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Abstract
Background. Vietnam’s extensive coastline and numerous islands result in a 

large expanse of coral sand. This type of sand possesses distinct mechanical proper-
ties, including coarseness, low nutrient content, poor moisture and water retention, 
and high salinity. Globally, various methods are employed to improve sandy soils 
by modifying their physical, chemical, and nutritional properties to create favorable 
conditions for plant growth.

Purpose. The objective of this article is to evaluate the impact of bentonite on 
the surface structure of coral sand, with a focus on altering key factors such as den-
sity, bulk density, porosity, electrical conductivity (EC), cation exchange capacity 
(CEC), and the field moisture-holding capacity of sand particles.

Materials and methods. Bentonite powder used in this study was produced 
by Hiep Phu Lam Dong Joint Stock Company from the Di Linh bentonite mine in 
Lam Dong, Vietnam.

In this study, We use physicochemical analysis methods such as: X-ray diffrac-
tion (XRD) method, Fourier-transform infrared (FT-IR) spectroscopy, Scanning 
Electron Microscope (SEM) and some methods for determining the physicochem-
ical properties of soils.

Results. In this study, raw bentonite from Di Linh, Lam Dong, supplied by Hiep 
Phu Lam Dong Joint Stock Company, was purified using the hydrocyclone meth-
od. The purified bentonite contains 69.0% montmorillonite and exhibits a cation 
exchange capacity (CEC) of 54.98 meq/100g, making it an excellent material for 
ameliorating the limitations of coral sand. Research findings demonstrated that the 
addition of bentonite in varying proportions significantly enhanced the physical and 
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chemical properties of coral sand. Key improvements included the increases in soil 
density (2.5–2.6 g/cm³) and bulk density (1.25 g/cm³), leading to a soil porosity 
of 50.02%. Furthermore, properties such as moisture retention and water-holding 
capacity were markedly improved due to the intrinsic characteristics of bentonite. 
At a supplementation rate of 3%, the cation exchange capacity (CEC) increased by 
over 83%, while electrical conductivity (EC) reached 470 µS/cm. 

Conclusion. These enhancements are promising for improving the nutrient re-
tention and exchange capacity of coral sand, thereby fostering better plant growth. 

Keywords: bentonite; coral sand soil; sandy soils; saline soil; soil amendments
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Introduction
The island soil in Vietnam predominantly comprises coastal sandy soil. In 

Khanh Hoa Province, this sandy soil is characterized by a coarse mechanical 
composition, with 80–85% sand—primarily coral sand. It exhibits low porosi-
ty, poor nutrient content, and limited water retention capacity. Studies on sed-
iment and soil in the major islands of Khanh Hoa Province have classified the 
area into five main geographic groups: (I) Bird guano soil group, (II) Primitive 
coastal sandy soil group, (III) Seasonal shifting sand group, (IV) Consolidated 
coarse sediment group, and (V) Coral limestone group. Notably, groups I and 
II are situated within fortified embankments, rendering them less vulnerable to 
natural factors and potentially suitable for reclamation and agricultural or other 
productive uses [1]. 

The natural conditions on islands play a crucial role in shaping the physical 
and chemical properties of the soil, as well as influencing the growth and devel-
opment of plants. The natural environment and climate on islands, particularly 
those located far offshore, are notably harsh. These islands endure constant sun 
and wind, frequent storms, and freshwater scarcity, with many islands lacking 
tree cover. Additionally, some weather phenomena on islands differ significantly 
from those on the mainland. The average annual temperature on these islands 
is 27.8°C. The average humidity in Vietnam’s island and coastal areas ranges 
from 82% to 83%, while relative humidity is slightly lower, fluctuating between 
79% and 82%. Furthermore, relative humidity shows a noticeable daily varia-
tion, typically around 6% to 7%. [2].
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The salinity of seawater in Vietnam’s coastal regions is relatively high, with 
surface water salinity in offshore areas typically not exceeding 3.5%. However, 
around unsubmerged islands or within submerged areas, salinity levels can be 
even higher. This increase is primarily due to elevated evaporation rates and 
limited water circulation with the surrounding areas [3]. Given the aforemen-
tioned climatic conditions, transforming coastal sandy soil into arable land has 
become an urgent priority. Achieving this goal requires the implementation of 
innovative, environmentally friendly, and highly efficient technologies.

Various technologies have been developed to improve the fertility of sandy 
soil by enhancing its moisture retention and nutrient-holding capacity. These 
approaches often involve the use of water-retaining technologies to optimize 
rainwater usage and reduce the need for irrigation around plant roots. Com-
monly used materials include bentonite clay, carboxymethyl cellulose (CMC), 
biochar, and water-retaining polymers [4-8]. These materials work by binding 
sand particles, stabilizing soil structure, and increasing both moisture and nu-
trient retention, thereby supporting the healthy growth of plants.

Bentonite is derived from volcanic ash, with montmorillonite as its primary 
mineral component. Montmorillonite features a layered structure, giving ben-
tonite its distinctive properties, including high swelling capacity, viscosity, and 
the ability to adsorb various substances [9]. Due to these characteristics, benton-
ite has been widely utilized for soil improvement. Beyond its ability to retain 
moisture, bentonite can also retain nutrients, absorb pollutants, and cleanse the 
soil and environment [10-15]. Bentonite is a natural mineral containing over 
45 chemical elements with significant nutritional value, including CaO, MgO, 
SiO2, and Al2O3. These properties make it highly versatile, leading to its wide-
spread use in agriculture across many countries. Applications include producing 
animal feed, manufacturing fertilizers, and improving soil quality [16].

The use of bentonite to enhance soil productivity has been extensively studied 
and effectively applied in many countries [17-20]. Due to its excellent moisture 
retention and high adsorption capacity, bentonite is recognized as one of the most 
effective natural materials for soil rehabilitation, particularly for improving the 
fertility of sandy soils, which require substantial amendments for cultivation. San-
dy soils are characterized by high water permeability, poor water retention, and a 
natural deficiency in nutrients. When moist, the swelling properties of bentonite 
help reduce capillary channels in the soil, allowing sandy soil to retain water more 
effectively and decreasing its permeability. By increasing soil moisture, bentonite 
also improves the thermal conductivity and heat capacity of sandy soils, further 
contributing to their overall fertility and suitability for cultivation [18]. 
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Uses of bentonite for fertilizer and soil improvement: cation exchange prop-
erties; absorbent and binding properties; flocculation and rheological properties; 
high water absorption and water retention properties. In soil improvement, ben-
tonite not only enhances moisture and water retention but also provides essential 
micronutrients to plants. Moreover, it is non-toxic and environmentally friendly, 
making it an ideal material for sustainable agricultural practices [20-25]. 

