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Abstract---Water safety is a prerequisite for sustainable global 

quantitative and qualitative development. Heavy metal pollution has 

become a major problem in our environment, where traditional heavy 

metal processing techniques were unsuccessful and expensive. In this 
study, biochar and magnetite biochar have been used as an efficient, 

low-cost, safe, and environmentally friendly method for heavy metal 

removal such as cadmium. The biochar has been prepared from palm 
fronds and then activated by sodium hydroxide before treatment with 

two concentrations (5 ppm and 10 ppm) of cadmium in the water. The 

biochar (BC) had a positive effect on improving the efficiency of 
removing cadmium (II). The percentage to remove cadmium was 98% 

when we added 0.5 g of biochar to the solution. On the other hand, we 

have prepared composite materials by mixing biochar with magnetite 
at the mole ratio of (2:1) to prepare magnetite-biochar (MBC). A 

property was added to the biochar prepared by adding Fe3O4 to the 

biochar, which led to the activation of the effective aggregates with a 

significant improvement in the adsorption performance of heavy 
metals while increasing the removal efficiency up to 100%. This 

explains the high adsorption performance of MBC. FTIR, EDX, and 

XRD analysis were used to distinguish BC and MBC treated with 
cadmium. These analytical results revealed that biochar contains 

effective groups of hydroxyl groups that can adsorb heavy metals. As 

for the magnetite biochar analysis, the results revealed that the 
compound contains magnetite in addition to the carbonyl, hydroxyl, 

and carboxylic groups. Analytical results showed that the BC used to 

treat the cadmium (II) contained cadmium ion among the remaining 
components after treatment. The results clearly showed that the use 

of biochar was effective in removing cadmium, thus reducing the risk 

of their occurrence and eliminating them in an easy, inexpensive, and 

environmentally friendly way. 
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Introduction  

 
Water pollution by heavy metals and its purification technologies has been a 

global concern for decades. Most heavy metals are known not only to damage the 

environment but also to cause toxic effects on human health (Kim and Lee, 2017). 

Polluted water in the environment contains a large number of organic and 
inorganic pollutants as a result of the continuous discharge of pollutants such as 

heavy metals, surfactants, agricultural pesticides, industrial waste, and others 

(Zulfiqar et al., 2019). Most of these pollutants are closely related to the elements 
of the environment that they contain after release. Inorganic contaminants are 

removed via coagulation, flocculation, absorption, membrane filtration (Cevallos-

Mendoza et al., 2022), reverse osmosis (Rezakazemi et al.,2018), chemical 
precipitation, ion exchange (Clifford et al.,2011), electrochemical treatment, 

solvent extraction. (Vunain et al., 2019). One of the most serious pollutants to be 

cared for and treated is chemical pollutants such as heavy metals. Heavy metals 
are naturally occurring metals with elemental densities greater than 5 gm/cm3 

and atomic numbers greater than 20 (Ali and Khan, 2018).Rapid industrialization 

and unplanned urbanization have introduced heavy metals into the environment 

through improper dumping of industrial waste directly on land and into water 
bodies (Dixit et al., 2015). Heavy metals in the environment have become a big 

problem because of this (Hashem et al., 2017). Many traditional techniques are 

applied in different regions of the world to remove water pollutants (Vunain et al., 
2019). One of the elements that increases the anxiety of researchers is cadmium, 

which is considered one of the water-polluting elements, which is an essential 

concern because of its movement and toxicity at relatively low concentrations. The 
main sources of the environmental disk are the main focus due to its 

transmission and toxicity with relatively low concentrations. The main sources of 

the environmental disk are humans, including agricultural sources such as 
chemical fertilizers and pesticides, as well as industrial and mining sources 

(Manzoor et al., 2019; Rizwan et al., 2018). Researchers have recently become 

increasingly interested in biochar as a result of its improved ability to absorb 

minerals and natural toxins when used in contaminant processing (Guillossou et 
al., 2019). Biochar is a carbon-rich solid created by high-temperature pyrolysis of 

biomass in the absence of oxygen (Lehmann et al., 2006 Hadi and Aljanaby, 

2022). Biochar's ability to remove organic and inorganic contaminants from water 
is determined by its physical and chemical features such as initial composition, 

pore size, surface area, cation/anion exchange, etc. (Kaetzl et al., 2020). 

