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 Researching efficient and green methods for removing toxic heavy metals from 

contaminated environments is of paramount importance. In this study, ZIF-8 

nanoparticles were successfully synthesized at ambient temperature and 

pressure using a non-toxic water solvent. The synthesized nanoparticles 

underwent characterization through Brunauer-Emmett-Teller (BET), X-ray 

powder diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), and 

field emission scanning electron microscope (FESEM) analysis, followed by their 

application in the simultaneous adsorption of Sb (III) and Cd (II) from aqueous 

solutions. The thermodynamic behavior and adsorption kinetics of the 

prepared nanosorbent were also investigated. The kinetic data for cadmium 

and antimony adsorption on ZIF-8 nanoparticles exhibited a good fit with a 

pseudo-second-order model. The impact of pH on the adsorption capacity of 

synthesized nanoparticles for metal removal was evaluated. At T= 15◦C and pH 

6.0, the maximum adsorption capacity of ZIF-8 nanoparticles was obtained: 

31.8 mg∙g^(-1) for Cd (II) and 87.68 mg∙g^(-1) for Sb (III). The higher removal 

percentage for Sb (III) compared to Cd (II) might be because the ionic radius 

of antimony is smaller compared to cadmium, and its electronegativity is 

higher. The results demonstrated that ZIF-8 nanoparticles prepared through a 

facile and green method have the potential to serve as suitable adsorbents for 

the simultaneous uptake of cadmium and antimony from the environment. 
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1. Introduction 

Nowadays, one of the most significant challenges 

societies face in environmental protection is the 

purification of polluted water and wastewater [1, 

2]. Heavy metals are a hazardous pollutant found 

in water and wastewater [3]. The presence of 

excessive amounts of heavy metals in water is a 

consequence of societal industrialization and 

increased human activities [4-6]. Wastewater 

produced by industries such as mining [7-9], 

agriculture [10], textile [11, 12], tanning [13, 14], 

and dyeing [15, 16] contains significant amounts of 

https://creativecommons.org/licenses/by/4.0/
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heavy metals, including Cd, Cu, Sb, Cr, Pb, Tl, Hg, 

which are often released into the environment 

without proper treatment. While heavy metals 

occur naturally in water, soil, and even in living 

organisms, their excessive levels are toxic to 

natural ecosystems and threaten human and 

organism health [17, 18]. In recent years, the 

substantial increase in wastewater production 

from Cu, Au, and Sb mines due to extensive mining 

activities has resulted in high concentrations of 

antimony and cadmium in the environment, raising 

concerns internationally. Wastewater from gold 

and antimony mining is an important source of 

contamination with various heavy metals, 

especially cadmium and antimony [19, 20]. Both Cd 

and Sb, even in small amounts, can adversely 

affect vital organs such as the liver, kidneys, lungs, 

and even the brain of humans and other living 

beings due to their toxicity and bioaccumulation in 

microorganisms [21-23]. According to the World 

Health Organization (WHO) guidelines, the 

maximum permissible concentrations for Sb and 

Cd in drinking water are respectively 5 μg. L-1 and 

3 μg. L-1, due to their high toxicity [21, 24].  

Various methods have been employed to eliminate 

metal ions from the ambiance, categorized into 

physicochemical and biological processes. 

Physicochemical methods include surface 

adsorption, flocculation, filtration, ion exchange 

resins, etc.; common biological methods include 

microremediation and phytoremediation [25-27]. 