In 1973, Polish scientists from the Institute of Soil Science and Plant Culti-
vation in Pulawy, Poland, conducted pioneering research and applied bentonite 
for soil improvement [17]. Since then, numerous studies have been carried out 
globally. Starting in 2003, scientists from various countries, including Germa-
ny [4], Egypt [14], Tunisia [15], China [19; 25], Thailand [26-29], Vietnam 
[30-31], have further explored and applied bentonite to enhance soil quality. 

Junzhen Mi et al. [12] and Lanying Zhang et al. [25] have studied the effects 
of bentonite as a soil amendment on field water-holding capacity, millet photo-
synthesis, grain quality, and the impact of combining bentonite with other amend-
ments to improve soil quality for oat cultivation in semi-arid regions. Their studies 
demonstrated that bentonite significantly improved soil structure by decreasing 
soil bulk density and increasing soil porosity, microorganism activity, crop yield, 
and economic benefits. Furthermore, bentonite amendments enhanced the field 
water-holding capacity and increased the availability of water for plants.

The application of clay technology by farmers in northeast Thailand, spe-
cifically using bentonite clay, has significantly reversed soil degradation and 
increased economic returns through higher yields and improved output prices. 
Studies conducted by the International Water Management Institute and its part-
ners in 2002–2003 focused on the use of locally sourced bentonite clays for re-
habilitating degraded soils in the region. These studies involved structured field 
trials, which demonstrated that applying bentonite clay effectively enhanced the 
yields of forage sorghum cultivated under rain-fed conditions [26-27]. 

The application of bentonite also positively influenced the prices farmers re-
ceived for their crops. Although production costs were higher, the increased yield 
and improved food quality enabled farmers using bentonite to invest in and grow 
more and better-quality food compared to those who did not use clay [28-29]. 

The South Central Coast of Vietnam (SCC VN) has approximately 339,000 
hectares of sandy soils characterized by low clay content, low cation exchange 
capacity (CEC), low pH, low organic matter, and poor water and nutrient-hold-
ing capacities. As a result, these soils are infertile, leading to very low crop pro-
ductivity [30]. Nguyen Hoai Chau et al. [31] studied the effects of bentonite on 
the cation exchange and moisture-retaining capacities of sandy soil in Ninh Thu-
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an Province, focusing on its application for asparagus cultivation. Bentonite, a 
highly abundant natural soil improver in Vietnam, has an estimated reserve of 
more than 760,000 tons. These reserves are primarily concentrated in provinces 
such as Lam Dong, Binh Thuan, and Thanh Hoa, with montmorillonite mineral 
content ranging from 40% to 50% [32].

Researching, analyzing, evaluating, and applying Vietnamese bentonite re-
sources to address the dry, drought-prone, and saline climate conditions of the 
Central Coast region holds significant scientific and practical value. However, 
there have been very few studies published on the composition of Vietnamese 
bentonite and its applications as a soil amendment in Vietnam.

The objective of this article is to evaluate the impact of bentonite on the sur-
face structure of coral sand, with a focus on altering key factors such as density, 
bulk density, porosity, electrical conductivity (EC), cation exchange capacity 
(CEC), and the field moisture-holding capacity of sand particles.

Materials and methods 
Materials and chemicals
Material: Bentonite powder used in this study was produced by Hiep Phu 

Lam Dong Joint Stock Company from the Di Linh bentonite mine in Lam Dong, 
Vietnam. The raw bentonite was collected from the mining site in Di Linh Dis-
trict, Lam Dong Province, and is locally referred to as Di Linh bentonite before 
undergoing preliminary treatment (Figure 1). Distilled water and HCl PA were 
also utilized in the study.

Fig. 1. Samples of bentonite (a) Bentonite ore; (b) Bentonite powder; c) Purification 
bentonite using the hydrocyclone method.

Analytical Methods
Fabrication of samples 
Raw bentonite contains inorganic impurities and metal oxides located out-

side the crystal lattice, which can reduce its porosity. Therefore, treatment is 
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required to obtain purified bentonite. According to Hiep Phu Lam Dong Joint 
Stock Company, bentonite samples were processed using the hydrocyclone 
method, as illustrated in the diagram in Figure 2 [33-35]. The processing steps 
involve crushing the bentonite ore into powder, dispersing it in clean water, and 
grading it using the hydrocyclone method to obtain a suspension. The suspen-
sion is then thickened, and residues are removed. Using centrifugal separation, 
water is extracted, and the material is filtered, pressed, dried, and ground to pro-
duce a pure bentonite sample. These purified samples, produced by Hiep Phu 
Lam Dong Joint Stock Company, are referred to as HP bentonite. The processed 
bentonite has a particle size of <100 μm, a bentonite suspension concentration 
of 5–10%, and is treated under a pressure of 5 psi.

Fig. 2. Purification bentonite using the hydrocyclone method

Bentonite samples from Hiep Phu Lam Dong Joint Stock Company underwent 
further purification to enhance porosity using a 5% HCl solution. The samples were 
stirred thoroughly for 5 hours [34-35]. After soaking, the samples were allowed to 
settle, then washed to remove all traces of acid. Finally, the samples were dried 
and ground again to produce a pure bentonite sample, symbolized as P bentonite.
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During the dissolution process with 5% HCl, substances such as CaO, Fe2O3, 
and Al2O3 present in bentonite can be separated and removed through the fol-
lowing reactions:

Fe2O3 + HCl = 2FeCl3 + 3H2O
CaO + 2HCl = 2CaCl2 + H2O
Al2O3 + 6HCl = 2AlCl3 + 3H2O
MgO + 2HCl = 2MgCl2 + H2O
The P bentonite was mixed with coral sand soil at weight ratios of 1%, 2%, 

3%, 4%, 5%, 6%, and 7%.
Chemical composition 
The bentonite sample was treated with a mixture of two acids, HCl and 

HNO3. All elements dissolved into the solution, except silica (SiO2), which was 
determined using gravimetric analysis. The other elements, including Al, Fe, 
Mg, Ca, Na, and K, were analyzed using an Atomic Absorption Spectropho-
tometer (AAS). The analysis was conducted with a Shimadzu AA-6800 atomic 
absorption spectrometer (Japan).

