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1. Introduction
Climbazole (CBZ) is widely used in pharmaceutical and personal care products [1–3]. Various studies have been conducted 
on the separation of CBZ from wastewater [4–6]. The removal rate of CBZ mixed into wastewater is generally low in 
wastewater treatment plants [5,6]. The freshwater microalga Scenedesmus obliquus converted CBZ into CBZ-alcohol via 
biotransformation and the toxicity of the latter was much lower than that of the former [7]. In synthetic organic chemistry, 
there are similar reduction reactions with sodium borohydride in water [8].

 In the present study, diastereomeric 1-(4-chlorophenoxy)-1-(1-imidazolyl)-3,3-dimethyl-2-butanols (CBZ-alcohol) 
were synthesized by reduction reaction of the ketone group in CBZ. The metal retention capacity of the obtained mixture 
of CBZ-alcohol in industrial wastewater was examined. The waste generated by industry causes water pollution. Industrial 
pollution disrupts the structure of soil, hinders the development of plants, causes mutations in living organisms, and 
increases the risk of diseases such as cancer [9]. Heavy metals have a density greater than 5 g/cm3 [10]. Lead, mercury, 
cadmium, arsenic, and chromium are some common heavy metals used in different industries [11]. The release of heavy 
metal ions in water and the environment above the limits set by the World Health Organization (WHO) affects flora and 
fauna, and also causes serious diseases such as liver and neurological disorders in humans [12].

Traditional treatment technologies commonly used for wastewater include chemical precipitation, membrane 
filtration, electrochemical treatment, and adsorption—the latter being the most efficient [13]. Adsorption is cost-effective, 
easy to use, and efficiently separates toxic organic and inorganic species from the aqueous environment. Furthermore, 
the disposal of the separated toxic material does not affect biological structures [14]. The most important criterion in 
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3,3-dimethylbutan-2-ol, and the optimum adsorption conditions were investigated for removing iron(II) (Fe2+) ions from wastewater by 
adsorption from aqueous solutions using the economical and environmentally friendly ultrasonic method. The parameters and levels 
used in the study were designed using response surface methodology and model equations were derived to optimize the results. The 
independent variables selected were the initial pH (1, 3, and 5), adsorption time (30, 45, and 60 min), adsorption temperature (40, 60, 
and 80 °C), and Fe2+ ions consumption percentage from the wastewater. Experiments were conducted on a real wastewater sample taken 
from the Uşak Organized Industrial Zone. Conditions that maximize each dependent variable were specified separately and verification 
experiments were conducted under these conditions. Maximum Fe2+ ion consumption was 91.83%. The R2 value of the model was 
0.9598. The findings demonstrate that CBZ-alcohol was effective as an adsorbent in Fe2+ ion removal from aqueous solution.

Key words: Climbazole-alcohol, sodium borohydride, response surface methodology, optimization, iron(ll) ions, wastewater treatment

Received: 06.06.2024              Accepted/Published Online: 12.03.2025              Final Version: 24.06.2025

This work is licensed under a Creative Commons Attribution 4.0 International License.

http://journals.tubitak.gov.tr/chem/

Turkish Journal of Chemistry Turk J Chem
(2025) 49: 279-292
© TÜBİTAK
doi:10.55730/1300-0527.3729Research Article

https://orcid.org/0000-0001-7178-6790
https://orcid.org/0000-0002-2096-7185
https://orcid.org/0000-0001-6177-7532
https://orcid.org/0000-0002-6943-9674
mailto:melek.karakaya@usak.edu.tr
mailto:bahdisen.gezer@usak.edu.tr


GÖKMEN KARAKAYA et al. / Turk J Chem

280

adsorption technology is the desorption capacity of the adsorbent. An adsorbent with high desorption capacity means 
toxic and hazardous waste can be dealt with safely.

The ultrasonic process has a high radical production capacity in both low (20 kHz) and high frequency (>200 kHz) 
ranges. As a result of the explosion of cavitation bubbles created by ultrasonic waves in water, a large amount of energy at 
high temperature and pressure (5000 K, 1000 atm) is released. Organic compounds that are broken down by the effects 
of the cavitation bubbles can be transformed into harmless by-products and radicals are formed. Mass transfer from the 
electrode surface increases and the surface is cleaned as a result of the acoustic cavitation and shock waves generated by 
the ultrasonic effect. Ultrasonic shock wave cleansing of the electrode surface accelerates chemical reactivity and thus 
increases purification yield [15].

Response surface methodology (RSM) is a statistical and mathematical approach that combines various techniques to 
explore the relationships between response and independent variables. These variables can be studied individually or in 
combination to enhance, optimize, and develop processes [16]. RSM is used not only to examine the effects of independent 
variables but also to generate a mathematical model [17]. By employing RSM, it becomes possible to determine whether 
there are interactions between the parameters that influence the system, identify the dominant interactions (if any), and 
ascertain the sensitivity of the process to specific independent variables [18]. Equation 1 is a second-degree polynomial 
equation that showcases the variation in the response value [19]. 