Physicochemical methods are typically more 

straightforward and cost-effective compared to 

biological methods. Among these methods, surface 

adsorption has garnered significant attention. This 

approach utilizes solid materials with high porosity 

as adsorbents. Fortunately, a wide variety of 

adsorbents are available today [28]. Over time, 

advanced adsorbents such as CNTs [29], polymeric 

adsorbents [30, 31], and bi-metal oxide composites 

[32, 33] have gradually replaced traditional 

adsorbents like silica gels and activated carbon 

[34]. Metal-organic frameworks (MOFs) are a 

group of advanced adsorbents composed of metal 

ions and organic materials [35]. Their unique 

features, such as tunable porosity and high specific 

surface area, make them excellent candidates for 

removing various contaminants, particularly heavy 

metals, from industrial wastewater [36, 37]. MOFs 

are typically prepared through solvothermal and 

hydrothermal processes, which require high 

temperatures and pressures using organic solvents 

[38]. However, organic solvents are often 

expensive, toxic, and challenging to remove from 

the resulting MOFs. In recent years, a serious focus 

on environmental protection has given more 

attention to synthesizing MOFs at ambient 

temperature and pressure using non-toxic solvents.  

Zeolitic imidazolate frameworks (ZIFs) are a 

subfamily of MOFs. The structure of ZIFs is 

analogous to aluminosilicate zeolites, thus 

combining the advantages of both MOFs and 

natural zeolites. ZIF-8, with sodalite (SOD) 

topology, is a type of ZIFs with excellent unique 

properties such as ultrahigh porosity and specific 

surface area, thermal stability, and easy 

preparation. Due to these remarkable properties, 

ZIF-8 nanosorbent can be a good candidate for 

purification applications, especially for removing 

heavy metals from polluted waters [39, 40]. The 

successful application of ZIF-8 synthesized by 

different methods for removing the heavy metals 

As+3 and As+5 [41, 42], Pb+2 [43], Ni+2 [44], Cu+2 

[45, 46], and Cr +6 [47] has been reported. There 

are not many studies among them in which ZIF-8 

has been synthesized using green methods [41, 42]. 

Additionally, few fundamental studies have yet 

been carried out on the adsorption capacity of ZIF-

8 MOF for the simultaneous removal of some heavy 

metal ions. Ling Hu et al. [48] investigated the 

simultaneous removal of Mn (II), Cu(II), and Cd(II) 

using ZIF-8 adsorbent. Their results demonstrated 

that ZIF-8 adsorbed heavy metal ions in the 

following order: Cu (II) > Mn (II) > Cd (II). Longwei 

Yin et al. [49] evaluated simultaneous adsorption 

of As (III) and As (V) from mining wastewater using 

ZIF-8 embedded with iron nanoparticles. Their 

experimental studies revealed that removal 

efficiencies were 99.9% and 71.2% for As (III) and 

As(V) ions, respectively.  

Meanwhile, there is currently a high demand for 

new absorbents that do not cause environmental 

pollution during their production and have a high 

absorption capacity for various types of heavy 

metals in wastewater. To the best of the authors' 

knowledge, among all the research using ZIF-8 for 

water treatment, especially the removal of heavy 

metals, no sample of this adsorbent has been 
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developed that is both synthesized using a green 

method and can simultaneously adsorb two 

different heavy metals with an acceptable 

adsorption capacity. In this study, ZIF-8 

nanoparticles were synthesized using a green and 

facile method at ambient pressure and 

temperature, utilizing water as the solvent. The 

prepared nanoparticles were characterized 

through FESEM, XRD, energy dispersive X-ray 

(EDX), and FTIR analysis. The thermodynamic 

behavior and kinetic models for the simultaneous 

adsorption of cadmium and antimony were 

investigated. The influence of pH on the removal 

capacity of the synthesized nanoparticles was 

assessed. The results provide a good understanding 

of the high capacity of ZIF-8 MOF for removing 

heavy metals from water environments. 

2. Materials and methods 

2.1. Materials 

The Zn(NO3)2 (99%), NaOH (99%), Cd (NO3)2, and 

SbCl3 standard solutions of 1000 mg. L-1 were 

purchased from Merck; the 2- methylimidazole 

(C4H6N2, 99%) was supplied by Sigma Aldrich. All 

materials were used as obtained without additional 

treatment. Demineralized water was used in all 

experiments. 

