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Si0, 42.20 46.17 48.10 46.20 45.09 39.87 43.96 44.95 42.20
TiO, 7.80 3.07 1.70 2.16 0.56 9.42 3.53 0.49 5.00
ALO, 13.60 13.71 17.40 10.32 27.18 10.97 15.51 23.07 10.80
FeO 15.30 15.41 10.40 19.75 5.18 17.53 16.41 7.35 22.50
Fe,0, — — — — — — — — —
MgO 7.80 9.91 9.40 11.29 5.84 9.62 8.79 9.26 6.48
Ca0 11.90 10.55 10.70 9.74 15.79 10.62 12.07 14.07 11.00
Cr,0, 0.30 0.35 0.23 0.53 0.11 0.46 0.29 0.15 —
Na,O 0.47 0.48 0.70 0.31 0.47 0.35 0.36 0.35 0.26
K,0 0.16 0.27 0.55 0.10 0.11 0.08 0.10 0.08 0.19
MnO 0.20 0.22 0.14 0.25 0.07 0.24 0.21 0.11 0.28
P,0, 0.05 0.10 0.51 0.06 0.06 0.13 0.21 0.08 0.23
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K,0 0.48 0.43 0.48
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MnO 0.40 0.32 0.37
At 98.94 99.29 99.28
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IR A Y (CaCl,» XC1, X=Li K \Na) Bt A4
fEA5 (CaCl,) 45 £, vl K H i i 3 REAILZE 660°C, 1
X1 2025 447 H TR 5 E

W G R B T SR — BB 5T TAE .
[ Bk g B Ak~ 0 5% BT T J 1) A SRR ik
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H B REFEN 6 MW, ZRAEK2ETE 960°CII VK A
(52.7%NaF-47.3%A1F,) 15 E5 o f iS40l H 18 B
SR R AR B B R 97.10% , B R B 7= 90 R
56.70% 5 (A F140.80% ik (Si)™, JbaiRHE K2F7E
SALAS AR Z M T ALK (TiB,) B , TH F Az
FL A 100 h 5 8 ik o SR AIK 2 1.38%107 g/(cm - hy™,
DR AT T H S5 Rl G A A% P i 0 025 ol ke 2
b F S 2 ) LR A R e (181 7 (b)) AR UK
H AL R 4 JE N SR Ak , S AR A ki Fn

= =134

F U o

K7

KRR G DL SRR R 3 A
TR R SE H TR 8 . NASAHEIRTE KA 4
JRIR R AL 2= R T 2 2 o 5 bk SR, mT LR
AR SR S I K S ) A T
Bk T USRI — S A e T 43 A KK KRR
FALBR AR Jb BT R A4 A A 7
A O i SRR ER AT IR ) S R 1R AR, X T
ot e R AT R A LT T A
NASA #2 ok BB E I T 4% AR (MAPS) |, 3 1 2 1
B R A O ROV AR UTIESE T2,
AT ol B E A, I I o — 2D A 2R RN AR AR
R4 (1 8),

24 BREMESEEHEAR

YT B TR S R B B AR, B T R R
%) L S R T TR Ty B8 A AR S50 D Ao ol s 5
T LR R U e A1 B BRGE B R RAE
b R 55 Ry AR5 ) S A

~pH3.5 ~pHSS ~pH7

!

a0 Fe,0; ALO;  MgO

Wi L BEETFR HEEMETE
I |

TEMR

(R, SR, BIARE)

W s

K8 MAPSHIARJEE (a) K wd B2 A AL B (D)

Fi FEOGT W BR GE R P AR R 1, B 3R DA o s A
T H AR AT 23 A AN FIC S N 2 B AR 2K
e HE 28 12000 43 kg ek 1 445 00 v ek 1 445 2 o
ARk, b E R BB, FEAHEOGCRE LA
TR BT B A T 0 SR ) RS e AR R 4 5 v T
25 AR, E B EEEEROERME R FFRER

