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     INTRODUCTION  

The most obvious and serious type of maritime contamination is oil pollution. 

Tankers have been spilling thousands of tons of oil per year during the past ten years 

(Abdelwahab et al., 2021; Moneer et al., 2023). Several industries, including those in 

the pharmaceutical, petrochemical, oil and gas, and food sectors, have added to the 

massive output of oil effluent globally (Abuhasel et al., 2021). Oily wastewater is 

classified as carcinogenic, and it can contaminate drinking water and groundwater 

resources, as well as produce environmental imbalances and harm to human health 
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Response surface methodology (RSM) and Box–Behnken (BB) 

statistical experiment design were developed to study the optimization of 

oily wastewater treatment using Sargassum latifolium. The characterization 

of the Sargassum latifolium was studied using fourier transform infrared 

spectroscopy (FTIR), scanning electron microscope (SEM), N2 adsorption/ 

desorption, and Raman techniques. These studies demonstrated the 

importance of various functional groups such as carbonyl, amino, carboxyl, 

and hydroxyl on adsorption mechanism. The specific surface area of S. 

latifolium was 111.65m
2
/ g. Scanning electron microscope (SEM) showed 

that the interaction of S. latifolium with oil led to the development of flake-

like deposits on its surface, causing the surface to become uneven. Four 

process-independent parameters, including contact time, oil volume, 

adsorbent dosage, and pH were optimized for the best response of crude oil 

adsorption using Box–Behnken design. The output was summarized for an 

additional ANOVA analysis. Optimization conditions for crude oil 

adsorption onto Sargassum Latifolium were found to be at an adsorbent dose 

of 0.13g, oil volume of 24.29ml, time of 57.44 minutes, and initial pH of 

9.54. Langmuir and Freundlich isotherm models were used to apply 

equilibrium analysis. The results suggest that the Langmuir model better fits 

the experimental data compared to the Freundlich model. The experimental 

results showed that the crude oil adsorption capacity onto Sargassum 

latifolium was 45.87gm under ideal conditions, which was somewhat lower 

than the RSM model's value of 46.14gm. 
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(Putatunda et al., 2019). Traditional treatments for oily wastewater treatment include 

sedimentation, chemical coagulation, flotation, and gravity separation among other ways. 

The disadvantages of these techniques are the discharge of secondary pollutants, high 

operational costs, and low efficiency removal (Han et al., 2019). Oily wastewater 

treatment can be accomplished with advanced technologies; the removal of harmful 

contaminants from oily wastewater using these technologies is efficient, sustainable, 

affordable, and environmentally benign, among other benefits (Medeiros et al., 2022). 

Microbial bioremediation technology, batch biodegradation using a single or consortium 

of microorganisms, bioreactor technology, membrane technology, electrochemical 

technology, advanced oxidation processes (AOPs), adsorption treatment technology, and 

combined treatment technologies are the most famous advanced technologies for oily 

wastewater treatment (Adetunji & Olaniran, 2021). 

Adsorption treatment technology is considered to be one of the most popular 

techniques for treating industrial wastewater for its efficiency in terms of industrial 

applicability, cost, and time for extracting dissolved oil from water (Diraki et al., 2022; 

Alprol et al., 2023). Nowadays, adsorption research for wastewater treatment is still 

being developed, and researchers are working to develop raw materials that will be used 

in the future. Finding novel materials for wastewater treatment is thus one of the most 

exciting research goals. For oily wastewater treatment, the most commonly used 

adsorbents are chitosan, palm fibers, zeolite, diatomite, bentonite, natural soil, and 

biosorbents such as raw barley straw. Algae have recently been used as promising 

biosorbents for their great potential in the removal of different pollutants for their high 

biosorption capacity, distinct properties, and renewable availability (Lee et al., 2022; O. 

Abdelwahab & Thabet 2023). 

