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A variant of a separating device based on the plasma-beam discharge is considered, including: processes of
radioactive material (SF and RAW) ionization; evaluation of the mass-production capacity of the device with taking
into account the atomic weight of the separated substance and the spatial-density characteristics of the plasma used and
main power consumption. The consideration enables one to estimate more objectively the potentialities of magneto-
plasma separating devices and to determine the method for controlling them.
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The goal of this work is to carry out a comparative
analysis of magneto-plasma separating devices, operating
and under development, designed for research and
industrial purposes, namely, for separation of radioactive
waste (RAW) and spent fuel (SF). Analysis is based on
the literature [1-5] and original authors’ data [6,7].

A reason for this analysis proceeds, in particular, from
the problematics of building a nuclear fuel cycle in
Ukraine, in the part of developing the SF reprocessing
technology designed for separation of uranium and
plutonium [8].

The use of magneto-plasma separators (MPS) in the
process of SF and RAW reprocessing is possible in the
following cases: first — the use of MPS as a first stage of
SF reprocessing, i.e. separation of uranium dioxide from
the decay products that can permit to concentrate high-
level radioactive wastes (HL RAW) the most compactly
in the solid form on the receiving plates; second —
reprocessing of RAW formed at radiochemical plants
after chemical SF reprocessing. In the both cases the
“partial separation” is under consideration [7].

Excitation in the plasma-beam discharge of different
branches of high-frequency and lw-frequency oscillations
necessary for plasma particle heating results in that there
is no need to use external radio-frequency oscillators for
plasma heating and heating up [9-11].

The distinct features of this device, in comparison
with existing analogs, are: the method of plasma
formation and heating, opportunity to use the evaporating
and sputtering mechanisms of working substance feeding
into the discharge, design simplification due to the non-
use of external rf oscillators and internal antenna setups
for plasma formation and heating, as well as, decreased
severity of requirements to magnetic system parameters
and lowering the power consumption for plasma
formation and heating.

In the plasma, formed and heated to the temperature T;
in the longitudinal magnetic field, ions with different
masses have different Larmor radii. Using different
Larmor radii it is possible to separate “light” and “heavy”
ions i.e. “heavy ions” are depositing on the cylindrical
parts of the tank, and “light ions” go out and are
depositing on the edge electrodes.

Of an essential interest for separation technologies
designed for RAW and SF reprocessing is the
consideration of elementary processes taking place in the
RAW and SF ionization. A nomenclature of particles,

participating and being formed as a result of elementary
processes at the initial discharge stage, consists of the
following molecules, atoms and ions: UO,, UO, U, O,,
U", O, O," and others. Here it is necessary to distinguish
the main elementary processes in the physics of atomic
and electron collisions: ionization and excitation by
electron impact, dissociation and dissociative ionization
by electron impact.

The time for reaching the plasma density of ~10"'cm™
at the expense of primary beam electrons is 1 ms. In the
case of the ionization by plasma secondary electrons
(exponential discharge stage) the time of reaching the
plasma density of ~ 2 10" cm™ is 28 us at T.=100eV and
53 ps at Te=20eV.

For the separation of a substance into elements the
output of magneto-plasma separators can be written as
follows:

- y
m= Mmu D]T Dnmax Drriax EWDKefﬁ Dvp s (1)

where M it the atomic weight, g; Au is the element
percentage in the substance; #,. is the maximum plasma
density; #ue is the maximum radius of plasma formation
(flux); y is the index of a power; K.; is the separator
efficiency coefficient; v, is the plasma flux velocity.

Using expression (1) we calculated the efficiency of
the device OPN-1 [6,7] taking into account the service
time taken as about 10% of the device operation time
value (see Fig.1). The reprocessed fuel output can reach
12-18 t/year if the separator efficiency coefficient is
0.5-0.8.

As it follows from equations (1) the separator output
can depend on the plasma density spatial distribution form
being used in the separator. Investigation and comparison
were carried out for three types of a discharge: rf
discharge, plasma-beam discharge and reflection-type
discharge (RD).