2.2. ZIF-8 green synthesis 

ZIF-8 nanoparticles were prepared using the 

procedure described in reference [41], with water 

as the solvent at room temperature. Typically, 0.9 

gr of Zn (NO3)2 and 22.7 gr 2-methylimidazol were 

separately dissolved in 8 and 89 cc of deionized 

water, respectively. The solutions were mixed (410 

rpm, 5 min) with the molar ratio of 

cadmium/antimony: Hmim: H2O equal to 1:90:1800 

at room temperature (~15 ±2◦C) (Figure 1a). The 

synthesized nanoparticles were separated using an 

ultrasonic bath and centrifugation (7500 rpm, 30 

min). After washing and drying (80◦C, 24 h) (Figure 

1b), the obtained product was stored in a 

desiccator for characterization assessments and 

adsorption tests. 

  
 

Fig. 1. (a) Milky solution obtained after mixing of Zn (NO3)2 and 2-methylimidazole solutions and (b) Synthesized 

ZIF-8 nanoparticles powder after centrifugation and drying. 

2.3. Characterization of the synthesized adsorbent 

Phase analysis and surface morphology 

determination of the synthesized ZIF-8 

nanoparticles were done by an XRD advance 

diffractometer (Bruker, Germany) with Cu Kα 

radiation and scanning electronic microscopy (SEM 

–KYKY EM 3900M, China), respectively. Pore size 

distribution (PSD) and specific surface area 

assessments were performed using Barrett-Joyner-

Halenda (BJH) and BET methods using a volumetric 

adsorption analyzer (Belsorp mini x, Japan). EDX 

and FTIR for elemental analysis and functional 

groups investigation of the synthesized adsorbent 

before and after adsorption were done by a field 

emission scanning electron microscope (KYKY-

EM8000F, China) and an FT-IR imaging microscope 

(Bruker TENSOR II, Germany), respectively. 

2.4. Adsorption tests  

All adsorption tests were done at ambient 

temperature in the winter season (~15 ±2◦C). 

Initially, a solution of 100 mg. L-1 from Sb (III) and 

100 mg. L-1 from Cd (II) was prepared using 

standard solutions of 1000 mg. L-1 for cadmium and 

(a) 

(b) 
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antimony. The pH of the solution was adjusted 

from 2 to 6 using NaOH (0.5 M) to investigate the 

pH effect on the removal of cadmium and 

antimony by ZIF-8 nanoparticles. Subsequently, 10 

mg of ZIF-8 powder was poured into 10 mL of the 

solution and mixed for 24 minutes. Afterward, the 

adsorbent was separated through centrifugation 

(30 min, 7500 rpm) and filtration. Following the 

adsorption experiments, the concentration of 

cadmium and antimony ions was obtained by an 

ICP spectrometer (Perkin Elmer OPTIMA 2000, 

USA). The adsorption capacity (qe) and the 

removal percentage (R%) were determined 

according to Equations 1 and 2 [50]: 

qe(mg ∙ g−1) =
(𝐶𝑜 − 𝐶𝑒)

𝑊
𝑉           (1)  

R(%) =
(𝐶𝑜 − 𝐶𝑒)

𝐶𝑜
× 100             (2)   

where C0 and Ce (mg. L-1) are respectively the 

initial and equilibrium concentrations of metal 

ions, and V (mL) and W(mg) are the solution 

volume and adsorbent weight, respectively. 

3. Results and discussion 

3.1. Characterization of the ZIF-8 nanoparticles 

Figure 2 shows that the size range of the 

synthesized nanoparticles is from 100 to 200 nm. As 

depicted in this figure, these nanoparticles exhibit 

a uniform and spherical shape. The spherical shape 

of nanoparticles can be attributed to the use of Zn 

(NO3)2 as the zinc source. According to the 

literature, the choice of using zinc salt, such as Zn 

(OAc)2, Zn SO4, Zn Cl2, and Zn(NO3)2, can 

significantly impact the morphology of the 

prepared nanoparticles [51]. Morphology has an 

important role in the performance of the 

adsorbent. The spherical shape of the adsorbent 

increases access to active sites and allows for more 

full contact [52]. Additionally, the absorption 

capacity of an adsorbent to remove metal ions is 

more affected by its specific surface area and the 

abundance of active sites. 

