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Abstract 11 

There is an ever-growing demand for adsorbents in environmental protection processes such 12 

as removal of organic and inorganic hazardous compounds. One emerging aspect of this 13 

remedy is to explore the propensity of new, sustainable and low-cost materials derived from 14 

the biomass. Herein, pomegranate peel balls were evaluated as bioadsorbents for removal of 15 

Methylene Blue (MB) dye, a model pollutant, from aqueous solutions. Adsorption kinetics 16 

were investigated in relation to temperature, contact time and pH of the solution. The results 17 

were found to fit pseudo-second order kinetics. The maximum adsorption capacity of the peel 18 

balls for MB was found to be 15.8, 15.6, 14.9 and 14.5 mg/g at 25, 35, 45 and 55°C, 19 

respectively. Thermodynamic studies indicated that the sorption reaction was spontaneous and 20 

exothermic. Mechanisms of sorption include physical adsorption. 21 

This work conclusively shows that in countries where pomegranate is available, the waste 22 

generated by the fruit peel could be considered for future water filtration and environmental 23 

protection. 24 
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1. Introduction  36 

Water pollution from industrial discharges is a serious problem in several countries. It 37 

presents a real danger to mankind and the environment due to persistence and in some cases 38 

low bio-degradability [1,2,3]. Particularly, industrial wastewater polluted with dyes has been 39 

extensively studied. In order to reduce the harmful effects of these pollutants, several 40 

wastewater treatment processes, such as biological processes, give unsatisfactory results due 41 

to the composition of these discharges in toxic materials and dyes that are difficult to 42 

biodegrade [4,5,6]. Adsorption is one of the most widely used techniques and is easy to 43 

implement. The removal of dyes from aqueous solutions by adsorption on various solid 44 

materials, especially activated carbon, has been the subject of numerous studies [7,8,9,10,11]. 45 

Adsorption of organic pollutants such as dyes on activated carbon has proven to be a very 46 

efficient treatment technique. However, recalcitrant dyes require overdosing of carbon for 47 

higher efficiency, making the cost of the operation excessive. Moreover, regeneration of 48 

activated carbon is also a tricky operation and costly. Due to these shortcomings, the 49 

usefulness of carbon adsorbents is still under debate [12,13]. As an alternative, low-cost 50 

adsorbent materials raised much interest for wastewater treatment [14,15], particularly in view 51 

of efficiently removing dyes [16] and other hazardous compounds [17]. Commonly used 52 

adsorbents are tea leaves [18,19,20,21], coconut shells [22], coffee beans [23,24], and corn 53 

cobs [25,26] among numerous biomass-derived materials [27,28,29,30]. In addition, the 54 

recovery of food waste without generating pollutants is a major challenge and is 55 

recommended for sustainable industrial development in order to protect the environment. 56 

Therefore, it is necessary to continue testing emergent low-cost, economical, abundant and 57 

readily available bioresourced adsorbents for wastewater treatment, e.g. removal of dyes. As 58 

energy and pollution are important issues, the resources available in a given region or country 59 

need to be explored. Mediterranean countries are well-known for the production of numerous 60 

fruits, the wastes of which after consumption could advantageously be employed to address 61 

environmental issues. Pomegranate is massively produced in the Mediterranean basin, and 62 

consumed as table fruit in several recipes, and pressed to obtain fresh, tasty juice. Production 63 

is estimated at 2.5 million metric tons/year. While widely available in Mediterranean 64 

countries and other regions such as the Middle East, India (33%), Iran (37%), and Turkey 65 

(13%) to a lesser extent pomegranate is also produced in California, Mexico, Russia, and 66 

Japan [31]. Particularly, in Tunisia, pomegranate production is about 75000 tons/year in 2019 67 

and mainly located in Gabès, South-East Tunisia. The region of Gabès contains 35% of the 68 
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national pomegranate producers in Tunisia. Only recently, pomegranate peels have been 69 

considered for valorization. Peels are a source of natural products such as citric acid [32] and 70 

polyphenols [33], provide tannins for adhesive formulation [34], and could be exploited in 71 

nanomaterial synthesis [35].They have also been considered as low-cost agrowaste in water 72 

treatment [36], particularly for the removal of dyes [37,38,39] including methylene blue [39]. 73 

