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Abstract 

The aim of this study was to produce biochar from different materials at various temperatures and to 

determine the optimal conditions for removing heavy metals from aquatic environments. Biochar 

was prepared through the pyrolysis process of two widely available raw materials in Diyala 

Governorate, Iraq: palm kernel and sheep manure at temperatures of 300 ⁰ C and 700 ⁰ C. These 

were designated as PFB-300, PFB-700, SMB-300, and SMB-700, respectively. The morphological 

properties of the biochar samples were analyzed using multiple techniques, including Fourier 

Transform Infrared Spectroscopy (FT-IR), Brunauer-Emmett-Teller (BET) surface area analysis, and 

Zeta Potential measurement. FT-IR results showed that the biochar contained an abundance of 

functional groups, while BET analysis revealed that PFB-700 had the highest surface area, followed 

by SMB-700, PFB-300, and SMB-300, respectively. Zeta Potential tests indicated that the surface 

charge becomes more negative with increasing production temperature. The samples were applied as 

adsorbent materials for lead ion adsorption under various conditions, including initial ion 

concentration (10, 50, 100, 150, 300, 450 ppm), equilibrium time (5, 15, 30, 60, 90, 120 minutes), 

temperature (298, 308, 318 K), and pH effect (5, 7, 9). The results showed that Pb⁺ ² ion adsorption 

increased significantly in the first few minutes, then slowed down, reaching equilibrium at 30 

minutes for PFB-700 and SMB-700, and at 120 minutes for PFB-300 and SMB-300. The rate of 

Pb⁺ ² ion removal increased with temperature, indicating an endothermic adsorption process. 

Additionally, Pb⁺ ² ion removal increased significantly with increasing concentration up to 150 ppm, 

after which removal efficiency decreased due to the saturation. 
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Introduction 

 

Pollution is any harmful alteration in the 

environment resulting from the physical, 

chemical, or biological side effects of 

industrial, social, or agricultural human 

activities. This affects the quality of the 

environment and poses a threat to humans, 

animals, plants, and aquatic wildlife [1]. The 

complexity of the pollution problem increases 

with the variety and sources of pollutants, due 

to the excessive use of industries and chemical 

agriculture in large quantities for different 

purposes, such as pesticides, fertilizers, and 

various types of detergents. Some countries 

have also contributed to exacerbating the 

problem by conducting nuclear explosions 

underground, in deep seas, and on the earth's 

surface [2]. Among the most dangerous 

pollutants are heavy metals, which are any 

metallic elements with a relatively high 

density exceeding 5 g/cm³. The toxicity of 

heavy metals varies, as most are considered 

nutrients at low concentrations and are 

classified as essential micronutrients for 
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plants, such as copper (Cu), zinc (Zn), nickel 

(Ni), and molybdenum (Mo). Conversely, 

some heavy metals are toxic and hazardous 

even at low concentrations, such as lead (Pb), 

cadmium (Cd), arsenic (As), mercury (Hg), 

and others [3]. Water pollution by heavy 

metals is a major concern due to their toxicity 

levels, abundance, environmental stability, and 

accumulation in water bodies [4]. This 

pollution causes severe damage to biological 

systems, especially with lead, cobalt, and 

cadmium, which accumulate in living 

organisms and cause various diseases and 

disorders even at relatively low levels due to 

their water solubility and non-

biodegradability. They can accumulate in the 

environment and microorganisms, eventually 

transferring to the human body [5]. Exposure 

to heavy metal ions, such as lead, cadmium, 

mercury, and arsenic, even at low 

concentrations, can negatively affect human 

health, leading to various types of cancers, 

neurological and mental issues. Additionally, 

they hinder plant growth, deform leaves, and 

reduce fruit production [6]. The growing 

awareness of current and past environmental 

issues reflects an urgent need for fundamental 

reforms to restore and purify the environment 

and ensure its sustainability. Consequently, 

various techniques are used in different parts 

of the world to remove heavy metals, such as 

chemical precipitation, ion exchange, reverse 

osmosis, electrochemical treatment, 

evaporation, and distillation [7]. However, 

these methods have disadvantages, including 

incomplete removal, high energy 

consumption, and the production of toxic 

substances [8], indicating that they are neither 

effective nor economical for water 

environments. Previous studies have 

recommended adsorption as an effective 

method for purifying water from heavy metals. 

These studies have demonstrated the 

effectiveness of adsorption in removing heavy 

metals and highlighted its importance as a 

reliable purification method. However, they 

also noted that the effectiveness of adsorption 

can vary depending on the conditions, 

materials, and techniques used [9,10,11]. 

