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Highlights

. Water extraction

experiment from hydrous
regolith simulant was
succeeded in Japan

. The Water recovery rate of

the experiment reached
85% with microwave
heating



;%)\‘A Introduction

Hydrous regolith is likely to be present in the permanent
shadow of the lunar polar regions in the form of ice.

To reduce the cost of transportation and increase the
sustainability of space exploration, propellant production

using this resource on the Moon is being considered.
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;%)\‘A Introduction JGG

Water extraction from lunar icy regolith is regarded as one of the
key technologies for the following reasons.

« Technology that has not yet been operated on Earth
« Essential technology for the utilization of water resources
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Research Purpose

« Demonstrating a method for separating water from a sample
mixture of water and regolith simulant

« Obtaining the characteristics of the heating method to improve
the extraction process
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Method -System-

The ConOps of this experiment is to collect water in the hydrous
regolith simulant by manipulating the state change of water
with heat.

®The remaining gas,
mainly impurities, is discharged

vapor (= rough purification).
e ' -
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O( o0 ice
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(extraction by (capture by
sublimination) deposition)



Method -System-

The overview of the experimental apparatus is the following.

The samples are heated in a vacuum chamber that simulates
the space environment, and water is collected in a cold trap.

vacuum
chamber
for

decompression




Method -Heating-

For the heating process, 3 methods were compared and
electric heating wire and microwave were elected.

- e Mm_

Simplicity
Precision of A O X
temperature control
Conversion efficiency 2 25% X 15-18% O 80-90%
to heat Breakdown Breakdown Breakdown
Sunlight—->Electricity: 25%  Sunlight—>Electricity: 25%  Sunlight—>Heat: 80-90%
Electricity—>Heat: 100% Electricity—>Microwave:
60-70%
Microwave—>Heat:
100%(*1)
Usability at night O O X
Uniformity of heating X O X

*1 in case sufficient heating path length can be secured.



Method -Heating-

For the heating process, 3 methods were compared and

electric heaing wire and micwave were elected.

' Electric Heating Wire i Microwave m

Simplicity O

Precision of X
temperature control

Usability at night X
Conversion efficiency | 2 25% X 15-18% O 80-90%
to heat Breakdown Breakdown Breakdown

Sunlight—->Electricity: 25% | Sunlight—>Electricity: 25% | Sunlight—>Heat: 80-90%
Electricity->Heat: 100% Electricity=>Microwave:

60-70%

Microwave—>Heat:

100%(*1)

Uniformity of heating \ X O X

*1 in case sufficient heating path length can be secured.



;%)\‘A Method -Sample- JGG

There are multiple ways to prepare samples because the
state of water resources on the Moon is still unclarified. Since

it was the first time, the following simple recipe was used.

@ Heating regolith simulant for 6 hours
to remove the unnecessary
contained water and impurities

@ Mixing regolith simulant with the
aqueous solution of impurities

® Freezing samples in the freezer

@ Pouring liquid nitrogen over the
samples until they no longer boil,
and cooling to approximately -196°C




;%)\‘A Method -Sample- JGG

Impurities were also mixed to simulate lunar water resources.
They were selected based on the data from the LCROSS mission.

Methanol and ammonia were chosen for the following reasons;

* Not present in the atmosphere and thus less susceptible to
atmospheric effects

« Difficult to purify and have a big impact on downstream purification
equipment.

Category |

be miscible rather than dissolve as a solute  CH,0OH

dissolve in water mainly as ions NH; H,S SO, CO,
dissolve without ionization C,H, CH,
A. Colaprete et al (2010). Detection of Water in the LCROSS Ejecta Plume, 11

Vol 330, Issue 6003, pp. 463-468, ISSN 0036-8075.



Result JGG

AP

« Water with impurities was extracted from samples by

2 heating method

* During the 1st ex
amount of regolit

s, electric heating wire and microwave.
periment with electric heating wire, a large

N was mixed in due to unfamiliarity with the

operation, but during the 2nd experiment with microwave,
almost no regolith was mixed.

15t experiment with |
electric heating wire ™38

2nd experiment with
microwave



?%’\‘A Result

« The water recovery rates are 85.4% for microwave and
22.75% for electric heating wire.

« The process of extraction was also found to be purify
Impurities such as ammonia and methanol.

_____________|Microwave | FlectricHeating Wire

Water recovery rate[wt%] 85.4 22.75
Added to the simulant [g] 11.6 11.6
Ammonia Extracted with water (extraction rate) [g (%)]  0.35 (3.0%) 0.13 (1.1%)
Concentration in the extracted water [mg/L] 2,062 2,795
Added to the simulant [g] 5.6 5.6
Methanol Extracted with water (extraction rate) [g (%)]  0.22 (4.0%) 0.04 (0.7%)
Concentration in the extracted water [mg/L] 1,307 876
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;%)\‘A Discussion JGG

In the case of the electric heating wire, the recovery rate was
low because the operation proficiency was not enough to
extract until the end of the process. The history of samples’
temperature shows that samples could be heated even
though they have low thermal conductivity.

History of sample temperature and chamber pressure
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%’\‘A Discussion JGG

In the microwave experiment, the history of pressure and
temperature shows that extraction has occurred up to the

area circled in red.

History of sample temperature and chamber pressure
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:%)\‘A Discussion JGG

In terms of the uniformity of microwave heating, it was
found that only 1~2°C of unevenness occurred in the depth
direction up to a depth of 10 cm. In the horizontal direction,
a difference of about 10°C was observed.
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7%‘*'4 Conclusion JGC

« Water with impurities was separated from samples of water,
Impurities and regolith simulant frozen mixture in a vacuum

e

nvironment by heating with electric heating wire and

microwave.

. T

. T
0]

https://www.ac-illust.com/

ne recovery rate of water by microwave heating reached 85%.

ne temperature characteristics of microwave heating were
tained.

This study will be continued with various
parameters comparing heating methods.

The results of these experiments will be
utilized in the overall system for the ground
demonstration and the future operation.
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Future Work & Questions

« Studying methods of producing samples of lunar icy regolith

- Which of the following methods can be considered appropriate as the
existing state of water on the Moon?

Mixing water and freezing / Mixing frost / Spraying water on cooled
regolith and freezing it

« Are there any other production methods?

« Brushing up experimental methods

« Are th?ere any measures to reduce the contained regolith in the extracted
water:

« How can the amount of unrecovered water and volatile impurities be
measured?

- How can the efficiency of heat transfer from the electric heating wire to
the regolith be improved?

 Investigating effects of impurities
« What should be employed as impurities?

18
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