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Abstract: The aim of this work is to investigate nickel ion removal 

from its aqueous solutions by an olive stone-based activated carbon. 

Activated carbon surface properties modification was carried out 

nitric acid (4 N) as an agent for Ni(II) adsorption capacity 

improvement. The originally prepared and modified activated 

carbons were characterized by FT-IR spectrometry, X-ray 

diffractometry, Scanning electron microscopy (SEM), X-ray 

photoelectron spectrometer (XPS), N2/77 K BET analysis, pHPZC and 

iodine number determination. Nickel ion adsorption capacity was 

enhanced by 3.6 times while the specific surface area increased by 

24% due to chemical treatment. The effect of relevant parameters on 

Ni(II) uptake such as contact time, adsorbent dose, pH, kinetics was 

also examined. An activated carbon dose of 4 g.L-1and a contact time 

of 120 min and respective corresponding values of 8 g/L and 180 min 

for the treated and untreated activated carbons were required to 

reach equilibrium for a 100 mg.L-1initial solution concentration. The 

highest adsorption performance was achieved by the acid-modified 

activated carbon samples in the pH range of 5.5-6.5. Experimental 

data was correlated by non-linear Langmuir and Freundlich 

adsorption models. Langmuir isotherm provides a slightly better fit to 

the experimental data indicating homogeneous distribution of 

adsorbents active sites with monolayer adsorption. Three methods of 

error analysis of residual root mean square error (RMSE), chi-

square error (χ2) and average percentage error (APE) were used for 

best fit-isotherm and kinetic models identification. Langmuir is more 

representative with high (R2) low RMSE and good χ². Second-order 

kinetics and intraparticular diffusion were found to describe Nickel 

adsorption of both investigated materials. 
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I. Introduction  

 

In the last decades, increasing population and 

industrialization have led to increasing 

environmental problems destroying then the 

ecologic system and exhausting rapidly clean 

resources. Environmental pollutants such as heavy 

metals are major pollutants occurringin marine, soil 

and wastewater can be a real threat for many life 

forms due to their toxicity [1, 2]. Among them, 

Nickel ion (Ni(II)) is classified as a toxic heavy 

metal that could pollute the water environment and 

beharmfull to human body [3] by causing a 

disorder known as nickel-eczema. Large 

consumption of food and beverages rich in nickel 

can lead to serious disease. 
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A variety of methods can be used for the removal of 

heavy metals from wastewater including chemical 

precipitation [4], solvent extraction [5], 

ultrafiltration [6], biochemical treatment [7], ion 

exchange [8] and adsorption [9–13]. The latter, 

considered as a third stage of wastewater treatment, 

has been preferred over the above-mentioned 

processes because of its cheapness and high-quality 

effluent treatment. Adsorption is the process by 

which a solid adsorbent can attract a component 

from the aqueous phase to its surface, thereby 

forming an attachment via a physical or chemical 

bond, thus removing the component from the 

aqueous phase. Among a large variety of solids 

available in the market, activated carbon is the most 

effective adsorbent used to date. However, other 

different cheaper adsorbents have been used; some 

of them are still under investigation for heavy metal 

elimination such as peat [14] and marine algae [15]. 

Different low-cost materials including clays, maize 

cob, bagasse and palm fruit bunch have also been 

used to remove heavy metals from water [16]. In 

addition, microorganisms have also been found to 

be effective in removing heavy metal ions [17, 18]. 

Many studies have reported the use of adsorption 

by activated carbon for the removal of Ni(II) from 

aqueous solutions [19, 20]. Activated carbon 

commercially available or locally prepared can be 

modified by several chemical or physical treatments 

to incorporate or eliminate functional groups 

changing then its surface chemistry [21].  

Nitric acid is known as a very strong oxidizing 

agent for carbonaceous materials, it is mainly used 

to generate carboxylic and lactons functions [22]. 

This kind of treatmentcan also createcarboxylate 

functions [23]. A recent study [24] has shown that 

the oxidation of an activated carbon made from 

petroleum coke by this acid is much more drastic 

than with H2O2: this can be explained by its 

stronger oxidizing strength allowing it to introduce 

more functional groups and developing the porous 

structure.  

The objective of the present work is to study some 

parameters influencing the adsorption of Ni(II) by 

an activated carbon prepared locally from olive 

stones chemically activated by nitric acid [25] for 

adsorptive capacity enhancement toward the 

considered metal ion and to compare the 

physicochemical properties obtained to the Merck 

commercial activated carbon, in order to explain the 

mechanism for Ni(II) adsorption. Prior to 

adsorption tests, parameters influencing Ni(II) 

uptake such as contact time, adsorbent doses, pH 

and temperature were also conducted. In this study, 

binding characteristics of Ni(II) on four prepared 

samples and feasible application of two adsorption 

models were investigated. The isotherm constants 

for the Langmuir, Freundlich isotherms and kinetic 

parameters have been calculated using non-linear 

regression with the help of OriginPro (Version8.5) 

software program. 

II. Materials and methods 

II.1. Surface Modification 

Two types of activated carbons withchemically 

modified surfaces were used in this study for nickel 

ions removal from synthetic solutions. Amass of 20 

g of a locally prepared activated carbon from olive 

stone and a commercially available one from 

Merckwere treated separately with 100 mL of 

HNO3 (4 N) under reflux for different time intervals 

of 2, 4 and 6 hours at 80 °C. After separation, the 

solid phase was then rinsed with sodium hydroxide 

in order to neutralize excess acid then with hot 

water until neutral pH. The prepared samples were 

oven dried at 60°C overnight then grinded and 

sieved to obtain powdered particles with a diameter 

≤ 0.071 mm. Four different types of activated 

carbons were prepared, which are referred to as OS-

AC (olive stone-based activated carbon), MOS-AC 

(modified activated carbon from olive stones), C-

AC (commercial activated carbon) and MC-AC 

(modified commercial activated carbon). 