Among the best adsorbent materials is 

activated carbon, which is effective due to its 

large surface area and semi-porous structure. 

However, it is considered unsustainable for 

several reasons, including its flammability 

under certain conditions and the potential for 

severe environmental damage when disposed 

of improperly [12]. Therefore, it is essential to 

consider sustainable and environmentally 

friendly alternatives for use as safe adsorbent 

materials. Biochar is a safe and effective 

method for removing pollutants and heavy 

metals from the environment, as it is a natural, 

effective, and eco-friendly material. Biochar is 

produced from organic materials such as wood 

or animal manure by heating them in the 

absence of oxygen. Biochar's ability to 

decompose naturally without leaving harmful 

residues makes it an effective and sustainable 

solution for environmental pollutant 

treatment[12,13]. The chemical and physical 

properties of biochar are the primary factors 

that determine its usage. Previous studies have 

shown that the properties and effectiveness of 

biochar are influenced by the type of raw 

material and the temperature used in its 

production [14]. One of the main challenges in 

water purification technology is selecting the 

appropriate adsorbent material, considering 

production cost, ease of disposal of the spent 

adsorbent, environmental impact, and 

adsorption efficiency [15]. Our current study 

aims to. study the impact of the type of raw 

material (plant residues: palm fronds, and 

animal residues: sheep manure) and different 
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temperatures (300 or 700°C) on the chemical 

and physical properties of biochar. We will 

apply the biochar samples prepared from palm 

fronds and sheep manure, treated at different 

temperatures (300 and 700°C), as adsorbent 

materials for the adsorption of lead ions. We 

will also determine the optimal conditions for 

the adsorption process for all biochar surfaces. 

 

Material and Methods 

 

Biochar Samples 

 

 

Samples of palm fronds (PF) and sheep 

manure (SM) were collected from the farm at 

Diyala state, Iraq. The two samples were air-

dried, then impurities were removed from 

them and cut into small parts (2 cm3). The 

prepared samples were placed in ceramic 

crucibles with a suitable lid and subjected to 

the furnace )Nabentherm type Furnace 

1300°C. ℃, 400 V, 50/60 Hz Germany) for 

pyrolysis at temperatures (300°C and 700°C) 

for two hours. After pyrolysis, all biochar 

samples were ground, passed through a 50-μm 

sieve as suggested by Fahmi et al. [16], and 

stored in glass beakers at room temperature 

before analysis.  Biochar derived from palm 

fronds was then classified as PFB-300 and 

PFB-700 produced at 300°C and 700°C, 

respectively. While biochar produced from 

sheep manure was classified as SMB-300 and 

SMB-700, produced at 300°C and 700°C, 

respectively . 

  

Biochar Characterization 

 

Energy-Dispersive X- Ray (EDX) Analysis  

 

The X-ray energy produced by the sample 

beam's interaction with the electron to 

determine the chemical composition. This 

allows the identification and measurement of 

the chemical elements present in the samples. 

 

Fourier-transform Infrared Spectroscopy  

 

Biochars were analyzed using Fourier 

transform infrared spectroscopy to identify 

functional groups. We used a Shimadzu 1800, 

a Japanese instrument, to analyze spectra in 

the 400–4000 cm–¹ region after pressing 

samples combined with KBr into translucent 

sheets. 

 

The Surface Area  

 

of the samples was evaluated by the Brunauer-

Emmett-Teller (BET) technique, which uses 

N2 adsorption at 77K and using BELSORP 

MINI II (Japan). Total surface area was 

determined using the multipoint BET method, 

while microspore surface area was calculated 

using the t-plot method. Pore sizes were 

evaluated using the Barrett-Joyner-Halenda 

(BJH) method based on adsorption isotherms, 

with the total pore volume derived from a 

single N2 adsorption point at a relative 

pressure (P/Po) of 0.99

. 
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Ash Content

 

 By employing the dry combustion method, 

we were able to ascertain the biochar's ash 

composition. For this procedure, you'll need to 

bake 5 grams of biochar at 500 degrees 

Celsius for 8 hours, let the crucible cool, and 

then weigh it. To get the ash percentage, 

which allows for a precise evaluation of the 

ash content, we subtracted the sample's 

beginning weight from its end weight in 

Equation (1) [17.] 

