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Abstract 8 

The valorization of agricultural waste peels as a low-cost biosorbent is a promising 9 

approach to water treatment. In this work, the improvement of the adsorption capacity 10 

of lemon peel to remove Ni (II) from aqueous effluents was explored using several 11 

chemical modifiers: HNO3, HCl, H3PO4, CaCl2, NH3 and NaOH. The surface 12 

pretreatment using NaOH was selected as the best option because of the improvement 13 

of the maximum adsorption capacity. The maximum adsorption capacity was of 36.74 14 

mg g–1 according to the Langmuir model at optimum conditions (pH=5, S/L=5 g L–1, 15 

25ºC). The pseudo-first order model of biosorption kinetics provides the best fit for 16 

experimental data. From thermodynamic studies, it was concluded that Ni (II) 17 

biosorption by modified lemon peel was endothermic and spontaneous. After five 18 

consecutives adsorption-desorption cycles using 0.1 M of HNO3 and H2SO4, a recovery 19 

of 90 % of Ni (II) was obtained. Regarding characterization of the biosorbent, the 20 

surface morphology was studied by Scanning Electron Microscopy while the functional 21 

groups responsible for Ni (II) adsorption were evaluated by Fourier transform infrared 22 

spectroscopy. 23 

Keywords:  24 

Biosorption, Agricultural Wastes, Surface Modification, Industrial Effluent Treatment, 25 

Lemon Peel, Ni (II) ions. 26 
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• Biosorption as an alternative method of Ni (II) removal from industrial effluents. 28 
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• The maximum adsorption capacity was obtained using NaOH as surface 29 

modifier. 30 

• High removal rates of Ni (II) were obtained under optimized conditions.  31 

1. Introduction 32 

Metal pollution is a major environmental issue worldwide due to the important increase 33 

in the use of heavy metals in various industries, such as mining, metal finishing, 34 

electroplating, leather tanning, metallurgy, electronic, battery industries, chemical 35 

manufacturing, and petroleum industries (Lesmana et al., 2009). Heavy metals are non-36 

degradable and tent to accumulate in photosynthetic organism transferring these 37 

pollutants to humans (Duruibe et al., 2007; Abdullah et al., 2019). Therefore, it is 38 

widely accepted that heavy metals disposal into natural waters entails serious problems 39 

for both human health and the environment.  40 

Conventional technologies, such as chemical precipitation, ion-exchange and electro-41 

dialysis, have been widely used to remove heavy metals from industrial wastewater (Fu 42 

and Wang, 2011; Purkayastha et al., 2014). However, some important limitations, 43 

including low removal efficiency, high operational cost, high energy consumption, 44 

sensitive operating conditions, incomplete metal removal, and production of secondary 45 

sludge which requires an additional treatment (Gavrilescu, 2004; Raval et al., 2016), 46 

have been found. These limitations together with the development of stricter 47 

environmental regulations for the content of heavy metal in effluents promote the 48 

development of alternative techniques. Biosorption is an effective, low-cost and eco-49 

friendly technology for the removal of heavy metals using a passive binding process 50 

with biomass capable of collecting heavy metals (Veglio’ and Beolchini, 1997; 51 

Lesmana et al., 2009). The binding of heavy metal ions has been associated with the 52 

constituent of biomaterials: carbohydrates, protein and phenolic compounds containing 53 

functional groups such as carboxyl, hydroxyl and amines (Choi and Yun, 2006). 54 

Biosorbent could be mainly derived from (Fu and Wang, 2011): 1) non-living biomass 55 

such as lignin, bark and agricultural wastes (Sud et al., 2008), 2) algal biomass (Hansen 56 

et al., 2006; Romera et al., 2007; Benaisa et al., 2019; Filote et al., 2019) and 3) 57 

microbial biomass, i.e. bacteria, fungi and yeast (Beolchini et al., 2003; Ahluwalia and 58 

Goyal, 2007). 59 
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The ideal adsorbent should be economic, eco-friendly, highly efficient, abundant and 60 

renewable. The agricultural waste materials, mainly composed of lignin and cellulose, 61 

meet these requirements representing a viable option for remediation of wastewater 62 

containing heavy metals. Waste peels from fruits and vegetables have been proposed as 63 

an emerging biosorbent presenting promising results in the treatment of water polluted 64 

with heavy metals (Sud et al., 2008).  65 

Some studies have evaluated fruit peels for their capacity to remove heavy metal ion 66 

through interactions (complexation, physical and chemical adsorption, precipitation and 67 

ion exchange) between the metal ion and functional groups on the surface of the peel. 68 

Literature review shows the use of banana, orange and cucumber peel for the removal of 69 

lead ions from wastewater (Liang et al., 2009; Massocatto et al., 2013; Basu et al., 70 

2017). An important cadmium sorption from aqueous solutions using peels of peas, 71 

broad bean and medlar has been also reported (Benaïssa, 2006). Bhatnagar et al. (2010) 72 

evaluated the feasibility of lemon peel waste as biosorbent for the removal of cobalt 73 

from aqueous solution obtaining promising results. The adsorption capacities of lemon 74 

peel for other contaminants, such as dyes, has been widely studied (Bhatnagar et al., 75 

2009). Among waste from fruits, a special attention should be paid to the large 76 

production of citrus fruits. According to the Food and Agricultural Organization of the 77 

United Nations (FAO-STAT), the total citrus production was more than 120 million 78 

tons in 2016. Spain was the 9th producer in the world of this agricultural raw material 79 

which entails a large quantity of wastes (FAO, 2016). As most of the peels are discarded 80 

as waste without application, their use as a low-cost and eco-friendly adsorbent is a 81 

promising alternative.  82 

There are some limitations in the use of fruit peel as biosorbent, such as low adsorption 83 

capacity and release of soluble organic compounds. With the aim of overcoming these 84 

limitations, some modification methods, such as physical and chemical treatments, have 85 

been proposed. Chemical methods go not only after the increasing of metal biosorption 86 

efficiency and the removal of soluble organic compounds but also after the elimination 87 

of coloration from aqueous solutions. These methods have been mainly associated with 88 

the modification of selective functional groups which entails, among other 89 

improvements, the enhancement of binding groups and the elimination of inhibiting 90 

groups from the biosorbent (Ramrakhiani et al., 2016). Various chemical methods, such 91 

as, exposing the biosorbent to dissolutions of acids, alkali, organic solvent and other 92 
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reagents, can be found in literature (Kapoor and Viraraghavan, 1998; Bhatnagar et al., 93 

