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a b s t r a c t
Heavy metals are dangerous pollutants in surface water and groundwater resources causing 
health risks for human and environment. In this study, activated carbons extracted from walnut 
shell (ACWS) and ox tongue leftover (ACO), as two low-cost and green sorbents, were synthe-
sized via chemical activation with different concentrations of phosphoric acid (20%–80% w/w) 
at two temperatures (500°C and 700°C) for removal of cadmium ions from aqueous solutions. 
To compare ACWS and ACO, Fourier-transform infrared spectroscopy, X-ray powder diffraction 
analysis, field-emission scanning electron microscopy, and energy-dispersive X-ray spectroscopy 
were performed. The effect of initial concentration of cadmium, contact time, pH, and amount of 
adsorbent on the adsorption process was studied through a batch process mode. Both ACWS and 
ACO successfully removed cadmium metal with about 90.66% and 89.33% efficiency, at 25 mg L–1 
of cadmium, 150 mg adsorbent, and pH = 10 at 100 min, respectively. The concentration of phos-
phoric acid was an important variable in the adsorption rate because at higher concentrations gly-
cosidic linkage and aryl bond in lignin will be hydrolyzed which could be attributed to the fact 
that the electrostatic interactions will be decreased between the cadmium and activated carbon. 
Results showed that cadmium adsorption isotherms fitted to Langmuir and Freundlich isotherm 
models. Adsorption kinetic data indicated that pseudo-first-order is the best model fitted for 
cadmium adsorption in ACO and pseudo-second-order for ACWS.
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1. Introduction

Heavy metals are considered as one of main pollut-
ants in the environment because they have significant 
impacts on ecological quality [1]. Heavy metal pollution 
affects the food productivity and quality and the quality 

of atmosphere and water which threatens the animal and 
human health [2]. The transfer of heavy metals from the 
atmosphere to soil and plants occurs through dust, total 
shedding and gaseous or adsorption processes [3]. In gen-
eral, these elements of human activities cause environmen-
tal pollution [4]. Metal contaminants include Pb, Cr, Hg, U, 
Se, Zn, As, Ca, Au, Ag, Cu, and Ni. Excessive presence of 
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these metals in the aquatic environment could potentially 
damage the physiology of the human body and other bio-
logical systems [5]. In recent years, cadmium has received 
far more attention as one of the most toxic heavy metal. It 
is potentially a dangerous element for human health [6]. 
The natural concentration of this element in soil is between 
0.01 and 2 mg/kg and the maximum allowable concentra-
tion in drinking water according to the standards of World 
Health Organization is less than 0.005 mg L–1. The metal is 
also toxic at very low concentrations and causes anemia, 
bone fragility, kidney and nerve disorders [7]. Accordingly, 
many studies have been done for studying the removal of 
heavy metals. These studies showed that heavy metal ions 
could be typically removed from aqueous media by chem-
ical deposition, ion exchange, solvent extraction, chem-
ical oxidation and reduction reactions, reverse osmosis, 
filtration, and various resins. The main disadvantage of 
these methods includes producing high volume of sludge 
where its disposal and control is a problem, being relatively 
expensive and inefficient, especially for low concentrations 
of metals. Therefore, a cost-effective and environmental 
friendly technology is required to be employed to remove 
heavy metals from wastewater [8].

Adsorption using activated carbon is the most com-
mon method, but this may have some limitations such as 
being expensive, particularly if proper raw materials are 
not available and therefore carbon has to be entered the 
process. Activated carbon has high adsorption properties, 
high porosity and the presence of functional groups on the 
surface [9]. Environmental risks from water pollution and 
subsequently demand for activated carbon has increased 
significantly as a cleaning agent in purification processes 
worldwide [10]. Activated carbon can be produced from 
coal, wood, nut shells and agricultural waste among which 
agricultural products are now widely used for carbon pro-
duction due to their availability in large quantities and low 
cost [11,12]. Due to the inherent hardness of these plants’ 
woods, a good substrate for producing activated carbon 
from the waste of these plants is provided. For such process, 
materials with high carbon and low organic matter have 
the best performance. The advantage of these methods is 
the existence of an economical and environmental friendly 
technology for treatment of heavy metals from wastewa-
ter. Recent studies have suggested that the impregnation 
of nanoparticles, steam or nitrogen flow, microwaves, and 
magnetic modification methods can effectively modify the 
chemical reactivity and physical properties of bio-sorbent 
surfaces [13,14]. Besides, other methods such as activation 
with chemicals have also been recommended [15]. But so 
far, activated carbons extracted from walnut shell (ACWS) 
and ox tongue leftover (ACO), which are abundant in 
nature, have not been used to remove heavy metals from 
water. Investigating the activation of the plant residues at 
different temperatures and acid concentrations can also 
help to reduce costs and water pollution.

