IS0TOPE SEPARATION
PLASMA CENTRIFUGE

1. Publication N© 2. Version 3. Date 5. Distribution
INPE-4547-FRE/1293 May 1966 {7 Internal E] External
4. Origin Program O Restricted
LAP PCEN
6. Key words - selected by the author(s)
VACUUM—-ARC

7. U.n.Cc.: 533.9

8. Title

VACUIM=-ARC PLASMA CENTRIFUGE EXPERIMENT

- INPE-4547-PRE/1293

10. NO of pages: 3

11. Last page: 2

12. Revised by

9. Authorship Edson Del Bosco
Renato Sergio Dallaqua
Jose Augusto Bittencourt

Gerson Otto Ludwig

Pmgrn Tleda.

Mario Ueda

13. Authgrized b

apto AntonZo/Rsupp

\ Responsible authér’fcﬁoq ﬂpf,/%;w
N’

14. Abstract/Notes

Vacuwn—arce plasma centrifuges, for isotope and element
enyichment, have been studied to some extent over the last 10 years.
This paper describes the vacuum—arc plasma centrifuge developed at INPE.
The experiment is charactertized by its relative small dimensions.
Angular rotation frequencies in the range of 1.9 x 10°rad/s to 3.5 x 10°
rad/s, measured with Langmuir probes, are presented for a magnesium
plasma. Enrichments of 15% for *°Mg and 26% for **Mg were measured with
a quadrupole mass spectrometer. The dependence of magnesium isotope
enrichments upon the magnetic field is also presented.

15. Remarks

July 18-28, 1988, Santiago, Chile.

To be presented at the III Latin-American Workshop in Plasma Physics,




=

[ DISSERTAGAD

2\ B sstemommctwon ercamons PROPOSTA PARA O TESE
INSTITUTO D€ PESUASRS ESPACIRSS PUBLICAGAD ) RELATORIO
. C3 OUTROS
TiTULO Y
VACUUM-ARC PLASMA CENTRIFLGE SAPERY MmeNw T
AUTOR(ES) , ORIENTADOR :
% Eds:’“ el Bosca g
g Renoto Sél"?)\ > delleyve h CO—- ORIENTADOR §
E| Bov€ Nuguats  Bitkenicowrt g
o . o
S| €evson Olbe Lo dimey DIVULGAGAD \
LIMITE DEFESA CURSO SRR, |ESEXTERNA  COINTERNA  CORESTRITA
AP EVENTO/MEIO
Y Y S S Y . LA CXJCONGRESSO CIREVISTA  [JOUTROS
» NOME DO REVISOR - NOME DO RESPONSAVEL
g MARIO UehA GERSON OTTO LUDWIG
"¥ | RECEBIDO = DEVOLVIDO ASSINATUR aoo DATA 3 INATI/RA
ELV EAVE: %MM{ £/5,30
Id

|-= Ne PHRIOR: RECEBIDD NOME DO REVISOR >
I I e~ 1 J

OS AUTORES DEVEM MENCIONAR NO VERSO INSTRU -

CfJES ESPECIFICAS, ANEXANDO NORMAS, SE HOUVER

== PAG ~= DEVOLVIDO
j I

ASSINATURA, sm——————;

o

b

#~ RECEBIDO

DEVOLVIDO
Yfgs 129 /4 39 | MARCIA P.v. PAIVA

NOME DA DATILOGRAFA =——

1 REV. LIN@U&@E‘!&

o

N2 DA puBLICACED. 447 M/w PAG.:

COPIAS NE DISCO-

LOCAL:

1

)

.

AUTORIZO A PUBLICACAD

R0 88

C3 siv
3 wio

HOLIMIO j {widvuooiiva | | opdwrouavy ||

=

OBSERVAGOES E NOTAS

—

4

APOS A PUBLICAGAO, ESTA FICHA SERA ARQUIVADA JUNTAMENTE COM A VERSAO ORIGINAL

INPE 106



VACUUM-ARC PLASMA CENTRIFUGE EXPERIMENT

E. Del Bosco, R.S. Dallaqua, J.A. Bittencourt and G.0. Ludwig

Laboratorio Associado de Plasma, Instituto de Pesquisug Espacinls - INPE/MCT, C.r. 515,

Sao Joseé dos Campos, 12201, SP, Brazil

Introduction

The fully ionized vacuum-arc plasma centrifuge
wags first investigated by Krishnan et al. [1], as a
practical element and isotope separation device. 1In
this apparatus the plasma ecurce ig a vacuum-arc
triggered by a pulsed laser and discharged between a
metalic cathode and a grounded mesh anode, in the
presence of an externally applied magnetic field.
The plasma produced is fully lonized and composed of
the cathode material. The ionized particles
evaporate from the cathode with large radial and
axfal velocities, The plésma rotation about the
cylinder axis is sustained by the self-consistent
radial electric field, produced inside the plasma
column, crossed with the externally applied axial
wagnetie field. The centrifugal force, acting
radially outwards, causes a partial separation of
the different jon species in the radial direction.

