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Abstract: Zinc production faces a significant challenge from cadmium (Cd2+). Therefore, this
study investigated the cementation of cadmium from sulfate solutions with zinc powder. This
work examined how pH of the solution, reaction time, and temperature affect cadmium cemen-
tation. The primary focus of the study was the impact of varying initial pH (1-5) on Cd2+ removal
efficiency (%) at 20 minutes. Results showed maximum cadmium cementation efficiency at a pH
of 4. The cadmium cementation process was also affected by reaction times (20, 40, 60, and 80
min). Zinc powder was used to study cadmium cementation reaction kinetics in sulfate solutions
at various temperatures (50, 60, 70, and 80 °C). We found that the reaction rate constant (K) rose
with temperature, peaking at 80 °C. This study found the best pH, reaction time, and temperature
to be 4,80 minutes, and 80°C, respectively. When various theories were used to calculate reaction
kinetics, activation energies of 13.75297 and 12.18379 were revealed. These results indicate that
the Arrhenius theory best explains the reaction mechanism in this study. SEM and EDS analyses
revealed a cadmium deposit. These results offer more insight into cadmium cementation.

Keywords: Cadmium cementation, zinc powder, synthetic sulfate solution, kinetics.

*Corresponding author.
E-mail address: zamen.K.mekhelf@uotechnology.edu.iq (Suci Dwijayanti).
Peer Review under the responsibility of Universidad Nacional Auténoma de México.

J20
[ ()
Yol
ICAT

Instituto de Ciencias
Aplicadas y Tecnologia



mailto:zamen.K.mekhelf@uotechnology.edu.iq

Aljojo et al. / Journal of Applied Research and Technology 399-408

1. Introduction

Industrial processes, including mining, chemical indus-
tries, and metal processing, produce massive amounts
of wastewater (Meng et al., 2021; Mekhelf et al., 2022).
Large amounts of heavy metals in these waters threaten
the environment )Hama et al., 2023). Heavy metals are
stable and non-degradable. Examples of heavy metals
include lead, cadmium, iron, and nickel (Yan et al., 2020;
Karm et al., 2024 _; Karm et al., 2024,).

Cadmium (Cd?*") is one of the most toxic environmental
contaminants and poses a significant threat to human
health and ecosystems due to its tendency to bioaccu-
mulate and its relative mobility in the environment (Rao
etal., 2010). In addition, cadmium can cause environmen-
tal and occupational hazards. In 2017, cadmium metal
and its compounds were among the first group of metals
considered toxic and carcinogenic by the International
Agency for Research on Cancer (LIANG et al., 2013). In
2023, cadmium metal was valued at about $5,500 per ton
(Han et al., 2022). Therefore, extracting and separating
cadmium increases financial gains and is more compati-
ble with environmental conservation. Hydrometallurgical
methods used in mineral extraction are less energy-con-
suming than pyrometallurgical methods (Oztiirk et al.,
2023). In addition, most hydrometallurgical methods use
strong acids, as they help dissolve unwanted elements,
enabling successful recovery operations.

Among the hydrometallurgy methods is the cementa-
tion method (Laubertova et al., 2021). The cementation
method spontaneously involves electrochemical pro-
cesses and is considered a heterogeneous method. It is
characterized by being highly efficient, simple, inexpen-
sive, sludge-free, capable of recovering metals with high
purity, and requiring low energy. Zinc sulfide, lead, and
copper ores naturally contain cadmium in low concentra-
tions (Han et al., 2022). Cadmium ores are not abundant,
but most of the cadmium is in zinc ores because of their
easy isomorphic behavior (Rao et al., 2010). Zinc is consid-
ered one of the most widely used metals in the world, with
applications ranging from galvanization to the production
of various metal alloys (Han et al., 2022). Electrolysis in
zinc sulfate solution isamong the most common methods
for producing zinc (Fosnacht & O’Keefe, 1983). Since zinc
sulfate solutions contain metal impurities, these impu-
rities, which have a higher chemical potential than zinc,
must be purified before electrolysis begins (Han et al.,
2022; Fosnacht & O’Keefe, 1983). The purity of zinc sulfate
solutions is improved by reducing energy consumption
and ensuring high purity (Han et al., 2022). The hot and

cold purification methods eliminate cobalt, cadmium,
and nickelions. Removal of cadmium ion (Cd?*) from acid-
ic zinc sulfate solutions using the cementation method
generally follows the following electrochemical reaction
(Schroeder, 1965):

Cd® + Zny > Zn* + Cd (1)

Nosier (2003) studied the cementation of cadmium for
removal of cadmium from industrially contaminated wa-
ter using zinc. They concluded that cadmium removal
increases with temperature, agitation speed, initial cad-
mium concentration, and time. The activation energy was
also studied. It was concluded that the spread of cadmi-
um molecules on the surface of zinc controls cadmium
production. It was confirmed by Ku et al. (2007) that, in
aqueous solutions, the cementation of cadmium using
zinc powder is governed by the acidity of the solutions,
and that the consumption of both zinc and cadmium de-
pends on it. The cementation remains in acidic media
because of the ease of adhesion in these media, and the
reactions, according to their results, follow first-order
reactions.

First-order mechanisms have explained cementation
reactions (Aurousseau et al., 2004). Regarding the reac-
tion mechanism and kinetics of the reaction, there is still
some uncertainty. Differences in first-order motor mech-
anisms have been documented by researchers (Guerra &
Dreisinger, 1999; Hiskey & Lee, 2003).

