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The trajectories of motion for atomic and molecular ions of a given mass range (M = 232...277) in the plasma
mass filter, which is currently being developed, are calculated. The influence of the initial conditions (energy, angle,
radius) on the ion trajectory to determine the dimensions of the collector for actinides, the so-called “pocket”, is
studied. It is shown that the variable component of the radial electric field, tuned to a frequency equal to half the ion
cyclotron frequency for M = 238 allows target ions to enter the “pocket”. An analysis of the calculations showed
that there are limitations on energy, angle, and radius related to the initial conditions for the ion motion, that must be
taken into account when creating the plasma source for the plasma mass filter.
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INTRODUCTION

An alternative method of spent nuclear fuel (SNF)
and radioactive waste (RW) reprocessing is plasma
mass separation, which does not require the use of
chemicals and reduces the risk of environmental
pollution. The development of plasma methods is
associated with the development of facilities with high
productivity for plasma separation of SNF into nuclear
fuel (NF) and fission products (FPs). A promising
direction is the development of separators with plasma
rotating in crossed ExH fields, a variety of which are
plasma filters of masses [1-3].

At present, the concept of a model of plasma mass
filter for irradiated oxide fuel [4] with a productivity of
15...20 tones per year of a non-radioactive model
mixture, in particular SIMFUEL [5], is being developed.

Earlier [4, 6], the trajectories of molecular ions in a
collision less rotating plasma were calculated for mass
numbers: UO," ions (M = 270); Nd,O3" ions (M = 336);
conventional ions of the multicomponent oxides
(M =400). To allocate UO," ions on a longitudinal

collector, a radial electric field E, was set with the
addition of a variable component

ET=EO+k-EO-sin(%-t). (1)

A variable component with an amplitude coefficient
k = 0.6 and Ey = 400 V/m is tuned to a frequency equal
to half the cyclotron frequency of w,; (UO,"), which
allows one to separate UO," ions from molecular ions of
lanthanides and other FPs that are deposited on the end
collector.

The results of [6] indicate the advisability of using a
plasma source (PS) with axial plasma injection. It
should be noted that, in addition to uranium dioxide, in
irradiated oxide fuel there is a number of various
actinides and their oxides, from uranium-232 to curium
oxides (M =232...277). In addition, during the
conversion of SNF into plasma, both molecular and
atomic ions of NF and FPs can be formed. Calculations
showed that under the conditions specified above, at
axial injection (Fig. 1), i.e. injection angle o = 0°, singly
charged atomic ions of actinides may not reach the
longitudinal collector (R = 1.3 m).
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Fig. 1. Projections of the ion trajectories in r x z plane
for M = 232; 277; 336; 400
(k=0.6; 2=0)

ISSN 1562-6016. BAHT. 2020. Ne1(125)

185


mailto:v.yuferov@kipt.kharkov.ua

It is possible to carry out the collection of atomic
and molecular ions of actinides in a localized zone, in
the so-called “pocket” (Fig. 2). In such a collector,
target ions will be deposited on the inner surface of the
“pocket”-collector.
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Fig. 2. Initial conditions (w — energy, « — angle,
r — radius) of particle motion from the PS (a);
the actinide collection zone in the plasma mass

filter (“pocket” profile) (b)

It is of interest to calculate the dimensions of the
zone in which the target ions can be collected

(M =232...277). For this, it is necessary to set the
parameters of the variable component of radial electric
field (amplitude and frequency), which will ensure the
entry of the target ions into the “pocket” of the plasma
filter of masses.

CALCULATION OF TRAJECTORIES FOR

IONS OF A GIVEN RANGE OF MASSES IN

THE PLASMA MASS FILTER AT VARIOUS
INITIAL CONDITIONS

The main components in the SNF plasma are atomic
and molecular ions of uranium-238, therefore, to collect
the target ions in the “pocket”, it is advisable to
determine the ion-cyclotron frequency for M =238 in
the separation area with a magnetic field of 0.1 T.

The calculations showed that the variable
component of the electric field, tuned to a frequency
equal to half the ion-cyclotron frequency for M = 238,
provides the entry of ions (M =232...277) into the
collector (“pocket™). In order to reduce the probability
of the target ions coming out from the annular hole of
the “pocket”, the amplitude coefficient for a variable
component of radial electric field is enough to increase
from k = 0.6 to k = 0.7 for the collision of ions with the
inner wall of the “pocket”. For these conditions, the
minimum width of the inlet of the “pocket” is
determined by the paths of the ions M =232 and 277
(Fig. 3) and with respect to the length of the actinide
collection zone is 0.2, or 0.2 m in absolute units.
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Fig. 3. Projections of the ion trajectories in r x z plane
for M = 232; 277; 336; 400
k=07, = 0)

To determine the maximum width of the inlet, the
influence of the initial conditions (energy, angle, radius)
on the ion trajectory (M =232; 277; 336; 400) in the
plasma filter of masses (Figs. 4-6) was studied.

An analysis of the results showed that a slight scatter
in the initial parameters leads to an increase in the width
of the inlet in factor of twice: from 0.2 to 0.4 m in
absolute units. At the same time, the “pocket”-collector

186

area is reduced by 1.5 m? and the specific heat load
increases by ~ 10%.

