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Abstract: The Lunar Mission has been affected by the different conditions from Earth, such as 
gravity, air pressure, temperature, lunar regolith, and others. As a part of the nuclear fusion project 
known as the mini sun on earth, Helium-3 is a fuel source from the moon. The clean energy will be 
used for extracting water, construction materials, fertilization, lunar agriculture and sustainable 
living. The ore processing and extraction require further study. The samples of lunar regolith 
investigated from the Apollo project have been used to create lunar regolith simulant from Earth 
resources in various locations, such as the USA, Europe, India, Russia and Thailand. The Thailand 
Lunar Simulant (TLS-01) in this research is reported with four parameters as physical properties; 
chemical composition, mineralogical characteristics, particle size distribution and the progress of 
mineral extraction by biomining methods. The results show that the basalt rock from Trad province 
can be used for the simulant material. The biomining can extract the necessary elements from the 
lunar regolith simulant, which are sodium, magnesium, iron, aluminum, titanium and silicon. 
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1. Introduction 

 

The Space Research Organization (SRO) in Thailand and the Geo-Informatics and Space 
Technology Development Agency (GISTDA) not only have been working on the remote sensing and 
technology development of satellites, but have also been developing space technology with other 
organizations, such as the contract for robotic technology for lunar missions [1]. The contract is under 
the Commercial Lunar Payload Services (CLPS) with NASA [2]. The lunar projects have been 
investigated in many ways, including “Lunar Mining”, for a better understanding of the basic and 
advanced geochemistry, science and engineering in the lunar environment [3]. Therefore, the lunar 
regolith that requires the smallest amount of resources from the Earth with the highest lunar 
utilization is a question of interest, as in this preliminary project. The lunar regolith is essential for 
the study of various related topics, but the lunar regolith quantity is small and has an expensive price 
[4]. The lunar simulant samples are the solution in standard laboratory tests, such as JSC-1 by NASA 
[5] and the Johnson Space Center, Lunar Highlands Simulant (LHS-1) by the University of Central 
Florida [6], FJS-1 by Shimizu Corp. for JAXA [5], LSS-ISAC-1 by ISRO and ISAC in India [7] and TLS-
01 by the Space Zab Company. 
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2. Literature Review, Materials and Methodology 

The space gravity conditions on the ISS have been successful for testing microbials for basalt 
rock sample extraction. The results found that microbial workings in space were no different from 
the laboratory conditions [8]. In this preliminary project, it is shown that Acidothiobacillus bacteria 
propagations can survive under the TSL-01 environment. Sulfur and water were added as microbial 
culture nutrients. The biomining work by the invisible miners, for 24 h without holiday and welfare 
under suitable conditions, can extract various elements from TSL-01 [9]. After the electrolysis of the 
elements from sulfate solution, the water and sulfur can be recycled to use for biomining again. 

The TLS-01 was prepared from the basalt from Trad province in Thailand, as shown in Figure 
1a. The physical properties are presented as density 1.065 g/cm3 and angle of repose 29 degrees. The 
main mineralogical classifications were 35.4% plagioclase, 23.5% pyroxene, 14.5% ilmenite and 20% 
quartz. The elemental compositions as related to the minerals were 15.7% Al, 2.795% Na, 6.833% Fe, 
3.7965% Mg, 4.381% Ca, 1.1557% Ti and 23.24% Si. The TLS-1 particle size was sieved under a 100 
mesh size. 

Acidothiobacillus ferrooxidans DSM11477[10] and Acidothiobacillus thiooxidans DSM14887[11] were 
cultured for this experiment. Over the 14-day-long leaching process, a microscope with 1000X 
magnification was used for observations every 48 hrs. The solute leaching liquid was filtered, then 
the filtered liquid was evaporated. The product crystals appeared after evaporating. The sample was 
tested by the X-ray fluorescence spectrometer. 