2010; Ranasinghe et al., 2018; Segovia-Sandoval et al., 2018). However, to the best of 94 

our knowledge, there are no data in literature related to the used of modified lemon peel 95 

as biosorbent for the removal of nickel from aqueous solutions.  96 

In this work, the surface modification of lemon peel for the removal of Ni (II) from 97 

aqueous effluents is proposed. With this aim, different modifiers (HNO3, HCl, H3PO4, 98 

NH3, CaCl2 and NaOH) were evaluated. The most influential parameters in the sorption 99 

performance, such as contact time, pH and adsorbent dosage, were optimized. 100 

Thermodynamic and kinetic studies were carried out to evaluate the performance of 101 

modified lemon peel as biosorbent. With the aim of evaluating the reuse of biosorbent, 102 

regeneration studies using different reagents were conducted. The identification of 103 

chemical groups in the biosorbent surface was carried out by Attenuated Total 104 

Reflection Fourier-transform infrared spectroscopy (FTIR-ATR) and the study of 105 

surface morphology by scanning electron microscopy (SEM).  106 

2. Material and methods 107 

2.1. Preparation of biosorbent and nickel solutions 108 

The lemon peel used in this study was collected from the local fruit market. These were 109 

first washed with distilled water and dried in an oven at 60 ºC until steady weight. The 110 

dried adsorbent was ground in a coffee mill and separated into different size fractions 111 

using a set of sieves. Samples of particle size between 1.25 to 2 mm were used in 112 

further experiments. With the aim of enhancing the surface, samples of 4 g of lemon 113 

peel were gently stirred with 100 mL of different solutions of 0.1 M of HNO3, HCl, 114 

H3PO4, NH3, CaCl2, (Panreac, Spain) and NaOH (Sigma Aldrich, Germany) during 6 h 115 

at 30 ºC and then were washed with distilled water until neutral pH. The lemon peel 116 

modified was again dried in an oven at 60 ºC until steady weight.  117 

Standard aqueous solutions of Ni (II) were prepared using NiCl2·6H2O (Panreac, 118 

Spain), analytical grade, in deionized water. Solution pH values were adjusted by 119 

appropriate addition of 0.1 M HNO3 or NaOH solutions.  120 

2.2. Batch biosorption experiments 121 

Adsorption of Ni (II) on lemon peel was studied by batch experiments. The experiments 122 

were carried out by immersing a known mass of raw lemon peel in 25 mL of aqueous 123 
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metal ion solution for different contact times at 25 ºC with continuous stirring on a 124 

rotary shaker at 200 rpm. The effect of contact time was evaluated using a metal ion 125 

solution of concentration 100 mg L–1 and at pH of 5. By varying the pH of initial 126 

solution from 2 to 6 with an initial Ni (II) concentration of 100 mg L–1, the effect of 127 

solution pH was evaluated. The use of different modifiers to pretreat the lemon peel 128 

surface was also evaluated. Once the most appropriate reagent was selected, further 129 

experiments were carried out with modified lemon peel. The effect of biosorbent dosage 130 

was studied by varying the solid to liquid ratio (S/L) from 1 to 20 g L–1, under 131 

optimized conditions. Kinetic experiments were carried out using initial Ni (II) 132 

concentration in the range from 25 to 100 mg L–1. Results for isotherms studies were 133 

obtained by varying the initial Ni (II) concentration from 5 to 500 mg L–1 at constant 134 

temperature (25 ºC). The effect of temperature on the adsorption processes has been 135 

also evaluated conducting experiments at different temperatures ranged from 20 to 45 136 

ºC. 137 

The capacity of adsorbed metal ions and the percent removal of metal ions were 138 

obtained as: 139 

𝑞 =
𝐶0 − 𝐶𝑓

𝑚
 𝑉                                                                                                                                        Eq (1) 140 

% 𝑅𝑒𝑚𝑜𝑣𝑎𝑙 =
𝐶0 − 𝐶𝑓

𝐶0
· 100                                                                                                             Eq (2) 141 

where q (mg g–1) is the amount of adsorbed metal ions, C0 (mg L–1) is the initial 142 

concentration of metal ions, Cf (mg L–1) is the final metal concentration, V (L) is the 143 

volume of the used metal solution and m (g) is the weight of the sorbent.  144 

For desorption studies, the capacity of regeneration for the lemon peel loaded with 145 

Ni (II) was studied using 0.1 M HNO3 and H2SO4 (Panreac, Spain). With the aim of 146 

determining the potential reusability of the biosorbent under study, consecutive 147 

adsorption-desorption cycles were repeated 5 times. A mass of 0.25 g of modified-148 

lemon peel was contacted with 50 mL of Ni (II) solution of 100 mg L–1 at 200 rpm for 3 149 

hours. Then, the Ni (II) loaded was desorbed with the addition of 50 mL of the 150 

aforementioned acid solutions at 200 rpm for 3 hours at 25 ºC. After each adsorption 151 

and desorption step, the biosorbent was washed with distilled water and dried in an oven 152 

at 60 ºC until steady weight.  153 
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The desorption percentage was obtained as: 154 

% 𝐷𝑒𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 =  
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑚𝑒𝑡𝑎𝑙 𝑖𝑜𝑛𝑠 𝑑𝑒𝑠𝑜𝑟𝑏𝑒𝑑

𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑚𝑒𝑡𝑎𝑙 𝑖𝑜𝑛𝑠 𝑎𝑑𝑠𝑜𝑟𝑏𝑒𝑑
· 100                                                     Eq (3) 155 

Concentration of Ni (II) solutions was determined by AAS Varian SpectrAA-110. Each 156 

essay was carried out by duplicated at the same controlled conditions to assure the 157 

reproducibility. 158 

2.3. Adsorption models 159 

2.3.1. Adsorption Isotherm 160 

Based on the experimental data, the isotherm models: Freundlich (Freundlich, 1906), 161 

