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1 INTRODUCTION 

Sandy soils are characterized by their low water – 
holding capacity and excessive deep percolation 
(Mustafa et al. 1989); therefore in order to improve 
a water storage of sandy soil and crop yields, 
hydrophilic gels such as Jalma, cross-linked 
polyacrylamides and biopolymers have been used 
as soil additives (Bhardwaj et al. 2007; Chang et al. 
2015; Mustafa et al. 1989). Water loss due to 
drainage within treated sandy soils can be prevented 
due to the high capacity of swelling and retaining 
water of hydrophilic gel. In fact, a hydrophilic gel 
can absorb water up to 500 times its mass in water 
(Bhardwaj et al. 2007), which prevents immediate 
water penetration into soil. Therefore, most of 
previous studies showed that the higher hydrophilic 
gel the higher water retention into soils. However, 
the detail interaction between soil and hydrophilic 
gels with respect to soil – water characteristics of 
the treated soils are unknown. 

Recently, rheological properties of biopolymers, 
including high water holding capacity, high 
viscosity (shear stiffness) have become main 
components to introduce biopolymers in various 

soil stabilization and geotechnical engineering 
purposes. Biopolymers show appropriate 
performances on soil strengthening (Chang et al. 
2016; Smitha and Sachan 2016), and hydraulic 
instability reduction applications (Bouazza et al. 
2009; Chang et al. 2016). For an increasing 
application of biopolymer on geotechnical 
engineering purposes a study on soil – water 
characteristics of biopolymer – treated soils need to 
be paid more attention. 

In this study, soil-water characteristics of xanthan 
gum biopolymer-treated sands are evaluated 
through laboratory program. Xanthan gum 
biopolymer with different concentration (0.5%, 
1.0%, and 2.0%, to the mass of soil) was used to 
treat sand (jumumjin sand). Xanthan gum-treated 
sand specimens were saturated for 24 hours. 
Thereafter, drying process was performed by 
applying pneumatic pressure via typical Fredlund 
SWC (Soil-Water Characteristic) device. The 
SWCC results gives evidence for an applicability of 
biopolymer on water storage for soils. 
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ABSTRACT: Microbial biopolymers have significantly contributed and applied in modern food, medicine, and 
petroleum industries. Recently, rheological properties of biopolymers, including high water holding capacity, 
high viscosity (shear stiffness) became main components to introduce biopolymers in various soil stabilization 
and geotechnical engineering purposes. Numbers of previous studies show the unique soil moisture retention 
characteristic of biopolymer-treated soils, which prevents immediate water infiltration and promotes surface 
vegetation growth. However, the detail interaction between soil and hydrophilic biopolymer hydrogels with 
respect to soil-water characteristics of the treated soils are unknown due to the lack of scientific attempts. In 
this study, soil-water characteristics of xanthan gum biopolymer-treated sands are evaluated through laboratory 
program. Xanthan gum biopolymer-treated sands with different xanthan gum concentrations (0.5%, 1.0%, and 
2.0%, to the mass of soil) were saturated for 24 hours. Thereafter, drying process was performed by applying 
pneumatic pressure via typical Fredlund SWC (Soil-Water Characteristic) device. Experimental results show 
the strong water holding characteristic of xanthan gum hydrogels, which results in 1) increase of initial water 
content after saturation; 2) high air-entry value; and 3) high residual (remaining) water content even under high 
pneumatic pressure.  



2 MATERIALS AND METHODS 

2.1 Materials 

2.1.1 Sand 
Jumunjin sand, which classified as poor graded sand 
(SP), is a standard sand material in Korea. The 
specific gravity (Gs) of Jumunjin sand is 2.65. It has 
coefficient of uniformity (Cu) and coefficient of 
curvature (Cc) of 1.39 and 0.76 respectively (Figure 
1). 

Figure 1: Jumunjin sand particle size distribution.  

2.1.2 Xanthan gum biopolymers 
Xanthan gum was used to represent a high 
molecular gel – forming biopolymer. Xanthan gum 
structure consists of repeated units formed by five 
sugar residues: two glucose, two mannose, and one 
glucuronic acid (Jansson et al. 1975) (Figure 2). Due 
to the high viscosity of solutions and water 
solubility of biopolymers, xanthan gum is widely 
used to lubricated and reduce the friction in drill – 
holes to enhance oil recovery processes (Garcıa-
Ochoa et al. 2000). Previous study shows that 
xanthan gum has the best performance in decreasing 
the hydraulic conductivity of silty sand (Bouazza et 
al. 2009). 

 
Figure 2: Structure of xanthan gum biopolymer (Jansson et al. 
1975). 

2.2 Experimental methods 

2.2.1 Specimen preparation 
A xanthan gum hydrogel solution was prepared by 
dissolving xanthan gum powder into deionized 
water at room temperature (24C) according to the 
target biopolymer concentration (0.0%; 0.5%, 1.0%; 
and 2.0% to the soil mass). The initial water content 
for mixing was set at 10% of the dry weight of the 
soil. Xanthan gum – soil mixture was compacted 
into a ring with diameter of 5 cm and height of 2 cm 
before being saturated for 24 hours. Dry density of 
sand and treated sands were 1.6 g/cm3 and 1.58 
g/cm3 respectively.  