 Statistically constructed experiments are chosen for error reduction, parameter 

analysis, and low-cost data acquisition. In general, the one-variable at a time (OVAT) 

method is not challenging, however it has a limited ability to accurately predict the 

effects of interacting factors and may cause misinterpretation of the outcomes (Abd El-

Hamid, AlProl & Hafiz, 2022; Soliman et al., 2022). There are a variety of optimization 

and modeling methodologies available, starting with the simple one factorial at a time 

(OFAT) model and progressing to composite and nexus statistical designs such as 

response surface methodology (RSM) (Abd El-Hamid, AlProl & Hafiz, 2022). RSM is 

a statistical method for enhancing responses that are prejudiced by a number of variables 

(Demirel et al., 2022). This optimization technique entails developing a collection of 

mathematical tools to aid in the creation, development, and improvement of the model. 

Brown macroalgae (seaweed) called Sargassum species are found in shallow 

marine meadows in tropical and subtropical regions (Al Prol, El-Metwally & Amer 

2019). In addition to other bioactive ingredients, these are a good source of minerals 

carotenoids, vitamins, proteins, and dietary fibers. In addition, several Sargassum species 

have been shown to contain a variety of biologically active compounds, comprising 
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pheophytins, sterols, terpenoids, sulfated polysaccharides, sargaquinoic acids, flavonoids, 

polyphenols, sargaquinoic acids, sargachromenol, and pheophytin (Ale, Mikkelsen & 

Meyer, 2011; Gomaa et al., 2018). There is no published data on the removal of oil on 

the adsorbent form of S. Latifolium from an aqueous solution by response surface 

methodology modeling. Therefore, in the present study, RSM was utilized for oil removal 

from an aqueous solution using Sargassum latifolium. 

 

    MATERIALS AND METHODS  

1. Adsorbent preparation 

Samples of brown seaweed, S. latifolium, were taken in May 2022 from the 

intertidal zone in Suez Bay, Red Sea, Egypt, and used as an adsorbent. In situ, samples 

were cleaned with seawater to remove undesirable components like salts and particles that 

stuck to the surface. After being transported to the lab, they were cleaned with running tap 

water and then deionized water. S. latifolium was sun-dried after cleaning, and the biomass 

that resulted was ground into a powder using a grinder then sieved, and kept in plastic 

bags until needed again. One gram of powdered S. latifolium was soaked in 100ml of 

deionized water. Moreover, it was cut-milled with a 200µm screen size. 

 

1.1. Characterization of adsorbents  

SEM was used to perform morphological characterization (before and after the 

adsorption) of S. Latifolium (JEOL JSM 6360, Peabody, MA, USA). The impact of the 

produced polymeric materials was measured using FTIR and Senterra Raman 

spectrometer (Bruker, Billerica, MA, USA), and Raman spectroscopy on a Shimadzu 

FTIR-8400 S (Kyoto, Japan), respectively.  

The mean pore diameter, total pore volume, and total surface area of the adsorbent 

were investigated by Brunauer Emmett Teller (BET). Using inert gases and a pressure 

environment, the pore size distribution and the adsorption-desorption isotherm were 

visualized. The BET analysis was carried out using the NLDFT model. The analysis was 

performed at 33.5ATM using inert nitrogen at 77K, gas at 87K and a 13.3Pa pressure 

transducer. 

2.2. Adsorption experiments 

A certain amount of oil was added in a 100ml of synthetic sea water. Batch 

experiments were carried out for oil removal. S. latifolium seaweed was gently and 

evenly placed onto the net at the oil/water interface for a certain period of time. ( 

Abdelwahab, Nasr & Thabet, 2017) Serial volumes of oil (5, 10, 15, 20, 25ml) were 

mixed with doses series of adsorbent (0.1– 1g) at different pH ranges (1, 3, 7, 9, and 11) 

and different time intervals (10, 20, 30, 60, 90 and 120min) at room temperature. The net 

was used to move the fibers vertically, and then it was hung over the cell to allow the cell 

to drain. The weight of the sample was established and recorded, and every experiment 

(1) 



Thabet et al., 2024 1642 

was conducted at room temperature. The following equation was used to compute the 

sorption capacity ( Abdelwahab, Nasr & Thabet, 2017). 