Langmuir (Langmuir, 1916) and Dubinin-Radushkevich (Dubinin, 1960) were 162 

examined. Although these classical isotherm models consider sorption by free binding 163 

sites rather than ion exchange, the use of these models is widely accepted for evaluating 164 

the biosorption equilibrium because of their ease of interpretation (Liu and Liu, 2008; 165 

Schiewer and Patil, 2008).  166 

The Freundlich model can be expressed as:  167 

𝑞𝑒 =  kf Ce
1/n

                                                                                                                                           Eq (4) 168 

where qe (mg g–1) is the amount of metal adsorbed per unit mass of adsorbent at 169 

equilibrium, kf (mg(n-1)/n L1/n g–1) is the adsorption capacity, n is a dimensionless 170 

parameter associated with the adsorption intensity and Ce (mg L–1) is the metal 171 

equilibrium concentration. 172 

The Langmuir equation is given by: 173 

𝑞𝑒 =  
𝑞max _𝐿(kL Ce)

1 + (kL Ce)
                                                                                                                            Eq (5) 174 

where qmax_L (mg g–1) theoretically represents the maximum amount of metal ions bound 175 

per unit mass of biosorbent when all binding sites are occupied and kL (L mg–1) is the 176 

equilibrium adsorption constant.  177 

The Dubinin-Radushkevich isotherm model was developed to consider the effect of the 178 

porous structure of an adsorbent. This model can be expressed as: 179 

𝑞𝑒 =  𝑞max_𝐷𝐵 𝑒𝑥𝑝 (−𝛽𝜀2 )                                                                                                                Eq (6) 180 
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where qmax_DB (mg g–1) is the maximum adsorption capacity, β (mol2 J–2) is a constant 181 

related to the adsorption energy and ε (J mol–1) is Polanyi potential obtained as: 182 

𝜀 =  𝑅𝑇 𝑙𝑛 (1 +
1

𝐶𝑒
)                                                                                                                             Eq (7) 183 

where R is the universal gas constant (8.314 J mol–1 K–1). 184 

The value of the mean free energy of adsorption, E (J mol–1), could be obtained as: 185 

𝐸 =  
1

√2𝛽
                                                                                                                                                Eq (8) 186 

From the magnitude of this parameter, the type of adsorption can be distinguished: 187 

E = 1-8 kJ mol–1 for physical adsorption and E > 8 kJ mol–1 for chemical adsorption 188 

processes (Hu and Zhang, 2019).  189 

2.3.2. Kinetics of biosorption 190 

With the aim of evaluating the kinetics of Ni (II) biosorption on lemon peel, the pseudo-191 

first order and pseudo-second order models were used:  192 

Pseudo-first order equation: 193 

𝑞𝑡 = 𝑞𝑒(1 − exp(−k1t))                                                                                                             Eq (9) 194 

Pseudo-second order equation: 195 

q
t

=  
q
e
2k2 t

1 + (q
e
k2 t)

                                                                                                                           Eq (10)   196 

where qe and qt are the amount of Ni (II) adsorbed (mg g–1) at equilibrium and at time t 197 

(min), respectively, k1 is the first order rate constant (min–1) and k2 is the second order 198 

rate constant (g mg–1min–1). 199 

2.3.3. Thermodynamic study 200 

The thermodynamic parameters as the Gibbs free energy (ΔG°), enthalpy (ΔH°) and the 201 

entropy (ΔS°), were obtained as:  202 

∆𝐺° = −𝑅 𝑇 𝑙𝑛𝑘𝐷                                                                                                                               Eq (11) 203 

𝐿𝑛𝑘𝐷 = −
∆𝐻°

𝑅𝑇
+

∆𝑆°

𝑅
                                                                                                                        Eq (12) 204 
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∆𝐺° = ∆𝐻° − 𝑇∆𝑆°                                                                                                                             Eq (13) 205 

where T (K) is the temperature and kD is distribution coefficient (dimensionless). The 206 

values of ∆H° (J mol–1) and ∆S° (J mol–1 K–1) were obtained from the values of the 207 

slope and the intercept by plotting lnkD versus 1/T.  208 

2.3.4. Evaluation of model performance 209 

The fitting of the experimental data was carried out using the non-linear form of 210 

isotherm and kinetic models by varying the model parameters and, simultaneously, 211 

minimizing the error of predictions. This error was evaluated by the root mean square 212 

errors (RMSE) obtained as: 213 

𝑅𝑀𝑆𝐸 = √
∑ (𝑞𝑒𝑥𝑝 − 𝑞𝑚𝑜𝑑𝑒𝑙)2𝑚

1

𝑚
                                                                                                    Eq (14) 214 

where m is the number of data points, qexp (mg g–1) is the experimental adsorption 215 

capacity and qmodel (mg g–1) is the adsorption capacity predicted by the model. 216 

With the aim of evaluating properly results from different models, parity plots for 217 

model prediction versus experimental values have been studied. The coefficient of 218 

determination (R2) of this regression analysis was obtained to measure the accuracy of 219 

models.  220 

2.4. Characterization  221 

The adsorbent (before and after modification) was characterized by Attenuated Total 222 

Reflection Fourier-transform infrared spectroscopy (FTIR-ATR) and by scanning 223 

electron microscopy (SEM). The surface morphology was studied on a JSM-840 224 

Scanning Electron Microscope (JEOL, United States). The evaluation of surface 225 

functional groups was carried out using a FTIR spectrometer (Model Vertex70) with the 226 

Golden Gate Single Reflection Diamond ATR System (Bruker, United States). The 227 

spectra were recorded by 64 scans in absorbance mode from 4000 to 500 cm–1 range 228 

with a resolution of 4 cm–1.  229 

 230 
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3. Results and discussion 231 

3.1. Effect of contact time and pH 232 

The effect of contact time on adsorption of Ni ions on lemon peel has been evaluated to 233 

determine the equilibrium time for the maximum uptake (Figure 1). Results show that 234 

the uptake increases rapidly within the first hour keeping constant for higher contact 235 

times. The equilibrium time selected was 3 h for further experiments in order to ensure 236 

the maximum adsorption of Ni (II). As can be seen, the adsorption capacity within 237 