 

II.2. Characterization of activated carbons 

The prepared samples were characterized using 

B.E.T test for surface area determination; a 

manometric N2 adsorption Sorptomatic apparatus 

was used for this purpose in which samples of 0.04 

g were degassed at 573 K for 4 h [25]. Iodine 

number, defined as the number of milligrams of 

iodine adsorbed per gram of activated carbon at a 

residual concentration of 0.02 N was determined for 

sample microporosity indication according to 

ASTM D4607 standard [26]. Scanning electron 

microscopy (SEM) method was also performed for 

observation and comparison of the external surface 

of the samples before and after modification. By 

(deposition of metal layers) in a sprayer Powder X-

ray diffraction (XRD) patterns were recorded with 

Cu Kα1 (λ=1.54059 Å) radiation in the 2θ range of 

10–90° on a diffractometer (Rigaku D/Max2200) in 

which a two-stepsample preparation was carried 

out, drying (heating to 80°C) the materials followed 

by metalization.  

XPS measurements were performed on a Kratos 

Axis Ultra using AlKα (1486.6eV) radiation 

apparatus. High resolution spectra were acquired at 

20 eV pass energy with energy resolution of 0.9 eV. 

The C1s line of 284.5 eV was used as a reference to 

correct the binding energies for charge energy shift. 

In addition, the surface functional groups of the 

samples were determined by means of Fourier 

transform infrared spectrometer (FT-IR). IR 

analysis is carried out on KBr tablets manufactured 

in the following proportions: Each sample was 

mixed with potassium bromide in 0.1 wt. % Ratio 

and used for FT-IR analysis. Samples were dried 

under vacuum at 110 °C prior to mixing with KBr 

powder. The mixture was finally grinded and then 
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vacuum dried at approximately 110 °C [27]. The 

solid phase IR absorption spectra were recorded in 

the range of 4000 and 400 cm-1 with the infrared 

spectrometer type (SHIMADZU-IR Prestige-21) for 

all prepared samples before and after the 

modification. Finally, another important parameter 

for all samples was determined, the point zero 

charge (pHpzc). It indicates the net surface charge 

of an adsorbent in solution [28, 29]. In this case, 50 

mL of NaCl solution (0.01 M) were placed in 

different cap vials, their initial pH was adjusted 

from 2 to 11 by adding sodium hydroxide or 

concentrated hydrochloric acid. Once a constant 

value of initial pH is reached and noted (pHi), 0.15 

g of prepared activated carbonsis then added to the 

NaCl solutions. The mixture is agitated for 48 hours 

and the final pH values were measured and noted 

(pHf). A plot of pHf versus pHi from which the 

pHpzc value is obtained, value at which pHf = pHi 

[30]. 

II.3. Nickel adsorption experiments 

Nickel ion stock solution was prepared by 

dissolving 1 g of NiCl2.5H2O in 1L of deionized 

water. Successive dilutions were used to obtain 

working solutions of desired concentrations. 

Analytical reagent-grade chemicals were used for 

solutions preparation.  

Prior to Ni(II) adsorption experiments in batch 

mode at ambient temperature, parameters affecting 

the removal rate such as initial concentration 

ranging from 10-900 mg.L-1, contact time ranging 

from 30-480 min, adsorbent dosage raging from 2-

24 g.L-1 and pH ranging from 2-7 were performed 

before and after surface modifications of each 

adsorbent.  

A 0.1 g of each activated carbon was added 

separately in 25 mL of nickel solutions with known 

initial concentrations, and the mixture was agitated 

magnetically until equilibrium and then centrifuged 

at 4000 rpm and the Ni(II) residual concentrations 

determined using a UV-visible 9582 Optizen 

spectrophotometer at 465 nm using 

dimethyglyoxime (2.5%) as complexing agent [31]. 

Reported studies showed that dimethylyoxime has a 

high affinity in detecting Ni(II) traces [32]. The 

adsorbed amount of Ni(II) at equilibrium is 

calculated using equation (1) [33] : 

 

𝑞𝑒 =
(𝐶0−𝐶𝑒)∙𝑉

𝑚
                                     (1) 

 
Where : V is the volume of the liquid phase (mL), 

Co and Ce are the initial and the equilibrium 

concentrations of Ni(II) (mg.L-1), and m the mass of 

the activated carbon sample (mg). 

II.4. Error analysis  

Non-linear regression analysis using OriginPro8.5 

was evaluated in the present study for adsorption 

and kinetic parameters evaluation. Several error 

analysis methods such as the correlation coefficient 

(R2), Chi-square analysis (χ2), root mean square 

error (RMSE) and the Average percentage error 

(APE) given by equations (2, 3 and 4)were used in 

order to confirm the best-fitting models [34]. In 

general, smaller values of χ2 indicate similarity 

between the data obtained using a model and the 

experimentally one (larger χ2 values will increase 

the difference between the model and experimental 

data) and the better the curve fitting occurs with 

small RMSE value. Models converge and become 

favorable with lower values of error functions. 

Chi-square statistic: 𝜒2 = ∑
(𝑞𝑒,𝑒𝑥𝑝−𝑞𝑒,𝑐𝑎𝑙)

2

𝑞𝑒,𝑐𝑎𝑙
         (2) 

Roots mean square error:  

   𝑅𝑀𝑆𝐸 =  √(
1

𝑁−2
) ∙ ∑ (𝑞𝑒,𝑒𝑥𝑝 − 𝑞𝑒,𝑐𝑎𝑙)

2𝑁
1          (3) 

Average percentage error: 

 𝐴𝑃𝐸 = (∑ (|𝑞𝑒,𝑒𝑥𝑝 − 𝑞𝑒,𝑐𝑎𝑙|/𝑞𝑒,𝑒𝑥𝑝)/𝑁𝑁
1 ) ∙ 100 (4) 

 

Where, qe,exp, qe,cal (mg.g-1) represents the 

experimental and calculated adsorption capacity 

values, respectively, and N is the number of 

observations in the experimental data. 

III. Results and discussion  

III.1. Physical and chemical properties of the 

activated carbons 

The B.E.T method is used in this study to evaluate 

the adsorption data and generate a specific surface 

area result expressed in (m2.g-1) of our samples. 

These values measured on the prepared activated 

carbons using N2 adsorption isotherm at 77K are 

listed in Table 1. They were evaluated from the 

linearized B.E.T isotherm 
1

𝑉[(
𝑃0
𝑃

)−1]
  𝑣𝑠 (

𝑃0

𝑃
) plots in 

the application range of 0.055 <
𝑃0

𝑃
< 0.30.Were 

𝑃0

𝑃
 

represent relative pressure and V is the volume of N2 

adsorbed at standard temperature and pressure. 

