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     Introduction:  When NASA pivoted away from the 

Moon in 2008, much of the lunar In Situ Resource Uti-

lization (ISRU) research was shelved.  However, with 

the Agency’s renewed lunar interest, long-abandoned 

research has begun anew, including work associated 

with lunar regolith enrichment, or beneficiation.  In 

addition to oxygen and water necessary for human life, 

resources are needed to build habitats, landing/launch 

infrastructure and to provide radiation protection. 

Many of these needs can be addressed using regolith 

already present on the surface, as it contains sufficient 

minerals and metals oxides to meet the requirements. 

However, before processing the regolith, it would be 

most cost and power effective if the regolith could be 

enriched for the mineral(s) of interest. This can be 

achieved by electrostatic beneficiation in which tribo-

charged mineral-particles are separated out and the 

feedstock enriched or depleted as required.  

 

     Background: Lunar regolith is a product of eons of 

volcanic activity and micro-meteoritic bombardment, 

resulting in a covering of fine dust composed of miner-

als containing oxides of major metals such as alumi-

num, iron, titanium, magnesium, and sodium as well as 

oxides of elements such as silicon, calcium and potas-

sium.  These elements are present in minerals such 

anorthite, olivine, spodumene, ilmenite, and various 

feldspars and glass agglutinates[1]. In addition to struc-

tural uses of lunar regolith, there are several chemical 

processes capable of extracting oxygen from the rego-

lith including molten oxide electrolysis and hydrogen 

reduction [2]. Whatever the application, building mate-

rials or water and oxygen production, different concen-

trations of the composing elements are required, and 

considerable cost in time and energy would be saved if 

the desired minerals were more highly concentrated in 

the feedstock before processing. In the case of oxygen 

production, the mineral ilmenite (FeTiO3) is of interest 

as it is more energetically favorable for extraction [3], 

[4]. Hydrogen reduction of Ilmenite has the pot 

ential to yield up to 10.5% oxygen [5] and therefore, 

enrichment of ilmenite in the lunar regolith feedstock is 

desirable. 

Triboelectrification and electrostatic beneficiation 

of minerals using a parallel-plate separator is a well-

known technology successfully used to separate coal 

from minerals [6], quartz from feldspar, phosphate 

rock from silica sand, and phosphorus from silica and 

iron ore [7].  Lunar regolith, with its lack of moisture 

and low electrical conductivity and dielectric losses, is 

an ideal candidate for triboelectrification and electro-

static separation.  

 

     Previous Testing Reviewed:  Tribocharged benefi-

ciation testing initiated in air using NU-LHT-2M simu-

lant, followed by similar testing in lunar vacuum condi-

tions.  Additionally, reduced gravity flights in atmos-

phere were also conducted using lunar simulants and 

similar electrostatic tribocharging materials.    With 

favorable results achieved in air, in vacuum and in re-

duced gravity using lunar simulants, testing progressed 

to include evaluation with Apollo 14 and Apollo 17 

regolith.  Summary results of electrostatic beneficiation 

of lunar simulants and actual Apollo regolith are pre-

sented in which various degrees of efficient particle 

separation and mineral enrichment up to a few hundred 

percent were achieved. Synopsis data presented serve 

as a starting point for reinitiating beneficiation re-

search. 
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