Adsorption capacity (g /g) =    mass of oil removed / mass of absorbent              

 

3. Box–Behnken experimental design 

RSM and the BB design were used to evaluate the effects of the four independent 

variables on the response function. The independent variables were adsorbent dose (X1), 

oil volume (X2), time (X3), and pH (X4). Each variable's low, center and high levels are 

designated as -1, 0, and +1, respectively, as illustrated in Table (1). The results from 

preliminary experiments have been used to determine each variable experimental levels. 

The response function was crude oil adsorption capacity on S. latifolium. 

 

Table 1. Independent variable and their levels used for BB design 

 

Variable (Factor)/ 

unit 

Code  Level 

-1 0 +1 

Adsorbent dose 

(gm) 

X1 0.2 0.6 1 

Oil Volume (ml) X2 5 15 25 

Time (min) X3 10 30 120 

pH X4 6 9 11 

 

The preliminary equations for the Box-Behnken experimental design that were 

applied in this study are shown in Table (1). Equations 2 and 3 were used to code the 

variables and determine how many experiments were necessary to produce the Box-

Behnken to assess the impact of the four primary independent parameters on the 

effectiveness of oil adsorption, a total of 29 trials have been used in this study. Equation 4 

describes the input process parameters and the response relationship. The response (y), 

which depends on the input factors X1, X2,...., Xk, was analyzed to assess the process's 

performance. Either in three dimensions or as contour plots that exhibit the contours of 

RSM, the response can be represented graphically. For RSM, to measure the 

experimental data and identify the pertinent release model terms as indicated by equation 

5, the second-order polynomial equation was used. 

4. Statistical analysis of experimental data, and model development  

The Design Expert version 11 tool was utilized to analyze the experimental 

data using repeated measures ANOVA and response surface regression techniques 

with a 5% level of significance. 
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    RESULTS AND DISCUSSIONS 

1. Responses from the adsorption capacity of crude oil onto Sargassum latifolium 

The oil adsorption capacity of the seaweed, S. latifolium, was thoroughly 

examined. Experiments for the optimization of crude oil removal were done by varying 

the contact time, crude oil concentration, weight of adsorbent, and pH, and they were then 

correlated with responses obtained from Table (2). The response (Adsorption capacity) 

was estimated as related to the results of laboratory experiments by applying the BB 

experimental design. The output was summarized for an additional analysis of variance 

(ANOVA). The second-order model was adopted to assess this performance and establish 

the optimization process (Zaid et al., 2022). 

1.1. Fit summary statistics  

The data and test results for all distributions used to fit the model are summarized 

in the fit summary. This model fits the data into first-order or linear, second-order, 

quadratic, and cubic equations.  The highest-order polynomial models preferred from the 

fit summary analysis are presented in Table (3). This fit summary suggests both quadratic 

models with significant terms. P-values ≤ 0.05 suggest the significance of the model 

(Gharbani & Nojavan, 2017). 

Table 2. Fit summary for the adsorption capacity 

 

1.2 Adsorption capacity model selection and analysis of variance 

The results of the analysis of BB responses, and the analysis of variance for 

research of the ability of crude oil adsorption onto Sargassum Latifolium are shown in 

Table (3). 

The use of ANOVA is essential to assess the relevance and suitability of the 

model. It separates the overall variance of the results into the variance of the model and 

the variance of the experimental error, demonstrating if the model's variation is 

considerable in comparison to the residual error's variation (Hemmati & Rashidi, 2019). 

