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[2! 3] Schematics of the vapor phase pyrolysis
from lunar regolith
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[E 2] Lunar development technology comparison

Lunar explorer TRL9 Apollo/Artemis Missions Lunar manned exploration

Sanders, 2018; Schliter Production of 10 tons of oxygen per year
Resources extraction TRL5~6 | and Cowley, 2020; Linne | Demonstration of ISRU with 6 m diameter
USA etal, 2021. chamber for Mars

Demonstration of construction material
Construction material TRL5 Clinton Jr, 2022 from lunar soil in a zero-gravity
environment at ISS

Lunar explorer TRL9 Chang’E Missions Robor exploration Lunar soil return
Extraction of oxygen from lunar soil
China Resources extraction TRL5 Shi et al, 2022 through melt electrolysis of CaCl, in an
electrolytic bath
Construction material TRL3 Ding et al, 2018 Laser sintering with 3D printer
Lunar explorer - - -

Research is in progress to extract oxygen

Europe Resources extraction TRL 4 ISECG, 2021 and metals from lunar soil
Construction material TRL5 Fateri et al, 2019 Solar sintering with 3D-printer
Lunar explorer - Danuri Mission Lunar orbital exploration
Korea Resources extraction TRL2 U™ E, 2013 Research ﬁguﬂeérsg:ﬁgﬁfen binary
Construction material TRL 4 Kim et al,, 2021 Microwave sintering
Lunar explorer TRL9 LUNA Missions Lunar exploration
Russia Resources extraction - - -

Construction material - - -
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[32! 4] (a) Lase sintering machine, (b) Regolith/Polymer 3D printer, and (c) Block synthesized by
microwave sintering
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[22! 5] Construction method on the moon (a) using laser sintering
technology and (b) with sintered blocks

HalizoilM 88 T7|
Soll dHEZRE] L
2laiLh=ol o
ChangE-50{|A] A[SHEl At
2 CaClz THZR0|M EHE
8 M7|28ll510] COE
5, O|E CHA| TH7|238H5

v

HI
ol
IE

5
o
A

C

o2 o

I
0|'-|
ol
32

B

t

]
0x -|>|'
[ 1

e

= 2

AAS U9iCt E8l X O

SIVIN=M €88 ollgo|H, RE

=2o=

1 2ME 0ol 0| St S
£0{ ISRU-DM ZZHES Saff &
Q5+ o117} RIBHE| 11 QICH QIET} H=E £ Ql= J|X|2 AM
17| 2lsH EHL 7 7 =7 Stet517] 04 Z0(0, 240 mm120 mimx
50 mm 37|9| SEX|ZT0|| AT5I100 T Q|ol|E Clokst Al 228 Rxster| ATt Dox
Ol {utS WOk S CHSOIT FHE AZE SRS S85101 2 7|X|S 27| I8t S o7 T F0|

CHOE! 50)].

dO|C}. SAlOf i._% t.'i%% ’é%%* of

el storst
”4EE$E1 A

A
"~

ng

i SiLiel MEHE 93714 YTl 2{AOKE LUNA ZRHYES S3) AF MY AT HS 2o Hijn
0f2| EfAf 7148 A5 OEOICE Ci0 SESTRL| PROSPECT Z2HESt O175101 LUNA 278
B 2 IR0 L) & Q15 75 I3t KIIEAIS Al Aol

4.2 24| Bigt

2022 LIZS YA MEB5H0, 2 B A=A CHRE|S 22 A0} 2RiCE 0] CHe2|0l= B &1EX]
SH BMS ISt Dol FHH2}, RFQIE U AREH|, 2 B X1 BIAIE 9IS 240K 247|, 29|
M 1ol ¢ CIQFSH S-TH|7H &EE|0] QUCE oHX|ZH017s| R2|Lizh=

0_11‘1 2 7 7|to| &SI St SRl CHE | o
2 MLt E3] A0l A= OF=| 0]2] &&0| of24, &
Xt &g EXtof| A=FHo|ct orxl'a E|2 gt |01§*u1I0I*7r67H°I S YRR Hoks
T HX|XIAEES 2ot ZHE 152 2l HX(XIIEE 7|=0]| Chst 171E 23 SOo|Ck

A Of|M L ISRUOH| CHSH 4717t ZIg=| 1 QICt @%EHE*MIME E2|0] HQIG
HMMZEE 0|2510] 3D Z2IE| 7|2 2 J[X il
ISRUZ A4t 7Hs 5t HIEH A O BRI ZTIR|0f EJ%J ATE 3 S|k,

E
2
el
rok
Q
-1
(]
H
o
_ql_-
k1
30 12
i)
I
ox
jlm)
g'l_l
El
k=)
>
rir

SHER|ZRIRIOITRIS SEXIIHHIEIS AlA510] NASAS} E21S 5171 IO, 20221 WALt <
HEM CHRE|0fl= SR AR LU0|A] JHeksH ZHEM 2247 |(KPLO Gamma-Ray Spectrometer)

7HEHI=|0] Tt 20t 227 |= 2o| fla Y XY 2 E E0lsh= JFE 20 QUL Ol= & EfALL
Xt SH7H AR A=Z0|22, CHre|2RE 2 HE=E "S.*rwxl *.J’éi g UL ':Oil OQ‘MI