It follows that there are limitations on energy, angle,
and radius related to the initial conditions for the ion
motion, which must be taken into account when creating
the plasma source for the plasma mass filter, which is
currently being developed.
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Initial angle range, a (-15...+15°)
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Fig. 4. Projections of the ion trajectories in r x z plane
(k=0.7)
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Initial energy range, w (4...6 eV)
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Fig. 5. Projections of the ion trajectories in r x z plane (k =0.7; = 0)
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Initial radius range, r (0.01...0.03 m)

M =232

k] - 5
=

[—lom——2cm ——3cm]

[

[

14

[
II]—_
Dt—-
EIE—_

04—

ax —

[— 1em —— 3w —— 3 vm]
M =277
Fig. 6. Projections of the ion trajectories in r x z plane
(k=0.7; «=0)
CONCLUSIONS REFERENCES

The influence of scatter in the initial energy
w (4...6 eV), the initial angle a (-30...+30°) and the
initial radius r (0.01...0.05 m) on the trajectory of
molecular and atomic ions of a given mass range to
reach the collector (“pocket”) in the plasma mass filter
is considered.

For the ions of a given mass range (M = 232...277):

* The calculations showed that the variable
component of the electric field, tuned to a frequency
equal to half the ion cyclotron frequency for M = 238,
with an amplitude coefficient k = 0.7, ensures the entry
of the target ions into the “pocket”.

* The permissible scatter of the initial values (energy
w=5...55¢eV, angle a=0...15°, radius
r=0.1...0.02 m) was determined, at which the target
ions enter the “pocket”.

» The width of the inlet annular hole for the target
ions was determined, which is 0.2...0.4 m at a length of
the actinide collection zone of 1 m and a height of
0.1 m. At the maximum width of the hole, the ion
deposition area decreases by 1.5 m? with an increase in
specific thermal load on the ion deposition surface by
~10%.

Thus, the dimensions of the actinide collection zone
in the plasma mass filter, which is currently being
developed, are determined.
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30HA CBOPA MOHOB 3AJIAHHOI'O JIUAITA3OHA MACC
B INIASMEHHOM ®UJIBTPE MACC

B.B. Kampeuxko, B.b. IO¢epos, B.O. Hnvuuesa, A.C. Ceuukaps, C.H. Xuxncuax

IIpoBeneHsl pacyeTsl TPAeKTOPUI JBUKEHUS aTOMAapHBIX U MOJICKYJISIPHBIX MOHOB 3aJJaHHOTO JUana3oHa Macc
(M =232...277) B nna3MeHHOM (MWIbTpEe Macc, KOTOpBI pa3pabarbiBaeTcsi B Hacrtosimiee Bpems. McciemoBano
BIMSIHAE HAyalbHBIX YCIOBUIl (HEpPruHM, yrja, pauyca) Ha TPAeKTOPUU JABWXKEHHUS HOHOB MAJS ONpEIeNICHUS
T€OMETPUUYECKHX Pa3MepoB 30HBI cOOpa aKTHMHOWAOB, TaK Ha3blBaeMbI «kapMmaH». [loka3zaHo, 4YTO mepeMeHHas
KOMITOHEHTa paJfalbHOTO 3JIEKTPUIECKOTO IIONIs, HAacTpauBaeMas Ha YacTOTy, PAaBHYIO IIOJIOBHHE HOHHOM
LUKJIOTPOHHON 4acToTel it M = 238, obecrieuynBaeT BXOJ| LIEJICBBIX HMOHOB B KOJUIEKTOp—«KapMaH». AHaJN3
pacdeToB MOKa3aJ, YTO CYMIECTBYIOT OTPAaHHUYCHHS IO SHEPTUH, YIIy W pajguycCy, CBA3aHHbIE C HadalbHBIMU
YCIIOBUSIMH JIBIDKCHHSI HOHOB, 9TO HEOOXOJMMO yUIECTh HNPHU CO3JaHMH IUIA3MEHHOTO MCTOYHHKA A IIa3MEHHOTO
¢mIpTpa Macc.

30HA 3B50PY IOHIB 3ATAHOI'O JIAITA3OHY MAC
Y INTABMOBOMY ®UIBTPI MAC

B.B. Kampeuko, B.b. FOgepos, B.O. Inviuosa, O.C. Csiukap, C.M. Xixcnak

[IpoBeneHO pO3paxyHKH TPAEKTOPIH pyXy aTOMapHHX 1 MOJEKYJSIDHHX IOHIB 3aJlaHOrO Jialla3oHy Mac
(M =232...277) y mnazmoBomy (inbTpi Mac, sIKHil po3pobisieThess B JaHui vac. J{OCHiPKEHO BIUIMB MOYaTKOBUX
yMOB (eHeprii, KyTKy, paaiycy) Ha TpaeKTopii pyXy iOHIB Ui BH3HAYCHHA T'€OMECTPHYHHX PO3MIpiB 30HU 300py
aKTHHOINIB, Tak 3BaHMH «kapMaH». [loka3aHo, 110 3MiHHa KOMIIOHEHTa PamialbHOTO EJIEKTPHYHOIO MOJIS, IO
HACTPOIOETHCS HA YACTOTY, PIBHY MOJOBHHI I0HHOT HUKJIOTPOHHOI YacToTH 411 M = 238, 3abe3neuye BXiJ HiJTbOBUX
iOHIB Y KOJIGKTOp—«KapMaH». AHaJli3 po3paxyHKiB [10Ka3aB, [0 iICHYIOTh OOMEXEHHsI 10 eHeprii, KyTKy 1 paaiycy,
MOB'SI3aH1 3 MOYaTKOBHMMH YMOBAaMH PYyXY iOHIB, 110 HEOOXITHO BpaxyBaTH MPU CTBOPSHHI IIA3MOBOTO JKEepea JUis
1a3MoBoro (inbTpa Mac.
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