𝑌𝑌𝑌𝑌𝑚𝑚𝑚𝑚 = 𝑏𝑏𝑏𝑏0 + ∑ 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖 + ∑ 𝑏𝑏𝑏𝑏𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖2𝑘𝑘𝑘𝑘
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𝑖𝑖𝑖𝑖<𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀                                               (1) 

 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝑚𝑚𝑚𝑚𝐻𝐻𝐻𝐻𝑚𝑚𝑚𝑚𝐻𝐻𝐻𝐻𝑚𝑚𝑚𝑚 𝑟𝑟𝑟𝑟𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑟𝑟𝑟𝑟𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝐻𝐻𝐻𝐻𝑦𝑦𝑦𝑦𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑦𝑦𝑦𝑦 (%) = 𝐶𝐶𝐶𝐶0−𝐶𝐶𝐶𝐶𝑠𝑠𝑠𝑠
𝐶𝐶𝐶𝐶0

× 100                                          (2) 

		  (1)

Ym represents the response variable to be modeled; β0, βi, βii, and βij represent the model coefficients; Xi and Xj represent 
the coded values of the independent variables; and ε represents the error term.

In accordance with Equation 1, the mathematical formulation of RSM encompasses linear parameters, quadratic 
relationships, and pairwise interactions. Over the past two decades, RSM has garnered significant attention as one of 
the prominent multivariate experimental design methods for designing, optimizing, and modeling experiments [20]. 
Optimization techniques have been used in numerous studies to effectively eliminate diverse pollutants using various 
processes including electrooxidation, the Fenton process, photo-Fenton process, and adsorption [21]. 

In the present study, optimization for Fe2+ ion adsorption from wastewater using an ultrasonic method with CBZ-
alcohol was examined. Diastereomeric 1-(4-chlorophenoxy)-1-(1-imidazolyl)-3,3-dimethyl-2-butanols (CBZ-alcohol) 
was synthesized by a reduction reaction of the ketone group in CBZ. The metal retention capacity of CBZ-alcohol in 
industrial wastewater was examined. Unlike previous studies, our study was performed with ultrasound to provide more 
diffusion of CBZ-alcohol into the pores. The experiments were statistically designed and the effects of the parameters 
were examined. A statistical model was established using analysis of variance (ANOVA) between the surface area and the 
parameters, and the optimum process conditions were investigated by optimization using this model. These empirical 
models and optimum results can be used to determine the appropriate process conditions constituting a starting point for 
further studies on a larger scale and may also be an important source of information for feasibility studies.

2. Materials and methods
2.1. Chemical material and apparatus
All chemicals were purchased from Sigma-Aldrich and Merck. They were analytical grade and used without further 
purification steps. The reactions were visualized via thin-layer chromatography (TLC). 1H NMR and 13C NMR spectra 
were obtained at 400 MHz and 100 MHz, respectively, using CDCl3 and a Varian spectrometer (Palo Alto, USA).

The independent variables and their corresponding levels for the experimental study were established based on 
preliminary investigations and a review of the relevant literature. The experimental design was determined through RSM, 
and the experiments were conducted in accordance with the specified conditions outlined in the design.
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𝐶𝐶𝐶𝐶0
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In equation 2, C0 is the initial pollutant concentration (mg/L, Pt-Co) and CS is the pollutant concentration remaining 
in the environment at the end of the experiment (mg/L, Pt-Co).

Wastewater for treatment was obtained from distribution and collection pipes. Samples were taken from the inlet and 
outlet manhole of each cell. Seventeen 100 mL samples of wastewater solutions were mixed at room temperature and a 
speed of 100 rpm. After 60 min, the speed was reduced to 50 rpm and the final pH value for neutralization was corrected 
to around 8 with sodium hydroxide (NaOH). The solutions were left to stand without stirring for 60 min to allow the 
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precipitation process to take place. Subsequently, 25 mL of sample taken from the upper clear phase of the precipitated 
mixture was added to 100 mL glass beakers containing some manganese dioxide (MnO2) to eliminate the remaining 
hydrogen peroxide (H2O2). The wastewater was then filtered through a suspended solids apparatus and prepared for color 
measurement. Adsorption experiments with 17 wastewater solutions using the ultrasonic wave process were carried out 
under the conditions specified in Table 1.

The difference in the color of the wastewater taken from Uşak Organized Industrial Zone before and after the 
application of the adsorption process can be seen very clearly in Figure 1.

The findings related to the textile wastewater are given in Table 1. Average concentrations of Fe2+ions, treatment 
efficiencies and standard deviations are given. There is a notable reduction in Fe2+ ions after adsorption with CBZ-alcohol 
(Table 1).
2.2. Synthesis of 1-(4-chlorophenoxy)-1-(1H-imidazol-1-yl)-3,3-dimethylbutan-2-ol
CBZ (1000 mg, 3.416 mmol) and sodium borohydride (NaBH4) (387.655 mg, 10.247 mmol) were placed in a 100 mL 
round-bottom flask and dissolved in 20 mL tetrahydrofuran and 20 mL water. The resulting mixture was magnetically 
stirred at room temperature for 24 h. It was checked by TLC. The reaction mixture was extracted with ethyl acetate (2 
× 30 mL). After the organic phases were combined and dried over sodium sulfate, they were filtered and the solvent 
was evaporated under reduced pressure. Subsequent purification of the crude residue by crystallization with ethyl 
acetate/hexane provided the desired products. CBZ-alcohol, named 1-(4-chlorophenoxy)-1-(1H-imidazol-1-yl)-3,3-

Table 1. Characteristics of wastewater (n = 3).