In this research, due to the structure and high access 
to ACWS and ACO, the effect of activated carbon adopted 
from these leftovers was compared to each other as an 
adsorbent for removing the cadmium metal in an aqueous 
solution. Also, carbon activation methods and its effect on 
the efficiency of prepared carbon in removing heavy metals 

from aqueous solutions was evaluated. Parameters such as 
feedstocks and pyrolysis condition, pH, cation exchange 
capacity, adsorbent dosage, cadmium heavy metal ini-
tial concentration and contact time, were investigated. 
While the Langmuir and Freundlich and models as well as 
pseudo- first model and pseudo-second models were used 
to analyze the adsorption isotherm data.

2. Material and methods

2.1. Chemicals and reagents

Walnut shell and ox tongue leftover were obtained from 
selling source in Zanjan, Iran. Phosphoric acid was pur-
chased from Sigma-Aldrich, Spain. Also cadmium nitrate salt 
was purchased from Merck, Germany. All other chemicals 
were of analytical grade, commercially available and used 
without further purification.

2.2. Carbon preparation

Walnut shell and ox tongue leftover were obtained 
from selling source, in Zanjan, Iran. Then, they were rinsed 
with water to clean redundant materials such as soil and 
sand. The washed sample was dried facing the sun for 2 d. 
Carbonaceous materials were changed into charcoal for 2 h 
at 600°C in a low oxygen concentration.

2.3. Activated carbon

The prepared carbon was saturated with 20%, 40%, 
60% and 80% concentrations of phosphoric acid respec-
tively, and kept at 120°C for 24 h. In the next stage, it was 
heated at 500°C and 700°C for 2 h. After activation, the 
sample was washed several times with deionized water to 
remove excess phosphoric acid. The adsorbents were dried 
at 120°C for 24 h and then used in the experiments [16].

2.4. Adsorption experiments

All adsorption experiments were performed in batch 
mode. In model one, activated carbon (25–150 mg) was 
added to a 30 mL cadmium solution (25–200 mg L–1) in 30 mL 
flasks and was shacked for (10–100 min) at room tempera-
ture, pH (2–10) and constant speed of 100 rpm. Then the 
mixture was filtered and the treated samples were analyzed 
to estimate the adsorption capacity for removing cadmium. 
To investigate particular effect of each variable, one variable 
was changed while others were kept constant [17].

The detection of the cadmium concentration in the 
samples was done by atomic absorption spectroscopy (AAS).

2.5. Characterization of the activated carbon samples

The concentration of cadmium in solutions was mea-
sured using atomic absorption spectroscopy (AAS, Analytik 
Jena novAA 350 series) equipped with a hollow-cathode 
lamp (HCLs) as a light source. The limit of detection (LOD) 
and the limit of quantification (LOQ) of AAS device were 
1 and 140 µg L–1, respectively. The Fourier-transform infra-
red spectroscopy (FT-IR) were recorded using a Perkin 
Elmer-Spectrum 65 device at 4,000 and 400 cm−1 from KBr 
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pellets for determining surface functional groups of raw 
materials and produced activated carbon samples. Field-
emission scanning electron microscopy (FE-SEM) images 
were taken by FE-SEM on LEO 1455 VP equipped with an 
energy-dispersive X-ray spectroscopy (EDX) apparatus for 
analyzing the surface morphology of produced activated 
carbon samples and identifying the elemental surface com-
position. The structure of adsorbents was investigated by 
recording X-ray powder diffraction (XRD) patterns with 
a SIEMENS D5000 X-ray diffractometer using Cu-Kα 
radiation (λ = 1.54059 Å) over the range of 10° < 2θ < 90°.