Physicochemical characteristics of bentonite 
Determination of Mineral Composition by X-ray Diffraction
The X-ray diffraction (XRD) method is one of the most common and ef-

fective techniques for determining the structure and crystallinity of materials. 
From the obtained XRD spectra, the structure and phase composition can be 
identified based on the quantity, position, and intensity of the peaks, allowing 
for the inference of lattice types and the determination of the material’s nature. 
XRD is particularly effective in identifying the names and concentrations of 
minerals and clay minerals present in samples. In this study, material samples 
were analyzed using the XRD8–Advance system (Bruker, Germany) at the In-
stitute of Chemistry, Vietnam Academy of Science and Technology.

Fourier-transform infrared spectroscopy (FT-IR)
Fourier-transform infrared (FT-IR) spectroscopy is used to identify the char-

acteristic atomic groups within the structure of clay. This method complements 
X-ray diffraction by providing insights into the vibrational frequencies of func-
tional groups present in the clay structure. The absorption of infrared radiation 
depends on the vibrational modes of groups such as OH, tetrahedral units (AlO4 
and SiO4), and octahedral units (AlO6, MgO6). For analysis, bulk samples (ap-
proximately 1–2 mg) were milled, wet sieved to <40 μm, and dispersed in 120 
mg of KBr. The mixtures were then pressed into pellets with a diameter of 13 
mm. FT-IR spectra were recorded in the mid-infrared range (400–4000 cm-¹) 
using a Nicolet Magna-IR 760 spectrometer (USA). The analyses were conduct-
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ed at the Institute of Tropical Ecology, Joint Vietnam-Russia Tropical Science 
and Technology Research Center.

Determination of Surface Structure
The morphology of the bentonite and sandy soil samples was analyzed using a 

Scanning Electron Microscope (SEM), Jeol JSM-IT200, at the Institute of Tropical 
Ecology, Joint Vietnam-Russia Tropical Science and Technology Research Center. 
Elemental composition analysis was conducted using the Energy Dispersive X-ray 
(EDX) method on an MS-7001F device (Jeol, Tokyo, Japan). The surface area of 
the samples was measured using a Tristar 3000 Micromeritics system, while thermal 
analysis was performed on a Labsys TG/DSC 1600, TMA-SETARAM machine, 
with a differential thermogravimetric analyzer (TG-DT-8121, France).

Determination of Density
Bulk density was determined based on ISO 11508:1998. After being dried 

to a constant weight, the soil samples were weighed using an analytical balance 
with a precision of 0.001 mg at the Laboratory of Biochemistry, Department 
of Biotechnology, Joint Vietnam-Russia Tropical Science and Technology Re-
search Center.

Determination of Porosity
Soil porosity refers to the percentage of void spaces within the soil relative 

to its total volume. The porosity P(%) of the soil is calculated based on its den-
sity and bulk density.

The formula for determining porosity is:

Where: d: bulk density (g/cm3)
            D: density (g/cm3 )
Determination of Electrical Conductivity (EC)
The electrical conductivity (EC) of soil is commonly used to evaluate soil sa-

linity or the concentration of other conductive substances that may impact crop 
yield and development. This measurement is typically performed by determining 
the EC of soil water or a solution in contact with the soil. The EC of the mixture is 
measured using an EC meter, with results expressed in units of mS/cm or µS/cm.

Determination of Water Retention Capacity
Water retention capacity was measured using the Funnel Method (FM)[10].
Determination of Field Water-Holding Capacity (WHC)
The Water-Holding Capacity (WHC), also known as water retention capac-

ity, measures the total amount of water that can be absorbed per gram of ma-
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terial. The maximum WHC is determined using the cylindrical sand soaking 
method [11].

Determination of Cation Exchange Capacity (CEC)
The mixed samples were treated with a 150 mg/L methylene blue solution 

for a specific duration. The absorption was then measured at a wavelength of 
666 nm using a UV-Vis spectrophotometer equipped with a 10 mm glass cuvette 
(Model: 3101PC, Shimadzu, Japan) [12]. 

Results and discussion
Chemical composition of the HP bentonite 
Based on the compositional analysis results of HP bentonite presented in 

Table 1, the largest component is SiO2, accounting for 55.3%. The alkali metal 
elements are present in moderate to small amounts, including TiO2 (0.63%), 
Al2O3 (23.9%), Fe2O3 (5.7%), MgO (0.9%), and CaO (0.4%). Other components 
constitute approximately 13.2% of the composition. The relatively high propor-
tion of Al2O3 indicates a significant montmorillonite (MMT) content. The SiO2 
ratio of approximately 2.5 further supports the high MMT content. Additional-
ly, the light brown color of the bentonite reflects its low iron content and high 
quality. The analysis also highlights the contributions of CaO and MgO to the 
cation exchange capacity (CEC) of the bentonite.

Table 1.
Chemical composition of bentonite

MxOy SiO2 TiO2 Al2O3 Fe2O3 MgO CaO Other Components
% 55.3 0.63 23.9 5.7 0.92 0.4 13.2

Physicochemical characteristics of bentonite 
Mineral Composition of Bentonite
The results of the X-ray diffraction (XRD) analysis of the bentonite samples 

are presented in Figure 3. The XRD spectrum of Hiep Phu bentonite reveals 
the main characteristic peaks of montmorillonite (MMT), with a layer spacing 
d001​ of 15 Å observed at a diffraction angle 2θ of approximately 6.94°, 19.81°, 
35.92°, and 61.84° (Figure 3(c)) [38]. The predominant montmorillonite (MMT) 
structure in the Hiep Phu bentonite sample accounts for its high swelling ca-
pacity and water absorption ability.

