The effect of leonardite on the adsorption and desorption characteristics of
boron in calcareous soils

Abstract

The adsorption and desorption processes play a crucial role in the solubility of boron (B) in soil solutions. To investigate the effect
of leonardite on the adsorption and desorption processes of B, an experiment was conducted on four ¢ ous soil samples at
three weight levels of 0%, 2%, and 4%, along with nine B concentration series (0-120 mg/L) using a
background solution. A 0.03 M sodium chloride solution was utilized for the desorption of boron. Th

Dubinin-Radushkevich (gs). Applying 4% of leonardite resulted in a 32% reduction in gm

(E) calculated using the Dubinin-Radushkevich equation indicates a physical adsorpth

Furthermore, application of leonardite inceased desorption of B in soils, leonardite’

application of leonardite can increase the boron toxicity leyels in soilwspecially i
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The effect of leonardite on the ad orpticQ and e‘rlstics of

boron in QalcMeoys soi

Introduction

The adsorption and desorption processes play a cru
pronounced in dry, semi-dry, and heavy soils. The s
elements in the soil environment, so much so that the
attention of many researchers to@. Water-solubl
a relatively long-term source of boron in the soil.

ility of boron (B) in soil solutions. Boron toxicity is more
cess is one of the most significant chemical reactions of
ents and various components of soils has attracted the
le by plants, while surface-adsorbed boron is considered
in the soil can be regarded as a factor that controls the
es of adsorption and desorption of elements depend on a series
ation of soluble boron, soil texture, type of clay minerals, amount
and type of organic matter] ions, and also the amount of lime in the soil. A type of weathered lignite known
as leonardite, which is a typ the oxidation of lignin, contains large amounts of humic substances, carbon, and

functional groups (carboxyl, hydro , and carbonyl) and is very effective in increasing the availability of nutrients for
plants and the absQgpti eonardite is also an adsorbent for metals due to its high porosity and nanoscale particle
size. Regarding the er in the soil on the surface adsorption and desorption of boron, some researchers have
reported that increasing in the soil leads to an increase in the surface adsorption of boron.

Methods

In this study, the effect of leonardite at levels of 0, 2, and 4 percent on the adsorption and desorption isotherms of boron in soils
was investigated. 2.5 grams of sieved soil were mixed with different amounts of leonardite and 25 milliliters of boron solution at
specified concentrations (0, 5, 10, 15, 20, 40, 60, 90, and 120 milligrams per liter) and shaken for 24 hours to reach equilibrium.
The samples were then centrifuged, and the boron concentration in the supernatant was measured using the azomethine-H
colorimetric method. The data were fitted using the Langmuir, Freundlich, Temkin, and Dubinin-Radushkevich models with Sigma
Plot 14.1 software.

Results and Discussion

The results showed that the application of 4 percent leonardite in soil 1, the gmax value decreased from 1268 to 867 milligrams per
kilogram, representing the highest reduction, while in soil 4, the gmax decreased from 1275 to 983 milligrams per kilogram,
indicating the lowest reduction. These differences may be attributed to the distinct physicochemical properties of the soils, including
the amount of equivalent calcium carbonate, initial boron concentration, and cation exchange capacity. The amount of free energy
of adsorption (E) in the presence of leonardite decreased in all four studied soils, indicating that boron adsorption follows a physical
process. This is because if the value of E is between 8 to 16 kJ/mol, it can be inferred that the adsorption follows a chemical process.



If the value of E is less than 8 kd/mol, physical adsorption is considered the dominant process. Overall, increasing the amount of
leonardite leads to an increase in gmax desorption, with the highest sorption observed in soil 2 and the lowest in soil 1.

Conclusions

Different leonardite treatments decreased boron adsorption and increased desorption compared to the control treatment. The effect
of 4% leonardite on reducing the amount of adsorption was greater than that of 2%.
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