Therefore, this study was aimed at producing biochar from palm fronds and 
assessing its efficiency in cadmium removal from water. 

 

Material and methods 
 

Material 

 

The palm fronds were collected from a palm plantation in Najaf, Iraq. It was 
cleaned, sieved, and processed for the creation of biochar after collection. Other 

chemicals were bought from Sigma-Aldrich, sodium hydroxide, hydrochloride 



 

 

11605 

acid, cadmium sulfate, ferrous sulfate, ferric chloride, and ethanol. Without any 

further treatment, the compounds were used as received (Medhat and Aljanaby, 

2022) 

 
Methods 

 

The manufacture of biochar (BC) and magnetite biochar (MBC) were the two 
processes that made up the preparation process for the composite magnetite 

biochar-based adsorbent (Figure 1). To make biochar, raw palm fronds were 

initially pyrolyzed using various input variables, including pyrolysis temperature, 
heating time, and impregnation ratio (raw palm/NaOH:1.5M). After that, magnet 

materials were added to the resulting biochar to create a composite magnetite 

biochar. After the biochar and magnetite biochar were characterized, they were 
used in the Cd(II) adsorption process. 

 

Biochar preparation 

 
The palm fronds underwent a 24-hour drying process in an oven set at 105 C ° 

after being continually rinsed with distilled water to eliminate contaminants and 

dust from their surface. By running the dried sample through the appropriate 
sieves, the mesh size was reduced to the necessary 0.5 mm (Vibratory Sieve 

Shaker AS 200 Digit cA Model). After that, it was kept at room temperature in an 

airtight container until used it. Slow pyrolysis was used to create biochar from 
palm fronds. The preparation parameters were preoptimized in a tube furnace at 

a pyrolysis temperature of 550 °C, a reaction period of 180 min, and an 

impregnation ratio of 1:1 with 500 ml of sodium hydroxide (1.5M) (Saeed et 
al.,2021). 

 

Magnetite Biochar Preparation  

 
The co-precipitation method was used to prepare magnetite iron oxide (AL-Kazazz 

et al.,2016). MNPs 4O3Fe as follows: 

Magnetite biochar was created by combining magnetite nanoparticles with Fe3O4 
nanoparticles. It was precipitated using techniques utilizing ferric chloride 

(FeCl3.6H2O) and ferrous sulfate (FeSO4), whose mole ratio is (2:1), respectively. 
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Figure 1: The steps to prepare active biochar (BC) and composite magnetite 

biochar (MBC) 

 
Preparation of modified (magnetite) biochar 

 

The produced Fe3O4 was then combined with palm charcoal by adding 5 gm MBC 
and 10 gm BC to 750 mL of deionized water over the course of two hours. 

Following multiple rounds of washing with ethanol and then distilled water, the 

magnetite biochar is dried in a 24-hour period at a temperature of 45°C 
(Baltrėnaitė ,et al., 2017). 

 

Adsorption Study: 

 
In order to make a 1000 mg/L Cd (II) stock solution, 1.8 g of cadmium sulfate 

were dissolved in deionized water. For batch experiments, the stock solution was 

then diluted to various concentrations (5, 10 ppm). To get the optimum 
adsorption performance, the solution underwent various treatments. Batch 

adsorption tests were carried out by adding biochar to a cadmium aqueous 

solution in an Erlenmeyer flask. The dose of the adsorbent (0.1 and 0.5) gm and 
the duration of the adsorbent were (15, 30 and 60) minutes. Syringe filters and 

Sartorius filter paper (0.45) µm were used to filter the material, and atomic 

absorption spectrometry was used to determine the absorbance (AAS, 210 VGP, 
USA). The removal ratio (R %) and adsorption capacity of magnetite biochar were 

determined using Equation 1. 