However, reports in the literature considered only dried and then milled pomegranate peels (if 74 

carbonized derived materials are excluded). In this work, a completely different strategy is 75 

proposed for the preparation of adsorbents from pomegranate peels, based on lyophilization of 76 

frozen pomegranate peel paste. This option leads to sublimation of frozen water, thus 77 

resulting in porous adsorbents. This is what has motivated this sustainable development-78 

oriented research. 79 

 80 

In this study, we used pomegranate peel as an agrowaste to prepare pomegranate peel ball 81 

bioadsorbent. The pomegranate peel balls were tested for the removal of methylene blue from 82 

aqueous solutions. 83 

The influences of solution pH, initial concentration of methylene blue, contact time and 84 

temperature on removal of the dye were thoroughly investigated. Kinetic models and 85 

constants, as well as adsorption thermodynamic properties, were assessed. 86 

 87 

2. Experimental  88 

2.1. Instrumentation and characterization 89 

Methylene blue dye, a product of Alfa Aesar company, was used as received without any 90 

purification. A stock solution of 1000 mg.L
-1

 was prepared by dissolving the required amount 91 

of color in ultrapure water. The working solution of the desired concentrations was obtained 92 

by successive dilutions of the stock solution. The concentration of MB in solution before and 93 

after adsorption were determined at the maximum wavelength λ= 664 nm, using a UV 94 

spectrophotometer (Shimadzu UV-3101PC) 95 

An AK Alpha instrument (Thermo), fitted with a monochromated Al Kα X-ray source 96 

(hν= 1486.6 eV, spot size = 400 µm), was used for XPS measurements. A flood gun was 97 

employed for static charge compensation. The analyzer was operated at 80 and 200 eV pass 98 

energy for the narrow regions and survey spectra, respectively. Elemental atomic 99 

concentrations were computed using the integrated peak areas and the corresponding 100 
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sensitivity factors provided by the manufacturer. Fourier Transform Infrared (FTIR) spectra 101 

were recorded on a Perkin-Elmer Spectrum 100 FTIR spectrophotometer in the range of 400-102 

4000 cm
-1

 after deposition of the sample on a diamond substrate. 103 

 104 

2.2. Preparation of pomegranate peel balls. 105 

The pomegranate peel was collected and washed with ultra-pure water to remove soluble 106 

materials, dust and impurities, then dried at room temperature for 2 weeks. It was then dried 107 

for two days at room temperature, away from dust, and crushed with mortar. The peel was 108 

sieved through a mesh of porosities equal to or less than 80 µm. To prepare pomegranate peel 109 

balls, 20 grams of pomegranate peel powder were added to 100 milliliters of distilled water to 110 

make a paste. After that, the paste was made into small balls and left to freeze in order to turn 111 

water into ice. The frozen peel balls were then lyophilized in order to sublimate ice. This 112 

process permitted the final porous pomegranate peel balls to be obtained. 113 

 114 

2.3. Batch adsorption experiments 115 

To study the effect of important parameters such as pH, contact time, initial concentrations of 116 

color and temperature on the adsorptive removal of methylene blue, batch experiments were 117 

conducted. The effect of pH on methylene blue removal was studied over a pH range of 1 - 118 

10. The initial pH of the solution was adjusted by addition of aqueous solution of HNO3 or 119 

NaOH (1 M). The adsorption kinetics were determined by mixing 20 mL MB at 40 mg/L 120 

concentration with a mass of 50 mg biosorbent in pyrex beakers at room temperature. This 121 

mixture was stirred at a constant rate of 200 rpm. The samples were taken at different time 122 

intervals from 0 - 300 seconds, while the supernatant was analyzed by UV-Visible 123 

spectroscopy λ= 665 nm (corresponding to maximum absorbance).  124 

The percentage of dye removal (% of color removal) and the adsorbed amount (qe) were 125 

calculated using the equations (1) and (2) 126 

% Color removal = 
𝐶0− 𝐶𝑡

𝐶0
 ∗ 100   (1) 127 

𝑞𝑒 =  
( 𝐶0−𝐶𝑒)𝑉

𝑚
      (2) 128 

where Co and Ct (mg L
-1

) are the initial MB concentration and concentration at time t, 129 

respectively, V (L) is the volume of solution, and m (g) is the weight of adsorbent. 130 