2.6. Equation of elimination percentage

The elimination efficiency was calculated through Eq. (1):
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where %R is removal percentage, Ci is the initial concen-
tration of metal in aqueous solution (mg L–1), and Ct is 
the secondary concentration of metal in aqueous solution 
(mg L–1).

2.7. Adsorption equation

The adsorption process was defined by Eq. (2):
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where Qt is the amount of adsorbed metal per unit mass of 
adsorbent (mg g–1), Ci is the initial concentration of metal in 
aqueous solution (mg L–1), Ct is the secondary concentra-
tion of metal in aqueous solution (mg L–1), t is the amount 
of time after adding the adsorbent, V is the volume of 
the aqueous solution (l), and m is the adsorbent mass (g) [18].

2.8. Adsorption isotherms

The adsorption isotherms describe the distribution of 
adsorbate between liquid and solid phases in the equilib-
rium condition. The adsorption equilibrium data were fit-
ted to the Langmuir (1) and Freundlich isotherms which are 
shown as Eqs. (3) and (4), respectively.
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where qe is the equilibrium adsorption (mg g–1), qm is the 
maximum adsorption capacity (mg g–1), b is the adsorption 
equilibrium constant (g mg–1) showing the characteris-
tic of the affinity between adsorbent and adsorbate. KF 
and qm can be obtained by linear regression of (Ce/qe) vs. Ce 
data and where KF is the Freundlich adsorption constant 
[(g mg)–1/n]. This is an indicator of the adsorption capacity, 
while n refers to the adsorption tendency [19].

2.9. Adsorption kinetic

The adsorption kinetic data for cadmium on the pre-
pared adsorbents were fitted using the most frequently used 
kinetic models reported by Lagergren and Ho that led to a 
pseudo-first-order adsorption rate (5) and a pseudo- second-
order adsorption rate (6).
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where qe (mg g–1) is the adsorption capacity at equilib-
rium, qt in (mg g–1) is the adsorption capacity at a time t 
(min), k1 (min–1) is the pseudo-first-order rate constant, and 
k2 (g mg–1 min–1) is the pseudo-second-order rate constant.

3. Results and discussion

3.1. Adsorption mechanism

Cadmium ions’ sorption process can be divided into two 
forms: physical and chemical adsorption. Physical sorp-
tion is capable of forming a multilayer cadmium sorption 
process that creates great adsorption capacity while chem-
ical sorption is limited to monolayer adsorption. Physical 
sorption process happens when cadmium ions are electro-
statically across (weak Van der Waals forces) the surface 
of the activated carbons. While chemical sorption process 
happens between the cadmium ions and the surface of the 
activated carbon by chemical bonding or electron transfer. 
In chemical sorption the functional groups on the adsorbent 
surface such as carbonyl, hydroxide groups, etc. are able to 
bind to cadmium ions by substituting hydrogen ions with 
cadmium ions or by donating electron pairs. Comparing 
the structure of ACWS and ACO, it can be inferred that the 
structure of ACWS has more lignin, and for this reason, 
the electrostatic interactions (physical sorption process) 
will be more desirable for cadmium adsorption on ACWS.

3.2. Characterization

3.2.1. Surface areas and pore size distributions

The nitrogen adsorption–desorption isotherms of the 
activated carbons ACWS and ACO prepared are shown in 
Fig. 1. The activation experiments have been performed 
at two temperatures 500°C and 700°C. The results indi-
cate a mixed type (i.e., isotherms I and IV) according to 
IUPAC classification reflecting the domination of mixture 
of microporous and mesoporous materials in the structure. 
The initial part is by applying significant adsorption at low 
relative pressures. This is the isotherm of type I which cor-
responds to adsorption in micropores. The isotherm is of 
type IV in relative pressures with monolayer–multilayer  
adsorption by doing the process in narrow pores. Result 
showed nitrogen uptake reduction with the increasing of 
activation temperature from 500°C to 700°C. This indicates 
surface area and micropore volume reduction which may 
be due to shrinkage in the carbon structure and deterio-
ration of porous structure. The Brunauer–Emmett–Teller 
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surface area ACWS at 500°C and 700°C is 2,450.18 and 
2,110.47 m2 g–1, respectively, and for ACO at 500°C and 
700°C is 1,899.3 and 1,684.4 m2 g–1, respectively.

