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Effects of soluble soybean polysaccharides on solidifying aeolian
sand by soybean urease-induced carbonate precipitation

QI Yongshuai, GAO Yufeng, HE Jia, ZHOU Yundong, YAN Boyang

(Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering, Hohai University, Nanjing 210024, China)
Abstract: The soybean urease-induced carbonate precipitation is potentially valuable for solidifying desert aeolian sand. In
order to improve the uniformity and effects of solidification, the soluble soybean polysaccharide (SSPS) is added to the
extracted soybean-urease solution to induce carbonate precipitation. Firstly, the impact of SSPS on the characteristics of
soybean-urease solution and the formation of calcium carbonate in soil-free solution are analyzed. Then, the one-phase injection
method is used to solidify the aeolian sand in the soil environment. The unconfined compressive strength and triaxial
consolidated undrained shear characteristics of the cemented samples are tested, and the solidification mechanism is explored
with SEM. The results show that the addition of SSPS at 1 g/L and 3 g/L lightly inhibits soybean-urease activity but hardly
affects the viscosity of soybean-urease solution, and more calcite crystals are generated in soil-free solution. At the same time,
the strength and uniformity of the solidified aeolian sand are improved. The effects are better when the additive amount of
SSPS is 3 g/L. The SEM results show that after adding SSPS, larger and more compact calcium carbonate crystals are formed in
soil-free solution, and more and more compact calcium carbonate crystals are distributed at the contact points between the sand
particles in the soil environment, thus enhancing the solidification effects.

Key words: soybean urease; soluble soybean polysaccharide; acolian sand; soil solidification; unconfined compressive strength
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Table 1 Test schemes for sand column treatment

s WA pH SSPS/(g'L1) A T 38 H
1 5.0 0 1
2 5.0 0 2
3 5.0 1 1
4 5.0 1 2
5 5.0 3 1
6 5.0 3 2
7 5.0 3 4
8 5.0 3 6
9 6.7 0 1
10 6.7 0 2
11 6.7 3 1
12 6.7 3 2
13 6.7 3 4
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TREFERIEAAL, B AR 770038 0 % 460, 510, 610 kPa,
1EIRFESS BIFE 50, 100, 200 kPa 45 %% & FE 45, [H
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HE 5 LB /KA, B2 SSPSKE N 3 g/L K5
FEALIEIN T 0.3 mPa-s. KL, KK SSPS AN
21 BROK W IR B R R o, 3X 5 IR R 3
JE R S 7K B e W o A A Y2 Xl
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Table 2 Characteristics of soybean-urease solution after adding

SSPS
- Hﬁ@?ﬁ‘@@/ ?ﬁg{ Sl
(mM'min') (mPas!) %
ERIVIN — 1.1 10.7
1 g/L SSPS — 1.1 10.8
3 g/L SSPS — 1.4 14.0
60 g/L+pH 5.0 5.56 1.3 13.6
60 ¢/L+pH 5.0+1 g/L SSPS 531 13 134
60 g/L+pH 5.0+3 g/L SSPS 4.93 14 145

2.2 RAITNER MM

Bl 1 I SSPS i Xt AR R RS ) R MR 15 1t o
MR LA, BRERES A = BER N SSPS K FE 1)
BN BRI PRAE AR 3, AL T AT K,
A RIS S R AR LA — . F kAT B
ULEH, SSPS IS INfE A2l iR ES 1) = A4, HA 2
S PR = 0 Bk R4S 1R B o I TR DM R BL A A
SSPS, AR (1P WR RS IS =, IR R 2K A R
() [ B 0, 2 VR P AR B - DR I, g 2t
JIR B PRI e, T LN SSPS 5 MR B 5 1AV i
TR, BOVFE AR KT 1R SBR[ P Y ¥ H (R TR
MBS FHE AR, AT AN 22 5 M e 2 A4 B R Bk IR 5

=

Ho

4.0r
3.5+
& & *
0 3.0r
@ 0.8 mol/L.
® 2.5 0 0.4 mol/L.
8
& 2.0r
] 9] [
1.5F
1 0 1 1
-0 1 2 3

RINSSPSHR B /(g-1L7Y)
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Fig. 1 Masses of CaCOs at different SSPS concentrations
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LT 5 A AR AT S0, 0 B A B U R A
— B2, mUkAT L, RN 3 g/L SSPS JE RSB T
TR R P2 RS (AR B, SR BRI 8
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Fig. 2 XRD patterns of precipitated substances at different SSPS

concentrations
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Fig. 3 Unconfined compressive strengths at different times of
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Fig. 4 Calcium carbonate contents at different positions of sand column under different times of treatment
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Fig. 5 Stress-strain curves of biocemented samples at different SSPS concentrations
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Fig. 6 Stress ratio-strain curves of biocemented samples at different SSPS concentrations
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Fig. 7 SEM images of precipitated substances in soil-free solution at different SSPS concentrations
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Fig. 8 SEM images of sand column biocemented twice by different schemes (magnification of 300x)
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Fig. 9 SEM images of sand column biocemented twice by different schemes (magnification of 2400x)
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Fig. 10 SEM images of sand column after biocemented 4 times by two different schemes
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Fig. 11 Distribution of calcium carbonate
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