JERE BB ARG s 5 H S8R A P
A8 PR 5 0 OGRS Y k. R
BheE B R 2 Hil i H AR T A% A R 0K T i
JET ARG 2 P 3D FT ENAILANG LA S &R 3K
BE, TR SE T i B 108.8 MPa Bt a5 B R
222.8 MPa B ZE R FRE i (HIZ T 275 B2 i A
(1 9(a))™,

R 7R W5 S A 2 — o 5 Ty AR 5 7 4 o
A 15 AR LA D BT E (D-shape ) £ AR 18
Feo A A RS B L2 K s 00 A A
7N K A A AL EE (MgCl,-6H,0) By 1 Fl ¥ ¥ (2 65
wt% ) , 5 1 5 i AL BE (MgO ) 3 3 1k 27 2 1 45
G I RCT B R AFhr Ao B DL R B S5 R 1
20104F , ESA BT 1T 55 TR HE W8 S A 1Y) e
HLEE R IR S50 (1 9(b))™

55 A ZE R (b)

B e S SR 5 W — M AR AR [
PR ST SN TR A0 Al 9 o0 Jpe ol 1) LA ik
S DU TR = R 2% 5 R ) SR G BEIAR . 2022 4R
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il 3 e e ASOMTRE, T B B A R RN AR A ) 22 AH 1
20164F, $i7 F B8R~ S50 FH SLM 4T B0 H 1 LA SR
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() AR EE R P 2019 48 Hp [ 2 & hAILATE 5 B
AU HUL 2 M R K 2 Al 5B K2R SLM $2 R
XD ] A TYE A 3, ol /NSO G 1)
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N M) AR 501 P K o) T Gk S P
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K PR BE SOy PR B2 e R 13 A T 5RO R BH
AE ELHHE H BRI B R P A . 36 [ Wy R -
/z_\\ﬁj(Physical Sciences Inc.)WF3E T i FHIE TR /R 15
BRSO A PO Sotbe s it , h TEROLHEAL
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W AT LA 2R YT 2 65 em, JFHRILAR ) TR ]
VEREPE R be 4 (SMWS) 77 ik BEA T e Y
BORBRA AD ARSI A i T THRLE BEAR R A
T T 5m ANE S S AR B S BT R i A
A ERBIEE | AT S Siebe 4l il Hh BRREAF BRI

3 ATYWRBARFIAKRRRE

AP RGN R A SE R 7, R EE A
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3.1 EEEFILMWRFRYERA

R A R R s W BRI A 2R — 20 IR
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A BEIRMEAL  PREERE 0, 15 25 BEA 0 b sk B U5 L)
FEARFN T 2%, 705715 S8 AR LA 9 TR 28 8T 55
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1, AEF I T 28 B e B AR i R 2 2
5, AR A AL DL AR LT SR K | B A AR T B
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il HAMK I 8 R G042 5| ) 8 5 i X FRIR 31 5”
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AR VE D 1 48 RUBE R 2K
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FER G K VK B A 55 BE IR 2 Dy 4
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Utilization of deep space matter resources: State of the art and

prospects

WU Weiren, ZHANG Zhe", AO Xianze, JIA Xiu, ZHAO Yuan, YANG Honglun, ZU Lin, LING Lili

Deep Space Exploration Laboratory (Tiandu Laboratory), Hefei 230000, China

Abstract Deep space exploration embodies comprehensive national power and has become the commanding height of science

and technology competition among the world’s space powers. Deep space resource utilization is the key frontier of international
deep space exploration, in which the utilization of matter resources is of great significance for humanity’s space expansion. This
paper introduces the connotation of deep space resource and summarizes the significance of its utilization. Focusing on matter
resources, this paper investigates the state—of-the—art research on the volatile extraction and utilization, atmospheric resource
utilization, mineral resource extraction and refining, and in—situ manufacturing and construction on planetary surfaces. Finally,
this paper offers an outlook for the trends in utilization deep space matter resources, paving the way for the future research in
deep space exploration.

Keywords deep space exploration; deep space material resources; in—situ resource utilization
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