10 min represents more than 50% of the equilibrium adsorption capacity. The high 238 

adsorption percentage of metal in very short time has been previously associated with 239 

the high affinity of pectin from lemon to interact with metal ions via carboxylic groups 240 

(Meseldzija et al., 2019).  241 

 242 

Figure 1. Effect of contact time on adsorption of Ni (II) on raw lemon peel (pH=5; 243 
C0=100 mg L–1, S/L=10 g L–1). 244 

The pH value is one of the most relevant parameters affecting the adsorption processes. 245 

Therefore, the dependence of biosorption of Ni (II) on the initial pH value of the 246 

aqueous solution in the range 2-6 has been investigated (Figure 2). For these pH values, 247 

nickel is mainly present as Ni (II) cation (Anoop Krishnan et al., 2011). As expected, 248 

the adsorption efficiency of Ni (II) is significantly lowest for a pH value of 2. These 249 

results are associated not only with the competition between Ni (II) cations and protons 250 

for the sorbent active sites but also with the repulsion between species positively 251 

charged. Also, it should be considered that lower pH entails the protonation of some 252 

surface functional groups which hinders the formation of Ni-surface complexes. 253 
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However, no important differences in adsorption capacity were observed for pH values 254 

from 3 to 6. Based on results, the selected pH value for further essays was 5 since the 255 

pH value of the aqueous Ni (II) solution was close to this value. 256 

 257 

Figure 2. Effect of pH on adsorption capacity of Ni (II) by raw lemon peel. (C0=100 mg L–1, S/L 258 
= 10 g L–1). 259 

3.2. Surface pretreatment 260 

With the aim of improving the efficiency of lemon peel to remove nickel ions, different 261 

reagents were used to pretreat the biosorbent surface. As can be observed, the surface 262 

modification had an important influence on the adsorption capacity (Figure 3). The ratio 263 

of adsorption capacity for acid-modified surfaces with respect to the non-modified 264 

surfaces were 0.82, 0.87, and 1.24 for HNO3, HCl and H3PO4, respectively. Decrease in 265 

adsorption capacity could be associated with the surface protonation, which reduced the 266 

available surface sites for metal binding (Marshall and Johns, 1996; Ranasinghe et al., 267 

2018). Contrary, previous works explained the improvement in adsorption capacity for 268 

acid-modified surfaces by the increase of adsorption sites for metal uptake as result of 269 

hydrolysis of cellulose, which entails the conversion of macropores to micropores 270 

(Ranasinghe et al., 2018). Other authors suggested that protonated peels showed a 271 

significantly higher negative surface charged comparing with original biosorbent which 272 

ease the metal cation uptake (Schiewer and Balaria, 2009). The use of CaCl2 to modify 273 

the sorbent entails an increase of twice the adsorption capacity. The adsorption capacity 274 

for lemon peel modified with NH3 and NaOH represent about 2.5 times than that of the 275 

untreated peel. The improvement of alkali-treated surface could be explained by the 276 

0

0,5

1

1,5

2

2,5

3

3,5

4

4,5

5

2 3 4 5 6

q
 (

m
g
 g

-1
)

pH



11 

conversion of lignin structure into negative surface charges favouring adsorption of 277 

metal cations (Min et al., 2004). Also, the increase of adsorption capacities could be 278 

because of micro-precipitation of metal hydroxides. Based on results, NaOH was 279 

selected as surface modifier.  280 

 281 

Figure 3. Adsorption capacity results for different surface treatments and raw lemon peel 282 
(pH=5, C0=100 mg L–1, S/L=10 g L–1). 283 

 284 

Figure 4 shows the FTIR-ATR spectra of lemon peel biosorbent before and after surface 285 

modification with NaOH and HCl, representative results of alkali and acid 286 

pretreatments. Results for Ni (II)-loaded biosorbent for unmodified and the alkali-287 

modified peel are also shown. As can be observed, untreated and treated peels have 288 

similar spectra, which indicate the presence of similar functional groups contained in 289 

the most important component of peels: protein, pectin, cellulose and pigments. The 290 

broad peak around 3200-3400 cm–1 is indicative of carboxylic and hydroxyl functional 291 

groups. The OH stretching depends directly on the content of cellulose in the sample. 292 

The well resolved peaks corresponding to –OH and –CH stretching indicates the 293 

presence of functional groups for metal binding. The peak around 2900 cm–1 was 294 

mainly associated with alkyl groups (-CHn) which could be altered during surface 295 

modification. The complex split of stretching vibration of CH3 due to correlation field 296 

effects was detected for modified surfaces with NaOH and HCl. The peak at 297 

wavenumber around 1640-1750 cm–1 was related to the C=O bond of carboxyl groups, 298 

probably assigned to ester carbonyl group (Li et al., 2007). The peak at wave number at 299 

1020-1300 cm–1 indicates the presence of compounds containing a C–O group. As can 300 
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be observed, the surface modification with NaOH entails the removal of some 301 

functional groups. This trend has been previously associated with the removal of some 302 

organic substances, pectin and protein (Thirumavalavan et al., 2011). The disappearance 303 

of the peak associated with C=O (~1728 cm–1) for NaOH-modified surface suggested 304 

the hydrolysis of this group into carboxyl group (Singh and Shukla, 2016). In general, 305 

after acid treatment, some new peaks have been detected due to chemical modification. 306 

After the adsorption of Ni (II) on raw and NaOH-treated lemon peel, some changes 307 

were observed. The peak intensity of C=O and C–O groups were reduced as a 308 

consequence of the adsorption of Ni (II). The peak associated with alkyl groups, around 309 

2900 cm–1, was also reduced after Ni (II) adsorption which has been associated with the 310 

possible formation of a metal-carbon bond (Thirumavalavan et al., 2011). Also, shift in 311 

wavenumber were detected after metal adsorption which suggested the change in energy 312 

of the functional group after adsorption. These results suggested the important role of 313 

the aforementioned functional groups as contributors in Ni (II) uptake (Iqbal et al., 314 