2.2.2 Fredlund SWCC device 
The soil specimen was placed on an embedded 
saturated ceramic disk with 7.5 mm in diameter. 
Pneumatic pressure was applied in steps as (5, 10, 
20, 50, 100, 200, and 500) kPa, where each pressure 
was constantly applied for 24 h. The water released 
from the specimen was measured using two volume 
tubes on the pressure panel during the test. The 
matric suction can be the value of the applied air 
pressure. The volumetric water content, w, can be 
obtained using the following equation 𝜃𝑤 = 𝑉𝑤/𝑉𝑡                                                           (1) 

where Vw is the volume of water within soil; Vt is 
volume of soil 

2.2.3  SWCC extrapolation model 
Based on the van Genuchten formula (Van 
Genuchten 1980) the volumetric water content of a 
soil is expressed as  

θw = θr+
(θs-θr)[1+(ψ α⁄ )n]m                                                        (2) 

where, s is the saturated volumetric water content; 
r is the residual volumetric water content;  is the 
soil suction (kPa);  is a soil parameter related to 
the air entry value (AEV); n is a soil parameter 
related to the rate of water extraction from the soil 
m is a soil parameter related to r and m that can be 
calculated by m = 1 – (1/n).  

The SWCC parameters are obtained using a 
nonlinear fitting program (Seki 2007) 

3 RESULTS 

Figure 3 shows the variation of w with air 
pressure increases during drying test for pure sand, 
and treated sand. It can be seen that the xanthan gum 
affected the initial volumetric water content. 
Xanthan gum-treated sand shows higher initial w 
than that of untreated sand, due to the high water 
holding capacity of xanthan gum. The initial w 
(0.89) of the treated sand is more than two times that 



of untreated sand (0.4). Xanthan gum treated soils 
show similar initial w (= 0.89) regardless of the 
xanthan gum concentration, due to the same initial 
dry density (1.58 g/cm3) for all treated specimens. It 
means that pores (i.e porosity) within the treated 
sands are almost the same. Therefore, the SWCC 
curves of 0.5%, 1.0% and 2.0% xanthan are 
insignificantly different. The curves followed a 
same trend. A slight drop of 1.0% xanthan treated 
sand might due to mild errors of making specimens, 
operating equipment.  

When the air pressure increases, the w of sand 
dramatically decreases, while xanthan gum-treated 
sand show a gradual reduction of w. Untreated sand 
loses 86% of w after 500 kPa, while xanthan gum-
treated sand shows approximate 20% of w 
reduction for the same condition. Furthermore, the 
air entry value (= 3.2 kPa) can be easily obtained 
from the SWCC of untreated sand. However, there 
are unclear slopes on the SWCCs of treated sand. 
The van Genuchten’s parameters for fitting curves 
are summarized in Table 1. 
 

 

Figure 3. Water retention curve of the treated sands. 

Table 1. Summary of van Genuchten’s parameters for fitting 
curves 

Parameters 
Treated sand 

0.0% 0.5% 1.0% 2.0% 

s 0.40 0.88 0.89 0.90 
r 0.08 5.76E-5 3.29E-5 5.07E-5 

 0.18 0.42 1.68 0.51 
n 0.78 1.03 1.04 1.03 

 
The drying behaviour of untreated and xanthan 

gum – treated sands can be explained via the 
interaction mechanism of xanthan gum – sand – 
water molecules. At initial state, water molecules 
distribute around sand surface via surface tension 
force (Figure 4a) that holds more water within sand 
during saturation state (Figure 5a).  

Meanwhile, as xanthan solution was mixed with 
sand, xanthan gum coated sand surface (Figure 4b). 
When specimens were submerged into water, 
xanthan gum in hydrogel phase swelled and filled 
pores within sand (Figure 5b). 

With air pressure increases, most of water easily 
releases from the pore, while residual water remains 
due to surface tension which form meniscus 
between sand grains (Figure 6a). Meanwhile, 
xanthan gum hydrogels form strong hydrogen 
bonding with water molecules (Chang et al. 2010) 
and retain water at high air pressure conditions 
(Figure 6b). This is believed to explain the water 
retention behaviour of xanthan gum-treated sand.  

 

Figure 4.  Initial state of (a) sand and (b) xanthan gum-treated 
sand 

 

Figure 5. Water absorption of the treated sands during 
saturation. 

 

 

Figure 6. Water retention of untreated and treated soils under 
air pressure. 

4 DISCUSSION 

Soil treatment with xanthan gum, which is 
suggested in this study, is considered as a mean of 
controlling the loss of water within soil. Xanthan 
will not contribute to environmental pollution, thus 
being must safer for the soil, vegetation, human 
beings. The presence of xanthan within soil perform 
a proper moisture condition for the germination and 
growth of vegetation in arid areas. In fact, it is 
believed that xanthan gum will be environmentally 



safe for many applications such as desertification 
prevention and dust control via xanthan matrix with 
soil particles.  

5 CONCLUSIONS 

In this study, in order to see effects of xanthan gum 
hydrophilic gel on the water retention of sand, the 
drying SWC curves of xanthan treated sands were 
conducted via the Fredlund SWCC device. The 
experimental results show that the use of xanthan 
gum biopolymer can significantly improve the 
volumetric water of soil. Xanthan gum also 
simultaneously contribute to delaying the water 
drainage within soil under even a high pressure, 
which lead to unseen AEV of the treated sand, and 
high remaining water content. 
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