Sedzimir (2000) mainly criticized the passivation mod-
el and the empirical rate equation developed by Guerra
and Dresinger (1999). Nan et al. (2019) used an ultrasonic
field with an existing physical field to cement cadmium
to solve the problems of floating cadmium sponge for-
mation and concluded that the ultrasonic field for the
cadmium cementation process reduces the formation of
cadmium sponges. The use of acoustic fields addresses
the researcher’s objective, but it is not a better option for
the cadmium deposition process due to the high cost of
ultrasonic equipment. In addition, using ultrasonic fields
in conjunction with an existing physical field leads to the
formation of large numbers of floating cadmium sponges
on the surfaces of the anode and cathode. Thus, an elec-
trical short circuit occurs during cadmium deposition.
In light of the above studies, most researchers focused
on ways to improve cadmium cementation, but it was
shown that there are problems, either operational or due
to high cost and high energy consumption. In this study,
zinc powder was used as both the anode and cathode,
and a zinc sulfate solution served as the electrolyte. The
reaction rate and activation energy were calculated at
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different temperatures using mathematical modeling to
describe cadmium cementation. Thus, this mathemati-
cal model prevents high operational costs. In this work,
the effect of pH on the removal efficiency of cadmium
ions (Cd?*) at pH (1, 2, 3, 4, and 5) was investigated. After
the optimal selection of the pH for cadmium ion (Cd2+)
cementation, the cementation process of cadmium ions
(Cd2+) in a synthetic zinc sulfate solution was studied
at different times and temperatures. Also, the cemen-
tation kinetics of cadmium and the activation energy
of cadmium cementation in zinc sulfate solution were
calculated using collision theory, Arrhenius theory, and
transition-state theory.

2. Materials and Methods

A 2-liter glass reactor was used in all experiments, and
an electric stirrer at 300 rpm was used. Zinc powder with
99.5% purity and a particle size of 75 um was used in this
work as a sacrificial metal for the cementation of cadmi-
um ions (Cd?*). A concentration of zinc sulfate solution 80
g/l was prepared by dissolving the analytical grade of the
zinc sulfate powder (Merck) in distilled water. A solution
containing 500 mg/ml Cd** was prepared by dissolving
cadmium sulfate (CdSO,-nH,0, Wako Pure Chemical In-
dustries, Ltd., Japan) in deionized water. The cadmium
removal efficiency (RE %) was calculated using Equation
2 (Karm et al.,, 2024,) at different initial pH values (1, 2,
3, 4, and 5) for 20 min. Sulfuric acid (H,SO,), and sodium
hydroxide (NaOH) were used to adjust the acidity of the
solution.

RE% = (&) (2)

Where C_ represents the initial concentrations of Cd** and
C, represents the final concentrations of Cd?*.

Also, to investigate the cementation of cadmium ions
from sulfate solutions at various temperatures (50, 60,
70, and 80 °C) using a heater motor (Heidolph MR 3001 K)
and shaking the solution at other times (20, 40, 60, and 80
min). After the reaction times had elapsed, the solution
was filtered using a vacuum filtration pump. After the re-
action times had passed, they filtered the solution using a
vacuum filtration pump. After that, samples were collect-
ed from the filtered solutions, and the metal ions were
analyzed by atomic absorption. This study employed a
first-order reaction model to investigate the kinetics of
cadmium cementation. Equation 3 (Ku et al., 2007) rep-
resents the first order.

In(Cy|C¢) = kt @3)

Where k represents the constant of the reaction rate, and
t represents the contact time of the reaction.

The activation energy of cadmium cementation re-
actions was calculated using Arrhenius, collision, and
transfer theories. Equation 4 (Hobley, 2019; Rao et al,,
2020) refers to the Arrhenius equation:

K= ATmexp(—%) (4)

Where m is represented by 0, 0.5, and 1 for theories of
Arrhenius, collision, and transition state theories, re-
spectively. Since the reaction constant depends on the
temperature, Equation (5) can be applied and its natural
logarithm can be taken, which becomes as follows:

ln(%) =InA— % (5)

Where A represents the Arrhenius factor, T represents the
temperature of the reaction, E represents the activation
energy of the reaction, and R represents the constant of
the gas.

The experimental procedure used in this study for the
cementation of cadmium is illustrated in Figure 1.

3. Results

3.1 Reaction of Kinetic

The pH of the cementation solution is an important factor
that indicates the thermodynamic stability of the cemen-
tation process. Therefore, it was necessary to determine
the solution’s pH. The different values of pH at (1, 2, 3,
4, and 5) were used to determine the optimal pH for this
study. Figure 2 shows the Cd?* removal efficiency and final
pH in sulfate solution using Zn at different temperatures
(50, 60, 70, and 80 °C) and different initial pH (1 to 5) for 20
min. From Figure 2, the cadmium removal efficiency is less
than 20% at pH 1 and 2. Figure 2 also shows an increase
in cadmium removal efficiency with increasing solution
pH. The highest cadmium removal efficiencies were 24,
28.4, 36, and 38.2% for temperatures “50, 60, 70, and 80
°C”, respectively, at pH 4 and 20 minutes. These results
can be explained according to (Shayesteh et al., 2020), by
the fact that at acidic pH values, the diffusion coefficient
of hydrogen ions is higher than that of cadmium ions, and
thus they reach and react easily with the zinc surface. But
when the pH rises, i.e. when the medium is basic, the pro-
duction of hydroxide concentration in the solution occurs,
and these hydroxides deposited on the zinc surface forma
layer that resists cadmium binding to zinc powder.
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Figure 1. Flow chart for cadmium cementation.

The functional groups on the zinc surface remain
protonated at low pH due to the high hydrogen con-
centration, which explains the low removal efficiency of
cadmium from sulfate solutions at low pH, as shown in
Figure 2. The removal efficiency of cadmium increases
with increasing pH. The removal efficiency of cadmium
and the final pH increase as the functional groups on the
zinc surface become more negatively charged, thereby
enhancing cadmium removal efficiency.

First-order reactions are one of the best ways to un-
derstand and study reaction order, as shown by plotting
[n (C/Co) vs. time, as shown in Figure 3. Figure 3 shows
different times for cadmium cementation (20, 40, 60,
and 80 min) using the initial cadmium concentration of
500 mg/ml. It shows that the cementation rate of cad-
mium increases with increased reaction time. This can
be explained by relying on (Karlsson et al., 2018), which
confirms that in the case of short deposition time, the
production of hydrogen ions decreases and the chance of
hydroxides formation is high, and thus these hydroxides
precipitate on the zinc surface forming a white precipitate
that is difficult to spread in the solution and thus remains
in the film layer, which leads to difficulty in reducing cad-
mium ions.