2009).  315 

 316 

Figure 4. FTIR-AR spectra for: a) raw lemon peel, b) raw lemon peel + Ni(II), c) NaOH-317 
modified lemon peel, d) NaOH-modified lemon peel + Ni (II), e) HCl-modified lemon peel. 318 

 319 

The SEM micrographs of unmodified and modified with NaOH lemon peel before and 320 

after metal biosorption are presented in Figure 5. The biosorbent surface is mainly 321 

characterized by an irregular geometry (Figure 5.a). After modification with NaOH, the 322 
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superficial structure was kept not being damaged (Figure 5.c). However, the chemical 323 

treatment entails variation in morphology, such as the surface structure, which is 324 

probably associated with the improvement of the adsorption capacity. The structure of 325 

the raw and treated lemon peel was not significantly changed by Ni (II) binding (Figure 326 

5.b,d) which is in agreement with previous studies (Lugo-Lugo et al., 2012).  327 

  

   

Figure 5. SEM micrographs of raw lemon peel a) before and b) after Ni (II) biosorption and 328 
NaOH-modified lemon peel c) before and d) after Ni (II) biosorption.  329 

 330 

3.3. Effect of biosorbent dosage 331 

The effect of dosage of NaOH-modified lemon peel samples on the removal of Ni (II) is 332 

presented in Figure 6. As expected, the percentage of metal removed increases with 333 

biosorbent dosage due to the increase of active sites available for adsorption of Ni (II). 334 

The percentage of Ni (II) removed reaches 100% for a biosorbent dosage of 5 g L–1. 335 

Regarding adsorption capacity, in contrast, it decreases with increasing mass dosage of 336 

biosorbent. These results, for experiments in which the removal of Ni (II) was below 337 

100%, has been previously associated with limited availability of biosorbent surface, 338 

reduction in the mixing, interferences between binding sites and electrostatic 339 

a) b) 

c) d) 
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interactions (Suryavanshi and Shukla, 2010). On the other hand, based on results, use 340 

biosorbent dosage above 5 g L–1 does not entail any improvement of biosorption 341 

efficiency. On the contrary, high biosorbent dosage could involve biosorbent particle 342 

agglomeration and the subsequent reduction of the active surface area. According to 343 

results, the adsorbent dosage used for further experiments was 5 g L–1. 344 

 345 

Figure 6. Effect of absorbent dosage on percentage removal and adsorption capacity of Ni (II) 346 
by NaOH-modified lemon peel. (C0=100 mg L–1, pH=5).  347 

 348 

3.4. Adsorption isotherms 349 

The experimental results were simulated with non-linear forms of isotherm model 350 

Freundlich, Langmuir and Dubinin-Radushkevich (Figure 7). As can be seen, the 351 

Langmuir isotherm fits better with experimental data than the others, having RMSE 352 

value of 1.5, lower than those obtained for Freundlich and Dubinin-Radushkevich, 4.4 353 

and 3.5, respectively. These results are in agreement with other studies dealing with 354 

fruits and vegetable peel as biosorbent (Basu et al., 2017; Ranasinghe et al., 2018) 355 

which described the biosorption process as a monolayer adsorption. According to 356 

Langmuir model, the maximum adsorption capacity (qmax_L) was 36.74 mg g–1 which is 357 

comparable to those obtained using various agricultural solid wastes such as modified 358 

coir pitch (38.9 mg g–1), barley straw (35.8 mg g–1), pine bark (20.58 mg g–1) and 359 

cashew nut shell (20 mg g–1) (Raval et al., 2016). Regarding the Dubinin-Radushkevich 360 

isotherm parameters, the value of β allowed to estimate the free energy of sorption as 361 
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showed in Eq. 8. The value obtained, lower than 8 kJ mol–1, indicates that the process is 362 

of physical nature (Hu and Zhang, 2019). 363 

  364 

Figure 7. Equilibrium adsorption isotherm for the sorption of Ni (II) on NaOH-modified lemon 365 
peel. (pH=5, S/L=5 g L–1). 366 

Table 1. Equilibrium isotherm parameters for biosorption of Ni (II) on NaOH-modified lemon 367 
peel. 368 

Model Parameters 

Freundlich 

kf 

n 

RMSE 

R2 

13.22 

4.9 

4.4 

0.913 

Langmuir 

kL (L mg–1) 

qmax_L (mg g–1) 

RMSE 

R2 

0.565 

36.74 

1.5 

0.992 

Dubinin-Radushkevich 

qmax_DR (mg g–1) 

β (mol2 kJ–2) 

E (kJ mol–1) 

RMSE 

R2 

34.44 

0.34 

1.21 

3.5 

0.960 

 369 

3.5. Kinetic study 370 
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In this work, the pseudo-first and the pseudo-second order models were applied to the 371 

experimental biosorption data of Ni (II) on the NaOH-modified lemon peel (Figure 8). 372 

With the aim of evaluating the influence of the initial metal ion concentration not only 373 

on the adsorption capacity but also on the kinetic parameters, different metal ion 374 

concentrations were essayed. As can be observed, most of the sorption (more than 90%) 375 

was detected in the firsts 10 minutes followed by a progressive rate decrease. Results 376 

from nonlinear regression analysis are presented in Table 2. The correlation coefficient 377 

for the pseudo-first order was found to be higher than that obtained for the pseudo-378 

second order. Therefore, it could be concluded that the sorption of Ni (II) on lemon peel 379 

was better described as a pseudo-first order process. According to the results obtained, 380 

adsorption capacity (qe) increases linearly with the initial Ni (II) ions concentration 381 

under the experimental conditions studied. The maximum adsorption capacity, 36.74 382 

mg g–1, would be obtained for an initial metal ion concentration of 200 mg L–1 in 383 

agreement with the adsorption isotherm results. For higher initial concentrations of Ni 384 

(II), the adsorption capacity will be maintained constant as can be concluded from 385 

Langmuir model. On the other hand, the value of the rate constant increased linearly 386 

with decreasing Ni (II) initial concentration which has been reported in previous studies 387 

(Ho et al., 1995; Ofomaja and Ho, 2007).  388 

  

