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Improvement of water retention characteristics of mixed soils
using XG-MICP
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(1. China Ralway Construction Bridge Engineering Bureau Group 1st Engineering Co., Ltd, Dalian 116033,
Liaoning, P. R. China; 2. School of Civil Engineering, Chongqing University, Chongqing 400045, P. R. China)

Abstract: With the development of marine industry, coastal sand and soil water retention has become an
important technical link in the ecological recovery of islands and reefs. The effect of synergising xanthan gum
(XG) with Microbially Induced Calcium Precipitation (MICP) on the water retention properties of silica sand-
calcium carbonate mixed sand was investigated by treating the sand with both XG and MICP simultaneously. A
series of experiments including water retention, volume change, shear wave velocity and microscopic analysis

were carried out to evaluate the treated sand at different concentrations of XG and MICP. The results showed
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that the water storage characteristics of the cured soil improved significantly with increasing xanthan gum
content and MICP concentration. Compared with the untreated sandy soil that produced a mass loss rate of
72.59% over 7 d, the mass loss rate of 5% 2.0 XG-MICP cured soil was only 13.1% , which was reduced by a
factor of about 81.95%. The rate of change in volume of the XG-MICP cured soil over the 7 d test days was less
than that of the XG cured soil, and the XG-MICP cured soil had a higher volumetric stability. With the increase
of xanthan gum concentration, the shear wave transmission time of XG-cured soil was prolonged and the shear
wave velocity decreased. Compared with XG-cured soil, XG-MICP-cured soil showed greater shear wave
transmission time and smaller shear wave velocity as affected by moisture content. The pores of XG-MICP
samples showed rhombic calcite precipitation. The experiment verified the feasibility of using xanthan gum
combined with MICP technique to improve the water storage of mixed sandy soils, which is expected to provide
a reference for improvement of sandy soils in coastal areas.

Keywords: microbially induced calcium precipitation (MICP); xanthan gum; mixed sand; water retention

characteristics; shear wave velocity test
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Fig.1 Morphology characteristics of mixed sand gradation
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Fig. 5 Mass loss rate under different XG concentration, CS concentration and MICP concentration
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Fig. 6 Volume change rate under different XG concentration, CS concentration and MICP concentration
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Fig.7 Shear wave velocity changes under different XG concentration and MICP concentration ;



% 34

X &, E R R A B Wy e B BB R A A B R AR R IR AT R 55

[ A6 = (4 B U1k ol 27 1 R A9 253 m/s B2 2 28 K
1509 m/s G T 29 1A%, [k 85 U1 5 MICP
WP LR L, 3 S bR R R OK PR REA G eAh, i A
7(n) (o)A, Bl A XG W EE 42 &, 46 1 1 55 9] %
R A, H B 0 P ) 9 185 o, AS ] ik 2 T4k 1
B ) I 2 5 B K
2.4 MMHLE

4 7R XG-MICP $ AR 78§ 5 4K & K 1 75 T
B TR0 2 g AL 3, X6 ] XG5 1 F MICP ¥ 2 (9
FE S AT SEMINNA, 25 5L UL 1K1 8. B I8 AT LIF
B % XG W T, XG & AL 4 50k 18] (10 e 1A 3

3
20pm 20 um

(a) 1% XG [k +

20 pm b 20 pm

(e) 3% XG [k +

20 pm 20 pm

(1) 5% XG 4k +

(b) 1% 1.0XG-MICP [# 1k 1

(f) 3% 1.0XG-MICP [# 1L+

() 5% 1.0XG-MICP [& 4k +

Z . XGIEN—FMEEEYWRAY , E1 + FOk R
T T s W A5 M T T D A O LB, 3
S8 T UKL ] Y 14 ), 76 SEM (% v 52 30 B
SRR WSS MR AE o b Ah RIS RIS, XG-
MICP F 15 I X e st b - J0RE L B HL At 35 58
Mo BEE MICP Ry 3, SEM BRI i 5 2
2R 7 i A DLVE o TR Wi S 0 R TR S UL
MXG i — 854 T + FLER, £2 2F A o J50kE 1)
M4 4. I, BE 5 MICP ¥ ¥ A9 34, SEM K14
H R AL B D/ U ) Y 3 3 () 6 B O T 0
(25 H

20 pm 20 pm

(¢) 1% 1.5XG-MICPEfE L (d) 1% 2.0XG-MICP il fL 4

20 um

(g) 3% 1.5XG-MICP 4k £ (h) 3% 2.0XG-MICP [# k1

20 um

(1) 5% 2.0XG-MICP [# 4k +

(k) 5% 1.5XG-MICP [E 4k +

8 XGHXG-MICPEEEMIEMERE (MXE46000)
Fig. 8 SEM images of XG and XG-MICP cured mixed sand (Magnification 6 000)

i 2 B KR, ARk 4 X 56 A BT 1) i 5 ) 3k
WK XA R XG & & fLAS [/ MICP % B 1 XG-
MICP [& {70 19 & K Rk e AT 5T o PRt i
AU, ) SEM X [8 46 18 A 10 1) 0L 45 #8) 14 47 B
LB R EL L.