As we can see from Table 1, the specific surface 

area of the modified sample by nitric acid increases 

slightly by 27 m2.g-1 while its microporosity 

remains almost constant as indicated by the iodine 

number. 

Nonetheless, a decrease of 188 m2.g-1 in B.E.T 

surface area of MC-AC is noticed. This decrease is 

may be due to the activated carbon walls collapse 

and the surface area decrease by pore volume 

reduction as reported in adsorption textbooks. 

The considerable changes in the activated carbon 

surface area could be associated with two possible 

effects: i) the partial destruction of the micropores 

walls and ii) decrease in the total specific surface 

area and volume of the micropores, which is 

explained by the presence of oxygenated groups at 
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the entrance of the pore walls [35]. Another reason 

for this decrease in the B.E.T specific surface area 

can stem from a blockage of micropores caused by 

the formation of humic substances or surface oxides 

during the oxidation process [36]. Nitric acid 

partially disrupts pore texture, as observed in the 

study of the decrease in the B.E.T specific surface 

area of C-AC. Iodine number is a fundamental 

parameter to characterize the performance of 

activated carbons. It is a measure of the micropore 

(0–20 Å) content of the activated carbon by simple 

adsorption of iodine in aqueous solution. The 

typical range is 500-1200 mg.g-1 equivalent to

 

Table 1. Physical parameters of all adsorbents before and after modification 

 

Abbreviations : OS-AC, olive stone-based activated carbon; C-AC, commercial activated carbon; MOS-AC, 

modified activated carbon from olive stones; MC-AC, modified commercial activated carbon. 

 

a surface area of activated carbon between 900 and 

1100 m2.g-1 [37]. From Table 1, we can say that the 

two activated carbons with better porosities of 1016 

mg.g-1 and 1012 mg.g-1 are MOS-AC and OS-AC 

respectively comparing favorably with other 

materials [38]. The micropore content on the 

surface of activated carbon increases slightly during 

modification. The oxidation with nitric acid leading 

to increased release of CO2 and CO gas and 

creating micropores inside mesopores. The iodine 

number for MC-AC is 496.52 mg.g-1 compared to 

C-AC which is 828.14 mg.g-1, this can be explained 

by the fact that the pore volume has decreased due 

to the increase in functional groups on the surface 

of the modified activated carbon, causing the pores 

from clogging. 

III.2. XRD patterns 

The XRD patterns of all adsorbents are shown in 

Fig.1. They display similar XRD profiles and 

exhibit broad diffraction peaks at 2θ=24.2° and 43.6 

°, corresponding to the 002 and 100 diffraction 

planes of graphite [39, 40]. The 002 plane presents 

a narrow peak with steep rise, and the 100 plane 

displays a broad small diffraction peak. The 

amorphous nature of the samples is confirmed by 

the obtained X-ray powder diffraction patterns 

which shows a single large peak centered at about 

2θ = 24° in accordance with the literature [41]. That 

means that the nitric acid modification process has 

little influence on the amorphous nature of the 

activated carbons studied. 

III.3. Scanning Electron Microscopy (SEM) 

Analysis 

Samples were characterized with Field Emission 

Gun Scanning Electron Microscopy (FEG-SEM) 

performed on a JEOL JSM 7600 F apparatus.  

Images were obtained at an acceleration voltage of 

15 kV. 

Fig 1. XRD diffraction patterns of OS-AC, C-AC, 

MOS-AC and MC-AC 

 

Figs. 2 and 3 show the surface images of the                                                                        

activated carbons before and after modification. 

The same characterization technique was used to 

analyze the unmodified, modified material and after 

adsorption [42]. Figs. 2 and 3 show the surface 

images of the activated carbons before and after 

modification. In Figs. 3a and 3b, the images 

representing OS-AC and MOS-AC, did not reveal 

significant morphological differences. In contrast 

the SEM analysis of commercial activated carbon 

before and after modification clearly shows that the 

latter has irregular cavities and a well-developed 

porous structure. The higher the number of pores, 

the more accessible the adsorption sites are, which 

increases the amount of Ni(II) removed. For MC-

AC (Fig.3b) the analysis was performed at ×3000 

magnification. The image shows that the pores of 

the commercial activated carbon disappear after 

oxidation with nitric acid. The results can be 
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supported by the results of the B.E.T analysis 

(Table 1). 

 

 
 

Fig 2. SEM micrographs of olive stone-based 

activated carbon, (a) OS-AC, magnification 3000x ; 

(b) MOS-AC, magnification 3500x 

 

 
 

Fig 3. SEM micrographs of commercial 

activatedcarbon, (a) C-AC, magnification 3500x; 

(b) MC-AC, magnification 3000x 

 

III.4. XPS results 

The samples were analyzed by XPS are shown in 

Figs. 4 and 5. For all activated carbons studied, the 

survey spectra show intense peaks at 532.0 eV and 

284.0 eV indicating the presence of oxygen and 

carbon, respectively [43]. The survey spectra also 

show a weak nitrogen peak. For OS-AC the C 1s 

peaks can be adjusted in five independent sub-

bands which are assigned to carbon in the binding 

states C-C (284.4 eV), C-H (285.8 eV), C-OH 

(286.6 eV), C-O (287.7 eV) and C=O (carbonyl 

groups) at 288.7 eV. In addition, the O 1s peaks 

were deconvoluted into three peaks at 531.7 eV due 

to the presence of OH and C-O groups, at 532.7 eV 

could be due to the presence of C-OH bonds and 

one peak at 533 eV was attributed to C-O-O groups. 

The presence of C-O, C=O and OC=O groups on 

activated carbons surface and many others are to be 

expected given the oxidation state of the raw 

material whether thermally (steam carbonization) 

and chemically (H3PO4, HNO3) [44]. The weak N 

1s spectrum was deconvoluted into a single peak at 

405.7 eV due to the presence of the O-N-O bonds. 