 

Ash content(%) = (Weight of ash (g)) / (Dry 

mass of biochar (g) )×100%                           

(1) 

 

(PH) and Electrical Conductivities (EC) 

 

The pH of the biochar was analyzed following 

the method presented by [18]. About 4.0 g of 

biochar was placed with 100 mL of distilled 

water in a conical flask, covered with glass, 

and boiled for 5 minutes. After letting it cool, 

the pH was measured using a pH meter 

(Bp3001, Germany). To measure electrical 

conductivity (EC), the biochar was placed in 

distilled water with a solid-to-liquid ratio of 

1,5, shaken for 24 hours, and then the 

electrical conductivity was measured using an 

EC meter (HANNA instrument.) 

 

Zeta Potential  

 

to create a suspension with a concentration of 

0.5 g L-1, 200 mL of distilled water was added 

to 0.1 g of finely processed biochar powder in 

a conical flask. For 12 hours, the flask was 

mixed by spinning it at 150 revolutions per 

minute. Next, we used the Malvern Panalytica 

zeta potential scale to determine the biochar 

suspension's zeta potential. 

 

Cation exchange 

 

 capacity the cation exchange capacity (CEC) 

of the samples was determined by a 

compulsive exchange method23 as simplied 

by Shen et al.[18.] 

 

adsorption studies 

Removal Percentage the percentage removal 

of lead ions from the solution was calculated 

using the following equation6 

 

Removal % =(C₀ -Ce)/C₀  ) *100            (2    )

                                  

 

where:( Ce ): concentration of lead ions after 

adsorption (ppm),( C₀  ): initial concentration 

of lead ions (ppm.) 

 

Contact Times 

 

 To determine the equilibrium time for the 

adsorption process of lead ions on different 

biochar surfaces (PFB-300, PFB-700, SMB-

300, and SMB-700), 0.1g of each surface was 

placed in volumetric bottles. Then, 40 mL of 

lead nitrate solution with a concentration of 

150 ppm and neutral pH was added to each 

bottle. These volumetric bottles were then 

placed in a water bath equipped with a shaker 

and temperature control, maintaining a 

temperature of 299 K. The bottles were shaken 

at 100 rpm. Afterward, the solid material 

(biochar) was separated from the liquid by 

filtration at various time intervals (5, 15, 30, 

60, 90, and 120 minutes).The filtrate was 

analyzed to measure the concentration of lead 

ions using an atomic absorption spectrometer. 

The percentage removal of ions from the 

solution  
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was calculated using equation (2.) 

 

The optimal temperature  

 

to determine the optimal temperature for the 

adsorption process of lead ions and assess the 

temperature effects on the equilibrium 

solution, 0.1g of the studied biochar surfaces 

were placed in volumetric bottles. 

Subsequently, 40 mL of lead nitrate solution 

with a concentration of 150 ppm and neutral 

pH was added. These volumetric bottles were 

placed in a water bath and agitated at 100 rpm 

for the equilibrium time (120 min for PFB-300 

and SMB-300). For surfaces PFB-700 and 

SMB-700, the equilibrium time was 30 min at 

different temperatures (298, 308, and 318 K). 

Afterwards, the biochar was separated from 

the solution by filtration. The final 

concentration was measured using an atomic 

absorption spectrometer, and the percentage 

removal of ions from the solution was 

calculated using equation (2.) 

 

Concentration Initial 

 

 the behavior of biochar surfaces was 

determined with varying initial concentrations 

of lead ions by placing 0.1 g of the biochar 

surfaces studied in volumetric bottles. 

Subsequently, 40 mL of lead nitrate solution at 

different concentrations (10, 50, 100, 150, 

300, and 450 ppm) with neutral pH was added. 

These volumetric bottles were placed in a 

water bath and maintained at the optimal 

temperature (318 K). The bottles were then 

agitated at 100 rpm for the equilibrium time 

(optimal time) for each biochar surface. 

Afterward, the solid material (biochar) was 

separated from the liquid by filtration.The 

final concentration was determined using an 

atomic absorption spectrometer, and the 

percentage removal of lead ions from the 

solution was calculated using equation (2.) 

 

The optimal Ph 

 

 was determined for biochar surfaces in the 

equilibrium solution by placing 0.1g of 

biochar surfaces in volumetric bottles. 

Subsequently, 40 mL of lead nitrate solution at 

a concentration of 150 ppm was added. The 

volumetric bottles were then placed in a water 

bath and maintained at the optimal 

temperature. The bottles were agitated at 100 

rpm for the equilibrium time specific to each 

biochar surface at different pH levels (5, 7, 

and 9). After reaching equilibrium, the solid 

biochar material was separated from the liquid 

phase by filtration. The final concentration of 

lead ions in the solution was determined using 

an atomic absorption spectrometer. The 

percentage removal of lead ions from the 

solution was calculated using equation (2.) 

