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The high concentrations of various industrial pollutants in 
atmospheric waters present a significant environmental challenge 
due to their widespread occurrence and high resistance to 
degradation. Therefore, the development of low-cost and eco-
friendly methods, such as the production of new biosorbents, is 
essential. In this study, three commonly used types of sawdust—
Walnut, Russian, and Forest wood—were utilized to produce 
different biosorbents for the removal of the anionic dye methyl 
orange from contaminated water. The effects of various physical and 
chemical activation methods on the adsorption capacity of these 
biosorbents were examined. The produced biosorbents were 
characterized using FTIR and SEM analyses, and the results were 
compared. Additionally, Langmuir, Freundlich, and Sips isotherms 
were employed for the isotherm studies. Based on the reported 
results, biosorbents with pore sizes of less than 1 µm and the highest 
adsorption capacities of approximately 800 mg/g were produced 
from all three types of sawdust studied after the pyrolysis process. 
However, a comparison between produced biosorbents show the 
samples derived from Russian sawdust exhibited relatively higher 
adsorption capacities of 80, 380, and 760 mg/g after solvent 
extraction, chemical activation, and pyrolysis processes. In addition, 
the maximum adsorption capacities were achieved in minimum 
adsorbent dose of 0.01 g per 100 ml of solution. Among all the 
studied isotherms, the Sips model, with R² values close to one, was 
found to be the best-fitting isotherm. 
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1. Introduction 
Sawdust is a significant byproduct of the wood 

industry, generated during the processing of timber 

into various products. In 2020, the global production 

of sawdust was approximately 38 billion tons [1], 

closely linked to the types of trees harvested, the 

volume of lumber produced, and the processing 

methods employed. Major sawdust-producing 

countries include the United States, Canada, Russia, 

and Brazil, which are also among the largest 

producers of timber. The production levels of 

sawdust in these countries reflect their extensive 

forestry resources and advanced wood processing 

industries [2, 3, 4]. 

Sawdust has a wide range of applications across 

various industries. In many countries, it is primarily 

used in the paper manufacturing process, where it 

serves as a raw material for producing wood pulp. 

Additionally, sawdust is utilized in the production of 

engineered wood products, such as particleboard and 

MDF (medium-density fiberboard) [5,6]. In Europe, 

sawdust is increasingly recognized as a renewable 

energy source, being used as biomass fuel in power 

plants for heating, electricity generation, and 

bioethanol production [7]. Furthermore, in 

construction, sawdust is often employed as an 

insulating material and in composite materials, 

enhancing structural integrity [8]. These diverse 

applications highlight the economic importance of 

sawdust and its role in sustainable practices 

worldwide. 

Walnut wood, hardwoods (forest wood), and Russian 

wood (Siberian larch and pine) are some of the 

common types of wood used in Iran [9]. 

Consequently, their sawdust is readily available. In 

this study, the sawdust of these three commercially 

significant woods was selected as the precursor, and 

the effects of different activation methods on the 

adsorption capacities of the selected sawdust were 

investigated. The production of various biosorbents 

from sawdust and the adsorption of different 

contaminants from aqueous media have been 

reported in the literature [1, 10-13]. 

For example, Sadoun et al. (2023) [14] produced a 

high-performance biosorbent from Algerian Zean 

oak sawdust for removing methylene blue from 

aqueous solutions. Their batch experiments varied 

parameters such as contact time, particle size, pH, 

temperature, adsorbent dose, and initial dye 

concentration. They optimized these parameters, 

achieving an adsorption capacity of 52.376 mg/g. 

Naz et al. produced cobalt ferrite-functionalized 

sawdust for the adsorption of arsenite from aqueous 

solutions [11]. They created low-cost biosorbents 

from sawdust using different activation methods, 

including citric acid activation and steam activation, 

to enhance surface characteristics through the 

combined effects of activation and functionalization. 

Additionally, Zhao et al. [12] developed 

functionalized magnetic sawdust hydrochar for the 

elimination of tetracycline and demonstrated the 

influence of various operating parameters on the 

adsorption process. Different sawdust-based 

biosorbents reported in literature were reviewed by 

Castanon and his coworkers [15]. They show the 

produced adsorbents from sawdust of different 

woods have the wide adsorption capacities between 

15 to 1500 mg/g for the adsorption of different heavy 

metal ions from the contaminated water. 

Furthermore, the relatively same results were 

reported by Sutherland and Chittoo [16]. 