 

R% =
(𝐶𝑖−𝐶𝑓)

𝐶𝑖
× 100 ……………………(1) 
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Statically Analysis 

 

One-way an ANOVA was used to evaluate all the data. To demonstrate the 

statistical difference, a probability threshold of 5% (P 0.05) was chosen. Utilizing 
SPSS 26.0(IBM, Chicago, IL, USA) 

 

Results and Discussion 
 

Removal ratio 

 
The first step of this study included the analysis of the capability of biochar to 

remove metal ions from the solutions with two initial concentrations of cadmium 

ion. Sorption capability is calculated using the formula (1) and expressed as a 
percentage of Cd(II) removal from the solution. In all analyzed cases, the removal 

(%) of Cd(II) (5 ppm) from the solution was higher than 97, where the recorded 

higher ratio was (99.55) in 0.1 g of BC at 30 min. and the lower ratio was (97.6) in 

0.5 g of BC at 60 min. The tests of between-subject effects are non-significant 
between weight P 0.05 = 0.052 and time = 0.889. In addition, that, we used the 

concentration 10 ppm of Cd (II), the removal ratio (%) was higher than 92, where 

the recorded higher ratio was (93.4) in 0.1 g of BC at 30 min. and the lower ratio 
was (92.1) in 0.1 g of BC at 15 min. (Fig.2). The tests of between-subject effects 

are non-significant between weight P 0.05 = 0.37 and time = 0.57. Fig.3 shows the 

removal ratio of cadmium metal by MBC in a 5 ppm concentration where the 
higher ratio (%) was (99.78) in 0.5 g of MBC at 30 min. and the lower ratio was 

(99.2) in 0.1 g of MBC at 15 min. P 0.05 = 0.013 was found to be significant 

between weights and P 0.05 = 0.14 was found to be non-significant between 
times. 

 

While in concentration, 10 ppm of cadmium metal was removed, the removal ratio 

(%) was higher than 97, where the recorded higher ratio was (99.4) in 0.5 g of 
MBC at 60 min. and the lower ratio was (97.8) in 0.1 g of MBC at 15 min.(Fig.4). 

The tests of between-subject effects were significant between weights P 0.05 = 

0.00 and non-significant between times = 0.063. 
 

It was noted through the results that appeared after using biochar in treating 

aqueous solutions contaminated with Cd (II) that biochar has the ability to adsorb 
Cd (II) from their aqueous solutions, which agrees with   results of (Wu et al., 

2019) that showed that biochar derived from walnut trees (W-Biochar), wild 

cherry trees (C-Biochar), and bamboo (B-Biochar) had the greatest adsorption 
capacity. 

 

The results showed a decrease in Cd (II) concentrations from a concentration of 

(5) mg/L to (0.02) mg/L within (30) minutes at a constant temperature of (25-30) 
degrees Celsius. because of the availability of the surface area and the presence of 

active groups that help to bind cadmium ions on the surface of the absorbent 

material (Mall, et al., 2005). while the lowest adsorption rate of Cd (II) was (0.6) 
mg/liter at a concentration of (5) mg/liter of Cd (II) when weighing (0.5) g of 

activated biochar at a time of (60) minutes. which causes agglomeration of the 

micro-components of the absorbents, thus reducing the distance between the 
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micro-components of the absorbent materials, which prevents the increase in 

efficiency (Putra et al., 2009). 
 

In order to improve the adsorption efficiency and to obtain positive results and to 

note the differences in the adsorption efficiency, we added Fe3O4 prepared in the 
laboratory to biochar to remove heavy metals using cadmium from the standard 

aqueous solution to obtain a compound that can be controlled by a magnetite 

field. because the first is difficult to assemble and easy to pass through the filter 

paper. In addition to electrostatic adsorption, which is the main way magnetite 
biochar removes heavy metals, interactions with functional groups and ion 

exchange between heavy metals and adsorbents also help (Bagbi et al., 2016; 

Giraldo et al., 2013). 
 