 

Results and discussion 

 

Fourier-transform infrared spectroscopy 

  

 It is an analytical technique used to 

identify the content of materials the chemical 

group functions by using an infrared spectrum 

. From the table.1 of biochar FTIR data shows 

the different peaks of SMB-700 and SMB-300 

corresponding to stretching the O-H broad 

band at 3444 cm-1 in SMB-300, throughout 

the increasing of temperature to 700oC the 

stretching O-H band start to slowly diminish. 

This was expected due to the mass loss during 

thermal decomposition and gas product 

evolution [19 .] 

 The peak 2939 cm-1 in SMB-300 biochar 

shows sharper peak 2879 cm-1as the 

temperature increased in SMB-700 biochar 
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which belong to the stretching vibration of C-

H, the absorption peaks at 1616 cm-1and 

1423cm-1 in SMB700 and SMB-300 biochars 

is attributed to the stretching vibration of C=C 

and C=O[20]. The peak 1089 cm-1 of SMB-

300 biochar associated with C–O vibrations in 

esters and ethersand the same for SMB-700 

biochar peak 1035cm-1 [21]. The absorption 

peak of 873 cm-1in both SHB-300 and SHB-

700 biochars is attributed to the bending 

vibration of C-H on the aromatic ring [19, 20.] 

FTIR spectrum of PFB-300 biochar shows 

peaks at 3441 cm-1which obtained to be 

sharper peak at 3410cm-1 as the temperature 

increased in PFB-700 attributable to the 

stretching O–H possibly from carboxyl, 

phenol, and alcohol functional groups[22]. We 

also notice the distinctive C–H stretching 

vibration of the alkyl structure of aliphatic 

groups at 2877 cm− 1 for PFB-700 but not for 

the PFB-300 [23,24]. The band at 1697-1512 

cm− 1in both PFB-300 and PFB-700 biochar 

sample due to the presence of aromatic C=C 

and C=O stretching vibration represented 

possible conjugated ketones 1600 cm− 

1[25,26]. A peak of C–O stretching is also 

presented in the sample at 1149 cm−1 and 

1168 cm−1 for PFB-300 and PFB-700, 

respectively [27.] 

Table (1): shows the group functions of Biochars samples. 

Wave 

number 

(cm
-1

) 

Palm 

fronds(PFB) 

Sheep waste 

(SMB) 

Vibration 

characteristics 

300
o
c 700

o
c 300

o
c 700

o
c 

3500-

3250 

+ + + + O-H 

stretching 

~2880 - + - + C-H 

stretching 

`1470-

1430 

+ + + + C-H 

stretching 

1500 - + - + C=Cstretching 

3750 - + + + N-H bend 

~1150 + + - - C-O bend 

~1100 - - + + C-O bend 

880-

500 

- - + + aromatic ring 

1000-

625 

+ + - - aromatic ring 

X-ray spectroscopy (EDX ) 

 

The (calcium, potassium, and phosphorus) 

elements in both biochar samples, PFB-300 

and PFB-700, as shown in Table 5 revealed 

low levels . In contrast, the biochar derived 

from sheep manure (SMB-300 and SMB-700) 

showed acceptable levels of elements. 

Significantly, a decrease in phosphorus levels 

from 3.24 to 1.24 was observed when the 

pyrolysis temperature increased from 300 to 

700 degrees. The element content of biochar 

depends on the nature and quality of the raw 

materials, as well as the appropriate pyrolysis 

conditions (see Fig.1). High temperatures 

during pyrolysis lead to the volatilization of 

some elements, which is consistent with 

previous studies [28,29.] 
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Fig.(1).EDX spectra For PFB and SMB at 300ºC and 700 ºC. 

BET surface area analysis. 

 

The surface area of biochar samples was 

measured using the BET technique, and the 

results showed variation in surface area 

values: 20.61 m² g⁻ ¹ for PFB-300, 247.7 m² 

g⁻ ¹ for PFB-700, 17.07 m² g⁻ ¹ for SMB-300, 

and 89.89 m² g⁻ ¹ for SMB-700, as listed in 

Table (2). The results indicate that the highest 

surface area was for the PFB-700 sample, and 

there was an observed increase in surface area 

with the rise in pyrolysis temperature. This is 

attributed to the effect of high heat in 

fragmenting particles and altering the surface 

structure, increasing the number of pores, 

leading to the spread of cracks and pits, and 

thus these factors collectively or individually 

contribute to the increase in surface area.[26] 

reached similar conclusions, indicating that 

raising the biochar production temperature 

from seaweed from 300 ⁰ C to 400 ⁰ C 

resulted in significant changes in structural 

and chemical composition, as well as an 

increase in surface area and porosity. 

