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Abstract— Dithizone-immobilized coal bottom ash (DICBA) was successfully prepared as Cd(II) and Mg(II) adsorbent. The 
parameters examined in the metal ion adsorption study included the effect of pH, adsorbent mass, contact time, and initial 
concentration. Sequential desorption was examined using H2O, KNO3, HNO3, and Na2EDTA. The results showed that dithizone 
had been successfully immobilized on the activated coal bottom ash, as verified by FTIR spectroscopy and XRD analyses. 
Specific wavenumbers observed included the aromatic group C=C at 1496 cm-1, the C-N group at 1319 cm-1 and the Si-O-Si at 
1087 cm-1 with d-spacing values of 8.313 and 6.046 Å. The optimum conditions for adsorption were 60 min for Cd(II) and 90 min 
for Mg(II) at a pH of 5 with 0.2 g of adsorbent mass, and an initial concentration of Cd(II) at 50 ppm. The adsorption kinetics of 
Cd(II) and Mg(II) followed the Ho pseudo-second-order model with 0.174 and 0.285 (g/mol·min) rate constants for Cd(II) and 
Mg(II), respectively. The highest correlation coefficients (R2) were 0.995 for Cd(II) and 0.999 for Mg(II). Isotherm modeling 
indicated that the adsorption of Cd(II) best fitted the Langmuir model (R² = 0.988), followed by the Dubinin–Radushkevich (R² = 
0.952), Freundlich (R² = 0.843), and Temkin (R² = 0.827) models. The desorption mechanism for Cd(II) and Mg(II) was formed by 
various interactions, such as physical mechanism (28.25% and 26.26%), ion exchange (23.13% and 14.15%), hydrogen bond 
formation (16.90% and 12.11%), and mechanism of complex formation (9.56% and 6.13%). 
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1. INTRODUCTION 

With rapid industrial modernization, various toxic 
metals have been released into the environment as by-
products or wastes, leading to harmful effects on living 
organisms. Pollution in aquatic environments occurs 
when heavy metals, carried by rainwater from the air, 
dissolve and enter rivers. In particular, a heavy metal 
such as cadmium (Cd) has contaminated the water, 
resulting in environmental degradation and 
bioaccumulation in both organisms and humans [1-3]. A 
significant amount of cadmium is absorbed through the 
respiratory system. This metal has been identified as a 
carcinogen, and it can affect the prostate, lungs, 
pancreas, and urinary tract [1]. Regulatory bodies have 
established permissible limits for cadmium in drinking 
water to protect public health. The World Health 
Organization (WHO) recommends a maximum 
concentration of 0.003 mg/L [4]. 

Magnesium is a metal that can significantly impact 
the quality of aquatic systems. Excess concentrations of 

magnesium ions in aquatic systems can cause various 
disadvantages. For example, magnesium ions can react 
with soap, preventing the formation of suds. 
Additionally, reactions between magnesium ions (Mg²⁺) 
in the water also cause crust on the cooking process, 
which prolongs the boiling process and results in 
wasted fuel. Therefore, the pollution of heavy metal ions 
in water should be handled to minimize the effect on 
human health. Adsorption has long been recognizeed as 
one of the simplest and most cost-effective method to 
remove pollutants from water, particularly in large 
scale, such as in industrial wastewater treatment. 
There is a need for selective adsorbents with strong 
affinity for Cd(II) ions with the presence of Mg(II) ions, 
which can be accomplished by modifying the surface of 
coal bottom ash that contain specific functional groups. 
Recent advancements in research have led to the 
creation of technologies aimed at eliminating heavy 
metals from industrial wastewater. Effective solutions 
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for heavy metal removal include electrochemical 
processes, ion exchange, reverse osmosis, chemical 
precipitation, coagulation-flocculation, ultrafiltration, 
photocatalysis, and membrane-based methods [5-6]. 
Original coal bottom ash is not a selective adsorbent 
material because its active sites are siloxane, silanol 
groups and alumina. Hence its adsorption is mainly 
dominated by electrostatic interaction and even weaker 
physical interactions. Therefore, to enhance coal ash as 
a selective adsorbent for Cd(II) and Mg(II) ions, its 
surface should be modified to incorporate active groups 
that can easily form chelate complexes with these two 
metals [7-8]. Dithizone offers distinct advantages for 
analyzing Cd(II), including high selectivity, good stability, 
and sensitivity. Dithizone shows high selectivity toward 
Cd(II) ions due to its strong affinity and the formation of 
stable, and easily extractable chelates, making it an 
excellent choice for detection and analysis [9]. 

