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Research Goal: To develop and demonstrate an advanced thermal mining
technology of 1 kg ice collection prototype in approximately 11 hours from icy
lunar regolith that integrates engineered

I. Extraction (thermal drill and capture tent)
ii. Vapor ionization and transportation
lii. Re-collection of water vapor using pulsed delamination of ice on an

engineered cryogenic heat pipe
Iv. System-level scale-up analysis of the proposed

thermal mining technology
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lonization Methods

(DC) to ionize sublimated water vapor through electron impact ionization.

* RF lonization: Utilizes Radio Frequency (RF) excitation with Alternating
Current (AC) to ionize water vapor through resonant excitation.

« Magnetic Trap with Hollow Cathode lonization: Combines a Magnetic Trap
(MT) with DC hollow cathode techniques using magnetic fields to enhance
water vapor ionization.

DC electron source DC with Magnetic Trapping

o High energy electrons RF electron source o High energy electrons
o One pass through o Low energy electrons o Multiple passes through
sublimating vapor o Multiple passes through sublimating vapor

sublimating vapor
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DC Hollow Cathode Schematic

« Liquid Nitrogen (LN2) is used to cool the chamber (-120 K).

« DC Hollow Cathode to ionize sublimated water vapor

« Argon gas used to create plasma for ionization

« Langmuir probes used to measure electron temperature

 Positive and Negatively charged copper plates to repel and attract ions

Hollow
Cathode
Electron
Emitter

Langmuir Probes = % | Front View

Negative Plate

Hollow Cathode

Electron Emitter
A Hollow

& Cathode

Wl Electron

B\ Emitter
P, Rear View

Regolith Heater

TFAWS 2023 — August 21-25, 2023 4



\

2 Radio Frequency Schematic Ash

* Liquid Nitrogen (LN2) is used to cool the chamber (-120 K).

« Tungsten electron emitter is used for electron impact ionization of sublimated
water vapor

 Alternating Current (AC) to excite the water vapor molecules and initiate
lonization resonantly.

« Langmuir probes used to measure electron temperature

 Positive and Negatively charged copper plates to repel and attract ions

 Thin film heater to simulate sublimation method

Langmuir Probe Cold Plate

| Langmuir Probe \
Electron Emitter L J

Ice Collector ’ :
Negative electrode ‘

Positive
Electrode

l Power electrode
Negative ’
Electrode

Ground electrode

Dl-water ice

I

2 N Thermal
l} _ . ‘ Vacuum
: . Chamber

Lunar Regolith
Simulant

TFAWS 2023 — August 21-25, 2023 5



. \ MT Hollow Cathode Schematic NQSA

« Liquid Nitrogen (LN2) is used to cool the chamber (-120 K).

« DC Hollow Cathode to ionize sublimated water vapor

« Argon gas used to create plasma for ionization

« Helmholtz magnetic Coils used to create magnetic field

« Langmuir probes used to measure electron temperature

 Positive and Negatively charged copper plates to repel and attract ions
 Thin film heater to simulate sublimation method
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Data Analysis

ViV, NpTely Nomenclature:
1.Te = Il 8. Nymr = 1. Electron Temperature (taken

TLE mfp . P (a e

2eT " from graph)

_ 1/2 _n : :
2. Ve = (m )Y 9. %ion = #(100) 2. Electron Velocity(derived
e v
] (ﬂ) from Te)

3. ] =Ag*xT" xe\eT 3. Current Density

4.7, J 4. Electron Density
e(ve) 5. Water Vapor Density
2. Ny, = vanv 6. Mean Free Pass
1 7. Number of Passes
6. Amsp o(ny) 8. Water lon Density
l 9. Percent lonization
7. N, = erle
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Conclusions

The Magnetic Trap method, utilizing the hollow cathode in conjunction with
magnetic fields, demonstrated superior ionization efficiency compared to
the RF and DC methods. This suggests that combining magnetic fields
with the hollow cathode technique enhances the probability of ionizing
more sublimated water vapor particles.

The Magnetic Trap method displayed an increased ionization rate due to
the ability of magnetic fields to control the movement and confinement of
lonized vapor. This interaction between the magnetic field and the
electrons within the trap contributed to a more efficient ionization process,
resulting in higher percent ionization.

The experimental data revealed varying percent ionization rates for each
method, with the Magnetic Trap exhibiting the highest efficiency in ionizing
sublimated water vapor. The RF method followed closely, while the DC
Hollow Cathode method showed slightly lower ionization rates.
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