The X-ray diffraction analysis in Figure 3(a) identifies Hiep Phu bentonite 
as an alkaline earth bentonite. The primary ion-exchange cations are Ca and 
Mg. The main mineral composition of Hiep Phu bentonite ore is montmo-
rillonite, while the impurities include quartz (10–12%), feldspar (11–12%), 
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goethite (8–10%), hydromica (10–12%), chlorite (5–7%), and trace amounts 
of kaolinite and calcite. The montmorillonite content in Hiep Phu bentonite 
ranges from 55% to 57%. Compared to bentonite from other countries, such 
as Wyoming bentonite in the United States, which has a montmorillonite con-
tent of up to 80% [36], the montmorillonite content in Hiep Phu bentonite is 
relatively low. Therefore, cleaning and enrichment processes are necessary 
to increase the montmorillonite content for applications requiring high-qual-
ity bentonite.

Fig. 3. XRD spectrum of the bentonite. (a) HP bentonite; (b, c) P bentonite

In Figure 3(b), the montmorillonite content is shown to have increased 
to 69%, with minimal quartz impurities (SiO2) remaining. Additionally, 
metal oxide impurities located outside the bentonite crystal lattice, such 
as TiO2, Al2O3, and Fe2O3, were almost entirely removed, leaving only un-
detectable traces. These findings are consistent with previous research re-
sults [38].

From the X-ray diffraction analysis, the montmorillonite (MMT) content 
was determined to be 69%, and the cation exchange capacity (CEC) measured 
at 54.98 meq/100g. Compared to other bentonite samples, these values are rel-
atively high, indicating the potential for enhanced moisture retention and nu-
trient-holding capacity.

Surface structure analysis by SEM method:
The SEM image of the bentonite sample after cleaning with a 5% HCl solu-

tion shows uniform particle sizes with a round shape, ranging from 5 to 10 µm.
Analysis of the bentonite sample treated with 5% HCl using the SEM-EDX 

method revealed a significant reduction in the content of impurities such as Fe, 
Ti, and Al compared to the untreated Hiep Phu bentonite sample.
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Fig. 4. Image SEM of bentonite after cleaning with 5% HCl solution (P bentonite).

Fig. 5. EDX spectrum analysis of Hiep Phu bentonite sample after cleaning                      
with 5% HCl solution (P bentonite).

The thermal analysis (TGA) results of the bentonite sample (Figure 6) re-
vealed four endothermic peaks at temperatures of 70°C, 100.68°C, 287.5°C, 
and 498.62°C. The first and second peaks, at 70°C and 100.68°C, and the third 
peak at 287.5°C, are attributed to the physical dehydration of clay and the 
loss of organic matter, with a total mass loss of 1.17 wt%. The fourth peak at 
498.62°C corresponds to the decarbonation of the sample, resulting in a mass 
loss of 6 wt%.

The results of BET surface area analysis (Figure 7) indicate that the treated 
bentonite sample has an average surface area of 45.716 m²/g. The average pore 
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size during the adsorption process is 8.7907 nm, while during the desorption 
process it is 7.4202 nm. The average pore size suggests that the adsorption pro-
cess of bentonite substances occurs due to changes in the capillary pore struc-
ture. In comparison, the untreated sample had an average surface area of 30.255 
m²/g. This comparison demonstrates that treatment and cleaning with 5% HCl 
significantly improved the surface area of the bentonite sample.

Fig. 6. TGA of P bentonite

Fig. 7. (a) Adsorption isotherm N2 adsorption of P bentonite; (b)BET plot                            
of P bentonite; (c) Pore ​​diameter distribution of P bentonite

From Figure 7(c), the pore size distribution of P bentonite is observed to be 
narrow and exhibit high intensity, indicating a uniform capillary system with 
pore sizes of less than 5 nm.
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Fourier-transform infrared spectroscopy (FT-IR)
The FT-IR absorption spectra of the bentonite samples (Fig. 8) are charac-

terized by absorption peaks around 3697, 3621, and 3454 cm-¹, intense peaks 
around 1032 cm-¹, and weak peaks near 912.7 and 796.9 cm-¹. Additionally, the 
Si-O bands at approximately 1040 cm-¹ are indicative of montmorillonite. The 
characteristic spectral peaks for bentonite include the Si-O deformation vibra-
tion in the SiO4 tetrahedron, observed in the range of 420–470 cm-¹, and the 
Al-O bond in the octahedron, found at 815 cm-¹. The OH- group in the structure 
is represented by the spectral band in the range of 3400–3600 cm-¹. These peaks 
confirm the montmorillonite structure of the bentonite [38- 41].

Fig. 8. FT-IR spectra of P bentonite.

Effects of Bentonite on Some Physical and Chemical Properties of Coral 
Sand Soil

Density
Density is a crucial parameter for assessing soil porosity. The density values 

for each mixture formulation can be determined using the previously described 
density measurement method. This allows for the identification of the optimal 
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formulation and the determination of appropriate component ratios to achieve 
the desired density values.

Soil density varies based on its type, composition, and structure. Density 
measurements will be carried out using the method previously described .

Fig. 9. Density of Coral Sand and Bentonite-Added Samples. 
The data in the graph represents the average values of three repetitions. Data points 
with different superscripts (a, b, c, etc.) indicate significant differences at the 95% 

confidence level in the one-way Tukey comparison.

The measurement results indicate that the densities of the soil samples 
are relatively high, ranging from 2.5 to 2.6 g/cm³, which is characteristic 
of sandy soils primarily composed of coral sand particles. The addition of 
bentonite at concentrations of 1% to 7% slightly reduces the density of the 
sandy soil. This reduction can be attributed to the addition of bentonite, 
which alters the soil’s mechanical composition by increasing the proportion 
of lighter clay particles, thereby lowering the overall density. Furthermore, 
incorporating more clay components helps balance the soil composition and 
enhances its fertility.

Bulk Density
Bulk density is closely related to soil porosity; higher porosity results in 

lower bulk density. For arable soils, an appropriate bulk density typically ranges 
between 1.0 and 1.25 g/cm³. A comparison will be made with the data presented 
in the accompanying graph.
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Fig. 10. Bulk Density of Coral Sand and Bentonite-Added Samples. The data                       
in the graph represents the average values of three repetitions. Data points with 

different superscripts (a, b, c, etc.) indicate significant differences at the 95% 
confidence level in the one-way Tukey comparison.