Figure 8. Kinetic studies of Ni (II) ions biosorption. a) first-order model and b) second-order 389 
model. Points represents experimental data, continuous lines correspond to fitting curves for 390 
NaOH-modified lemon peel. (pH=5, S/L=5 g L–1).  391 
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Table 2. Kinetic model parameters.  392 

Kinetic model 
Ni (II) concentration (mg L–1) 

25 50 75 100 

Pseudo-first-order 

k1 (min–1) 0.977 0.640 0.615 0.315 

qe (mg g–1) 4.925 9.740 13.928 20.006 

RMSE 0.132 1.295 0.682 0.667 

R2 0.991 

Pseudo-second-order 

k2 (g min–1 mg–1) 0.326 0.103 0.068 0.041 

qe (mg g–1) 5.121 10.193 14.609 20.450 

RMSE 0.185 0.398 0.526 1.449 

R2 0.977 

 393 

3.6. Thermodynamic studies 394 

The adsorption nature of Ni (II) on the modified surface of lemon peel was evaluated 395 

through the calculation of thermodynamic parameters using Eqs. 11 to 13. The values of 396 

the Gibbs free energy (ΔG°), enthalpy change (ΔH°) and the entropy change (ΔS°) are 397 

presented in Table 3. As aforementioned, the values of ΔH° and ΔS° were determined 398 

from slope and intercept of the linear plot of Ln kD versus 1/T. The value of the 399 

coefficient of determination (R2=0.90) indicates a correlation of adsorption equilibrium 400 

with temperature. The biosorption process is endothermic in nature according to the 401 

positive value of ΔH°. In other words, the adsorption of metals has been observed to 402 

increase with temperature (Sahmoune, 2019). The magnitude of ΔH°, 14.05 kJ mol–1, 403 

indicates that the adsorption of Ni (II) on lemon peel could be attributed to a physical 404 

adsorption process, which is in agreement with results obtained from isotherm studies. 405 

The negative values of ΔG° for Ni (II) indicates the feasibility and spontaneous nature 406 

of the adsorption process, while the positive value of ΔS° implies the increased of 407 

randomness at the solid-liquid interface during the biosorption process and the affinity 408 

of the biosorbents for Ni (II). The magnitude of ΔS° indicates no relevant structural 409 

changes in the biosorbent material (Ramasami et al., 2017).  410 

Table 3. Thermodynamic parameters for Ni (II) adsorption in NaOH-modified lemon peel. 411 

Temperature (K) ΔG° (kJ mol–1) ΔH° (kJ mol–1) ΔS° (J mol–1 K–1) 

293 -3.16 14.05 58.74 

303 -3.75 
 

308 -4.04 

313 -4.33  

318 -4.63  

 412 
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3.7. Desorption studies 413 

The recovery efficiency of Ni (II) from loaded-biosorbent using HNO3 and H2SO4 as 414 

desorbing agent within 5 consecutive cycles is shown in Figure 9. The desorption 415 

percentage after 5 cycles was close to 90% by both nitric and sulphuric acids. These 416 

results indicate that the biosorbent studied could be repeatedly used for Ni (II) 417 

adsorption without significant losses in it desorption capacity. Therefore, both acids are 418 

appropriate to be used as desorbing agent for continuous industrial applications. 419 

 420 

Figure 9. Desorption studies of NaOH-modified lemon peel using 0.1 M of HNO3 and H2SO4 as 421 
desorbing agents.  422 

4. Conclusions 423 

The modification of lemon peel surface with NaOH has been probed to enhance, 424 

significantly, the adsorption capacity. The optimization of relevant parameters, such as 425 

the biosorbent dosage and contact time, revealed promising characteristics of the 426 

biosorbent under study to be used in columns applications. The maximum adsorption 427 

capacity according to Langmuir model was of 36.74 mg g–1. The adsorption kinetics of 428 

Ni (II) on modified lemon peel followed the pseudo-first order model. Desorption 429 

studies revealed that using HNO3 and H2SO4 as desorbing agents entails a recovery of 430 

Ni (II) of 90% after 5 cycles. Thus, the alkali-modified lemon peel studied presents 431 

promising characteristics to be used as an inexpensive biosorbent material for the 432 

recovery of wastewater contaminated with Ni (II). 433 

0

20

40

60

80

100

120

1 2 3 4 5

%
 D

es
o
rp

ti
o
n
 

Number of cycle

HNO3 H2SO4HNO3 H2SO4 



19 

Acknowledgements 434 

Villen-Guzman acknowledges the postdoctoral contract obtained from University of 435 

Malaga. 436 

References 437 

Abdullah, N., Yusof, N., Lau, W.J., Jaafar, J., Ismail, A.F., 2019. Recent trends of 438 

heavy metal removal from water/wastewater by membrane technologies. J. Ind. 439 

Eng. Chem. https://doi.org/10.1016/j.jiec.2019.03.029 440 

Ahluwalia, S.S., Goyal, D., 2007. Microbial and plant derived biomass for removal of 441 

heavy metals from wastewater. Bioresour. Technol. 98, 2243–2257. 442 

https://doi.org/10.1016/j.biortech.2005.12.006 443 

Anoop Krishnan, K., Sreejalekshmi, K.G., Baiju, R.S., 2011. Nickel(II) adsorption onto 444 

biomass based activated carbon obtained from sugarcane bagasse pith. 445 

Bioresour. Technol. 102, 10239–10247. 446 

https://doi.org/10.1016/j.biortech.2011.08.069 447 

Basu, M., Guha, A.K., Ray, L., 2017. Adsorption of lead on cucumber peel. J. Clean. 448 

Prod. 151, 603–615. https://doi.org/10.1016/j.jclepro.2017.03.028 449 

Benaisa, S., Arhoun, B., Villen-Guzman, M., El Mail, R., Rodriguez-Maroto, J.M., 450 

2019. Immobilization of brown seaweeds sargassum vulgare for Fe3+ removal in 451 

batch and fixed-bed column. Water. Air. Soil Pollut. 230. 452 

https://doi.org/10.1007/s11270-018-4069-6 453 

Benaïssa, H., 2006. Screening of new sorbent materials for cadmium removal from 454 

aqueous solutions. J. Hazard. Mater. 132, 189–195. 455 

https://doi.org/10.1016/j.jhazmat.2005.07.085 456 

Beolchini, F., Pagnanelli, F., Toro, L., Vegliò, F., 2003. Biosorption of copper by 457 