In this study, three main types of sawdust available in 

Iran were selected, and three distinct processes—

extraction of volatile and semi-volatile compounds, 

chemical activation, and thermal activation—were 

performed on them. Ultimately, the ability of the 

biosorbents to absorb methyl orange was examined. 

By comparing the biosorbents made from different 

precursors and evaluating the impact of various 

activation processes on their adsorption capacities, it 

can be determined which precursor is the most 

suitable for producing an effective biosorbent. 

 

2. Materials and methods 

2.1 Materials 
Sawdust from Russian wood, walnut wood, and 

forest wood was obtained from a carpentry shop in 

Karaj, Iran. The sawdust was collected directly from 

sawmill waste and sieved using a sieve shaker with a 

5 mm pore diameter. All chemicals used in this study 

were of analytical grade. Ethanol (96%) was obtained 

from Ghatran Shimi (Iran), while phosphoric acid 

(H3PO4, 85%) was purchased from Sigma-Aldrich. 

The solutions were prepared using double-distilled 

water, and nitrogen gas (99% purity) was purchased 

from Sabalan Gas Co. (Iran). 

 

2.2 Production of biosorbent 
The extractable components of the sawdust were 

separated using a Soxhlet extractor. In this process, 

15 g of each sample was placed in a thimble and 

extracted with 250 mL of 96% ethanol in a Soxhlet 

extractor (ASEMANLAB, Iran) for approximately 

24 hours. After the solvent extraction, the remaining 

sawdust was dried in an oven at 80°C for 12 hours. 

For the chemical activation of the samples, the 

remaining sawdust from the extraction process was 

mixed with a phosphoric acid (H3PO4) solution (25 

w%, 30°C, 24 h) under magnetic agitation. 

Subsequently, the mixture was neutralized by 

washing with distilled water, and then it was 

dehydrated in an oven overnight at 105°C. 

Pyrolysis is the final step in the production of 

biosorbent. In this process, an electrical furnace (8 
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cm ID, 15 cm length, 500 W) capable of reaching 

temperatures up to 700°C (±5) was used in fixed bed 

mode. For the pyrolysis experiments, the desired 

weights of feedstock were charged into the furnace. 

The experiments were conducted in a closed system 

with a constant nitrogen (N2) flow rate of 3 cm³/s and 

at a constant temperature of 500°C for 2 hours. At the 

end of the experiment, the system was allowed to 

cool down for three hours, after which the nitrogen 

gas flow was cut off and the furnace was opened. 

Finally, the residual biochar was collected in closed 

vessels for further experiments. 

 

2.3 Analyses of the produced biosorbents 
The organic structures and functional groups in the 

different produced biosorbents were analyzed using 

Fourier Transform Infrared (FTIR) spectroscopy 

with a Unicam 4600 FTIR spectrometer (Mattson, 

USA), scanning wave numbers from 400 to 4000 cm-

1. The morphology and shape of the particles on the 

surface of the produced biosorbents were examined 

using a Field-Emission Scanning Electron Microscope 

(FE-SEM) (TESCAN BRNO-MIRA3 LUM), 

operating at an accelerating voltage of 10 kV and a 

maximum magnification of 100 kX. 

2.4 Adsorption Experiments 
Batch mode adsorption experiments were conducted 

in this study. For each experiment, 0.02 g of the 

biosorbent was added to approximately 100 mL of 

the stock solution with the desired concentration in 

an Erlenmeyer flask. The system was agitated at 200 

rpm using an electromagnetic heater stirrer at a 

constant temperature of 25°C for 1 hour. At the end 

of the adsorption experiment, the adsorbent particles 

were separated by centrifugation and filtration 

through filter paper, and the concentration of the 

remaining solution was determined using a UV/Vis 

spectrophotometer. The adsorption capacities qt 

(mg/g) of the biosorbents were calculated using Eq. 

1. 

𝑞𝑡 =
(𝐶𝑖−𝐶𝑓)

𝑚
×V             (1) 

In which Ci and Cf  are the initial and final 

concentrations of MO (mg/L) in the reminded 

solution, V is the volume of solution (L), and m is the 

mass of used biosorbent (g).  

 

3. Results and descusion 

3.1 SEM Analysis 
 

 

 
Fig. 1. The macroscopic and SEM images of the produced biosorbents from the different presursors of Forest wood 

sawdust, Russian wood sawdust, and Walnut wood sawdust 
 

The SEM images of the produced biosorbents after 

solvent extraction and pyrolysis are depicted in 

Figure 1. As shown, after the solvent extraction 

process, the size of the pores on the surface of the 

different sawdust samples ranged from 1 to 10 µm. 