It can be observed that at bentonite ratios of 3%, 4%, and 5% (w/w), the bulk 
density of the soil falls within the optimal range of 1.0–1.25 g/cm³, meeting the 
bulk density criterion for normal arable soil. However, at lower ratios (1–2%) 
or higher ratios (>5%), the bulk density deviates from this range, becoming ei-
ther too high or too low. This deviation directly affects the soil’s porosity and 
its suitability as arable land.

Porosity
Soil porosity refers to the small pores or open spaces within the soil. A po-

rosity greater than 50% promotes good soil aeration, enabling CO2 and nutrients 
to permeate quickly and easily. This is beneficial for soil organisms and root 
development. At a bentonite ratio of 3%, the soil mixture achieves a porosity 
of 50.02%, which is highly suitable for modifying soil properties. This can be 
attributed to the influence of factors such as particle structure, sample compo-
sition, compaction, and the amount of organic material present. Finer-textured 
samples exhibit a greater capacity to retain water compared to coarser sam-
ples. The 3% bentonite ratio provides an optimal particle structure, making it 
a promising solution for improving soil properties and enhancing agricultural 
cultivation.
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Fig. 11. Porosity of Coral Sand and Bentonite-Added Samples. The data                            
in the graph represents the average values of three repetitions. Data points                         

with different superscripts (a, b, c, etc.) indicate significant differences at the 95% 
confidence level in the one-way Tukey comparison.

Electrical Conductivity (EC)
Electrical conductivity (EC) reflects the mineral salt content in soil, 

often referred to as mineral nutrients for crops. An EC range of 200–1200 
µS/cm is considered optimal for plant growth. Values below 200 µS/cm 
indicate nutrient deficiency, whereas values above 1200 µS/cm suggest 
nutrient surplus.

The results of the EC determination for the coral sand samples are present-
ed in Figure 12.

The survey results indicate that when bentonite ratios greater than 2% 
are added to the sand, the EC index of the samples reaches an acceptable 
level, aligning with the goals of soil improvement. This finding is consistent 
with previous research by Hassan et al. [13], which evaluated the effects of 
bentonite on certain cereal crops in Egypt. This outcome can be attributed 
to the mineral components of bentonite, which enhance the cation exchange 
capacity (CEC) of sandy soil. The increased CEC boosts the soil’s electrical 
conductivity, ensuring sufficient nutrients for plant growth and development 
following remediation.
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Fig. 12. Electrical Conductivity (EC) of Coral Sand and Bentonite-Added Samples. 
The data in the graph represents the average values of three repetitions. Data points 
with different superscripts (a, b, c, etc.) indicate significant differences at the 95% 

confidence level in the one-way Tukey comparison.

Assessment of Changes in the Surface Structure of Coral Sand
Observing Figure 13, the surface of the coral sand appears uneven (Figure 

12a), with numerous edges, angles, and pores between the sand particles. This 
rough surface provides good adhesion for stabilizing materials. 

Fig. 13. SEM Images of Four Samples (a) Coral Sand; (b) Coral Sand + 2% BT;(c) 
Coral Sand + 3% BT; (d) Coral Sand + 5% BT.
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For sand samples with 2–3% bentonite added (Figures 13b, 13c), a layer 
of bentonite is clearly visible covering the sand particles. This layer acts as a 
binding agent between the sand grains, increasing the surface area, filling the 
pores, stabilizing the soil structure, and enhancing moisture and nutrient reten-
tion. The addition of 5% bentonite yields similar results, where the bentonite 
surrounds, overlaps, or connects the sand grains. At 2% bentonite content, the 
bentonite-bound sand grains begin to form aggregates (Figure 13d), further 
contributing to soil stabilization and improved properties.

Water Retention and Moisture Storage
Water Retention
The experimental results indicate that coral sand has a relatively fast drain-

age rate and poor water retention capacity, leading to significant nutrient leach-
ing with draining water. However, when bentonite is added to the coral sand, the 
drainage rate decreases sharply. At bentonite ratios of 1–3%, the drainage rate 
drops significantly, demonstrating a marked improvement in the water retention 
capacity of the bentonite-enhanced sand mixture (Figure 14).

Fig. 14. Water Drainage Rate of Sandy Soil Before and After Bentonite Addition.            
The data in the graph are the average values of three repetitions. Data with different 
superscripts (a, b, c, etc.) indicate significant differences at a 95% confidence level         

in one-way Tukey comparisons.



314 Siberian Journal of Life Sciences and Agriculture, Vol. 17, №4, 2025

This can be attributed to bentonite adhering to the sand particles, increas-
ing their surface area. This bonding reduces the movement of water through 
the soil’s voids, thereby decreasing drainage [10, 12]. At bentonite ratios of 
4–7%, the water flow through the bentonite-enhanced sand mixture continues 
to decrease compared to the 3% ratio. However, excessively low drainage rates 
may lead to prolonged waterlogging in the lower soil layers, increasing the risk 
of flooding. This condition can result in root rot or damage to the root growth 
apex, adversely affecting crop health. 

Field Water Holding Capacity 
The results of the field water-holding capacity measurement (Figure 15) 

indicate that the increase in maximum water-holding capacity for sandy soil 
samples with 1–2% bentonite was minimal compared to the original sand. How-
ever, at a 3% bentonite ratio, the water-holding capacity increased significantly, 
reaching 14.7%, and continued to rise slightly with bentonite ratios of 4–7%. 
These findings align with studies by O. Semalulu (2013) [14], who utilized 
Ca-bentonite to enhance moisture retention and nutrient conservation in sandy 
soils in drought-affected areas of Uganda, and by Junzhen Mi et al. [15], who 
conducted similar experiments in the arid regions of northern China.

Fig. 15. Increase in Maximum Water Retention Capacity                                                           
of Coral Sand and Bentonite-Amended Samples. 