In this study, the effectiveness of Dithizone-
Immobilized Coal Bottom Ash (DICBA) an adsorbent is 
evaluated for removing Cd(II) and Mg(II) ions from 
aqueous solutions. The main factors affecting the 
adsorption process, including pH, adsorbent mass, 
contact time, and initial concentration of Cd(II), are 
systematically examined. Additionally, adsorption 
kinetics and isothermal models are analyzed. To gain 
deeper insight into the interaction between Cd(II) ions 
and the active sites of DICBA, sequential desorption 
studies are conducted using various solvents, H₂O, 
KNO₃, HNO3, and Na₂EDTA. 

2. EXPERIMENTAL SECTION 

2.1. Materials 

The chemicals used in this study were pro analyst 
(p.a.) grade obtained from Merck: Dithizone; Ethanol 
99%; HCl 37%; Toluena; Magnesium Sulfate 
(MgSO4•7H2O); Cadmium Sulphate (CdSO4•H2O); 
Potassium Nitrate (KNO3)0.1 M; Nitric Acid (HNO3)0.001 
M; Na2EDTA 0.1 M, and aquadest. Coal bottom ash was 
sourced Pacitan plant. 

2.2. Instrumentations 

The concentration of Cd(II) and Mg(II) ions in solution 
was quantified with Atomic Absorption 
Spectrophotometers (AAS Analytik Jena contrAA 300). 
The crystalline structure and functional groups analysis 
were performed using a Shimadzu Infrared 
Spectrometer FTIR 8201 model and X-ray 
Diffractometer Rigaku miniflex 600, respectively.  

2.3. Activation of Coal Bottom Ash 

Coal bottom ash was activated grinding and sieving 
to a particle size of 250 mesh. The activation process 
involved refluxing 20 g of coal bottom ash in 120 mL of 
HCl 6 M  for 4 h. The solution was filtered and washed 
with aquadest until the filtrate was neutral. The solids 

obtained were then dried at 160 oC for 6 h. Activation 
results were characterized using FTIR. 

2.4. Dithizone-Immobilized Coal Bottom Ash (DICBA) 
Synthesis 

The DICBA was prepared by refluxing 4 g of 
activated coal bottom ash and 1.03 g of dithizone in 80 
mL toluene. The solution was filtered and washed with 
toluene, ethanol and aquadest until there were no 
dithizone characteristics. The obtained solids were 
dried in an oven at a 70 °C for 6 h. Immobilization 
results were characterized using XRD and FTIR. 

2.5. Effect of pH 

A metal solution containing a mixture of two metal 
ions, each 30 mL Cd(II) and Mg(II), with a concentration 
of 50 ppm, was added with 0.1 g of dithizone-
immobilized bottom ash. The pH of the solution was 
varied at pH 3-7. The adsorption process was carried 
out for 60 min. The adsorbents were filtered, and the 
metal content in the filtrate was analyzed using an 
atomic absorption spectrophotometer. This procedure 
was also applied to the activated bottom ash and 
without adsorbent, under the same conditions. 

2.6. Effect of Adsorbent Mass Variation 

A metal solution containing a mixture of two metal 
ions, each 30 mL Cd(II) and Mg(II) with a concentration 
of 50 ppm, was added with variations in the adsorbent 
mass of 0.05; 0.1; 0.2; 0.3; 0.4; and 0.5 g of DICBA at 
optimum pH solution. The adsorption process was 
carried out for 60 min. The adsorbents were filtered, 
and the metal content in the filtrate was analyzed using 
an AAS. 