3.2.2. XRD pattern

XRD patterns of synthesized walnut shell and ox tongue 
leftover after activation are shown in Fig. 2. The diffraction 
peak at 2θ = 45.5° and 52.3° corresponds to the crystallinity 
phase of ACWS. This spectrum showed four peaks which 
corresponds to the tetragonal phase at 2θ = 28.2°, 34.5°, 
54° and 63° for the synthesized ACWS. Based on the XRD 
patterns, ACWS depicted diffraction peaks at 24.3° and 
46.5° which could be traced to carbon phase as the graph-
ite structure. On the other hand, there are two wide diffrac-
tion backgrounds corresponding to 2θ = 25° and 2θ = 43° in 
ACO’s pattern which could be traced to low crystallinity.

3.2.3. Surface morphology

FE-SEM images of ACWS and ACO are shown in Fig. 3. 
A comparison between FE-SEM images of activated carbon 
before and after synthetization indicated that phosphoric 
acid generated highly porous and sheet structure. Porous 
structure was formed as a result of generation of volatile 
matters after carbonization. The ACO is constructed from 
closed pores due to a geometry of sheet layer which is due 

to the fact that increasing carbon-phosphoric acid reac-
tion, the glyosidic linkage and aryl bond in lignin will be 
hydrolyzed by H3PO4. On the other hand, ACWS has open 
pore in which the geometry structure is regular sheets. This 
structure is due to the presence of lignin in the hard shell 
of the walnut. Fig. 4 shows EDX for the elemental analysis 
of ACWS and ACO. It indicates that removal efficiency in 
activated carbon is 67.34% and 65.73% in ACWS and ACO, 
respectively. These analyses also show the presence of  
low concentrations of Mg, Cl, Fe and, for example, elements.

3.2.4. FT-IR spectra

The FT-IR spectra of ACWS and ACO are shown in 
Fig. 5. ACWS and ACO indicated wide absorption bands 
at 3,420 cm–1 which represents the stretching vibration of 
O–H in hydroxyl groups and adsorbed water. The band at 
1,550–1,700 cm–1 is usually assigned to C=O stretch in alde-
hydes, lactones or carboxyl groups. The weak intensity 
of this peak suggests that it may be correlated to thermal 
instability of aldehyde and ketone groups at high tempera-
ture and that is the reason for ACWS and ACO containing 
small amounts of carboxyl groups. The spectra for ACWS 
and ACO are indicative of a strong band at 1,600–1,560 cm–1 
due to aromatic ring stretching vibrations (C=C) enhanced 
by polar functional groups. The 1,100–1,250 cm–1 adsorp-
tion band is attributed to the vibration of the C=O group 
in lactones where is usually found in oxidized carbons and 
carbons activated by phosphoric acid. Peaks at 766 cm–1 
shows the formation of bending vibration from –C (triple 
bond). Also, C–H peaks at 766 cm–1 shows formation bend-
ing vibration from –C (triple bond) which is from alkynes 
and corresponds to C–O–C stretching (ester, ether and 
phenol) and out-of-plane bending in benzene derivatives.

3.3. Optimal conditions

3.3.1. Effect of pH

pH is an important parameter for sorption of metal 
ions from solution due to its effects on the functional 

 
Fig. 2. XRD patterns of synthesized ACWS and ACO.

 

Fig. 1. Isotherms of nitrogen for ACO and ACWS.



E. Mohseni et al. / Desalination and Water Treatment 256 (2022) 176–193180

groups such as carboxyl and hydroxyl groups on adsor-
bent surface. In addition, pH determines the ionic state of 
metals and the amount of charge on the adsorbent surface, 
which will also affect the reaction between the adsorbent 
and metal ions. Adsorption of cationic materials will be 

increased at higher pH because the presence of functional 
groups creates negative charge at the surface of activated 
carbon. By increasing pH, the percentage of cadmium 
uptake also rose so that the highest and the lowest per-
centage of cadmium removal were observed at pH = 10 

Fig. 3. FE-SEM images of ACWS (A, B) and ACO (C, D) before and after of the synthesized activated carbons.

