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v iS¥A ENGINEERING IN SPACE

As described in parts 1.0 and 2.0 plasmas proceedings will conduct
echnologists to develop pertinent engineering in space,based on
plasme concept,therefore apply plasmas technologies to the entire complete
etter and obtain a concrete scheme of industrial production in space.
.e can arrange one powerfull space system to utilize everywhere resources
¢#ror planets or asterolds and produce all elements or materials needed.
4igh temperature chemistry and magnetochemistry will be strongly developped.

CACE PLASMA ENGINEERING PROCEEDINDS.

Tncluding survey and driving system,plasma diagnostics station.
1 Resources
2 Treatment
2! 'Inutilized

products
2'' Btorage 2'
3 Magnetochemistry
3:3"Plaana P.B.P
S Electrochenistry
Process
4 Plasmametallurgy
5 Materials
© Energies
7 lNuclear products
(inec,propulsion)

—

7' Inutilized
radionuclides

8 Heat transfer

r~—Particular

—lgtorage

:ZZ:Storage treatment

® Energies transfer
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MACKRETOCHEMISTRY
,—-—M .
snerz. metals selection
Dismagnetic and Paramagnetic processes.

mne selection criteria utilized in the following part is based from
_lasma diasgnostics experiments.
To teke one definite scheme,we will consider one plasma as'ionized gase'
1 fact but also demonstrated as'ionized gaseous condensed matter'
corposed by atomic species offering diamagnetic properties.
ne mejority of chemical substances is made up of ions or atoms with the
noble gas configuration of filled electrons shells,and it is found that
“eS=J=C and only diamagnetism is exhibited.
-irst the plasma is considered as optically thin to himself but also
eriically thick for foreign species,also weves and degenerate oscillations
iy cause instabilities and the plasma will be partially thick for foreign
species.The plasma utilisation may be consider as one concept of radiative
rensfer of matter,as one special state of matter.
Plespas are proposed as quantum observables and operators who obey to
*termined statistics pattern.
we L.T.E (local thermal eguilibrium) plasme represents particular
ientifiable case described by Bose-Einstein statistics. -

H: fO0, 2,40 4w
byrhpnty .o 2 N /#blau)

B (Faritonian)=observable

-
tk

Ope rlasme defined as pure case(statistics) mey be described by

or ?- 1 trace normalization with an important parameter f density
“Pereicr often as matrix expression ,therefore we can writte this quantity

e N,o WL
r o/ oo



; ’ E with an Hermicity property ,and with the partition function as:

Tr =P

“ree energy F,entropy 8, gas energy are given by expressions:

el

kT InZ
k(InZ- «2Inz )

(H)—::’:Z

andS--kTr(rInf)

g
E

“¢ can also express plasma definition as statistic mixture case where
fManturs oscillators are in L.T.E.
{ ‘ete oscillator may be Tepresent by density operator
. o BE/kT
T B c—

Ty e~E/kT

t e pertition function is given by :

Z(p) = Tr ¢~ "Z Q_L‘["(“‘KX"“)J -p&{uz( -Pkuj“

a *”')Kw he, LI Y

I

Z(r:) =

¥ill aver age energy <£> Trg E  deduced from partition function with

: {g)- -3- InZ  with InZ = =% Jw -In ( 1 - e~PE¥) gpg {B)= ;"Z

P
, r’ 1/kT
\}- ¥ Fw coth BW_ = % ¥w -»EY...____

2kT HW/kT p

'® ottain the Planck formule at nearest (% ¥ w)i‘or the average energy

of one quantum oscillator.
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Part 3.1

At very low TK  , kT4 Hw

the oscillator is in hie fundamental state,at high temperature
the energy tend to classical statistics as Maxwell-Boltzman.
therefore <ﬁ>- kT

DIAMAGNETISM IN PLASMA
Plesme as species statistics scheme species gives us possibilitie
to utilize atomic selections phenomenas where internal or exterme
fields are in concurrence with discernables species inside( M.B)®
plasma in L.T.E.
So magnetic pressure may be express by:
32 te
P +== = C
8
the precedent formula shows us that if P increases B decreases
and we can see on fig 1 the interdependance with confinement
and diamagnetism .

5 ’f"’»e-» >

:

LLASMp
. 5
Mo /8%
) -
©y

when fis in the same order of Ba/ag-plaama diamagnetism is
important.Diamagnetism is one interesting physical fact because
he is in correspondence with individual species trajectories,

in this part we have neglected collisionals phenomenas,so we

can get one plasma with each specie possessing one magnet moment
as r =(¥m w2) 3~

+ Maxwell-Boltzman Statistics.

o/oo
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part 3.1

we can see that this magnetic moment is directed in the inverse
direction to B.

we have also to consider the function as isotropic or nonisotropic
guantization,so the plasma takes one regular magnetic axis or one
distort orientation in the vaccum space where the the gravitation
strengh is very neglectible in front of electromagnetism forces.

In plasma machines as we consider
h. Vo=4 [( V. e_)e].-i.wa-i.va"
78 & 3 P e R 1

Byh=z0 > va Bf'a thg'
T

particulary for ions species in plasme we can writte :

‘Jizdb;*JnL

Jy=current transported by ions
dpi= drift current

jmi' Diamagnetic current

case 1

If megnetism field is uniform and the plasma inhomogeneous

with wDi-vi-O and vi ¥ 0 ,the drift current is nul and the total
current is confounded with diamagnetism .

We can assist to the macroscopic velocity creation in plasma

on the upper region of the axis,with low plasma density(Griem

condition) .
plasme magnetic axis

cagse 2
If the magnetic field is not uniform and the plasma homogeneous

of oo
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part 3.1

we have as contrary 'Di‘ 0 and v, =0
total current is nul because diagmagnetism current cancel the
drift current and ions species drift under the magnetic axis.

case 3

I1f the magnetic field and the plasma pressure are in agreement
with p + 82/8 - ¢® formula,diamagnetic current and the drift
current takes contrary signs,and more,diamagnetic current is
greater than the drift current.