This comparison is carried out using Fisher's F-test value, which measures the 

relationship between the model's mean square and the residual error (Khataee et al., 

2010). As presented in Table (4), the model significance is suggested by the model's F-

value of 79.83. A "Model F-value" may happen only 0.01% of the time; this may happen 
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due to noise. Values of "Prob> F" less than 0.0500 designate that the model terms are 

significant. In this case, X1 (adsorbent dose), X2 (oil volume), X3 (Time), X1X2 (adsorbent 

dose, oil volume), X1X4 (adsorbent dose, pH), X2X3 (oil volume, Time), X2X4 (oil 

volume, pH), X2
2 

(oil volume)
2
, X3

2 
(Time)

2
, and X4

2 
(pH)

2
 were significant model terms.  

Table 3. Analysis of variance (ANOVA - response surface quadratic model) for the 

adsorption capacity of crude oil onto Sargassum Latifolium 

Source 

Sum of 

squares df 

Mean 

square 

F 

value 

P-value 

Prob > F 

 Model 3401.549 14 242.9678 79.83396 < 0.0001 Significant 

  A-adsorbent dose 

(X1) 141.1256 1 141.1256 46.37082 < 0.0001 

   B-Oil concentration 

(X2) 984.8601 1 984.8601 323.6037 < 0.0001 

   C-Time (X3) 1.936757 1 1.936757 0.636376 0.4383 

   D-pH (X4) 279.4983 1 279.4983 91.83708 < 0.0001 

   X1X2 102.2197 1 102.2197 33.58719 < 0.0001 

   X1X3 1.523128 1 1.523128 0.500467 0.4909 

   X1X4 86.21123 1 86.21123 28.32714 0.0001 

   X2X3 48.3025 1 48.3025 15.87115 0.0014 

   X2X4 98.98867 1 98.98867 32.52553 < 0.0001 

   X2X4 2.031039 1 2.031039 0.667355 0.4277 

   X1
2
 1.921501 1 1.921501 0.631364 0.4401 

   X2
2
 128.0098 1 128.0098 42.06123 < 0.0001 

   X3
2
 42.40512 1 42.40512 13.9334 0.0022 

   X4
2
 144.8401 1 144.8401 47.5913 < 0.0001 

 Residual 42.6078 14 3.043414 

   Lack of fit 29.10216 6 4.850361 2.873088 0.0848 Not significant 

Pure error 13.50564 8 1.688205 

   Cor total 3444.157 28 

    Using replicated design points, the "Lake of fit test" compares residual error to 

pure error. The P-value is >0.05, hence the F-value of 2.87 indicates that a lack of fit is 

not significant. The model's non-significant lack of fit demonstrated that it was 

appropriate for the current work. 

The resulting RSM equation (in terms of coded factors) obtained from the improved 

model is presented below in equation 2. 

R1= 20.396 – 4.20481* X1 + 9.703122* X2 – 0.5252* X3 + 5.681013* X1* X2 – 0.75714* X1* X3 

– 4.6425* X1* X4 + 3.475* X2*X3+ 4.581325* X2* X4 – 1.11809* X3* X4 – 0.58202* X1
2
 + 

4.614176* X2 – 3.03346 X3 – 5.01476* X4
2                                                                                                                                  

(2) 
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According to R
2
, the model's determination coefficient was 0.987, which 

suggested that predicted values and the experimental data points fit each other well. (Fig. 

1 & Table 4). Additionally, this suggests that the independent variables account for 

98.7% of the changes in crude oil adsorption, proving that the model does not simply 

account for 1.3 percent of the variation. Predicted R
2 

is a gauge of a model's accuracy in 

predicting a response value. To be considered reasonable agreement, the adjusted R
2
 and 

anticipated R
2
 must be within 0.20 of one another. If they aren't, there can be a problem 

with the model or the data. In our example, the expected R
2
 of 0.912 and the adjusted R

2
 

of 0.975 are reasonably in agreement. To determine whether the precision is adequate, the 

range of the anticipated values of design points is contrusted with the average prediction 

error. An ideal ratio is more than 4, which implies adequate model discrimination. The 

ratio in this study was 29.9, demonstrating the reliability of the experiment's findings. 