After oxidation with nitric acid, the intensity was 

reduced because oxygen groups were formed on the 

surface of the modified activated carbon. For MOS-

AC, the C 1s peaks are very similar to those of OS-

AC. The deconvolution of the signal attributed to 

oxygen (O 1s) identified four peaks corresponding 

to oxygen atoms involved with carbon and 

hydrogen bonding at 531.4 eV and 532.8 eV, which 

are attributed to OH groups (alcohols or phenols), 

CO and C-O-C, respectively, chemisorbed oxygen 

at 530.4 eV [45]. Regardless of the oxidized 

activated carbons, their graphitic carbon content (at 

284.0 eV) is lower than that of raw carbon. It is also 

noted that the percentages of oxygen bonded to 

carbon increased after oxidation [46]. 

XPS analysis of the commercial activated carbon 

confirmed, after deconvolution of the C 1s 

spectrum, a slight oxidation of MC-AC compared 

to C-AC. For C-AC the deconvolution of the signal 

attributed to the carbon (C 1s) allowed the 

identification of seven peaks corresponding to 

carbon atoms involved with oxygen and metal ion 

bonds (283.6 eV). The deconvolution of the O 1s 

signal indicates that the intensity of the O=C bonds 

is higher than that obtained by the deconvolution of 

the C 1s signal. Chemisorption of oxygen and the 

O=C-OH groups were detected at 531.0 eV, the 

O=C-OH groups can be attributed to carboxylic 

groups, esters or lactones.  

For MC-AC, the C 1s spectrum includes four peaks 

with deconvolutionally differentiated binding 

energy values corresponding to C-C and C-H 

(graphitic carbon) at 284.7 eV and 285.6 eV, 

respectively. The deconvolution of the C 1s 

spectrum is characterized by two further peaks one 

is assigned to the C-OH (alcohol) groups at 

286.4 eV and the other is assigned to the C=O 

(carbonyl) groups at 288.6 eV. For oxygen, the 

three adjusted components corresponded to C-O 

groups (ketone, lactone, ester and carboxyl) and OH 

(hydroxyl) groups at 531.7 eV and C-O-C (ether-

oxide) groups at 532.9 eV. Nitrogen functionalities 

at the surface of MC-AC are characterized by a 

single peak, which has been assigned to the O-N-O 

groups at 405.7 eV [47]. XPS analysis confirms the 

high oxygen content on the surface of C-AC. 

 

III.5. FT-IR analysis 

The FT-IR spectra of the samples used in this study 

areshown in Fig.6. Analyses of these spectra show 

the presence of a range of functional groupments on 

activated carbons the surfaces. 
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Fig 4. XPS spectra of olive stone-based activated carbons, (a) OS-AC, (b) MOS-AC 
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Fig 5. XPS spectra of commercial activated carbons, (a) C-AC, (b) MC-AC 
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Fig 6. FT-IR spectra of all samples, a) OS-AC, b) 

C-AC, c) MOS-AC and d) MC-AC 

 

In most cases, the studied adsorbents have similar 

absorption bands, with only difference in their 

transmittance, indicating small differences in the 

surface chemistry. The changes in the absorption 

bands are mainly caused by the oxygen-containing 

acidic surface groups introduced by oxidation with 

HNO3. For all activated carbons a weak absorption 

band of about 3800-3300 cm-1 corresponds to an 

associated peak of hydroxyl groups of phenols, 

alcohols and absorbed water [22, 48]. The broad 

absorption hydroxyl band for OS-AC and MOS-AC 

can be attributed to the presence of a larger number 

of -OH groups, possibly due to phenolic groups 

after the activation process and oxidation with nitric 

acid. Spectra bands around 2349 cm-1 for OS-AC 

and MOS-AC are due to ketene or ketone [49]. For 

all activated carbons, a distinctive broad absorption 

band is in the range of 1705 to 1726 cm-1, attributed 

to C=O stretching vibrations of saturated carboxylic 

acids and lactone groups. A peak at 1565 cm-1, 

corresponding to the N-H group, was found for C-

AC, MC-AC and MOS-AC [50]. For OS-AC, a 

broad absorption band in 1527.2 cm-1 indicates the 

presence of a stretching vibration of NO2 can also 

be attributed to N=N vibrations. In the region 

1300–1400cm-1, a strong absorption band at 1384.9 

cm-1 for C-AC corresponds to stretching vibrations 

of C–N bonds [51]. The new weak peak appeared in 

MOS-AC at 1066.7 cm-1 after the modification with 

nitric acid indicates the presence of the C-N 

vibration [52]. Two new absorption peaks appeared 

for MOS-AC at 1057.7cm-1 which corresponds to 

the stretching vibration of C-N in the amine group 

[53] and 875.2 cm-1 for MC-AC associated with the 

stretching vibration of the N-H bond in the amine 

group [54]. On the whole, the same carboxylic 

functions, alcohol, phenol and lactons are found in 

the activated carbons. The FT-IR spectra of 

modified activated carbons with nitric acid did not 

reveal any significant changes in the groups present 

on the surface of the adsorbents. The results of FT-

IR were consistent with the results obtained by 

XPS. These results showed that modification with 

nitric acid could indeed increase the functional 

groups containing O and N on the studied activated 

carbons. 

 

III.6. pHpzc 

pHpzc values are shown in Figs.7 and 8. The 

modification of the olive stone-based activated 

carbon by nitric acid increases the acidic functional 

groups (carboxylic, lactonic and phenolic), this 

decrease has totally changed the pHpzc of OS-AC 

from 6.22 to 3.63. Shuheng Yao et al. have shown 

that the pHpzc of activated carbon obtained from 

rice husk modified by nitric acid under microwave 

heating decreased from 6.0 to 4.6, due to the 

increase in acidic functional groups on the surface 

of the activated carbon [55]. The oxidation of the 

C-AC does not have much influence on the surface 

charge; a slight decreasefrom the pHpzc 6.44 to 

6.07 has been noticed. This result can be attributed 

to the cation exchange that occurs between H+ 

surface acid groups and Ni(II) in solution. This is 

manifested by a decrease in the pH of the treated 

solution. At pH<pHpzc, repulsion occurs as long as 

both the surface of the activated carbon and Ni(II) 

are positively charged implying a decrease in 

adsorption capacity. On the other hand, at 

pH>pHpzc, there is an attraction between positively 

charged Ni(II) and the negatively charged surface 

of activated carbons, implying an increase in 

adsorption capacity. These results indicate that the 

surface chemistry of the studied adsorbents is not 

sufficient to explain the adsorption phenomenon. A 

physical characterization to determine the specific 

surface area and porosity of the samples seems 

necessary to us to explain the adsorption of Ni(II) 

on these materials.  