Thus, when we add magnetization to the activated biochar prepared for 

treatment, we notice an increase in the removal rates and a noticeable 
improvement in the results, as shown in Figure (2), for cadmium (II), where the 

highest adsorption of cadmium was recorded, where its concentration after 

treatment was (0.01) mg. because of the increase in the surface area of the 
sorbent material, the improvement of the absorbing surface of the material, and 

the abundance of sites for the active groups to polarize cadmium ions (Giraldo, et 
al., 2013). Finally, it was observed that the adsorption process decreases when 

increasing the concentrations and weights used for treatment, whether for 
biochar or magnetite biochar for cadmium, due to the nature of the competition of 

cadmium ions for binding sites on the surface of the adsorbent material with the 

small area of the components of biochar and magnetite biochar. While the lower 
concentration provides a driving force that can overcome all the resistances that 

are transferred to the solutes between the solid (biochar) and liquid (aqueous 

solution) phases, As the driving force for mass transfer increases, the adsorption 
resistance (Cd) decreases (Putra et al., 2009). 

 

 
Figure 1: Removal ratio of Cd(II) A) 5 ppm  B) 10 ppm by BC 
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Figure 2: Removal ratio of Cd(II) A) 5 ppm  B) 10 ppm by MBC 

 
FTIR Spectra Analysis 

 

FTIR examination of magnetite biochar (biochar with magnetite), which shows the 
appearance of the band (584 cm-1) that belongs to the (Fe-O) band, and this 

indicates that the magnetite biochar contains iron due to the presence of Fe3O4 in 

its composition, with the appearance of other effective groups at the band (3410 

and 3429 cm-1) which belong to the (O-H) bond, and the reason for this is due to 
the activation of biochar with (NaOH) with the presence of iron oxide ( magnetite) 

(Goodarzi et al., 2004). With the appearance of a bundle at (1095 cm-1) that 

belongs to the (C = O) fascia (Trakal et al., 2016). All figures show the presence of 
the (O-H) bond whose band is limited to (3412-3429 cm-1) where the peak is kept 

at (13433 cm-1) resulting from the expansion (O-H) resulting from the water in the 

sample or any other mineral derived from a group hydroxyl. Figure (7), which 
represents biochar after being treated with cadmium at a concentration of (5 

ppm), shows the emergence of new bands compared to biochar before treatment, 

which is (744 and 766 cm-1), which represents the (C-C) bond (Goodarzi et al., 
2004), as well as the appearance of the band (1477 cm-1), which represents an (O-
H) bond, which indicates that cadmium has been associated with a (C-C) or (O-H) 

bond (Goodarzi et al., 2004). Note in Figure (8) that biochar represents after being 

treated with cadmium at a concentration (10 ppm), where the FTIR analysis 
shows in this figure the presence of a new absorption line for cadmium, which is 

the band (1735 cm-1), which represents the bond ( C=O) (Xu et al., 2006). In 

addition to the presence of bundles (1379 cm-1) that belong to the (C-O) joint 

(Denyes et al., 2014) and bundle (736 cm-1), which indicates the presence of the 
(C-H) joint (Chen et al., 2011). This indicates the participation of these groups in 

binding the cadmium element to the surface of the absorbent material, which 

leads to a decrease in the concentration ratio after the treatment process (Bai et 
al., 2013). 
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Figure 3:The (FT-IR) of biochar before 
activated     

Figure 4:The FT-IR for activated biochar                 
(BC) 

 

                                           
Figure 5: The FT-IR for iron oxide 

(Fe3O4) (magnetite) 

Figure 6: FT-IR magnetite biochar 

(MBC) 

  

 
Figure 7: FT-IR for activated biochar 

treated with cadmium at a 

concentration of (5 ppm) 

Figure 8: FT-IR for activated biochar 

treated with cadmium at a 

concentration of (10 ppm) 
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Figure 9: (FT-IR) magnetite biochar 

treated with cadmium at a 
concentration of (5 ppm) 

Figure 10: (FT-IR) magnetite biochar 

treated with cadmium at a 
concentration of (10 ppm) 

 
SEM and EDX Spectra Analysis 

 

EDX is used to identify the basic elements that make up the compound (there 
may be elements other than the materials that were used in the experiment and 

which are unwanted materials). EDX also determines the contents of each 

substance present in the compound, and through EDX it is possible to determine 
the homogeneity and its initial distribution in the compound's composition. The 

biochar was examined before and after activation resulting from palm fronds, and 

it was found that it is composed of basic elements such as carbon and oxygen, 
and this was shown by the (SEM) image that appears in figure (11,12) and the 

(EDX) analysis, which appears in Figure (13,14), where the red color indicates the 

presence of the element carbon and the green color indicates the presence of the 
element oxygen, where the analysis shows that the compound consists of two 

basic elements. 