Sphaerotilus natans immobilised in polysulfone matrix: Equilibrium and kinetic 458 

analysis. Hydrometallurgy 70, 101–112. https://doi.org/10.1016/S0304-459 

386X(03)00049-5 460 

Bhatnagar, A., Kumar, E., Minocha, A.K., Jeon, B.-H., Song, H., Seo, Y.-C., 2009. 461 

Removal of anionic dyes from water using citrus limonum (lemon) peel: 462 

equilibrium studies and kinetic modeling. Sep. Sci. Technol. 44, 316–334. 463 

https://doi.org/10.1080/01496390802437461 464 

Bhatnagar, A., Minocha, A., Sillanpää, M., 2010. Adsorptive removal of cobalt from 465 

aqueous solution by utilizing lemon peel as biosorbent. Biochem. Eng. J. 48, 466 

181–186. https://doi.org/10.1016/j.bej.2009.10.005 467 

Choi, S.B., Yun, Y.-S., 2006. Biosorption of cadmium by various types of dried sludge: 468 

An equilibrium study and investigation of mechanisms. J. Hazard. Mater. 138, 469 

378–383. https://doi.org/10.1016/j.jhazmat.2006.05.059 470 

Dubinin, M.M., 1960. The potential theory of adsorption of gases and vapors for 471 

adsorbents with energetically nonuniform surfaces. Chem. Rev. 60, 235–241. 472 

Duruibe, J., M. O. C, O., Egwurugwu, J., 2007. Heavy metal pollution and human 473 

biotoxic effects. Int. J. Phys. Sci. 2, 112–118. 474 

Filote, C., Volf, I., Santos, S.C.R., Botelho, C.M.S., 2019. Bioadsorptive removal of 475 

Pb(II) from aqueous solution by the biorefinery waste of Fucus spiralis. Sci. 476 

Total Environ. 648, 1201–1209. https://doi.org/10.1016/j.scitotenv.2018.08.210 477 

Food and Agriculture Organization of the United Nations (FAO), 2016. Citrus fruit 478 

fresh and processed. Statistical bulletin. 479 



20 

Freundlich, H.M.F, 1906. Over the Adsorption in Solution. J. Phys. Chem. 57, 385–471. 480 

Fu, F., Wang, Q., 2011. Removal of heavy metal ions from wastewaters: A review. J. 481 

Environ. Manage. 92, 407–418. https://doi.org/10.1016/j.jenvman.2010.11.011 482 

Gavrilescu, M., 2004. Removal of heavy metals from the environment by biosorption. 483 

Eng. Life Sci. 4, 219–232. https://doi.org/10.1002/elsc.200420026 484 

Hansen, H.K., Ribeiro, A., Mateus, E., 2006. Biosorption of arsenic(V) with Lessonia 485 

nigrescens. Miner. Eng. 19, 486–490. 486 

https://doi.org/10.1016/j.mineng.2005.08.018 487 

Ho, Y.S., John Wase, D.A., Forster, C.F., 1995. Batch nickel removal from aqueous 488 

solution by sphagnum moss peat. Water Res. 29, 1327–1332. 489 

https://doi.org/10.1016/0043-1354(94)00236-Z 490 

Hu, Q., Zhang, Z., 2019. Application of Dubinin–Radushkevich isotherm model at the 491 

solid/solution interface: A theoretical analysis. J. Mol. Liq. 277, 646–648. 492 

https://doi.org/10.1016/j.molliq.2019.01.005 493 

Iqbal, M., Saeed, A., Zafar, S.I., 2009. FTIR spectrophotometry, kinetics and adsorption 494 

isotherms modeling, ion exchange, and EDX analysis for understanding the 495 

mechanism of Cd2+ and Pb2+ removal by mango peel waste. J. Hazard. Mater. 496 

164, 161–171. https://doi.org/10.1016/j.jhazmat.2008.07.141 497 

Kapoor, A., Viraraghavan, T., 1998. Biosorption of heavy metals on Aspergillus niger: 498 

Effect of pretreatment. Bioresour. Technol. 63, 109–113. 499 

https://doi.org/10.1016/S0960-8524(97)00118-1 500 

Langmuir, I., 1916. The constitution and fundamental properties of solids and liquids. 501 

Part I. Solids. J. Am. Chem. Soc. 38, 2221–2295. 502 

https://doi.org/10.1021/ja02268a002 503 

Lesmana, S.O., Febriana, N., Soetaredjo, F.E., Sunarso, J., Ismadji, S., 2009. Studies on 504 

potential applications of biomass for the separation of heavy metals from water 505 

and wastewater. Biochem. Eng. J. 44, 19–41. 506 

https://doi.org/10.1016/j.bej.2008.12.009 507 

Li, F.T., Yang, H., Zhao, Y., Xu, R., 2007. Novel modified pectin for heavy metal 508 

adsorption. Chin. Chem. Lett. 18, 325–328. 509 

https://doi.org/10.1016/j.cclet.2007.01.034 510 

Liang, S., Guo, X., Feng, N., Tian, Q., 2009. Application of orange peel xanthate for the 511 

adsorption of Pb2+ from aqueous solutions. J. Hazard. Mater. 170, 425–429. 512 

https://doi.org/10.1016/j.jhazmat.2009.04.078 513 

Liu, Y., Liu, Y.-J., 2008. Biosorption isotherms, kinetics and thermodynamics. Sep. 514 

Purif. Technol. 61, 229–242. https://doi.org/10.1016/j.seppur.2007.10.002 515 

Lugo-Lugo, V., Barrera-Díaz, C., Ureña-Núñez, F., Bilyeu, B., Linares-Hernández, I., 516 

2012. Biosorption of Cr(III) and Fe(III) in single and binary systems onto 517 

pretreated orange peel. J. Environ. Manage. 112, 120–127. 518 

https://doi.org/10.1016/j.jenvman.2012.07.009 519 

Marshall, W.E., Johns, M.M., 1996. Agricultural by-products as metal adsorbents: 520 