The EDX analysis elemental mapping results (Figure 

3a) indicate a homogeneous distribution of the 

constituent elements within the ZIF-8 

nanoparticles, including C, N, and Zn. The map 

sum spectrum (Figure 3b) demonstrates that the 

percentages of the C, N, and Zn elements were 

64.02 wt%, 33.76 wt%, and 2.22 wt%, respectively. 

Figure 4a illustrates the nitrogen adsorption-

desorption isotherms of the prepared nanosorbent, 

displaying a type IV isotherm. This indicated the 

presence of both microporosity and mesoporosity. 

The volume of pores and specific surface area of 

synthesized ZIF-8 nanoparticles were 117.23 cm3.g-1 

and 510.25 m2. g-1, respectively. Furthermore, 

Figure 4b demonstrates a moderately wide pore 

size distribution (1 to 45 nm). These outcomes 

indicated a favorable porous structure for the 

synthesized adsorbent. 

The ZIF-8 powder XRD pattern is shown in Figure 5. 

The pattern exhibited distinct peaks at positions 

(2θ) of 7.5, 10.5, 12.9, 14.9, 16.65, 18.23, 22.5, 24.6, 

26.8,(◦), which closely aligned with the references, 

indicating good agreement [53]. 

 

Fig. 2. FE-SEM image of synthesized ZIF-8 nanoparticles. 
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Fig. 3. (a) Elemental maps and (b) map sum spectrum of ZIF-8 nanoparticles. 

  

Fig. 4. (a) Adsorption-desorption isotherms of nitrogen and (b) BJH pore size distribution curve of prepared ZIF-8 

nanoparticles. 
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Position [◦2Theta] 

Fig. 5. XRD pattern of synthesized ZIF-8 nanoparticles. 

3.2. pH effect on adsorption capacities for Cd (II) 

and Sb (III) 

Both the solution pH and the zeta potential of the 

adsorbent have a substantial impact on the 

adsorbent's ability to adsorb metal ions. This study 

specifically examined the adsorption of Cd(II) and 

Sb(III) on ZIF-8 nanoparticles in solutions with pH 

values from 2 to 6. Figure 6 demonstrates that the 

adsorption of cadmium and antimony on the 

synthesized ZIF-8 nanoparticles increased as the 

pH of the solution was raised from 2 to 6. 

 
Fig. 6. pH effect of the solution on the adsorption 

capacity of prepared nanosorbent for the antimony and 

cadmium removal. (T= 15 ±2 ◦C, adsorbent dose =100 

mg. L-1, the concentration of ions =100 mg. L-1). 

Numerous studies have examined the pH influence 

of the solution on the adsorption capacity of 

various adsorbents for different metal ions [54-56]. 

These studies have demonstrated that the pH 

effect on adsorption capacity is multifaceted, 

relying on factors such as the adsorbent's surface 

pH IEP and the specific metal species available in 

the solution at different pH values. Notably, the 

isoelectric pH of ZIF-8 nanoparticles is 

approximately 9.6 [41]. However, due to the 

precipitation of cadmium at pH values above 6, 

investigating the impact of solution pH beyond the 

isoelectric point was not feasible in this study. 

Below the isoelectric point, the ZIF-8 surface 

carries a positive charge. As pH increases and 

approaches the isoelectric point (pH 9.6), the 

positive charge of the surface diminishes. This 

reduction in positive charge enhances the 

electrostatic attraction between the surface and 

the positive ions of Cd(II) and Sb(III), thereby 

increasing the adsorption capacity. Similar findings 

have been reported in the literature [23]. It is 

necessary to mention that in some cases, the 

adsorption capacity decreases with increasing pH 

below the isoelectric point. This occurs when 

negatively charged species of ions are present in 

aqueous solutions at low pH values. For instance, 

arsenic ion (As(V)) exists as H2AsO4- in aqueous 

solutions at pH values below 7. The negative charge 

of this arsenic species results in increased 

electrostatic repulsion between the adsorbent 

surface and the arsenic ion species as the solution 

pH rises and the adsorbent zeta potential 

decreases.  

