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Objective: Magnetic biochar can be applied for heavy metal.adsorption due to its low cost, high efficiency,
large surface area, good thermal stability, and environmental friendliness;"Due to porous structures and a
larger specific surface area, magnetic biochar can serve.as a very, effective‘adsorbant during soil washing. The
siderite magnetic biochar absorbent predominantly consists of magnetite, a ferrimagnetic substance
characterized by notable magnetic properties. Thus, this absorbent-suspension will get separated by using a
simple magnet. The magnetic biochar composites serving as the adsorbent during soil washing were
pyrolysed of siderite and sawdust under Nz conditions. The characterizations indicated that magnetic biochar
has been synthesysied.

Method: By pyrolysing siderite andsawdust together, magnetic biochar absorbent was synthesised. Soil
samples with high contamination of considered heavy‘metals from previous research and area monitoring and
sampling were prepared for soil-washing tests. The co-washing process of contaminated soil samples with
magnetic biochar composites and weak acid elution was set up. The heavy metal adsorption on magnetic
biochar during soil-washing remediation was conducted in a range of pH (2-8) and temperature (15-45 °C).
After shaking for 10 hours and _giving the rest time, solid-liquid phases were easily separated from the
supernatant using a magnet. The analysis of heavy metal concentrations was conducted at the Geological
Survey of Iran using inductively coupled plasma (ICP) methodology.

Results: The characterization results demonstrated that magnetic biochar possessed porous structures and
exhibited an increased specific surface area. The siderite magnetic biochar absorbent was determined to be
primarily comprised of magnetite, a ferrimagnetic material recognized for its substantial magnetic properties.
At a pHof 5 and a temperature of 45°C, maximum adsorption of the magnetic biochar was gained, which was
154.45 for/Pb, 272.08 for Cr, 378.35 for As and 3.29 for Cd. The rapid adsorption process could likely be
attributed to the active sites present on the biochar. Furthermore, it was concluded that the primary
mechanism governing the adsorption of heavy metals onto magnetic biochar was chemisorption and surface
complexation.

Conclusions: According to the results, the pyrolysis of magnetic biochar was proven to be a cost-effective,
highly_efficient, and environmentally sustainable approach for soil remediation. The co-washing technique
applied to contaminated soil samples significantly decreased the bioavailability of cadmium (Cd), lead (Pb),
arsenic (As), and chromium (Cr) without markedly altering the soil's chemical properties. Consequently, this
washing method incurs minimal ecological risks. Owing to its straightforward synthesis process, affordability,
enhanced adsorption capacity, ease of separation, and overall environmental compatibility, magnetic biochar
emerges as an effective adsorbent for soil remediation.
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Introduction

Heavy metals are toxic and carcinogenic. They can lead to serious problems in the human body, cause
diseases in children, and increase the risk of death (Lu et al., 2017; Gupta et al., 2011). Numerous sectors,
including mining, textile dyeing, battery manufacturing, metal electroplating, gasoline combustion, and the
fertilizer industry, discharge toxic heavy metals into the environment via wastewater and untreated wastes.
Therefore, a high concentration of heavy metals in the soil of such areas is expected. For heavy metal-
contaminated soil, soil washing is a quick and effective rehabilitation method (Feng et al., 2020). In recent
years, biochar or biochar-based materials (Lu and Chen, 2018; Chen and Chen, 2009) have shown great
potential in the removal of heavy metals from aqueous solutions due to their high surface area and good
thermal stability. The adsorption of heavy metals onto magnetic biochar represents a cost-effective and
efficient method, as evidenced by the studies conducted by Bairagi et al., (2011), Luo.et al., (2019), and
Godiya et al., (2019). Studies demonstrate that biochar interacts with environmental contaminants through
ion exchange, electrostatic attraction, physical sorption, and precipitation. These studies showed that heavy
metal prefers to be on the surface of metal oxyhydroxides and biochar (Beesley et al.,2010).

Siderite has been reported to convert into magnetic minerals (Xing et al., 2017).and exhibit a series of
magnetic properties (Li et al., 2017a). Magnetic biochar has been engineered to facilitate the efficient
separation of biochar from aqueous solutions. Several studies revealed that magnetic biochar achieved the
purpose of recycling and greatly enhanced adsorption capacity (Han et al., 2016; Thines et al., 2017). To
decrease preparation costs and enhance the accessibility of natural minerals, this study utilized natural
siderite as the magnetic material for the synthesis of magnetic biochar. Recently, Guo et al., (2007), Guo et
al., (2008), Zhang et al., (2018), and Li et al., (2017b) have done extensive studies on the removal of heavy
metals from groundwater using siderite.