However, after the pyrolysis process, the size of the 

pores decreased to about 1 µm or less. 
 

3.2. FTIR Analysis of the produced biosorbents 

 



Hadi Baseri et al    6 

 

JMATPRO (2024), 12 (45): 3-14 

 
Fig. 2. FTIR spectra of the produced biosorbents from deferent precursors and by various activation methods. 

 

Figure 2 shows the FTIR spectra of Russian, forest, 

and walnut wood sawdust before and after treatment 

with solvent extraction and pyrolysis processes. As 

expected, all the sawdust samples are primarily 

composed of cellulose, hemicellulose, and lignin, 

exhibiting the following main characteristic peaks: 

The broad band at approximately 3200 to 3600 cm-1 

is associated with hydroxyl groups (OH) in the 

cellulose structure [17, 18]. Additionally, the C-H 

bands observed between 2800 and 3000 cm-1 

correspond to the methyl and methylene groups in 

hydrocarbons [19]. The bands in the range of 1050 to 

1150 cm-1 are attributed to the deformation, 

stretching, and bending vibrations of (C=O, C-O, and 

C-H) bonds in lignin molecules [20]. Furthermore, 

the peaks around 1510 to 1600 cm-1 may be related to 

C=C skeletal bands in aromatics or the stretching or 

bending of C=C groups in lignins [21]. The carbonyl 

(C=O) and ether (C-O-C) groups in hemicellulose are 

likely responsible for the peaks observed at 

approximately 1730-1750 cm-1 and 900-1200 cm-1 

[21, 22]. Finally, the bands at 914, 540, and 470 cm-1 

are attributed to Si-O-Si bending vibrations [19]. 

Based on the results reported in Figure 2, the 

concentration of O-H groups decreased significantly 

for all the studied samples after the pyrolysis 

experiments. This reduction is attributed to the 

significant decrease in water molecules, alcohols, 

phenols, and other O-H containing components 

during the pyrolysis process. The vibration peaks at 

approximately 2360 cm-1 may be attributed to C=O 

bonds in CO₂ molecules. The intensity of these peaks 

increased after solvent extraction and, specifically, 

rose further after the pyrolysis process. Solvent 

extraction led to the removal of essential oils and the 

main components of other extractable molecules, 

thereby increasing the adsorption capacity of the 

samples. With the enhanced adsorption capacity, CO₂ 

molecules may adsorb more effectively on the 

surface of the samples, resulting in higher intensity of 

the related peaks. This phenomenon is observed more 

intensely after pyrolysis. 

The main bands associated with groups related to 

lignin (aromatic or benzene rings) are observed in the 

signals within the range of 1510 cm-1 to 1590 cm-1 

[23]. The increase in the intensity of these peaks after 

the solvent extraction and pyrolysis processes 
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indicates a higher concentration of the related 

chemicals following these treatment processes. This 

is due to the removal of more unstable and smaller 

molecules during these processes. 

The band around 1060 cm-1 is associated with C-O 

groups in primary alcohols, which decreased 

significantly during the pyrolysis process. Moreover, 

peaks related to phosphorus-containing compounds 

are generally detected in the range of 950 to 1200 cm-

1. As shown in Figure 2, a higher intensity of these 

peaks is observed after chemical activation. Finally, 

the metal oxide groups and the Si-O group exhibit an 

adsorption peak around 460 cm-1. The relatively 

constant intensity of this peak across all studied 

samples indicates that the concentrations of Si-O and 

metal oxides did not change significantly during the 

various treatment processes.  

3.3 The effects of activation method on the 

adsorption capacity of methyl orange 
 Activation is a crucial process in the production of 

biosorbents. Different activation methods 

significantly alter the adsorption capacity of 

biosorbents [24]. However, activation processes can 

be costly and contribute substantially to the final cost 

of the produced biosorbents. In this work, various 

physical and chemical activation methods were 

employed to produce different biosorbents from 

various precursors, including sawdust, and the 

adsorption capacities of the produced biosorbents are 

compared in Figure 3. 

 

 

 
 

  
Fig. 3. The adsorption capacities of the different produced biosorbents from different precursors and activation 

methods. 
 

In this figure, the adsorption capacity of raw sawdust 

is not reported because it is very low in comparison 

to the others. Additionally, the use of raw sawdust 

introduced some painting and oily components into 

the system. 