Consequently, the adsorption capacity decreases 

[57]. Given that cadmium and antimony ions 

precipitate at pH values higher than the ZIF-8 

isoelectric point, their adsorption rate was 

investigated at a pH below the isoelectric point. 

The results indicated that the synthesized 

adsorbent exhibited the highest adsorption 

capacity at a neutral pH of 6. This is advantageous 

for water purification purposes, particularly in 
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natural waters and drinking water, which typically 

have a neutral pH. The ability of an adsorbent to 

maintain high adsorption capacity within the 

neutral pH range is considered favorable, as it 

eliminates the need to adjust the pH of the water. 

Additionally, Figure 6 highlights the superior 

performance of the synthesized adsorbent in the 

uptake of antimony ions compared to cadmium 

ions. This discrepancy in adsorption capacity could 

be attributed to the ionic radius of Sb(III) being 

smaller in comparison to Cd(II) and also its 

electronegativity being higher than Cd(II). The 

values of ionic radius and electronegativity for 

these metals are provided in Table 1. 

Table 1. Ionic radius and electronegativity values for Cd 

and Sb. 

Element Ionic radius  (pm) Electronegativity 

Cd 95 1.69 

Sb 75 2.05 

The FTIR spectrum (Figure 7) was applied to assess 

the functional groups of the ZIF-8 nanoparticles 

both before and after the uptake of Cd(II) and 

Sb(III). The diffraction peak at 1456.72 cm-1 in ZIF-8 

spectrums (Figure 7a) was related to the C=C 

bonds. Peaks at 2927 cm-1 were attributed to the 

stretching vibration of the benzene ring C–H bonds. 

The diffraction peak at 1571.89 cm-1 was the 

stretching vibration adsorption bonds of the C=O. 

As observed in Figure 7b, the peak at 1571.89 cm-1 

(C=O groups) shifted to 1573.15 cm-1 and became 

broader. Additionally, new peaks within the range 

of 500 to 900 cm-1 emerged, demonstrating the 

adsorption of Cd (II) and Sb (III) ions onto the ZIF-

8 nanoparticles. 

3.3. Adsorption kinetics 

The adsorption capacity of ZIF-8 nanoparticles was 

evaluated using kinetic models. In summary, the 

simple linear expressions of these models are 

presented in the following equations. 

ln(𝑞𝑒 − 𝑞𝑡) = ln 𝑞𝑒 − 𝑘1𝑡            pseudo-first-order  (3) 

𝑡

𝑞𝑡
=

1

𝑘2𝑞𝑒
2 +

𝑡

𝑞𝑒
                            pseudo-second-

order 

(4) 

𝑞𝑡 = 𝑘𝑝𝑡
1

2 + 𝐶                       intra-particle 

diffusion 
(5) 

where qe (mg. g-1) is the amount of removed 

antimony and cadmium ions per gram of adsorbent 

at equilibrium and qt (mg. g-1) is the amount of 

adsorbed antimony and cadmium ions per gram of 

adsorbent at various times. Also, k1(min-1) and k2 

(g.mg-1.min-1) are adsorption rate constants for 

pseudo-first-order and pseudo-second-order 

kinetics, respectively. In the intra-particle diffusion 

model, kp (mg.g-1.min -1/2) is the model constant 

[58]. Figure 8 shows diagrams of the pseudo-first-

order, pseudo-second-order, and intra-particle 

diffusion kinetic models for antimony and 

cadmium adsorption on synthesized ZIF-8 

nanoparticles. 

 
Fig. 7. FTIR spectra of ZIF-8 a) before and b) after adsorption of Cd (II) and Sb (III) ions. 

(a) 
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Fig. 7. (Continued) FTIR spectra of ZIF-8 a) before and b) after adsorption of Cd (II) and Sb (III) ions. 

