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Thie paper deals with séparation of the preducts of plasms
chemical reactions and isetopes in plasma sustained by pla-
sma beam interactiom.Te imcrease the separation velocity ef
isotepes it is preposed te add the substance with a very
high ionigation potential im fully iomiged plasma.

The opportumity of resctiom products quenching is the main
preblem im carrying out ef dissociative reactioms in plasma.
One ef the ways of proeducts quemnching is thier space smepa-
ratien.It can be realised in plasmas reed in coressed ele-
ctric and magnetic fields.lLet us consider the axial symmet-
ricel system with the axial magnetic amnd the radisl electr-
ic fields.In such a system one can study,fer example, the
reduction of the metals from chlerides,exides apd flwerides.
An gppropriate cheice of electren témperature end demsity
are suggested to previde the full disseclatien of melecules
and ienizatien efthe metal atoms (the petential of ioniza-
tion of metals is 4¢6 eV,i.e. significantly lewer than that
of elestrenegative ga.es‘,the atems of electromegative gas-
es - 0,F,01 being practicaly mneutral.In cressed E and E fi-
elds the metal ioms to the periphery of the system,neutral
partticles of the electronofative gas being distributed umi-
formly along the radius.Radial velecity of iems is propetio-
nal te the mass of particle,so the effective separatiem of
the elements by masses is possible.Por example ome can stu-
dy the separation of Zr and Hf from the mixture ZrCl ,nfc14.
In this case Zr and Hf can be collected at the different
radii of the system.Experiments with noble gases mixtures
/1/ bave demonstrated the coefficients of separatiom te be
sufficient to separate met omnly the elements,but the iseto-
pes as well /2/.Te explaim separation in fully ionized pla-
sma susteined by plasme beam interaction /3/ the polariza-
tional mechanism was prepesed /4/.Separation due to this



very mechanism occurs in the thim "near-the-emd-plates®
leye ( (? - the jonizatiom lemgth). On the length

(fi %88 partisfas travelling along the megnetic field
lines 8Pe affected by the changing radiel electric field.
This causes the polarizationmal current to flow along the
radiues and results in separstien of ions in masses. The
change of the electric field in axial direction deals with
the change of the iemization degree mnear the emd plates.
The penetratien of the electric field inte the volume of
fully iomized plasma is difficult obviously. Thus, tetal
curprent is bounded in the thin "near-the-end-plate” layer

g op° The ionization length at usual conditions ( n~
10 3 %s much smaller than the length of the system L g 51 .
£<L), Hemce the entire velume of plasma is free of radiaf
current. The value of ion current determins the velocity
andthe separation coefficient, so the limitatien of the ra-
dial current due te the small thickness of the conducting
layer leads teo the deterioration of the separation parame-
ters mentioned abeve.The increase of the plasma demnsity cau-
ses the raisimng of radial curremt as a result.lt should be
mentiened that the totel radial velocity of thengarticles
in polarigzatienal mechaniﬁm is determimned mot enly by the
ionization time (1/ Y on’ but by the time of flight over
the whole system (L/C_) as well. Se at some yalues of the
electren density the Imequality (L/Cg) > (1/V yon) begins to
be fulfilled (C_ is the iom sound vefocity).In e case of
the low electrofl density the condition (L/Cg)<<(1/Y 1gp)
is suitable and the ion radial velocity is given by:

)"n,.
% = Uy Yo ()

here u;- the rotating velocity of the plasma, v - the
ion cyclotron frequemcy.When the plasma demsity is high
enough se that (1/ ) ion) £ (L/Cg) the expression (1) sheuld
be medified %e

o =0, Gl (2)