Regarding the total pore volume, it showed 

similar behavior to the surface area with rising 

temperature. The total pore volume for PFB-

300, PFB-700, SMB-300, and SMB-700 was 

0.03 cm³ g⁻ ¹, 0.18 cm³ g⁻ ¹, 0.06 cm³ g⁻ ¹, 

and 0.14 cm³ g⁻ ¹, respectively, as shown in 

Table (2). The increase in total pore volume is 

attributed to the same reasons that led to the 

increase in surface area, and the difference in 

raw material had a negligible effect. Our 

results are consistent with Tsai et al. [27], who 

observed a significant increase in total pore 

volume from 0.0005 cm³ g⁻ ¹ to 0.153 cm³ 

g⁻ ¹ with an increase in temperature from 400 

⁰ C to 800 ⁰ C, attributing this to the increased 

formation of nanopores and fine structures on 

the biochar surface.These findings agree with 

FESEM measurements that confirmed surface 

development, increased surface area, and pore 

density in PFB-700 and SMB-700 compared 

to PFB-300 and SMB-300, making them 

prime candidates for applications in water and 
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soil purification through the adsorption of 

cationic chemicals and organic pollutants [25.] 

 

Ash Content  

    The ash content in the biochar samples was 

estimated using equation (1), and it was found 

that the biochar samples from palm charcoal 

contain higher ash percentages: 55.14%, 

73.7%, 38.42%, and 62.28% for PFB-300, 

PFB-700, SMB-300, and SMB-700, 

respectively, as listed in Table (2). The high 

ash content in PFB-300 and PFB-700 samples 

is attributed to their mineral composition, 

which includes higher percentages of 

inorganic minerals such as silica, calcium, and 

magnesium. When the raw material is 

thermally processed, these minerals remain as 

ash. 

Additionally, there is an observed increase in 

ash content in all biochar samples with the rise 

in pyrolysis temperature. This is due to the 

decomposition of organic materials into gases 

and volatile substances, reducing the 

combustible organic portion and leaving the 

inorganic minerals as ash. Research by 

AnĎelini et al. [30] found similar results, with 

ash content increasing from 8.36% to 9.6% 

when the pyrolysis temperature was raised 

from 400 ⁰ C to 600 ⁰ C. Tomczyk et al. [31] 

also noted that biochar produced from animal 

waste has lower ash and carbon content 

compared to biochar produced from crop 

residues and wood biomass. They indicated 

that the variation in ash content and some 

physical and chemical properties is due to 

differences in moisture content, organic 

materials, and lignocellulosic compounds in 

the raw materials used                                      .

                         

 

pH we observe that biochar samples produced 

at 300 °C have lower pH values compared to 

other samples, which could be attributed to the 

presence of larger amounts of carboxylic and 

phenolic acid groups, as documented by FT-IR 

analysis. On the other hand, samples produced 

at 700 °C show higher surface pH, attributed 

to the effect of temperature on increasing the 

carbonization of samples and the ash content, 

which is rich in mineral elements such as 

potassium, sodium, calcium, magnesium, and 

minerals like carbonates that impart alkaline 

properties. Zhu et al. [32] obtained similar 

results, where pH values increased from 7.4 to 

11.6 as the temperature rose from 300 °C to 

500 °C, coinciding with an increase in ash 

content. Das et al. [33] also found that the 

highest pH was for biochar produced at 400 

°C, which decreased with increasing 

temperature. 

The results also indicate that biochar derived 

from sheep manure has higher pH values at 

the specified temperatures, as shown in Table 

(2). This difference is attributed to the 

chemical composition of the ash. It is 

noteworthy that the acidity of biochar affects 

its efficiency in absorbing heavy metals, with 

alkaline biochar being more effective 

compared to acidic biochar. This is consistent 

with the findings of Tag et al. [34] who 

studied four types of raw materials: 

agricultural waste, industrial waste, animal 

waste, and algae. 

 

Electrical Conductivity 

 

 The results indicate an increase in electrical 

conductivity with rising temperature, which is 

attributed to the same reasons that lead to 

increased ash content and higher pH, due to 

the interrelationship between these factors. A 

study by Almutairi et al[35] confirmed this 

correlation across nine types of waste, 
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including palm leaves, wood, and animal 

waste . 