 

 
Fig. 8. Pseudo-first-order (a), pseudo-second-order (b), and intra-particle diffusion kinetics (c) sorption 

diagrams for the Sb (III) and Cd (II) removal by ZIF-8 nanoparticles. 
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Fig. 8. (Continued) Pseudo-first-order (a), pseudo-second-order (b), and intra-particle diffusion kinetics (c) 

sorption diagrams for the Sb (III) and Cd (II) removal by ZIF-8 nanoparticles. 

The kinetic data demonstrated that the correlation 

coefficients (R2) for both Cd (II) and Sb (III) in the 

pseudo-second-order kinetics were closer to one 

compared to the pseudo-first-order kinetics (Table 

2). This observation revealed that the step of rate-

controlling in the removal of Cd and Sb was the 

chemical interaction between the metal ions and 

the ZIF-8 functional groups. 

3.4. Adsorption thermodynamic 

The adsorption of Sb (III) and Cd (II) on ZIF-8 was 

examined at several temperatures (298 to 318 K) to 

determine the thermodynamic manner governing 

the system from the point of physical or chemical 

adsorption view. Thermodynamic parameters of 

the enthalpy change (ΔH°), the standard Gibbs free 

energy (ΔG°), and entropy change (ΔS°) were 

obtained using Equations 6 and 7 [59]. 

𝛥𝐺° = 𝛥𝐻° − 𝑇𝛥𝑆° (6) 

ln 𝐾𝑐 =
𝛥𝑆°

𝑅
−

𝛥𝐻°

𝑅𝑇
 (7) 

where R= 8.314 J.mol-1. K-1 is the universal gas 

constant, T (K) is the studied temperature, and Kc 

(Kc = qe/Ce) is the equilibrium constant. 

The ΔH° and ΔS° values were obtained using the 

intercept and slope determined from plotting Ln Kc 

versus 1/T (Figure 9). The thermodynamic factors 

are presented in Table 3. 

Table 2. Parameters of the kinetic models for Cd (II) and Sb (III) adsorbed by ZIF-8 nanoparticles. 

Kinetic 

models 
 Pseudo-first-order Pseudo-second-order Intra-particle diffusion 

Parameters  𝑞𝑒(
𝑚𝑔

𝑔
) 𝑘1(

1

𝑚𝑖𝑛
) 2R 𝑞𝑒(

𝑚𝑔

𝑔
) 𝑘2(

𝑔

𝑚𝑔. 𝑚𝑖𝑛
)) 2R 𝑘𝑝 (

𝑚𝑔

𝑔. 𝑚𝑖𝑛
1

2   
) 𝐶(

𝑚𝑔

𝑔
) 2R 

Sb  30.38 0.0343 0.917 76.33 0.0022 0.9985 4.982 31.298 0.7764 

Cd  19.48 0.021 0.889 32.79 0.003 0.9967 2.4959 8.7599 0.8737 

 

Table 3. Thermodynamic parameters for Sb (III) and Cd (II) adsorption using ZIF-8 nanoparticles. 

Materials 𝜟𝑮°(
𝑱

𝒎𝒐𝒍
) 

𝜟𝑯°(
𝑱

𝒎𝒐𝒍
) 𝜟𝑺°(

𝑱

𝒎𝒐𝒍. 𝑲
) 

 at:      298 K 308 K 318 K 

Sb - 1884 -2052 -2220 +3126.9 +16.817 

Cd - 1666 -1852 -2038 +3886.2 +18.632 

 

Sb: y = 4.9819x + 31.298

R² = 0.7764

Cd: y = 2.4959x + 8.7599

R² = 0.8737
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Fig. 9. Plot of Ln Kc versus 1/T for the adsorption of Sb (III) and Cd (II) by ZIF-8 nanoparticles. (adsorbent dose =100 

mg. L-1, the concentration of ions =100 mg. L-1, pH = 6, and t = 1 h). 
 

 

The negative values of Gibbs free energies within 

the studied temperature range indicated that the 

uptake of Sb(III) and Cd(II) by the synthesized ZIF-

8 nanoparticles was a spontaneous process. 

