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ABSTRACT - Due to advancements in society and industry, the problem of heavy metal 
contamination in water is becoming increasingly severe. Despite being a cost-effective and 
eco-friendly adsorbent for heavy metal ions, biochar's efficiency in adsorption and 
immobilisation needs further enhancement. Modified biochar, an enhanced iteration of 
biochar, has garnered significant interest among the scientific community. This article provides 
a concise overview of the latest advancements in treating heavy metal pollution in water 
through the utilisation of biochar. The discussion focused on the features and benefits of 
various biochar modification processes, including physical modification and chemical 
modification of biochar. A summary was made of the process by which modified biochar is 
used to eliminate heavy metals from water. The study revealed that biochar exhibited 
enhanced performance following modification, resulting in increased surface areas and a 
greater number of functional groups. Additionally, it demonstrated sufficient binding sites to 
effectively bind heavy metal ions. Biochar has great potential as a viable solution for the 
remediation of heavy metals in the environment. Nonetheless, the emphasis continues to be 
on the advancement of modified biochar that demonstrates high efficiency and cost-
effectiveness, featuring a significant sorption capacity, outstanding photocatalytic 
performance, and environmentally acceptable characteristics that prevent secondary 
pollution. 
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1. INTRODUCTION 

Heavy metal pollution is a major threat to the environment that poses a potential threat to both human health and the 

environment. This type of pollution is non-biodegradable and can persist in the environment for extended periods [1]. 

Exponential growth in population and rapid global industrialization lead to a substantial release of pollutants into the 

environment [2], leaving it unfit for living organisms [3]. Common heavy metals that can be found in various 

manufacturing include zinc (Zn), lead (Pb), chromium (Cr), copper (Cu), nickel (Ni), cadmium (Cd), arsenic (As), and 

mercury (Hg) [4]. These metals are widely used in various industries due to rapid industrialization such as refining metals, 

mining operations, metal plating, tanneries, battery manufacturing, pesticides, textiles, and fertilizers [1][5]. All living 

things need essential trace amounts or low concentrations of heavy metals for specific metabolic functions. High levels 

of these metals can cause toxicity, poisoning, and abnormal activities in various physiological systems, including the 

cardiovascular and immunological systems [6]. The presence of heavy metals in aquatic bodies and organisms that are 

used as a source of food is a matter of great concern due to its direct and indirect impact on public health. It can lead to 

poisoning, cancer, and even neurological disorders [1][5][6]. Consequently, it is necessary to remove and treat heavy 

metals in wastewater prior to their discharge into the environment. This is a critical factor that must be considered [7].  

Currently, many technologies, including chemical precipitation, adsorption, ion flotation, ion exchange, 

coagulation/flocculation, and electrochemical methods, are employed for the treatment of wastewater contaminated with 

heavy metals [8]. Among these methods, the adsorption technique is the most effective approach in wastewater treatment. 

It is widely recognized as the best option for eliminating heavy metals due to its flexible design, reversible nature, and 

ability to provide high-quality wastewater treatment [7][9]. Researchers have developed various kinds of sorbent materials 

[10]. The selection of suitable adsorbents is determined by their adsorption capacity, reusability, cost, and, most 

importantly, their environmentally friendly nature [5]. Nevertheless, because of various technical constraints and the wide 

range of real-world applications, only a limited number of these innovative materials have successfully transitioned into 

practical technologies [11]. 

Recently, biochar from waste biomass has gained significant attention as a cost-effective solution for adsorbing 

pollutants. Biochar is a carbon-based porous substance that is produced by the thermal decomposition of organic matter 
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in the absence or partial air presence at moderate temperatures (350–700 ℃) has emerged as a promising alternative due 

to its high surface area, porosity, and functional groups that enhance the adsorption of heavy metals [12][13]. However, 

typical biochar does have drawbacks, including its small particle size, poor density, and the difficulties of separating it 

from water [13]. Thus, modifying biochar can effectively enhance its ability to remove heavy metals. The objective of 

this review is to investigate the efficacy of biochar modification techniques in the removal of heavy metals and the 

potential for large-scale application, as well as to identify additional research opportunities. This paper discusses several 

biomass types and pyrolysis temperatures employed for the efficient removal of hazardous metals from water. 