Based on the results depicted in Figure 3, the 

adsorption capacities of all the studied sawdust 

samples after the solvent extraction process are 

below 100 mg/g. However, after chemical activation 

with phosphoric acid, the adsorption capacities of the 

samples increased several times, and they are 

reaching their maximum values after the pyrolysis 

process. 

Through the solvent extraction process, relatively all 

extractable components, such as lipids and essential 

oils, are removed from the sawdust, leaving behind 

empty sites that can act as adsorption surfaces. 

Activation with phosphoric acid modifies the 

topological and textural properties of the biosorbent, 

resulting in a relatively large surface area [25]. 

Consequently, the dye component of methyl orange 

is better adsorbed onto the surface of the produced 

biosorbent. 
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During the chemical activation process, sawdust 

particles come into direct contact with phosphoric 

acid molecules. As a result, some of the mineral 

elements present within them, such as metals, 

dissolve into the acid.  

Therefore, it strongly influenced the porous structure 

of resulting activated carbon. Additionally, some 

sites within the sawdust particles become activated 

upon contact with PO4
-3 ions. The results presented 

by some researchers [26] also indicate that chemical 

activation with phosphoric acid can lead to an 

increased efficiency in the adsorption of anionic dyes 

such as methyl orange. However, considering the 

different sources of the sawdust used, this variation 

in adsorption capacity differs for the three types of 

studied sawdust. 

Finally, as noted in the literature [27, 28], the 

pyrolysis process in a muffle furnace under a neutral 

atmosphere leads to higher adsorption capacities. 

Therefore, the best biosorbent with the highest 

adsorption capacity is produced after the pyrolysis 

process. A comparison between different precursors 

shows that Russian wood sawdust is relatively the 

best precursor for the production of biosorbents. 

However, after pyrolysis, all the produced 

biosorbents demonstrate relatively similar adsorption 

capacities for the adsorption of methyl orange dye. 

     

3.4 The effects of dose of biosorbent on the 

adsorption capacity of methyl orange 
 

 

 

   

 
Fig. 4. The adsorption capacities of the different produced biosorbents in various doses of the used biosorbents. 

 

Figure 4 shows the effects of biosorbent dosage on 

the adsorption capacity of the methyl orange dye at a 

solution concentration of 20 ppm. As illustrated, for 

the studied biosorbents with different precursors and 

activation methods, increasing the biosorbent dosage 

from 0.01 g to 0.1 g in 100 ml of solution resulted in 

a continuous decrease in adsorption capacity. 

However, the adsorption capacity remained relatively 

constant at biosorbent dosages greater than 0.05 g in 

100 ml of the stock solution. By increasing the 

adsorbent dosages, oversaturation or coverage of 

active sites occurs, reducing the availability of 

binding sites for dye contaminants and therefore the 

adsorption capacity decreased slightly. However, this 

effect is diminished in adsorption capacities higher 

than 0.05 g per 100 ml of solution. Similar results 

have been reported in the literature regarding the 

adsorption of ciprofloxacin and methylene blue by 

biosorbents produced from various precursors, such 

as chitosan and the biomass of Aptenia cordifolia [29, 

30]. 

3.5  The effects of solution concentration on 

the adsorption capacity of methyl orange    
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Fig. 5. The adsorption capacities of the different produced biosorbents in the various concentrations of solution. 

 

The influence of the initial concentration of methyl 

orange (MO) on the adsorption capacity of the 

various produced biosorbents is illustrated in Figure 

5. This was assessed by varying the solution 

concentration between 5 to 50 ppm while 

maintaining an adsorbent dosage of 0.2 g/L at neutral 

pH. As the solution concentration increased from 5 to 

15 ppm, the adsorption capacity of all studied 

biosorbents increased. However, at higher solution 

concentrations, no significant increase in adsorption 

capacities was observed. This variation can be 

attributed to the enhancement of the driving force for 

mass transfer as the initial concentration rises, which 

promotes the biosorption of MO [31]. Beyond an 

initial concentration of 15 ppm, by increasing the dye 

concentration in 100 ml of solution, the active sites 

on the surface of the biosorbent may be saturated and 

this process is in competition with the increasing 

driving force of mass transfer and therefore the 

amount of dye removed stabilizes [32]. 

Consequently, the adsorption capacity reaches a 

plateau. Relatively the same results were reported by 

Zein et al [33] for the adsorption of methylene blue 

using solid waste of lemongrass biosorbent. 

