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Abstract: The construction of the lunar base is a preliminary mission goal for exploring the moon and outer space at
present. However, due to the high transportation cost between the earth and the moon, the base construction in future is
probably tended to adopt the way of "In situ resource utilization" which means the direct utilization of Lunar resources.
Lunar soil is an available resource everywhere on the moon surface. If it can be used effectively, the cost of the lunar base
construction will be greatly reduced. Therefore, in order to meet the needs of a large amount of raw materials for the lunar
base construction, various domestic and oversea scholars are carrying out various molding experiments using the real lunar
soils sampled by the Apollo space program and various simulated lunar soil samples prepared in various laboratories to
explore the possibility of in-situ utilization of lunar resources via utilization of lunar soil. Based on this, in this paper, the

progresses of domestic and international researches on the molding technologies and methods of simulated lunar soil have
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been generalized and summarized. The application prospective and possible challenges of these methods and technologies
on the moon have been discussed in detail based on the actual environment of the lunar surface. In addition, difficulties of
the transportation of large equipment to the moon and utilization of additional additives in the actual environment of the
moon have also been discussed. Moreover, results of the molding experiment on the Chinese prepared CLRS series of
simulated lunar soils and ilmenite powders by using the laser 3D printing technology have been introduced in detail. The
effects of process parameters of the laser 3D printing technology and powder prepressing technique on the molding of
simulated lunar soils by using laser sintering have been elucidated. The research on the sintering mechanism and
compositional evolution of the simulated lunar soil has been introduced in detail. Then the effects of sintering temperature
and environment, compositions, sizes, and granularity of simulated lunar soils on the sintering process have been
discussed. The importance of mechanism study on the molding of simulated lunar soil has been pointed out. The purpose
of this paper is to provide references for the development of researches on the in-situ utilization of lunar surface resources,
technology and mechanism of the molding of lunar soils in the future.

Keywords: the simulated lunar soil; molding; 3D-printing; laser sintering
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Table 1. Comparison of characteristics and drawbacks of the simulated lunar soil molding technology

A BT A W
o A R B4 B 0L — 7 , TSR K, 2SN hERIEH: H
T R e 1 o o T ik . e
BT IRG, ABLELS H S KR FHE R
o EMMEEAEASERI LR A RS R ER e, SRR R
WIRREIRIL o m s, L S
o ST B i, i 1 . R LM R, S 5 0 /1R B
st R e
be 1z D WEMERERICGRERRIE T IR R R
DI, SRR 1 — e IR
o T B A SRR T KT L N T R SIS, A B A B
WETSDHE A T
e DL A AR L % Pt R P, T B b L
W37, PRI A B AR R R 22 . 5B
KRS DKL % WP, Bl . TR A
BUBIXH R FO B WA Rt — BT 5
g RO RIS 7 . oL a1 R L e, A 20 H AR R
4, B EARS A b WA

5 HZwhE5REE

AFR R B S AR, BB NIRRT R e i fe, BB Se Pl ol A IR 2 R e, K
AL, BN HEREEM R BAR AT RE 2 75 B2 A BORBC & St BEAh, MR R 7 R
Ko DB R IR BEREAT RS T e 5 H BRI DUAF AEROR IR ZE, BRI J H B s A 45 14
PR RS, B DI B A R BRI S PR (HAE, XA T, 256 HarRkARoR R ek
R, WOt 3D FTENHORTT fE 2 BuE & H St R 17 5o LA, PR I WA I iR AL A0 3 R
BUEE, AU B2 3 BURAT A6 A ol BRER 4R SRR S, WP RERLE . e it DLIR H ARSI R
JEB A EE R S AR BOE T A A AR AL 53T, P EHRA TRNHES T, R
IESEHLE BN E AL BREE I S B AT B A, KT e 3 R k6 S LR

2 % X W

[11 LOVEGREN N. Chemistry on the Moon: the quest for Helium-3[Z]. 21st Century Science and Technology, 2014: 1-14.

[2] DUKE M B, BRAD R B, DIAZ J. Lunar resource utilization: implications for commerce and exploration[J]. Adv Space Res, 2003, 31(11): 2413-2419.

[3] *KkF, BKEHEIE, EHA, 48KE. HBERWIEANIE R 5% 4, 2004, 24: 14-19.

[4] SCHRADER C M, RICKMAN D L, MCLEMORE C A, et al. Lunar Regolith Simulant User’s Guide [Z/OL]. Available: https://www2.sti.nasa.gov.

[5] TAYLOR L A, PIETERS C M, BRITT D. Evaluations of lunar regolith simulants[J]. Planet Space Sci, 2016, 126: 1-7.

[6] SkARAR, ZEMERE, R, WIAE. 472 NEREEME CLRS-1 BLUA SRR FE M ATRHIEL]. 404 A BRI 22384, 2014, 33(1): 65-70

[71ZHENG Y C, WANG S J, OUYANG Z Y,et al. CAS-1 lunar soil simulant[J]. Adv Space Res, 2009, 43(3): 448-454.

[8] KA. ML AT 5 BRI R ST R AT IT (D). th BRI SRR GRERLZERTTEIT |, 2005.

[9] VANIMAN D, PETTIE D, HEIKEN G. Uses of Lunar Sulfur [C]//Second Conference on Lunar Bases and Space Activities of the 21st Century.
Houston, TX: Lunar and Planetary Institute, 1992: 429-435.