So that the total current has the same sign as the diamagnetic
current and with an opposite direction to the drift current.
and to resume:

p LK 92/817 azam ’ jpi&j

p-p0 case 31

pY 2¥/eg 3% S 34L dn

case 2

As in plasma the diamagnetism is consider as one general property
of the ionized condensed matter but where the species densities
are lower than the classical condensed matter where the

magnetic susceptibility is defined as:

x & _P‘ nz e
m
en
Temperature Independent Diamagnetism ( T.I.D)

the x a is independent from temperature.

and for diamagnetic elements(molecules) we can writtre the
general formula as, A'( B'and molecular weigh M--(&A . FB‘B

XA and YB as species magnetic susceptibilities.
In this part diamegnetic susceptibily takes the minus sign:
dranply ‘}} AR -9 -6
520 = -« 8,6 I0 ,N2 = - 6 I0 yBi==1.5.10
./..
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part 3.1

the temperature independence of Xm give us some possibilities
of species selection in the entire plasma volume assuming or not
1L.T.E . More ,for paramagnetic elements they will be optically
thin to the plasma and the inverse for diamagnetic species,these
possibilities are modified under case 1,2,3 predicted.

Temperature Independent Paramagnetism { 2.1.P).

this temperature independent paramamagnetism arises from a mixing
into the ground state of the excited states that are not thermally
populated,with S=0 and spin matrix will therefore zero.

(O‘rJO)- 0 where rz --;--;; 1z
2
and the formula XTIP -§- N(;-;E ) ﬁf- = 4.058/ Ap,

with LD,, in wave number .

Temperature independent paramagnetism has been observed in
octahedral Co II complexes,which have low-lying orbital states.

Temperature dependent PARAMAGNETISM ( T.D.P):the CURIE law .
Magnetic susceptibility experiments show us that ]L' increases
when temperature decreases.

We can consider the atomic magnetic moment pfoper?y able to give
one selection possibility near the suurouded cool region of

the thermal plasma,it may be consider as natural microscopic and
macroscopic selection.

We can give the well known formula of the Curie law:

Xg M/ Ez -.E_S?.@z- « C/T
4 k7T

which is in the form of the Curie law where the Curie constant
C « Ng° PBZ /4K

o/oo
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part 3.1

the precedent formula is a special case of the more general and

more familiar spin-only formula:
2

X e B’ scen) o Pest_
3K

7

we do not discussed the Curie Law that is not found to be
obeyed et low temperatures in some cases for lanthanides

compounds.
Curie law can be made in the fashion: Curie-Weiss law,

c C
x - 4 g 122 T + A

MAGNETIC SUSCEPTIRILITIES OF THE LANTHANINES( the paramagnetic
ions of the rare earth group ).

The rare earth metals are discussed in 3.5 part(Plasma lasers
selections) and in 3.6 part ( Plasma lasers and excited states
of rare earth worked out from asteroids resources ).

we give only the following table:

TAKE 1.1 Tee Paremsgnatic dews of the Bare Rarsh (of) Crwus 4,35,

:a, of -::tna < i
alecirons s of /3 apwres,
in af ~i
anell  dee State E 3 2 % - aale L
LN gy g e 5 Kis
% Y 20
3 - N, s 4 an i na
% 2100
2 &
1 e Iy M2 & 2w T
i .y
s,
PR H 2 s ars 2.2
o frees
5 Y6, 2 % s oap .4 0L
Sy 1000
>
¢ W X Y N e oul
¥, 4oc
T s M owr o om 2 8 w0
el 2000¢
t 2 N 3 e e 2 s
sy 200¢
s n* Y M3 s B2 e nus
" :“sl.‘;
o me 1, I SR e 1z
5y,
TR Yy S M e B2 e 0© 8
.,
132 300
T a, s e s
X
L S, : 8 ¥ 20
‘x“: {1
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part 3.1

Plasmas can be described under molecular motion scheme or
quasi-continuous species motion,with determined bression criteria.
Diamagnetic and paramagnetic properties can be applied to species
selection,because the temperature independent for diamagnetism,

as contrary for paramagnetics ions.Therefore in plasma we can
aprlied the Ferromagnetic selection in presence of externsl

or internal field magnetization,for T(Co,Fe,Ni) metals,and for
one complex Oxides matrix the general schame :

*_
(Ferro- Pars - Dia) magnetism selection in plasma.
——-*

EXPERIMENTS ON(PARA AND DIA) MAGNETISM SELECTION:

In space conventional chemistries are unpracticable,because
low gravity conditions and absence of atmosphere,soc we have to
imagine one plasma chemistry able to select species from
extraterrestrial resources.

Plasmas may be used as matter or tools for technologies.

In the present report we have to consider resources as Oxides
or salts(condensed matter),and modify resources by processes,
temperature,velocities,densities,pressurcs,ions properties,
magnetism internal or external ,waves and appropriated volumes.
In note 3 we have described the first selection for species
introduced in thermal Plasmas .

We can utilize one plasme in P.L.T.E (partial local thermal
equilibrium) or one N.L.T.E (non local thermal equilibrium)
with weak densities.

10 13 cp=3 (ne £ 102 a3 g average T K

2000 K'(Tox( 3400 k'  in the center of the plasme column.

Temoved from GRIEM plasma L.T.E criteria.:

%

n. ) 9 .10”12_:’5’.35
o/.o
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part 3.1

we utilize weak magnetism selection able to deplace para and
ferro magnetic species from diamagnetic species under wesk
density plasma as defined vefore (P.L.T.E or N.L.T.E),but
associsted with M.G.D. ( MagnetoGasDynamics) process.

