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Activation of Lunar Dust via Grinding
and UV lIrradiation
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Lunar Dust Reactivity

¢ Activation of Dust: micro-meteorite impacts; UV
radiation; solar-wind particle impacts

¢ No passivating atmosphere; 10-'2 torr

¢ Active Dust: create reactive species in lungs or
humid environment

¢ Monitor production of reactive species
4 Determine methods of deactivation
4 Need method to reactivate lunar dust on Earth

¢ Lack of pristine reactive lunar soil

¢ Major causes of reactivity
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Quartz Activation by Grinding

Grinding quartz: electron spin resonance (ESR) 7

characteristic of Si- or Si-O- radicals

Increased grinding = higher signal —
Decrease in Si-based radicals in air

°
RELATIVE Ipp
o

Half-life ~30 hours; at 4 weeks = still 20% signal 7 8 2

Time{Dava)l

 Ground quartz + H,O = OH- in aqueous )
solution produces OH radicals ) \

» Air = Decrease in Radical production

. Half life ~ 20 hours | TR

V. Castranova, Environ. Health Perspect. 102 (1994) 65-68. Timugtay
V. Vallyathan et al., Am. Rev. Respir. Dis. 138 (1998) 1213-1219
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+ H20 —= (HO);Si Quie Si + OH*
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J. Narayanasamy and J.D. Kubicki, J. Phys. Chem. B 1709 (2005) 21796-21807




How Should We Monitor -OH?

* Fluorescence Spectroscopy
— Can also provide quantitative analysis

— Large number of chemical sensors already in
use for other systems

— Need to determine correct probe
» Electron Spin Resonance

— Provides quantitative measure of radical
production

— Equipment is costly and bulky




Fluorescence

Monitoring Hydroxyl Radical Production

COO- cCOO-
OH
HOe
O >
COO- cCOO-
Terephthalate 2-Hydroxyterephthalate

(non-flurorescent) (fluorescent) :



Sample Si0, |AlLO; [TiO, |FeO |MnO | MgO |CaO |Na,O0 | K,0 |P,0;
JSC-1A-vf, 488 (157 |[1.49 (8.88+|0.19 (848 |[104 (293 |0.81 |0.66
% oxides 1.71%

Fe,O,
Apollo 16 44.7 | 27 0.56 |549 (0.7 584 (159 (044 (0.13 | 0.1
Soil (62241),
% oxides
I./[FeO =100
Min-U-Sil 99+ | <08 (<01 <01 |0 0 0 0 0 0
Quartz, Fe,O;

% oxides
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Emission Intensity
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Effect of Grinding Time

¢ Grinding: produces higher
number of silicon-based radicals
in ESR spectra

¢ Grinding time: direct effect on
hydroxyl radicals produced

¢ Grinding: increase in hydroxyl
production for lunar simulant and
quartz with increased grinding

¢ Grinding: Apollo Soil

greatly increases *OH
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Size Distribution AFTER Grinding
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Soil Chemistry and Maturity

= = = | =
loztivate  HIATIMATE : Highiamis]
Sample | 15071 15041 71061 79221 67461 67481 61141 62231 62241
I/FeO 52 94 14 81 25 31 56 91 100
SiO, 45.9 46.4 39.8 41.7 44.6 44.6 45.0 45.0 44.65
TiO, 1.81 1.83 8.76 6.39 0.35 0.44 0.59 0.60 0.56
Al O, 13.1 13.5 10.5 13.5 . 28.4 28.1 26.3 26.3 27
Cr,0, 0.41 0.41 0.48 0.37 0.08 0.10 0.12 0.11 -
MgO 11.3 10.8 10.5 10.3 4.46 491 6.39 6.20 5.84
CaO 10.3 10.3 9.90 10.8 16.5 16.2 15.3 15.4 15.95
MnO 0.19 0.20 0.24 0.21 I 0.06 0.06 0.07 0.09 0.7
FeO 14.9 14.2 17.5 14.0 4.24 4.38 4.80 4.87 5.49
Na,O 0.37 0.41 0.41 0.41 0.40 0.43 0.43 0.43 0.44
K,O 0.13 0.19 0.09 0.09 0.06 0.06 0.11 0.12 0.13
P,04 0.18 0.21 0.06 0.07 0.04 0.04 0.06 0.07 0.1
SO, 0.12 0.13 0.15 0.19 | 0.06 0.04 0.09 0.09 -
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Effects of Nanophase Iron
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Effects of Dust Source (Highland vs Mare)
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Effects of Dust Source (Highland vs Mare)
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Effects of Maturity on Reactivity
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REACTIVITY: Effects of Surface Area
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Deactivation of JSC-1A-vf

N 0.95- Humidity = 50%
:t_,g o [dust] =4 mg/mL

= — T ™ 2 hours
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Lunar Soil is Highly Activated by Grinding;
Dependent upon Soil Maturity and Locale.

RECALL: I_/FeO is Measure of the Amount of NP-Fe
in a Soil Relative to the Total Iron as FeO.

LUNAR SOIL ACTIVITY IS A DIRECT FUNCTION
OF AMOUNT OF NP-Fe PRESENT.

Fluorescence and EPR can Measure Soil Activity;
Fluorescence can be Quantified.

, Keller has Stated that in Mature Soils
Most Soil Particles are Glass + NP-Fe Coated;
Passifier of Grinding-Produced Dangling Bonds??
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B Test1
® Test?
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m 4h deactivation (JSC-1A~vf)- 3.8 mg/mL

® 96h deactivation (JSC-1A-vf)- 3.8 mg/mL
A 20h deactivation (JSC-1A-vf)- 3.8 mg/mL
v 24h deactivation (JSC-1A-vf)- 3.8 mg/mL

& Apolio 16 (62241) - 1.2 mg/mL




Unground (Vacuum)

Ground (Vacuum)

Deactivated-24 hours (Vacuum)
Unground (Atmosphere)

Ground (Atmosphere)
Deactivated-5 hours (Atmosphere)




—— Grinding (10 minutes)




Summary

Hydroxyl radical production in solution a measure of reactivity

Both EPR and fluorescence used

— Further EPR - 02/10

Reactivity by grinding: lunar dust > simulant > quartz
Reactivity: Mare > Highland
Reactivity correlated with maturity (np-Fe concentration)

Deactivation tested (50% RH, 25 °C)

— 50% of initial reactivity ~ 2 hours for lunar dust simulant and ~ 3-4 hours for lunar

soils

UV radiation leads to hydroxyl radical production

— UV less efficient than grinding
34






