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Abstract: To control coastal wind erosion and explore feasible and efficient new technologies for coast-
al windbreaks and sand fixation, this study developed the Enzyme-Induced Calcium Carbonate Precipi-
tation (EICP) sand stabilization technique. The technique used concentrated seawater as a soluble calci-
um salt solution and discarded soybean husks as a source of enzyme urease. Wind erosion tests on sta-
bilized sand were conducted, and the effects of urease activity, spray volume of the reaction fluid,
number of treatments, curing time, and seawater salinity on stabilization efficacy were analyzed. Re-
sults indicated that the activity of urease from soybean skin increased with rising temperatures within
the range of 10-65°C and also increased with the amount of soybean skin used. Centrifugation time and

speed during urease extraction had no significant effect on urease activity. Samples solidified with soy-
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bean skin and seawater demonstrated effective windbreak and sand fixation. When urease activity was

fixed, an increased number of treatments, spray volume, and curing time enhanced surface penetra-

tion strength, though the effect gradually diminished beyond a certain threshold. With the same total

volume of reaction fluid, multiple incremental treatments resulted in higher carbonate precipitation

rates, higher threshold wind velocities, and better wind erosion resistance compared to a single cen-

tralized treatment. For optimal wind-erosion resistance, the concentration of concentrated seawater

should not be lower than 0.6 mmol/L, and the curing time should not exceed 12 hours.

Keywords: EICP; soybean skin; urease; activity; sandy soil; wind erosion
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Fig.1 Particle size distribution curve
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Table 1 Concentration settings of soybean seed skin solu-

tion

W S/ W SRR/ Wl S/
%5 (L) v (L) Hwe (gL
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Fig.2 Urease activity variation with changes in soy flour con-

centration and temperature
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Table 2 Main ion components in seawater
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Ca”™ Mg Na' K Cl™
426.53 1219.86 11 078.58 140.16 18 690.10
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Table 3 Wind erosion test plan

S S M/ ‘JJTC%% @ﬁ'{ f:iﬂﬂ?l W L
mmol- WehE/  WeBEE/ WEWNE/ ‘
HiK _ W i) /h
(Lemin)"" (mol-L.”") (mol-L.”")  ml
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(J5»)
TP1 1 0.3 0.2 100 1 10
TP2 1.5 0.3 0.2 100 1 10
TP3 2 0.3 0.2 100 1 10
TP4 2 0.3 0.2 100 1 10
TPS 2 0.3 0.2 200 1 10
TP6 2 0.3 0.2 300 1 10
TP7 2 0.3 0.2 400 1 10
TPS 2 0.3 0.2 100 1 10
TP9 2 0.3 0.2 100 2 10
TP10 2 0.3 0.2 100 3 10
TP11 2 0.3 0.2 100 4 10
TP12 2 0.3 0.2 100 1 6
TP13 2 0.3 0.2 100 1 8
TP14 2 0.3 0.2 100 1 10
TP15 2 0.3 0.2 100 1 12
TP16 2 0.3 0.2 100 1 10
TP17 2 0.3 0.6 100 1 10
TP18 2 0.3 1.0 100 1 10
TP19 2 0.3 1.4 100 1 10
TP20 2 0.3 1.8 100 1 10
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with sample seawater salinity and curing time

JEE B 2 e A R 3R TR BT S R S K T T B A AR
AR o X — B Bk — A U Al i 5 2 HOR B A
FA ST R R R R T EE S BRI

e R B 35 7 47 2.0 mmol- (Lemin) "W 544 T,
ASHEFE AL T U A 5 R R X A [R] R ik R R DL
VE S RN IR w7 R 8 9. AR R,
X DU B2 W DR AE H RS S TR DT R —
H R, xR E REGE 9 0~3.5 eme KRR
T2 3.5 em PR BE, B TR £h T TE S B AR L M i 2 1Y e
o, MR 3.5 cm PR L Ab , Bk B2 R DUUE BT N F
ZRA TR I, 2 A A 1 DR 5 S AR I B 5
B — A5 W D 2K 23 5 UM RO LN B R 3 D0 IE &2
TP 20 S35 A B o W — B 3] A1 2 13 £k B (]
—As . BRI, 2 E AL 6 hig %= 8 hinf,
FH T) TR B2 T Bk IR 3 U0 E B S 2 0 O 27.30%0 0 R
T, 24 [T AL i 18] AL 10 h SE < %2 48 by, AH I 38 B T
4 Bk IR £ 03 1 27 39 i 1 A2 500, 3% R W BR R £ UL

08 —=— LhFE1R —&— 7R 100 ml
0.7 —o— fbHH2K —o— [N E200 ml
—a— 3R —a— JZ BR300 ml
< 06F —v— fhFHAR —¥— [ W E 400 ml
I# 0.5
3
=04
=
ég 03
2
0.1

07005 (152) (333 (003) (152) (3.5)
IR / om IR / om

P8 i R+ UL 3E & b 5 1R G0 B I R B Ak B R B
ESA
Fig.8 Relationship between carbonate precipitation content

with sample sprayed reactant volume and number of

treatments
081 _a REfkén —=— 0.2 mmol/L¥g %%
—— [E4{k24 h —A— 1.0 mmol/L¥#g%:

x 06 - [E4k48 h —¥— 1.4 mmol/L#gEh
~ —o— 1.8 mmol/LiEh
0 o5t
s
R o4l
.%SE
& 0.3
® 02

0.1F

07005 (152) (33) (0:05) (152) (35
R / em AHEREE / om

B9 B R R TTUE % ik 5 1R 0k R B2 X [T A I 1] 56 3%
Fig.9 Relationship between carbonate precipitation content

with sample seawater salinity and curing time

UE 19 2R B8 M g2 o DRI, M2 B Y R
JE [ A E] L 10 h o R fE , A K 8 A i [a] R 5 2

3.2 E R EICP A IEXTRD + R4 5250

M 10 5 & 11 6% B a4 # op B ] UL, 4% 5
i BRI B 364 0 5 2 B KU B B AR A B IO R .
R UL, 78 S S M 1.0 mmol- (Lemin) ') 4%
P UL B 1Y e AR 2l WGl 9.2 m/s , 1T 7E K2 il
W M N 2.0 mmols (Lemin) ' H i &f ¥k B 4
1.8 mmol/L(TP20) By 4 F T , i gl KUk 15 2 1 Fe K
B, B0 21.7 m/s. XA IR S5 R R V], 5 a3 fin kb
PHE 5 AH LU, 38 i 4k 38 OCCBCTE $2 T 00 - TRDRG 25 ¥ 07
1] A5 SO A R R OME AR R, Rk
e hn &b B AT e T BORb 1 3 2 K 5 R4 R
A LR R TR Fh UTVE i £ X FE S SR FE WD I AL &S
M o X i 2E 23 BRGSO N IR B B B SR )E

1413



Bl R 1055
120 F —o- BREREVIESE 40.50
115 045
. 0.40 05
E 110t 4o
5 0.35 %
% 105 030 g

1
B 100} 025 3%
o5l 0.20
0.15
9.0

1.‘0 1.‘5 2.‘0
GHEE M / mmol + (L + min)”
110 AN Ta) i i 0 1 Xof 17 9 A2 20y XU i 5 ke 1 3 7 &

Fig.10 Start-up wind speed and carbonate content at differ-

ent urease activities
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Fig.20 Carbonate precipitation formation rate in samples un-
der different treatment volumes, number of treat-

ments, curing times and seawater salinity
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