Thus, we can distinguish(macroscopic definition) in resources
introduced in thermal plasmas,metals,oxides,salts and mixing
materiasls.,because in the case of diamagnetism ions who are
placed in excited magnetization field,takes one megnetigation
directed in the inverse direction of the vector.

As contrary for paramagnetic species,they can be selected

by their meutralproperties in presence of external field,
magnetization momentum directed in the direct orientation of
the E vector.

Ferro magnetic species can be selected from other paramagnetic
ions by uniform or alternative homogeneous field.

Waves interactions on ions are discussed in part 3.2 ( Plasma
Electrochemistry Process.).

In presence d thermal plasme ferromagnetic species become
paremagnetic by adisbatic demagnetization.

o/o.
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Fart 2.2

ELASMA ELECTROCHEMISTRY PROCESS:(P.E.P.) .

General purpose.

Plasma electrochemistry process is included in P.E.R.T
operations as one substitution process from Earth
electrochemistry needed for special or general chemistry.
We have consider plasma as condensed matter from gases or
metals vapours with low densities species offering "neutral"
properties when L.T.E is reguired.
Thus,plasma as ionized gas is consider as one medium able
to receive external influences or'internal’ others species.
Because high temperature establishment plasma is situated
in the field of the high temperature chemistry. discussed 3.3
Under L.T.E,plasma offers istropic properties.
So P.E.P will be described by classical Maxwell. Lo.lLaw's or
by quantum chemistry.We consider bPlasma species as one medium
composed by ions and electrons in equilibrium caused by the
recombination radiative transfer.
The situation of the plaesma is assimilated as one electro-
chemistry medium,as onekliquid matter'composed by cations
and anions,so electrochemistry law's can be utilized to
explain and investigate plasmas and introduced species .
With this matter concept our technical purpose is to practize
introduced metals selection.
Introduced species are evaluated by Boltzman and SAHA
equations discussed pert 2.0. e
for NiI,NiII NiIII densities: ‘. AR e

| >

IR X YT amangas)
b - b » B

. "o} .8.437.10717 g, ¢

kT ik

./oo



IniNiIT is easlily determined by plesma diagnostic.

thus with temperature information and ionizetion state of
introduced species we can evaluate each concentration or
species density.,for one thermal distribution,so at L.T.E
plasma recombination for ions we can writte:

Ar*tt &+ 2¢7 LTE Ar + KH) stable medium
electrolytic
properties.

- Fe Co Ni

Atomic radii A 1.165 1.157 1.149
Ionic radii(¥ empiric)0.830 0.820 0.780
+2 +2 +2
0.670 0.650 0.650
E? +3 -3+3

ions dimensions are 107 cm, Electric field E between

the two charges ,positive and negative( electric image)
isz4.8 10°1°, 1076 pEs or 14,4 10° V/em.The important
field may extract st 300 K,electrons from cathode,thus Ni**
can be converted in Ni atom. '

As one electrolytic medium plasma conductivity can
change( 0,1 to 100mcm™ ).
We can consider the plasma medium, a&s one special liguid

matter associated with plasme oscillations changing it in
one quasi viscous medium.

the viscosity of the assimilated electrolytic medium may
be evaluated by Smoluchowski formula where Diffusion
coefficient D is included.

+ line intensity.

o//oo
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Electrochemistry plasma mey be quite define by spectroscopic
experiments and their interpretations.

Many quantities are calculated or given by tables.
Considering in our plasma model with one unperturbated
Hamiltonian E and one statistic distribution function for
ions velocities species as:

Vi
-(w,) mv dv
2

3 m
i{ ie
R ¥

Oie -0 - Qae
RGP
with Vie average collisionnal ions-eletrons frequency
Vie 3.7 o 2 o* . |21, 105 A
3 4meo . kT »

as /\ fraction DEYBE radii on minimum important parameter-

A =1.5_(anéo xr )%
e’(M Ne )’é

we have supposed that collisions in plasma are elastic.
i - M M
% ._2.“;_9_5_3)( Yae )7
§ 25. M-n 25

\vf:’.t:hvaw:M as average frequency electronic collisions
with atoms of weight M

and T , W, A =24 Ap,aﬂ.‘?—.l}) - 0,17f) and? i 8 A

? 8s minimum impact peramster.
./‘.
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We give one simple description of the experimentation, in
the classical liquid as electrolytic medium,we create current
discharge between the two electrodes of the medium,we can
optically observe around the Anode,the radiative emission
of the surround layer plasma created.The thickness of the
plasma column is between 70’)and 300,3,

+ -
Plasma near the electrode 70~ 3eep o
J ANODE 9
9 i
~
~ . KCL .
-~ smnallp Analogy with plasma
n‘ I(wz) I(w,z+82) | I(w,L) anode created in one
o
o z (z + 4z) L - electrolytic liquid mKCI

Variation of the intensity with discharged current.

in the direction of the optical
observation.

The critical field:

E, o code 10eA o g ¥y en™
er £o /L?D
with E.T.L conditions and with one Maxwellian distribution.

o/o.

47



2

30 (Vg

with «&E ¥ *
m 32 g kTe( 1«2
Te
and g =0.5 E QE\L E,

20 <diEK €0 xv.ex™! for electrons

and for ioms 0.5 <tE! £ 1,2 Kv.en™?

This approximation based on rlasma electrochemistry
in one liquid electrolyt may translate the same transfer
phenomena in one thermal plasma.

In our case introduced species as metallic ioms, may be placed
in cyclotron resonance and collect them on electrodes.

In one thermal plasma with the same quantities and B-104. Gauss
Te= 10* X we have for electrons Eo = 5.I0° V.em™' and

Eo= IOQ.V. en”™ for ions/.