The data in the graph are the average values of three repetitions.                                      
Data with different superscripts (a, b, c, etc.) indicate significant differences                          

at a 95% confidence level in one-way Tukey comparisons.
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This can be attributed to the ability of water molecules to penetrate the struc-
ture of montmorillonite when water comes into contact with the soil. These 
molecules are retained within the crystal lattice of montmorillonite, resulting in 
improved soil moisture retention.Therefore, to enhance the moisture retention ca-
pacity of coral sand to 10% or higher, a bentonite ratio of at least 3% is necessary.

Cation Exchange Capacity (CEC)
The analysis of cation exchange capacity (CEC) (Figure 16) demonstrates 

a clear linear increase with the addition of bentonite to sandy soil. The CEC 
reaches an average value of over 83% at a 3% bentonite ratio and over 51% at 
a 2% bentonite ratio. These findings are consistent with previous research by 
Nissaf Karbout [16], who observed similar effects when bentonite was added 
to sandy soil in the arid regions of Tunisia.

Fig. 16. CEC Changes in Sandy Soil Amended with Bentonite. 
The data in the graph are the average values of three repetitions. Data with different 
superscripts (a, b, c, etc.) indicate significant differences at a 95% confidence level          

in one-way Tukey comparisons.

This can be explained by the varying amounts of bentonite added to the sand. 
Montmorillonite, the primary mineral in bentonite, is well-known for its high 
adsorption and ion exchange capacity. This high adsorption capacity arises from 
ion exchange occurring not only on the external surfaces of the crystals but also 
within the crystal structure, specifically between the basic layer packets. Con-
sequently, the greater the amount of bentonite added, the higher the CEC value.
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Conclusion
This study refined montmorillonite (MMT) from Di Linh bentonite, Lam 

Dong, using the hydrocyclone method, achieving an MMT content of >69% 
with a particle size of approximately 5 μm. The physicochemical properties 
and chemical composition of the refined bentonite were analyzed using XRD, 
SEM-EDX, BET, and other methods. The study evaluated the impact of ben-
tonite on the surface structure of coral sand particles, influencing key soil prop-
erties such as specific gravity, bulk density, porosity, field moisture retention, 
and nutrient retention. At a 3% bentonite addition, SEM images revealed that 
bentonite effectively bonded sand particles, stabilizing the soil structure and 
significantly enhancing its physical and nutritional properties. Specifically, po-
rosity increased to 50.02%, electrical conductivity (EC) rose 3.7 times to 470 
µS/cm, and moisture retention improved substantially to 14.7%. These results 
demonstrate that incorporating a 3% bentonite ratio into coral sand is an effec-
tive strategy for converting coral sand into arable land.

Bentonite, which is abundant in Vietnam, offers a stable, long-term solution 
as it requires only a single application, unlike synthetic water-absorbing poly-
mers that degrade over time and require periodic reapplication. Thus, applying 
bentonite may be a practical and effective approach for improving millet pro-
duction in arid regions of the South Central Coast of Vietnam or in regions with 
similar environmental conditions. 

This research serves as an initial study. Future work will focus on investi-
gating the effects of bentonite on microbial activity, crop productivity, and the 
associated economic benefits.
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Russia Tropical Science and Technology Research Center.

References
1.	 Tuan, T. A. (2014). Research on landscape characteristics of coral islands in the 

Truong Sa archipelago. Vietnam Journal of Marine Science and Technology, 
14(3), 238–245.

2.	 Yet, N. H., & Thanh, D. N. (2008). Biological resources and ecosystems in the 
waters of the Hoang Sa and Truong Sa archipelagos. In: Natural Science and 
Technology Publishing. VietNam.

3.	 Duong, P. X. (2008). Some distribution features of temperature and salinity in 
the surface layer of the East Sea in summer and winter. Institute of Oceanogra-
phy, 707–716.



317Siberian Journal of Life Sciences and Agriculture, Том 17, №4, 2025

4.	 Garbowski, T., Bar‑Michalczyk, D., Charazińska, S., Grabowska‑Polanows-
ka, B., Kowalczyk, A., & Lochyński, P. (2023). An overview of natural soil 
amendments in agriculture. Soil and Tillage Research, 225, 105462. https://doi.
org/10.1016/j.still.2022.105462. EDN: https://elibrary.ru/UCHGKY

5.	 Narjary, B., Aggarwal, P., Singh, A., Chakraborty, D., & Singh, R. (2012). Water 
availability in different soils in relation to hydrogel application. Geoderma, 187, 
94–101. https://doi.org/10.1016/j.geoderma.2012.03.002. EDN: https://elibrary.
ru/XZULGD

6.	 Andrenelli, M. C., Maienza, A., Genesio, L., Miglietta, F., Pellegrini, S., Vaccari, 
F. P., & Vignozzi, N. (2016). Field application of pelletized biochar: Short‑term 
effect on the hydrological properties of a silty clay loam soil. Agricultural Water 
Management, 163, 190–196.

7.	 Mi, J. Z., Liu, J. H., Xu, S. T., Zhao, B. P., Yang, M. H., & Zhou, L. (2015). Ef-
fects of sandy soil amendment on soil moisture and growth status of millet with 
rainfed sandy soil in a semi‑arid region. Advanced Materials Research, 1092, 
1234–1242.

8.	 Yu, J., Shainberg, I., Yan, Y. L., Shi, J. G., Levy, G. J., & Mamedov, A. I. (2011). 
Superabsorbents and semiarid soil properties affecting water absorption. Soil 
Science Society of America Journal, 75(6), 2305–2313. https://doi.org/10.2136/
sssaj2010.0397. EDN: https://elibrary.ru/XYYXXE

9.	 Nesse, W. D. (2012). Introduction to mineralogy. Oxford University Press.
10.	Hassan, A. Z. A., & Mahmoud, A. W. M. (2013). The combined effect of ben-

tonite and natural zeolite on sandy soil properties and productivity of some 
crops. Topclass Journal of Agricultural Research, 1(3), 22–28.

11.	Semalulu, O., Magunda, M., & Mubiru, D. N. (2015). Amelioration of sandy 
soils in drought‑stricken areas through use of Ca‑bentonite. Uganda Journal of 
Agricultural Sciences, 16(2), 195–205.

