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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

* BFHARFEEIE (40473036, 40373037) A HRERAIRMFHF TEMA (KZCX2-115) 3 EHEY
2004-06-10 W IR, 2004-10-20 W& EH


http://www.cqvip.com

HAKEF: AL RBR 6GA T I A

1 5

AT EXT A /R K Apollo Fl Luna 11X
ITHIRE AR RYERH, BMARKENES
E—-EREAHB. K., M. ELEMEEE
VIR AR, SR RLE — AE (lunar
regolith). F 3K FHRE —M A 40—100 um,
NEHZKTF lom KYISRAEHERE GRS RETHHE
Farm W hE HRBOK AL AR, BME A%
. AEHENEREE A 4—5m, B H %
—fit A 10—15ml-Bl El,  Apollo +RI A% H
Al Luna #XIMES AE A REN A BRER KB A
BE. FraMABREE AL AEE L Tr.
HERBRRBEMIN X STEE, B, + L
WHESELRLEABERATAEER LI, BRNMER
S BIAR4#EE 20 um, 1mm, 20eml—0. 36757
MR AKT 1km?. ZERHSHET, £EWARE
HHAEERERZ, El, FrAmnERLEEdEt
XEBTHEE. thitiik, ARELF LR ALY
AERFTE 5 BRI

HIFR A BREE M (B A BRBA A 7 A B3REE ) B2
HE5R, BEARAPEBIERBIERER I EHR
DEANT G SR EEBAMEARER 1g A
ST 0.5g o 44, BME R ¥8A 381.7kg HER
HRKEE RIHBF 0.321kg AERKR), XTH
EREE S At R A TR R E ).

Tl

2 1A EAIBTRIE

B A5 H R G AR UK 4 Rt
FRSr, HUEBRRRE, PUBGERE. ABRE. &
B R A EREE R a2 SRR 1. &
E5h, RTARABFEFAMLESKNIE (W
KA. EanFYRem. HREYYIRETE
%) — AR AR SoRAUE, KT
AP R I B X &SRB A #ET, B
AT A RIROBI, KRR TH S & RT A
KERMNHTE, A AW IR 0Ll
L R AR L MR KA H Skt 7
iy BI=-09l By, ESMYEEM B AR RILA
T L 38 A AU SR AT K AU A2 0
FEAE 20 4 90 FAZAET, RECKERF,

D000 http://iwww.cqvip.com|

71

P LART (L R OB S B A%, HARERLA
1% 2 B A Shimizu 22 7] B = B AL A RS H6E
B, FERT A BRFRA A SR TR IR B
5, TEFERA. BENRES AR RZ B
TEBAER, HUWEARBR I ERRBEME
ERRTEE. I KEDLA A A E R Apollo
11, 14 BN A SRE AR A SR4URCF,  Apollo
1 Luna Hff S0 X 19 H 2R BLE 8 R 10LA %
R, THEHETIR T LN TRE.

Rt A EE A HERXE, £RH
R FFRFIRI A BRI, #5512 R X ERA
5y A B IR, BENT AR A BREH, #F HERME
A —E TR TR F S EERM. REHAK
FW R - TR EEXEAS RN B, FRER
F CCD A8l WotmBE, ~ L BBt
AR XA BB E. AETE S
A H SRR FATRBEN. X EH KRR
FERTAEREFREDA JokitfT. @A
WY WAL, HFERS. EEER, BEHRF
HSEMBERLES (GRS, K- -8
A, TR X ST, MIERESTE) ZEK
frate, BV ERRGESSHRYREMERZ
B ERERERR, MMM TEREENRE
72 LLA T 8K R AR R 15104 B A B0 3 A 2R
WRIEZ, 8BTS, SAMR, AT, AERlE
A ARSI TR FHUHENR Y TIFER.
X & B DR AR AW B T Je X R & AT AT §E
P, RGN, BEMMEORE, #HERERDA RS
B A I RRFHATRERE. R, #EH%E
R PEAT A BRFFEIT R A AR A BB EBIS R E
TR B, BRI A BRER, I
KPR B IRT5 % g 57 A BREE AR SR 5 AR B
WAL

3 B H BEOTHIBUR S 94

ERFFRERIRA I, €45 M1k, HF EEL
HEE K JSC-1, MLS-1, MLS-2 1 H A # MKS-1,
FJK-1 3t 5 MRl A 3% (R EBALFHBAE 1),
HEE#L Apollo 11 X A rif)REk A HE, Apollo
14 ¥ A R RRECA 8 A AR A 5.


http://www.cqvip.com

D000 http://iwww.cqvip.com|

72 : Chin. J. Space Sci. ElAF%FK 2005, 25(1)
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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