2.7. Effect of Time Variation 

The effect of contact time between adsorbent and 
adsorbate on the effectiveness of the adsorption was 
investigated in the range of 5–90 min. A solution 
containing 30 mL Cd(II) and Mg(II) with a concentration 
of 50 ppm was added with 0.2 g of DICBA at optimum pH 
solution. The adsorption process was carried out with 
time variations of 5; 15; 30; 45; 60 and 90 min. The 
adsorbents were filtered, and the metal content in the 
filtrate was analyzed with an AAS. 

2.8. Effect of Initial Concentration 

The initial concentration of metal ions varied in the 
10–100ppm range. A metal solutions containing of Cd(II) 
and Mg(II) of 30 mL with a concentration of Mg(II) was 
maintained at 50 ppm and the initial concentration of 
Cd(II) was varied at 10; 25; 50; 75; 100 ppm. The mixed 
solution was added with 0.2 g of DICBA at optimum pH 
solution. The adsorption process was carried out for 60 
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min. The adsorbents were filtered, and the metal 
content in the filtrate was analyzed using an AAS. 

2.9. Desorption Study 

The adsorbed precipitate was further dried for 
sequential desorption with various solutions, such as 10 
mL H2O, 10 mL 0.1 M KNO3, 10 mL 0.001 M HNO3, and 10 
mL 0.001 M Na2EDTA. The desorption of the adsorbed 
metal ions was conducted by sequentially stirring the 
adsorbent with adsorbed metal ions in 10 mL of each 
solvent with a contact time of 60 min for each 
desorption solvent. 

3. RESULT AND DISCUSSION 

3.1. Preparation of DICBA 

The basic characterization before and after 
activation characterized conducted by an FTIR to 
analyze the functional groups present in the adsorbent. 
Infrared spectra before and after activation are 
presented in Fig. 1. The spectra show the wide 
absorption wavenumber at 3425 cm-1, indicating the 
presence of vibration of OH on Si-OH and water 
molecules in coal bottom ash. This absorption is 
amplified by the vibration of O-H bending at the 
wavenumber 1620 cm-1. The 1087 cm-1 and 794 cm-1 
wavenumbers are the implication of the Si-O stretching 
vibration of the Si-O-Si and Si-O-Al groups from the 
coal bottom ash [10]. 

Characterization of DICBA was carried out by FTIR 
instrument to determine the change of functional group 
after immobilized with dithizon compared with activated 
bottom ash. The infrared spectra showing 
immobilization are presented in Fig. 1(c). The results 
showed the characteristics of the dithizone appearing 
on the DICBA. This indicates that the immobilization of 
dithizone has been successfully performed on activated 
coal bottom ash. The observed two absorbent 
characteristic bands of dithizone did not appear on the 
activated bottom ash spectra. The two absorption bands 

 

Fig. 1 Infrared spectra of (a) dithizone, (b) activated coal 
bottom ash, and (c) DICBA 

are the vibrational absorption of the C=C aromatic 
group of the phenyl group (1496 cm-1) and the 
vibrational uptake of the C-N group (1319 cm-1) of 
dithizone. The absorption bands from the vibration of 
the C=S group (1200-1050 cm-1) were not identified in 
this study, because the absorption band is allegedly 
fused with a strong and wide absorption band from the 
Si-O-Si (1087 cm-1) wavenumber group [11]. 

Characterization of dithizone-immobilized bottom 
ash was also carried out by an X-ray diffractometer to 
support the characterization result of the dithizone-
immobilize process on the activated bottom ash with 
FTIR. Diffractograms on coal bottom ash before and 
after immobilization are shown in Fig. 2. 

The results of the diffractogram can be interpreted 
by comparing the values of the d-spacing main peak 
that appears on the activated bottom ash and dithizone-
immobilized bottom ash to know the characteristics of 
dithizone. Based on the results of the main peak 
interpretation of the dithizone-immobilized bottom ash, 
the characteristics of dithizone have been identified on 
DICBA spectra. This indicates that the immobilization of 
dithizone has been successfully performed on activated 
coal bottom ash. 