Additionally, the prospective advancements in the incorporation of nanomagnetic elements into biochar and their 

significant function in the removal of heavy metals are also reviewed. 

2. METHODOLOGY 

The initial step in developing various modified biochar was to analyze related papers and try to connect any identified 

relationships between modified biochar and its impacts on the heavy metals’ removal in wastewater. Within this process, 

relevant articles were sought from search engines including Science Direct (http://www.sciencedirect.com/), 

SpringerLink (https://link-springer-com), Web of Science (https://www-webofscience-com), Scopus (https://www-

scopus-com/) and Taylor & Francis (https://www-tandfonline-com/). Keywords, such as ‘modified biochar for heavy 

metals removal’, ‘heavy metals adsorption’, ‘biochar adsorption’, and ‘heavy metals removal from industrial wastewater’ 

were used in this process.  

In the database of Scopus, papers with the topic of “modified biochar” or “modified biochar heavy metals wastewater” 

were searched on January 1, 2025, and a total of 263 papers were found. The statistical analysis of the publication years 

of the papers reveals that the number of related papers has increased annually since 2018, with a particularly accelerated 

growth in the past five years (2019–present), as shown in Figure 1. Therefore, enhancing the removal ability of biochar 

through modification is currently a prominent research topic.  

 
Figure 1. The number of papers with the topic of "modified biochar" or “modified biochar heavy metals wastewater” in 

2018–2024 

3. BIOCHAR  

In the past decade, biochar has been experimented widely in numerous agronomic and environmental problems, due 

to its strong effect on immobilization of pollutants, enhancement in soil health, and carbon sequestration in relation to 

climate change and an excellent capability to eliminate heavy metals, organic pollutants, and other pollutants from 

wastewater [14]. Biochar is a black, carbon-rich, and porous solid material (like charcoal) that can be produced through 

thermochemical conversion or pyrolysis of biomass with presence of little or no oxygen [15] and at temperatures above 

250 ℃ [16]. 

3.1 Properties and Structure of Biochar 

Biochar is widely acknowledged as an environmentally efficient adsorbent for the removal of heavy metals in 

wastewater [8]. Biochar-based adsorption is a highly efficient, practical, and diverse method for eliminating heavy metals 

from the environment [1]. Biochar has been increasingly popular in recent years because of its unique physicochemical 
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properties, including its porosity and surface functioning. Biochar and activated carbon exhibit greater porosity and 

amorphous carbon content, however they differ in terms of structural characteristics [12]. Table 1 shows the properties 

of biochar derived from various biomass sources.  

Table 1. Properties of biochar derived from various biomass sources 

Biomass 
Carbon composition 

(wt %) 

Surface area 

(m2/g) 

Pore size 

(nm) 

Pore volume 

(cm3/g) 
References 

Rice husk 58.00 415.00 - 0.22 [17] 

- 46.80 - 0.033 [18] 

- 117.80 - 0.073 

Rice straw 37.18 3.61 23.81 0.0059 [19] 

- 64.90 2.68 0.040 [20] 

Palm shell 64.00 570.80 3.60 0.0260 [21] 

Sawdust - 36.60 - 0.015 [22] 

Woody waste 44.60 201.30 2-50 0.600 [23] 

cotton straw - 24.82 9.6122 0.0684 [24] 

The production of biochar was influenced by the kind of feedstock, the temperature at which pyrolysis occurred, and the 

rate at which heating took place [25]. Various raw materials, such as crop residues, wood biomass, animal litter, and solid 

waste, have produced biochar using slow to intermediate pyrolysis methods. The temperature used for pyrolysis in these 

tests ranged from 100 to 900 ℃, with heating rates varying from 2.5 to 20 ℃ per minute [25]. The characteristics of 

biochar are significantly influenced by the pyrolysis temperature. As the pyrolysis temperature increased to 650 °C, a 

flake-structured pore wall with deformed and irregular characteristics was observed in Figure 2 (d) [26].  

