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Wind erosion resistance durability of aeolian sand treated by
soybean-urease induced calcium carbonate precipitation

WAN Yukuai', LUO Gui', MU Pengyan’, LI Ruirui’, WANG Yuke®
(1. School of Civil and Hydraulic Engineering, Ningxia University, Yinchuan 750021, P. R. China; 2. School of
Water Conservancy and Transportation, Zhengzhou University, Zhengzhou 450001, P. R. China)

Abstract: To enhance the durability of soybean-urease-induced calcium carbonate precipitation (SICP) in
stabilizing aeolian sand, this study integrated SICP with xanthan gum (XG). By varying cementation solution
concentration, spraying frequency, and spraying volume, together with three levels of XG concentration, the
wind erosion mass loss, penetration resistance, and CaCOj; content of the treated specimens were quantitatively

evaluated. The solidification behavior and reinforcement mechanism under the synergistic action of SICP and
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XG were analyzed, and the durability of the stabilized sand was further assessed through freeze-thaw and wet-
dry cycle tests. The results show that the incorporation of XG substantially enhances both the wind erosion
resistance and surface strength of SICP-treated samples. The peak penetration force of the SICP+XG
specimens reached 68.4 N, representing increases of approximately 69% and 338% compared with pure SICP
and pure XG (2 g/L), respectively. After undergoing nine freeze-thaw and wet-dry cycles, the wind erosion rate
of the SICP+XG-treated samples remained at a low level of 0.03%-0.68%, indicating excellent erosion
resistance. Scanning electron microscopy further revealed that XG forms a reticulated film on the sand grain
surface, enhancing the binding efficiency of CaCO, precipitation, while the deposited CaCO; predominantly
appears in the structurally stable calcite form.

Keywords: soybean-urease-induced calcium carbonate precipitation (SICP); aeolian sand; freeze-thaw cycles;

wet-dry cycles; wind erosion prevention
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Fig. 1 Gradation curve of aeolian sand
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Fig.2 Wind erosion device schematic
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Fig. 8 Surface strength of specimens subjected to

varying freeze-thaw cycles
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Fig. 9 Mass loss rate of specimens subjected to different

freeze-thaw cycles after wind erosion

U R 25158 0. 69 % F10. 70% , 4 9 WA 36 5 9k —
EHTHE1.26% ., 5 XGWEE(T-0.2-2) & fig sk &
LRI R I AR AT HE TR 4 PR R 25 0 V€ A R 3K
(R 285 R b o o S 45 YR VAR B 4L ('T-0. 6-0. 2) ZE IR KL
R R R E R0 KU B R A e 2 T R
T-0.6-2 2 9 T 116 P55 76 15 m/s KU T Y XUk
RALO0.68% , BRI A . £ CaCO MM T4

—=—T-0.2-0.2
——T-02-2
4F —a—T-0.6-0.2
—v—T-0.6-2

BRI %

|
2 8 10

4 6
VRAMIERR R EL
E10 AREFRBERIBTXENRER K
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freeze-thaw cycles
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Fig. 11 Surface strength of specimens subjected to

different wet-dry cycles
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Fig. 12 Mass loss ratio in specimens subjected to different wet-dry cycles after wind erosion
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Fig. 14 Scanning electron microscopy (SEM) results of differently treated specimens
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