 

III.7. Effect of contact time 

The study of adsorption of a compound on an 

adsorbent allows us to examine the influence of 

contact time on its retention. This study was 

conducted to determine the fixed amount of nickel 

in the range of 30– 480 min of agitation. In order to 

determine the adsorption equilibrium times, a 

volume of 25 mL of solution of nickel with initial 

concentration of 100 mg.L-1 at initial pH arbitrarily 

chosen. The solution was contacted with 0.1 g of 

each sample separately. Solutions were analyzed for 

equilibrium concentration (Ce) determination after 

times ranging from 30 to 480 min. 
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Fig.9 shows the effect of contact time on adsorption 

of Ni(II) onto four activated carbons. It clearly 

indicates that there is a rapid increase in timeand 

uptake of Ni(II) in the initial stages, but became 

stable in the finalones till equilibrium is attained. 

The same figure shows that the equilibrium is 

reached quite quickly about 120 min for Ni(II) with 

modified activated carbons (MOS-AC) compared to 

180 min for unmodified carbons (OS-AC) and 360 

min for C-AC. Kinetic adsorption of Ni(II) was 

rapid in the first 90 min because the adsorption sites 

were vacant, and Ni(II) could easily interact with 

these sites. These results also indicate that the 

surface modified activated carbon can remove 

Ni(II) more effectively from the solution compared 

with untreated activated carbon. 

The high adsorption capacity of Ni(II) confirms that 

the adsorption process is not only related to the 

specific surface area, pore specific volume and 

mean pore diameter of the absorbent, but also 

dependent on the content of surface oxygen-

contained functional groups [56]. These equilibrium 

times used are assumed to be amply sufficient for 

all experiments. 

 

 
Fig 9. Effect of contact time on the percentage 

removal of Ni(II) onto the OS-AC, C-AC, MOS-AC 

and MC-AC (C0= 100 mg.L-1) 

 

III.8. Effect of adsorbent dose 

Adsorbent dose effect is a very important parameter 

to find out the optimum amount of activated carbon 

required for the removal of Ni(II) metal ions. This 

was done with different doses of activated carbons 

ranging from 4 to 24 g.L-1 for the initial 

concentration of 100 mg.L-1 at equilibrium times 

previously determined for each adsorbent and pH 

(5-6). The dose effects on the removal of Ni(II) ion 

are shown in Fig.10. The percentage removal of 

Ni(II) increased as the adsorbent dose increased 

which may due to increased adsorbent surface area 

and availability of more adsorption sites [57]. It 

was noted that the optimum adsorbent dosesof 4 

g.L-1 (MOS-AC), 8 g.L-1 (OS-AC), 16 g.L-1 (MC-

AC) and 16 g.L-1 for C-AC were chosen for further 

experiments. A. Edwin Vasu reported that the 

optimal dose for removal of Ni(II) onto modified 

activated carbon from coconut shells with nitric 

acid is 2 g.L-1 [58]. 

 
Fig 10. Effect of adsorbent dose on the percentage 

removal of Ni(II) onto the OS-AC, C-AC, MOS-AC 

and MC-AC,(C0= 100 mg.L-1) 
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III.9. Effect of pH value 

Solution pH is one of the major factors affecting 

adsorption in general and particularly for Ni(II) 

removal. The electrokinetic studies have shown that 

activated carbons with a predominance of basic 

functional groups have a positive functional group 

as opposed to a negative surface potential for 

activated carbons with a predominance of acidic 

functional groups [59]. However, the surface charge 

of activated carbon can be modified by the pH of 

the external solutions. This parameter must 

therefore be an important variable that affects the 

adsorption process, especially of metal ions [60]. 

Most metals become less soluble and form 

hydroxides and oxides as the pH of the solution 

increases [61]. Therefore, a control of the pH of the 

solution to the favorable adsorption region of the 

metal ion is very important. Ni(II) can potentially 

exist in several species depending on the pH values 

of Ni(II), Ni (OH)+, Ni(OH)2
0, Ni(OH)3

- and 

Ni(OH)4
2-. Ni(II) appears mainly in cationic form 

(Ni2+) at pH 7, and its removal was related to 

adsorption performance. The study of nickel 

adsorption on OS-AC, C-AC, MOS-AC and MC-

AC is carried out, depending on the case, for pH 

values between 3 and 7 (to avoid nickel 

precipitation), basic pH values were not considered. 

This pH range was chosen to examine the evolution 

of the adsorption of this pollutant associated with 

the different chemical forms present as a function 

of pH. The latter is adjusted if necessary, with 

concentrated sodium hydroxide and hydrochloric 

acid. The results of Ni(II) adsorption as a function 

of pH are shown in Figs.11 and 12. 

The percentage of Ni(II) metal ions removal as a 

function of solution pH for modified and 

unmodified activated carbons is shown graphically 

below. We can conclude that adsorption is highly 

pH dependent. The increase in the pH of the 

solution allows a better extraction of metal ions. 

The best adsorption rate is observed at a pH of 5.5 

for C-AC and 6.0 for MC-AC. The one on OS-AC 

and MOS-AC is better at a pH value of 6.5. This 

indicates that OS-AC is not very different from 

MOS-AC for the removal of Ni(II) at low pH. 

Maximum adsorption capacity at pH of 6.5 has 

been reported for commercial carbon-based 

powdered activated carbon (PAC) modified with 

nitric acid [62]. 