Fig. 4. EDX analysis of ACWS (A) and ACO (B).
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and pH = 2, respectively (Fig. 6), it is because hydrogen 
ions at acidic pH would fiercely compete the reaction 
with metal ions in adsorption sites. Kumar et al. [2] found 
that the optimum pH of rice paddy carbon modified with 
sodium bicarbonate as adsorbent in removal of cadmium 
was equal to 9. The interaction effects of adsorbent type and 
pH of equilibrium solutions on the percentage of cadmium 
removal from aqueous solutions show that ACWS prepared 
with 20% phosphoric acid at pH 10 had a higher removal 
efficiency than ACO with 90.66% and 89.33% from aqueous 
solution at 500°C and 700°C, respectively (Fig. 7). In addi-
tion, comparing carbon activation temperatures (500°C and 
700°C) and concentration of phosphoric acid (20%–80%), 
activated carbon produced at 500°C along with 20% phos-
phoric acid had a higher efficiency for cadmium removal 
(Fig. 8A and B). The reason is that at higher temperatures 
and in acidic conditions, the aryl lignin bonds are cleavage, 

the carbon plates are stacked, and the pores in the carbon 
would be destroyed. Generally, in comparing ACWS and 
ACO which have been synthesized in different percentages 
of phosphoric acid at 500°C and 700°C, ACWS showed a 
better performance at different pH levels (Fig. 9A and B).

One of the most important factors determining the 
removal efficiency is the electric charge of the adsorbent 
surface. Zero-potential (pHPZC) indicates at which pH the 
adsorbent surface has a neutral or zero electric charge. When 
the pH of the solution is less than pHPZC, the adsorbent sur-
face in the solution has a positive electric charge and when 
it is higher than pHPZC, the adsorbent surface has a negative 
charge. Solid addition method was used to determine the pH 
of zeta potential. The results are shown in Fig. 10. Based on 
the obtained information, it was determined that at pH = 7.1, 
the adsorbent surface has an electric charge equal to zero. 
Due to the fact that the surface charge of cadmium in water 
is positive, the best pH for the adsorption of this ion by the 
adsorbent is at a pH higher than the zeta potential, where the 
electric charge is negative.

3.3.2. Effect of adsorbent dose

The dependence of cadmium adsorption on activated 
carbon dosage is indicated in Fig. 11A and B. The higher 
adsorbent dosage in the solution creates more exchange-
able active sites for adsorption process. Comparing acti-
vated carbons in terms of the effect of different percentages 
of phosphoric acid and activation temperature showed 
that ACWS prepared with 20% phosphoric acid at 500°C 
with the adsorbent amount of 150 mg had the highest cad-
mium removal efficiency (Figs. 12 and 13A & B). The inter-
action effects of adsorbent type and adsorbent dosage of 
equilibrium solutions on cadmium removal from aqueous 
solutions showed that ACWS had the best performance 
with 44.26% removal (Fig. 14). A similar behavior of adsorp-
tion efficiency of cadmium was investigated by activated 
carbon of bagasse pulp. The results showed that for differ-
ent amounts of adsorbent dose, by increasing adsorbent 

 
Fig. 5. FT-IR spectra of ACWS and ACO.

 
Fig. 6. Effect of pH on removal of cadmium with ACO 500 and ACO 700; [Operating conditions of AAS: HCLs, C: 3.5 mA, 
wavelength: 228.8 nm, spectral band pass: 0.5 nm, LOD: 1 µg L–1, LOQ: 140 µg L–1].
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(A) (B)

Fig. 8. Effect of concentration of H3PO4 on adsorption of cadmium at 500°C (A) and 700°C (B); [Operating conditions of AAS: HCLs, 
C: 3.5 mA, wavelength: 228.8 nm, spectral band pass: 0.5 nm, LOD: 1 µg L–1, LOQ: 140 µg L–1].

 

 

Fig. 7. Comparison of the mean interaction of ACWS and ACO adsorbents activated with different concentrations of phosphoric 
acid (20%, 40%, 60% and 80%) and pH of equilibrium solutions on the percentage of cadmium removed at 500°C and 700°C; 
[Operating conditions of AAS: HCLs, C: 3.5 mA, wavelength: 228.8 nm, spectral band pass: 0.5 nm, LOD: 1 µg L–1, LOQ: 140 µg L–1].
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dose the adsorption efficiency rose because the higher sur-
face area of activated carbon would provide more adsorp-
tion surface sites [14].