The reaction constant finding from Figure 3, and listed
in Table 1, shows from the values of R2 that the cadmium
cement followed a first-order reaction. From Figure 3, as

T T T T T
40 Fa—RE&50C
|-A—RE at60°C

[~k—RE at70°C
35 |[-#-REa@80°C
—0—Final pH at 50 °C|
—&—Final pH at 60 °C|
304 [Fe=FinapHat70°c
|=0—Fina pH at 80 °C|

- z

5 n

1 2 3 4 5
Intail pH

Figure 2. The removal efficiency (RE%) of Cd?* and final
pH of sulfate solutions at different initial pH for 20 min.

temperature increases, the rate of cadmium cementation
increases, and the reaction constant also increases. This
result, consistent with Vahidfard et al. (2020), shows that
cadmium ions diffuse faster on zinc surfaces at higher
temperatures. This is because increasing the tempera-
ture increases the kinetic energy of the solution ions,
which increases the diffusion rate of cadmium ions on the
zinc surface, thereby increasing cadmium ion reduction.

Vol. 24, No. 3, June 2026 402



Aljojo et al. / Journal of Applied Research and Technology 399-408

6 16
—s—50°C
—e—60°C 154 .
51 la-70°C
o n
—v— 80 °C 14
4 —~
g g g 1ol
O 34 o £
£ 124
2 4
1.14
"
14
1.0 r r r T T T
000280 0.00285 0.00290 0.00295 0.00300 0.00305 0.00310
0 T T T T am
20 40 60 80 100 . .
Ti ) Figure 4. Plot of Arrhenius’s theory for
ime (min) cadmium cementation: m=0; the initial

Figure 3. Effect of temperature on the time of cadmium concentration of 500 mg/ml.

the kinetic cadmium cementation: the initial
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4.40 4
4.354 . :
However, when using a temperature higher than 85 °C, a0
the reduction of hydrogen ions is the dominant reaction azs]
in the solution, thus reducing the reduction of cadmium Em_
ions. The highest reaction constant we obtained was = »
0.344 at 80 °C for 80 min. 4104
Table 1 clearly shows that temperature affects the re- 405
action rate constants. The modified Arrhenius equation 2004 w
(Equation 3) is considered a good equation for the depen- 395

000280 0.00285 0.00290 0.00295 0.00300 0.00305 0.00310

dence of the reaction constant on temperature. (1m

Figure 5. Plot of collision theory for cadmium cementation;
m=0.5; the initial cadmium concentration of 500 mg/ml.

Table 1. The kinetic of cementation of
cadmium at different temperatures.

Temp (°C) K (mint) R?
50 0.22507 0.98115 £
60 0.2377 0.987 :3:
70 0.28645 0.99 7.254 5 .
80 0.344 0.994 7.204
£ 7.154
In this work, the Arrhenius, collision, and transition state Z:;:
theories were taken to evaluate and understand the T
effect of these different theories on calculating the acti- ;::
vation energy of the reaction. 6:50_ .
Figures 4, 5, and 6 show plots of Arrhenius, collision, el
and transition state theories, respectively, showing a plot -

of the values of In (k/T™) versus (1/T). Figures 3, 4, and 5 000280 0.00285 000230 000295 000300 0.00305 000310

and Table 2 show that the activation energiesare 13.75297, (am

12.18379, and 10.94719 kJ/mol for Arrhenius, collision, Figure 6. Plot of Transition State theory

and transition state theories, respectively. R? is 0.94,
0.93, and 0.91613 for Arrhenius, collision, and transition

for cadmium cementation; m=1; the initial
cadmium concentration of 500 mg/ml.
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state theories, respectively. The results showed that as
temperature increased, the activation energy increased,
indicating that temperature provided the initial energy
for the reaction to begin. These results show that the Ar-
rhenius theory is the most accurate for calculating the
activation energy. These results agree with those of You-
nesi et al. (2006), who reported activation energies of 9.9
and 7.2 kJ/mol for high and low cadmium concentrations
in 60 g/L zinc sulfate solutions at 15 min, respectively. This
study’s activation energy results exceed those of Youne-
si et al. (2006), probably due to differing experimental
conditions. The activation energy results with different
values for cadmium cementation in water and industrial
wastewater were also reported by Taha & Abd El-Ghani
(2004), Nosier (2003), and Ku et al. 2007).

Table 2. Activation energy calculation for synthetic
solution (Cd?*) using different theories.

m E/R E R2
0 1654.194 13.75297 0.94
0.5 1465.455 12.18379 0.93
1 1316.717 10.94719 0.91
3.2 Morphology Study

The mechanism of reaction and adhesion of metal impu-
rity ions on the zinc surface follows the contracted core
model, which shows that the reaction first occurs on the
outer surface of the zinc powder core, then a reaction
occurs between the zinc powder core and the metal im-
purities over time, forming a layer of metal impurities on
the zinc powder core. Over time, these layers become
denser, and the zinc powder core becomes smoother
(Younesi et al., 2006; Zhang et al., 2013; Pal et al., 2014;
Karavasteva, 2014).

In this study, zinc powder served as both the anode
and the cathode in the zinc sulfate solution, allowing
ions to move easily between them, as shown in Figure 7.
The contracted core model assumes that a layer covers
the entire surface of the zinc powder, thereby hindering
electron transfer between the cathode and the anode
and allowing zinc powder to enter the electrolyte and
precipitate zinc ions (Zn2+). Based on the above, we con-
clude that the contracted core model cannot explain the
mechanism of cadmium deposition from the zinc sulfate
solution. Figure 7 illustrates the mechanism of cadmium
ion cementation by zinc powder. In this reaction, mass
transfer is the controlling mechanism. Therefore, both
steps 1 and 6 occur in the boundary layer. According to

.

Diffusion boundray layer

Cd *

sulfate solution

Figure 7. Mechanism of cadmium cementation
using zinc anode and cadmium ion cathode.

Figure 7, the steps of the cementation reaction process
are as follows:

1. Transfer of cadmiumions (Cd?*) from the sulfate solu-
tion to the interface of the metal-solution through
the boundary layer.

2. Conducting electrons from the dissolved zinc anode
to sites of the cathodic through adhesion between
deposits and the electrons transfer.