The gradual decrease in Ni(II) uptake at low pH is 

generally due to the competition of H+ ions with 

those of Ni(II) for adsorption. The decrease in 

adsorption at pH>7 is probably due to the 

precipitation of the metal as nickel hydroxide and 

the formation of a negative charge on the surface of 

the activated carbon, resulting in a reduction in their 

binding. In order to achieve high efficiency and 

selectivity, the value of 6.5 was chosen as the pH 

for the metal cation. According to surface complex 

formation theory (SCF), the increase in the amount 

of adsorbed metal ions can be explained by a 

decrease in the competition between protons and 

metal ions for surface sites, and by the decrease in 

the positive surface charge [63]. This is also due to 

the fact that at low pH, there is an electrostatic 

repulsion between the metal ions and the surface of 

the positively charged coal. When the pH increases, 

the metal ion can replace the hydrogen ion on the 

surface of the adsorbent, resulting in better 

adsorption [59, 64]. In addition, the surface of the 

activated carbons studied has a net positive or 

negative charge that depends on the pH of the 

solution and the pHpzc. The pHpzc values of the 

OS-AC and MOS-AC were 6.22 and 3.63 

respectively. At a pH lower than these points, 

protons compete with Ni(II) cations. The maximum 

adsorption of Ni(II) on OS-AC and MOS-AC was 

observed for a pH of 6.5 (pH>pHpzc), the same 

remark was observed with MC-AC (pH=6.5) 

compared to pHpzc = 6.07 (pH>pHpzc), the charge 

on the surface of the activated carbon changes to 

negative, resulting in a greater electrostatic 

attraction of the nickel cations, resulting in better 

nickel fixation. As the pH becomes more and more 

basic, there is competition between the OH- ions in 

the solution and the negative charge of the activated 

carbon, which reduces nickel fixation. For C-AC, 

nickel adsorption is better with pH of 5.5 compared 

to pHpzc around 6.44 (pH<pHpzc). This variation 

is also explained by the nature of the surface area of 

the activated carbon used. The characteristics of 

these adsorbents used in terms of specific surface 

area, micro and mesoporosity, and functional 

groups on the surface. 

The acidic functional groups on the surface of 

activated carbons serve as ion-exchange sites for 

metals. To allow cationic adsorption, the pH of the 

solution must be close to the pKa values of the 

functional groups. The pH behaviour of nickel ion 

adsorption suggests that there are weakly acidic 

groups in the adsorbents that are responsible for ion 

fixation. The carboxyl group may well be this agent 

because it begins to dissociate at pH 4–6 in the 

weakly acidic ionic exchange. 

III.10. Nickel Adsorption isotherms  

In order to optimize the design of the adsorption 

process, it is important to establish the best 

appropriate correlation for the equilibrium curves. 

Two well known isotherm-models were used, 

namely Langmuir and Freundlich models. The 

Freundlich model is well adapted to describe the 

aqueous phase equilibrium [65]. The model given 

by equation (5) generally describes adsorption tests 

taking place on heterogeneous adsorbents and  
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 Fig 11. Effect of initial pH solutionson the 

percentage removal of Ni(II) onto the OS-AC and 

MOS-AC (C0= 100 mg.L-1) 

 

 
Fig 12. Effect of initial pH solutionson the 

percentage removal of Ni(II) onto the C-AC and 

MC-AC (C0= 100 mg.L-1) 

 

defines the exponential distribution of active sites 

and their energies. 

 𝑞𝑒 = 𝐾𝐹 ∙  𝐶𝑒

1

𝑛                                                        (5) 

KF is a constant that indicates the relative 

adsorption capacity of the adsorbent (mg.g-1) and 

1/n indicates the adsorption intensity. 

 

𝑞𝑒 =
𝐾𝐿∙𝑏∙𝐶𝑒

1+ 𝐾𝐿∙𝐶𝑒
                                                         (6) 

qe: the equilibrium adsorption capacity (mg. g-1); 

Ce: the equilibrium concentration (mg. L-1); 

b: the maximum single-layer adsorption capacity 

(mg. g-1); 

KL: the Langmuir binding constant (L.mg-1). 

And the Langmuir model expressed by equation 

(6), derived from kinetics, generally assumes that 

the adsorption process takes place at specific 

homogeneous sites within the adsorbent [66].  

Figs.13 and 14 show Ni(II) equilibrium uptake the 

 

studied adsorbents. These uptake increases with 

concentration until saturation is attained. A non-

linear regression was used to determine parameters 

for this isotherm to ensure more accurate results 

[67]. To find the model equation describing the 

experimental data of Ni(II) adsorption of all 

samples, four well-known error functions were used 

in this worknamely: R2, χ2, RMSE and APE. The 

greater R2 and smaller 𝜒2 and RMSE values of 

Langmuir and Freundlich models are a good 

indicator for better fitting for considered 

models.Also, in Figs.13 and 14 are shown the 

theoretical and experimental adsorption 

dataaccording to the Langmuir and Freundlich 

models and their corresponding and related error 

function values are shown in Table2. 

 
Fig 13. Non-Linear fitting of the Langmuir and 

Freundlich isotherms models of Ni(II) for OS-AC 

and MOS-AC samples 

 
Fig 14. Non-Linear fitting of the Langmuir and 

Freundlich isotherms models of Ni(II) for C-AC 

and MC-AC samples 

 

Figs. 13 and 14 show isotherms models of 

Langmuir and Freundlich for Ni(II) adsorption onto 

the different activated carbons, for an optimal pH. 

The Langmuir model was the most consistent for 
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Table 2. Non-Linear Langmuir and Freundlich isotherms parameters of Ni(II)

 

adsorption of Ni(II) with high R² (0.928, 0.938, 

0.957 and 0.978), good χ² (3.28, 2.767, 94.167 and 

4.913) and low RMSE (2.037, 0.457, 10.746 and 

1.793) for OS-AC, AC, MOS-AC and MC-AC 

respectively, followed by Freundlich isotherm, with 

a high R² (0.938, 0.958 and 0.956), a good χ² 

(0.613, 19.07 and 4.676) and a low RMSE ( 0.480, 

6.962 and 2.316) respectively in the case of C-AC, 

MOS-AC and MC-AC. The Chi-squared (𝜒2) and 

RMSE values were found to be low in Langmuir 

isotherm which validates its applicability for non-

linear model as the best fitted model. The APE 

(average percentage error) is significant, ranging 

from 13% to 27%, confirmed by the discrepancy 

between experimental and calculated results. The 

performance of adsorbents for the removal of Ni(II) 

in aqueous solution are attributed from the 

maximum monolayer adsorption capacity, without 

any nickel-nickel interactions. The MOS-AC to 

give better results for nickel adsorption with a 

maximum adsorption capacity of 79.83 mg.g-1 

significantly higher than that obtained by OS-AC 

with b= 25.05 mg.g-1. A value of 34.48 mg of 

Ni(II)/g of Salsola plant was reported [68]. For OS-

AC and MOS-AC carbons, an energy constant KL 

related to the adsorption heat of 0.204 and 0.282 

L.mg-1 was obtained, respectively.  