3.3.3. Effect of initial cadmium ions’ concentration

The initial cadmium ions’ concentration causes a sig-
nificant driving force to overcome all the mass transfer 
resistance between the aqueous solution and solid phases 
as well as enhancing the interaction between cadmium ions 
and activated carbon surface. In general, the removal rate of 
cadmium declined with increasing cadmium concentration 
because with a constant amount of adsorbent, due to the 
rapid occupation of adsorption sites which was related to 
high concentrations, the removal percentage decreased. The 
highest and lowest of cadmium removal percent in aque-
ous solutions were observed for concentrations equal to 25 
and 200 mg L–1, respectively (Fig. 15A and B). The interac-
tion effects of adsorbent type and different concentrations 

of soluble cadmium on cadmium removal from aqueous 
solutions showed that activated carbon prepared from wal-
nut shell with 20% phosphoric acid and cadmium content 
of 25 mg L–1 had the highest purification rate with 88.66% 
of cadmium removal (Fig. 16). Luo et al. [13] studied the 
effect of cadmium input concentration in the removal 
process by activated carbon made from paddy husk.

3.3.4. Effect of contact time

Fig. 17A and B indicate the influence of contact time 
on the adsorption capacity of cadmium. The sorption pro-
cess was accelerated within the first 10 min and this may 
be attributed to the available empty adsorption sites at the 
initial phase of cadmium sorption. The rate of cadmium 
removal from the aqueous solution increased as the time 
passed. The highest and lowest cadmium removal were 
reached at contact time equal to 100 and 10 min, respec-
tively. The interaction effects of adsorbent type and its 

(A) (B)

Fig. 9. Comparison of the mean effect of ACWS and ACO at 500°C (A) and 700°C (B) on the percentage of cadmium removed from the 
aqueous solution at different pH; [Operating conditions of AAS: HCLs, C: 3.5 mA, wavelength: 228.8 nm, spectral band pass: 0.5 nm, 
LOD: 1 µg L–1, LOQ: 140 µg L–1].

 
Fig. 10. Point of zero charge of the ACO and ACWS; [Operating conditions: M: 1 mg, T: 24 h, T: 25°C].
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(A) (B)

Fig. 11. Effect of adsorbent dosage on adsorption of cadmium at 500°C (A) and 700°C (B); [Operating conditions of AAS: HCLs, 
C: 3.5 mA, wavelength: 228.8 nm, spectral band pass: 0.5 nm, LOD: 1 µg L–1, LOQ: 140 µg L–1].

(A) (B)

Fig. 12. Comparison of the mean effect of ACWS and ACO at 500°C (A) and 700°C (B) on the percentage of cadmium removed from 
the aqueous solution at different adsorbent dosage; [Operating conditions of AAS: HCLs, C: 3.5 mA, wavelength: 228.8 nm, spectral 
band pass: 0.5 nm, LOD: 1 µg L–1, LOQ: 140 µg L–1].

 

(A) (B)

Fig. 13. Effect of concentration of H3PO4 on adsorption of cadmium at 500°C (A) and 700°C (B); [Operating conditions of AAS: HCLs, 
C: 3.5 mA, wavelength: 228.8 nm, spectral band pass: 0.5 nm, LOD: 1 µg L–1, LOQ: 140 µg L–1].



185E. Mohseni et al. / Desalination and Water Treatment 256 (2022) 176–193

Fig. 14. Comparison of the mean interaction of ACWS and ACO adsorbents activated with different concentrations of phosphoric 
acid (20%, 40%, 60% and 80%) and dosage of equilibrium solutions on the percentage of cadmium removed at 500°C and 700°C; 
[Operating conditions of AAS: HCLs, C: 3.5 mA, wavelength: 228.8 nm, spectral band pass: 0.5 nm, LOD: 1 µg L–1, LOQ: 140 µg L–1].