Parameters Before adsorption 
(mean ± SD)

After adsorption 
(mean ± SD)

pH 8.67 7.05

Conductivity (µS/cm) 2.81 1.28

Nitrogen (mg/L) 97 ± 1 58.43 ± 0.562

Ammonium-nitrogen (mg/L) 93.466 ± 0.318 35.384 ± 1.721

Nitrite-nitrogen (mg/L) 19.621 ± 1.232 3.123

Phosphorus (mg/L) 7.353 ± 0.342 1.896 ± 0.135

Magnesium (mg/L) 105.6 ± 2.674 74.632 ±2.109

Iron (mg/L) 521.02 ± 1.849 1.84 ± 0.027

Chlorine (mg/L) 2.951 ± 0.302 0.747 ± 0.572

Calcium (mg/L) 4.602 ± 0.663 1.682 ± 0.451

Figure 1. The real wastewater before (a) and after 
(b) the application of the adsorption method.
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dimethylbutan-2-ol or 1-(4-chlorophenoxy)-1-(1-imidazolyl)-3,3-dimethyl-2-butanol, was obtained. The reduction 
reaction equation is shown in Figure 2. CBZ-alcohol is known to be formed by the reduction of CBZ [7,22]. 
2.3. Experimental design
The independent variables used were initial pH (X1), time (X2), and temperature (X3) at three different levels each. The 
design levels and values where the outlying points are located are given in Table 2.
2.4. Adsorption mechanism
Different methods such as adsorption, biosorption, bioremediation, coagulation and flocculation, oxidation, precipitation, 
membrane technology, electrochemical processes, ion exchange, and photocatalysis are used to remove metals from 
wastewater [23,24]. Of these methods, adsorption is one of the most popular because it is inexpensive, easy to apply, and 
highly efficient [25]. The distribution of the substance in solution changes when adsorption occurs at the liquid surface 
due to surface tension and electrostatic forces. According to Gibbs, substances that decrease the surface tension have a 
higher concentration at the interface than in the liquid, while substances that increase the surface tension have a lower 
concentration [26].
2.5. Use of ultrasound in wastewater treatment
After the acoustic cavitation, the pollutants in the wastewater are broken down by the hydroxyl radicals produced. 
The energy needed for chemical and physical reactions comes from the inward collapse of the bubbles formed during 
cavitation [27]. After the desired conditions are achieved, the organic pollutants in the wastewater are broken down in 
two ways: oxidation by hydroxyl radicals and pyrolysis. These two steps do not necessarily occur together continuously. 
Pyrolysis is usually a precursor in high-concentration solutions, while OH radicals are a precursor in low-concentration 
solutions. It is also important to determine the optimum conditions (such as time, frequency, and power), especially in 
terms of economics and applicability, since ultrasound can be affected by many parameters [28]. 
2.6. Fe2+ ion removal with CBZ-alcohol
First, 300 mg of CBZ-alcohol and 15 mL of wastewater prepared at different pH values were added to a flask. The 
adsorption experiments were carried out in an ultrasonic bath under the conditions specified in Table 3. The absorbance 
of Fe2+ ion solutions prepared at certain concentrations was measured by spectrophotometer. The concentration values 
obtained were calculated using Equation 2.

3. Results and discussion 
3.1. Chemistry 
The compound 1-(4-chlorophenoxy)-1-(1H-imidazol-1-yl)-3,3-dimethylbutan-2-ol was obtained by reduction of CBZ. 
The reaction was monitored by TLC. The resulting compounds were purified by using column chromatography. The 1H 
NMR spectrum of the synthesized compound is given in supplementary material.

Table 2. Independent variables and levels used in the Fe2+ ion output of wastewater.

Variables Unit Code
Levels

         –1               0            +1         

Starting pH X1            1               3              5

Time min X2          30              45            60

Temperature °C X3          40              60            80

Figure 2. The equation showing the reduction reaction 
of CBZ to CBZ-alcohol with sodium borohydride.
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3.2. Physical properties and spectral data of the synthesized compound
A 97% yield of 1-(4-chlorophenoxy)-1-(1H-imidazol-1-yl)-3,3-dimethylbutan-2-ol was obtained as a  light yellow solid. 
1H NMR (400 MHz, CDCl3): δ 7.56+7.49 (2xs, 1H), 7.21-7.14 (m, 2H), 7.13+7.09 (2xs, 1H), 6.94+6.98 (2xs, 1H), 6.77-
6.69 (m, 2H), 5.83+5.65 (2xd, J = 2.6, 6.4 Hz, 1H), 4.90+4.36 (2xbp, 1H), 3.71+3.51 (2xd, J = 6.4, 2.6 Hz, 1H), 1.02+1.01 
(2xs, 9H); 13C NMR (100 MHz, CDCl3): δ 154.15, 154.03, 136.15, 135.88, 129.87 (2C), 129.78 (2C), 129.41, 128.91, 128.89, 
128.47, 118.66, 118.12, 117.76 (2C), 117.15 (2C), 87.02, 85.59, 80.58, 78.76, 34.84, 34.63, 26.45 (3 CH3), 26.42 (3 CH3); LC-
Q-TOF-MS  (m/z) calcd for [C15H19N2O2Cl + H]+: 295.1207; found: 295.1201 [22].
3.3. Application of ultrasound for removal of Fe2+ ions from wastewater with CBZ-alcohol
The removal of the heavy metal Fe2+ ions from wastewater using 300 mg of CBZ-alcohol, under the conditions described 
in Table 3, using an ultrasonic device operating at a frequency of 100 kHz was examined. Table 3 shows the Fe2+ ion 
percentage removal efficiencies obtained for each set of conditions in the RSM design matrix. 