The nitric acid surface modification improves the 

Ni(II) adsorption capacity by 218.8%. The removal 

of Ni(II) on the MC-AC is higher than that of C-

AC. The MC-AC has a value of b equal to 28.76 

mg.g-1 which is significantly higher than the C-AC  

with b= 6.40 mg.g-1, this means that the MC-AC 

has a better nickel adsorption potential with an 

improvement rate of 349.37%. The comparative 

study of the two activated carbons shows that 

activated carbon from unmodified olive stones has 

an efficiency of Ni(II) removal equal to the 

unmodified commercial activated carbon. All the 

studied activated carbons have a higher affinity 

towards Ni(II) as evidenced by the H-type class of 

the non-linear Langmuir isotherms according to the 

classification by Giles et al. [68]. Class H also 

shows a complete adsorption in low concentration. 

The higher affinity of modified activated carbons 

for Ni(II) implies that oxidation with nitric acid 

improves the removal capacity of metal ions. This 

affinity also due to the presence of large quantities 

of acid functional groups that can exchange their 

protons with the nickel cations present in aqueous 

solution. 

The Freundlich model describes well the adsorption 

isotherm of Ni(II) by MOS-AC, C-AC and MC-AC 

as R2 values were 0.958, 0.958 and 0.956 

respectively. The values of n of 4.25, 3.29 and 3.40, 

respectively, showing some heterogeneity in the 

adsorbent surface and the favorability of the 

adsorption processes. These values show a 

significant affinity between Ni(II) and the three 

activated carbons. The Freundlich model slightly 

describes the adsorption of Ni(II) on OS-AC with 

R2= 0.83 and n in the order of 5.55. Moreover, the 

KF constant is 20.38 for MOS-AC and 5.61 for MC-

AC. The value of 20.38 for MOS-AC is quite high 

compared to the other three coals, which shows the 

adsorption capacity obtained. 

III.11. Adsorption kinetic experiments 
Several kinetic models are used to examine the 

controlling mechanism of adsorption process such 

as chemical reaction, diffusion control and mass 

Adsorbent OS-AC C-AC MOS-AC MC-AC 

Initial pH 6.5 5.5 6.5 6.0 

Langmuir     

b (mg.g-1) 25.056 6.408 79.832 28.768 

KL (L.mg-1) 0.204 0.039 0.282 0.077 

R2 0.928 0.938 0.957 0.978 

𝜒2 3.280 2.767 94.167 4.913 

RMSE 2.036 0.457 10.746 1.793 

APE 13.301 21.374 27.378 20.867 

Freundlich     

KF 9.591 1.089 20.383 5.611 

n 5.558 3.292 4.255 3.406 

R2 0.832 0.938 0.958 0.956 

𝜒2 2.819 0.613 19.070 4.676 

RMSE 3.187 0.480 6.962 2.316 

APE 15.324 15.844 23.316 46.217 
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transfer. Among them, the pseudo-first-order 

expressed by equation (7) [69] is largely used: 

 
𝑑𝑞𝑡

𝑑𝑡
= 𝐾1(𝑞𝑒 − 𝑞𝑡)                (7) 

Where qe and qt are amounts of Nickel adsorbed 

(mg.g-1) at equilibrium and time t (min), 

respectively, and K1 is the rate constant of pseudo-

first-order (min−1). 

The pseudo-second-order kinetic model expressed 

by equation (8) [70, 71] is also quite used: 

 
𝑑𝑞𝑡

𝑑𝑡
= 𝐾2(𝑞𝑒 − 𝑞𝑡)2

          

(8) 

Where K2 is the rate constant of pseudo-second-

order adsorption (g.mg-1.min-1) and h = K2.q
2
e, 

where h is the initial adsorption rate (mg.g-1. min-1). 

The rate parameter for intraparticle diffusion is 

determined using the following equation [71]: 

 

𝑞𝑡 =  𝐾𝑑𝑖𝑓𝑡
1

2⁄ +  𝐶          (9) 

Where C is a constant that gives an idea about the 

boundary layer thickness (mg.g-1) and Kdif is the 

intraparticle diffusion rate constant (mg.g-1.min−1/2). 

The plot may present multilinearity, indicating that 

three steps take place. The first, sharper portion is 

attributed to the diffusion of adsorbate through the 

solution to the external surface of adsorbent or the 

boundary layer diffusion of solute molecules. The 

second portion describes the gradual adsorption 

stage, where intraparticle diffusion is rate limiting 

and the third portion is attributed to the final 

equilibrium stage [72]. 

The kinetic adsorption tests must be carried out by 

taking contact times shorter than the equilibrium 

time, with the doses and optimum pH values found 

for each activated carbon. Non-linear kinetic 

models are being fitted (Figs. 15~18) and kinetic 

data estimated in Table 3. 

 
Fig 15. Non-linear pseudo-first and second order 

kinetic model for Ni2+ onto OS-AC and MOS-AC 

for two different concentrations, (T = 25 °C) 

 

 

Adsorption kinetic study involves fitting of the 

experimental data towards validation of model 

applicability to adsorption process. However 

production of extensively different kinetic 

parameter values in linearized forms has been 

raised as major problem in adsorption process [73]. 

So, non-linear regression was suggested to avoid 

this problem for more accuracy andin data 

description [74]. The pseudo-first order model well 

described the adsorption data for C-AC at two 

different concentrations (100 and 200 mg.L-1) as 

evidenced by high determination coefficient R² 

(0.974 and 0.962), low RMSE (0.148 and 0.384) 

and good χ² (0.122 and 1.422) values. 

 

 
 

Fig 16. Different steps of Intra-particle diffusion 

kinetics model for the adsorption of Ni2+onto OS-

AC and MOS-AC for two different concentrations, 

(T = 25 °C) 

 
Fig 17. Non-linear pseudo-first and second order 

kinetic model for Ni2+ onto C-AC and MC-AC for 

two different concentrations, (T = 25 °C) 
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Table 3. Non-linear Kinetic model parameters for the adsorption of Ni(II) onto adsorbents studied at different 

initial concentrations. 