12.	Mi, J., Gregorich, E. G., Xu, S., McLaughlin, N. B., Ma, B., & Liu, J. (2017). 
Effect of bentonite amendment on soil hydraulic parameters and millet crop 
performance in a semi‑arid region. Field Crops Research, 212, 107–114. https://
doi.org/10.1016/j.fcr.2017.07.009. EDN: https://elibrary.ru/YGZCJN

13.	Karbout, N., Moussa, M., Gasmi, I., & Bousnina, H. (2015). Effect of clay 
amendment on physical and chemical characteristics of sandy soil in arid areas: 
The case of ground south‑eastern Tunisian. Applied Science Reports, 11, 43–48.

14.	Mi, J., Gregorich, E. G., Xu, S., McLaughlin, N. B., Ma, B., & Liu, J. (2021). 
Changes in soil biochemical properties following application of bentonite as a 
soil amendment. European Journal of Soil Biology, 102, 103251. https://doi.
org/10.1016/j.ejsobi.2020.103251. EDN: https://elibrary.ru/FALKRF



318 Siberian Journal of Life Sciences and Agriculture, Vol. 17, №4, 2025

15.	Mi, J., Gregorich, E. G., Xu, S., McLaughlin, N. B., & Liu, J. (2020). Effect of 
bentonite as a soil amendment on field water‑holding capacity, and millet pho-
tosynthesis and grain quality. Scientific Reports, 10(1), 18282.

16.	Xu, C. Y., Hosseini‑Bai, S., Hao, Y., Rachaputi, R. C., Wang, H., Xu, Z., & Wallace, 
H. (2015). Effect of biochar amendment on yield and photosynthesis of peanut on 
two types of soils. Environmental Science and Pollution Research, 22, 6112–6125. 
https://doi.org/10.1007/s11356-014-3820-9. EDN: https://elibrary.ru/VGDEMD

17.	Czaban, J., Czyz, E., Siebielec, G., & Niedzwiecki, J. (2014). Long‑lasting 
effects of bentonite on properties of a sandy soil deprived of the humus layer. 
International Agrophysics, 28(3). https://doi.org/10.2478/intag-2014-0018

18.	12th Botany: Practicals. Water holding capacity of garden soil and roadside 
soil (2020). Retrieved from https://www.brainkart.com/article/Water-holding-
capacity-of-garden-soil-and-roadside-soil_38350/

19.	Darvishi, Z., & Morsali, A. (2011). Synthesis and characterization of Nano‑ben-
tonite by sonochemical method. Ultrasonics Sonochemistry, 18(1), 238–242.

20.	Sun, Z., Yu, J., Zheng, S. L., Bai, C. H., Dou, Z. L., Kong, W. A., & Shi, J. G. 
(2010). Effect of ion‑type and concentration on water‑retention capacity of ben-
tonite used in geosynthetic clay liner. Journal of the Chinese Ceramic Society, 
38, 1826–1831.

21.	De Castro, M. L. F. A., Abad, M. L. B., Sumalinog, D. A. G., Abarca, R. R. M., 
Paoprasert, P., & de Luna, M. D. G. (2018). Adsorption of methylene blue dye 
and Cu(II) ions on EDTA‑modified bentonite: Isotherm, kinetic and thermody-
namic studies. Sustainable Environment Research, 28(5), 197–205.

22.	Soda, W., Noble, A. D., Suzuki, S., Simmons, R., Sindhusen, L. A., & Bhu-
thorndharaj, S. (2006). Co‑composting of acid waste bentonites and their effects 
on soil properties and crop biomass. Journal of Environmental Quality, 35(6), 
2293–2301.

23.	Yangwei, P., & Yan, S. (2012). Resources characteristics and market situation 
of bentonites at home and abroad. Journal of Metal Mine, 105, 95–99.

24.	Lerma, T. A., Chamorro, A. F., & Palencia, M. (2024). Effect of soil conditioners 
based on geomimetic materials on plant growth in degraded soils: Poly(acryl-
ic acid)/bentonite. Journal of Environmental Chemical Engineering, 12(5), 
113567. https://doi.org/10.1016/j.jece.2024.113567. EDN: https://elibrary.ru/
GPWPMK

25.	Zhang, L., Mi, J., Zhao, B., Cui, X., Hu, K., McLaughlin, N. B., & Liu, J. 
(2024). Soil amendment combining bentonite and maize straw improves soil 
quality cropped to oat in a semi‑arid region. Agronomy, 14(5), 1012. https://doi.
org/10.3390/agronomy14051012. EDN: https://elibrary.ru/KICUZU



319Siberian Journal of Life Sciences and Agriculture, Том 17, №4, 2025

26.	Noble, A. D., Ruaysoongnern, S., de Vries, F. P., Hartmann, C., & Webb, M. J. 
(2004). Enhancing the agronomic productivity of degraded soils in North‑east 
Thailand through clay‑based interventions. Water in Agriculture, 116.

27.	Suzuki, S., Noble, A. D., Ruaysoongnern, S., & Chinabut, N. (2007). Improve-
ment in water‑holding capacity and structural stability of a sandy soil in North-
east Thailand. Arid Land Research and Management, 21(1), 37–49.

28.	Saleth, R. M., Inocencio, A., Noble, A., & Ruaysoongnern, S. (2009). Economic 
gains of improving soil fertility and water holding capacity with clay applica-
tion: The impact of soil remediation research in Northeast Thailand. Journal of 
Development Effectiveness, 1(3), 336–352.

29.	Noble, A. D., Gillman, G. P., Nath, S., & Srivastava, R. J. (2001). Changes in 
the surface charge characteristics of degraded soils in the wet tropics through 
the addition of beneficiated bentonite. Soil Research, 39(5), 991–1001.

30.	Châu, N. H., Hà, N. V., Tựa, T. V., Hà, Đ. Q., Hảo, C. T., & Thùy, N. T. (2020). 
Effects of bentonite on cation‑exchange and moisture retaining capacities in the 
sandy soil of Ninh Thuan province for asparagus cultivation. Journal of Analyt-
ical Chemistry, Physics and Biology, 25(1), 81–85.

31.	Thinh, N. T., Nhan, D. T., Vinh, H., Bao, P. V., Cuong, H. H., Hoa, H. T. T., Chon, 
N. Q., Truc, D. T. T., Mann, S., & Bell, R. (2021). Integrated management of soil, 
water and nutrition for crop production on sandy soils of the South Central Coast 
Vietnam. Vietnam Journal of Agricultural Science and Technology, 127(6), 81–88.