 131 
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2.4. Regeneration of bioadsorbents  132 

In order to test the reusability of the bio-balls, cycles of adsorption-desorption experiments 133 

were carried out [40]. First, the Methylene Blue adsorption experiments were carried out in 134 

batches under the optimal conditions described in the previous section using 20mL of 40mg/L 135 

of MB, with a contact time of 60 minutes. Desorption was performed by placing the bio-balls 136 

in 20mL of 0.1 M HCl. Then, the bio-adsorbent was washed with bi-distilled water at neutral 137 

pH, and this adsorption-desorption process was performed five times using the same 138 

adsorbent. 139 

 140 

3. Results and Discussion 141 

3.1. IR analysis 142 

An FTIR spectrophotometer was used to determine the differences in functional groups before 143 

and after the sorption process on MB. Figure 1 shows the FTIR spectra of pomegranate peel 144 

balls after and before adsorption of MB, which exhibit a broad and strong absorption peak at 145 

around 3320 cm
-1

assigned to the stretching vibration peak of –OH. The band observed at 2940 146 

cm
-1

 related to C-H stretching vibration. The existence of vibrational stretching of the C=O 147 

group can be confirmed by IR absorption bands at 1736 and 1613cm
-1

 (Figure 1a, upper 148 

spectrum). The absorption bands at 1442, 1321 and 1200 cm
-1

 are assigned to C-O-H bending 149 

vibration, O-H bending vibration, and C-O group stretching vibration, respectively. A band 150 

appearing at 1013 cm
-1

 is assigned to the stretching vibration C=O. The band at 1600 cm-1 151 

could be assigned to asymmetric and symmetric vibrations of the ionized carboxylic group 152 

O=C-O
-
 [39]. After adsorption of Methylene Blue, Figure 1b exhibits new IR adsorption 153 

bands at 2181, 1974 and 1140 cm
-1

, which could be related to stretching vibrations of N=C=O 154 

and N=O groups, and to bending vibrations of C-N. These bands confirm the immobilization 155 

of MB on the biosorbent particles. 156 
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 157 

Figure 1. Infrared spectra of pomegranate peel balls before (a, black) and after (b, red) 158 
adsorption of Methylene Blue (MB). 159 

 160 

3.2. XPS analysis 161 

The XPS analysis of pomegranate peel is given in Figure 2. Figure 2a exhibits sharp C1s (285 162 

eV), and O1s (532 eV) peaks of pomegranate peel. After adsorption of the dye, noteworthy 163 

observations are the occurrence of the N1s peak (400 eV) assigned to the dye, as well as S2p 164 

(Figure 2c) with two components at 164.4 eV and 168.2 eV (oxidized sulfur atoms). The XPS 165 

spectra of C1s shown in Figure 2b fitted with four components centered at 284.9 eV, 286.6 166 

eV, 288.2 eV and 289.1eV, representing differences in chemical environment around carbon 167 

atoms. The peak at 284.9 eV is typical of the C-C/C-H bond; the component at 286.6 eV is 168 

associated with C-O bonding; the component at 288.2 eV is most probably due to the semi-169 

acetal carbon atom in cellulosic materials, while a final minor component is located at 289.2 170 

eV probably due to COOR types of carbon atoms. Survey spectra in Figures 2b and c and 171 

compositions in Figure 2c indicate clear and significant changes experienced by pomegranate 172 

peel balls after the Methylene Blue adsorption process. 173 

 174 
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Figure 2. XPS survey spectra of pomegranate peel after and before adsorption of methylene 175 

bleu (a), C1s and S2p narrow regions for pomegranate peel balls after adsorption (b, c), and 176 

the atomic ratio of nitrogen and sulfur in PG peel balls (before and after adsorption of MB) 177 