 
 

Fig 18. Different steps of Intra-particle diffusion 

kinetics model for the adsorption of Ni2+ on C-AC 

and MC-AC for two different concentrations, (T = 

25 °C) 
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the limiting step, the adsorption is the 

chemisorption that involves electron exchanges at 

the solid-liquid interface [76,77]. The 

intraparticular diffusion equation was also applied 

to the experimental results by plotting qt versus t1/2 

for two different Ni(II) concentrations. From the 

results shown in Table 3, we observed that there are 

three linear steps. At the beginning of the 

adsorption there is a linear region which represents 
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Adsorbent  OS-AC C-AC MOS-AC MC-AC 

Initial pH 6.5 5.5 6.5 6.0 

C0 (mg.L-1) 100 200 100 200 100 200 100 200 

qe(exp) (mg.g-1) 11.740 22.184 3.266 3.225 24.977 49.895 3.218 12.020 

Pseudo-first-order         

K1 (min) 0.076 0.094 0.027 0.014 0.144 0.066 0.082 0.160 

qe(cal) (mg.g-1) 11.616 21.260 3.162 6.397 23.902 48.518 6.231 11.778 

R2 0.924 0.880 0.974 0.962 0.787 0.876 0.936 0.852 

𝜒2 0.686 0.884 0.122 1.422 0.985 5.397 0.238 0.317 

RMSE 0.643 1.356 0.148 0.384 1.632 3.752 0.302 0.592 

APE 5.027 6.675 6.531 11.966 6.205 8.011 5.326 4.236 

Pseudo-second-order         

K2 (g.mg-1.min-1) 0.130 0.147 0.037 0.016 0.236 0.105 0.132 0.270 

qe(cal) (mg.g-1) 12.251 22.506 3.530 7.518 25.133 52.01 6.638 12.320 

h (mg.g-1. min-1)

 
15.911 74.458 0.461 0.904 149.073 284.030 5.816 40.981 

R2 0.966 0.978 0.974 0.960 0.970 0.960 0.983 0.993 

𝜒2 0.157 0.310 0.088 0.786 0.128 1.265 0.048 0.015 

RMSE 0.430 0.915 0.149 0.396 0.590 2.171 0.165 0.129 

APE 3.462 2.832 4.503 9.786 2.050 4.792 2.150 0.850 

Intraparticule diffusion         

Kdif (mg.g-1.min-1/2) 0.837 0.500 0.063 0.432 0.580 2.171 0.091 0.163 

C 4.572 15.711 2.216 0.163 18.471 26.986 5.172 10.242 

R2 0.916 0.852 0.840 0.956 0.984 0.961 0.976 0.703 

𝜒2 0.318 0.051 0.008 0.037 0.003 0.047 0.002 0.012 

RMSE 1.056 0.732 0.089 0.253 0.202 1.063 0.063 0.218 

APE 9.433 2.031 1.913 3.316 0.550 1.238 0.721 1.142 
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the rapid recovery of the surface, follows a second 

linear step which represents the diffusion in the 

pores, and finally a horizontal linear region which 

represents the adsorption equilibrium. The 

parameters Kdif and C are determined from the 

second linear step. The parameter C is proportional 

to the thickness of the boundary layer, which gives 

an indication of the diffusion of Ni(II) ions towards 

the adsorbent. This model slightly describes the 

kinetics of adsorption of Ni(II) by C-AC for the 

concentration 100 mg.L-1 followed by MC-AC for 

the concentration 200 mg. L-1. For C-AC, the values 

of C indicate that intraparticle diffusion may not be 

the controlling factor in determining the kinetics of 

the process and film diffusion controls the initial 

rate of the adsorption. The diffusion rate constant 

(Kdif), increases with initial concentration increase. 

The Kdif values are respectively 2.171 and 

0.837 mg.g-1.min-1/2 for MOS-AC and OS-AC, 

which means that the diffusion of Ni(II) in the 

pores is rapid, also we can note that C varies from 

4.572 to 26.986 mg.g-1, corresponding to the 

thickness of the boundary-layer increase. The 

curves indicate a linear characteristic in which 

intraparticle diffusion drives the adsorption process. 

 

IV. Conclusion 

 

Activated carbon is known for its effectiveness in 

removing pollutants such as heavy metals from 

water and wastewater. Nitric acid (4 N) is used to 

modify the activated carbon surface locally 

prepared in the laboratory in order to improve its 

adsorptive capacity toward Ni(II) ions. Tests results 

show that for Ni(II), the modified activated carbon 

from olive stones gives better results compared to 

olive stones-based activated carbon. For 

commercial activated carbon, oxidation is more 

effective compared to the unmodified activated 

carbon. To gain more insight, further 

characterization is carried out on all adsorbents 

studied (B.E.T, DRX, XPS, FTIR, iodine number 

and pHpzc). XRD study reveals the high percent of 

carbon and the existence of an amorphous phase in 

the materials investigated. XPS analysis shows that 

the nitric acid treatment considerably modifies the 

surface of the activated carbons studied by 

increasing the quantity of oxygenated functional 

groups, which could provide further improvement 

of the adsorption capacity by creating sites of a 

chemical nature. Almost similar FTIR spectra, with 

only slight difference in intensities indicate small 

differences in surface functional groups. Analysis 

reveals the presence of acidic groups (phenolic, 

lactonic, carboxylic and carbonyl), confirmed by 

pHpzc values. A decrease in equilibrium time for 

nickel adsorption from 180 min for OS-AC to 

120 min for MOS-AC is observed. pH has an 

important influence on the adsorption process. The 

nickel adsorption process obeys a pseudo-second-

order kinetics, with determination coefficients (R2) 

ranging from 0.96 to 0.99. The rate constants for 

Ni(II) adsorption by modified activated carbons are 

higher than for unmodified counterparts, accounting 

for the faster adsorption process for modified 

carbons. The adsorption isotherms obey the 

Langmuir and Freundlich models with 

determination coefficients close to unity. An 

improvement rate of 235.9% is observed for the 

nickel adsorption capacities, which are 85.47 mg.g-1 

for MOS-AC and 25.44 mg.g-1 for OS-AC. The 

commercial activated carbon capacity is 30.58 

mg.g-1 for MC-AC and 6.30 mg.g-1 for C-AC with a 

385.31% improvement rate. The increase in 

adsorption rates on the oxidized activated carbon is 

mainly due to the presence of acidic groups on the 

surface. This study shows that both activated 

carbons could be modified chemically for 

successful efficiency improvement. 
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