3. Thecadmium depositdehydration and the formation
of a crystalline network of the deposited cadmium
atoms by linking the cadmium atoms together un-
dergo the following electrochemical reaction:

Cd** + 2¢ > Cdy 6)

4. Diffusion of zinc ions (Zn%*) from sites of the anode
and hydration undergoes the following electrochem-
ical reaction:

Zng, - 2e > Zn* (7)

5. Zn?" ions transferring to the solution through the
cadmium sediment.

6. Zn?'ions transfer to the sulfate solution through the
layer of the boundary of the solution.

The scanning electron microscope (SEM) was used to
study and demonstrate the morphology of the cadmium
deposited at 20 and 80 minutes at 80 °C, as shown in Fig-
ure 8.Based on Figure 8,the morphology of the deposited
layer is denser at the 80-minute sedimentation time than
at the 20-minute sedimentation time. As is known, at the
beginning of cadmium deposition, cadmium formation
and growth occur in low-angle areas and sites with high
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energy. Then it extends to other parts where thin cad-
mium lamellar forms after 20 min, as shown in Figure
8a. As the cementation of cadmium progresses, i.e., the
reaction progresses, the cadmium covers the zinc, pro-
ducing a thick layer, as shown in Figure 8b. These results
are also consistent with (Thamir et al., 2017; Mohammed
et al,, 2021) that the coating layer is denser with an in-
crease in the resulting layer roughness, which results
from the increase in grain size resulting from the increase
in deposition rates, which results in the deposition of a
thick layer.

To verify the success of the cadmium cementation
method, EDS was performed for the particles remaining
from the cementation of cadmium, where the examina-
tion of EDS results, as shown in Figure 9 and Table 3,
showed the presence of cadmium and zinc elements,
which indicates that cadmium was deposited on zinc.
Therefore, these results indicate the success of the cad-
mium cementation method from the zinc sulfate solution.

Table 3. EDS results analysis for cadmium deposition.

Element wt%
Zn K 33.9
Cd K 36.5
OK 29.6

Conclusions

Lately, research into cleaner, more efficient cadmium Figure 8. SEM of precipitated cadmium using
extraction has focused on improving zinc powder ce- the initial cadmium concentration of 500 mg/
mentation, a cost-effective, proven technique ideal for ml at 80 °C (a) 20 min (b) 80 min.

industrial applications.
In this work, the cadmium cementation method was

used. The cementation method is a simple, highly ef- o
ficient way to cement high-purity metal, and it is also o
inexpensive compared to other methods. Researchers 800
have also conducted studies on the kinetics of the ce- _ 700
mentation process to forecast energy requirements. § 600
1. The cadmium removal efficiency was evaluated us- Q 0
ing different pH levels (1, 2, 3, 4, and 5). The highest g
removal efficiency was 38.2% at pH 4 for 20 minutes. E 0
2. The cementation rate of cadmium ions increases 300 3
with the increased reaction time. Also, increasing w oA
temperature increases the reaction rate constant 100 8 d
and thus improves the efficiency of cadmium cemen- o mf! A NAag, . A
tation; the highest reaction constant obtained was 0 1 2 3 4 5 6 T 8 9 W
0.344 at 80 °C for 80 minutes. Energy KeV
3. The provided data on activation energy supported Figure 9. EDS of cementation of cadmium using the initial
the Arrhenius theories and collision theory, and the cadmium concentration of 500 mg/ml at 80 °C for 80 min.

Vol. 24, No. 3, June 2026 405



Aljojo et al. / Journal of Applied Research and Technology 399-408

obtained transition state. Arrhenius’s theoretical
data proved highly suitable.

4. Theresults of the SEM image showed that the cadmi-
um layer deposited was denser and more cohesive at
80 minutes than at 20 minutes.

5. The results of the EDS image showed the presence
of cadmium and zinc elements, which indicates that
cadmium was deposited on zinc.

Acknowledgments

The authors thank the College of Production Engineering
and Metallurgy/University of Technology for providing
the necessary support to complete this work.

Funding
The authors have no funding for this work.
Conflict of interest

There are no conflicts of interest to be cleared by the
authors.

References

Aurousseau, M., Pham, N. T., & Ozil, P. (2004). Effects of ultra-
sound on the electrochemical cementation of cadmium by
zinc powder. Ultrasonics sonochemistry, 11(1), 23-26.
https://doi.org/10.1016/S13504177(03)00130-5

Aziz, K.H.H., Mustafa, F.S., Omer, K.M., Hama, S., Hamarawf
R.F., & Rahman, K.O. (2023). Heavy metal pollution in the
aquatic environment: efficient and low-cost removal ap-
proaches to eliminate their toxicity: a review. RSC Adv,
13(26),17595-17610.

https://doi.org/10.1039/D3RA00723E

Burakov, A.E., Galunin, E.V., Burakova, L.V., Kucherova, A.E.,
Agarwal, S., Tkachev, A.G., & Gupta, V.K. (2018). Adsorption of
heavy metals on conventional and nanostructured materials
for wastewater treatment purposes: a review. Ecotoxicol. En-
viron. Saf , 148, 702-712.
https://doi.org/10.1016/j.ecoenv.2017.11.034

Fosnacht, D. R., & O’Keefe, T. J. (1983). The effects of certain
impurities and their interactions on zinc electrowinning.
Metallurgical Transactions B, 14(4), 645-655.
https://doi.org/10.1007/BF02653950

Guerra, E., & Dreisinger, D. B. (1999). A study of the factors
affecting copper cementation of gold from ammoniacal
thiosulphate solution. Hydrometallurgy, 51(2), 155-172.
https://doi.org/10.1016/S0304-386X(98)00061-9

Han, G.,Wang, J., Sun, H., Liu, B., & Huang, Y. (2022). A critical
review on the removal and recovery of hazardous Cd from
Cd-containing secondary resources in Cu-Pb-Zn smelting
processes. Metals, 12(11), 1846.
https://doi.org/10.3390/met12111846

Hiskey, J. B., & Lee, J. (2003). Kinetics of gold cementation
on copper in ammoniacal thiosulfate solutions. Hydrometal-
lurgy, 69(1-3), 45-56.
https://doi.org/10.1016/S0304-386X(03)00003-3

Hobley.J., (2019). Revisiting the arrhenius equation in
chemical kinetics to analyze kinetics data for photochromic
naphthoxazine-spiro-indolines. Chemia Naissensis, 2 (1), 48-
67 .

http://dx.doi.org/10.46793/ChemN2.1.048H

Karavasteva, M. (2014). The effect of magnesium and zinc
on indium cementation kinetics and deposit morphology in
the presence of and without nonylphenylpolyethylene gly-
col. Hydrometallurgy, 150, 47-51.
https://doi.org/10.1016/j.hydromet.2014.09.007

