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Abstract: As an important in-situ resource for the construction of lunar space stations, the lunar soil geopolymer is
vital for promoting deep space exploration. On the Moon, a lunar base is often subjected to extreme temperatures
from day to night and meteorite impact shock loads, and the compressive strength, flexural strength and impact re-
sistance of traditional simulated lunar soil geopolymers are substandard. Aimed at the extreme environmental condi-
tions on the Moon, the impact resistance of simulated lunar soil geopolymers under extreme lunar environments was
improved by adding polypropylene fibers (PPFs), and falling hammer impact tests were conducted on cylindrical
specimens with two impact energies of 5 J and 10 J. The effects of different temperatures on the impact resistance and
fiber crack resistance of simulated lunar soil geopolymers were studied from aspects such as the mechanical strength,

number of impacts, energy consumption and damage morphology. Based on mathematical and statistical modeling,

the results of impact tests were examined for their reasonableness, and life prediction was also performed. Test results

showed that the strengths and impact resistance of the simulated lunar soil geopolymers at high temperatures were
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significantly improved compared with those at room temperature. With a decrease in temperature, their strengths and

impact resistance decreased to some extent, and the compressive strength, flexural strength and impact resistance of

each test group reached their lowest values when temperature dropped to —60 C. A fiber length of 6 mm with a doping

amount of 0.4% (mass fraction) was the optimal doping combination for fiber-reinforced simulated lunar soil geo-

polymers. A Weibull distribution model was used to check the impact resistance test results and predict the life, and

the values of correlation coefficient R’ of measured samples were all greater than 0.800. Through a comparison with

the measured data, it was found that the trend of damage impact life at different failure probabilities was consistent

with those of measured values, indicating that the two-parameter Weibull distribution can reasonably describe the

distribution characteristics of the number of times of impact resistance for PPF-reinforced simulated lunar soil geo-

polymers. The research results in this paper can provide a scientific basis for the selection of construction materials of

lunar research stations in the future.

Keywords: polypropylene fiber (PPF) ; simulated lunar soil; impact resistance; Weibull distribution; crack resis-

tance
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Tab.l Main components of partial real lunar soil and TJ-1 simulated lunar soil >

ek . Fii 0% .
SiO, AlLO; CaO FeO MgO TiO, K,O Na,O
B[ % 14 5 R0 1 47.97 17.57 11.15 10.41 9.18 1.77 0.58 0.70
[ % 16 S R0 H 3 45.00 27.30 15.70 5.10 5.70 0.54 0.17 0.46
Bl 5 SRR H 1 42.20 10.80 11.00 22.50 6.48 5.00 0.19 0.26
TJ-1 AU 1 47.70 16.20 8.21 — 5.04 2.00 2.29 4.92
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FEE LR 2.
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Tab.2 Physical and mechanical properties of PPF

I/ BRR/ KB/ BrhissE/ PR i/
(g/em®) pm mm MPa MPa
0.91 26 3,6,9 510 5500
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Tab.3 Mixing ratios of fiber-reinforced simulated lunar soil geopolymer

- AT E (T /50 /% K FYEB R KB R
NaOH Ca(OH), Na,SiO; + 9H,0 (B 50 1% (Bt 53450 1%
FO 6 8 10 0.28 0 0.1
P3-0.3% 6 8 10 0.28 0.3 0.1
P6-0.4% 6 8 10 0.28 0.4 0.1
P9-0.3% 6 8 10 0.28 0.3 0.1
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2 min; FE NaOH. Ca(OH),.Na,SiO; + 9H,0 7%
TR A TR i) A i 2 79 5 W e o A A i 750 v%
MEERG S5 A EHITHES, MGEBEE 2 min,
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Tab.4 Design of impact testing scheme
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Tab.5 Coefficient of variation c, for destructive impact tests

/%
A 130 C 26 °C -20°C —40 °C —-60 C
5] 10J 5] 10J 5] 10J 5] 10J 5] 10J
P3-0.3% 13.4 234 17.0 28.8 18.7 20.4 12.9 17.7 27.2 28.3
P6-0.4% 9.6 16.3 10.8 19.7 10.1 22.0 10.7 10.1 12.1 12.9
P9-0.3% 11.1 25.5 14.6 23.4 12.9 28.8 16.3 12.9 18.7 37.4
VI B Wl B (V=N ) B o il G A : : —
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F M B A IR BT R s RE ). 42 130 TR, P3- 3 o EB | A B
0.3% X IR ALRIBEIR et YOBER 26 “CIRFAIXE R (4T = . fm B g £
T 28.6%; {E-20 CHY, P3-0. 3%t B2 fUMEER bk vk = BE BE R |’
B 26 CHRIMIAEHT, #9097 %, KHEH-20 CHy B PR PR pEl
SELE 70 A2 L £ 24 R A i A 0 5 i IS VR )
5L IE W6 25 -40 °C , P3-0.3% sk Ko 2L AU ol 2 e