D) XG-MICP £ R Be g i & s H IR A& i & K
o IRAE KMEREE XG 2 B A8 w38 n . A
W) e B 1 XG5 7, B MICP ¥ B (38 i IR & 10
FE KM 0. 55 A [F v B () XG-CS [ 4k £ 4 He
14 d 3R 56 W8] Y, XG-MICP [ 1k + 1Y 5 7K 1 46 X

B,

2)bEE XG &5 T, 7 diF N 520X G R
i A6 4= i AR B AR AR 3 K, 5 AR T in MICP B XG
fE ARG, B8 A S 000 A /R AR 2F TR A 1 bk
TR 55 1 T2 B, 3 T AR AR 1 o

3) BT 00 RE B K B RS T B Bk 1L 8
XG [E 4k A w87 1 9% 14 33 15 1] 6 8 T XG-CS [ 4k +
I XG-MICP [ 4k + o B & 1250 B ] 09 34, 4 5
14 B 1) 35 3 B 3 T AT B T S R e s . AH
[ 3 36 B 18], e F X G XD R B 50 )k 1% 33 i) BEL 7% &
B K Bl XG YR AR [ A 1 5T i
AR



56 + K5 33 £ 5 ROCP E X %47 %

4)38 3+ SEM WLEE & M, XG-MICP B4 W JH 1
SEM EIM& 5 B 2 32 TR 0K 0 7 i A DUTE , X ks
b+ Uk FL B H A 2 RO

&% 3k

[1] TOIMIL A, LOSADA I J, NICHOLLS R J, et al.
Addressing the challenges of climate change risks and
adaptation in coastal areas: A review [J]. Coastal Engi-
neering, 2020, 156: 103611.

(2] %5, B, X, & 2B S THRE

T {2 ol ) I R i S % SR LT). AR BL 2 TR, 2008, 18

(10): 1093-1103.

CAI F, SU X Z, LIU J H, et al. Coastal erosion in

China under the background of global climate change and

its preventive countermeasures [J]. Progress in Natural

Science, 2008, 18(10): 1093-1103. (in Chinese)

BRANDES H G. Simple shear behavior of calcareous

—
w
[

and quartz sands [J]. Geotechnical and Geological Engi-
neering, 2011, 29(1): 113-126.

V5, UL, S AL, S . A MUK IR RS X
A ek B 02w e 5 (0], 5 & TR =R, 2023,
45(7): 1517-1525.

LI T, ZHAO H'Y, WENG B H, et al. Experimental

—
IS
f—

study on effects of shape and content of fine particles on
strength of calcareous mixed sand [J]. Chinese Journal of
Geotechnical Engineering, 2023, 45(7): 1517-1525. (in
Chinese)

B R M B T T o A o RED BB R Y W
By RETE ST (D], P42 PE 2B, 2023.

HUANG X P. Study on the physical and mechanical

—
(o2l
[

properties of sandy clay improved xanthan gum and the
Psyllium husk gum [D]. Xi’an: Xijing University, 2023.
(in Chinese)

(6] &3y . 3R AT AR S PR B Bk A AL T 58 (D],
A G WL RO, 2022.

HAN X Y. A research on the legal mechanism of ecolog-
ical environment governance in China’s coastal zone [D].
Shijiazhuang: Hebei GEO University, 2022. (in Chinese)

[7] SHI J Q, XIAO Y, FU G Y, et al. Calcareous silt
earthen construction using biopolymer reinforcement [J].
Journal of Building Engineering, 2023, 72: 106571.

[8] BOZYIGIT I, JAVADI A, ALTUN S. Strength prop-
erties of xanthan gum and guar gum treated kaolin at dif-
ferent water contents [J]. Journal of Rock Mechanics and
Geotechnical Engineering, 2021, 13(5): 1160-1172.

(9] BRIBME, skoky, ¥rdRi, 55 . SRR Eh b n T 5148
B E BT BT R S gl A AR S e [T B R A
2023, 43(5): 57-66.

CHEN H Y, ZHANG Z F, JIN Z H, et al. Effects of

xanthan on seed germination and seedling growth of

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

alfalfa under salt stress [J]. Grassland and Turf, 2023, 43
(5): 57-66. (in Chinese)

XIAO Y, HE X, EVANS T M, et al. Unconfined
compressive and splitting tensile strength of basalt fiber-
reinforced biocemented sand [J]. Journal of Geotechnical
and Geoenvironmental Engineering, 2019, 145(9):
04019048.