 

)   
                (A )                           (B) (C) 
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(D) 

Figure 11: SEM (A) SEM biochar shows the oxygen element in green (B) Biochar 
shows the carbon element in red (C) (SEM) shows the composition of inactive 

biochar (D) EDX shows the elements from which inactive biochar is composed. 

 

 
                                                                                      

(A)                                      (B)                                               (C)                                                                                         

(D) 
Figure 12:  SEM (A) Biochar shows the carbon element in green (B) SEM biochar 

shows the oxygen element in red (C) (SEM) shows the composition of active 
biochar (D) EDX shows the elements from which biochar is activated composed. 
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(A) (B)                              (C) 

 

 

 
 

 

 
          

 

        (D) 
 

 

Figure 13: (A) SEM Iron oxide nanoparticles (magnetite) show iron in red (B) SEM 
Iron oxide nanoparticles (magnetite) show oxygen in green (C) SEM Iron oxide 

nanoparticles (magnetite) show magnetite compounds (D) EDX shows the Iron 

oxide nanoparticles (magnetite) composed. 

 

 
          (A)           (B)                           (C)                            (D) 
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(E) 

Figure 14:  (A) SEM Magnetite biochar compound show carbon in red (B) 
Magnetite biochar compound show Iron in blue (C) Magnetite biochar compound 

show Oxygen in green (D) SEM Magnetite biochar compound show (Oxygen, 

carbon, iron) (E) EDX  analysis shows the Magnetite biochar composed. 
 

While Figure (15-16) shows SEM that shows the composition of the activated 

biochar elements, where cadmium appears along with carbon and oxygen, and 
the shows the (EDX) analysis of the activated biochar treated with cadmium, 

where the activated biochar was analyzed after the water treatment process 

containing cadmium in different concentrations (5, 10) ppm, where the figures 
show the presence of cadmium in the composition of activated biochar with 

carbon and oxygen. 

  
(A)          (B)                     (C)                            (D) 

(E) 
Figure 15:  (A) shows the element cadmium in blue  (B) shows the element carbon 

in green (C) shows the element oxygen in red (D) SEM of activated biochar treated 

with cadmium at  (5ppm) (E) The (EDX) analysis of activated biochar treated with 
cadmium at  (5 ppm). 
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(A)              (B)                         (C)                 (D) 

(E) 
Figure 16: (A) shows the element cadmium in blue  (B) shows the element carbon 

in green (C) shows the element oxygen in red (D) SEM of activated biochar treated 

with cadmium at a concentration of (10 ppm)  (E) The (EDX) analysis of activated 
biochar treated with cadmium at a concentration of (10ppm). 

 

While Figure (17 and 18) shows a (SEM) that shows the composition of the 
magnetite biochar elements, where cadmium appears along with iron, carbon, 

and oxygen. and shows the EDX analysis of magnetite biochar treated with 

cadmium, where the biochar was examined. The magnetite biochar produced after 
the water treatment process contained two concentrations of Cd(II) (5,10) ppm, 

where the figures show the presence of cadmium in the magnetite biochar 

composition with iron, carbon, and oxygen in the weight proportions of (0.07), 
(4.96), (66.79), and (28.18) respectively. 