The degree of precision is indicated by the standard deviation (SD = 1.7) and coefficient 

of variation (CV = 8.25%). The experiment is conducted adequately, as evidenced by the 

low values of CV and SD. The models expose a high R
2
 value, a substantial F-value, a 

negligible P-value for lack of fit, and a low variance SD. These findings explain the great 

accuracy of the prediction of crude oil's adsorption capacity by S. latifolium. Therefore, 

the models were used for further analysis. 

Table 4. Summary of regression statistics for the adsorption capacity of crude oil onto S. 

Latifolium 

 
 

 

 

 

 

 

 

 

 

 

Fig. 1. Plot of the experimental and predicted responses 
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1.3 Interaction effect of the independent variables 

Fig. (2) provides RSM plots of the second-order polynomial equation with two 

variables varied within predetermined experimental ranges, while the other two were held 

constant. 

Fig. (2a, b,  c) represents the RS plots of the effects of oil concentration, time, pH, 

and adsorbent dose on the crude oil adsorption onto S. Latifolium, respectively. It 

confirms that oil adsorption capacity decreased with increasing the initial adsorbent dose. 

Fig. (2c, e) shows that the response increased with increasing the initial pH. Conversely, 

at pH> 10.8, the response gradually decreased. The illustrated contours are presented in 

Fig. (2b, d, f) show that the response raised with raising the contact time from 10- 98, but 

then decreased. 

 Numerical optimization was applied to obtain the desired value for each input 

factor and response. There, the following input optimization options are available for 

selection: In target, range, minimum, maximum, none of the responses, and designed to 

produce an ideal output value under a particular set of circumstances. Under these 

conditions, the best results accomplished for crude oil adsorption onto S. latifolium was 

46.14gm (Fig. 3) with an adsorbent dose of 0.13gm, oil concentration of 24.29ml, time of 

57.44 minutes, and an initial pH of 9.54. The accuracy and suitability of the model were 

indicated by a confirmatory experiment, which revealed that the crude oil adsorption 

capacity onto Sargassum latifolium was 45.87gm under optimal conditions (actual), 

slightly lower than 46.14gm (predicted) obtained by the model.  

2. Adsorption isotherm 

 Adsorption isotherm is crucial for describing how the solute and adsorbent 

interact and to investigate the effectiveness of adsorption as well as its mechanism. The 

equilibrium behavior between oil and the adsorbent has already been described using 

Langmuir or Freundlich isotherm models by several researchers. It was analyzed using 

both types of isotherms for S. latifolium oil adsorption. Table (5) represents the linear 

equations of isotherm models applied by Langmuir and Freundlich, equations 7 and 8, 

respectively. The values of R
2
 were compared between the isotherm models with the aim 

to assess the validity of these models. Compared to the value derived from the Freundlich 

models, the R
2
 values of the Langmuir model are typically significantly closer to 1, as 

shown in Table (6); This indicates that the Langmuir model rather than the Freundlich 

model best fits the experimental data. Moreover, this indicated monolayer coverage of oil 

on S. latifolium, and the adsorption occurred was chemisorption. 
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Table 5. List of adsorption Isotherm used 

 

3. Sargassum Latifolium characterization 

3.1 FT-IR analysis 

Finding functional groups that can adsorb ions of S. latifolium is possible with the 

help of FTIR spectrophotometry, which was used to elucidate these active sites. Peaks in 

the S. latifolium FTIR spectrum (Fig. 4) were attributed to distinct groups and bonds 

based on the wave numbers (cm
-1

) that corresponded to each peak, which were described 

in the literature to be in the range of 500– 4000cm
-1

. The band observed at 3395cm
−1

 in S. 

latifolium represents the bonded –OH group on their surface. The light stretches at 2923, 