The iom current in the radial direction is determined as
followss

J=en;, -th-S=en; o -2mR - 2 80n (3

aere R - the radius of plasme; S - the lateral curremnt re-
celving surface.Substituting the expressiom for the radiasl
volocity (2) to (3) ome ebtains formula for the current J,
being independent on the plasma demsitys

j: ZITFR, Z}L}ZOL'LU>‘.”1 ~(C;:_/.t.[.l

where Oiop= OV, e 5 U -the velocity of the meut-
ral particles.For Ar ioms and L=102cmi T ~10e¥V the conditien
(1/9Y son) < (L/Cg) fails when ng > 10'2¢m=3.Thus,to increase



the radial curremnt it is mecessary to tramsform the "end-
plate” regime of separation so that the separatiom occurs
over the whole volume.For this purpose the substance with a
very high iomizatiem potential could be_used analogicaly te
the case of the metals discribed above.let us comsider a sy-
stem containing neutral atoms ef noble gas in additien te
the iens to be separated /5/.The equatien of metiem for ioms

in the prﬁ;spce of neutrg} ges iq_*
M:Z?'.E‘=6E+%‘[V¢‘H]-)/£n Yoru M (5)
here y in = KOn(Vi-) > w 3 G in - the cress

section of elastic collisioms of ions with neutral particles;
M = MpMy/(Bp+My)s Mpn, Un , by - are the mass, velocity and
concentratien ef neutral atoms respectively.Suppesing

Coui >Yin. one obtains for the first appreximation

_ s Y
, U = Uy <5 (6)
here ), =)}£;.,7/7Wf;',47,. ,and the radial current
Y=ane Lty L ., e n

When the velocity ef the separatien due to velume mechanism
(3) is greater than that ef polarizational mechanism (6),
the first eme is predeminant,i.e.

))dn_/)’[on >2&0n/b (8)
or
/ 2U
))L'n * =% @

Thus, the necessary demsity ef neutral particles for the
velume mechanism te be predomingmt can be estimated as

2u (M + MO

Por Ar iems and He neutral particles;L—~100 om, \v~"5-104
em 8] <G UD in~10-10cm3g~1 one obtains myin=1014em=3,
Optimal length of the system can be estimated from the cen-
ditionzthat the ion flow along the magnetic field limes
(ng™ R2Cg- 4 /1) is equal to the radial flow threugh the la-
teralsurface 27T RLgptsieee
A al e e

opt 2 Uy Yin (11)
For A{ ions_and neutral He atoms, Pe~ P4 ~10eV; ER~ 500 V3
ax~ 10 5 cm=3 one ebtains L~10° cm, The expressiem for the

enrichment coeffitient im this case is analogical te that
of the "near-the-end-plate”separatien /4/:

g Vn % MM p 2
b = w"‘ i B Mm% (12)

8
here R -is averaged value of the radius ef the system;
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Pr =the Larmer radius ef & heavy iem. The enrichment
ceefficient is the higher the greater is the concentration
of the meutral gas. The system parameters cam be chosen in
such a way that the cendition e > i ig fulfilled
and thé enrichment ceefficient d‘gs not*88ceme smaller but
éven increases as compared to the case when He-atems are
absent. But eme sheuld keep iz mind that there exist the
upper limit of the neutral particle cenmcentrarien given by
the conditiem” < &J ... Presence of the radial cur-
rent in the syateﬁnwith plgima-beam interaction cen play
& definite role in the ionizatiem processes. The radial
current csuses the increase of the electrenm demsity at the
periphéry of the system and the decrease of that at the
center., The grewth rate of the beam-plasma instability
being given by ¥ ~ (n,/n_) where n, is the electrem beam
density, the emergy tr nsfer rate tfem the beam inte plasme
in the central region end it's iemizatiem increase. On the
other hand the radial current is caused by the radial iems
motien so the radial field energy seems not te contibute to
the lemization processes. Partielly this energy is trans-
formed inte the energy of electrons inmoreasing ienizatien
of the gas., Actually if S,is the current via surface clese
te the axis, S, is the 1ateral surface and mentiemning that
Slireceives th% slectrons and S, receives the ions ome ob-
yhing Reo Ve S =Rip Uin Sy -
where n__ is the electron demsity in the central regien,

Ve -188gitudinal electron velocity, n, - iem demsity at
the periphery of the system, N.~radisl'Ren velecity. One
has Nip s S¢>65 , 80 Ue>> V;rand whem the radisl cur-
rént is high eneu, % can escesd the value of ion-seund
instebility, The latter causes the electrem emergy to be
transfotmed frem the directed ferm inte thermal emergy
induclng additienal iomizatienm.
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