Method

Natural siderite was obtained from the Sangan Khaf mine. Also, natural sawdust, which was from a
carpentry in Tehran, was first dried at 80°C in an oven. A’sieve with the appropriate mesh was used to obtain
siderite with particles between 0.075 and 0.150 mm. Then, siderite and sawdust were mixed in distilled water
in a weight ratio of 1.2, and this suspension was stirred for 2 hours and then placed in an oven (Azmagostar
Company) until completely dried. Then, this mixture was placed in a biochar pyrolysis reactor (customized
and designed at Tehran Welding Center) for.0.5 hour in a furnace heated to 550°C under N; gas and vacuum
conditions, and pyrolysis was performed. After cooling to room temperature, the prepared magnetic biochar
granules were used for laboratory. tests and adsorption. The pyrolysis of siderite proceeds as a single-step
reaction when conducted in an inert atmosphere:

FeCO3; — Fe;04+ CO, +CO

The magnetic biochar'composites were synthesized from siderite and sawdust through a pyrolysis process.
Soil samples with® high contamination of considered heavy metals from previous research and area
monitoring and sampling-were prepared for soil-washing tests. The co-washing process of contaminated soil
samples with magnetic biochar composites and weak acid elution was set up. The heavy metal adsorption on
magnetic biochar durnig soil-washing remediation was conducted in a range of pH (2-8) and temperature
(15-45 °C). After shaking for 10 hours and giving the rest time, solid-liquid phases were easily separated
from the supernatant using a magnet. The analysis of heavy metal concentrations was conducted at the
Geological Survey of Iran using the inductively coupled plasma (ICP) method.

Results

The adsorption isotherm results for lead showed that the Langmuir equation provided a better fit, indicating
the adsorption process on magnetic biochar with a monolayer coating. The significant increase in the
adsorption of heavy metals onto magnetic biochar at a pH range of 3 to 6 can be explained by the
electrostatic interactions between the surface of the magnetic biochar with a negative charge and the heavy
metal cations with a positive charge in the adsorption solution. However, at pH > 6, due to the formation of
surface complex/reduction of heavy metal on magnetic biochar, the reduction in adsorption could be



attributed to the repulsive interactions between the negatively charged metal and the negatively charged
magnetic biochar.

The results of the temperature effect indicated the spontaneity of the reaction, which increased with
increasing temperature and confirmed a naturally endothermic adsorption process. It also indicated that the
natural-mineral adsorbent had a tendency towards the contaminant ions present in the solution. This was
probably related to competitive dissolution in agueous solution.

The study of adsorption kinetics provided valuable insights into the rate of adsorption occurring at the
interface between a solid phase and a liquid solution. Rapid adsorption was observed in the first 5 h and then
slowly increased until the reaction equilibrium was reached. The initial phase of the adsorption process was
likely attributable to the greater availability of active sites on the magnetic biochar. It confirmed the
dominant mechanism of chemical adsorption/surface complexation (Wei et al., 2025) for/adsorption on
magnetic biochar. As inferreded by the intra-particle diffusion model, the whole adsorption process was
divided into three stages, which included the diffusion of lead from solution to the adsorbent surface, slow
diffusion into the pores, and the final equilibrium state. The basis for the selection of the adsorbent amount
was the information obtained from similar researches as well as the simpler calculations. The adsorption
capacity was positively correlated with the quantity of the adsorbent utilized.-Moreover, as the amount of
adsorbent increased, there was a corresponding rise in the number of functional groups present on the surface
of the magnetic biochar. As a result, more active sites were available‘to form complexes with heavy metals.
Gradually, as the amount of magnetic biochar increased, the total.amount of surface-active sites exposed for
adsorption and surface saturation also increased. As a result, a lower amount of adsorbent couldn’t perform
properly.

The characterizations revealed that the magnetic biochar possessed a porous structure and a significantly
larger specific surface area. Analysis revealed that the siderite. magnetic biochar absorbent predominantly
consisted of magnetite, a ferrimagnetic substance /known  for its significant magnetic attributes.
Consequently, the suspension of magnetic biochar could be efficiently separated with the application of an
external magnetic field. Batch adsorption experiments demonstrated that the magnetic biochar composites
exhibit pronounced adsorption capabilities towards heavy 'metal ions. The maximum adsorption capacity was
recorded at a pH of 5 and a temperature of 45°C. The rapid adsorption process was likely attributed to the
active sites present on the biochar. Furthermore, it was proven that chemisorption and surface complexation
represented the predominant mechanisms involved in the adsorption of heavy metals onto magnetic biochar.

Conclusions

Pyrolysis of magnetic biochar is a low-cost, high effective, and environmentally friendly method. The co-
washing procedure applied’ to contaminated soil samples resulted in a significant reduction in the
bioavailability of cadmium (Cd), lead (Pb), arsenic (As), and chromium (Cr) in these soils, while maintaining
stable soil chemical properties: Therefore, the washing incurred little ecological risk. Magnetic biochars are
suitable remediation agents for soil contaminated by heavy metals. The adsorption experiments indicated that
magnetic biochar composites have adsorption ability for heavy metals from aqueous solution, and the MB-
Cation residues. were easily separated from the solution by using an external magnetic field (magnet). These
observations also demonstrated that magnetic biochar could be used as an alternative adsorbent in many
environmental applications to reduce the risks of heavy metal contamination.
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