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Plasma methods, where only electricity is required, are an alternative to the PUREX process used in industry for
spent nuclear fuel reprocessing. It is considered the possibility of filtering out the target ions (M = 232...277) to the
collector at the first turn of the ion trajectory in the plasma mass filter, which is currently being developed, that is
achieved by specifying certain parameters (amplitude and frequency) for a variable component of a radial electric
field. This approach significantly reduces the thermal load onto deposition surface of target ions.

PACS: 28.41. Kw

INTRODUCTION

One of the important components of the energy pro-
duction process at nuclear power plants is fuel burnup.
Since a burnup of nuclear fuel, consisting, as a rule, of
uranium dioxide UO,, is incomplete, the urgent problem
is fuel recycling or re-use of UO, and transuranics with
their oxides, which are present in spent nuclear fuel
(SNF). Plasma methods are alternative techniques to the
radiochemical technologies used in SNF reprocessing
[1 - 3] at fuel separation from fission products (FPs).
The perspective trend is development of separators with
plasma rotating in crossed ExB fields, in particular
plasma filters of masses [4 - 8].

1. PARAMETERS OF AN ALTERNATING
ELECTRIC FIELD FOR SEPARATION
OF TARGET IONS
IN THE DEMO-IMITATION SEPARATOR

Note, that, except of FPs, irradiated uranium oxide
fuel consists of actinides and their oxides in a range of
masses: M = 232...277. In [9] the conceptual design of
demo-imitation separator is presented where non-
radioactive oxide mixture is used for SNF simulation.
The separator is based on the technologies of plasma
mass filter and ion cyclotron heating. Induction of mag-
netic field in the separation area is B [ B.(const)] =
0.1 T, the electric field is provided by a system of coax-
ial electrodes (E,. =E, = 400 V/m). To filter out the ions
of a given mass range (M = 232...277) in a localized
area of the plasma mass filter, the so-called “pocket”-
collector (a buffer enlarged area) it is required to add
alternating electric field by means of an external RF
generator with a frequency that is tuned to the frequency
of the target ions:

E=Eqtk-E¢sin(ot), (1
where k is amplitude coefficient of alternating electric
field; o is angular frequency of alternating electric field;
t —time.

Thus, it is necessary to set the parameters of a variable
component of radial electric field (amplitude and fre-
quency), which will ensure motion of target ions to the
corresponding collector.

118

According to our assumptions, in SNF plasma the
main components would be the ions of uranium-238.
Calculations of ionic trajectories for M =232...277
show that the variable component of electric field tuned
to the frequency, ®, equal to half the cyclotron fre-
quency for singly charged ions U" (M =238, B=0.1T),
with k = 0.7 provide filtering out the target ions onto the
collector at the second turn (at guiding center motion in
a radial direction) of ionic trajectory [10]:

®=0.5 eV/M. 2

At given parameters, the target ions reach the
“pocket”-collector with an increase of the kinetic energy
up to ~500 eV [9]. In this case, FP ions move along the
chamber to the end collector. The length of the collector
for target ions is 1 m, with the location along z-axis of
the vacuum chamber from 2.5 to 3.5 m, and a height of
0.1 m[10].

2. CONDITIONS FOR SPATIAL
SEPARATION OF TARGET IONS AT THE
FIRST TURN OF IONIC TRAJECTORY

It is of interest to solve the task of separating the tar-
get ions at the first turn of ionic trajectory in the plasma
mass filter under consideration. To do this, it is suffi-
cient to increase the amplitude coefficient of the vari-
able component of a radial electric field, in particular,
by setting k = 1. The analysis of the ionic trajectories
(Fig. 1) indicates that it is expedient to use the source
with an axial plasma injection (o0 = 0°) into the vacuum
chamber of the demo-imitation separator.

At the same time lowering of a kinetic energy
(Fig. 2) for the ions (M = 232...277), filtered out onto
the collector, isachieved (from ~500 to ~300 eV, com-
pared to [9 - 10]). In this case the “pocket”-collector
should be located from 1 to 2 m along z-axis of the
separator at a radius of 1 m (Figs. 3-5).

From Figs. 3-5 it follows, that, as well in the case
[10], there are limitations on the scatter of the angle,
energy and radius related to the initial conditions for the
ion motion, that must be taken into account when creat-
ing the plasma source.
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Fig. 1. Design of demo-imitation separator (DIS series [3, 9]), vertical arrangement) with trajectories for:
ions of multicomponent oxides (400 a.m.u); Nd>O;" (336 a.m.u); UO," (270 a.m.u); U" (238 a.m.u)
at initial conditions of ion motion: W=35¢eV, a =0 r(0) =1 cm
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Fig. 2. The values of kinetic energy in DIS setup for ions: M = 238; 270; 336, 400 at initial conditions
of ion motion: W=15eV, a=0°r@0) =1cm
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Fig. 3. Projections of the ion trajectories in rxz plane for ions: M = 238; 270; 336, 400 (k =1, a =0, r(0) = I cm)
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Initial energy range, W (5...5.5 eV)
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Fig. 4. Projections of the ion trajectories in r x z plane for ions: M = 238, 270, 336, 400 (k = 1,
r0) =1 cm, a =0°and a = 10°)
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Fig. 5. Projections of the ion trajectories in rxz plane for ions: M = 238; 270; 336, 400 (k = 1, a = 0°)

The allowable scatter of the initial values for the
ions (M = 232..277), at which their entry into the
"pocket"-collector is achieved: energy, W = 5...5.5 eV,
angle, oo = 0...10°, radius, r = 0.5...1.5 cm.