 

Electrical Charges 

  We observe that the values of electric 

charges decrease (become more negative) with 

an increase in temperature from 300 °C to 700 

°, as shown in Table (2). A significant 

difference in charge values was noted between 

PFB-300 and PFB-700, which could be 

attributed to the emergence of active groups 

not present in PFB-300, as shown in the FT-IR 

analysis in Table (1). Ding et al. [36] reached 

similar results to our study, showing a 

decrease in electric charge values (increase in 

negative values) for biochar produced from 

oak, from -27.5 mV to -32.4 mV, with an 

increase in temperature from 350 °C to 650 

°C. However, our results differ from the study 

by Suliman [37] where electric charge values 

increased with the rise in production 

temperature for biochar from wood and 

organic waste. In our view, this difference 

may be due to the removal of oxidized 

functional groups from the biochar surface, 

which are responsible for the surface charge, 

unlike in our study. 

It is also worth noting that the abundance of 

negative charges on the surfaces of the studied 

biochar makes them more capable of 

interacting with positively charged ions such 

as lead. As a result, the more negative biochar 

appears to be more suitable as an adsorbent 

material   . 

                                   

CEC We observe an increase in the biochar's 

ability to adsorb and exchange positively 

charged ions with rising temperatures, as 

shown in Table (2). This may be attributed to 

the abundance of oxidized functional groups 

(O-H, C-O, C=O) and positively charged ions. 

It should be noted that CEC represents the 

cations held by negative charges, which can 

indicate the total negative charges on the 

surface, aligning with the zeta potential 

analysis.The general increase in cation 

exchange capacity (CEC) with rising 

temperature is consistent with Das et al. [33], 

who studied the effect of raw materials 

(grasses, trees, and crop residues) and 

temperature (300, 500, 700 °C) on the 

properties of the produced biochar. They 

found an increase in carbon content and cation 

exchange capacity
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Table (2): The physicochemical characteristics of the SMBs and PFBs. 

SMB-

700 

SMB-

300 
Parameters 

62.28 38.42 Ash content (%) 

89.89 17.07 surface area (m
2
 g

-1
 ) 

0.14 0.06 
Total pore volume 

(cm
3
 g

-1
 ) 

10.7 7.82 pH 

8.2 7.6 EC (dS m
-1

 ) 

-8.01 -6.12 Electric Chaeges (mv) 

03.44 82.4 
CEC cmol

(+)
kg

-1
 by 

(BaCl2) 

PFB-

700 

PFB-

300 
Parameters 

73.7 55.14 Ash content (%) 

247.77 20.61 surface area (m
2
 g

-1
 ) 

0.18 0.03 
Total pore volume 

(cm
3
 g

-1
 ) 

9.72 6.44 pH 

16.3 6.41 EC (dS m
-1

 ) 

-8.39 -2.96 Electric Chaeges (mv) 

11.82 13.2 
CEC cmol

(+)
kg

-1
 by 

(BaCl2) 

 

adsorption studies 

Contact Times 

The results of testing the contact times 

between different biochar surfaces and lead 

ion solution indicated that the equilibrium 

time for both PFB-300 and SMB-300 was 120 

minutes, whereas for both PFB-700 and SMB-

700, it was 30 minutes, as shown in Table(3). 

It is noted that the percentage removal of lead 

ions increases significantly in the initial 

minutes of the adsorption process and then 

slows down noticeably. This suggests that 

most active sites become saturated with lead 

ions in the early minutes, and upon reaching 

equilibrium, the adsorption rate ceases due to 

complete saturation of reactive sites on the 

surface, making the increase in time after 

equilibrium less effective. Furthermore, the 

results showed that the percentage removal of 

lead ions on PFB-700 and SMB-700 surfaces 

was higher than on SMB-300 and PFB-300 

surfaces. Several factors contribute to this, 

including larger surface area, abundant pores, 

negative charge, and positive ion exchange 

capacity, as evidenced by previous tests.Our 

study results align with previous studies such 

as those by Hummadi and Lee et al. [38,39] 

where they found that the highest capacity for 

heavy metal adsorption occurs at equilibrium, 

after which the adsorption efficiency becomes 

constant with increasing time. They explained 

that this phenomenon is due to the saturation 

of the adsorbent material with heavy metals. 

These findings are supported by another study 

conducted by Abyaneh et al. [40], who 

prepared biochar at different temperatures 

(400 °C, 500 °C, and 700 °C) and tested its 

ability to remove lead from industrial 
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wastewater in Tehran, Iran. They found that 

biochar prepared at 700 °C was the most 

effective, attributing this to increased thermal 

decomposition enhancing surface development 

and forming a more porous structure

. 