XD, Sy, BAm, S R P 5
I WFFE ] b HEALFE, 2019, 1(1): 26-31.

LIUHL, MA G L, XIAO Y, et al. In situ experimen-
tal research on calcareous foundation stabilization using
MICP technique on the reclaimed coral reef islands [J].
Journal of Ground Improvement, 2019, 1(1): 26-31. (in
Chinese)

XIAO Y, HE X, STUEDLEIN A W, et al. Crystal
growth of MICP through microfluidic chip tests [J]. Jour-
nal of Geotechnical and Geoenvironmental Engineering,
2022, 148(5): 06022002.

FEH . B W T R TR B U TE I T AR K T B g A
FRPEWFSEID]. ¥R - LA K%, 2023,

QI M. Study on hydraulic and mechanical properties of
soil reinforced by microbial-induced calcium carbonate
precipitation [D]. Jinan: Shandong University, 2023. (in
Chinese)

XIAO Y, ZHOU W, SHI J Q, et al. Erosion of
biotreated field-scale slopes under rainfalls [J]. Journal of
Performance of Constructed Facilities, 2022, 36(3):
04022030.

LIU B, TANG C S, PAN X H, et al. Potential drought
mitigation through microbial induced calcite precipitation-
MICP [J]. Water Resources Research, 2021, 57(9):
e2020WR029434.

TANG C S, YIN L Y, JIANG N J, et al. Factors af-
fecting the performance of microbial-induced carbonate
precipitation (MICP) treated soil: A review [J]. Environ-
mental Earth Sciences, 2020, 79(5): 94.

TR . B D A T RO AL A R P A I AF S (D). 1
R TR, 2017.

XIAN N. The rheological characteristics and application
of xanthan gum and its hydrocolloids mixtures [D].
Shanghai: East China University of Science and Technol-
ogy, 2017. (in Chinese)

BERNINGER T, DIETZ N, LOPEZ O G. Water-solu-
ble polymers in agriculture: Xanthan gum as eco-friendly
alternative to synthetics [J]. Microbial Biotechnology,
2021, 14(5): 1881-1896.

5Kk, M, Lem, % TR T EICP KA ¥R
JBE I B4 5T By 4 Ak ke R K SR B AT (U], A R
2, 2024, 46(11): 2341-2351. 1007.002.

FUGY, XIAO Y, SHIJ Q, et al. Experimental study
on the degradation of EICP and xanthan gum treated



% 34

X & E R R A B My e B BB RSB R AR RIS AT 57

calcareous silt under dry-wet cycles [J]. Chinese Journal
of Geotechnical Engineering, 2024, 46(11): 2341-2351.

(in Chinese)

[20] WANG Z, SUJF, ALT A, et al. Chitosan and carboxy-

[21]

[23]

methyl chitosan mimic biomineralization and promote mi-
crobially induced calcium precipitation [J]. Carbohydrate
Polymers, 2022, 287: 119335.

MBS, T, 225858, 4F 8RR ot MICP Jin [
ORI B W TE[T]. TR, 2022, 40(4): 618-627.
LINHM, WEI R J, LI L L, et al. Reinforcement
effect of MICP improved by xanthan gum [J]. Henan
Science, 2022, 40(4): 618-627. (in Chinese)

AKPAN E U, ENYI G C, NASR G G. Enhancing the
performance of xanthan gum in water-based mud sys-
tems using an environmentally friendly biopolymer [J].
Journal of Petroleum Exploration and Production Tech-
nology, 2020, 10(5): 1933-1948.

RAJASEKAR A, WILKINSON S, MOY C K S.

[24]

MICP as a potential sustainable technique to treat or
entrap contaminants in the natural environment: A
review [J]. Environmental Science and Ecotechnology,
2021, 6: 100096.

SHIJ Q, HAEGEMAN W, CNUDDE V. Anisotropic
small-strain  stiffness of calcareous sand affected by
sample preparation, particle characteristic and gradation
[J]. Géotechnique, 2021, 71(4): 305-319.

XIWEAR, Z2F, W, AF L 3T MICP $OR o B9 g ik
B2 M A 1 1K W S (0], TR B Be 4, 2022, 39
(6): 150-156.

LIU H L., LT D, HU B, et al. Experimental study on
improving the swelling characteristics of expansive soil
using MICP technology [J]. Journal of Yangtze River
Scientific Research Institute, 2022, 39(6): 150-156. (in
Chinese)

(%% %)