Wastewater containing Fe2+ ions was investigated at different time points in the ultrasound setup. For this purpose, 
the adsorption method was applied to wastewater in 100 mL amounts adjusted to 15, 30, and 45 min. The variation in 
absorbance values in the UV-vis spectrophotometer with time is given in Figure 3. Fe2+ ion removal efficiency increased 
significantly with ultrasound. Ultrasound at a frequency of 100 kHz resulted in significantly increased yields of nano-
sized iron(II) oxide. This is because 100 kHz has been reported to be the optimal sound wave for Fe2+ ions. Fe2+ ion 
production causes a significant increase in extra hydroxyl radicals [29]. 

In Figure 4, a harmonious relationship can be seen between the experimental results and the model results. R2 and 
adjusted R2 values ​​obtained from separately optimized models under maximum removal conditions are shown in Table 
4. The predicted R² of 0.6356 is not as close to the adjusted R² of 0.9598 as one might normally expect, i.e. the difference 
is more than 0.2. This may indicate a large block effect or a possible problem with the model and/or data used. Factors 
to consider are model reduction, response transformation, outliers, etc. All empirical models should be tested by doing 
confirmation runs. Adeq precision was 20.910, indicating an adequate signal-to-noise ratio. The F-value of 43.49 implies 
the model is significant. There is only a 0.01% chance that an F-value this large could occur due to noise.

Table 3. Experimental design and Fe2+ ion removal experiment results.

Experiment number Starting pH Time (min) Temperature (°C) Heavy metal removal (Fe2+) (%)

1 1 60 80 91.19

2 5 30 80 68.28

3 5 30 40 59.83

4 3 30 60 90.96

5 3 45 60 87.74

6 3 45 40 63.25

7 5 45 60 84.32

8 3 45 60 92.56

9 3 60 60 93.18

10 5 60 80 86.47

11 3 45 80 72.37

12 1 30 80 89.31

13 3 45 60 90.12

14 3 45 60 87.28

15 5 60 40 70.41

16 3 45 60 88.07

17 1 30 40 88.17
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Figure 3. Effect of different ultrasonic frequencies on the removal of Fe2+ ions.

Figure 4. Correlation graphs of experimental and model data for 
Fe2+ ion removal efficiencies. (The distribution of the parameters 
used in the experiment is shown in different colors).

Table 4. Model R2 and R2 adj values.

Std. dev. 2.20 R² 0.9824

Mean 82.56 Adjusted R² 0.9598

C.V. % 2.67 Predicted R² 0.6356

Adeq precision 20.9097

p-values less than 0.05 indicate that model terms are significant. In this case, X1, X2, X3, X1X2, X1², X2², and X3² are 
significant model terms. Values greater than 0.1 indicate model terms are not significant. If there are too many insignificant 
model terms (not counting those required to support hierarchy), model reduction may improve the model used (Table 5) 
[30]. The lack-of-fit F-value of 1.02 implies the lack-of-fit is not significant relative to the error. There is a 47.06% chance 
that a lack-of-fit F-value this large could occur due to noise.
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In adsorption, time and pH were important parameters (Figure 5). The pH of the environment affects the adsorption 
mechanism over time, affecting the binding points of the adsorbent with the pollutant. This influences the degree of 
ionization, surface charge, and the types of species adsorbed. Additionally, the degree of adsorption varies due to the 
variation in the concentration of dissolved species as a result of hydrolysis and the precipitation of Fe2+ ions depending 
on the pH value. The acidity of the environment greatly affects the binding of metal ions to active sites on the adsorbent 
surface over time due to the interaction between metal (Fe2+) and hydrogen ions [31].

Table 5. ANOVA results from the quadratic model for percent heavy metal Fe2+ ion removal. X1: starting pH, X2: time (min), X3: 
temperature (°C). Significant at p < 0.05.

Source Sum of squares df Mean square F-value p-value

Model 1900.78 9 211.20 43.49 <0.0001 significant

X1 64.52 1 64.52 13.29 0.0082 significant

X2 76.83 1 76.83 15.82 0.0053 significant

X3 106.86 1 106.86 22.01 0.0022 significant

X1X2 90.39 1 90.39 18.61 0.0035 significant

X1X3 10.56 1 10.56 2.17 0.1839 not significant

X2X3 23.13 1 23.13 4.76 0.0654 not significant

X1
2 51.35 1 51.35 10.57 0.0140 significant

X2
2 46.54 1 46.54 9.58 0.0174 significant

X3
2 899.12 1 899.12 185.16 <0.0001 significant

Residual 33.99 7 4.86

Lack of fit 14.77 3 4.92 1.02 0.4706 not significant

Pure error 19.22 4 4.81

Cor Total 1934.77 16

Figure 5. The effect of time and pH on Fe2+ ion adsorption capacity.
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Figure 6. The effect of temperature and pH on Fe2+ ion adsorption capacity.

Figure 6 is a three-dimensional graph showing the effect of pH and temperature on Fe2+ ion adsorption capacity. 
Adsorption capacity decreases as temperature rises. The kinetic energy of Fe2+ ion particles increases with the temperature 
of the solution. This may have had a reverse effect on adsorption. At the same time, the decrease in the amount adsorbed 
may have damaged the active binding sites on the adsorbent [32]. This behavior indicates that the adsorption process is 
exothermic. Additionally, in the literature [33], it was stated that as the temperature increases, the surface of the adsorbent 
will become damaged, leading to a decrease in adsorption capacity.