Vb gyromagnetic frequency of species:

ob- 1.525, 403.3 Gauss for protons
Vb- 2.8 . 406. B Gauss for électrons _.,

The trajectory calculation may be realized under conditions:

Electric field oscillant
Electric field turning (direct ) s
Electric field turning in the contrary direction defined by‘..b .

of oo
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and Wy A 4 limit of the resonance. with adg,qe E+

mew 1

a is one dimension of containing plasma in the orthogonal
plan to B andv,, the average collisionnal frequency.

This part can offer us one plasmic concept to realize
electrochemistry in space.

The plasma frequency is therefore for e .

4un 32 %
Vs - L o Wi ,pumerically ,we can use the
me
approximated form vi;/ 2% = 1‘5- 9. 103 .nk%
2 %

. 49T n, e

for ions we can generally writte wn*‘d -

anf fPe v / 2w mpt

8.13 « 10" Pea™ NI { 4,31 « 1077, cn™ 2

with Ni +2 density 1.41.107" em™2

Ni +1 4.5 . 10° om™>
Ni +3 4.7 . 10® em™?
Axt 4.31. 1077 en™3

Plasma f% is normally in microwave range and it is
interesting to influence the plasma by waves or by external
fields to create cyclotron resonance frequency and collect
species on electrodes or(special apparatus)of each considered

metal ,in our case Ni electrodes or Co ,Fe, 8i, Mg .electrodes.
for exterrestrial oxides introduced in plasma.

o/..
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frequency -
resonance Q Ni +2 ¢ 7.8 10’ Hertz

for ions:
VNi +1 ¢  o.84 10° Hertz

&

Yri +3 ¢ 2.62 10° Hertz

we deliver the scheme of the plasma apparatus concept ( P.E.P).

wG(n)= Dt‘l ,2’ 5.; -
wave guide for
selected ?Ai*

PLASMA {88
: ‘. .

ions speczes'oo|
'p e

L b bedd
R et d
e

frequencies.

* collectors

Up view for ions species

Resonance for ions

Plasms electrochemist cell

Side view
and face.
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Each foreign introduced ion is optically seen and deposited
by the radiative combination on the collector worked out
from the same metallic ion placed in cyclotron resonance ,
therefore the lengh column of the plasma can contain some
specific electrodes.

The scheme may be considerably modify ( see. 5.0) research
required.

of oo
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Part 3—3

PRODUCTS AND PROCESSES FOR EIGE TEMPERATURE CHEMISTRY

High temperature chemistry is defined as the study of molecules
at high temperature estimated ( 1800 = 12000 K),that may be
considered the upper limit of the high temperature application.
Experiments give us informations about the relative energies

of the valence states and the electronic environments,thus
transition probabilities.

Products and species from plasmas are too important to imagine
the establishment of list species by species under different
plasmas-genesis gases.

The more simrle as natural high temperature chemistry,is the
thermal dissociation of oxides in plasme into vapors as metals
and collect them mixed by electrodeposition.

We can utilize also the possibility of the treatment of the
oxides in reduced plasma gas(Ar+H) and metals are directly
recovered by natural condensation.

The third method is based on pPlasmeelectrochemistry process
where each metal can be deposit on electrodes of the same

metal nature by ion resonance. see P.E.P _part 3.2,

this process also will be discussed in part 3.5 plasme lasers
selections by V.U.V radiative pumping levels from atomic species
in plasma and their selections.

It seems to us that P.E.P is pertinent process for space,thus
the apparatus is quite simple in each recovery case.

The best adapted process will be choisen from soil relative
nature of resources.

o/oo
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In plasmas procedures we can imagine also to introduce

other molecules ( C0,CO02,N2,N02,N20,......) to prepare
intermediates products.

Therefore organic and % organic high temperature plasma chemistry

can be easily proposed in space with generated plasmas with
( E2,Ar,N2,Ee,C02,02.....,)

PROCEDURES

S8.F.M.0 ( salts,free metals,Oxides) in resources.
& ( Plasmas)

M ( Metals see parts 3.0,3.1,3.2 )

oMC ( Organic and Metallic Chemistry)and % organic
oc ( Organic chemistry)
S.F.M.0 M OMC oC

53



Part 3.4

OXIIES AND SALTS TREATMENT BY PLASMAS.,

Plasme technologies in space are more attractives because the
human intervention is not absolutely required and one plasmea
station may be almost automatic.

The resources introduced in plasma machines are not dependent from
sophisticated preparation or compléx treatments.

The plasmas machines are not submitted to one important meintaining
like motors or rotatives engines.

Rocks and materials are drived to one "explosion chamber" where
materials are disaggregated by importemt current discharges produced
by (Solar energy,Nuclear production,Lasers ) in case of the more
simple action the current meay be slternative or continuous,and the
H20 presence may offer some interest in partial conductivity for
the induced current.

The rocks motion are assumed by magnetics field( continuous or
alternative) the principle is proposed in note 1.

After this operation,rocks are reduced in fine powder in one
rotative plasma machine described in note 2 where N.L.T.E is
required for the plasmas instabilities effects needed in this
process.We have mentioned in 3.1 that atomic species were
separated DIA from PARA and FERRO and finaly PARA from FERRO,also
H20 is partially zliminatad'in dissociation phenomenas or in
Diemagnetic selection,with others elements as follows:

-0.57 Li + 0.41 Br * + multiply by 107>  mabie 3
~0.97 Be -0.30 Zr

-0.71 B -0.895 Mo

-0.59 CI -0.I8 Cd

-0.48 8 «0.10 In

"0-90 P -0.78 Bb

=0.1=0.2 8i =0.30 Te -1 C

«0.14 2Zn o

-0.32 1
~0.14 Ge -0.14 Au

-0.30 As  -0.21 T1
-0.30 8¢  -0.12 Pb
: o/oo



Table 3 shows us that Si and C are diamagnetic elements , the
MGD or Magnetochemistry is attractive because for Dia and Pera
magnetic species, J is cancelled at the same time than H,
with ( J-:‘1 H ) istropic,and Ym'}&' -1 with P-’b Pr(magnetic
permeability) and for Diamagnetic elements rr(’t, Xm‘< 0 .
B
J and? are @antiparallel.

il e 4
And for Paramagnetic elements Pr ) 1 Xm> 0, J and E are
perallel,therefore the magnetization is purely induced.See part 3.1
for temperature effects. T.I.P,T.I.D.