Figure 6 shows the effect of adsorption time on the 

adsorption capacity of the produced biosorbent from 

the Russian sawdust after chemical activation and 

pyrolysis processes. As observed, after 60 minutes of 

adsorption time, the adsorption capacities of the 

studied samples reached constant values. 

 

 
Fig. 6. Effect of adsorption time on the adsorption capacity of the biosorbents produced from the Russian sawdust after 

chemical activation and pyrolysis processes. 
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3.6 Adsorption mechanism  
As mentioned in the literature [34], phosphoric acid 

molecules act as acidic catalysts in the activation 

process. They may facilitate the cleavage of bonds 

and the formation of crosslinks through dehydration 

processes, leading to the creation of micro- and 

mesopores in the resulting biosorbent. Furthermore, 

the organic components of biomass can interact with 

H3PO4 to form carbonaceous, polyphosphate, and 

phosphorus compounds. These compounds crosslink 

the biopolymer fragments derived from the 

lignocellulosic components of biomass, enhancing 

interactions with adsorbate molecules. 

Additionally, the phosphate groups present in the 

biosorbent matrix contribute to the expansion of the 

structure, resulting in a porous configuration. This 

alteration in functional groups increases accessibility 

for the biosorption of organic pollutants. Therefore, 

chemical activation with H3PO4 can lead to 

significant modifications in morphology, surface 

area, and surface functional groups, which favorably 

influence interactions with various organic pollutants. 

Methyl orange is an anionic dye characterized by its 

aromatic rings in the chemical structure. The 

adsorption mechanisms of MO onto porous 

carbonaceous materials typically involve 

simultaneous interactions of varying natures. The 

nature of these interactions is influenced by several 

parameters, including the characteristics of the 

adsorbed contaminant and the properties of the 

adsorbent used. 

In this study, the high porosity of the produced 

biosorbents and the presence of pores of varying sizes 

on their surfaces (as evidenced by the reported SEM 

images) facilitate the diffusion of MO molecules 

through the internal pore network via a pore-filling 

mechanism. 

Furthermore, physical adsorption occurs through 

weak attractive forces, such as van der Waals forces, 

between the adsorbate molecules and the surface of 

the adsorbents. This phenomenon is primarily 

observed in adsorbents with micronized pores. 

Another type of interaction to consider is that the MO 

molecule contains two aromatic rings in its structure, 

while the produced activated biosorbent exhibits a 

certain degree of graphitized structure. This allows 

for π-π interactions to occur, where the π-electrons 

(donors) of the activated biosorbent can interact with 

the π-electrons (acceptors) of the MO molecules. 

Moreover, FTIR analysis indicated that the structure 

of the produced biosorbent contains functional 

groups with phosphorus and oxygen, a consequence 

of the H₃PO₄ treatment. These atoms, possessing non-

bonding electrons, can interact with the aromatic 

structure of the MO molecule through n-π 

interactions. 

Another type of interaction that may occur is 

hydrogen bonding. This can arise from interactions 

between the hydrogen atoms in polar functional 

groups present on the surface of the adsorbent, such 

as -OH and -COOH, and the nitrogen or oxygen 

atoms in the MO molecules. 

 

3.7 Adsorption isotherm  
Isotherm studies are used to understand the surface 

properties, adsorbent–adsorbate interactions, 

adsorption mechanisms, and adsorption capacity of 

the produced biosorbents. These studies describe the 

release or retention of a specific substance from the 

liquid phase to the solid phase of the adsorbent at a 

constant temperature [35]. 

 
Table 1. The isotherm parameters for the different used models 

Forest wood sawdust 

After solvent extraction After chemical activation After pyrolysis 
Model type K NO m R2 K NO m R2 K NO m R2 

Langmuir 0.03327 106.56 ----- 0.9886 0.07134 315.38 ----- 0.9656 0.0523 1066.88 ----- 0.9817 

Freundlich 5.9517 ----- 1.6106 0.9819 46.097 ----- 2.3189 0.9552 109.97 ----- 1.996 0.9746 

Sips 3.04*10-8 59.908 0.1420 0.9935 1.56*10-5 234.52 0.2026 0.9946 0.9996 729.23 0.134 0.9996 

Russian wood sawdust 

After solvent extraction After chemical activation After pyrolysis 
Model type K NO m R2 K NO m R2 K NO m R2 

Langmuir 0.07906 97.706 ----- 0.9689 0.08160 505.36 ----- 0.9715 0.0523 1066.88 ----- 0.9817 

Freundlich 16.259 ----- 2.4793 0.9598 87.892 ----- 2.5412 0.9633 109.97 ----- 1.996 0.9746 