Karlsson, T., Cao, Y., Colombus, Y., & Steenari, B. M. (2018).
Investigation of the kinetics and the morphology of cemen-
tation products formed during purification of a synthetic
zinc sulfate electrolyte. Hydrometallurgy, 181, 169-179.
https://doi.org/10.1016/j.hydromet.2018.09.007

Karm, Z.,Abdulhussein, B. A, &Ajeel, S. A. (2024a). Extraction
of chromium ions using new novel composite adsorbent ma-
terial. Journal of Technology, 39(3), 149-156.
https://d1lwqtxtslxzle7.cloudfront.net/123416998/EXTRAC
TION_OF_CHROMIUM_IONS_USING_NEW_NOVEL_COMPO
SITE-libre.pdf?1750670465=&response-content-dis-
position=inline%3B+filename%3DEXTRACTION _
OF_CHROMIUM_IONS_USING_NEW_NO.pdf&Ex-
pires=1780681230&Signature=B0tzSDoAPZJ6LfML1IN-
5ZHcGJR7iIUWA-pHMLO9WbRaJaNGBi~F7al0pO0lyrY6rY-
QZrsdxO6gP-YcMCgSh~t50z~GaZB8sAVIBYrlzcj2yPc8jVk-
yQCr5ixAoazvMHpXHqoMekWnkJfRpWTpAgMyUqD1kGl-
jWua8ifJzmhVZ6bGRdizUsEgRcz7THR4I3NC170ath-gN30fQb-
PDnJ6nR987fyuLRLgrulX7g15h9S~RJ8r5qGPohJaCsw7B-
cJsxaQeULHToQQahCC11~elg9QMJIFxdNF2zyfl6LMxbN-
f9YrpfavudG1A5J80-PpCqJg7sf3fqoiiD7tDv51TaXbY29QTx-
Q__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA

Vol. 24, No. 3, June 2026 406


https://doi.org/10.1016/S1350-4177(03)00130-5
https://doi.org/10.1039/D3RA00723E
https://doi.org/10.1016/j.ecoenv.2017.11.034
https://doi.org/10.1007/BF02653950
https://doi.org/10.1016/S0304-386X(98)00061-9
https://doi.org/10.3390/met12111846
https://doi.org/10.1016/S0304-386X(03)00003-3
http://dx.doi.org/10.46793/ChemN2.1.048H
https://doi.org/10.1016/j.hydromet.2014.09.007
https://doi.org/10.1016/j.hydromet.2018.09.007
https://d1wqtxts1xzle7.cloudfront.net/123416998/EXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NOVEL_COMPOSITE-libre.pdf?1750670465=&response-content-disposition=inline%3B+filename%3DEXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NO.pdf&Expires=1780681230&Signature=B0tzSDoAPZJ6LfML1N5ZHcGJR7iUwA-pHML9WbRaJaNGBi~F7a10p0lyrY6rYQZrsdxO6gP-YcMCgSh~t5oz~GaZB8sAVlBYr1zcj2yPc8jVkyQCr5ixAoazvMHpXHqoMekWnkJfRpWTpAgMyUqD1kGIjWua8ifJzmhVZ6bGRdizUsEgRcz7HR4I3NC17Oath-qN30fQbPDnJ6nR987fyuLRLgrulX7g15h9S~RJ8r5qGPohJaCsw7BcJsxaQeULHToQQahCC11~eIg9QMJFxdNF2zyf16LMxbNf9YrpfavudG1A5J80-PpCqJg7sf3fq9iiD7tDv51TaXbY29QTxQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/123416998/EXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NOVEL_COMPOSITE-libre.pdf?1750670465=&response-content-disposition=inline%3B+filename%3DEXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NO.pdf&Expires=1780681230&Signature=B0tzSDoAPZJ6LfML1N5ZHcGJR7iUwA-pHML9WbRaJaNGBi~F7a10p0lyrY6rYQZrsdxO6gP-YcMCgSh~t5oz~GaZB8sAVlBYr1zcj2yPc8jVkyQCr5ixAoazvMHpXHqoMekWnkJfRpWTpAgMyUqD1kGIjWua8ifJzmhVZ6bGRdizUsEgRcz7HR4I3NC17Oath-qN30fQbPDnJ6nR987fyuLRLgrulX7g15h9S~RJ8r5qGPohJaCsw7BcJsxaQeULHToQQahCC11~eIg9QMJFxdNF2zyf16LMxbNf9YrpfavudG1A5J80-PpCqJg7sf3fq9iiD7tDv51TaXbY29QTxQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/123416998/EXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NOVEL_COMPOSITE-libre.pdf?1750670465=&response-content-disposition=inline%3B+filename%3DEXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NO.pdf&Expires=1780681230&Signature=B0tzSDoAPZJ6LfML1N5ZHcGJR7iUwA-pHML9WbRaJaNGBi~F7a10p0lyrY6rYQZrsdxO6gP-YcMCgSh~t5oz~GaZB8sAVlBYr1zcj2yPc8jVkyQCr5ixAoazvMHpXHqoMekWnkJfRpWTpAgMyUqD1kGIjWua8ifJzmhVZ6bGRdizUsEgRcz7HR4I3NC17Oath-qN30fQbPDnJ6nR987fyuLRLgrulX7g15h9S~RJ8r5qGPohJaCsw7BcJsxaQeULHToQQahCC11~eIg9QMJFxdNF2zyf16LMxbNf9YrpfavudG1A5J80-PpCqJg7sf3fq9iiD7tDv51TaXbY29QTxQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/123416998/EXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NOVEL_COMPOSITE-libre.pdf?1750670465=&response-content-disposition=inline%3B+filename%3DEXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NO.pdf&Expires=1780681230&Signature=B0tzSDoAPZJ6LfML1N5ZHcGJR7iUwA-pHML9WbRaJaNGBi~F7a10p0lyrY6rYQZrsdxO6gP-YcMCgSh~t5oz~GaZB8sAVlBYr1zcj2yPc8jVkyQCr5ixAoazvMHpXHqoMekWnkJfRpWTpAgMyUqD1kGIjWua8ifJzmhVZ6bGRdizUsEgRcz7HR4I3NC17Oath-qN30fQbPDnJ6nR987fyuLRLgrulX7g15h9S~RJ8r5qGPohJaCsw7BcJsxaQeULHToQQahCC11~eIg9QMJFxdNF2zyf16LMxbNf9YrpfavudG1A5J80-PpCqJg7sf3fq9iiD7tDv51TaXbY29QTxQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/123416998/EXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NOVEL_COMPOSITE-libre.pdf?1750670465=&response-content-disposition=inline%3B+filename%3DEXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NO.pdf&Expires=1780681230&Signature=B0tzSDoAPZJ6LfML1N5ZHcGJR7iUwA-pHML9WbRaJaNGBi~F7a10p0lyrY6rYQZrsdxO6gP-YcMCgSh~t5oz~GaZB8sAVlBYr1zcj2yPc8jVkyQCr5ixAoazvMHpXHqoMekWnkJfRpWTpAgMyUqD1kGIjWua8ifJzmhVZ6bGRdizUsEgRcz7HR4I3NC17Oath-qN30fQbPDnJ6nR987fyuLRLgrulX7g15h9S~RJ8r5qGPohJaCsw7BcJsxaQeULHToQQahCC11~eIg9QMJFxdNF2zyf16LMxbNf9YrpfavudG1A5J80-PpCqJg7sf3fq9iiD7tDv51TaXbY29QTxQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/123416998/EXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NOVEL_COMPOSITE-libre.pdf?1750670465=&response-content-disposition=inline%3B+filename%3DEXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NO.pdf&Expires=1780681230&Signature=B0tzSDoAPZJ6LfML1N5ZHcGJR7iUwA-pHML9WbRaJaNGBi~F7a10p0lyrY6rYQZrsdxO6gP-YcMCgSh~t5oz~GaZB8sAVlBYr1zcj2yPc8jVkyQCr5ixAoazvMHpXHqoMekWnkJfRpWTpAgMyUqD1kGIjWua8ifJzmhVZ6bGRdizUsEgRcz7HR4I3NC17Oath-qN30fQbPDnJ6nR987fyuLRLgrulX7g15h9S~RJ8r5qGPohJaCsw7BcJsxaQeULHToQQahCC11~eIg9QMJFxdNF2zyf16LMxbNf9YrpfavudG1A5J80-PpCqJg7sf3fq9iiD7tDv51TaXbY29QTxQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/123416998/EXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NOVEL_COMPOSITE-libre.pdf?1750670465=&response-content-disposition=inline%3B+filename%3DEXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NO.pdf&Expires=1780681230&Signature=B0tzSDoAPZJ6LfML1N5ZHcGJR7iUwA-pHML9WbRaJaNGBi~F7a10p0lyrY6rYQZrsdxO6gP-YcMCgSh~t5oz~GaZB8sAVlBYr1zcj2yPc8jVkyQCr5ixAoazvMHpXHqoMekWnkJfRpWTpAgMyUqD1kGIjWua8ifJzmhVZ6bGRdizUsEgRcz7HR4I3NC17Oath-qN30fQbPDnJ6nR987fyuLRLgrulX7g15h9S~RJ8r5qGPohJaCsw7BcJsxaQeULHToQQahCC11~eIg9QMJFxdNF2zyf16LMxbNf9YrpfavudG1A5J80-PpCqJg7sf3fq9iiD7tDv51TaXbY29QTxQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/123416998/EXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NOVEL_COMPOSITE-libre.pdf?1750670465=&response-content-disposition=inline%3B+filename%3DEXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NO.pdf&Expires=1780681230&Signature=B0tzSDoAPZJ6LfML1N5ZHcGJR7iUwA-pHML9WbRaJaNGBi~F7a10p0lyrY6rYQZrsdxO6gP-YcMCgSh~t5oz~GaZB8sAVlBYr1zcj2yPc8jVkyQCr5ixAoazvMHpXHqoMekWnkJfRpWTpAgMyUqD1kGIjWua8ifJzmhVZ6bGRdizUsEgRcz7HR4I3NC17Oath-qN30fQbPDnJ6nR987fyuLRLgrulX7g15h9S~RJ8r5qGPohJaCsw7BcJsxaQeULHToQQahCC11~eIg9QMJFxdNF2zyf16LMxbNf9YrpfavudG1A5J80-PpCqJg7sf3fq9iiD7tDv51TaXbY29QTxQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/123416998/EXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NOVEL_COMPOSITE-libre.pdf?1750670465=&response-content-disposition=inline%3B+filename%3DEXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NO.pdf&Expires=1780681230&Signature=B0tzSDoAPZJ6LfML1N5ZHcGJR7iUwA-pHML9WbRaJaNGBi~F7a10p0lyrY6rYQZrsdxO6gP-YcMCgSh~t5oz~GaZB8sAVlBYr1zcj2yPc8jVkyQCr5ixAoazvMHpXHqoMekWnkJfRpWTpAgMyUqD1kGIjWua8ifJzmhVZ6bGRdizUsEgRcz7HR4I3NC17Oath-qN30fQbPDnJ6nR987fyuLRLgrulX7g15h9S~RJ8r5qGPohJaCsw7BcJsxaQeULHToQQahCC11~eIg9QMJFxdNF2zyf16LMxbNf9YrpfavudG1A5J80-PpCqJg7sf3fq9iiD7tDv51TaXbY29QTxQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/123416998/EXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NOVEL_COMPOSITE-libre.pdf?1750670465=&response-content-disposition=inline%3B+filename%3DEXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NO.pdf&Expires=1780681230&Signature=B0tzSDoAPZJ6LfML1N5ZHcGJR7iUwA-pHML9WbRaJaNGBi~F7a10p0lyrY6rYQZrsdxO6gP-YcMCgSh~t5oz~GaZB8sAVlBYr1zcj2yPc8jVkyQCr5ixAoazvMHpXHqoMekWnkJfRpWTpAgMyUqD1kGIjWua8ifJzmhVZ6bGRdizUsEgRcz7HR4I3NC17Oath-qN30fQbPDnJ6nR987fyuLRLgrulX7g15h9S~RJ8r5qGPohJaCsw7BcJsxaQeULHToQQahCC11~eIg9QMJFxdNF2zyf16LMxbNf9YrpfavudG1A5J80-PpCqJg7sf3fq9iiD7tDv51TaXbY29QTxQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/123416998/EXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NOVEL_COMPOSITE-libre.pdf?1750670465=&response-content-disposition=inline%3B+filename%3DEXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NO.pdf&Expires=1780681230&Signature=B0tzSDoAPZJ6LfML1N5ZHcGJR7iUwA-pHML9WbRaJaNGBi~F7a10p0lyrY6rYQZrsdxO6gP-YcMCgSh~t5oz~GaZB8sAVlBYr1zcj2yPc8jVkyQCr5ixAoazvMHpXHqoMekWnkJfRpWTpAgMyUqD1kGIjWua8ifJzmhVZ6bGRdizUsEgRcz7HR4I3NC17Oath-qN30fQbPDnJ6nR987fyuLRLgrulX7g15h9S~RJ8r5qGPohJaCsw7BcJsxaQeULHToQQahCC11~eIg9QMJFxdNF2zyf16LMxbNf9YrpfavudG1A5J80-PpCqJg7sf3fq9iiD7tDv51TaXbY29QTxQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/123416998/EXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NOVEL_COMPOSITE-libre.pdf?1750670465=&response-content-disposition=inline%3B+filename%3DEXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NO.pdf&Expires=1780681230&Signature=B0tzSDoAPZJ6LfML1N5ZHcGJR7iUwA-pHML9WbRaJaNGBi~F7a10p0lyrY6rYQZrsdxO6gP-YcMCgSh~t5oz~GaZB8sAVlBYr1zcj2yPc8jVkyQCr5ixAoazvMHpXHqoMekWnkJfRpWTpAgMyUqD1kGIjWua8ifJzmhVZ6bGRdizUsEgRcz7HR4I3NC17Oath-qN30fQbPDnJ6nR987fyuLRLgrulX7g15h9S~RJ8r5qGPohJaCsw7BcJsxaQeULHToQQahCC11~eIg9QMJFxdNF2zyf16LMxbNf9YrpfavudG1A5J80-PpCqJg7sf3fq9iiD7tDv51TaXbY29QTxQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/123416998/EXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NOVEL_COMPOSITE-libre.pdf?1750670465=&response-content-disposition=inline%3B+filename%3DEXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NO.pdf&Expires=1780681230&Signature=B0tzSDoAPZJ6LfML1N5ZHcGJR7iUwA-pHML9WbRaJaNGBi~F7a10p0lyrY6rYQZrsdxO6gP-YcMCgSh~t5oz~GaZB8sAVlBYr1zcj2yPc8jVkyQCr5ixAoazvMHpXHqoMekWnkJfRpWTpAgMyUqD1kGIjWua8ifJzmhVZ6bGRdizUsEgRcz7HR4I3NC17Oath-qN30fQbPDnJ6nR987fyuLRLgrulX7g15h9S~RJ8r5qGPohJaCsw7BcJsxaQeULHToQQahCC11~eIg9QMJFxdNF2zyf16LMxbNf9YrpfavudG1A5J80-PpCqJg7sf3fq9iiD7tDv51TaXbY29QTxQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/123416998/EXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NOVEL_COMPOSITE-libre.pdf?1750670465=&response-content-disposition=inline%3B+filename%3DEXTRACTION_OF_CHROMIUM_IONS_USING_NEW_NO.pdf&Expires=1780681230&Signature=B0tzSDoAPZJ6LfML1N5ZHcGJR7iUwA-pHML9WbRaJaNGBi~F7a10p0lyrY6rYQZrsdxO6gP-YcMCgSh~t5oz~GaZB8sAVlBYr1zcj2yPc8jVkyQCr5ixAoazvMHpXHqoMekWnkJfRpWTpAgMyUqD1kGIjWua8ifJzmhVZ6bGRdizUsEgRcz7HR4I3NC17Oath-qN30fQbPDnJ6nR987fyuLRLgrulX7g15h9S~RJ8r5qGPohJaCsw7BcJsxaQeULHToQQahCC11~eIg9QMJFxdNF2zyf16LMxbNf9YrpfavudG1A5J80-PpCqJg7sf3fq9iiD7tDv51TaXbY29QTxQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA

Aljojo et al. / Journal of Applied Research and Technology 399-408

Karm, Z., Ajeel, S. A., & Abdulhussein, B. A. (2024b). Ex-
traction of nickel ions using nanoporous adsorbent material
from waste glass. Journal of applied research and technology,
22(5), 638-645.
https://doi.org/10.22201/icat.24486736€.2024.22.5.2430

Ku, Y., Wu, M. H., &Shen, Y. S. (2007). A study on the cadmium
removal from aqueous solutions by zinc cementation. Sepa-
ration Science and Technology, 37(3), 571-590.
https://doi.org/10.1081/SS-120001448

Laubertova, M., Kollova, A., Trplevska, J., PleSingerova, B.,
& Briancin, J. (2021). Hydrometallurgical treatment of con-
verter dust from secondary copper production: A study of
the lead cementation from acetate solution. Minerals, 11(12),
1326.

https://doi.org/10.3390/min11121326

LIANG, Y. J., Mi, L. I, & Yong, K. E. (2013). Environmental
availability and ecological risk assessment of heavy metals
in zinc leaching residue. Transactions of Nonferrous Metals
Society of China, 23(1), 208-218.
https://doi.org/10.1016/S1003-6326(13)62448-6

Mekhelf, Z. K., Hamied, R. S., & Subhi, A. D. (2022). Separa-
tion of copper metal from produced water. In AIP Conference
Proceedings (Vol. 2443, No. 1, p. 030034). AIP Publishing LLC.
https://doi.org/10.1063/5.0091910

Meng, S.,Wen, S., Han, G., Wang, X., & Feng, Q., (2021). Waste-
water treatment in mineral processing of non-ferrous metal
resources: a review. Water, 14(5), 726.
https://doi.org/10.3390/w14050726

Mohammed, F. Q., Edan, M. S., Hasan, A. S., & Haider, A. J.
(2021). Synthesis and theoretical concepts of boron nitride
nanowires grown on nitrides stainless steel surface by hy-
brid gas phase process. In Key Engineering Materials (Vol.
886, pp. 97-107). Trans Tech Publications Ltd.
https://doi.org/10.4028/www.scientific.net/KEM.886.97