Table (3): The percentages of lead ion removal using biochar surfaces at different contact 

times. 

Time 

(min) 

CO 

(PPM) 

PFB-300 SMB-300 

Ce 

(ppm) 
R% 

Ce 

(ppm) 
R% 

5 

150 

10.32 48.04 85.82 38.31 

21 20.82 54.01 15.20 44.13 

30 24.14 51.50 10.52 48.84 

60 8.28 53.13 25.41 42.32 

54 8.20 53.54 18.12 40.11 

120 4.00 55.34 20.04 54.80 

Time 

(min) 

PFB-700 SMB-700 

Ce 

(ppm) 
R% 

Ce 

(ppm) 
R% 

5 0.086 55.50 205.41 55.44 

21 4.442 55.50 205.03 55.21 

30 4 244 214 244 

60 4.884 55.33 214 244 

54 4.408 55.53 204.41 55.18 

120 4 244 204.21 54.33 

 

The optimal temperature 

 

The results of temperature impact tests on the 

adsorption process of lead ions on biochar 

surfaces, as shown in Table (4), indicated that 

the percentage removal of lead ions increases 

with higher temperatures. This suggests that 

the adsorption process is heat-dependent, 

indicating that the selectivity of lead ions on 

biochar surfaces increases with temperature. 

Additionally, heat increases the kinetic energy 

of lead ion particles, allowing them to diffuse 

more effectively into the pores of biochar. 

Furthermore, it was observed that both PFB-

700 and SMB-700 exhibited higher efficiency 

in lead ion adsorption rates, attributed to their 

distinct properties of high porosity, abundant 

pores, and negative charges as previously 

mentioned. These properties enable these 

surfaces to remove higher percentages of lead 

ions, a finding supported by Energy 

Dispersive X-ray Spectroscopy (EDX) results, 

showing higher lead content on these 

surfaces.Our findings are consistent with a 

study by Shen et al. [41], where rice straw-

derived biochar produced at different 

temperatures (300 °C, 500 °C, and 700 °C) 

demonstrated that biochar produced at higher 

temperatures had a higher capacity for lead ion 

adsorption and removal due to its increased 

surface area. Similarly, Sun et al. [42] 

concluded in their study testing different 

temperatures (303 K, 308 K, 313 K, and 330 

K) on equilibrium solutions that biochar 

exhibited higher pollutant removal capabilities 

at higher temperatures, reflecting its heat-

dependent nature
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. 

Table (4): The percentages of lead ion removal using biochar surfaces at different 

temperatures. 

temperature 

(min) 

CO 

(PPM) 

PFB-300 SMB-300 

Ce 

(ppm) 
R% 

Ce 

(ppm) 
R% 

155 

150 

1.218 99.18 14.52 90.31 

845 0.751 99.49 2.76 98.15 

825 2.124 99.52 0.968 99.35 

temperature 

(min) 

PFB-700 SMB-700 

Ce 

(ppm) 
R% 

Ce 

(ppm) 
R% 

155 0.762 99.49 1.429 99.04 

845 0.260 99.82 0.065 99.95 

825 4 100 4.815 100 

 

Concentration Initial 

 

The results of testing the initial ion 

concentration's effect on lead ion adsorption 

on biochar surfaces, as illustrated in Table (5), 

showed that the percentage removal of lead 

ions increases with higher concentrations of 

lead ions (Pb2+). This is attributed to an 

increased number of collisions between the 

metal ion and the biochar surface, enhancing 

interaction with available active sites and 

facilitating ion transfer into the inner pores. 

However, as the concentration of lead ions 

increases to 300 ppm and 450 ppm, the 

percentage removal decreases, as indicated in 

Table (5). This is due to saturation of active 

sites and pores on the surface. Nevertheless, 

the removal efficiency of lead ions on PFB-

700 and SMB-700 surfaces was significantly 

higher than on other surfaces, thanks to their 

distinctive properties such as high surface 

area, abundant pores, high electric charge, and 

higher ion exchange capacity. Our findings are 

consistent with a study by Abdelhafez and Li 

[43], where biochar derived from orange peels 

and sugarcane bagasse at 500 °C was used to 

remove lead ions. The study examined various 

factors, including initial lead ion 

concentration, and found that the biochar's 

adsorption capacity increases with higher 

initial ion concentrations due to increased ion 

driving forces. However, the results showed 

that the increase becomes insignificant beyond 

a concentration of 85 ppm, attributed to 

saturation of active sites on the biochar 

surface. 
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Table (5): The percentages of lead ion removal using biochar surfaces at different ion 

concentration levels. 