32.	Kiem, T. M., Huong, G. T., Huyen, T. T., & Huong, P. T. M. (2020). Study on 
creating any chemicals on bentonite facilities by characterization method for 
solid dragging of waste from the Lao Cai gold phospho production process. 
Science‑Technology, Hanoi University of Industry, 10, 230–233.

33.	Gong, Z., Liao, L., Lv, G., & Wang, X. (2016). A simple method for physical 
purification of bentonite. Applied Clay Science, 119, 294–300.

34.	Gama, A. J. A., Neves, G. A., Barros, P. L., Neto, A. T. P., & Alves, J. J. N. 
(2020). Hydrocyclone performance for bentonite clay purification. Chemical 
Engineering Research and Design, 161, 168–177. https://doi.org/10.1016/j.
cherd.2020.07.005. EDN: https://elibrary.ru/FXFOHJ

35.	Christidis, G. E., Scott, P. W., & Dunham, A. C. (1997). Acid activation and 
bleaching capacity of bentonites from the islands of Milos and Chios, Aegean, 
Greece. Applied Clay Science, 12(4), 329–347.

36.	ASTM. (2003). Standard test method for methylene blue index of clay (ASTM 
C837‑99).

37.	Wyoming Bentonite. Retrieved from https://main.wsgs.wyo.gov/mineral-re-
sources/industrial-minerals/bentonite



320 Siberian Journal of Life Sciences and Agriculture, Vol. 17, №4, 2025

38.	Hoang‑Minh, T., Kasbohm, J., Nguyen‑Thanh, L., Nga, P. T., Lai, L. T., Duong, 
N. T., & Ferreiro Mählmann, R. (2019). Use of TEM‑EDX for structural formu-
la identification of clay minerals: A case study of Di Linh bentonite, Vietnam. 
Journal of Applied Crystallography, 52(1), 133–147. https://doi.org/10.1107/
S1600576718018162. EDN: https://elibrary.ru/MFCXRV

39.	Yariv, S. (1996). Thermo‑IR‑spectroscopy analysis of the interactions between 
organic pollutants and clay minerals. Thermochimica Acta, 274, 1–35. EDN: 
https://elibrary.ru/ALMVHX

40.	Banik, N., Jahan, S. A., Mostofa, S., Kabir, H., Sharmin, N., Rahman, M., & 
Ahmed, S. (2015). Synthesis and characterization of organoclay modified with 
cetylpyridinium chloride. Bangladesh Journal of Scientific and Industrial Re-
search, 50(1), 65–70.

41.	Alabarse, F. G., Conceição, R. V., Balzaretti, N. M., Schenato, F., & Xavier, 
A. M. (2011). In‑situ FTIR analyses of bentonite under high‑pressure. Applied 
Clay Science, 51(1–2), 202–208.

AUTHOR CONTRIBUTIONS
Cong Tinh Nguyen: study conception and design, drafting of the manuscript. 

writing of the manuscript.
Duy Nhan Vu: study conception, editing of the draft of the manuscript.
Thi Hoai Thu Vo: writing of the manuscript.
Vinh Truong Do: editing of the draft of the manuscript.
Van Tu Nguyen: editing of the draft of the manuscript.
Thi Thu Trang Dinh: statistical data analysis.
Thi Hue Le: data collection and analysis.
Minh Tien Vu: statistical data analysis.

DATA ABOUT THE AUTHORS
Cong Tinh Nguyen, Researcher, Master, Research Assistant, Department of 

Biotechnology
	 Joint Vietnam - Russia Tropical Science and Technology Research Center
	 63, Nguyen Van Huyen Str., Nghia Do, Cau Giay, Hanoi, Vietnam
	 tinhdk2k48@gmail.com
	 ORCID: https://orcid.org/0009-0004-6535-6101

Duy Nhan Vu, Senior Researcher, Doctor of Science, Head of Laboratory
	 Joint Vietnam - Russia Tropical Science and Technology Research Center
	 63, Nguyen Van Huyen Str., Nghia Do, Cau Giay, Hanoi, Vietnam
	 vuduynhanvn@gmail.com



321Siberian Journal of Life Sciences and Agriculture, Том 17, №4, 2025

Thi Hoai Thu Vo, Researcher, Doctor of Science, Deputy Head of Laboratory
	 Joint Vietnam - Russia Tropical Science and Technology Research Center
	 63, Nguyen Van Huyen Str., Nghia Do, Cau Giay, Hanoi, Vietnam
	 thuvo3081@gmail.com

Thi Thu Trang Dinh, Researcher, Master of Science, Research Assistant
	 Joint Vietnam - Russia Tropical Science and Technology Research Center
	 63, Nguyen Van Huyen Str., Nghia Do, Cau Giay, Hanoi, Vietnam
	 trangdt1806@gmail.com

Thi Hue Le, Researcher, Master of Science, Research Assistant
	 Joint Vietnam - Russia Tropical Science and Technology Research Center
	 63, Nguyen Van Huyen Str., Nghia Do, Cau Giay, Hanoi, Vietnam
	 huelebiotech85@gmail.com

Minh Tien Vu, Biotechnology Engineer
	 Graduate University of Science and Technology
	 18, Hoang Quoc Viet Str., Cau Giay, Hanoi, Vietnam
	 minhtienvu0@gmail.com

Vinh Truong Do, Researcher, Master of Science, Research Assistant, Institute 
of Chemistry and Material

	 Vietnam Academy of Science and Technology
	 18, Hoang Quoc Viet, Nghia Do Ward, Hanoi, Vietnam
	 dovinhtruong@ib.ac.vn
	 ORCID: https://orcid.org/0009-0009-4976-5876

Van Tu Nguyen, Researcher, Master of Science, Research Assistant
	 Institute of Chemistry and Material
	 17, Hoang Sam, Cau Giay, Hanoi, Vietnam
	 nguyenvantu882008@yahoo.com

Поступила 25.12.2024� Received 25.12.2024
После рецензирования 01.02.2025� Revised 01.02.2025
Принята 18.02.2025� Accepted 18.02.2025