Nan, T. X,, Yang, J. G., Wang, W. C., Li, L. C., & Yang, J. Y.
(2019). Process and anodic reaction mechanism of cadmi-
um electrically enhanced cementation on zinc plate under
an ultrasonic field in ammoniacal system. Trans. Nonferrous
Met. Soc. China, 29, 1967-1974.
https://doi.org/10.1016/S1003-6326(19)65104-6

Nosier, S. A. (2003). Removal of cadmiumions from industrial
wastewater by cementation. Chemical and biochemical engi-
neering quarterly, 17(3), 219-224.
https://www.researchgate.net/publication/241401950_Re-
moval_of _Cadmium_lons_from_Industrial_Wastewater_
by_Cementation

Oztiirk, M., Evin, E., Ozkan, A., & Banar, M. (2023). Compar-
ison of waste lithium-ion batteries recycling methods by
different decision making techniques. Environmental Re-
search and Technology, 6(3), 226-241.
https://doi.org/10.35208/ert.1243162

Pal, P., Nazim, M., Dutta, B. K., & AlShoaibi, A. (2014). Copper
deposition and formation of nano-particles. Separation Sci-
ence and Technology, 49(17), 2728-2733.
https://doi.org/10.1080/01496395.2014.937498

Rao, K. S., Mohapatra, M., Anand, S., & Venkateswarlu, P.
(2010). Review on cadmium removal from aqueous solutions.
International journal of engineering, science and technology,
2(7).

https://doi.org/10.4314/ijest.v2i7.63747

Rao, M. D., Meshram, A., Verma, H. R., Singh, K. K., &
Mankhand, T. R. (2020). Study to enhance cementation of
impurities from zinc leach liquor by modifying the shape and
size of zinc dust. Hydrometallurgy, 195, 105352.
https://doi.org/10.1016/j.hydromet.2020.105352

Schroeder, H. A. (1965). Cadmium as a factor in hyperten-
sion. Journal of chronic diseases, 18(7), 647-656.
https://doi.org/10.1016/0021-9681(65)90066-4

Sedzimir, J. (2000). Comment on the paper of Guerra E. and
Dreisinger D.-A study of the factors affecting copper cemen-
tation of gold from ammonia-thiosulphate solutions [1].
Hydrometallurgy, 58(2), 175-178.
https://elibrary.ru/item.asp?id=470398

Shayesteh, K., Abbasi, P., Vahid Fard, V., & Shahedi Asl, M.
(2020). Simultaneous removal of nickel and cadmium during
the cold purification of zinc sulfate solution. Arabian Journal
for Science and Engineering, 45(2), 587-598.
https://doi.org/10.1007/s13369-019-04320-9

Taha, A. A., & Abd El-Ghani, S. A. H. (2004). Effect of surfac-
tants on the cementation of cadmium. Journal of colloid and
interface science, 280(1), 9-17.
https://doi.org/10.1016/j.jcis.2004.07.023

Thamir, A. D., Haider, A. J., Mohammed, F. Q., & Chahrour, K.
M. (2017). Hybrid gas phase Ti-BCN coatings doped with Al.
Journal of Alloys and Compounds, 723, 368-375.
https://doi.org/10.1016/j.jallcom.2017.06.281

Vahidfard, V., Shayesteh, K., Abbasi, P., & Hosseini, M. (2020).
Analysis of effective parameters on cadmium cementation
reaction from the perspective of diffusion. Journal of Particle
Science and Technology, 6(2), 81-93.
https://doi.org/10.22104/jpst.2021.4558.1175

Vol. 24, No. 3, June 2026 407


https://doi.org/10.22201/icat.24486736e.2024.22.5.2430
https://doi.org/10.1081/SS-120001448
https://doi.org/10.3390/min11121326
https://doi.org/10.1016/S1003-6326(13)62448-6
https://doi.org/10.1063/5.0091910
https://doi.org/10.3390/w14050726
https://doi.org/10.4028/www.scientific.net/KEM.886.97
https://doi.org/10.1016/S1003-6326(19)65104-6
https://www.researchgate.net/publication/241401950_Removal_of_Cadmium_Ions_from_Industrial_Wastewater_by_Cementation
https://www.researchgate.net/publication/241401950_Removal_of_Cadmium_Ions_from_Industrial_Wastewater_by_Cementation
https://www.researchgate.net/publication/241401950_Removal_of_Cadmium_Ions_from_Industrial_Wastewater_by_Cementation
https://doi.org/10.35208/ert.1243162
https://doi.org/10.1080/01496395.2014.937498
https://doi.org/10.4314/ijest.v2i7.63747
https://doi.org/10.1016/j.hydromet.2020.105352
https://doi.org/10.1016/0021-9681(65)90066-4
https://elibrary.ru/item.asp?id=470398
https://doi.org/10.1007/s13369-019-04320-9
https://doi.org/10.1016/j.jcis.2004.07.023
https://doi.org/10.1016/j.jallcom.2017.06.281
https://doi.org/10.22104/jpst.2021.4558.1175

Aljojo et al. / Journal of Applied Research and Technology 399-408

Yan, A., Wang, Y., Tan, S. N., Mohd Yusof, M. L., Ghosh, S., &
Chen, Z. (2020). Phytoremediation: a promising approach for
revegetation of heavy metal-polluted land. Frontiers in plant
science, 11, 359.

https://doi.org/10.3389/fpls.2020.00359

Younesi, S. R., Alimadadi, H., Alamdari, E. K., & Marashi, S. P.
H. (2006). Kinetic mechanisms of cementation of cadmium
ions by zinc powder from sulphate solutions. Hydrometallur-
gy, 84(3-4), 155-164.
https://doi.org/10.1016/j.hydromet.2006.05.005

Zhang, B., Yang, C., Zhu, H., Li, Y., & Gui, W. (2013). Kinetic
modeling and parameter estimation for competing reactions
in copper removal process from zinc sulfate solution. Indus-
trial & Engineering Chemistry Research, 52(48), 17074-17086.
https://doi.org/10.1021/ie401619h

Vol. 24, No. 3, June 2026 408


https://doi.org/10.3389/fpls.2020.00359
https://doi.org/10.1016/j.hydromet.2006.05.005
https://doi.org/10.1021/ie401619h