Sorption properties and resistance to mechanical abrasion. J. Chem. Technol. 521 

Biotechnol. 66, 192–198. 522 

Massocatto, C.L., Paschoal, E.C., Buzinaro, N., Oliveria, T.F., Tarley, C.R.T., Caetano, 523 

J., Gonçalves, A.C., Dragunski, D.C., Diniz, K.M., 2013. Preparation and 524 

evaluation of kinetics and thermodynamics studies of lead adsorption onto 525 

chemically modified banana peels. Desalination Water Treat. 51, 5682–5691. 526 

https://doi.org/10.1080/19443994.2013.770614 527 

Meseldzija, S., Petrovic, J., Onjia, A., Volkov-Husovic, T., Nesic, A., Vukelic, N., 528 

2019. Utilization of agro-industrial waste for removal of copper ions from 529 



21 

aqueous solutions and mining-wastewater. J. Ind. Eng. Chem. 75, 246–252. 530 

https://doi.org/10.1016/j.jiec.2019.03.031 531 

Min, S.H., Han, J.S., Shin, E.W., Park, J.K., 2004. Improvement of cadmium ion 532 

removal by base treatment of juniper fiber. Water Res. 38, 1289–1295. 533 

https://doi.org/10.1016/j.watres.2003.11.016 534 

Ofomaja, A.E., Ho, Y.-S., 2007. Effect of pH on cadmium biosorption by coconut copra 535 

meal. J. Hazard. Mater. 139, 356–362. 536 

https://doi.org/10.1016/j.jhazmat.2006.06.039 537 

Purkayastha, D., Mishra, U., Biswas, S., 2014. A comprehensive review on Cd(II) 538 

removal from aqueous solution. J. Water Process Eng. 2, 105–128. 539 

https://doi.org/10.1016/j.jwpe.2014.05.009 540 

Ramasami, P., Bhowon, M.G., Laulloo, S.J., Wah, H.L.K., 2017. Emerging Trends in 541 

Chemical Sciences. Springer International Publishing. 542 

Ramrakhiani, L., Ghosh, S., Majumdar, S., 2016. Surface modification of naturally 543 

available biomass for enhancement of heavy metal removal efficiency, upscaling 544 

prospects, and management aspects of spent biosorbents: A review. Appl. 545 

Biochem. Biotechnol. 180, 41–78. https://doi.org/10.1007/s12010-016-2083-y 546 

Ranasinghe, S.H., Navaratne, A.N., Priyantha, N., 2018. Enhancement of adsorption 547 

characteristics of Cr(III) and Ni(II) by surface modification of jackfruit peel 548 

biosorbent. J. Environ. Chem. Eng. 6, 5670–5682. 549 

https://doi.org/10.1016/j.jece.2018.08.058 550 

Raval, N.P., Shah, P.U., Shah, N.K., 2016. Adsorptive removal of nickel (II) ions from 551 

aqueous environment: A review. J. Environ. Manage. 179, 1–20. 552 

https://doi.org/10.1016/j.jenvman.2016.04.045 553 

Romera, E., González, F., Ballester, A., Blázquez, M.L., Muñoz, J.A., 2007. 554 

Comparative study of biosorption of heavy metals using different types of algae. 555 

Bioresour. Technol. 98, 3344–3353. 556 

https://doi.org/10.1016/j.biortech.2006.09.026 557 

Sahmoune, M.N., 2019. Evaluation of thermodynamic parameters for adsorption of 558 

heavy metals by green adsorbents. Environ. Chem. Lett. 17, 697–704. 559 

https://doi.org/10.1007/s10311-018-00819-z 560 

Schiewer, S., Balaria, A., 2009. Biosorption of Pb2+ by original and protonated citrus 561 

peels: Equilibrium, kinetics, and mechanism. Chem. Eng. J. 146, 211–219. 562 

https://doi.org/10.1016/j.cej.2008.05.034 563 

Schiewer, S., Patil, S.B., 2008. Modeling the effect of pH on biosorption of heavy 564 

metals by citrus peels. J. Hazard. Mater. 157, 8–17. 565 

https://doi.org/10.1016/j.jhazmat.2007.12.076 566 

Segovia-Sandoval, S.J., Ocampo-Pérez, R., Berber-Mendoza, M.S., Leyva-Ramos, R., 567 

Jacobo-Azuara, A., Medellín-Castillo, N.A., 2018. Walnut shell treated with 568 

citric acid and its application as biosorbent in the removal of Zn(II). J. Water 569 

Process Eng. 25, 45–53. https://doi.org/10.1016/j.jwpe.2018.06.007 570 

Singh, S.A., Shukla, S.R., 2016. Adsorptive removal of cobalt ions on raw and alkali-571 

treated lemon peels. Int. J. Environ. Sci. Technol. 13, 165–178. 572 

https://doi.org/10.1007/s13762-015-0801-6 573 

Sud, D., Mahajan, G., Kaur, M.P., 2008. Agricultural waste material as potential 574 

adsorbent for sequestering heavy metal ions from aqueous solutions – A review. 575 

Bioresour. Technol. 99, 6017–6027. 576 

https://doi.org/10.1016/j.biortech.2007.11.064 577 



22 

Suryavanshi, U., Shukla, S.R., 2010. Adsorption of Pb2+ by alkali-treated citrus limetta 578 

peels. Ind. Eng. Chem. Res. 49, 11682–11688. 579 

https://doi.org/10.1021/ie101491w 580 

Thirumavalavan, M., Lai, Y.-L., Lee, J.-F., 2011. Fourier transform infrared 581 

spectroscopic analysis of fruit peels before and after the adsorption of heavy 582 

metal ions from aqueous solution. J. Chem. Eng. Data 56, 2249–2255. 583 

https://doi.org/10.1021/je101262w 584 

Veglio’, F., Beolchini, F., 1997. Removal of metals by biosorption: a review. 585 

Hydrometallurgy 44, 301–316. https://doi.org/10.1016/S0304-386X(96)00059-X 586 

 587 