 

                                 
             (A)                        (B)                        (C)                     (D) 
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                 (E)                                                      (F)  

Figure 17:  (A) shows the element cadmium in blue  (B) shows the element Iron in 

blue (C) shows the element carbon in green  (D) shows the element oxygen in red   

(E) SEM of magnetite biochar treated with cadmium at a concentration of (5 ppm) 
(F) The (EDX) analysis of magnetite biochar treated with cadmium at a 

concentration of (5ppm) 

 
 

 
          (A) (B) (C)                       (D) 

       
               (E)                                                             (F) 

Figure 18:  (A) shows the element cadmium in blue  (B) shows the element Iron in 

blue (C) shows the element carbon in green  (D) shows the element oxygen in red 

(E) SEM of magnetite biochar treated with cadmium at a concentration of (10 
ppm). (F) The (EDX) analysis of magnetite biochar treated with cadmium at a 

concentration of (10ppm) 
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XRD Spectra Analysis  

 

The XRD analysis of biochar before and after the adsorption of cadmium shows 
that biochar is free of any compound containing cadmium (5 ppm), and in the 

figure (19), the red line of biochar after treatment (solids remaining from biochar) 

shows compounds containing cadmium, which confirms the absorption of 
cadmium by biochar derived from palm fronds, and the compounds that appear 

are represented by poor peaks (67.9°) due to the low concentrations used. While 

appearing at a concentration of (10) mg/liter, it is represented by (54.6°), (70.2°), 
and (29.54) (Figure 19: red line) (Wasna’a,2016). Whereas a large part of the 

uptake of cadmium by biochar derived from palm fronds followed the surface 

deposition mechanisms of the compounds (Singh et al., 2010; Liao et al., 2001; 
Abkari et al., 2016). The laboratory prepared nanoparticles of iron oxide 

(magnetite Fe3O4) nanoparticles were investigated using X-ray diffraction. which 

shows the XRD pattern of the final powder in Figure (21), where nanoparticles 

were investigated using X-ray diffraction. which shows the XRD pattern of the 
final powder in Figure (21), where XRD shows peaks corresponding to Fe3O4, 

marked by their indices (30°), (35.3°), (57°), and (62.6°). This is what was 

mentioned in previous studies for nanoparticles (Fe3O4). (Liao et al., 2001; Gong 
and Lin., 2003). In Figure (21, red line), the composition and components of 

magnetite biochar with cadmium 5 ppm for XRD analysis are shown. which 

shows the appearance of the laboratory-prepared Fe3O4 compound, and Cd in the 
poor peaks of it could be indexed at (54.4°), (68.73°), and Cd in the peak (30°). 

This indicates that Fe3O4prepared with the biochar matrix was well crystallized 

(Yan et al., 2015). We note in Figure (22) the presentation of the XRD patterns of 
the magnetite biochar sample used in the treatment of solutions contaminated 

with Cd (10 ppm) , through which several peaks of Fe3O4 can be seen, six peaks 

represented by (30°), (35.3°),(42.9°), (53.3),(56.99) ,and (62.5). The size of the 

nanoparticles of the compounds (Fe3O4) (Wasna'a, 2016; Liao et al., 2001). 
 

 
Figure19: XRD analysis of biochar 

treated with cadmium at 5ppm 

Figure 20: XRD analysis of biochar 

treated with cadmium at 10 ppm 
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Figure21: (XRD) analysis of MBC 

treated with cadmium at 5ppm 

Figure 22: (XRD) analysis of MBC 

treated with cadmium at 10ppm 

 

Conclusions 

 
The removal efficiency is greatly influenced by the elemental concentration of the 

metal, the dose of the adsorbent, and the amount of the adsorbent. Due to a 

direct increase in the number of active adsorption sites accessible on the 
adsorbent surface, biochar was found to have a favorable impact on the removal 

efficiency of and the addition of magnetizing properties to biochar prepared by 

grafting improved the adsorption efficiency, with a removal efficiency of reaching 
100%. The addition of the magnetizing property increased the number of active 

sites, expanded the surface area of absorption and provided an attractive material 

for metal ions, which explains the high absorption efficiency of magnetite biochar. 

Scanning electron microscopy (SEM) images of biochar (Palm fronds) showed a 
large difference in shape among samples, and the porous structures of both 

biochar and magnetite were nano scale. Due to the high porosity, the magnetite 

biochar has higher heavy metal removal. The FTIR spectra results showed the 
participation of carbonyl, carboxyl and hydroxyl groups in the palm fronds as the 

main binding sites for cationic ions on the surface of the adsorbent during the 

adsorption process. 
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