(d). 178 

 179 

3.3. Effect of pH 180 

Elimination of Methylene Blue by the bio-balls is significantly affected by the solution pH. 181 

Indeed, it acts both on the surface load of the material and on the distribution and speciation 182 

of cations [41,42]. The effect of pH on the adsorption rate of MB has been studied over a 183 

wide range of pH= 1-10. The effect of pH on the removal of MB is shown in Figure.3. It was 184 

observed that a gradual increase in the amount of MB adsorbed from 3.6 mg/g to 16.0 mg/g 185 

occurred when the pH values increased from 1 to 7. As the pH increases, the double positively 186 

charged Methylene Blue (Scheme 1) becomes deprotonated but remains cationic in nature. IR 187 

results indicate the presence of carboxylates [39] that interact favorably with proton H
+
, thus 188 

hampering adsorption of the dye at low pH. Elevating the pH reduces the concentration of H
+
, 189 

thus making it possible to accommodate more cationic MB dye at the surface via electrostatic 190 
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interactions. In short, adsorption of MB is favored when the pH increases due to the drastic 191 

decrease in H
+
 competing ions. 192 

 193 
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Scheme1. Protonation of Methylene Blue in aqueous solution. 195 

This can be explained by the fact that at low pH values, the surface of the adsorbent would be 196 

surrounded by H
+
 ions, which induces repulsion of the protonated form of Methylene Blue 197 

[43]. On the other hand, at high pH, the concentration of H
+
 decreases, which leads to a good 198 

interaction between the dye ions and the surface sites [44].  199 

 200 

Figure 3. Effect of pH on MB removal by pomegranate peel balls (contact time = 2h, dose of 201 

pomegranate peel balls =0.05 g.L
-1

, MB concentration =40 mg.L
-1

, temperature = 28 °C). 202 

 203 

3.4. Effect of temperature  204 

Temperature is an important factor that can affect the adsorption process. Adsorption of MB 205 

from an aqueous solution at different temperatures was studied in a range from 25 to 55 °C. 206 
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Figure 4 illustrates the effect of temperature on adsorption for pomegranate peel balls. As can 207 

be clearly seen in Figure 4, adsorption capacity is increased to its maximum at 25 °C. Above 208 

this temperature, it is observed that adsorption of the MB dye on pomegranate peel balls 209 

decreases as the temperature of the solution increases. Similar results have been obtained by 210 

various authors for adsorption of dyestuffs on various adsorbents [45,46,47,48]. This is due to 211 

the exothermic, spontaneous adsorption process and the weakening of the bonds between the 212 

dye molecules and the active sites of the adsorbents at high temperature. However, 213 

overheating adversely affects the adsorption process and can lead to an increase in desorption. 214 

 215 

Figure 4. Effect of temperature on MB removal by pomegranate peel balls (pH 7, BM 216 

concentration = 40 mg L
-1

, contact time = 2 h, dose of pomegranate peel balls = 0.05 g L
-1

) 217 

 218 

3.5. Effect of contact time  219 

Adsorption of MB on the pomegranate peel balls in solution implies determination of contact 220 

time, which corresponds to a state of equilibrium of saturation of the support by the substrate. 221 

The results displayed in Figure 5 show that the adsorbed amount of MB increases rapidly in 222 

the first 60 minutes to reach an optimum of 98.2%, and remain approximately constant after 223 

120 minutes, indicating a steady state. This shows that the adsorption balance of the dye by 224 

the adsorbent used is very fast. Adsorption then slows down gradually. This is due to the 225 

availability of the large number of vacant adsorption sites on the surface of balls at the initial 226 

stage of adsorption. These lead to a decrease in adsorption rate, while a plateau corresponding 227 

to the steady state after 60 minutes is observed. 228 
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 229 