Oxides in plesmas are dissocisted at high temperature,it is
attractive to introduce salts as sulphides or carbonates in
plasmas to produce ions we can Propose molecules dissociation:

A.X At X Xas (8,80x,Cly,C0z,0u}x,y,zpa(integer or fractional)

For each determined(plasma diagnostic) region of the plasma,with
selected dissociation reactions we can separate metels from anions.
Generally oxides and salts induce in plasmas oxidation tendency,
we are situated in front of 3 possibilities.

case 1:

The plasma-genesis gas is "neutral" as Ar,plasme teskes oxidation
tendency.

case 2:

The plasmagenesis gas support. is "oxiding" as 02,the oxidation
tendency is nul in front of the oxiding state of the plasma .
case 3:

The plasmagenesis is H2 gas support the oxiding tendency is nul
in front of the reducing plasma agent.

Plasmas generated by 802,c02,C0,N2,N20,N02,C12, (CO2,H20) sounve)
are not studies in this part.,see part 5.0.

In space H2 or Ar may be normaly utilized to separate Oxides and
salts by thermal dissociation and reduce them in metals.

(H2 or other reducing agents are utilized( Ni/ AlOOH/ catalyst
matrix metals).....®. see part 3.8.

./..
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Therefore plasmas are able to become useful tools and metals
to treat all salts including instable or dangerous products.
Radionuclides products are discussed part 3.14 .

For some experiments in particular for paramagnetic ions,the
color of ions may be one observable for jons metals migration

in the plasma oOT concentration,it may consist in one experimental
optical survey method of introduced jons species in plasma in

one choisen procedure see art 3.0

General discussion for( H2,B20) inside Ar plasma or neutrel gez,

in presence of FeQ or Fe203 or Fe304 may be established easily,

The reducing Oxides bY H2 is endothermic,and will be completely
achieved with the increesing of the temperature.ln the cool regions
of the plasme (500-800 K) we can utilized equilibrium constants

to survey and note the reducing percentage in the cool plasma region,
we deliver below the classical scheme of the eaquilibrium constants
and the percentage of each phase.

. .
TC 350° 440° 470° 480° 550° s70° | 630° 785° 520° {615° 700° 770" 805°
i

i
h/'f 8,3 5,85 5,0 4,16 2,94 2.53;2,78 1,75 1.47!1.72 1,0 0,645 04
% co— f— N\ \f— /‘\__”-—[
phases " Fe + Fev0t Fe + FeO FeO + Fed04

1 3 2

h/f = H2 pressure/ HOH pressure.
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First PLASMA CHAMBER 3 NOTE 2
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3 Magnetogasodynamic(as motor for materials movement) before

introduction in PLASMA CHAMBER 4 ( microdivision plasma chamber).
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part 3.7

PLASMA TEERMOCEEMISTRY DISSOCIATION.

High temperature chemistry may utilize for dissociation molecules
thermal plasmas.

Between 2000 and 13000 K molecules are dissociated partially

or completely to make up others molecules,reduced metals and
complex species,we can observe these phenomenas in molecular

or atomic spectroscopy,therefore give us precious informations

on the thermochemistry disssociation process-

We have limited the development of this part at the tramnsition
Oxides and particulary Nix0§*200xoy, Fe,O ,Mg0....and some
informations on rare earth Oxides,in the case of thermal influence
oxides can be dissociated in metal vapors and Oxygen,they may be
recombinated on (non-stolfchiometric) formulation,this process

ie interesting for the solid state physics,also for condensed
matter research and particulary for the excited states of the
rare earth vapors utilized as by-production of the Oxides metals
resources (T-metzls)from planets or asterofds( 0.7 to 1%).
discussed in part 3.6 .

The plasme dissociation under reduced atmosphere to produce
T-metals is discussed in part 3.4 .

Dissocistion energies of gaseous diatomic oxides is tabulated below:

TABLE V1. Dmsociarion Branous or Gamows Diarosac Oxioes

Do o

Moieculs {kcal/mole) (keal/mole) Uncertwinty
AsO 5 50 +20
A0 118 115 &5
A0 - «<i -
AsD 113 114 +3
B8O 192 191 %3
BaO k1| i =6
BeD 9”8 7] +7
BiO 7 % .
B0 882 $53 +0.6
o 25726 288.16 +=0.77
CaD £ 1 +7
Cdo =87 £66 —
Ce0 188 187 +6
<o 6429 .33 +0.03
Co0 88 87 +5
CrO 110 109 +10
G0 &7 & =8
Cu0 8 | 3 *15
DyOo 146 145 +10
EO 147 146 +10
EuO 130 129 +10
FO 56 s5 +=10
Fel 96 " %5
Ga0 68 87 £15
Gdo 162 161 +6
GeO 1582 1369 %3 59 ol %



TABLE VI (continued)