In the first case, the device APMF-DEMO [12], the
plasma is formed using a 4-turn two rf antenna with an
internal radius of 0.413m, generation frequency
®/21 =6 MHz, power of 3 MW. It has been established
that the profile T. has a uniform character in the range
from 2 to 4 eV, and the plasma density profile has either
one maximum in the peripheral region of the plasma
column or once more additional maximum in its center

PROBLEMS OF ATOMIC SCIENCE AND TECHNOLOGY. 2008. Ne 6.

Series: Plasma Physics (14), p. 147-149.

147


mailto:Ykovtun@kipt.kharkov.ua

depending on the variant of rf power supply phasing of
the antenna rings (Fig.2, curves 1 and 2).
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Fig.1. Mass output of the separator for different values of
the efficiency coefficient
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Fig. 2. Radial distribution of the argon plasma density
distribution in the separating devices of a different class
operating upon different principles of plasma formation
and heating. 1 — Archimedes separator, By=0.16T, 0000
phase, npe=1.49 107 cm™, ¥=0.44m; 2 —Archimedes

separator, By=0.16T, On0rn phase, n,w=1.49 10" cm?,

Tnax=0.44m; 3 — plasma-beam discharge, By=0.2T,
Nax=2.5 10" cm?, 1,,=0.024m; 4 — plasma-beam
discharge, By=0.1T, n,.=1.2 10" cm™ | 1y0x=0.024m;
5 —reflection-type discharge, By=0.15T,
Noax=1.7 10" cm™ | 7=0.05m

The experimental investigation of beam plasma spatial
(BPS) characteristics was carried out at electron beam
energy E. < 30keV, current /. < 20A and injection
duration ~ 400us. The obtained experimental data were
used to find the plasma density spatial distributions in the
cross section of the plasma column (Fig.2, curves 3 and
4). At a low magnetic field strength (B, < 0.3T), that
corresponds to the “partial separation” mode of separator
operation, the plasma density distribution np=f(r) is close
to the uniform one (see Fig.2, curves 3 and 4) with a
significant density gradient near the trap wall.

For the reflection discharge with dimensions L= 1.5m,
@ = 0.2m, the discharge and plasma parameters /, ~ 1kA,
U, <45 kV, B;< 0.6T, n, ~ 2 10° cm?, T, < 50eV,

T; < 10eV the profile of plasma density spatial distribution
was obtained using the rf interferometer on the wave
length A = 8 mm (Fig.2, curve 5). One can see that the
plasma density spatial distribution has a uniform character
similar to the PBD distribution.

The plasma column cross-section areas for profiles 1
and 5 (Fig.2) differ by a factor of 2-2.5 that can
essentially influence on the separator output. Therefore, it
is reasonable to select a discharge type providing the
distribution profile np=f(r) close to the uniform one
(curves 4,5 in Fig.2).

Let us estimate the power consumption for the device
OPN-1 in the following channels: solid substance
transformation in vapor W,,; working substance vapor
ionization and plasma heating W,; magnetic field
formation Wj; maintenance of the working pressure in the
MPS vacuum chamber W,. The estimation of the
minimum power consumption W, for plasma flux
maintenance at a level of 2.2:10*' uranium particle/s,
provided that the vapor input into the ionization chamber
occurs without losses and with 100% ionization, gives the
power value of ~70 kW for the electron-ray evaporator.
Taking into account the previous experimentally
measured value of the ratio 7/, ~ 5 — 10 (7, is the plasma
radius, 7, s the electron beam radius) we obtain that in the
present project at 7, = 50 cm 7, should be no less than
10 = 5 cm. For this, one needs electron beams of a large
aperture and, respectively, cathodes with a large emitting
surface of ~ 200 — 400 cm®. For formation of an electron
beam with a current density of 1-2 A/em? the power can
be from 1 to 4 MW. The creation of a uniform magnetic
film with the strength of an order of 0.15 T in the volume
of 3.14 m® will require the power Wy of an order of
0.2 MW.
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Fig.3. Specific fraction of power consumption for
creation of the magnetic field in the total energy balance
providing the operation of the separation device OPN-1