3. Experimental Results and Discussion 

The TLS-01 was clearly corroded on the plagioclase and pyroxene texture. However, the quartz 
grain articles had no effect on the medium. Some quartz grain fell off from the plagioclase fixation, 
as shown in Figure 1b. Some plagioclase particles were dissolved but the surrounding quartz crystals 
still retained the porous structure of quartz, as shown in Figure 1c. The corroded TLS-01 surface was 
shown to be almost a silicate crystal surface. It is quite clear that there was no plagioclase or pyroxene 
surface at 14 days, as shown in Figure 1d. Finally, the corroded particle samples were broken again, 
and the pyroxene texture was still found inside. Therefore, the fine particles or high surface area were 
the key to the leaching. 

(a) (b) (c) (d) 

Figure 1. The Thailand Lunar Stimulant (TLS-01) surface as: (a) the non-leached original TLS-01 
surface; (b,c) the hole on the TLS-1 surface, at 14 days; and (d) the leached TLS-01 surface at 14 days. 

The two types of microbial can survive in the TLS-01 with medium. Over fourteen days the 
medium was sampled under a microscope. The captured picture from the video provided in Figure 
2a presents the bacteria moving in video, bacterial shapes, bacterial density, bacterial velocities in the 
medium in video, bacterial size, the new crystal products as shown in Figure 2a–e, the medium color, 
the residual samples and the changing of the sample surface. 

The evaporated residual resulting from the paper filter passing liquid was analyzed by XRF. The 
elemental composition was 5.3% Fe, 3.03% Ca, 2.85% Al, 1.01% K, 0.3% Ti and 8.14% Si. The new 
product crystals found gypsum (CaSO4·nH2O) with the covering of other sulfate products, as shown 
in Figure 2b. The gypsum polycrystal with ferrous sulfate heptahydrate (FeSO4·nH2O), as shown in 
Figure 2c, and aluminum sulfate hydrate (Al2(SO4)3·nH2O), as shown in Figure 2d, and other complex 
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sulfate crystals were found in the dry products, as shown in Figure 2e. The residual particles on the 
paper filter after the leaching process were the TLS-01 particles and the fine quartz crystals. 

(a) (b) (c) (d) (e) 

Figure 2. The medium and the new products from TLS-1 biomining: (a) the microbial and the mineral 
crystal product in the medium; (b) complex sulfate-bearing crystals; (c) calcium sulfate dihydrate 
(gypsum) polycrystal with a single ferrous sulfate crystal at the left; (d) calcium sulfate hydrate 
complex crystals with two aluminum sulfate hydrate crystals at bottom-left; and (e) polysulfate 
crystals. 

In general, the bacterial oxidation on the sulfide minerals is caused by the attached bacteria 
leaching process. The non-contact leaching can degrade the volcanogenic mineral, also [12]. Next, the 
stability leaching process passed well, and the sulfate products appeared. After that, the bacteria can 
use contact leaching on the new products, such as gypsum. Then, they will use the cooperative 
leaching process. 

4. Conclusions and Future Works 

A. ferrooxidans and A. fhiooxidans can grow on TLS-01. The corrosion process of TLS-01 starts 
from the surface. The quartz particles are not eroded by the leaching. The evaporated liquid shows 
the sulfate products. The products are efficient to use in water extraction, building materials, soil 
nutrients, plant growing and cycle living in the lunar environment. 

Moreover, the sulfuric acid environment has a dehydrating property as it fixes the water 
molecules. The TLS-01 size reduction is caused by the corrosive effect from the acid, and the crystals 
forming in the small particle pores [13]. 

Directions for future work are the cyanobacterial culture for hydrocarbon methane production, 
the recycling of materials for bacterial culture, and the study of the other parameters of the lunar 
environment such as temperature, pressure, UV concentration, etc. 

