51 % 5 91 HbBR R} 2 Earth Science Vol. 51 No.9
2026 “F9H http://www .earth-science.net Sept. 2026

https://doi.org/10.3799/dqkx.2026.166

£y LER-BINI-E L /NIRER
BRAENELEE L K-TIF5514E

Sl I > 1 1 0 2
HRELE B ERAA L RMK

1. awRFFEHFE LS R T HRHET 210023

2T T EIRERAMRNI TESHE 28,3 TF ik 315000

M OE AR SRR T RS S A AR B AL (EIMC) AR (9 5 4 B Jy % 8 23 5 9 o R 90 X LU BF 9 T 2L 0 A 45 1
O IREE EIMC B b/ R G B =8 P R B2 TH2E A8 S i B & oK -y 2R e L S5 0 R AL . DA Tk 32 | ol il % 2241
A2 b Al e 5 TR RO 5 A7 B B R A K R B R G AT UL 45 4 R g 2 R AR R, = R SO RCR e AR, v
Jill % Lt B — EIMC Ab B FRAIK 77.9% , Hoas (AL FAIK 82.4 % ; 7F 261 mm/24 h BT L #p il 100 min J& , B2 ik 2 R K (9.84 g) . £1.
S UE A IE A R O AL B S R KA R BT (B AL BE AR 2.5 00, PR 4R R 43.4 06 AL /N ER TSI Mgt B B L AR
BEVR 2 B AL 4R TE 3.6 %, B MR 4R T 132.6 % I EIMC 3 3% il 15 39k 2 Do i I ol 500 405 12 2, 5 20 BHL b 2 16 ol gl
KB - EIMC; A B o oh il P RE 5 5 Ak B 5 OUL 254

RESHES: P642.5 X EHE: 1000—2383(2026)09—3378—13 YR B :2025—08—31

Hydro-Mechanical Properties of Slope External-Soil Modified by
Combined Method of Bio-Crust, Organic Matter, and
Slow-Release of EIMC Solidified Sand Particle Balls

Pan Xiaohua', Pan Guanghui', Tang Chaosheng', Yu Hangbo®

1. School of Earth Sciences and Engineering, Nanjing University, Nanjing 210023, China
2. Ningbo High-Tech Zone Branch, Zhejiang Gongzheng Engineering Management Co., Ltd., Ningbo 315000, China

Abstract: This paper proposes a combined modification method based on enzyme-induced magnesium carbonation (EIMC),
integrating bio-crust formation, organic matter regulation, and the Mg*" slow-release effect from EIMC solidified balls. Through
a standardized indoor erosion experiment, the laws and mechanisms of the three working together to enhance the hydro-
mechanical stability of external-soil used in ecological slope restoration were comparatively studied. Carbonation degree, erosion
rate, and cumulative erosion amount were quantified to assess both the soil modification and its anti-erosion performance; micro-
structural features and micro-scale mechanical properties were characterized using scanning electron microscopy (SEM) coupled
with nanoindentation. Experimental results show that the combined modification of the three achieved the best effect. The

erosion rate was 77.9% lower than that of the single EIMC treatment and 82.4% lower than that of the blank group. Under the
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condition of 261 mm/24h rainfall and 100 minutes of erosion, the cumulative erosion amount was the lowest (9.84 g). Sweet

potato starch improves carbonation degree by 2.5% and elastic modulus by 43.4% via nucleation regulation, pore structure

optimization, and stabilization of the aqueous chemical environment. EIMC solidified ball enables sustained Mg*" release,

enhancing deep-layer carbonation degree by 3.6% and elastic modulus by 132.6%. Spray application facilitates rapid in situ

formation of a dense, continuous bio-crust layer on the slope surface-effectively suppressing surface rain erosion.

Key words: EIMC; ecological restoration; anti-erosion performance; carbonation degree; microstructure.
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Table 1 Index properties of Xiashu soil
W R M W RILE RS RRTE -
(%) (%) HB¥ BH (%) JE(g/cm®)
36.5 19.5 17.0 10.5 16.5 1.7 2.73
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Table 2 Chemical composition and physical properties of

reactive magnesia cement
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98.09 073  1.07  0.11 3.00 3.56
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Fig.1 Acrylic mold used for preparing the soil slope erosion
model (a) and a example of the soil slope erosion mod-
el in Group 5 (b)
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Table 3 Specific information on the treatment method of the erosion model
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Fig.2 Schematic diagram of experimental sets for determining the DC of soil samples by acid washing drainage method (a) and
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Fig.3 Schematic diagram of experimental set for erosion test

(a) and physical photo (b)
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Fig.4 Typical nanoindentation specimens of test group 4 (a);
diagram of the nanoindentation module of the micro-

engineering geomechanics testing system (b)
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Fig.5 Appearances of the soil slope erosion models subject-

ed to rainfall erosion tests
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Fig.6 Erosion rate of 6 sets of models (a); cumulative soil erosion of 6 sets of models (b)
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Fig.7 Carbonization degree of sub-samples of 6 group mod-

els on surface (a); and sub-samples of groups 4 and 6

on the surface, middle and bottom parts (b)
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Fig.11 The synergistic mechanism of sustained-release microspheres and sprayed magnesium oxide
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