CO 

(PPM) 

PFB-300 SMB-300 

Ce 

(ppm) 
R% 

Ce 

(ppm) 
R% 

24 0.2004 59.5 0.412 95.87 

14 4.121 54.52 4.101 54.52 

244 4.048 55.12 2.048 54.15 

214 4.312 55.05 4.524 55.81 

844 12.583 41.24 85.441 42.53 

014 284.48 25.81 54.148 35.44 

CO 

(PPM) 

PFB-700 SMB-700 

Ce 

(ppm) 
R% 

Ce 

(ppm) 
R% 

24 0.224 97.75 0.212 97.87 

14 4.110 99.55 4.2214 55.22 

244 4.824 55.24 4.121 55.08 

214 4.821 55.52 4.421 55.51 

844 4.225 55.31 2.428 55.22 

014 2.835 99.69 0.511 54.45 

 

The optimal pH  

 

The test results on pH values of the solution 

showed variability in the percentage removal 

of lead ions using different biochar samples, 

as depicted in Table (6). The highest removal 

was observed at pH 7, compared to pH 5 and 

pH 9. This can be attributed to the high 

concentration of hydrogen ions (H⁺ ) at low 

pH, leading to the presence of hydronium ions 

(H₃ O⁺ ) surrounding the biochar surface. 

This reduces the interaction of lead ions with 

binding sites on the biochar surface due to 

repulsive forces. Additionally, the smaller size 

of hydrogen ions allows them to permeate into 

the gaps and pores of the biochar, occupying 

them and preventing larger lead ions from 

entering, thereby reducing the biochar's ability 

to remove lead ions in acidic environments as 

shown in Table (6). Furthermore, pH plays a 

crucial role in determining surface charge, 

where biochar surfaces tend to acquire a 

positive charge in acidic environments, while 

they are negatively charged in neutral and 

alkaline conditions. Our findings align with a 

study conducted by Abyaneh et al. [40], which 

found maximum removal efficiency at pH 7 

using wood waste-derived biochar. Similarly, 

a study by Wang et al. [44] demonstrated that 

cadmium removal efficiency using corn stalk-

derived biochar increased from 37.3% to 

96.7% as pH increased from 2 to 6.5. At pH 9, 

where hydroxide ions (OH⁻ ) are abundant in 

the aqueous solution, lead may precipitate as 

Pb(OH)₂  and not interact with the biochar 

surface, consistent with findings from Yang et 

al. [45]. They indicated that lead ion removal 

using corn stalk-derived biochar at pH greater 

than 7 involved not only adsorption but also 

precipitation processes. Therefore, pH 7 is 

considered most suitable for lead ion 

adsorption in our current study.
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Table (6): The percentages of lead ion removal using biochar surfaces at different pH levels. 

pH 
CO 

(PPM) 

PFB-300 SMB-300 

Ce 

(ppm) 
R% 

Ce 

(ppm) 
R% 

5 

150 

04.002 38.48 18.11 40.12 

7 4.312 55.05 4.133 55.22 

9 4.404 55.08 4.524 55.81 

pH 

PFB-700 SMB-700 

Ce 

(ppm) 
R% 

Ce 

(ppm) 
R% 

5 0.565 99.62 4.248 55.10 

7 4.821 99.75 4.421 55.51 

9 4.145 99.60 4.082 55.34 

 

Conclusions 

 

This study concluded that the pyrolysis 

temperature affects both surface chemistry and 

physical properties. Pyrolysis of sheep manure 

produced biochar rich in stable aromatic 

carbon structures and essential inorganic 

minerals. Raising the pyrolysis temperature to 

700°C enhanced the development of pores, 

surface area and negative charge, making 

biochar adept at purifying water and soil by 

adsorbing cationic chemicals pollutants. The 

adsorption process is simple, low-cost, and 

highly effective in removing lead ions using 

biochar produced from palm fronds and sheep 

manure. The equilibrium time for the 

adsorption of lead ions (Pb+2) on PFB-700 

and SMB-700 was achieved in 30 minutes, 

while it was achieved on PFB-300 and SMB-

300 in 120 minutes. The lead ion removal rate 

by biochar surfaces increases with 

temperature, with the optimal temperature 

being 318 K. Lead ion removal is preferred in 

moderately acidic environments. Biochar 

produced from palm fronds at 700°C showed 

the highest lead ion removal rate, followed by 

biochar from sheep manure at the same 

temperature, indicating the effectiveness of 

high temperatures in activating biochar 

surfaces

. 
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