Experimental Apparatus

Flgure | shows gchematically the vacuum-arc
centrifuge experiment developed at INPE [2), The
vacuum vessel Is a cylindrical stainless-steel tube
with 2 diameter of 0.22m and length of 1.05m,
evacusted to a pressure of 6.6 x 10 °Pa,
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Figure 1. Schematic drawing of the vacuum-arc

centrifuge experiment.

A capaciter bank of 20mF and 1.6kV is
discharged in a set of eight magnet colls to produce
the external axial magnetic field. The obtained peak
B-field 18 about 1T, with a 120ms L/R decay time,

The plasma arc is produced by the discharge of
a capacltor bank, of 50mF and 600V, between a cathode
and a grounded stainless-steel mesh used as the
anode. The arc is triggered by a 4J €0, laser Focused
on the cathode. The current discharge can reach peak
values of 1-10kA, depending on the shot conditions,
The pulse length of the arc discharge 1s much shorter
than the pulse length of the current in the coils,
therefore the wagnetic field is practically constant
in time during the whole arc diecharge.

Plasma Rotatfon

The plasma floating potential measured by a
Langmuir probe inserted in the plasma column shows
characteristic perfodic fluctuations superimposed on
the main signal. These periodie fluctuations
disappear in the absence of the magnetic field and
lose the periodic pattern for small B-field (£0.03T).
These fluctuations are associated with plasma
dengity inhomogeneities, The angular rotation
frequency of the plasma column ecan be obtained from
the phase differesnce between the potential
fluctuation signals measured by two Langmuir probes
placed 90° apart in azimuth. Figure 2 shows the
plasma floating potential measured at R = 0.0dm for

magnesium plasma, for twe shots at the same conditions.

Figure 2. Plasma floating potential measured with two
probes 90° gpart in azimuth for B = Q.1T. Scales:
2v/div and 2Qus/div.

From the two upper signale or two lower ones,
which show a time difference of Bus between a
vertical and a horizontal probe, an angular rotation

frequency of w= L.9 x 10°rad/s is obtained,



An angular rotation frequency w=1.9x IOsradfs
1s also cbtalned from the period of the fluctuations
shown in Figure 2. This value is the same as the one
measured by the phase difference technique and the
agreement persists for all values of the magnetic
Fleld strength. Figure 3 shows the variation of the
angular rotatfon frequency with the magnetic field
strength. These results are in agreement with the
ocnes presented by Prasad et al. [3], which were
obtained using a spectroscopic diagnostic technique
for a maximum B-f{eld of 0.2iT. Our results, however,
show a saturation of the rotational veleocity for
magnecic field greater than about 0.2T, prebably
indicating the existence of a maximum value for the
rotational velocity of the plasma ¢olumn in this
type of device.
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the applied magnetic field for a magnesium plasma.

Encichment Measurement

Figure 4 shows a typlcal magnesium epectrum
obtained using the quadrupcle mass spectrometer. The
spectrum shows the experimental data and the best fit
of three Gausslans, obtained with B=0.1T, at R =
0.04m {(I=1.7kA). In this case the separation factors
for the two magnesium isotopes are a,g=1,15and a,; =
1.26, indicating an enrichment of 153Z and 26%,

respectively.
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Figure 4. Mass scan of magnesium rotating plasua,

The dependence of the enrichment values for
the magnesium isctopes upon the magnetic field
strength 1s presented in Figure 5. Open circles
represent enrichment for the 23Mg isotope, while
dark circles represent enrichment for the 2%Mg
isotope. From the data shown in Figure 3 we can
obeerve the existence of a maximum enrichment for
magnesium in the B-fleld range of 0.1T to 0.2T. From
the results shown in Figure 3 (measured at E=10.03m)
we could have expected higher rotational velocities
at about 0.3T, and therefore higher enrichments.
However, the emaller enrichments measured with B =
0.3T, as compared to the measurements at B=0.15T,
shown in Figure 5 (taken at R=0.04m) are possibly
due to the contraction of the plasma column radius
caused by the increased B-field, and & nonrigid body

rotation at the outer radlli of che column.
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Figure 5. Dependence of the enrichment for ZSMg and
for 26Mg upon the magnetic field strength, at R =0.04m.

Conclusion

The measurements of the angular rotation
frequencies and enrichkments presented for a
magnesium plasma, are in agreement with other
results from vacuum-ar¢ plasma experiments. Thesge
and other measurements will be used in amultispecies
warm fluid model {4], in order to obtain a better

understanding of the plasma centrifuge behavior.
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