and polarization
drift. To compensate the space charge of the ions
(M =232...277) flux in this area, it is proposed to
use electron emitters, located taking into account the
equipotentials of E,, the distribution of which is
determined by the geometry of the magnetic field of the
separator.

The estimation of the energy consumption for the
creation of the magnetic field of the DIS, which is
250 kW, has been carried out.

A method is proposed for actinides removing from
the system using gas technologies, where a mixture of
oxygen and argon is injected into the actinide collection
area with further removal of the powder mixture of
actinide oxides from the plasma separator into an
external container.
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BBIAEJEHUE AKTUHOU/10B B JEMOHCTPAIIMOHHO-UMUTALIMOHHOM
CEINAPATOPE C MATHUTHBIM ITOJEM 3AJJAHHONU KOH®UT' YPAIIUA

B.b. IO¢epos, B.B. Kampeuko, B.O. Havuuesa, C.H. Xusxcuax

Jnst mopenupoBanust ouucTkd OST OT mpoayKTOB HeeHMsI OTpabaThIBaeTCs KOHIIETIHS JSMOHCTPAIIMOHHO-
MMUTAIIMOHHOTO CerapaTopa € IUIa3MOM, Bpalarollelcs B CKPEHICHHBIX 3JIEKTPHUUYECKOM M MAarHUTHOM IOJISIX.
IIpencraBneHsl mapamMeTpbl MarHUTHOM CHCTEMBI, COCTOSIIEH W3 KOMOWHAIIMM  CBEPXIPOBOMSIIUAX U
BOZOOXJIXKIAEMBIX 00MOTOK. OTMedeHbl 0coOeHHOCTH Apeli(a Tra3Mbl B MATHUTHOM TIOJI€ 33/IaHHOM T€OMETPHUH.
IIpoBeneHa olLeHKa HEPro3aTrpar Ha CO3JaHME MArHUTHOTO IIOJisl cemaparopa, koropas cocraBisier ~ 250 kBT.
IIpemnoxkeH crmocod BEIBEICHUS aKTHHOUIOB U3 IIA3MEHHOTO CenapaTopa BO BHEIIHUI KOHTEHHE.

193

ISSN 1562-6016. BAHT. 2022. Nel(137)


https://www.cryosystems.ru./
https://vant.kipt.kharkov.ua/CONTENTS/CONTENTS_2021_4.html
https://vant.kipt.kharkov.ua/CONTENTS/CONTENTS_2021_4.html

BUALJIEHHSA AKTUHOIIIB ¥ I[EMOHCTPAHIﬁHQ-IMITAHIﬁHOMY CEIIAPATOPI
3 MATHITHUM I1OJIEM 3AJJAHOI KOH®ITI'YPALII

B.B. KO¢hepos, B.B. Kampeuko, B.O. Inviuoea, C.M. Xixicnak

Hns monmemroBanHs ounmieHHs BAIl Big mpoxyKTiB MOAUTY BiAPamboOBYETHCS KOHICMINS IEMOHCTpAIiHO-
iMiTamifHOTO cemapaTopa 3 IUIa3MOI0, IO OOEPTAETHCS B CXPEIMICHHX EJICKTPUYHOMY Ta MArHiTHOMY IOJISX.
[Ipencrapneni mapaMeTpy MarHITHOI CHCTEMH, SIKa CKJIaJaeThCs 3 KOMOiHAIIl HAAUPOBITHUX 0OMOTOK W OOMOTOK,
0 OXOJIODKYIOThCA BOIOI0. BimsHaueHo ocoOmmBoCTi apelidy mia3Mu B MarHITHOMY IIONI 3alaHOi reoMeTpii.
[IpoBenena omiHka eHepro3aTrpaT Ha CTBOPEHHS MAarHiTHOrO NOJs cemapaTtopa, ska ckiagae ~ 250 kBrT.
3aInpornoHoBaHo CrIoci0 BUBEICHHS aKTHHOIIB 3 INIa3MOBOI'0 Cenaparopa B 30BHIIIHII KOHTEIHED.
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