The peaks that prove that coal bottom ash has 
immobilized with dithizone appear on d-spacing 8.313 
and 6.046 Å, corresponding to the characteristic d-
spacing peaks of the dithizon compound (8.31, 6.05, and 
4.71 Å) [12]. The characteristic of the dithizone on 
immobilized coal bottom ash is seen only slightly. This 
is because the peak of the dithizone and the top of the 
coal bottom ash are stacked together so that the peak 
shows the characteristics of the bottom ash at 4.26, 
3.35, 2.45, and 1.818 Å, which is the peak of quartz, while 
the mullite peak appears at 3.713 and 1.529 Å. The 
immobilization of dithizone to the activated coal bottom 
ash surface does not significantly alter the coal bottom 
ash diffraction pattern. Thus, it can be concluded that 
immobilization does not alter the structure and 
crystallinity of the adsorbent. 

 

Fig. 2 The XRD diffractogram of (a) dithizone, (b) coal bottom 
ash before immobilization, and (c) after immobilization 
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3.2. Effect of pH Solution 

The results of pH variation of Cd(II) and Mg(II) 
adsorption on DICBA are shown in Fig. 3. The data 
shows that at different pH levels, the amount of metal 
ion adsorbed is also different. The pH of this solution 
may affect the adsorption capacity of the adsorbent for 
the metal ion. Fig. 3 shows that the adsorbed metal ion 
was increases with the increasing of the pH. 

 

Fig. 3  Effect of pH on adsorbed Cd (II) and Mg (II) ions onto 
dithizone-immobilized coal bottom ash 

The pH of the optimum for the dithizone-immobilized 
bottom ash occurs at pH 5 with the adsorbed Cd(II) and 
Mg(II) were 2.99 mg/g and 1.86 mg/g, respectively. The 
pH of the medium has an essential effect on the 
interaction between the adsorbent surface and the 
metal ions. The solution with low pH was in the form of 
a metal cation with a +2 oxidation number. At pH 7, the 
adsorption of Cd(II) and Mg(II) ions decreased to the 
lowest level, i.e. 1.48 mg/g and 0.91 mg/g, respectively. 
The pH affect the ability of the adsorbent to bind to the 
metal cation [12,13]. At the optimum condition (pH 5.0), 
the number of metal ions interacting with the active site 
of the adsorbent reaches the maximum amount [14]. 
This is due to the pH that indicates the amount of H+ 
ions in the solution is decreasing, whereas the 
presence of OH- ions is still insufficient to precipitate 
metal ions [15]. 

3.3. Effect of Adsorbent Mass Variation 

The effect of variation of adsorbent mass are 
presented in Fig. 4. There was an increase in the 
amount of metal ions adsorbed in line with the increase 
in mass of adsorbent used. An increase in the number 
of adsorbed metal ions is equivalent to the number of 
active sites of the adsorbent when the mass of the 
adsorbent increases until some point [16]. 

The optimum mass adsorbent on the adsorbed Cd(II) 
and Mg(II) was 0.2 g. After reaching the optimum mass 
at 0.72 and 0.62 mg/g for Cd(II) and Mg(II), respectively. 
This result shows that the adsorbed ions in the solution 
have reached the equilibrium condition, so that the 
increase of adsorbents did not change the amount of 
adsorbed metals [17]. As most of the available binding 

sites are already filled, the saturation of active sites on 
the adsorbent surface restricts any additional 
adsorption, causing the adsorption capacity to level off 
after the optimal adsorbent dosage is reached. The 
adsorption ability of both adsorbents tends to decrease 
slightly during the desorption process due to stirring 
process. 

 

Fig. 4. Effect of adsorbent mass on adsorbed Cd(II) and Mg(II) 
on dithizone-immobilized coal bottom ash 

3.4. Effect of Adsorption Time Variation 

The results of the  Cd(II) and Mg(II) adsorption on 
dithizone-immobilized coal bottom ash are presented in 
Fig. 5. Based on the results, it is shown that the 
interaction time affects the amount of metal ions that 
can be absorbed by an adsorbent. The amount of 
adsorbed metal ions increases due to the increase in 
contact time to reach the optimum time. The optimum 
time of Cd(II) and Mg(II) adsorption on dithizone-
immobilized coal bottom ash is 60 and 90 min, 
respectively. The increase in the amount of metal ions 
adsorption capacity is due to a longer chance of 
interaction between the metal ion and the adsorbent 
sites in solution [18].  