 
Figure 2. SEM images of biochar at different pyrolysis temperatures (a) PPB/350, (b) PPB/450, (c) PPB/550, and (d) 

PPB/650 [26] 

It appears that pyrolysis is the most advantageous process for turning biomass into charcoal and bio-oil. Furthermore, 

a higher production of biochar is achieved by lowering the pyrolysis temperatures and extending the residence times. 

[27]. Gasification, slow pyrolysis, and fast pyrolysis are the thermochemical processes employed in the production of 

biochar [28]. Table 2 shows the difference types of pyrolysis processes and their product distribution. 
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Table 2. Pyrolysis processes and product distribution 

Process  Temperature (℃) Residence time Product (%) References 

Fast pyrolysis 300 - 1000 Short (< 2 s) 75% bio-oil [25] 

425 - 550 12% biochar [28] 

13% syngas 

Slow pyrolysis 100 - 1000 Long (5 – 30 min) 30% bio-oil [25] 

35% biochar 

35% syngas 

350 - 800 Long (minutes to days) 30% bio-oil [28] 

30% biochar 

35% syngas 

Gasification  > 800 Moderate (10 – 20 s) 5% bio-oil [25] 

10% biochar 

85% syngas 

Second to hours 5% tar [28] 

10% biochar 

85% syngas 

4. MODIFICATION TECHNIQUES FOR BIOCHAR 

The objective of biochar modification is to enhance the quality of raw biochar to optimize its effectiveness in 

eliminating pollutants at higher concentrations [29]. Modifying biochar is essential for enhancing its adsorption capacity, 

activation capacity, and overall physical and chemical properties [10]. Typically, biochar can be modified by two 

methods. The first method involves impregnating the prepared biochar with chemicals or co-precipitating it with metals. 

The second method involves mixing biomass raw materials with modification reagents and then preparing them through 

high-temperature pyrolysis [30]. The modification methods of biochar include physical, chemical and integration of 

nanomagnetic materials with biochar. 

4.1 Physical Modifications 

Physical activation of biochar involves placing it to elevated temperatures in an oxygen-free environment [31]. 

Physical activation typically consists of two key processes: carbonization and activation. Carbonization takes place at a 

comparatively low temperature range of 427 to 877 °C, while the subsequent step, activation, occurs at elevated 

temperatures between 627 and 927 °C [32]. The activation of biochar is achieved using steam or gas purging, typically 

utilized to enhance the properties of pre-carbonized biochar. Generally, physical activation or modification techniques 

tend to be more straightforward and cost-effective, however they are less effective compared to chemical activation 

approaches. Physical activation enhances the physicochemical features of biochar by eliminating by-products of 

incomplete combustion and oxidizing the carbon surface to increase the surface area of the biochar [32]-[34]. 

4.2 Chemical Modifications 

The chemical activation of biochar involves the treatment of biochar with activating chemicals, such acids, bases, or 

salts. This procedure changes the surface chemistry of biochar, enhancing its porosity and increasing its adsorption 

capacity [31][35]. Acids that are commonly used involve hydrochloric acid (HCl), sulfuric acid (H2SO4), nitric acid 

(HNO3), phosphoric acid (H3PO4), oxalic acid (C2H2O4), and citric acid (C6H8O7) [36]. Potassium hydroxide (KOH) and 

sodium hydroxide (NaOH) are frequently used reagents for alkali-modified biochar [37]. Activating agents interact with 

biochar, resulting in the formation of functional groups and the expansion of additional pores. Chemical activation 

methods enhance the surface area, pore volume, and reactivity of biochar, making it suitable for applications including 

water treatment, soil amendment, and energy storage [35].  

4.3 Integration of Nanomagnetic Materials with Biochar 

The recovery of biochar from aqueous solutions poses a challenge due to its smaller particle size. Therefore, biochar 

modification involves processing biochar to enhance its qualities [37]. Physical modifications enhance biochar surface 

area, porosity, and shape, whereas chemical modifications enhance adsorptive ability by adding functional groups. 