Due to the spatial proximity of ionic trajectories in
the plasma drift area, in the 0...1 m section along z-axis
of the separator (see Figs. 3-5), ion collisions in the
plasma can occur, and ionic trajectories can deviate
from ones calculated in the single-particle approaching.
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Therefore, in addition, calculations were performed for
singly charged uranium dioxide ions (M = 270), that, as
it was assumed, would be in the majority, for the initial
angles of the ion motion of 50...80°. Calculations show,
that uranium dioxide ions reach a radius of 1 m in the
1..2 m section along z-axis of the separator (Fig. 6).
This confirms that the collector for target ions should be
placed exactly in this zone.
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Fig. 6. Projections of the ion trajectories in r*z plane
for M=270 (k=1 aa=50...80°)

In this case, the length of the collector of target ions
is 1 m, with a location of 1...2 m along the z-axis of the
vacuum chamber, a height of 0.3 m. Thus, the area of
ion deposition increases slightly compared to [9, 10],
but lowering of ion energy at a level of ~300 eV could
reduce the thermal load onto deposition surface for tar-
get ions about twice.

CONCLUSIONS

The availability of spatial separation for ions of a
given mass range (M = 232...277) in the demo-imitation
separator at the first turn of the ion trajectory is consid-
ered, which is achieved by setting certain parameters
(amplitude and frequency) for a variable component of a
radial electric field.

For the given parameters such approach at increase
of amplitude coefficient k (k = 1, in comparison with
k= 0.7 [10]) provides filtering out the target ions onto
the collector with kinetic energy at a level of ~300 eV
(at ion energy decrease in 1.7 times, in comparison with
~500 eV [9]) that could prevent thermal overload on the
ion deposition surface.

In addition, it is possible to reduce the length of the
plasma mass filter, i.e. to make the setup compact, that
is a significant advantage for the version of the separa-
tor with a vertical arrangement.

However, there are limitations on energy 5...5.5 eV,
angle o= 0...10° and radius r = 0.5...1.5 cm, 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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ITPOCTPAHCTBEHHASI CENAPAIIUSI HOHOB 3AJAHHOT'O TUATTA3OHA MACC B JTEMOHCTPALIMOHHO-
NMUTALHIMOHHOM CEITAPATOPE HA IIEPBOM BUTKE NOHHOU TPAEKTOPUU

B.B. Kampeuxo, B.b. IOgepos, B.O. Hnvuuesa, C.H. Xusicnax

AJBTEepHAaTHBOH IBIOPEKC-IIPOLIECCA, KOTOPBIH NPUMEHSAETCA B IIPOMBILIIIEHHOCTH IIPH HepepaboTke oTpaboTaBILero suep-
HOT'0 TOIUIMBA, SBJISIIOTCS IUIA3MEHHbIE TEXHOJIOI MY, Tie TpeOyeTcs TOJIBKO 3IeKTpodHeprus. PaccMoTpeHa BO3MOXXHOCTB BBIXOZA
1esneBbIX HoHOB (M = 232...277) Ha KOJIJIEKTOp Ha IIEPBOM BUTKE HOHHOW TPAEKTOPUH B IUIA3MEHHOM (uIIbTpe Macc, KOTOpbIil B
HAacTosIlee BpeMs pa3pabdaTbIBacTCsl, YTO JOCTUTACTCS MPH 33/laHUN ONPEAEJICHHBIX 1apaMeTpoB (aMIUIUTYIIbI ¥ YaCTOTHI) Hepe-
MEHHOH COCTaBJIIOMIEN PaJHaIbHOIO 3JIEKTPUYECKOro mojd. IIpu TakoM moaxoje CyIIECTBEHHO yMEHBIIAETCA TEILIOBas Ha-
Ipy3Ka Ha MIOBEPXHOCTh OCAXJICHUSI LIEJEBBIX HOHOB.

MPOCTOPOBA CENAPAILIS IOHIB 3AJTAHOIO JIIAITAZOHY MAC Y IEMOHCTPAIIMTHO-
IMITAILIITHOMY CEIAPATOPI HA IEPLIIOMY BUTKY IOHHOI TPAEKTOPII
B.B. Kampeuko, B.b. IOgepos, B.O. Inviuosa, C.M. XiscHak

AJIBTEpHATHUBOIO MBIOPEKC-NIPOLIECY, KU 3aCTOCOBYETHCS B IPOMHUCIIOBOCTI IIPH NepepoOLi BiNpalbOBaHOrO SEPHOro Ia-
IIMBa, € IUIA3MOBI TEXHOJNOTii, ¢ MOTpiOHA TUIBKK eneKTpoeHepris. PosrisiHyra MOXIMBICTH BUXOLY LIbOBHUX ioHIB (M =
232...277) Ha KONEKTOp Ha IEpIIOMY BUTKY iOHHOI TpaekTOpil B IIa3MOBOMY (UIBTPI Mac, KOTPHHA 3apa3 po3poOISETHCS, IO
JIOCATAEThCS NIPU 3aBJaHHI NIEBHUX NapaMeTpiB (aMILTITYM Ta YaCTOTH) 3MiHHOI KOMIIOHEHTH PajiaJIbHOTO eJIEKTPHUYHOTO MO,
Ipu TakoMy MiJIXOi 3HAUHO 3MEHIIYETHCS TEIIOBE HABAHTAXKEHHS HA IIOBEPXHIO OCA/DKEHHSI LIIbOBHX 10HIB.
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