Chemical kinetics research provides crucial 
knowledge about the adsorption rate and the variables 
influencing it [19]. The investigation of the controlling 
rate Cd(II) and Mg(II) adsorption was assessed by  
 

 

Fig. 5.  Effect of contact time of Cd(II) and Mg(II) adsorption on 
DICBA 
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Lagergren (pseudo-first-order) (1), Ho (pseudo-
second-order) (2), Weber-Morris IPD (3), Elovich (4), 
Santosa (5), and Rusdiarso-Basuki-Santosa (RBS) (6). 
Table 1 shows that Cd(II) and Mg(II) adsorbtions follow 
the Ho second-pseudo order, with the value of the rate 
constant, kHo, was 0.174 and 0.285 (g/mol min) for 
Cd(II) and Mg(II), respectively. The linear plots of 
Lagergren, Ho, Santosa, Elovich, RBS, and Waber-
Morris IPD are shown in Fig. 6. Based on the correlation 
coefficient (R2) value, the Ho pseudo-second-order 
kinetic model gives the best plotting models with 
R2=0.9948 and 0.9988, for Mg(II) and Cd(II), respectively. 

 
(1) 

 

(2) 

 
(3) 

 
(4) 

 

(5) 

 

(6) 

The adsorption rate constants klag (min-1), kHo 
(g/mol.min), kIP (mg/g.min1/2), kS (L/mol.min), and ka 
(L/mol.min) correspond to the Lagergren, Ho, Weber–
Morris intraparticle diffusion (IPD), Santosa, and RBS 
kinetic models, respectively. The constant Ci in the 
Weber–Morris model reflects the boundary layer effect 
during the adsorption process. The Elovich model 
parameter α (mg/g·min) represents the initial 
adsorption rate, indicating how fast adsorption begins, 
while β (g/mg) is the desorption constant, associated 
with surface coverage and the activation energy of 
chemisorption. The parameters qe and qt (mol/g) shows 
the amount of Cd(II) and Mg(II) ions adsorbed at 
equilibrium. C₀ (mol/L) and Cb (mol/L) refer to the initial 
and equilibrium concentrations of Cd(II) or Mg(II) in the 
solution, when using dithizone-immobilize coal bottom 
ash as the adsorbent. 

Similarly, x (mol/L) and xe (mol/L) indicate the 
amount of Cd(II) or Mg(II) adsorbed on the active sites 
using dithizone-immobilized coal bottom ash at time t 
and at equilibrium. In Santosa’s kinetic model, X (g/L) is 
defined as w/vmr, where w is the mass of the 
adsorbent (g), v is the volume of the adsorption solution 
(L), and mr is the molar mass of the adsorbate. Finally,  

 

Fig. 6.  Linear plot of (a) Lagergren, (b) Ho, (c)  Elovich,  (d) Weber-Morris IPD, (e) Santosa, and (f) RBS kinetics model of Mg(II) 
and Cd(II) adsorption on DICBA 

Cb (mol/L) represents the Langmuir adsorption 
capacity, calculated from bw/v. [12]. 

Fig. 5 shows that the optimum contact time for 
equilibrium to be achieved in the interaction between 
metal ions and the active site on the adsorbent. The 
amount of adsorbed ions will equal the amount of 

dissolved metal ions when equilibrium is reached [20]. 
The adsorption capacity tends to remain due to the 
saturated surface condition of the adsorbent, so that 
the adsorbent can not absorb the metal ions even with 
the increase of the contact time [6]. 
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Table 1.  Kinetics parameters of Cd(II) and Mg(II) adsorption 
onto DICBA 

Kinetics Parameters Cd(II) Mg(II) 