Figure 7 shows that the adsorption capacity increases rapidly with an increase in Fe2+ ion concentration. At higher 
levels, the active sites on the surface are saturated with Fe2+ ions and adsorption is at equilibrium. This is the phase of 
gradual adsorption. As the Fe2+ ion concentration increases, the rate of increase in capacity also increases slowly, and then 
the metal ion uptake reaches equilibrium. Due to the increase in Fe2+ ions in the solution that cannot be adsorbed, the 
pores on the adsorbent surface become insufficient for the uptake of more Fe2+ ions. The observed decrease in Fe2+ ion 

Figure 7. The effect of temperature and time on Fe2+ ion adsorption capacity.
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Table 6. Optimum values of parameters used in Fe2+ ion adsorption.

Factor Name Level Low level High level

X1 pH 2.95 1.0000 5.00

X2 Time 73.91 min 30.00 60.00

X3 Temperature 72.95 °C 40.00 80.00

Figure 8. Adsorption kinetics of Fe2+ ions 
depending on the contact time with CBZ-alcohol.

adsorption is due to the increased electrostatic interactions with Fe2+ ions that are less attracted to the increasing metal 
ions. A certain period of time is required to achieve equilibrium in the adsorption process. When the active surface of the 
adsorbent is covered, further adsorption does not occur and, as a result, the adsorption capacity remains constant over 
time [34].

The model equation obtained for Fe2+ ion removal efficiency (%) is given below:

% Fe2+ Removal = +1.71241 − 21.61573X1 − 2.52017X2 + 5.71294X3 + 0.146702X1X2 + 0.037598X1X3 + 0.007420X2X3 + 
1.44629X1

2 + 0.019984X2
2 – 0.049409X3

2		  (3)

The equation can be used to make predictions about the response for given levels of each factor. Here the levels are 
specified in the original units for each factor. This equation should not be used to determine the relative impact of each 
factor because the coefficients are scaled to accommodate the units of each factor and the intercept is not at the center of 
the design space (Eq. 3).

The difference between RSM and existing optimization methods is the continuous renewal of the optimum result for 
each uncontrollable variable that changes instantly [35]. In addition, by using the obtained mathematical models, it is 
possible to calculate the change in output under different conditions in the determined level range of dependent variables 
without conducting experiments. 

The optimum conditions determined for maximum removal efficiency of water containing heavy metals were: pH 2.95, 
73.91 min, and 72.95 °C (Table 6). Outside the determined optimum, the removal efficiency of Fe2+ ion decreases.
3.4. Adsorption balance
3.4.1. Effect of contact time on Fe2+ ion removal from wastewater
Fe2+ ions were tested with CBZ-alcohol at seven time points (0, 30, 60, 90, 120, 150, and 180 min) to determine the 
adsorption kinetics. The absorption increased rapidly between 30 and 60 min and was stable until 180 min (Figure 8). 
After the equilibrium phase, the adsorption yield dropped by almost 1%. This suggests that the material field is saturated 
with Fe2+ ions, and then the adsorption stage and the desorption stage is reached. Ho et al. [36] argued that chemical 
adsorption is more prevalent if it takes less than 3 h to reach the equilibrium, that physical adsorption can be accomplished 
in 3 to 24 h, and that diffusion processes can be more effective if they take more than 24 h. Overall, it is clear that physical 
and chemical processes are important in the present study. 
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3.4.2. Effect of CBZ-alcohol concentration for Fe2+ ion removal from wastewater
To find the amount of binding Fe2+ ions, wastewater solutions containing 30 ppm Fe2+ ions were adjusted with pH 3 buffer. 
Spectra of the resulting solutions were obtained, and the optimum amount of CBZ-alcohol was determined (Figure 9). 
When the amount of CBZ-alcohol used was between 100 and 300 mg, Fe2+ ion adsorption increased with CBZ-alcohol 
concentration. Figure 9 shows the adsorption rate proportionally increasing with concentration. In the present study, the 
effect of temperature on Fe2+ ion adsorption was investigated by adjusting the ambient temperature between 40 and 80 °C. 
At 60 min of contact time and ultrasonic wave velocity of 100 kHz frequency, the best adsorption result was observed at 40 
°C. As the temperature increased, Fe2+ ion adsorption decreased.
3.4.3. Effect of wastewater volume on Fe2+ ion removal from wastewater
The removal of Fe2+ ions from eight different volumes of wastewater (50, 100, 150, 200, 250, 300, 350, and 400 mL) using 
300 mg of CBZ-alcohol as adsorbent is shown in Figure 10. The maximum removal was observed in 200 mL of wastewater. 
When the volume was gradually increased from 200 mL to 400 mL, a decrease in the removal of Fe2+ ions was observed 
(Figure 10). The equilibrium of wastewater after a certain concentration is related to the maximum capacity of the pore 
structure. An increase in the initial wastewater Fe2+ ion concentration may cause an increase in the driving force of the 
concentration gradient. 

Figure 9. Effect of the amount of CBZ-alcohol on Fe2+ ion removal from wastewater.

Figure 10. Effect of wastewater volume on Fe2+ ion removal from wastewater.
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3.4.4. Effect of matrix on Fe2+ ion removal from wastewater
At a lower concentration of Fe2+ ions (100 mg), removal was higher in single solution than in matrix (53.6% and 45.48%, 
respectively). At intermediate (200 mg) and higher (300 mg) concentrations, removal was lower in single solution than 
in matrix (Figure 11). The diffusion of ions to the magnetite surface may be accelerated at higher concentrations due 
to chemical potential. Thus, more effective adsorption occurs at higher concentrations in general. In addition, the high 
absorption in the matrix compared to the solution containing single Fe2+ ions demonstrate the ability of CBZ-alcohol to 
absorb other heavy metal ions.