Figure 5. Effect of contact time on direct blue dye removal by pomegranate peel balls (pH 7, 230 

temperature = 28 ◦C, MB concentration = 40 mg L
-1

, weight of pomegranate peel balls = 0.05 231 

g L
-1

). 232 

 233 

3.6. Adsorption kinetics 234 

Adsorption of organic molecules by a solid in aqueous solution is a phenomenon with 235 

complex kinetics. In order to study MB adsorption processes on pomegranate peel balls, we 236 

used the pseudo-first order and pseudo-second order kinetic model. The pseudo-first order 237 

was expressed by the Lagergren equation (3) [27], while the pseudo-second order was 238 

expressed by equation (4) [49]: 239 

log(𝑞𝑒 − 𝑞𝑡) = log 𝑞𝑒 −
𝑘1

2.303
𝑡     (3) 240 

𝑡

𝑞
=

1

𝑘2𝑞𝑒
2 +

𝑡

𝑞𝑒
       (4) 241 

 242 
Where qt and qe are the quantities adsorbed at times t and at equilibrium, and K1, k2 are the 243 

rate constants of the adsorption process of the pseudo-first order and pseudo-second order. 244 

Figure 6 illustrates the results of the application to pseudo-first order and pseudo-second order 245 

kinetic models of Methylene Blue adsorption on pomegranate peel balls. The pseudo first- 246 

and pseudo-second order constants were determined by extrapolation of the log plot (Qe-Qt) 247 

versus time (t) (Figure 6(a)). The t/qt plot versus time (t), the pseudo first- and pseudo-second 248 
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order constants K1 and K2, respectively, the regression coefficients R², and the calculated 249 

values of the adsorbed quantities Qe are summarized in Table 1. These observations suggest 250 

that, for the first-order kinetic model, the correlation coefficient R² is of the order of 0.495, 251 

and the adsorption capacity is much lower than that obtained experimentally. On the other 252 

hand, the correlation coefficient for the pseudo-second kinetic model is of the order of 0.995 253 

and is very close to unity. Equilibrium Qe adsorption amounts for the pseudo-first order and 254 

pseudo-second order kinetic models are 5.432 mg/g and 16.660 mg/g, respectively. These 255 

results suggest that the adsorption process fits in well with the pseudo-second order model. 256 

 

 

Figure 6.  kinetics (a), pseudo-second order (b) kinetics for Methylene Blue adsorption onto 257 

pomegranate peel balls (pH 7, temperature = 25 °C, MB concentration = 40 mg L
-1

, weight of 258 

pomegranate peel balls = 50 mg). 259 

 260 

Table 1. Adsorption kinetic parameters of MB, modeled by pseudo-first order and pseudo-261 
second order models at different temperatures. 262 
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3.7. Thermodynamics of adsorption 266 

 267 

Figure 7. Plot of 𝐿𝑛(𝐾𝑐) v 
1

𝑇
 for removal of Methylene Blue by pomegranate peel balls. 268 

 269 

Temperature is a very important parameter in the adsorption process in that it affects the 270 

interactions between the adsorbent adsorbate systems. The thermodynamic study reflects the 271 

feasibility and spontaneous nature of the adsorption process. Parameters such as free energy 272 

(∆G°), enthalpy variation the values (∆H°), and entropy variation (∆S °) can be estimated 273 

from equilibrium constants at different temperatures. The ΔG (kJ/mol) of adsorption reaction 274 

is given by: 275 

ΔG° = RTLnKc   (5) 276 

Kc= 
𝑄𝑒

𝐶𝑒
 277 

where Qe and Ce are the adsorption capacity and the equilibrium concentration in the solution 278 

at adsorption equilibrium, respectively; R is the universal gas constant (8.314 J mol
-1

 K
-1

), and 279 

T stands for the absolute temperature (K). The values of ΔH and ΔS can be calculated from 280 

the Van’t Hoff equation:  281 

ΔG = ΔH – T ΔS   (6) 282 

Equation 6 was used to deduce ΔH and ΔS from the slope and the intercept of the of  283 
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The values of the thermodynamic parameters are given in Table 2. The negative ΔG values 285 

indicate spontaneous adsorption of MB on pomegranate peel balls. However, the higher was 286 

the reaction temperature the smaller the ΔG value. Generally, a -ΔG value between 0 and 20 287 