. Do iy
Moleoule (kcal/mole) (keal/mole) Uncertainty
HO 102.34 101.36 +03
HeO — 0 -
HIO 185 184 =10
HgO - (<85 w—
HoO 149 148 +10
10 47 2 +7
In0 =N £7% -
Ir0 F4 ] 93 -
KO 5 % P2
KrO o <1 -
1a0 188 187 +$
LiO 7% ” +6
LuO 1% 158 +8
MO L 7 +7
MnO 9% 98 +8
MoO 1158 114 +12
NO 1508 1459 +02
NaO 7 ” =12
NbO 189 i +10
NéO 168 187 =8
NeO - <1 e
NiO 89 85 %S
O, 118.11 11e7 +0.04
Os0 <}42 <141 -
PO 1196 1183 =+3
PbO 894 B4 +2
Pdo 56 §s +7
PrO 180 17 +8
PO 8 82 +8
Pul 163 162 =15
RbO {61) {60) +20
RhO 90 89 +15
RuO 115 14 +15
80 124.08 123.58 +0.03
$bO 89 88 +20
80 155 154 +5
Se0 101 100 +15
8i0 1923 180.9 +2
SmO 134 133 +8
8nO 127 126 %2
810 2] 7 +6
TaO 183 182 +15
THO 165 164 =8
‘TeO &) ES +10, =1

T™hO 92 191 +10
Tio 158 157 +8
TIO <75 <7 —
TmO 122 121 +15
uo 182 181 +8
VO 154 153 +5
WO 156 155 +6
XeO 9 & +5
YO 12 161 +5
Yb ®” 2 +1s
Zn0 <66 =6 —
20 181 180 +10

€0



part 3.8

PROCESSES FOR TRANSITION T-METALS ( Fe,Co,Ni ).

3.1,3.2,3.4,3.7, parts developped can deliver to the High
terperature chemistry different processes to extract foreign
metals species.

One can prepare T-metals directly by Hz reducing agent on
Oxides vapours molecules.

scheme of the thermal distribution in the plasma at L.T.E.

the mantle of the plasmae at 1000°§
the center of the plasma at 13000 K
for 1 atm Argon.

rlasma column.

The magnetochemistry process:

The external field can be used to confine all foreign species

along the strengh lines generated by the field.

3.1 discussion give us the Curie Temperature selection on the

layer distribution of the plasma.

~fbove the Curie point temperature Ferro species properties decrease
to become paramagnetic oriented on the line strengh of the field,
during the magnetization and the crossing of thermal region.

Im suceptibilities:

300 K 350 K 1033 K
Ni0 =46.6 10™* CoO = +4.9 .1072 Fe203 = +3.5 107>
Co203 = + 4.56.107> FeO = +7.2 1072

Co304 = +7.38 .10™>

in the plasma chemistry the extraction orientation is as Fe,Co,Ni,

0/.0
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-+~ ig interesting to note that Ni vapor in presence of HZ is

naturaly one strong reducer,in rarticular as case of asteroids
resources recovery,we have the simple presence of Fexo,‘y and NiO,
end the metal extraction will be more simple by the reducing

natural Ni process.

For all transition retals(Ti,V,Cr,Mn,Fe,Co,Ni,..Cu.) we can
utilize H2,also CO can reduce FeO.
For more 3 metals it seems pertinent to us to utilize (plasms,
electrochemistry process) ,(P.E.P).

IRON 26Fe55:847
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part 5.0

RESEARCE AND EXPERIMENTS REQUIRED FOR 1.0 TO 2.8 &
Immediate experiments.

Flasmas are generated by H.F or resistivetelectrodes

1:Experiments under Ar with one T-Matrix
l Fe,Co,Ni---X  Mg-Al-Si—--X |

2:Experiments under Ar+H2 with T-Matrix (case L.T.E,P.L.T.E,NLTE).

I-Matrix is one restored metal oxides configuration.
X may be O or S (voluntary limited).

T1 may be FeX first metal

T2 - - Fe-X

T3 - - Fe-X~-Mg-X

™S - - Fe=X-Mg-Si-X

™11 - FeCo-X-Mg-X

™2 - FeCo=-X-Mg-Al-X

™3 - FeCo=-X-Mg~-Al-Si-X
T21 ~ FeCoNi-X-Mg-X

T22 - FeCoNi-X-Mg-Al-X
T23 - FeCoNi-X~-Mg-Al-Si-X,

Many arrangements can be computed for T-Matrix +CoX as first
metal and,NiX as first metal.

Experiments under (N2,02,C02,C0,C02,802,...)X.,X mey be nul or
HOH % .,with T-Matrix.

Flasmas diagnostics

Magnetochemistry on T-Matrix

Realization of one M.G.D pump to practize the cycling of
species( Plasma automatism for Station in space).

Experiments on (Plasma Electrochemistry Process). (P.E.P).
BOARDING of T-Matrix plasma experiments on SHUTTLE( for space
conditions).

BOARDING for geostationary orbit(Plasma station:preliminary
to Space metallurgy.).

Development of the predicted tools

Linear or rotatives plasmas

Explosion chamber

Experiments with T-Matrix (Real resources.)...

+ The two electrodes are in contact with plasmagenesis gas.
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we epologize for the following paper in french.
Procramre de travail & entrerprendre en physioue des plasras
ec__eur utilisation en Ratneta-nyuro-ﬁ&nagisue(13??7%77‘*"

pecielite: Ensemencerent des plesmas( Eautes Températures)

t
3

_er plasmes hautes tgmperaturgs re;résegtent un suprort physique
jul sutorise des expérimentations concrétes et, envisager leur
sxtension & des domaines complexes.