& 7tsoItt E20] X|QER|HE 288

mE
Y
nx
=
HU
2
Fo'T.
r_l.l.
-1
|.|-|
[l
og
_o'h
[
30
ful
|-H
o
[%l
ook
O



LFEATRA0A LS DA FHH[EE LUTI(Lunar Terrain Imager)?} CH+2[0l| Z=z|0] 515 SHEX|
X

£ 23 ol o|nd, sl LY, E2t=0 ST FX| S, RF 20| W RAER|f 25t 7|

rol
H
i
nx
~
>
e
Eh
[0
=2
>
rir
a
m
>
i
4o
o
ra
Bt
>
Ral
ry
Mz
fjo

37|0|0{ RUSHH 2HES} Z+2 O|A|
QXIS E1 7HSE! 4 Q0| Hot QARG SHAS DALE 4= QI E MA|El TS TIZHH(Dirty Thermal
Vacuum Chamber)E 755101 28 S0|CHI 2! 7] X2t = Xtgle| 222 Slelstn A= ot=C| 0f

@ 38t YEE MBI Eol SRHET[EATRI2 KLS-12 0|&5101

7|=E ¢85 MMz NXV|=
[32! 6] (a) KLS-1(Ryu et al., 2018) and (b) Blocks synthesized o Jun
by microwave sintering from KLS-1
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[32! 7] Dirty thermal vacuum chamber in Korea institute of
civil and building technology
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[32! 8] (a) Solar sintering with the Solar light, (b) The artificial sunlight sintering machine, and
(c) Sintered material from KLS-1 by Solar sintering

L
B DA AAE
(2 kW R=R1*2)
S
Y .

——

(b)

CONSTRUCTION TECHNOLOGY REVIEW SSANGYONG __ ZiM7|& |48 27



Lt CHY [Se o= Qlsl Z &5t OfAX| Z=ARZ} 01219 QISENFE AlAH 3 3D Z2IEE 755101 &8

2 FIgskn QT 8, SR7IA SRl SRl S Rl0| atslo] Holl HEBTIS PSP

28

x
ro
I
ot

f
nlo
]
0
ol
N
f
ot
re
>~
bl
F@

o
0
J

248 71&0|| CH5to] MESISICE Hols 22 =
FE YFAPI= AO| 7HS3IC,. EEBt SRR

&
5109 SXIRAE 7[=2| 7| =Hel 7It.'_f% %*—’F— It =, A, —’.‘—_’t E.”—.‘ S= At

S IO  RACH. E)\IOiI olMIE™ OHHIH AE HfHHol = &S

Lt SEX|2HAHY FE7 |22 0{H5| SHsts 2800 EEHK| R, 71 7|e JA thiREz A

H AHE TSOLX|= Zot ULt Mh2tM &% X1l £571£2| 282 0|1 HERIYE thi2=2
.

HIESEALE 714 XHHIE 3D Z2IE 7|&S Sd

B, SIX|RIRIES 7142 HoI M OFLIE} 8% Wil 2 5 SOl Chfet #AOIME R85k &
82 7|0ICk ufehy, 8% T 7IXIS FEV|X|2 50 AIRIE LT 2ol o) B4soz My

3lioF e 7[£0|22, YR X0|ME 2Tt X|J0| HeE A2 EolCt

01. Hong, S. and Shin, H.S. (2018), Trend Analysis of Lunar Exploration Missions for Lunar Base Construction.
Journal of the Korea Academia-Industrial cooperation Society, Vol. 19, No. 7. pp. 144-152.

02. ISECG (2021), In-Situ Resource Utilization Gap Assessment Report, research report, USA, pp. 1-124.

03. Ju, G. (2016), Development Status of Domestic & Overseas Space Exploration & Associated Technology.
Journal of the Korean Society for Aeronautical & Space Sciences, Vol. 44, No. 8, pp. 741-757.

04. Kim, JS,, Jung H. and Kim, J.H. (2013), State of the Art in the Development of Methane/Oxygen Lig-
uid-bipropellant Rocket Engine, Journal of the Korean Society of Propulsion Engineers, Vol. 17 No. 6, pp.
120-130.

05. Leonard David (2016), Moon village’ planned by European Space Agency, Space.com.

06. Li, C, Wang, C, Wei, Y., and Lin, Y. (2019), China’s present and future lunar exploration program, Science,
Vol. 365, No. 6450, pp. 238-239.

07. Linne, D.L,, Sanders, G.B, Starr, S.0, Eisenman, D.J,, Suzuki, N.H,, Anderson, M.S,, OMalley, T.F., and Araghi,
KR. (2017), Overview of NASA technology development for In-Situ resource utilization (ISRU), Proceed-
ings of the International Astronautical Congress, IAC, pp. 10372-10381.

08. National Aeronautics and Space Administration (2012), The Lunar Sample Compendium, National Aero-
nautics and Space Administration. Available at: https://curator.jsc.nasa.gov/lunar/lsc/.

09. NASA Public Affairs Office. (1969), Apollo 11 Press Kit.

10. Ryu, B.H. (2022b), Research Trend and Engineering Approach on Extraterrestrial Soil Sampling Technolo-
gy. Journal of the Korean Geo-Environmental Society, Vol. 23, No. 7, pp. 11-20.

11. Sanders, G.B. (2018), Overview of past lunar in situ resource utilization (ISRU) development by NASA, in

European Space Agency (ESA) Workshop: Towards the Use of Lunar Resources.

12. Schliiter, L. and Cowley, A. (2020), Review of techniques for In-Situ oxygen extraction on the moon, Plan-
etary and Space Science, Vol. 181, No. April 2019, pp. 104753.

13 8h=2 7147 |51 (2021), FetAd etd 16 lz=at 3 TRL6 Olat= I8t
21-074, AFETN,

1z
1o

&7 1& 7HE (VI), 47|14





