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ABSTRACT

The various geparation processes for neutrals with diffe-
rent massgses in a weakly ionized plasma rotating in crossed
fields are considered. The expressions for the separation
factors are obtained.

I.INTRODUCTION

In the investigations of a mass—-separation in a plasma rota-
ting in crossed radial electric and axial magnetic fields
the main attention paid was usually to the mechanism caused
by a rotation of plasma components. However, as that follo-
wed from the experiments with a rotating plasma, the separa-
tion degrees obtained may not always be explained by proces-—
ses caused by a rotation of components [1] « In a steady-
state weakly ionized plasma in crossed E and B fields we
must take into account the separation mechanisms caused by

a temperature gradient of a neutral gas (a thermal diffusi-
on and separation due to a difference in a heating of neut-
rals with different masses [ 2] ). In a plasma with unmagne=-
tized ions we must take into account the separation due to
both cataphoresis and transfering of a radial momentum from
ions to neutralse.



692

2o, SEPARATION DUE TO NEUTRAL ROTATION

In crossed E and B fields the magnetized charged particles
move with azimuthal drift velocities Q:Er/B and transfer
their momentum to neutrals by elastic and charge=exchange
collisions. If the radius dependence of a neutral velocity
is of the form 7V, = U"MC//‘ (that dependence corresponds
to a redial pattern of ion drift velocities for the case
when E =E I, /r) the separation factor takes the form
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where T is the temperasture of neutrals.
If the mean free path of neutrals is less than the crose di-
mensions of a device ( Ah"<: R) the average azimuthal velo=
city of neutrals may be estimated from the azimuthal compo-
nent of the equation of motion for neutrals:
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where ‘f[,:::éh,,%,mmh'l); = m, m; /S (m,+m) Vo is
the frequency of charge-exchange collisions of neutrals with

ions. Approximately eqe(2) is reduced to
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Thus, the neutrals have to rotate more slowly when the neu-
tral density and the ionization degree are decreased. On
the other hand, the value of the ion azimuthal drift velo-
oilty may be less than cEr/B if the neutral density is much
grester than a critical value W, = &J; /<&, V>« Therefo-
re the separation caused by a rotation of neutrals may be
ineffective if the inequality &4':>){h is incompatible
with a8 neglect of viscous forces for devices with cross
dimensions R<10 cme :
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3o THERMAL DIFFUSION

If the neutral temperature varies in a radial direction we
must take into account a thermal diffusion. In that case
the temperature dependence of the neutral collision frequen-
cy causes the appearance of forces retaining the light par—
ticles in the region with the greater temperature. If the
masses of neutrals differ considerably (m, & m, ), in the
equilibrium state the light neutrals act on the unit volume
of heavy neutrals with the force
s <é

F a-/nn, v, A 9,,,) Z/(: )
where QA 1is the mean free path of light neutrals,é is the
transport cross—section. From the momentum conservation law
we can find the force acting on the light neutrals:
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If the temperature gradient is small and the separation de-
gree is not great, the use of the Boltzmann formula for
the field of forces (5) leads to the expression for the se-

paration factor [2] ¢
- h, T(w) 4 )
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where ) is the exponment in the expression for the intera-
ction force F acting between two different neutrals, lo-
cated at the distance X /F o X—v) [3] « The usual
expression for the ratio

k - Dr ", -8 )

(6)
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may be obtained from eq.(5) and from the Einstein relation
D=kTRB, ( D,is the coefficient of a thermal diffusion, D
is the diffusion coefficient, B, is the mobility).
In the case when M, <M, , the separation factor can be ea-
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pressed by the “constant of the thermal diffusion®
2
k. (n+ n,) Alnl E (8)
In this case we obtain [4]

< (T(R) /T(D) T (9)

4o SEPARATION DUE TO A DIFFERENCE IN A NEUTRAL HEATING

In some experiﬁents on a separation there were used gases
with different ionization cross-—sections. In a mixture of
rare gases [1] or in a mixture Hy=Ar [5] the neutrals with
larger masses have larger ionization cross-sectionse In a
such weakly ionized plasma the lon current has to heat hea=
vy neutrals, because the resonant chargé-exchange cross-—sec=
tion is much greater than another cross—sections of the
energy transfering from ions to neutrals [3] o If the diffu-
sion time for the light neutrals is less than the time of
the energy transfering from the heavy neutrals, the tempera-
ture of latters has to be greater than the temperature of
light neutrals. In a quasi-steady state ( 2P/5r=~= (0 ) the
separation factor is reduced to

< = ﬁij;;fijzzli r
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5¢ CATAPHORESIS

In this case the separation appears when the partial ion
currents differ essentialy [6] o The ion current is equiva-
lent to the meutral flow and is balanced by the diffusion
due to the density gradient, When E.>O we obitain from the
balance conditions

~41+-3§; Z(J g _ Lg 1)
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where J are the average ion current densities, W; 2
are the thermal velocities of neutralse. For the case of

C«)‘-},V(” ’CE,./B> nzthe ion current density is
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where ge(:) is the charge=—exchange cross—section for parti-
cles of species k 9 k=1,2. Neglecting the separation caused
by the difference of ionization degrees, when n,=h, n,=h. ,

we obtain ( )
3(r-r
el RN Joz( (m/”’ > (13)

where fz_ is the iomn Larmor.radius, gm. is the mean free path
for neutral-ion collisions.

6o TRANSFERING OF A RADIAL MOMENTUM FROM IONS TO NEUTRALS

The ions accelerated by a radial electric fleld transfer
their momentum to neutrals mainly by the cherge-exchange
collisionss For the unmagnetized ions (4, <Y, ) the proba-
bility of a momentum transfering in a radial direction cor-
responds to a value ~ 1, In this case there exist the radi-
al forces F," (r) acting on neutrals. In a steady-state plas-
ma the radial flow of fast neutrals has to be balanced by
the back flow due to a density gradient of neutrals. In that
case which 1s similar to the case of a thermal diffusionmn,
the forces acting between neutrals are proportional to
9<3U'>/ 2U o Por a constant temperature the separa-
tion factor may be obtained from the Boltzmann distributi-
on for the neutrals:

< = exp {kT fF(r)d 1;56‘)‘{’”} (14)

Por the small separa.tion degrees, when N, =~ N, o if the
electric field varies inversely with I” , we obtains

= 1=t - RE ), o

" where Y has the same meaning that in eqo(6);  varies from
~ e N,
V2 ) %01 Cmem g e, T~



6396

When m,<< M, the difference of the forces F,—F ~ ¢ ek,
is not dependent on Yh/ﬁz o In this case the separation fa-
ctor is

o 2 (%?‘QTEOT} ~ exp {fz %} , (16)

where U, is the radial voltage. When § ~ ¥, , neglecting
the interaction between different neutrals we obtain the
more general relation instead of eqo(16)

= exp {(?,—?z-%— _%f‘.% : amn

If the relation &J; > V), is valid only for one gas compo-
nent the radial force from ions has to act only on the ne=
utrals of another component (for example, if ag>)4fia&<)&f%
in the exponent of eq.(17) the term with 'g vanishes).
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