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Abstract Martian regolith has gradually become a consensus as an important in-situ natural resource
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for building habitats and infrastructure on Mars. As more and more research focusing on in-situ utiliza-
tion of Martian regolith, this article provides a comprehensive review of construction materials based on
Martian regolith. However, it is necessary to consider the vastly different environmental conditions on
Mars compared to Earth, such as low gravity, near vacuum, large temperature differences, cosmic ray ra-
diation and so on. Similarly, due to the unique chemical composition, particle size, porosity, as well as
thermal and mechanical properties of Martian regolith, it also brings several certain difficulties for in-situ
production of construction materials on Mars. As a result, based on the extreme environment of Mars
and the special properties of Martian regolith, this article provides a detailed overview of the prepara-
tion process and physical and mechanical characteristics of in-situ construction materials. Then, the re-
search progress in two aspects of various Martian regolith-based concrete materials (including sulfur con-
crete, polymer concrete, geopolymer concrete, hydrogel-based concrete), Martian regolith-based melting
and sintering materials is further emphasized. Moreover, this article systematically compares the prepa-
ration conditions and in-situ utilization rates of each construction material and analyzes both the advan-
tages and weakness of their preparation processes in the special Martian environment. Finally, the prob-
lems and limitations of the above-mentioned materials in Martian in-situ construction are pointed out,
including difficulties in production of polymer concrete, high energy consumption during melting and sin-
tering processes, and insufficient service performance of construction materials in Martian environments.
Accordingly, in order to provide useful references for the realization of in-situ construction on Mars in
the future, the development direction of construction materials has been proposed in three aspects, which

are the improved methods of anhydrous concrete represented by polymer concrete, optimization of melt-

2024, 44(3)

ing and sintering processes and development of new materials suitably adapted to the environment.
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Fig. 4  Effect of polymer content and added fiber on properties of geopolymer concrete. (a) Effect of polymer

content on the compressive and flexural strength of epoxy polymer concretes, (b) changes in fracture

toughness and tensile strength due to the addition of fibers to the resin content, and trends in

optimal fiber content due to changes in resin content
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Two measures to reduce water consumption in preparation of geopolymer concrete. (a) Process flow

chart for the preparation of a geopolymer sample and a hypothetical water-recycling device,

(b) mini slump measurements of the flowability of the geopolymers
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Fig. 6

Mechanical properties test of HBC. (a) Typical compressive stress vs. strain curves of the cube,

(b)(c) failure mode of the cube. Compressive stress vs. strain curve of Natural Sand (NS)-based HBC: (d) Air
Drying (AD)-cured, (e) Freezing (F)-cured, (f) Freeze-Drying (FD)-cured. Compressive stress vs. strain curve of the
Ceramic Bead (CB)-based HBC: (g) Air Drying (AD)-cured, (h) Freezing (F)-cured, (i) Freeze-Drying (FD)-cured
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