Si02 473 422 481 47.71 43.86 42,55  49.14 52.69
TiO2 1.6 7.8 1.7 1.59 6.32 7.71 1.91 1.01
Al;O3 17.8 13.6 174 15.02 13.68 13.47  16.23 15.91
Cr203 0.2 0.3 0.23 — — — — —
FeO 10.5 153 104 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 11.9 107 10.42 10.13 11.99 9.13 9.36
NazO 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
P;0s — 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
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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 17¢ 17d 17 L16 L20 L24

78 3 L7
13.6 129 17.4
0.3 0.34 0.23
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 04 0.51
S o0.12

99.9 99.6 99.8

0.56
271 28
0.34
5.2
0.41
5.8
15.8
0.46
0.13
0.13
0.07

TiO,
AlO3
Cro03

FeO

MnO

MgO

CaO
NasO

1.7
13.2
0.44
16.3
0.21
10.9
104
0.38
0.23
0.16
0.07

100.6

14 1
17.1
0.27

1.4
14.6
0.36
14.3
0.19
11.5
10.8
0.39
0.21

134
0.37
11.7 14.9
0.16 0.19
105 13
116 10.3
0.45 0.33
0.2 0.19
0.19 0.19 0.18
0.08 0.04 0.06
100.2 100.9 100.8

4.7

5.6

0.5

0.1

0.47

0.54

0.27

15.7

0.23

0.05
100.9 100.9

0.6 0.54
26.8 27.3
0.11 0.33
54 5.1
0.22 03
5.7 5.7
15.6 15.7
0.43 0.46
0.14 0.17

84 17 34
12 20.7 18
0.45 0.25 0.28
16.7 8.8 10.9
0.23 0.12 0.16
99 938 10.7
10.9 12.8 12.12 11.3
0.35 0.42 0.42
0.16 0.16 0.12
0.1 0.11 0.14 0.15 0.09
0.09 0.07 0.12 0.09 0.07
100.4 100.8 100.1 100 99.8

3.5 4.2
174 17.1
0.32 0.33
12.2 12.2
0.16 0.17
11.1 104
11.8
0.4
0.13

3.4
15.3
0.28
16.7 7

0.23 0.13
88 9.8
12,5 15.1

0.55
22.3

1.3
12.5
0.32
19.8
0.25

9.4
12.3
0.31
0.04
0.11
0.14

100.4

0.42
0.09
0.08 0.12 0.12 0.16
0.09 0.09 0.21 0.08
99.9 100.5 99.7 100.8

0.34
0.1

0.5
0.1

Sc 60 38 23 30 22 24 253 9 8
U 0.5 1.7 15 13
19 64 67 3.8 3

La 16 39 70 23 32 24

23 19 14

263 11 8

0.9 0.73 0.53 045 0.61 0.53

9 87 63 17 31 37 37 37 16 34
0.29 09 0.44 041 0.25 0.29 0.26
2.8 2 053 2.7 27 1.9 08 08 1.1
13 107 8 15 11 85 13 5 5

1.5

H: & 2911, 12, 14, 15, 16, 17 535l Apollo 11, 12, 14, 15, 16, 17 B A S A MK FHHEARK;
Apollo 15 # AW AR AN, TFTHEAR, =5REAHEMKNA RS TIMCZAR
AMIRTEAMR, LFEHLHIXE AR, Stone \WFIF AR LA MAFIYLE AR,

15a, 15b, 15¢ 4l
16a, 16b, 16c 4+ %|i% Apollo 16 & H
17a, 17b, 17c, 17d 58i1% Apollo

17 BAAMAEAME, BIFILE (South Massif) 1388 (light mantle) A3, JbiPLc A, %20l (Sculptured Hill) A 5
MR EAR; L16, L20, L24 45144 Luna 16, 20, 24 XH 45 A R FIEEAR (BT HHA9%IE). Sc, U, Th, La K& &

Y% 107%g/g
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Table 3 Mineralogical compositions (wt. %)

of average lunar soils at Apollo landing sites

Ka ] il AEUTY
All 26.7 3.2 53.7 16.3
Al2 23.0 8.7 63.4 49
Al4 49.7 1.8 47.0 15
Al5 37.9 8.4 52.2 1.5
Al6 69.0 2.6 28.2 0.1
Al7 35.5 55 56.3 2.7

i JSC-1 Ml AR HIZE, HaaK
R ER PR, EedUEREAIL
H X F SRR A i 2R IR A B8R G A M
B AN A R K LBE R IR, R SRR
M- TR EARE KA —BHER XL,
HBT AR X REREIB L EREES K
WEE. THEHFHKLEMOURFESHEX
RERNHEBYR, X—RIEFSHEARPETER
e R B, P i Bk
¥, HEBTRAMS Apollo 14 B A ST/ 5K
SR A HERE BT SPELEALR BT AR, O RARER
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