%“eprel technologigue;

ivant 1079 il n'existait pas de méthode fénérale d'ensemencement

ces plasmas & 1'Equilibre Thermique Local ( E.T.L),ou & 1'état
e pertiel équilibre(P.E.T.L ) ,ou en 1'état de non équilibre(N.E.T.1)

Les seules impuretés introduites dans les Plasmas consistaignt en
les pétaux associés & des molécules gazeuses,ces derniéres étant
«élangées & des gaz plasmagénes.

nelques métaux ont été étudiés & 1'aide de cet artifice limité

€es probabilités de transition ont Pu €tre expérimentalement déduites
vec des reproductiblités discutables.
e nombreux alcalins,alcalino-terreux,et groupe des TERKRES RARES
ainsi Que des métaux lourds n'ont pPu faire l'objet d'études
“ypérieentales tant utiles aux estrophysiciens utilisent les valeurs
éduites des expériences de laboratoire(forces d'oscillateur) pour
4& cétermination des sbondances stellaires .

“ar azilleurs ces études demeurent obligatoires pour les physico=-
hiristes leur permettant de mieux connaftre les transfertsradiatifs
8ans les structures solides ou liquides chargés ou dopés en impuretés

“e¢telliques,toutes ces informations sont importantes pour la

ellleure connaissance des domasines de la chimie des hautes
serpératures et leurs aprlicetions possibles et en particulier

le réeligation de matérisux Ultre-réfractaires,dont le développement
£t tributaire et ainsi assoc 8u progres de la physique des plasmas
-8ules températures dans leurs applications proposées dans le rapport,

-/oo
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Le développement des technologies plasmas & été limité par deux
csuses interdépendantes & savoir ;

¢'un part l'imposeibilité de malftriser dans l'espace et dans le
terre des technigues d'ensemencerent des plasmas 2le pPression de
rilieu(pouvant &tre la pression atmosphérigue),et d'autre part
ce trouver des matérieux ultra -réfractaires dont la résistance
thermique aux températures de service soit correcte.

Far eilleurs la poursuite de travaux & la pression etmosphérique ou
de rilieu plasmagéne nous arparait plus procetteuse que des
expérimentations &au trés faible rrecssions ou les densités électroni-
gues et ioniques sont trop inférieures aux veleurs souhaitées.

In 1979 les travaux de doctorat de CErictian.Daniel.ASSOUN. FARIS 7
délivrent une méthode générale d'ensemencement des plasmas par tous
pétaux ou oxydes d'éléments dans des g2z plasmagénes & 1'éguilibre

Thermique local (IZ2300°K).

Cette nouvelle technologie permet d'espérer une pousuite de travaux
dans les domaines des plasmas & forte conductivité,associés & des
dynamiques géométriques modélisées.

Ces études devaient améliorer considéreblement voire relancer

les epplications M.H.D qui étaient limitées par les deux facteurs
préciteés.

ELCEINES A _PLASMAS: & pression de milieu.

' FROGRAMME DES TRAVAUX;

1) Ensemencement des plasmas définis dans leur enceinte géométrigue.

Ensemencement par lec alcalins,les elcalinoterreux,et les métaux
?e trans%tion et paramagnétigues dans des atmosphéres plasmagénes, ,
A,H,Be) . ‘ :

) Détermination de la concentration et de le répartition spatiale §

des émétteurs dans le plasma ensmencé pméthode spectroscopique(side-on )
en €mission.

3) détermination des quantités expérimentales utiles & 1'établissement

descaractéristiques inhérentes asu plasms crée:( forces
d'oscilleteur atomique des atomes introduits,densités des
composants du plasma,températures et détermination des durées
de vie,sections efficaces etrenseignements de certains états
collisionnels.

4)détermination de tous les peramétres utiles & la
caractérisation d'un plasma en E.T.L ou N.ETL dans un volume
de révolugion en vue des applications M.E.D (cylindre,spheére,
tore '

L O Y - '

./.o
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) Détermination des concentrations meximum des métaux dens les
lesmae & créer,déternpination de le varietion de las tempérsature
~ fonction des concentrations.

DM S L

g)détermination expérimentele de tous les paramétres régissant
1g dynamique plasmagene.
») @étermination d'une technologie d'ensemencement pariétal

// Pl * 2 * >
permettant de genérer des zones préférentielles & forte

conductivite.

g) Etudes des transitions radistives dans un plasma contenu
dans une forme géométrigue de type ovotdal,celcul expérimental

»

de 18 température radiale des émétteurs d'un tel plasme.

g) ASSOCIATION DU CEANF MAGNETIOUE (études M.H.D).

Condiiions experirenta.es 2 lort paramétre de Hell,détermination
des forces d'oscillateur des atones pendant la dynamigque

¢ proximité des électrodes(ou zones de sudation)et des zones
d'application du champ magnétique,détection des instabilités
possibles dans les zones pariétales ,et ménée des expériences
visant & annuler ces instabilités.

10)Etudes d'obtention de trés hautes densités de courant dans
les régions pariétales,influence des facteurs champs et courants
limites,détermination expérimentele de la température.

71) Déterminstion des paramétres permettant de comprendre 1'usure
des metériaux et des pollutions internes.

I2)Etudes de 1'ensemencement pariétal & fort peramétre de Eall
corportement des atomes para et diamagnétiques dans un plasma
soumis & un champ magnétique croissant se coxportant comme

une machine & plasmas créant des piroirs magnétiques dans les
zones pariétales,étude de la variation des densités et des
processus collisionnels d'atomes paramagnétiques ou diamagnétiques
dens un plasme & Raute empérature dont 1'éguetion d'état commence
¢ 1'assimiler & un corps pur diamsgnétique celcul des équations
limites,opérateurs et oscillateurs guantiques).