2853, and 2729cm
−1

 demonstrated the stretching of aliphatic acids' symmetric or 

asymmetric C-H vibration. Amide molecules may be responsible for the band observed at 

1630cm
-1

, which represents C=O bond. Furthermore, ionic carboxylic groups (-COO) 

showed symmetric and asymmetric stretching vibrations at 1480cm
−1

. While adsorption 

band at 1376cm
−1

 indicates C-H presence bend. In S. latifolium, a deformation associated 

with the C–O bond was noted at 1161 and 1032cm
−1

. The FTIR analysis revealed a band 

at a range of 812– 871cm
−1

 representing the Al–O–Si. In addition, the C-H bond of 

aromatic compounds can be credited with the peak at 725cm
−1

. These functional groups, 

which include hydroxyl, amino, carbonyl, and carboxyl, have been demonstrated to be 

present in a number of biomolecules, proteins, and extracellular polymers. These groups 

are primarily in charge of the sorption of S. latifolium by chemical bonding (Singaravelu 

et al., 2007; Azizi et al., 2014; Mansour et al., 2022). FTIR analysis suggests that the S. 

latifolium ions interaction with adsorbent active sites may be responsible for the 

formation of new adsorption peaks, transfer in wave number of functional groups, and 

adsorption strength modifications. The S. latifolium ions were electrostatically drawn to 

the active areas of the adsorbents. Moreover, the electrostatic attraction occurred between 

the S. latifolium ions and the carbonate group. 
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Fig. 2. Response surface plots for crude oil adsorbent capacity onto Sargassum Latifolium showing:  

a) Effect initial concentration/adsorbent dose (pH 8.5, time 65min),  

b) Effect time/Adsorbent dose (initial concentration 15ml, pH 8.5), 

c) Effect pH/ adsorbent dose (initial concentration 15ml, time 65min), 

d) Effect time/initial concentration (adsorbent dose 0.55gm, pH 8.5),  

e) Effect pH/initial concentration (adsorbent dose 0.55gm, time 65min), and 

f) Effect pH/ time (adsorbent dose 0.55gm, initial concentration 15ml) 

 

 

 

a b 

c d 

e f 



1649                                    Optimization of Oily Wastewater Treatment by Sargassum latifolium 

 

 

Fig. 3. Desirability ramps for optimization 

Table 6. Results of isotherm models of oil adsorption onto Sargassum latifolium  

 

 

 
Fig. 4. FTIR spectra of (Sargassum latifolium) (A) Before adsorption and (B) After the 

process  
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3.2 SEM analysis 

The SEM of S. latifolium showed that surface shape changes dramatically after 

adsorption, and unique aggregates form on their surfaces.  

Fig. (5) illustrates the SEM images of S. latifolium before and after oil removal at 

magnification of 2,000 X. The S. latifolium interaction with oil resulted in the formation 

of flake-like deposits on its surface, causing the surface to become irregular. The S. 

latifolium had a thick and extremely porous morphology with diverse sizes and forms of 

surface texture, as displayed in Fig. (5). In the meantime, due to the adsorption of the S. 

latifolium, the porous texture on the surface. Following contact with oil, the swollen 

deposits appeared. 

 

 

Fig. 5. SEM images of (S. latifolium) (A) Before adsorption and (B) After adsorption 

 3.3 BET characterization  

To determine whether the sample's porosity had undergone any change, the 

adsorbent's precise pore volumes and surface area were examined., as shown in Table (7). 

At low pressures (P/P0 0.01), the S. Latifolium isotherm exhibits rapid N2 adsorption and 

constant high adsorption with hysteresis. The BET surface area is determined to be 

111.65m2/ g. Pollutant trapping is crucial due to pores acting as receptor or binding sites 

during the adsorption. Moreover, 0.122cc/ g of pore volume is provided. 

