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A Review and Prospect for Developing
of Lunar Soil Simulants
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Abstract Lunar soil simulants are geochemical copycats of lunar sample. They have similar chemi-
cal composition, mineralogy, particle size distribution, and engineering properties with lunar sample.
Simulants of lunar rocks and soils have been developed to satisfy the requirements of a variety of
scientific and engineering investigations. They are essential to meet the system requirements for
lunar exploration and in support of future human activities on the Moon. Such studies include ma-
terial handling, construction, excavation, and transportation. The simulants is also appropriate for
research on dust control, spacesuit durability, and agriculture.

Five lunar soil simulants, JSC-1, MLS-1, MLS-2, MKS-1, FJS-1 are reviewed in the paper. Their
starting materials, preparation, and characterization (chemical composition, mineralogy, particle size
distribution, specific gravity, angle of internal friction, and cohesion) are also listed.

China will realize the first lunar exploration before 2007. So it is an essential and pressing task
to develop lunar soil simulants series corresponding to average chemical and mineral composition of
lunar sample at Apollo and Luna landing sites. The tentative ideas of developing new lunar simuants
series based on geologic investigations were brought forward in the end.

Key words Lunar soil stimulant series, Chinese lunar exploration, Average composition at lunar

landing sites
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Table 1 Major element compositions of lunar soil simulants

and corresponding lunar sample

14163 A1l Al4 JSC-1  MLS-1 10084 FJS-1  MKS-1
Si0, 47.3 422 481 47.71 43.86 42.55 49.14 52.69
TiO» 1.6 7.8 1.7 1.59 6.32 7.71 1.91 1.01
Al O 17.8 13.6 17.4 15.02 13.68 13.47 16.23 15.91
Cr203 0.2 0.3 0.23 — - o - —
FeOQ 10.5 15.3 10.4 7.35 13.40 15.16 8.3 7.5
Fe203 — — — 3.44 2.60 — 4.77 4.78
MnO 0.1 0.2 0.14 0.18 0.20 0.21 0.19 0.22
MgO 9.6 7.8 9.4 9.01 6.68 7.98 3.84 5.41
CaO 11.4 11.9 10.7 10.42 10.13 11.99 9.13 9.36
Naz0O 0.7 0.47 0.7 2.7 2.12 0.45 2.75 1.9
K20 0.6 0.16 0.55 0.82 0.28 0.15 1.01 0.58
P20s5 — 0.05 0.51 0.66 0.20 0.14 0.44 0.14
LOI - 0.12 — 0.111 0.0015 — 0.43 0.5
Ait 99.8 99.9  99.83 99.65 99.47 99.80 98.14 100

2005, 25(1)
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JSC-1 #4540l A 4 (1OL1 pry Bt o 7 s i L AR ABL
A ERY) B TAE4L7E Space 92 i EREH, Wi/SH
ZEERFME (NASA) 4Ea=sm4.L (JSC) &
FeWrH.  JSC-1 B —ME SEIH X REKINK,
SRR M BRI R, P E S 2,902
TEERMERA, BATEYA, BV WaER
By, BBV AUREN L, XERABESEAAS
50% (FBULL). HALZERSr, W YD4iRk. A BE 5 Al
YEYUBRYE R (4R, AR ¢, WEEEM ¢ %)
& Apollo 14 % A A &K A 5 A HAREL 1, 4550
25 A B 5 14163 bR a R ERL  JSC-1
i A SRR HEY B4 1B 4L Flagstaff Bt Mer-
riam K LW B JEAEOK I B E (RELf) kil
IREUKANBEGIAR, BHE XD ZR AR K-Ar 4
44 0.15 £ 0.03 Mal?t, JSC-1 B4:54 A R EEFF
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HAhFE 22, B B9 R SCHE AR K A BRI H i A 215 3.
X R AEA R, BH, . 2%, £
TR (B, K%) /= RAEER. BHEBF.
FHUIRI FRPEA A BRI SE.  JSC-1 BLftl B A
KB, AT ERFEMTREARNEHER.
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1)122] ¢y % [ W] JB ik KB, 5 Apollo 11 5R4EH9

LOI fhkek it
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f A g A AR, (BRTRE T B4 RRE, RAEE
#9— 221 MLS-1 8400 B 3094 59 5 A S 5 )
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Continent Rift) )75 20F /K # (Lake Superior) L5
FRER 10 LELANERGREREXREHE L £
RN T 1 mm B E/NOERL, —3 S
# ISSP (In-flight Sustained Shockwave Plasma re-
actor) ALE LI A XA AR, B ERRIK
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o, tATRIEF RGBS &) HB0E, TS
4 10%—80% 231241y B3y £ B Lo,
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i, KA Apollo 16 1 Luna 20 KH S 5T2A
FABRE . i, ARG N ABERE
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% 2 Apollo 1 Luna E5S AINFEHLER S
Table 2 Chemical compositions (wt.%) of average soils at lunar landing sites

and in selected regions at the Apollo 15, Apollo 16, Apollo 17,
Luna 16, Luna 20, Luna 24 sites