Selection of modification method depends on desired qualities and application. Many strategies have been explored to 

improve the adsorption efficiency of biochar by adding various modifiers [1]. According to the research study by Zubair 

et al. (2022), biochar that has been modified with steel dust composite showed a remarkable phosphate removal percentage 

of about 87.8 % [16]. The results of this study suggest that the synthesized magnetic biochar-steel dust composites have 

significant potential for efficiently treating phosphate in real wastewater samples. 

There is a need for new technologies or adsorbents that have greater abatement efficiency, lower costs, and simple 

recovery processes [38]. The pyrolysis temperature significantly affected the adsorption capacity of biochar. In addition 
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to pyrolysis temperature, other variables such as pyrolysis time can change the physicochemical properties of biochar, 

which in turn affects its adsorption capacity [27]. Thus, one of the primary research interests in the use of biochar-based 

nanocomposites for wastewater decontamination has been the removal of heavy metals. The benefits of biochar and the 

qualities of functional nanoparticles can also be combined by impregnating raw biochar with functional nanoparticles 

after pyrolysis to create biochar-based composites [39]. Magnetic biochar is a composite material that incorporates 

transition metals (such as Fe, Co, and Ni) or their oxides into biochar matrices. Both biochar and magnetic biochar have 

shown excellent efficiency in environmental remediation applications [38]. Table 3 shows the finding from other 

researchers that used the magnetic biochar to remove metal pollutions. 

Table 3. Magnetic biochar study to remove metal pollutions 

Feedstock material Preparation method Target pollutant 
Removal efficiency (%) or 

adsorption capacity (mg/g) 
References 

Commercial wood-

activated carbon 

chemical co-precipitation method Cr (VI) 88.8% [40] 

Iron-enriched 

sewage sludge (SS) 

pyrolyzing sewage sludge (300, 

500, 700, and 900 ℃)  

Cr (VI) 43.7% [41] 

Fir wood chemical precipitation Pb (II) 308 mg/g [42] 

Acacia wood Slow pyrolysis method As (III)/ As (V) 294.1176 mg/g [43] 

Rape straw powder pyrolyzing at different 

temperatures, then magnetizing 

activated carbon by hydrothermal 

method 

Pb (II) and Cd (II) Pb (II) (253.2 mg/g) and 

Cd (II) (73.3 mg/g) 

[44] 

Corn straw one-step synthesis at different 

ferric nitrate ratios and different 

calcination temperatures 

Cd (II) 46.90 mg/g [45] 

Macadamia nutshell solvent-free pyrolysis and 

pretreated with FeCl3-assisted 

mechanochemical activation 

Cu (II) and Pb (II) Cu (II) (339.78 mg/g) and 

Pb (II) (200.44 mg/g) 

[46] 

Lychee peels Wet impregnation method NO3- and PO4
3- NO3- (60.3 mg/g) and 

PO4
3 (57.4 mg/g) 

[47] 

Tea wastes modifications via thermal and 

chemical treatments 

As 714 mg/g [48] 

Prosopis farcta Co-precipitation method with 

incorporating chitosan (CS) 

Pb (II)  89.54 % [49] 

An external magnetic field can be used to easily separate the magnetic biochar particles from the aqueous solution. 

Furthermore, the unique properties of magnetic biochar materials offer many opportunities to overcome the current 

obstacles in the adsorption process [50]. According to Rajendran et al. (2022), the adsorption of magnetite was enhanced 

when using commercial iron oxide nanoparticles (Fe3O4 MNPs) [4]. These nanoparticles effectively removed Cu, Pb, Mn, 

and Zn particulate matter. The highest removal efficiency was detected for Mn (II) using Fe3O4 nanoparticles. The 

synthesis and derivatives of magnetic modified biochar and the mechanism for removing heavy metals are presented in 

Figure 3 [4]. 

 

 

 

Figure 3.  Removal of heavy metals using magnetic modified biochar [4] 
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The co-precipitation method for biochar preparation incorporates the suspension of biochar powder in transition metal 

solutions [9]. For example, ammonium hydroxide and sodium hydroxide are added at a precise temperature, continuously 

stirring up for a certain period at a pH of 9–11. In this process, the residue is washed, which synthesizes magnetic biochar. 