Celoul des dérives magnétiques etkla compression.

bux conditions limites il est préveir une résonance cyclotronique
ces ions des atomes introduits dans le plasme au cours de
1'écheuffement de la zone pariétele,détermination des champs
pegnétigues et caractérisation de leur nature(oscillant,croissant,
cogstgnt;;;)a appliquer dans les zones pariétales en vue de la
création d'un sutoconfinement magnétique du plasma dans ces régions,

1; sers utile d'établir les équations d'étst dans les regions de
1 espace plaspique séparant les zones pariétales.possiblité d'entrer
en oscilletion tepporaire avec émission d'une onde de choc ayant
_tendance & se concentrer au centre de la forme géométrique contenant
le rlasme(centre de gravité du systéme).

./oo
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sux conditions limites précitées il est poscible d'associer l'effet
lzser & plasma induit rar le rayonnement synchroton des ions
mételliques du plasma pour provoquer simultanexzent,avec l'onde

c¢e choc en provenance des zones pariétales,des élévetions

+rés importantes de la température du plasma des zones de moindre
densité de courant. GaR g T

les élévations de temrératures = ©°"le phénoméne de détente thermigue
naturelle devraient evoir un bilan énergétique positif par rapport
saux puissances mises en jeu et ainsi retransmettre par oscillation
rediative de l'énergie aux zones pariétales,qui dens le temps

sercient assimilable & des zones relativistes,la densité des milieux
extérieurs aux zones rariétales étant différentes l'on pouvrrait
constater aux conditions limites un rayonnement Cerenkov.multipolarisé
et peut-€tre cohérent.

13) Discussion des conditions énergétiques établies.
_ I4) Modélisstion methémstique des zones pariétales soumises aux champs.

I5) Etudes de‘prototypes de machines & plasmas basées sur l'acquisition
des résultats des expérimentations établies.

16) Budjet et définition des postes (& 1'état d'études).

fin du rapport technique.



part 5.01

Discussion on J.F.L Studied processes.(see page 72-84)

We have tried to propose one objective analysis and commentse
on the studied processes,but we apologize for the subjective
developments whkich mey be found inside the report.

Discussion on the process 1:Vaporizstion/Fractional distillation.

As teken as basic concepts the process 1 seems to us useful

for the soil treatment and particulary in presence of important
or terrestrial gravity,or installed on planets,also at the
first sight the maintaining appears important,but installed

on space station it cause to us some technicals remarks.:

The thermodynamic must be carefully discussed because, the
losses may be important and the output of the fractional
distillation must be the more higher possible sin this present
concept.

The 02 recombination may be important near the coolant system
because 02+ very active by the gases velocity and may installed
FexOy in layers and the metal recovery would be not so pure than
estimated,this natural problem seems to us more dangerous for
the Mg recovered.

The studi:d concept seems to bj limited to two metal species

and witha(f1 - F2) > | F= fusion.

imgrovement possibles:

in case of low gravity the residue receptacle will be not
useful ,because untreated materials or others will be drived
by the naturel gases dynamic .

The proposedsseems to us too low because at 2100?8e can said
that the oxides are dissociated and 02 is comsidered in short
time as ionized gaz,therefare one plasma,and the molecular
working at medium temperature is not favorable because the
L.T.E is not assumed.

One recycling by pump or by M.G.D therefore, losses would be
limited,and the CRYO system perhaps may be cancelled,anc also
02 will served as plasmagenesis gas.

8 pressure.
o/.o
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Discussion on the process2:TONIZED VAPOUR DEPOSITION:

At the first sight we are favorable to this basic concept
because the Proposed process utilize atomic properties

inside ionized gas,but the ionized vapor apparatus,including
Electron Beanm Source?turntable,motor" sand raw material

charge container seems to us not adapted to the pProcess.
remarks:

the same for the pressure as process 1 discussion.

the motor seemes to us dangerous for the Procedure maintaining,
the turn table,also,because,thermic damage including chemicals
o*2 active by bean action,or must be made in refractory materisl
near the impact ares electron treatment.

The material tarping may appear.

If the electron beam source is utilized the dissociation,and
ionization of all species must be immediatly recovered,on
charged plates and very near the beam action area(small)? or
must be carried by one ionized gas,to drive metal species .
The life time of induced ionization is short to hope to

drive atoms on Plates because the recombination is slmost
imnediate,for gf- values Nie2life time forNis2 are I0-G to 10™8

see part 2.01 page 20.
We estimate that electron beam source is not technically

adapted to the ionized vapour deposition,in this case,the
maintaining pressure at 10’74torr seems difficult,for one
industrial apparatus in space.

The metal ion deposition appears as interesting basic concept,
but one needed to get one ionized gas before deposition,and
the time life of ionized species recombination is too short,
again one important natural pollution is possible near the
Pressure baffles,decreasing the output of the electron

beam source.

+ some em® . o/en
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improvement possible:

Increase pressure,to approach the P.L.T.E,and the temperature,
therefore the densities,to obtain the ionized gas useful and
able to be treat by the metal ion deposition procedure.

Therefore to introduce one ionized gas from one choisen plasma.
The oxygen ion recombination cause no problems ,because if one

chotse one reducting gas( Ar+ H2 p %) see part 5.0 .

Also as in process I one can utilize one M.G.D recycling to
avoid losses,and increase the homogeneity of the species inside
the ionized gas.

Discussion on the process 2:IONIZATION/ELECTROMAGNETIC RECOVERY.

We agree in the almost totality with this basic concept,because
he takes place in the near realm of plasma procedure,proposed
in this report,but the ionized gas from electron beam source
proposed before electro-magnet entry is discussed as in the
process II,plasma generated must be more pertinent and
competitive method.

The same discussion for the 0+2 recovery,with one reducting
plasma gas.

_ The same discussion as in process II1 for the recycling.

The energy coast may be considerably reduced if the 0+2 recovery
is partielly avoid.

Conclusion:

The proposed processes seems to0 us interesting basic concepte
but the tendency expressed in the studied sproach strongly

the plasma engineering as we have discussed .

o/oo
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