Adsorption is an attractive alternative to other treatment methods because it is highly efficient and economical for 
color removal, easily available, complementary to other methods, and requires less biochemical oxygen. In the present 
study, adsorption was compared with other wastewater treatment methods and the advantages of adsorption are shown 
in Table 7. Further scale-up research is needed to facilitate the use of these materials in industrial wastewater applications. 
The reported maximum uptakes of Fe2+ ions for the appropriate adsorbent are listed and shown in Table 8. 

Figure 11. Comparison of Fe2+ ion absorption percentage 
efficiency in matrix and single Fe2+ ion solution.

Table 7. Comparison of adsorption with other methods in the literature.

Methods of wastewater treatment Wastewater treatment efficiency (%)

Biological methods They resist fragmentation. Biological processes are therefore not sufficiently effective for the 
removal of precipitation metals [37].

Electrochemical methods The number of experiments on heavy metal removal in wastewater is small. It is also less popular 
due to the cost of the electricity used [38].

Adsorption
Low-cost adsorbents generally have low adsorption capacities and require large quantities of 
adsorbent. Therefore, it is the most popular method because it is new, economical, easily available, 
and provides high efficiency in treatment [39].

Coagulation/ flocculation Due to its high cost, its applications in wastewater treatment are limited [40].

Chemical precipitation The generation of large quantities of sludge, high chemical use, and the costs of chemicals limit 
the use of this process on an industrial scale [41].

4. Conclusions
In the present study, the efficiency and optimization of CBZ-alcohol as a novel coagulant in the chemical treatment of 
wastewater with a high Fe2+ ion content was investigated. The production of OH–H radicals at the ultrasonic frequency 
of 100 kHz was carried out by a sonochemical process, but the production of these radicals requires high power and 
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deposition times [42]. The process was optimized using RSM to identify the effects of different process parameters in the 
chemical pretreatment process. Second-degree models with a high level of confidence (R2 > 0.9) can be used to estimate 
Fe2+ ion consumption yields under different conditions. CBZ-alcohol was found to be effective in the pretreatment of 
wastewater. One of the consequences of climate change today is the reduction in useable water. By applying advanced 
treatment techniques to wastewater, more water can be recovered, enabling efficient use of water in industry.

The optimum conditions for Fe2+ ion removal from wastewater were pH 3, 40 °C, 300 mg of CBZ-alcohol, 200 mL of 
wastewater, and a contact time of 60 min. The adsorption removal efficiency was 91.83%. 

Finally, CBZ-alcohol can be reused for Fe2+ ion removal in wastewater treatment. It can adsorb heavy metal in a very 
short time, and it has been proven to be an efficient adsorbent. Since the present study takes into account the treatment of 
wastewater, it directly aligns with the United Nations Department of Economic and Social Affairs sustainable development 
goals 6 (Clean Water and Sanitation), 14 (Life Below Water), and 9 (Industry, Innovation, and Infrastructure).
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Table 8. Fe2+ ion adsorption on nanoporous adsorbents with the highest capacity.

Adsorbent Adsorption capacity (%)

Graphene oxide-ordered mesoporous silica materials 78.7 [10]

Nanomaterials 88.6 [12]

Carbon nanostructured materials 90.1 [13]

Nutshell as biosorbent 86.5 [24]

Nanocomposite 84.3 [39]

CBZ-alcohol 91.83 (The present study)

References

[1]	 Wigger-Alberti W, Kluge K, Elsner P. Clinical effectiveness and tolerance of climbazole containing dandruff shampoo in patients with 
seborrheic scalp eczema. Praxis 2001; 90 (33): 1346-1349.

[2]	 Cavana P, Petit, JY, Perrot S, Guechi R, Marignac G et al. Efficacy of a 2% climbazole shampoo for reducing Malassezia population sizes on 
the skin of naturally infected dogs. Journal de Mycologie Médicale 2015; 25 (4): 268-273. https://doi.org/10.1016/j.mycmed.2015.10.004 

[3]	 Adamus J, Feng L, Hawkins S, Kalleberg K, Lee JM. Climbazole boosts activity of retinoids in skin. International Journal of Cosmetic 
Science 2017; 39 (4): 411-418. https://doi.org/10.1111/ics.12390 

[4]	 Cai WW, Peng T, Zhang JN, Hu LX, Yang B et al. Degradation of climbazole by UV/chlorine process: Kinetics, transformation pathway 
and toxicity evaluation. Chemosphere 2019; 219: 243-249. https://doi.org/10.1016/j.chemosphere.2018.12.023

[5]	 Wick A, Fink G, Ternes TA. Comparison of electrospray ionization and atmospheric pressure chemical ionization for multi-residue 
analysis of biocides, UV-filters and benzothiazoles in aqueous matrices and activated sludge by liquid chromatography–tandem mass 
spectrometry. Journal of Chromatography A 2010; 1217 (14): 2088-2103. https://doi.org/10.1016/j.chroma.2010.01.079 



GÖKMEN KARAKAYA et al. / Turk J Chem

291

[6]	 Chen ZF, Ying GG, Lai HJ, Chen F, Su HC et al. Determination of biocides in different environmental matrices by use of ultra-high-
performance liquid chromatography–tandem mass spectrometry. Analytical and Bioanalytical Chemistry 2012; 404: 3175-3188. https://
doi.org/10.1007/s00216-012-6444-2 

[7]	 Pan CG, Peng FJ, Ying GG. Removal, biotransformation and toxicity variations of climbazole by freshwater algae Scenedesmus 
obliquus. Environmental Pollution 2018; 240: 534-540. https://doi.org/10.1016/j.envpol.2018.05.020 

[8]	 Demir AS, Akhmedov İM, Şeşenoğlu Ö. Transition metal compound mediated reduction of\alpha-amino acids to 1, 2-amino alcohols 
with NaBH_4 in water. Turkish Journal of Chemistry 1999; 23 (2): 123-126.