Although the co-precipitation method is more complicated than the impregnation pyrolysis approach for biochar 

synthesis, it is more appropriate and controllable [51]. The adsorption capacity for synthesized magnetic biochar by co-

precipitation had seven-fold greater strength than impregnation pyrolysis [52]. The superior magnetic properties of Fe-

based materials can be attributed to their significant role in the fabrication of metal-modified biochar adsorbents. This 

indicates the excellent effect of Fe-based modifiers on modifying biochar [53]. The preparation of biochar-magnetite 

composites via the precipitation method can be illustrated through the formation mechanism of magnetite as described in 

Equation (1) [54].  

 (1) 

5. ENHANCED ADSORPTION MECHANISMS 

To enhance the utilization of biochar, further modifications are required to effectively improve its remediation 

capabilities [55]. Adsorption is an economical method for the removal of heavy metals from industrial or mining 

wastewater. Adsorption is defined as the accumulation of an ion or molecule on the surface of another solid or liquid. The 

adsorbate refers to the substance that is adsorbed onto the adsorbent, which is the material facilitating the adsorption 

process [7]. Biochar modification may enhance the adsorption capacity of biochar for heavy metals by increasing the 

number of functional groups on its surface, as well as increasing the specific surface area and pore capacity of the biochar 

[30].  

5.1 Influence of Surface Area, Pore Structure and functional groups 

Specific surface area (SSA) is an important characteristic of biochar, as it offers an active surface for interaction with 

target chemical species. Consequently, SSA significantly affects the sorption and catalytic capabilities of biochar, along 

with the kinetics of reactions [56]. Surface structure modification focuses on altering the pore structure of biochar to 

enhance its specific surface area, thus improving its adsorption capacity [30]. KOH activation is frequently used to 

produce activated biochar characterized by significant porosity and a large BET specific surface area of up to 2000 m2/g 

(Equation (2)); however, this preparation method results in higher chemical consumption, increased costs, and raised 

environmental concerns [57]. 

 (2) 

The activated biochar modified by H3PO4 exhibited microporous properties [58] and the activation of biochar using HNO3 

can improve the presence of carbon and oxygen-containing surface groups through oxidation, while preserving its 

physical morphology [59]. Surface chemical modification involves altering the functional groups present on the surface 

of biochar to enhance the amount of adsorption sites and improve the overall adsorption efficiency [30]. 

Despite the extensive research on the adsorption of heavy metals from water using various adsorbents, limited 

attention has been given to remove heavy metals from water using activated biochar combined with nanomagnetic 

materials derived from agricultural waste. In a recent study conducted by Sharma et al [60], rice straw biomass was 

successfully converted into biochar and activated magnetic biochar, which has a significant potential for wastewater 

treatment because activation and magnetization are carried out simultaneously. The results showed that adsorption 

capacity using activated nanomagnetic biochar was 130 µg/g compared to raw nanobiochar which is 38.67 µg/g, 

respectively. The chemical activation of biochar primarily results in modifications to its oxygen-related functional groups, 

particularly carbonyl (C=O), hydroxyl (–OH), and carboxyl (–COOH). Functional groups significantly enhance the 

catalytic and adsorption properties of biochar [60]. The incorporation of oxygen-containing functional groups onto the 

surface of biochar increases its water affinity and enhances its efficacy in liquid-phase applications. 

The above finding is consistent with the study by Yin et al. [20]. According to Yin et al. [20], they synthesized rice 

straw into activated magnetic biochar (AMBCs) via a one-step synthetic method in which ZnCl2 and FeCl3 were used as 

double modifiers [20]. AMBCs had larger surface area, higher pore volume and more contained-oxygen functional groups 

(such as -COOH, C-OH, C=O) compared to pristine biochar. Additionally, it was found that the adsorption capacity for 

Cu (II) was higher in a single-solute system. In this system, Cu (II) primarily underwent adsorption through chemical 

complexation between the oxygen functional groups present and Cu (II). The results demonstrate the positive impact of 

Fe-based modifiers on the adsorption efficiency of heavy metals. Figure 4 shows the FTIR results of AMBCs compare 

with raw biochar (RBC) and magnetized biochar (MBC). 