 

Table 7. N2 adsorption determined the textural characteristics of S. latifolium 
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3.4 Raman spectra 

The Raman spectra, as well as FT-IR, provide a definitive identification of the 

adsorbent particles. The dry Raman spectra of S. latifolium are shown in Fig. (6). The 

most Raman bands that confirm adsorbent success were seen around 1736- 1751, 1434- 

1461, 826- 878, and 634- 698cm
-1

. These peaks, in that sequence, matches to the 

vibrations of the ester C=O that stretch, the CH3-symmetric deformation, the H3C-C 

stretching, and the O-C=O in-plane deformation. The C=O stretching vibration in the 

aldehyde group produced an extra band at 1608cm
-1

. Assignable to asymmetric and 

symmetric C-O-C stretch modes, C-OH bending modes and the band connected to the 

adsorbent's C-H2 bonds are the distinctive bands at 1094, 1265, and 1378cm
-1

. 

 

Fig. 6. Raman of S. latifolium adsorbent 

3.5. Comparison of oil adsorption capacity S. latifolium with different raw and 

modified adsorbents 

Table (8) demonstrates the comparison of the oil removal capacity S. latifolium with 

different raw and modified adsorbents. The findings exposed very effective adsorbent for 

oil removal capacity compared to previous studies. Most of the mentioned studies used 

crude oil as the type of oil removed. 

The comparison between different types of adsorbents, including natural or 

modified adsorbents such as activated carbon, polymers, and other composites, was 

recorded for oil removal. The widely utilized adsorbents are recognized to be biosorbents. 

One of the benefits of using biosorbents is how simple it is to prepare them, along with 

other benefits like biodegradability and cost-effectiveness. In certain cases, the source 
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biomass material is only ground up, cleaned, dried, and used for adsorption tests without 

any kind of preparation (Emenike et al., 2022). For example, black rice husk ash, date 

palm, modified palm fibers, modified cotton fibers, banana peel, raw nettle fibers, 

bagasse, raw Posidona oceanic, rice straw, and S. Latifolium, all are examples of good 

bioadsorbents for oil removal from aqueous solution, as indicated in Table (8).  

 

 

Table 8. Comparison of oil adsorption capacity S. Latifolium with raw and modified 

adsorbents 

Adsorbent Oil capacity 

(g/g
-1

) 

Type of oil Reference 

Black rice husk ash (BRHA) 

adsorbent 

6.220; 5.020 Crude oil; 

Diesel oil 

(Vlaev et al., 2011) 

Date palm 1.425 Petroleum oil (Sueyoshi et al., 2012) 

Zeolite fine powder 0.192 Motor oil (Ramezanzadeh et al., 

2016) 

Modified palm fibers  35.710, 22.730 

and 21.740 

Crude oil, 

Diesel oil, 

vegetable oil 

(O. Abdelwahab, Nasr 

& Thabet, 2017) 

Modified cotton fiber 57 Diesel, Crude 

oil 

(Lv et al., 2018) 

Banana peel 6.630 Crude oil (Alaa El-Din et al., 2018) 

Raw nettle fibres 8.320 Crude and diesel 

engine oil 

(Viju et al., 2019) 

Acetylated nettle fibres 18.800 Crude oil and 

diesel engine oil 

(Viju et al., 2019) 

Raw Posidona oceanic 5.320 Crude oil (Ben Jmaa & Kallel, 

2019) 

Activated carbon nanofiber 

nonwoven 

1.250 Crude oil (Waisi et al., 2020) 

Polymeric adsorbent beads 0.300 Crude oil (Al-Maas et al., 2022) 

Chitosan  32.200 Crude oil (Khalifa et al., 2019) 

Nonanyl chitosan Schiff base 59.200 Crude oil (Khalifa et al., 2019) 

Chitosan-g-poly (butyl 

acrylate) 

83.300 Crude oil (Omer et al., 2020) 

Rice straw 6.670 Crude oil (Tayeb et al., 2020) 