[9]	 Arogunjo AM, Ofuga EE, Afolabi MA. Levels of natural radionuclides in some Nigerian cereals and tubers. Journal of Environmental 
Radioactivity 2005; 82 (1): 1-6. https://doi.org/10.1016/j.jenvrad.2004.10.010 

[10]	 Wang X, Pei Y, Lu M, Lu X, Du X. Highly efficient adsorption of heavy metals from wastewaters by graphene oxide-ordered mesoporous 
silica materials. Journal of Materials Science 2015; 50: 2113-2121. https://doi.org/10.1007/s10853-014-8773-3 

[11]	 Fu F, Wang Q. Removal of heavy metal ions from wastewaters: a review. Journal of Environmental Management 2011, 92 (3): 407-418. 
https://doi.org/10.1016/j.jenvman.2010.11.011 

[12]	 Kumar P, Kim KH, Bansal V, Lazarides T, Kumar N. Progress in the sensing techniques for heavy metal ions using nanomaterials. Journal 
of Industrial and Engineering Chemistry 2017; 54: 30-43. https://doi.org/10.1016/j.jiec.2017.06.010

[13]	 Selvaraj M, Hai A, Banat F, Haija MA. Application and prospects of carbon nanostructured materials in water treatment: a review. Journal 
of Water Process Engineering 2020; 33: 100996. https://doi.org/10.1016/j.jwpe.2019.100996 

[14]	 Ain QU, Farooq MU, Jalees MI. Application of magnetic graphene oxide for water purification: heavy metals removal and 
disinfection. Journal of Water Process Engineering 2020; 33: 101044. https://doi.org/10.1016/j.jwpe.2019.101044 

[15]	 Yang B, Zuo J, Tang X, Liu F, Yu X et al. Effective ultrasound electrochemical degradation of methylene blue wastewater using a nanocoated 
electrode. Ultrasonics Sonochemistry 2014; 21 (4): 1310-1317. https://doi.org/10.1016/j.ultsonch.2014.01.008 

[16]	 Myers RH, Montgomery DC, Vining GG, Borror CM, Kowalski SM et al. Response surface methodology: a retrospective and literature 
survey. Journal of Quality Technology 2004; 36 (1): 53-77. https://doi.org/10.1080/00224065.2004.11980252 

[17]	 Süzen Y, Ozmetin C. Removal of reactive black 5 dye using fenton oxidation from aqueous solutions and optimization of response surface 
methodology. Desalination and Water Treatment 2019; 172: 106-114. https://doi.org/10.5004/dwt.2019.24943 

[18]	 Baş D, Boyacı İH. Modeling and optimization I: usability of response surface methodology. Journal of Food Engineering 2007; 78 (3): 
836-845. https://doi.org/10.1016/j.jfoodeng.2005.11.024

[19]	 Márquez-Montes RA, Orozco-Mena RE, Camacho-Dávila AA, Pérez-Vega S, Collins-Martínez VH et al. Optimization of the electrooxidation 
of aqueous ammonium sulfite for hydrogen production at near-neutral pH using response surface methodology. International Journal of 
Hydrogen Energy 2020; 45 (27): 13821-13831. https://doi.org/10.1016/j.ijhydene.2019.08.213

[20]	 Beyan SM, Prabhu SV, Sissay TT, Getahun AA. Sugarcane bagasse based activated carbon preparation and its adsorption efficacy on 
removal of BOD and COD from textile effluents: RSM based modeling, optimization and kinetic aspects. Bioresource Technology Reports 
2021; 14: 100664. https://doi.org/10.1016/j.biteb.2021.100664 

[21]	 Katip A. Evaluation of wastewater reuse with coagulation/flocculation process in pesticide production. Doğal Afetler ve Çevre Dergisi 
2019; 5 (1): 94-100 (in Turkish with an abstract in English). https://doi.org/10.21324/dacd.433279

[22]	 Sochacki A, Marsik P, Chen Z, Sisa M, Vymazal J. Fate of antifungal drugs climbazole and fluconazole in constructed wetlands-
diastereoselective transformation indicates process conditions. Chemical Engineering Journal 2021; 421: 127783. https://doi.org/10.1016/j.
cej.2020.127783 

[23]	 Barakat MA. New trends in removing heavy metals from industrial wastewater. Arabian Journal of Chemistry 2011; 4 (4): 361-377. https://
doi.org/10.1016/j.arabjc.2010.07.019

[24]	 Vaghetti JC, Lima EC, Royer B, Cardoso NF, Martins B et al. Pecan nutshell as biosorbent to remove toxic metals from aqueous 
solution. Separation Science and Technology 2009; 44 (3): 615-644. https://doi.org/10.1080/01496390802634331

[25]	 Gunatilake SK. Methods of removing heavy metals from industrial wastewater. Methods 2015; 1 (1): 12-18.