(A) (B)

Fig. 15. Effect of concentration of cadmium on removal of cadmium at 500°C (A) and 700°C (B); [Operating conditions of AAS: HCLs, 
C: 3.5 mA, wavelength: 228.8 nm, spectral band pass: 0.5 nm, LOD: 1 µg L–1, LOQ: 140 µg L–1].
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Fig. 16. Comparison of the mean interaction of ACWS and ACO adsorbents activated with different concentrations of phosphoric 
acid (20%, 40%, 60% and 80%) and concentration of cadmium of equilibrium solutions on the percentage of cadmium removed at 
500°C and 700°C; [Operating conditions of AAS: HCLs, C: 3.5 mA, wavelength: 228.8 nm, spectral band pass: 0.5 nm, LOD: 1 µg L–1, 
LOQ: 140 µg L–1].

(A) (B)

Fig. 17. Effect of contact time on adsorption of cadmium at 500°C (A) and 700°C (B); [Operating conditions of AAS: HCLs, C: 3.5 mA, 
wavelength: 228.8 nm, spectral band pass: 0.5 nm, LOD: 1 µg L–1, LOQ: 140 µg L–1].
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contact time with the solution on cadmium removal from 
aqueous solutions showed that activated carbon prepared 
from walnut shell with a concentration of 20% phosphoric 
acid and a duration of a 100-min contact time had the high-
est cadmium removal level (44%) from aqueous solution 
(Fig. 18).

Table 1 demonstrates a comparative analysis of the per-
centage of cadmium removal using different adsorbents 
[20–30].

3.4. Reuse of spent adsorbent

To evaluate the performance of the adsorbent, the reac-
tion cycle was repeated in four stages. After each absorbent 
run, the sample was analyzed to determine the cadmium 
concentration. The results are summarized in Fig. 19. The 
absorption capacity of cadmium was obtained after the four 
reaction periods of approximately 84.12 and 83.11 mg g–1 

for ACWS and ACO, which demonstrates the stability and 
recyclable of the synthesized adsorbent. The slight decrease 
in removal efficiency may be related to the adsorption 
amounts of cadmium oxide on the surface of the adsorbent.

3.5. Adsorption isotherms

The adsorption isotherm illustrates how cadmium 
ions are partitioned between sorbet (qe) and aqueous 
concentration Ce at equilibrium as a function of adsor-
bate concentration at room temperature (Figs. 20 and 21). 
The results for equilibrium adsorption of cadmium ion 
by ACWS and ACO are indicated in Table 2. According 
to the experimental results and the correlation coeffi-
cients (R2), it could be claimed that the Langmuir and 
Freundlich models were the most appropriate models for 
cadmium adsorption by ACWS and ACO with 60% phos-
phoric acid at 700°C and mentioning that the monolayer 

 

 

 

 

 

 

 
 

Fig. 18. Comparison of the means of interaction of adsorbent type and contact time of equilibrium solutions on the percentage of 
cadmium removed at 500°C and 700°C; [Operating conditions of AAS: HCLs, C: 3.5 mA, wavelength: 228.8 nm, spectral band pass: 
0.5 nm, LOD: 1 µg L–1, LOQ: 140 µg L–1].
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Fig. 19. Reusability profile of ACO and ACWS; [Operating conditions of AAS: HCLs, C: 3.5 mA, wavelength: 228.8 nm, 
spectral band pass: 0.5 nm, LOD: 1 µg L–1, LOQ: 140 µg L–1].

Table 1
Comparison of adsorption capacities for cadmium metal using different adsorbents

Source Adsorbent Adsorption capacity (mg g–1) References

Water ACWS 14 Present 
workACO 13.66

Aqueous solutions Silica coated metal–organic frameworks 634 [20]
Aqueous solutions PCP in PH ≤ 2 194 [21]

PCP in PH 5–6 400
Aqueous solutions Pistachio shell 51.2 [22]

Peanut shells 62.1
Almond shells 78.7

Aqueous solutions Rice husk biochar 17.8 [23]
Aqueous solutions Lucerne biochar 6.28 [24]
Aqueous solutions Pinecone 92.7 [25]
Water Carboxymethyl cellulose-bridged  

 chlorapatite nanoparticles
143.25 [26]