11 12 14

15a

15b

15¢

15

16a 16b 16c 16

17a 17b 17c

17d 17 L16

L20

L24

TiO2

7.8 3 17

Al2Q3 136 12.9 174
Crz03 0.3 0.34 0.23 0.44

FeOQ
MnO
MgO
CaO

Nag O
K20
P20

S

15.3 15.1 10.4
0.2 0.22 0.14
7.8 93 94
11.9 10.7 10.7
0.47 0.54 0.7
0.16 0.31 0.55
0.05 0.4 0.51
0.12

it 99.9 99.6 99.8

1.7
13.2

16.3
0.21
10.9
10.4
0.38
0.23
0.16
0.07

100.6 100.2 100.9

1.4
17.1
0.27
11.7
0.16
10.5
11.6
0.45
0.2
0.19
0.08

1
13.4
0.37
14.9
0.19

13
10.3
0.33
0.19
0.19
0.04

1.4
146
0.36
14.3
0.19
11.5
10.8
0.39
0.21
0.18
0.06

100.8

0.56
271
0.34

5.2
0.41

0.47
28
0.54
4.7
0.27
5.6
15.7
0.5
0.23

0.6 0.54
26.8 27.3
0.11 0.33
54 5.1
0.22 03
57 5.7
15.6 15.7
0.43 0.46
0.14 0.17
0.13 0.1 0.1 0.11
0.07 0.05 0.09 0.07
100.9 100.9 100.4 100.8

5.8
15.8
0.46
0.13

84 17 34
12 20.7 18
0.45 0.25 0.28
16.7 8.8 109
0.23 0.12 0.16
9.9 9.8 10.7
10.9 12.8 12.12
0.35 0.42 0.42
0.16 0.16 0.12
0.14 0.15 0.09
0.12 0.09 0.07
100.1 100 99.8

3.5
17.4
0.32
12.2
0.16
11.1
11.3
0.42
0.09
0.08 0.12
0.09 0.09
99.9 100.5 99.7

4.2 3.4
17.1
0.33
12.2
0.17
10.4
11.8
0.4
0.13

15.3
0.28
16.7
0.23
8.8
12.5
0.34
0.1
0.12
0.21

0.55
223

0.13
9.8
15.1
0.5
0.1
0.16
0.08
100.8

1.3
12.5
0.32
19.8
0.25

9.4
12.3
0.31
0.04
0.11
0.14

100.4

60 23
0.5
1.9

16

38
1.7 15
6.4 6.7
39 70

30
1.3
3.8
23

22

32

24

0.9 073 053 045

3
24

25.3

2.3
26.3

9 8 9 8.7

0.61 0.53
2.8 2
13 10.7

1.9 14
11 8

63 17
0.29 0.9
0.53 2.7

8 15

31
0.44
2.7
11

37
0.25
0.8
13

37 37
0.41
1.9

8.5

1.5

16
0.29
0.85

5

34
0.26
1.1
5

i #2911, 12, 14, 15, 16, 17 5-5i#5 Apollo 11, 12, 14, 15, 16, 17 B A A B M FEILF A AL,
Apollo 15 A AMABAR, TP THEAR E5REEMH R TFELEAR;
AEPLETEA S, JCEHoUeX K A, Stone INHMETEREN S M TFEHLEAR;

15a, 15b, 15¢ 45145
16a, 16b, 16¢ 431§ Apollo 16 % A
17a, 17b, 17¢, 17d 4545 Apollo

17 A5 ABHM, HHILE (South Massif) fl5E (light mantle) BH, JL3BEI 8, %190 (Sculptured Hill) A%
WA,  L16, L20, L24 25(#E Luna 16, 20, 24 Hf 5 A MO T LEAR (RPHHO%IE). Sc, U, Th, La MR
ik 10~ %/g
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PARORH TR, Ny DR GIORS. Y
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Table 3 Mineralogical compositions (wt. %)

of average lunar soils at Apollo landing sites

KE  HME  WE REWTH
All 26.7 3.2 53.7 16.3
A 12 23.0 8.7 63.4 4.9
A 14 49.7 1.8 47.0 1.5
A 15 379 8.4 52.2 1.5
A 16 69.0 2.6 28.2 0.1
A LT 35.5 5.5 56.3 2.7

&% JSC-1 #in A MMBHLE, HER
EFERKLD A, BT UERERIL
1 X RFN 5B A Mg XA R IR AY A A A
LB YR F AR KO DB Y. B RE S P
M- F — W R B ARE KA —mF AKX,
FLOE H ) B B X A B KA BT A S5 K
W EE. BHEXPKXEMXLKHTHEXR
BOFIY, X—RIEFSARAEEPETERM
TERE AR ph i BIBARAL VP TS R K
B, HERTRAUMST Apollo 14 F A FFHAXK
KB HEPE G ) TR BT M, IR

Chin. J. Space Sci. wEAFHIR 2005, 25(1)
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FIUHAREREARERA R SRHKAB LIRS
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