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Abstract 42 

The scientific community gave a lot attention to prepare adsorbents from different natural 43 

agriculture-based materials to be used alternative to commercial activated carbon. However, 44 

less studies on the optimization of fabrication parameters to obtain activated carbon with highly 45 

surface area and adsorption capacity. Herein, we report the synthesis conditions optimization 46 

of adsorbent based on date stone and modified with ZnCl2. To obtain a highly adsorption ability 47 

of the materials, three systematic parameters were evaluated such as the activation temperature, 48 

activation time and the functionalization ratio by ZnCl2. The optimization study showed that 49 

the best factors to fabricate an adsorbent from date stone are 700°C, 120 min and 2.0 (g/g), 50 

wherein, the specific surface area was found to be 1036 m2/g. While, the iodine and phenol 51 

numbers were 928.5 mg/g and 2.1 mmol/g, respectively. To further understand the effect of 52 

synthesis parameters, the raw and the as-synthesized activated carbon were characterized via 53 

Fourier transmission infrared spectroscopy (FT-IR), X-ray diffraction (XRD), differential 54 

thermal analysis (DTA) and differential scanning calorimetry (DSC). Batch sorption tests to 55 

remove MB from water showed a maximum adsorption capacity of 384.6 mg/g using the 56 

prepared activated carbon at pH 6 and room temperature (25±2 °C). It was found also that the 57 

kinetic adsorption data obeyed the pseudo-second order and, both external diffusion and intra-58 

particle diffusion control the adsorption. Based on the obtained results, the optimization of 59 

synthesis conditions through experimental and mobilization studies may help the transfer of 60 

technology in terms of agriculture-based materials valorisation towards the environmental 61 

remediation.    62 

Keywords: Adsorbent synthesis optimization; Valorisation of agriculture wastes; Water 63 

remediation; Surface activation; Adsorption technology transfer; Response surface 64 

methodology.          65 

 66 
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1. Introduction 67 

The recent huge socio-agro-industrial revolution development has led to an eco-system and 68 

environmental disequilibrium as a result of the huge irregular liquid, solid and gas pollution 69 

discharged in our planet. It became an inevitable to create novel ideas and find solutions to the 70 

existing problems. The scientific and health communities are recommending to apply green and 71 

clean technologies for the production processing, that respecting our environment from one side 72 

and the economic issues from another side. The management of wastes or recycling of materials 73 

are considered as clean approaches for better future of our planet. The exploitation of low-cost 74 

abundant or/and undesirable materials for different applications should be implemented into 75 

reality. The valorisation of agricultural and industrial wastes for the environmental remediation 76 

has received a huge attention recently from both the scientific and industrial communities 77 

(Nazir, Rehman, and Park 2021; Djellabi, Yang, Sharif, et al. 2019; Photiou and Vyrides 2021; 78 

Djellabi, Yang, Xiao, et al. 2019). Of these materials, the fabrication of adsorbents from natural 79 

materials and wastes to be used alternatively to commercial activated carbon have been over-80 

addressed (Robles-Jimarez et al. 2022; Dabagh et al. 2021; Figueroa Campos et al. 2021; 81 

Negroiu et al. 2021). The valorisation of agro-wastes has two main advantages, the first is the 82 

reduction of solid pollution and waste management in the environment, and the second is the 83 

economic value of obtained adsorbents due to the local availability of several raw agro-84 

materials (K Ramakrishnan et al. 2021). In this way, sustainable development goals (set by the 85 

General Assembly of the United Nations) are achieved (Kumar and Bhattacharya 2021). One 86 

of the main steps to transfer the use of agriculture-industrial based wastes to real world is the 87 

successful valorisation and modification of materials. To obtain a highly adsorptive ability, 88 

several properties should be obtained such as the porosity, functional surface, charge of the 89 

surface, external and internal surface area and so on. The synthesis conditions including the 90 

calcination temperature, time, and chemical oxidation/functionalization are the main factors 91 
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governing the above-mentioned properties. It is important to mention that the chemical 92 

functional of the adsorbent surface influences directly the fixation of different pollutant species 93 

due to the changing in surface charge, hydrophobicity and polarity. Two common ways are 94 

applied to modify the surface of adsorbents, the first is the physical activation which involves 95 

the direct heating of the materials in air or CO2 stream, and the second is the chemical 96 

functionalization of the surface using different KOH (Yuan et al. 2022), H₃PO₄ (Liu, Cheng, 97 

and Wu 2021) and  ZnCl2 (Fakhar et al. 2021).  98 

The co-treatment of adsorbents by heating and chemical activation can enhance cooperatively 99 

the surface properties and surface area. However, choosing the right conditions in terms of 100 

temperature of calcination vs time, and the type of chemical agent and its ratio are very 101 

important to produce ideal adsorbents that are comparable to commercial ones.  102 