as a function of the magnetic field strength
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The power consumption fraction for creation of the
magnetic field W is not a constant value and depends on
the experiment purpose, as well as, on the mode and
objectives of device operation, see Fig.3. In the mode of
RAW  “partial separation” the fraction of power
consumption by the B-field does not exceed 2-3 % of the
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total power consumption, in the mode of heavy element
“complete separation” it is of about 10%, in the mode of
some heavy isotope enrichment it is to 50%. The high
value of the magnetic field B > 0.5-1 T is also necessary
to increase the efficiency of plasma formation and heating
in the devices with large plasma volumes (> 0.5 m’®). The
power consumption W, for maintenance of the working
pressure in the MPS vacuum chamber using the cryogenic
vacuum pumps with a pumping speed of 18000 1/s will be
~ 20 kW for a pump.

CONCLUSIONS

The results of tests on the possibility of using the
magneto-plasma separation technologies for SF and RAW
reprocessing show the following:

1. Among new developments of a certain interest is a
separating device based on the plasma-beam discharge,
which possesses a fairly effective mechanism of plasma
formation and heating with given parameters and does not
require the use of external rf-power oscillators and special
antenna setups.

2. It has been established, that the output of the
separating device depends in a considerable degree, on
the plasma density spatial distribution profile in its cross-
section. For the plasma-beam discharge and reflection-
type discharge the distribution profiles np=f(r) are
optimum ones.

3. The total and specific power consumptions through
the consumption channel were estimated. The power
consumption for B-field creation depends on the mode of
separator operation.
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MATHUTOIIVIASMEHHAS CEITAPAIIUSA, KAK CPEJICTBO NEPEPABOTKMU OSAT U PAO
A.M. Ezopos, E.U. Cxubenko, 10.B. Kosmyn, B.b. IOgepos

PaccMoTpeH BapuaHT cemnapuUpyIOLIero yCTpOWCTBAa Ha OCHOBE ITyYKOBO-IIJIA3MEHHOTO paspsijia, B TOM YHCIE:
nporneccsl noan3anuu Beniectsa OST u PAO; orneHka MaccoBOH MPOM3BOIUTEIBHOCTH YCTPOICTBA C YIETOM aTOMHOTO
BE€Ca BBIACTACMOIO BEHICCTBA U MPOCTPAHCTBEHHO-IIJIOTHOCTBIX XapaKTECPUCTUK HCHOHL3yeMOﬁ IJIa3MBbI; OIICHKa
OCHOBHBIX 3Hepro3arpar. [IpoBegeHHOE pacCMOTpEHHE MO3BOIISET Ooiee MPEIMETHO OLIEHUTHh BO3MOKHOCTH MarHHUTO-
IDTa3MEHHBIX CEMapalliOHHBIX YCTPOHCTB U ONPENEIUTH CITOCO0 UX PEryIHpOBaHUS.

MATHITOIIVTASMOBA CEIIAPAILLIS, SIK 3ACIB IEPEPOBKU BSIII 1 PAB
O.M. €z0pos, €.l Ckioenxo, 10.B. Kosmyn, B.b. IO¢pepos
Po3risiHyTO BapiaHT cenapyro4oro HpUCTPO Ha OCHOBI ITy4KOBO-IIJIa3MOBOTO PO3psAY, Y TOMY YHCII: HpOLECH
ionm3anii peuoBumHn BJSIIl i PAB; ominka macoBoi NPOAYKTHBHOCTI MPUCTPOIO 3 ypaxyBaHHSIM aTOMHOI Baru
BHJIUTIOBAHOI PEUOBHHU 1 NMPOCTOPOBO-IIUIFHICTHUX XapaKTEPUCTHK BHUKOPHUCTOBYBAHOI IIa3MH; OI[IHKA OCHOBHHX
eHeproButpar. [IpoBeneHmit po3riIsiag 703BONSE OUIBII TMPEIMETHO OIIHUTH MOXJIMBOCTI MarHiTO-TIa3MOBHX
CeTapamiifHuX MPUCTPOIB 1 BU3HAYHUTH CIIOCIO IXHBOTO PETYITIOBAHHS.
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