Furthermore, Tan et al. [62] also reports that the addition of magnetic compartments (Fe2+/Fe3+) to rice straw before 

pyrolysis produced hematite (γ-Fe2O3), but the biochar's original OH, COOH, C = O, C = C, and C–O–C functional 

groups were retained, which improved cadmium adsorption [62]. The formation of γ-Fe2O3 during the pyrolysis process 

can also play a role in the adsorption of heavy metals. The magnetic biochar demonstrated a significant level of efficacy 

in removing Cd (II), with removal rates reaching as high as 91 %. This rate is much higher than that of the pristine biochar 

[63]. The novelty of this research is due to the biomass is converted into activated nanomagnetic biochar through a 

simultaneous process of activation and magnetization. This approach provides notable benefits such as increased porosity, 
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a large specific surface area, and the presence of various functional groups. These advantages not only enhance the 

adsorption capabilities but also result in reduced production costs and a simplified production process [60]. 

 

Figure 4. FTIR spectra between RBC, MBC and AMBC [20] 

5.2 Adsorption Isotherms and Kinetics Models 

Adsorption isotherms can describe the mechanisms of interaction between the adsorbent surface and heavy metal ions 

[7]. The interaction between contaminants and adsorbents is investigated using adsorption isotherms. The phenomenon 

of influencing the distribution, retention, or mobility of the adsorbate from the liquid or gaseous medium to the adsorbent 

under constant pH and temperature conditions is described by the adsorption isotherms [64]. The analysis of isotherms is 

a crucial adsorption model used to assess the interaction between an adsorbate and an adsorbent. It allows for the analysis 

of the sorption process and the determination of the adsorption capacity of the adsorbent [65]. Table 4 shows the isotherm 

models’ equations that will be related in adsorption study which is either linear or non-linear models. 

Table 4. Isotherm model equations 

Isotherm 

model 
Equation Parameter Reference 

Non-liner models 

Langmuir  
𝑞𝑒 =

𝑄𝑚𝑎𝑥
0 𝐾𝐿𝐶𝑒

1 + 𝐶𝑒

 

𝑅𝐿 =
1

1 + 𝐾𝐿𝐶1

 

Q0
max: Langmuir maximum adsorption capacity (mg/g) 

Ce: equilibrium solution concentration (mg/L) of the 

adsorbate 

qe: amount of adsorbate removed at equilibrium (mg/g) 

KL: constant related to the affinity between the 

adsorbates and biochar (L/mg) 

RL: shows isotherm that is unfavorable (RL > 1), 

favorable (0 < RL < 1), linear (RL = 1), or irreversible 

(RL = 0) 

KF: Freundlich constant (mg/g)/(mg/L)n 

n: the Freundlich constant 

[9][47][66][67] 

Freundlich  𝑞𝑒 = 𝐾𝐹𝐶𝑒
1/𝑛

 

Linear models 

Langmuir  1

𝑞𝑒

=
1

𝑄𝑚𝑎𝑥
0 𝐾𝐿

1

𝐶𝑒

+
1

𝑄𝑚𝑎𝑥
0

 
Q0

max: Langmuir maximum adsorption capacity (mg/g) 

KF: Freundlich constant (mg/g)/(mg/L)n 

n: the Freundlich constant 

[9][66][67] 

Freundlich 
log 𝑞𝑒 = log 𝐾𝐹 +

1

𝑛
log 𝐶𝑒 

Temkin  
𝑞𝑒 =

𝑅𝑇

𝑏𝑇

(𝐾𝑇𝐶𝑒) 
KT: Temkin isotherm equilibrium binding constant 

(J/mol) 

bT: Temkin isotherm constant 

R: universal gas constant (J/mol.K) 

T: Temperature (K) 
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The kinetics of adsorption is essential for assessing the efficiency of an adsorbent [7]. The efficiency of the adsorbent 

cycle is determined by the kinetics of adsorption [68]. The kinetic analysis of the sorption experiment is critical and 

deserving of attention to categorize the sorption rate, reaction pathway, effectiveness of the sorbent, and reaction rate of 

the system [65]. Table 5 shows the kinetic models’ equations that were related in adsorption study. 