Aqueous solutions Banana peel 98.4 [27]
Wastewater GAMAAX hydrogel 259.5 [28]
Aqueous solutions Chicken manure 10.9 [29]
Water Magnetic carbon aerogel 143.88 [30]
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and multilayer adsorption takes place in the system car-
bon-ion. Also, the obtained correlation coefficients (R2) 
showed that the best isotherm model for adsorption of 
cadmium by ACWS and ACO with 20% phosphoric acid 
at 500°C were both Langmuir and Freundlich models. In 
general, among activation temperatures, 500°C is most 
appropriate for Langmuir and Freundlich models. The 
reason is that at this temperature activated carbon has 
a lignin structure which could avoid the pore blocking 
favoring the multi-layer sorption. Another parameter 
is n (Freundlich constant) and indicates the degree of sur-
face heterogeneity in terms of adsorption sites, the value 
of which must be between 0 and 1 to indicate the desir-
ability of the reaction. The closer n to each other, indicates 
the homogeneity of the adsorption sites and the small 
variety of surface adsorption sites. Conversely, when 
n tends to zero, the heterogeneity of adsorption sites 
increases, indicating that there is a wide range of adsorp-
tion sites. The KF constant of the Freundlich equation indi-
cates the relative adsorption capacity. The results showed 
the highest adsorption capacity of ACWS with 80% phos-
phoric acid at 500°C and 700°C and the highest adsorption 
capacity was found for ACO with 20% phosphoric acid 
at 500°C and activated carbon with 40% phosphoric acid  
at 700°C.

3.6. Kinetics study

Adsorption capacities of ACWS and ACO was tested as 
a function of time. All the adsorption rate constants and 
linear regression correlation coefficients are presented 
in Table 3. The results showed that for all adsorbents the 
adsorption–desorption equilibrium for cadmium was 
reached within 100 min. Fast adsorption of cadmium was 
observed in the first 80 min of contact time due to the max-
imum availability of unoccupied active sites on the adsor-
bents. Pseudo-first-order and pseudo-second-order models 
were applied to describe the kinetic isotherm. Pseudo-
second-order model was the best fit for ACWS and pseu-
do-first-order model fitted to ACO. To verify the goodness 
of pseudo-first-order and pseudo-second-order models, in 
addition to the evaluation of R2, it is necessary also to make 
a comparison between the qe calculated by the models and 
the qe experimentally measured. The pseudo-second-order 
model showed high R2 values, but qe calculated are quite 
different from the measured values, thus kinetics cannot be 
explained using the pseudo-second-order equation. A plau-
sible explanation for the differences observed in adsorption 
velocities between the two particle sizes may relate to the 
structural differences.

4. Conclusion

Activated carbon, as green adsorbents, were prepared 
from walnut skin and ox tongue leftover for the sorption 
of cadmium from aqueous solutions by changing some 
parameters. The adsorption of cadmium was strongly 
depended on its initial concentration, contact time, pH, 
and the amount of adsorbent. 150 mg activated carbon 
made from ACWS and ACO removed 90.66% and 89.33% 
of cadmium content from 100 mL of 25 mg L–1 concentrated Ta
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solution at 100 min and pH = 10, respectively. Also, the 
percentage of cadmium removal by inactivated charcoal 
of walnut skin and ox tongue leftover in optimal removal 
conditions at two temperatures of 500°C and 700°C was 
investigated, which was removed for walnut shell charcoal 
60% and 55%, respectively and for charcoal obtained from 
ox tongue leftover 50% and 37%, respectively. The results 
illustrated that walnut shell is a more applicable material 
than ox tongue leftover for synthesis high quality activated 
carbon through chemical activation with different H3PO4 
proportions. The results illustrated that walnut shell is a 
more applicable material than ox tongue leftover for syn-
thesis high quality activated carbon through chemical 
activation with different H3PO4 proportions. Equilibrium 
studies indicated that the cadmium removal process on 
ACWS and ACO fitted to Langmuir and Freundlich iso-
therm models that this show the homogeneous and hetero-
geneous adsorption takes place in the system carbon-ion. 
Pseudo-second-order model was the best fit for ACWS and 
pseudo-first-order model for ACO. Functional groups such 
as carbonyl, hydroxide groups on the adsorbent surface 
were detected by using FT-IR analysis. FE-SEM images 
showed that ACO comprises closed pores with layer sheet 
structure and ACWS has open pores with regular sheet 
structure. According to these results, ACWS produced in 
this work are low-cost sorbents for removing cadmium 
from aqueous solutions.
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