Lagergren 
kLag (min−1 ) 0.034 0.045 
R2 0.977 0.798 

Ho 
kHo (g/mol. min) 0.174 0.285 
R2 0.995 0.999 

Weber-Morris (IPD) 
kIP (mg/g.min1/2) 0.053 0.041 
R2 0.928 0.880 

Elovich 
α (mg g−1 min−1 ) 8.37 4.84 
β (g mg−1) 7.509 9.302 
R2 0.937 0.959 

Santosa 
ks (L/mol.min) 0.034 0.045 
R2 0.799 0.977 

RBS 
ka (10x-5 L/mol.min) 4.09 1.07 
R2 0.797 0.975 

3.5. Effect of Initial Concentration 

The results of simultaneous adsorption of Cd(II) on 
DICBA with variation of initial concentration of Cd(II) are 
presented in Fig. 7. It shows that the amount of 
adsorbed metal ions increases as the initial 
concentration of Cd(II) increases and tends to remain 
after the initial concentration reaches 75 ppm. The 
adsorption of the Cd(II) metal ion using dithizone-
immobilized coal bottom ash reached an optimum at an 
initial concentration of Cd(II) of 50 ppm. 

After reaching the optimum conditions, the 
adsorption of metal ions Cd(II) tends to decrease. This 
is due to the presence of Cd(II) ions adsorbed on the 
surface of the adsorbent. The tendency of decreased 
adsorbed Cd(II) was also caused by the condition of the 
adsorbent surface, which has reached saturation, so 
the adsorbent can not adsorb the Cd(II) even though the 
concentration of Cd(II) was increasing [21]. Initial 
concentration variations of Cd(II) ion can be used to 
determine the isotherm adsorption model of Cd(II) ion 
on the dithizone-immobilized coal bottom ash. The 
 

 

Fig. 7 Isotherm models of (a) Langmuir, (b) Tempkin, (c) Freundlich and (d) DR of Cd(II) adsorption onto DICBA 

adsorption isotherm is used to determine the 
interaction between the solution with the adsorbent and 
the adsorption capacity [22].  

The isotherm of adsorption studies in this research 
was evaluated by the Langmuir, Freundlich, Temkin, and 
Dubinin-Radushkevich (DR) isotherms models. The 
results of correlation coefficient (R2) of langmuir, 
Freundlich, Temkin, and Dubinin-Radushkevich (DR) 
equation were 0.988, 0.843, 0.827, and 0.952, 
respectively (Fig. 7). The parameters used in the 
comparison are those giving the best plotting isotherm 
parameters is the Langmuir isotherm model. The 

Langmuir model involves the formation of a chemical 
bond between the adsorbate molecule and the surface 
of the adsorbent. A strong chemical bond can cause the 
formation of a single layer of adsorbate on the surface 
of the adsorbent. The immobilization of coal bottom ash 
enhances the adsorption capacity and selectivity for 
Cd(II) ions. The isotherm parameters of Cd(II) 
adsorption on dithizone-immobilized coal bottom ash 
are presented in Table 2. 
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Table 2. Isotherm parameters of Cd(II) adsorption onto 
dithizone-immobilized coal bottom ash 

Isotherm Parameters Cd (II) 

Langmuir 
 b (mol/g)  
 KL (L/mol)  
 EL (kJ/mol)  
 R2 

 
 1.043 x 10-5 

 13,125.6 
 25.124  
 0.988 

Freundlich 
 B (mg/g)  
 n  
 R2 

 
 0.44  
 4.04 
 0.843 

Dubinin-Radushkevich DR 
 qDR(mg/g) 
 BDR (mol2/J2) 
 EDR (kJ/mol) 
 R2 

 
 10.77 
 3 x 10-7 
 7.74 x 10-4 
 0.952 

Temkin 
 bT (J/mol) 
 AT (L/g) 
 R2 

 
 107.1 
 3.52 
 0.827 

3.6. Desorption Study 

The study reveals the interactions that occur 
between metal ions and adsorbents. Sequential 
desorption was performed gradually using Aquadest, 
KNO3, HNO3, and Na2EDTA solvents (Fig. 8). Desorption 
with aquadest was performed to determine the 
presence of Van der Waals bonds between the 
adsorbent and the metal ions. The results showed that 
the amount of Cd(II) and Mg(II) ions desorbed using 
aquadest was 28.25 and 26.26%, respectively. This result 
indicates that the adsorption process of Cd(II) and 
Mg(II) occurs primarily through physical interaction 
involving the Van der Waals bond. These bonds arise 
from dipole-dipole interactions caused by the transfer 
of electrons between molecules [23]. 