KJ/mol is consistent with the electrostatic interaction between the adsorption sites and the 288 

adsorbing molecules, meaning that the type of adsorption is physical adsorption [50]. The 289 

values of enthalpy (ΔH°) and entropy (ΔS°) were calculated to be -61.0 kJ/mol.K and -175.5 290 

kJ/mol.K, respectively. The negative sign of ΔH° shows that the sorption of MB by 291 

pomegranate peel balls is exothermic. 292 

 293 

Table 2. Thermodynamic parameters for adsorption of MB onto pomegranate peel balls. 294 

T(K) ΔG(kJ/mol) ΔH(kJ/mol.K)  ΔS(J/mol.K)  R² 

298 -8.54 

-70.00  -175.5  0.968 
308 -7.37 

318 -4.57 

328 -3.62 

 295 

3.8. Regeneration of bio-adsorbent 296 

Four consecutive adsorption-desorption cycles were carried out on the same adsorbent to 297 

study the regeneration capacity of the balls. Figure 8 shows the reusability performance of the 298 

beads: after the second adsorption-desorption cycle we notice a progressive decrease in the 299 

adsorbing power of our beads, which can be explained by the incomplete recovery of the 300 

active sites after regeneration. [ 51 , 52 ]. The adsorption performance of the beads was 301 

maintained after the second cycle, while the third and fourth cycles induced a slight decrease 302 

in the adsorbed amount of Methylene Blue. These results are indicative of balls re-adsorption 303 

performance, which ensures long-term use in wastewater treatment with dyes [51]. 304 
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 305 

Figure 8. Recycling of pomegranate peel based bio-balls in the removal of Methylene 306 

Blue from aqueous solution (C0=40 mg/L, pH= 7, V=20 mL). 307 

 308 

 309 

3.9. Comparison of pomegranate peel ball adsorption properties with other adsorbents.  310 

Table 3. Comparison of the maximum adsorption capacity of Methylene Blue on various 311 

adsorbents 312 

Adsorbent 
Qmax 

(mg/g)  

MB 

removal 

(%) 

pH Initial MB 

concentration 

(mg/L) 

Adsorbent 

dosage (g) Ref. 

Coir pith 5.87 
97 6.9 10-40 

100 mg/50 mL [53] 

Rice husk 9.83 93.2 7 60 12g/L [54] 

Raw Brazil nut 

shells 
7.81 - 

6.5 
1100 - [55] 

Orange peel 14.2 - 4 25 0.05g/25mL [56] 

Pomegranate 

peel powder 

particles 

53.1 85.0
a
 

5.6 

50 0.08g/100mL [39] 

Pomegranate 

peel powder 

particles 

184.9 49.3
 a
 

5.6 

300 0.08g/100mL [39] 

Pomegranate 

peel balls 
15.7 99.20 

 
40 

0.05 g/20mL 
This work 

acalculated from the published data in [39]. 313 

 314 

Table 3 compares the maximum adsorption capacity of the actual pomegranate peel balls with 315 

those of other bio-based agrowastes. Although within the same order of magnitude, the actual 316 
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designed peel balls behave remarkably well compared with other agrowastes and adsorb the 317 

quasi total amount of dye dissolved in the aqueous solution. They thus appear promising for 318 

future developments. The lyophilization approach, which follows the peel ball freezing step, 319 

certainly merits further investigation in view of harnessing adsorption capacity.  320 

 321 

 322 

4. Conclusion  323 

In this work, a low-cost pomegranate peel bio-ball demonstrated the ability to adsorb 324 

Methylene Blue from aqueous solutions. The removal of this cationic dye is maximal at pH 7. 325 

The results of removing this cationic dye from aqueous solutions by pomegranate peel bio-326 

balls correlated with the pseudo-second order kinetic model. Adsorption equilibrium is 327 

reached within 60 min. The thermodynamic study indicates the exothermic and spontaneous 328 

nature of the adsorption process. The agrowaste-derived balls have excellent adsorption and 329 

regeneration properties. Reuse of balls not only reduces production cost but also reduces 330 

secondary pollution. This study concludes that pomegranate peel can be used to prepare low-331 

cost adsorbents of dyes (herein Methylene Blue), thereby addressing the United Nations 332 

Sustainable Development Goal 6 (SDG 6), which concerns "clean water and sanitation for 333 

all”. 334 

 335 
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