ERE R, S B SRR TR 57

[10] TOUTANJI H, GLENN-LOPER B, SCHRAYSHUEN B. Strength and Durability Performance of Waterless Lunar Concrete[C]/43rd AIAA
Aerospace Sciences Meeting and Exhibit. Reno, Nevada, 2005: 11427-11438.

[11] TOUTANJI H, EVANS S, GRUGEL R N. Performance of lunar sulfur concrete in lunar environments[J]. Constr Build Mater, 2011, 29: 444-448.

[12] GRUGEL R N, TOUTANIJI H. Sulfur “concrete” for lunar applications — sublimation concerns[J]. Adv Space Res, 2008, 41(1): 103-112.

[13] GRUGEL R N. Integrity of sulfur concrete subjected to simulated lunar temperature cycles[J]. Adv Space Res, 2012, 50(9): 1294-1299.

[14] DAVIDOVITS J. Geopolymers—Inorganic polymerie new materials[J]. J Therm Anal, 1991, 37: 1633-1656.

[15] MONTES C, BROUSSARD K, GONGRE M, et al. Evaluation of lunar regolith geopolymer binder as a radioactive shielding material for space
exploration applications[J]. Adv Space Res, 2015, 56(6): 1212-1221.

[16] ALEXIADIS A, ALBERINI F, MEYER M E. Geopolymers from lunar and Martian soil simulants[J]. Adv Space Res, 2017, 59(1): 490-495.

[17] KHOSHNEVIS B, KIM W, TOUTANII H, et al. Lunar Contour Crafting — A Novel Technique for ISRU-Based Habitat Development [C]// Reno,
NV, USA: 43rd ATAA Aecrospace Sciences Meeting and Exhibit, Aerospace Sciences Meetings, 2005: 7397-7409.

[18] KHOSHNEVIS B, THANGAVELU M, YUAN X, et al. Advances in Contour Crafting Technology for Extraterrestrial Settlement Infrastructure
Buildup[C]// ATAA Space Conference & Exposition. 2013.

[19] DINI E. Printing Architecture [M]// PHILIP Y, NEIL L. Fabricating the Future. Shanghai: Tongji University Press, 2012: 114.

[20] CECCANTI F, DINI E, KESTELIER X D, et al. 3D printing technology for a moon outpost exploiting lunar soil [C]//61st International Astronautical
Congress. Prague, CZ: International Astronautical Congress 2010. IAC-10-D3.3.5.

[21] CESARETTI G, DINI E, KESTELIER X D, et al. Building components for an outpost on the Lunar soil by means of a novel 3D printing
technology[J]. Acta Astronaut, 2014, 93: 430-450.

[22] BALLA V K, ROBERSON L B, O’CONNOR G W, et al. First demonstration on direct laser fabrication of lunar regolith parts[J]. Rapid Prototyp J,
2011, 18(6): 451-457.

[23] GOULAS A, SOUTHCOTT- ENGSTROM D, FRIEL R J, et al. Investigating the additive manufacture of extra-terrestrial materials [C]//Solid
Freeform Fabrication 2016: Proceedings of the 26th Annual International, 2016: 2271-2281.

[24] GOULAS A, BINNER J G P, ENGSTROM D §, et al. Mechanical behaviour of additively manufactured lunar regolith simulant components
[C]//Proceedings of the Institution of Mechanical Engineers, Part L: Journal of Materials: Design and Applications, F, 2018.

[25] TAYLOR S L, JAKUS A E, KOUBE K D, et al. Sintering of micro-trusses created by extrusion-3D-printing of lunar regolith inks[J]. Acta
Astronaut, 2018, 143: 1-8.

[26] FAIERSON E J, LOGAN K V, STEWART B K, et al. Demonstration of concept for fabrication of lunar physical assets utilizing lunar regolith
simulant and a geothermite reaction[J]. Acta Astronaut, 2010, 67(1/2): 38-45.

[27] ALLEN C C, GRAF J C, MCKAY D S. Sintering bricks on the Moon; proceedings of the Engineering, construction, and operations in space IV[C]//
Albuquerque, New Mexico: Proceedings of Space 94, F, 1994.

[28] TAYLOR L A, MEEK T T. Microwave processing of lunar soil[J]. Adv Astronaut Sci, 2004, 108: 109-123.

[29] NAKAMURA T, SENIOR C L. Solar Thermal Power for Lunar Materials Processing[J]. J Aerospace Eng, 2008, 21(2): 91-101.

[30] HINTZE P E, QUINTANA S. Building a lunar or martian launch pad with In Situ materials: recent laboratory and field studies[J]. J Aerospace Eng,
2013, 26(1): 134-142.

[31] JHLL, FHA, 2, 220, PRof. IR P bedt il & H BRI S MM R IE BAR )], 745441, 2009, 29(2): 229-234.

[32] Xu J, Sun X Y, Cao H Z, et al. 3D Printing of Hypothetical Brick by Selective Laser Sintering Using Lunar Regolith Simulant and Ilmenite
Powders[C]//The 9th International Conference on advanced optical manufacturing and testing. Chengdu, China: Proc. SPIE, 10842, 2019: 1084208
1-11.

[33] FORSTER D W. Mdssbauer search for ferric oxide phases in lunar materials and simulated lunar materials[C]// Houston, Texas: Proceedings of the
Fourth Lunar Science Conference, F, 1973.

[34] Song L, Xu J, Fan S Q, et al. Vacuum Sintered Lunar Regolith Simulant: Pore-forming and Thermal Conductivity [J]. Ceram Int, 2019, 45(3):
3627-3633.

[35] #Him. MR\ EEEM]. dbst: me T REE, 1997,