BIEARE 4 K, 5 26 CHIXTIAE TR T 42.9%, X2
KR 3 mm 1 PPF &%, X3 -& P sm iR
AR, HULES PPF Ok 25 IR B AR R, FEAR
Oy EFYE B BB T BOh BRI  RE R R
-60 ‘CHY, P3-0.3%iR I IR v R ECH 3 WK, &
[ RE R 3R HEL FO XS RAE AT 1 Wk, JRIRZE T
TR S BT e ] , S AA 5 27 4k [a] iy ik
i 2 S P ECHLI AR R LR R] , AN A4 55

(b) 10J st
B9 mbR iRk FERE
Fig.9 Number of destructive impacts and energy con-
sumption
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(b) P6-0.4%
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SREA B 5e I E. IR 10 (a) AT philiials
FEHIEA FO HHB—SBNFER “— FIE A
4, JLAER) 205 RIBE 2 1 5 B A ol B, 3
PEZERWERE. 76 5T opiliRERET , FO YRR nhili kB
FE 130 CHY Ry 3 WK, TEHARREE T Hh 2 %K, X &
RABINET 2 B LA HEsth R A WA R A B B 0 iE
PEBS2 B 10(b) B P6-0.4% IR (IS IRTEAS « it
PRI ZEREIRIT , T2 28R FF R B 528 5 B b o kB
BN, 55 2 SRS RIR Z44E I\ RS AL YR K
ZABEN IR, MR AW EE 2 vpi B YEFERL T
Ay bl RE . I 4L TR R bl o5 TR P R A
FO 2 3t iy (IR FLSEE A, 22285 W R &

BEIRIHREZN 3 ~ 4 e, 3 & DL | i 28 AR

Y7 B EE NN« B e B AR TR

TSR, IR N LT YEA R ROk S 80K
PRSI K AR 5 IR SLEE 2 JRAART 18, B PRt
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. IR HTAE SRR LT 4 ] A SR TR H s R
b,

B 10 REBET P6-04%R I AR ERE
Fig.10 Damage impact morphology of P6-0.4% test group at different temperatures
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E 11 AEHCE PFFERZR
Fig.11 Effect of different lengths of PFF on crack resis-
tance
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4 1 o AR UL ) S5 RS W 0y e e o M BB BUHE &
Weibull [E1IH43H7 7w « R ol B N, ISE T4 6
PR, LR R [ )RR A A 56 R B R BO(E IS
0.807 ~ 1.000, H 80%MFEA G AT 0.900, FriliF:
ABEHKTF 0.800. U 57 feEIET whiliAT, P9-0.3%
IR LT b o YR A0 A 2R At , HM G R R
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Tab.6 Results of Weibull analysis of number of destructive impacts for simulated lunar soil geopolymer

s i 5 ) ihififght 10 J wjrffgd
BURE R/ C = - = -
o 1) R a s R
130 4.779 11.062 0.954 2.750 4.958 0.966
26 3.770 7.886 0.958 2.232 3.610 0.973
P3-0.3% =20 3.204 6.446 0.969 3.077 4.629 1.000
-40 4.262 5.928 0.807 3.024 3.342 0.807
-60 2.262 2.825 0.999 1.769 1.246 0.807
130 6.470 18.980 0.897 3.725 7.963 0.972
26 5.756 16.233 0.899 3.262 6.387 0.962
P6-0.4% =20 6.287 16.191 0.949 2.680 5.006 0.966
-40 5.793 14.625 0.977 5.494 8.862 0.807
-60 5.283 12.727 0.952 4.262 5.928 0.807
130 5.444 15.255 0.944 2.515 5.121 0.922
26 4.323 11.005 0.905 2.750 4.958 0.966
P9-0.3% =20 4.761 11.187 0.975 2.232 3.610 0.973
-40 3.725 7.963 0.972 4.262 5.928 0.807
-60 3.204 6.446 0.969 1.701 2.357 0.982
1.2 1.2 1.2
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- 0.8 A 26 °C - 08F ,a6°C B 081 Lo6C
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(a) P3-0.3% (b) P6-0.4% (c) P9-0.3%
B 12 #ERhE R Weibull DRI LL (5T ndifEm)
Fig.12 Curves of Weibull distribution test for number of destructive impacts (impact energy of 5 J)
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Fig.13

(a) P3-0.3%

(b) P6-0.4%

E 13 ‘R EREE Weibull 57158 4 (10 T e )

Curves of Weibull distribution test for number of destructive impacts (impact energy of 10 J)
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TR P9-0.3% (4 K. 4 .5 )1 P3-0.3%iX 504
(1.2 W2 %), XE—FEETRKER 6 mm 1
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Fig.14 Curves of number of destructive impacts vs temperature for different failure probabilities (impact energy of 5 I)
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Fig.15 Curves of number of destructive impacts vs temperature for different failure probabilities (impact energy of 10 J)
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