 

Fig. 9 Desorption results of Cd(II) and Mg(II) ions on DICBA 

Based on the desorption conducted using KNO3, the 
removal efficiencies for Cd(II) and Mg(II) ions were 
observed to be 23.13% and 14.15%, respectively. The 
purpose of using KNO3 as a desorption solvent is to 
investigate the existence of ionic bonds and cation 
exchange between KNO3 and Cd(II) and Mg(II) metal 
ions. The interaction between metal ions and 
adsorbents is dominated by physical and electrostatic 

interactions because water and KNO3 yield the highest 
desorption results. The bonds through ion exchange are 
strong bonds because KNO3 solvent effectively releases 
Cd(II) and Mg(II) ions [24]. 

Desorption using an HNO3 solvent is used to 
determine the formation of hydrogen bonds in the 
adsorption process. The desorption results revealed 
mass percentages of 16.90% and 12.11% for Cd(II) and 
Mg(II) metal ions, respectively. The acquisition of a 
percent desorption value using an HNO3 solvent shows 
that hydrogen formation interaction occurs in the 
adsorption process of Cd(II) and Mg(II) metal ions. Upon 
hydration, metal ions form  hydration complexes, which 
promotes the development of hydrogen bonds with the 
adsorbent's active sites. The water ligands associated 
with the hydrated metal ions may interact through 
hydrogen bonding with the functional groups present on 
the adsorbent surface [25]. 

The desorption process using Na2EDTA revealed that 
9.56% of Cd(II) ions and 6.13% of Mg(II) ions were 
dissolved. The purpose of using Na2EDTA for desorption 
is to determine the potential of complex formation 
between Cd(II) and Mg(II) ions with Na2EDTA. Since 
complex formation is a strong bond, the release 
process of these ions is not straightforward. The 
percent value of desorption using a small Na2EDTA 
solvent indicates that the interaction of Cd(II) and Mg(II) 
ions through complex formation is relatively weak 
compared to the physical and ionic interactions. 

CONCLUSION 

The DICBA has been successfully synthesized by 
refluxing dithizon on the activated coal bottom ash 
using toluene as a solvent. This synthesis was 
confirmed with FT-IR and XRD. The specific 
wavenumbers identified were C=C aromatic group of 
the phenyl group (1496 cm-1), the vibrational uptake of 
the C-N group (1319 cm-1) of dithizone, and Si-O-Si (1087 
cm-1 ) from the coal bottom ash. In addition,  the 
characteristic d-spacing of 8.313 and 6.046 Å 
correspond to the notable d-spacing peaks of the 
dithizon compound (8.31; 6.05; and 4.71 Å), indicating 
that dithizon-immobilized coal bottom ash was 
successful. The optimum conditions for the adsorption 
of Cd(II) and Mg(II) ions on the immobilized dithizon coal 
bottom ash were at pH 5, with a 0.2 g adsorbent mass. 
Under these conditions, the adsorption capacities were 
measured at 0.72 and 0.62 mg.g-1 for Cd(II) and Mg(II) 
metal ions, respectively, using an initial concentration 
of 50 ppm of Cd(II) and contact times of 60 and 90 min. 
The adsorption kinetics for Cd(II) and Mg(II) metal ions 
adhered to the Ho pseudo-second-order kinetics, with 
rate constants of 0.174 and 0.285 (g/mol·min) for Cd(II) 
and Mg(II), respectively. The adsorption isotherm 
parameters for Cd(II) primarily followed the Langmuir 
and DR adsorption isotherm models, with linear 
regression correlation coefficients (R2) of 0.988 and 
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0.952, respectively. The simultaneous adsorption 
mechanism for Cd(II) and Mg(II) ions was influenced by 
various factors: physical mechanisms accounted for 
28.26% and 26.26%, ion exchange mechanisms for 
23.06% and 14.14%, hydrogen bonding mechanisms for 
16.83% and 12.12%, and complex forming mechanisms for 
9.59% and 6.06%. The desorption results for Cd(II) and 
Mg(II) ions were dominated by physical and 
electrostatic interactions, with water and KNO3 yielding 
the highest desorption percentages. 
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