[26]	 Girgis BS, Attia AA, Fathy NA. Modification in adsorption characteristics of activated carbon produced by H3PO4 under flowing gases. 
Colloids and Surfaces A: Physicochemical Engineering Aspects 2007; 299: 79‐87. https://doi.org/10.1016/j.colsurfa.2006.11.024

[27]	 Ildırar D. Decolorization of baker’s yeast effluent with ultrasound, Hitit University Graduate School of Natural and Applied Sciences, MSc, 
Çorum, Türkiye; 2014 (in Turkish with an abstract in English).

[28]	 Esmer HE, Kaymak G, Tartar Ş, Kayhan FE. An application of ultrasound for water treatment: a different approach to treatment methods. 
Çanakkale Onsekiz Mart University Journal of Graduate School of Natural and Applied Scineces 2016; 2 (1): 84-110 (in Turkish with an 
abstract in English). https://doi.org/10.28979/comufbed.307877



GÖKMEN KARAKAYA et al. / Turk J Chem

292

[29]	 Babaee Y, Mulligan CN, Rahaman MS. Removal of arsenic (III) and arsenic (V) from aqueous solutions through adsorption by Fe/Cu 
nanoparticles. Journal of Chemical Technology & Biotechnology 2018; 93 (1): 63-71. https://doi.org/10.1002/jctb.5320

[30]	 Igwegbe CA, Ighalo JO, Iwuozor KO, Onukwuli OD, Okoye PU et al. Prediction and optimisation of coagulation-flocculation process for 
turbidity removal from aquaculture effluent using Garcinia kola extract: response surface and artificial neural network methods. Cleaner 
Chemical Engineering 2022; 4: 100076. https://doi.org/10.1016/j.clce.2022.100076 

[31]	 Edebali S. Alternative composite nanosorbents based on Turkish perlite for the removal of Cr (VI) from aqueous solution. Journal of 
Nanomaterials 2015; 18-20. https://doi.org/10.1155/2015/697026

[32]	 Baei MS, Esfandian H, Nesheli AA. Removal of nitrate from aqueous solutions in batch systems using activated perlite: an application of 
response surface methodology. Asia‐Pacific Journal of Chemical Engineering 2016; 11 (3): 437-447. https://doi.org/10.1002/apj.1965

[33]	 Imessaoudene D, Hanini S, Bouzidi A, Ararem A. Kinetic and thermodynamic study of cobalt adsorption by spent coffee. Desalination 
and Water Treatment 2016; 57 (13): 6116-6123. https://doi.org/10.1080/19443994.2015.1041049 

[34]	 Qasem NA, Mohammed RH, Lawal DU. Removal of heavy metal ions from wastewater: a comprehensive and critical review. Npj Clean 
Water 2021; 4 (1): 1-15. https://doi.org/10.1038/s41545-021-00127-0

[35]	 Gaayda JE, Rachid Y, Titchou FE, Barra I, Hsini A et al. Optimizing removal of chromium (VI) ions from water by coagulation process 
using central composite design: Effectiveness of grape seed as a green coagulant.  Separation and Purification Technology 2023; 307: 
122805. https://doi.org/10.1016/j.seppur.2022.122805

[36]	 Ho YS, Nag JC, McKay G. Kinetics of pollutant sorption by biosorbents. Separation and Purification Methods 2000; 29 (2): 189-232. 
https://doi.org/10.1081/SPM-100100009 

[37]	 Silva T, Ronix A, Pezoti O, Souza LS, Leandro PK et al. Mesoporous activated carbon from industrial laundry sewage sludge: Adsorption 
studies of reactive dye Remazol Brilliant Blue R. Chemical Engineering Journal 2016; 303: 467-476. https://doi.org/10.1016/j.cej.2016.06.009 

[38]	 Collivignarelli MC, Abbà A, Miino MC, Damiani S. Treatments for color removal from wastewater: state of the art. Journal of Environmental 
Management 2019; 236: 727-745. https://doi.org/10.1016/j.jenvman.2018.11.094

[39]	 Kumar R, Rashid J, Barakat MA. Synthesis and characterization of a starch–AlOOH–FeS 2 nanocomposite for the adsorption of congo red 
dye from aqueous solution. RSC Advances 2014; 4 (72): 38334-38340. https://doi.org/10.1039/C4RA05183A

[40]	 Chen T, Gao B, Yue Q. Effect of dosing method and pH on color removal performance and floc aggregation of polyferric chloride-
polyamine dualcoagulant in synthetic dyeing wastewater treatment. Colloids and Surfaces A: Physicochemical and Engineering Aspects 
2010; 355 (1-3): 121-129. https://doi.org/10.1016/j.colsurfa.2009.12.008

[41]	 Ahmad A, Mohd-Setapar SH, Chuong CS, Khatoon A, Wani WA et al. Recent advances in new generation dye removal technologies: novel 
search for approaches to reprocess wastewater. The Royal Society Chemistry Advances 2015; 5 (39): 30801-30818. https://doi.org/10.1039/
C4RA16959J

[42]	 Suslick KS. The chemical effects of ultrasound. Scientific American 1989; 260 (2): 80-87.



GÖKMEN KARAKAYA et al. / Turk J Chem

S1

Supplementary material
Spectroscopic data

400 MHz 1H-NMR spectra of 1-(4-chlorophenoxy)-1-(1H-imidazol-1-yl)-3,3-dimethylbutan-2-olin CDCl3.
1 H-NMR (400 MHz) spectra of 1-(4-chlorophenoxy)-1-(1H-imidazol-1-yl)-3,3-dimethylbutan-2-ol
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