References 

1. Rakwatin, P.; Sansena, T.; Marjang, N.; Rungsipanich, A. Using multi-temporal remote-sensing data to 
estimate 2011 flood area and volume over Chao Phraya River basin, Thailand. Remote Sens. Lett. 2013, 4, 
243–250. doi:10.1080/2150704X.2012.723833. 

2. Ma, L.; Xie, P.; Liu, D.; Wu, Y. Research on the influence of China’s commercial spaceflight on the economic 
and social development of the regions along the Belt and Road. New Space 2019, 7, 223–234. 
doi:10.1089/space.2019.0012. 

3. Siriluck, S. The Study of Lunar Samples from Apollo 17 and Lunar Mining Feasibility. Adv. Sci. J. 2020, 20, 
1–13. (In Thai) 

4. Taylor, L.A.; Pieters, C.M.; Britt, D. Evaluations of lunar regolith simulants. Planet. Space Sci. 2016, 126, 1–
7. doi:10.1016/j.pss.2016.04.005. 

5. Nakashima, H.; Fujii, H.; Oida, A.; Momozu, M.; Kanamori, H.; Aoki, S.; Yokoyama, T.; Shimizu, H.; 
Miyasaka, J.; Ohdoi, K. Discrete element method analysis of single wheel performance for a small lunar 
rover on sloped terrain. J. Terramech. 2010, 47, 307–321. doi:10.1016/j.jterra.2010.04.001. 

6. Stober, K.J.; Hernandez Lara, A.E. Conceptual Design: ISRU Moon Regolith Concrete and Construction 
Modules. In Proceedings of the AIAA Scitech 2021 Forum, Virtual Event, 11–15 & 19–21 January 2021; p. 
0540. doi:10.2514/6.2021-0540. 

7. Venugopal, I.; Muthukkumaran, K.; Annadurai, M.; Prabu, T.; Anbazhagan, S. Study on geomechanical 
properties of lunar soil simulant (LSS-ISAC-1) for chandrayaan mission. Adv. Space Res. 2020, 66, 2711–721. 
doi:10.1016/j.asr.2020.08.021. 



 4 of 4 

 

8. Cockell, C.S.; Santomartino, R.; Finster, K.; Waajen, A.C.; Eades, L.J.; Moeller, R.; Rettberg, P.; Fuchs, F.M.; 
Van Houdt, R.; Leys, N.; et al. Space station biomining experiment demonstrates rare earth element 
extraction in microgravity and Mars gravity. Nat. Commun. 2020, 11, 1–11. doi:10.1038/s41467-020-19276-w. 

9. Siriluck, S. Bio Mineral Processing. J. King Mongkut’s Univ. Technol. North Bangkok 2017, 27, 883–892. 
doi:10.14416/j.kmutnb.2017.11.007. 

10. Leibniz Institute DSMZ-German Collection of Microorganisms and Cell Cultures GmbH. Acidithiobacillus 
Ferrooxidans DSM 11477 Catalogue. Available online: www.dsmz.de/collection/catalogue/details/culture/ 
DSM-11477 (accessed on 18 March 2021). 

11. Leibniz Institute DSMZ-German Collection of Microorganisms and Cell Cultures GmbH. Acidithiobacillus 
Thiooxidans DSM 14887 Catalogue. Available online: www.dsmz.de/collection/catalogue/details/culture/ 
DSM-14887 (accessed on 18 March 2021). 

12. Obulisamy, P.K.; Aruliah, R.; Rajasekhar, B. Bio-Oxidation and Biocyanidation of Refractory Mineral Ores 
for Gold Extraction: A Review. Crit. Rev. Environ. Sci. Technol. 2015, 45, 1611–1643. 
doi:10.1080/10643389.2014.966423. 

13. Eftekhari, N.; Kargar, M.; Rokhbakhsh Zamin, F.; Rastakhiz, N.; Manafi, Z. A review on various aspects of 
jarosite and its utilization potentials. Ann. Chim.-Sci. Mat. 2020, 44, 43–52. 

 