Carbonaceous nano-sponge 33 Crude oil (Torasso et al., 2019) 

Silver nanoparticle 2.660 Crude oil (Akpomie & Conradie, 

2021) 

Nano-magnetic/activated 

carbon 

30.200 Crude oil (Shokry, Elkady & 

Salama, 2020) 

Sargassum Latifolium 45.870 Crude oil Present study 
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In a common modification process called acetylation (acetylated nettle fibers), 

some of the hydrophilic hydroxyl (-OH) groups in lignocellulosic materials are swapped 

out for the hydrophobic acetyl (-COCH3) groups, therefore acetylated nettle fibers were 

effective with oil removal of 18.8g/ g oil (Viju et al., 2019).  

Some researchers investigated the activated carbon for oil removal due to its 

mesoporous structure, high hydrophobicity, and high specific surface area. Waisi et al. 

(2020) studied crude oil adsorption using activated carbon derived from nanofiber 

nonwoven, with a removal capacity of 1.25g oil/ g adsorbent.  

Others used polymers due to their unique qualities, including their low cost, 

biodegradability, biocompatibility, tunable surface chemistry, and mechanical stiffness, 

such as chitosan and chitosan-modified adsorbent with high oil adsorption and retention 

capacities, excellent oil-water selectivity, and high reusability (Khalifa et al., 2019; 

Omer et al., 2020). 

Nanoparticles from organic and inorganic sources have been used for crude oil 

removal from water. Torasso et al. (2019) developed a superhydrophobic and oleophilic 

carbonaceous nanosponge to specifically oil removal with a capacity of 33g oil/ g 

adsorbent. The light crude oil may be absorbed 33 times its own weight by the nano-

adsorbent, with little water adsorption. The utilization of a silver nanoparticle for oil 

removal from oily wastewater was addressed in he study of Akpomie and Conradie 

(2021). Other researchers used two or more constituents in a material called composite, a 

combination of different kinds of adsorbents to improve the adsorbent prosperities; 

nevertheless, not many researchers studied this kind of adsorbent (Shokry, Elkady & 

Salama, 2020; Emenike et al., 2022). While, in the present study, S. latifolium was used 

for crude oil removal and found to be very effective with a high removal capacity of 

45.87g/ g oil. Additionally, natural biosorbents offer additional benefits due to their ease 

of preparation, as previously indicated.. 

 

     CONCLUSION 

The present study investigates the oil adsorption onto S. latifolium. Four 

independent variables were experimentally applied including adsorbent dosage, oil 

volume, contact time, and pH. Response surface methodology developed the Box-

Behnken model for the examination of the role of these parameters on oil removal. The 

average pore size of the adsorbent was 2.190nm as determined by BET measurements. 

Additionally, the surface area analysis (BET) of Brunauer-Emmett-Teller was proven to 

be 0.00351m
2
/ g. Furthermore, a SEM showed that the interaction of Sargassum 

latifolium with oil led to the development of flake-like deposits on its surface, causing the 

surface to become uneven. The principal functional groups engaged in the treatment 

process were carboxyl, hydroxyl, amine, and carbonyl, according to the FTIR spectrum. 

The best results accomplished for crude oil adsorption were obtained at the optimum 

conditions of adsorbent dose of 0.13gm, oil concentration of 24.29ml, time of 57.44 
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minutes, and initial pH of 9.54. The confirmatory experiment demonstrated the model's 

applicability and accuracy, which revealed that the crude oil adsorption capacity onto 

Sargassum latifolium was 45.87gm under optimal conditions, slightly lower than 

46.14gm (predicted) obtained by the model. For isotherm models, the Langmuir model 

rather than the Freundlich model better fits the experimental data, indicating monolayer 

coverage and a chemisorption adsorption process. According to the results, Sargassum 

latifolium showed an excellent oil uptake and indicated to be a great choice as a 

bioadsorbent for oil removal from aqueous environments. 
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