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The Significance of Dust: Dust studies have al-

ready been identified as crucial components of mis-
sions to the Moon, Mars, asteroids, and Mercury over 
the next decade [1,2]. Detailed study of the physical 
and chemical nature of the fine particulate portion of 
regoliths of planetary bodies is a key to understanding 
micrometeorite bombardment and the nature of re-
golith formation [e.g., 3]. 

The Problematic Nature of Dust: During Apollo 
landings, extensive locally-induced stirring of the re-
golith caused dust to be suspended long enough to 
come into contact with conducting surfaces [4,5]. Dust 
behaved like abrasive Velcro: it adhered to everything 
and attempts to remove it by simply brushing did not 
remove fines (<10 µ) and resulted in severe abrasion. 

Lunar fines, because 
of their electrostatic 
charging, were relatively 
difficult to collect in 
sample bags along with 
other size range parti-
cles. Within hours, seals 
were broken, samples 

contaminated, and portions of the samples, especially 
fines, lost [6]. Because of this difficulty, details on 
lunar dust are relatively sparse [7,8]. These issues must 
be resolved for future missions (4,5,6).  

The lunar regolith is 
an impact-generated soil-
like layer above bedrock 
dominated by particles 
ranging in size from cen-
timeter to submicron 
scales [7,8]. Extensive 
remelting generates abra-
sive shard-like particles 
which are highly irregu-
lar, angular, sharp, elon-

gated (1:3 axis length ratio), and with high specific 
surface area (8 times as much surface area as a popula-
tion of spheres with equivalent particle size distribu-
tion). Particles have reentrant hook-like projections, 
are highly anisotropic, porous, and compressible, 
aligning along long axes. Ten to twenty percent of the 
collected soil particles, called the lunar fines, or dust, 
are below 10 microns in size. Fines are systematically 
less mafic in composition, higher in silicic and felsic 
components [7,9,10]. Metallic iron abundance and 
magnetic susceptibility increase with decreasing grain 

size in mare soils [6]. A question remains as to how 
much variation in magnetic susceptibility is present 
among all lunar fines, including highland and mixed 
highland/mare soils, as well as non-lunar fines. 

The strategies initially implemented to deal with 
lunar dust failed [4,5]. A currently proposed strategy 
based increased magnetic susceptibility in lunar fines 
[6] may not work uniformly well for fines of non-
mare, or non-lunar, composition.  The successful strat-
egy will deal with dust dynamics resulting from inter-
action between mechanical and electrostatic forces.  

Electrostatic Nature of Dust: Fields, charged par-
ticles, and dust particle interactions on the Moon are 
complex, their interactions dependent on environ-
mental conditions and on the highly variable particle 
properties including size, shape, and composition, 
magnetic and electrical properties. Lunar fines shows 
low electrical conductivity and dielectric loss [8], and 
thus tend to remain electrostatically charged [11]. 
Greater illumination and temperature increase surface 
potential. Less mafic particles tend to have lower loss 
tangents and greater conductivity and are thus more 
apt to become electrostatically charged more quickly 
[11]. Electrostatic charging of the Moon occurs via 
interaction of solar UV light with the surface causing 
photoemission of electrons and interaction of the local 
plasma environment [12]. Charged dust grains are re-
pelled from like-charged surface or attracted to oppo-
sitely charged surface.  Surface charging on the day-
side is driven by photoelectron currents, resulting in 
electron depletion and positive charging of the surface; 
on the nightside, plasma electron currents result in 
electron accumulation and negative charging of the 
surface [13]. 

Behavior of Individual particles in the presence of 
plasmas or photoemissive surfaces have been studied 
in the laboratory. Colver [14] demonstrated that both 
highly conducting and dielectric particles larger than 
tens of microns in size can be charged and transported 
between two oppositely charged plates. Olansen et al 
[15] levitated particles against gravity, demonstrating a 
dependence on current independent of particle size. 
Many workers have observed the charging and levita-
tion of lunar dust grains, Horanyi et al [16] in the pres-
ence of an electron beam representing plasma and 
Sickafoose et al [11] in the presence of photoemissive 
surfaces. Cheng et al [17,18] have demonstrated that 
both increased surface roughness and particle irregu-
larity (elongation) decrease adhesion efficiency. 

Lunar and Planetary Science XXXVII (2006) 1128.pdf



 

Simulating Dust Behavior: Theoretical modeling 
of surfaces/plasma/dust interaction models [e.g., 
12,19,20,21] depend on parameters which are not fully 
constrained, and depend on simplifying assumptions 
due to the complexity of interactions [12]. Although 
foundational work on dust behavior in fields has been 
done [14,16,17,18,22] there is relatively little empiri-
cal simulation of dust behavior at payload surfaces 
within the context of surrounding non-conducting, 
dusty plasma/regolith environment.  

Our concept of regolith particle interactions with 
payloads on atmosphereless surface environments will 
be tested through performing empirical simulations of 
the interaction between solar wind, energetic plasma, 
regolith particles, regolith surface, and foreign (space-
craft) surface in a temperature-controlled vacuum 
chamber fitted with a UV source and electron/ion 
beams acting as solar wind and plasma. Input for the 
empirical simulation is based on theoretical and obser-
vational work in the laboratory and on the lunar sur-
face. We are creating a laboratory simulation of the 
changing of potential induced by solar illumination 
and plasma interactions, and the resulting electrostatic 
interactions, to learn how to control the potential of 
surfaces to repel or attract dust.  

Building a Dust Device: We plan to develop an 
electrostatically-based device to modulate the electri-
cal potential of conducting surfaces, hence to self 
clean exposed surfaces while collecting dust samples. 
We will demonstrate the impact of such a device on  
interactions of dust with a conducting surface in the 
environmental simulator. The laboratory simulation 
will act as a feasibility study for a laboratory ‘bread-
board’ self-cleaning device based on the use of com-
bined electron or ion beams [23]. The compact device 
would act as plasma dust sweeper with mass and 
power constraints of kilograms and watts, respectively.  
It  would scan a surface constantly to control its poten-
tial, and a plate of the opposite potential.  Our results 
will be compared to those available for other proposed 
dust mitigation devices.  
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Figure below is schematic of Environmental Simu-
lator (top) and Dust Mitigation Device (bottom). 
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