Table 5. Kinetic models equations 

Kinetic model Equation Parameter Reference 

Pseudo 1st 

order 
𝑞𝑡 = 𝑞𝑒(1 − 𝑒−𝑘1𝑡) qt = adsorption capacities of the adsorbent at 

equilibrium (mg/g) 

qe = adsorption capacities of the adsorbent at a 

certain time (mg/g) 

k1 = pseudo-first order adsorption rate 

constant (1/min) 

k2 = pseudo-second order adsorption rate 

constant (g/mg.min) 

[47][48][66][67] 

 

Pseudo 2nd 

order 𝑞𝑡 =
𝑘2𝑞𝑒

2 𝑡

1 + 𝑘2𝑞𝑒
2𝑡

 

6. FUTURE DIRECTIONS AND RESEARCH OPPORTUNITIES 

Toxic heavy metals frequently occur in industrial wastewater; however, the adsorption process demonstrates potential 

for effectively removing these metals from water supplies at a low cost, utilizing readily available adsorbents. Heavy 

metal pollution resulting from various industrial processes is a significant contemporary issue. Abundant and efficient 

adsorbents are available in nature, as waste materials, or as by-products. The adsorbents exhibit favorable properties, 

including a high removal efficiency, increased adsorbent capacity, and excellent regeneration characteristics [7]. The 

utilization of biochar presents both economic and environmental advantages [31]. 

Future research may explore dimensions such as the high-efficiency preparation methods of composites. Recent 

research has demonstrated the viability of producing biochar and iron composites with outstanding characteristics. The 

current challenge involves advancing technological innovation to improve preparation efficiency and decrease costs to 

satisfy the requirements of large-scale applications [69]. Future research may lower preparation costs by integrating 

strategies for the resource utilization of mine waste, agricultural waste, and forestry solid waste, while also designing a 

large-scale and stable production process. 

Biochar generated through pyrolysis exhibits inadequate surface functional groups and porosity; thus, a 

functionalization process is essential prior to its application as a robust functional solid in practical scenarios [12]. Biochar 

is a significant material for the development of various functional substances due to its ability to modify surface 

functionality and porosity. The porosity and surface area of biochar can be enhanced through various physicochemical 

methods that influence pore size distribution, thereby expanding the range of potential applications, including catalysis, 

bio composites, energy storage devices, nanotubes, supercapacitors, and environmental protection [31][69]. 

Furthermore, modified biochar has demonstrated a clear potential for the removal of pollutants from industrial 

wastewater. Recent studies by Xiao et al. [24] utilized alkaline-pretreated H3PO4-modified cotton straw biochar (PCS) to 

assess its effects on actual water samples and industrial wastewater, thereby validating the influence of the water matrices. 

Experiments were conducted using tap water, river water from the Liangxi River, lake water from Taihu Lake, and 

industrial wastewater from a steel plant. The findings indicated that the adsorption capacity for Cr (VI) in industrial 

wastewater attained 59.52 mg/g. The results indicate that the PCS maintained consistent Cr (VI) remediation efficacy 

across various environmental media, suggesting its potential for practical application [24]. 

7. CONCLUSION 

In summary, the modification of biochar presents potential as effective materials for environmental remediation. 

Physical and chemical modifications of biochar result in enhanced properties, including improved surface functional 

groups and increased surface area. Furthermore, chemically activated biochar exhibits increased porosity and heightened 

chemical activity. The magnetic separation method has been shown in several studies to be a viable technique for solid-

liquid phase separation. Consequently, extensive research is required to develop magnetic biochar with superior 

adsorption capacity. Heavy metal ions frequently coexist in wastewater, leading to competition for adsorption sites. 

Research on the competitive adsorption of heavy metal ions from contaminated water utilizing modified biochar is limited. 

Additional competitive sorption studies are required to precisely assess the metal sorption capacity of biochar in natural 

environments. The comprehensive implementation of biochar-based adsorbents as economical materials is recommended 

to enhance understanding of critical factors related to their reuse, large-scale production, pollutant/resource recycling, 

and the management of spent biochar.   
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