Additionally, the ΔH° positive value suggested that 

the adsorption was an endothermic process [54]. 

Furthermore, the ΔS° positive value indicated the 

degree of randomness in the solid/liquid 

interactions increased within the adsorption 

process of antimony and cadmium on ZIF-8. 

3.5. Performance of other adsorbents 

The maximum adsorption capacity of synthesized 

ZIF-8 nanoparticles was obtained at 31.8 and 87.68 

mg of metal per gram of adsorbent for Cd (II) and 

Sb (III), respectively. Comparing the adsorption 

capacity results of other adsorbents (Table 4) 

showed the adsorption capacity of synthesized ZIF-

8 nanoparticles for Cd (II) removal was higher than 

many adsorbents [60, 61] and carbon nanotubes 

[29]. Table 4 shows that the adsorption capacity of 

prepared nanosorbent for Sb (III) uptake was also 

higher than many adsorbents such as UiO- 66 

(NH2) [24], GAD beads [62] and swine manure 

pyrochar [63]. The latest studies show that the only 

adsorbent that has performed the simultaneous 

adsorption of Sb (III) and Cd (II) with a higher 

adsorption capacity than the adsorbent 

synthesized in this work was a composite of biochar 

and Fe/Mn oxides [32, 64]. This suggested that the 

incorporation of Fe/Mn oxide nanoparticles onto 

the biochar surfaces significantly enhanced the 

uptake of Sb(III). 

The synthesis of the adsorbent used in this study is 

a straightforward process that can be carried out 

at ambient temperature and pressure using an 

inexpensive and non-toxic solvent. The maximum 

adsorption capacity of this adsorbent is achieved at 

a neutral pH (pH 6), which is similar to the 

conditions found in natural waters, particularly 

drinking water. 

4. Conclusions 

Heavy metals pose a significant threat as 

environmental pollutants. Utilizing adsorbents 

prepared through convenient and environmentally 

friendly methods can greatly enhance the 

efficiency of heavy metal adsorption. In this study, 

ZIF-8 nanoparticles were prepared under ambient 

conditions using water as a non-toxic solvent. 

These environmentally friendly MOFs were 

employed for the simultaneous adsorption of 

cadmium and antimony from aqueous solutions. 

The adsorbent exhibited a maximum adsorption 

capacity of 31.8 mg. g-1 for cadmium and 87.68 mg. 

g-1 for antimony, both achieved at a pH of 6. The 

results demonstrated that the prepared adsorbent 

has substantial potential for efficiently removing 

heavy metals, particularly cadmium and antimony, 

from wastewater. 
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Table 4. Comparison of the adsorption capacity of various adsorbents for Sb (III) and Cd (II) removal from water 

solution. 

Adsorbent 
qmax ( mg.g-1) 

pH 
Initial Concentration (mg.L-

1) 
Ref. 

Sb (III) Cd (II) 

Sugarcane bagasse alginate porous gel beads  - 176.36 5.5 150-300 [65] 

UiO- 66 (NH2) 61.8 - 1.5 10-600 [24] 

Lucerne biochar - 6.28 5.5 0.58-2.28 [60] 

Fe-Mn binary oxide 101 - 3 25-250 [66] 

GAD beads 7.67 - 6 220 [62] 

Bamboo charcoal - 12.08 >8 50 [61] 

Fe3O4@ZIF-8 - 370 6 10-100 [23] 

Fe3O4@APS@AA-co-CA MNPs - 29.6 5.5 20-450 [67] 

Pyrochar from swine manure 13.09 81.32 6 
0.3-150 (for Cd) 

0.1-100 (for Sb) 
[63] 

Magnetic carbon nanotubes  - 17.9 6 3-30 [29] 

MnFe2O4–BC 237.53 181.49 7 25-500 [32] 

Fe-Mn binary oxide /bone char  209.0 48.8 2-7 10 [64] 

ZIF-8 nanoparticles 87.68 31.8 6 100 
This 

study 
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