Sips 5.37*10-4 75.366 0.2896 0.9917 0.00141 396.91 0.3309 0.9892 1.59*10-8 729.23 0.134 0.9996 

Walnut  sawdust   

After solvent extraction After chemical activation  After pyrolysis 
Model type K NO m R2 K NO m R2 K NO m R2 

Langmuir 0.16412 35.293 ----- 0.969 0.05455 396.37 ----- 0.9784 0.05360 1064.06 ----- 0.981 

Freundlich 11.842 ----- 3.9702 0.960 42.428 ----- 2.0224 0.9699 112.863 ----- 2.01855 0.974 

Sips 0.00437 29.208 0.3195 0.999 2.5*10-8 272.695 0.1354 0.9996 4.58*10-8 734.605 0.14172 0.999 
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In this work, three isotherm models -namely 

Langmuir, Freundlich, and Sips- were employed to 

obtain the best fit for the equilibrium adsorption 

curves. Detailed descriptions of the models used are 

reported in the literature [36]. The estimated 

constants and statistical parameters obtained from the 

three selected isotherm models are summarized in 

Table 1. 

Based on the results presented in Table 1, a 

comparison of the reported R2 values shows 

relatively good agreement between the experimental 

results and the calculated values of the three isotherm 

models (R2 ˃0.95). However, for all studied 

biosorbents, the Sips model, which has three 

adjustable parameters, demonstrates the best fit with 

the experimental data (R2 >0.99). This model 

combines the characteristics of the Langmuir and 

Freundlich isotherms for situations where both 

neighboring interactions and heterogeneous 

adsorption are present. Specifically, the Sips 

isotherm model is used to describe the adsorption 

process in nonlinear and inhomogeneous systems. 

A comparison between the Langmuir and Freundlich 

isotherm models, both with two adjustable 

parameters, shows that the Langmuir model fits the 

experimental data relatively better. This indicates 

that the monolayer adsorption model governs the 

adsorption of methyl orange dye molecules on the 

surfaces of biosorbents produced from the sawdust of 

the three different studied woods. 

The Langmuir isotherm assumes homogeneous 

adsorption, which occurs exclusively at specific, 

uniform sites. Once an adsorbate occupies a site, no 

further adsorption can take place at that site, resulting 

in a characteristic plateau on the adsorption curve. 

Additionally, the model hypothesizes that there are 

no lateral interactions or steric hindrances between 

the adsorbed molecules [37-39]. 

 

4. Conclusion 
The production of various biosorbents from the 

sawdust of walnut wood, forest wood, and Russian 

wood using different physical and chemical 

activation methods was studied in this work. A 

comparison between the adsorption capacities of 

produced biosorbents and other related works were 

reported in table 2. The results indicated that the 

biosorbents derived from Russian sawdust exhibited 

the highest adsorption capacity for methyl orange 

compared to the others. However, after the pyrolysis 

process, biosorbents produced from all studied 

sawdust types demonstrated relatively good 

performance for the removal of methyl orange from 

aqueous solutions. Based on the reported R2 values, 

the Sips isotherm model, which has three adjustable 

parameters, shows the best fit, with an R2 value close 

to one. Furthermore, when comparing two-parameter 

models, the Langmuir isotherm fits the experimental 

adsorption data better than the Freundlich model. 

Therefore, homogeneous monolayer adsorption is the 

dominant process for these systems. 

 
Table 2. Comparison between biosorbents produced in this work and other related works. 

 feedstock  Modification method Target adsorbed q (mg/g) References 

1 Pine wood Sawdust Chemical activation with  

Maleic acid 

Cd (II) 1804 [40] 

2 wood Sawdust Chemical activation with  

HNO3 & NaOH 

Hg (II) 528 [41] 

3 Commercial 

Sawdust 

Boiling in distilled water 

Dried at 60°C 

Methylene blue 76.9 [42] 

4 barley straw Washing with water and drying at 100°C Cu2+ and Pb2+ 4.6 , 23.2 [43] 

6 Rice straw Chemical activation with KOH and NaOH Methylene blue 588, 232 [44] 

7 Russian Wood 

Sawdust 

Solvent Extraction Methyl Orange 80 This work 

8 Russian Wood 

Sawdust 

Solvent Extraction and H3PO4 Chemical 

activation 

Methyl Orange 380 This work 

9 Russian Wood 

Sawdust 

Solvent Extraction, Chemical activation, and 

Pyrolysis at 500°C 

Methyl Orange 760 This work 
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