Valorised date stone waste has showed great adsorptive capacity towards the removal of 103 

different pollutants from water and wastewaters. Several physical and chemical modifications 104 

have been reported to improve the adsorption capacity of date stone-based adsorbents (Daniel, 105 

Gulyani, and Prakash Kumar 2012; Wakkel, Khiari, and Zagrouba 2019; Khelaifia et al. 2016). 106 

In terms of surface specific surface area, some previous studies reported relatively high values 107 

using different routes of activation, e.g., thermal/microwave activation (669.3 m2/g) (Hijab, 108 

Parthasarathy, et al. 2021), date stone treated by H₃PO₄ (909 m2/g) (Hijab, Saleem, et al. 2021), 109 

activated with H₃PO₄ (900 m2/g) (Boudia et al. 2019), date stone activated by pyrolysis/ZnCl2 110 

(1061 m2/g) (Cherik and Louhab 2017).  111 

As the production of highly adsorptive date stone-based adsorbent depends on several factors, 112 

the optimization of fabrication conditions is very recommended. In the case of physical 113 

activation, the heating condition per time is an important parameter to be evaluated. On the 114 

other hand, in the context of chemical activation, the ratio of chemical agents influences directly 115 

the surface charge, however, a high ratio may block the pores of the materials, therefore, the 116 
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ratio should be investigated. In the present study, the optimization of activation parameters 117 

(thermal and chemical) was investigated experimentally and also using planning experiments 118 

method via design expert. By the use of a such software and based on the experimental data 119 

(Sulaiman et al. 2018), a better optimization can be obtained which further facilities the large-120 

scale synthesis processing and the transfer of the use agro-wastes technology to real-world 121 

application. Three parameters were controlled to fabricate the activated carbon from date stone 122 

waste such as temperature, time and the ratio of ZnCl2. The as-prepared activated carbon-based 123 

adsorbent was characterized using several techniques to evaluate the morphology and structural 124 

proprieties. The sorption ability was evaluated to adsorb methylene blue in batch system.      125 

2. Material and methods 126 

2.1. Preparation of the activated carbon 127 

The raw material (date stones) was obtained from a local date manufactory. Firstly, date stones 128 

were washed several times with water and distilled water, and dried at 105 °C for 24 h. After 129 

that, the raw material was mechanically crushed and particles with size of about 300 μm were 130 

recovered by sieving. The activation of date stones powder was carried out by controlling three 131 

parameters: values of calcination (400 and 700°C), time of calcination (30 and 120 min) and 132 

ratio of ZnCl2 (0.25 and 2 w/w). The planification of preparation experiments were studies and 133 

optimized using 23 full factorial design (FFD) software in order to identify the role of applied 134 

parameters as a function of the adsorption capacity of MB as shown in Table 1.  135 

Date stones powder was impregned in ZnCl2 solution with different ratio (w/w) for 24 h at 136 

110°C. After that, the sample is transferred to a furnace and heated at different temperature and 137 

time under a constant N2 (99.99%) flow rate of 120 cm3 / min. The obtained activated and then 138 

hot distilled water until the pH of the washed solution reached a value around 7. Finally, the 139 

sample were dried at 110°C for 24 h, ground and sieved to get a particle size of around 125 μm.          140 

2. 2. Experimental design 141 
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In order to optimize the preparation of activated carbon, full factorial design was used with 23 142 

tests, in total 8 experiments. The basic factorial was used in this study because the response 143 

must be linear. For each factor, two extreme values were chosen delimiting the experimental 144 

domain. The value -1 corresponds to low levels whereas +1 for high levels. During the 145 

preparation of the activated carbon, the levels and ranges of the studied variables (A: activation 146 

temperature, B: activation time and C: impregnation ratio) affecting MB removal are given in 147 

Table 1. Response for MB adsorption capacity was used to develop an empirical model using 148 

Design Expert 12 which correlates the response to the three independent variables. The general 149 

mathematical model using the factorial design is expressed as follows (Özbay et al. 2013): 150 

Y= b0 + b1A + b2B + b3C + b4AB + b5AC + b6BC + b7ABC                                        (Eq.1) 151 

Where Y is the response , b terms are the parameters to be determined, b0 is the global mean 152 

and bi represents the other regression coefficients. 153 

2. 3. Characterization of materials  154 

The structural of raw date stones (DS) and date stones activated carbon (DSAC) were 155 

characterized via X-ray diffraction (XRD) with a Panalytical Xpert-PRO diffractometer with 156 

monochromatic CuKα radiation (λ=1.54056 Å). Fourier transmission infrared spectrum of 157 

DSAC was recorded on Nexus de ThermoFisher. The morphology of DS and DSAC was 158 

analyzed using SEM- ZEISS EVO HD-15. The specific surface area was determined by the 159 

BET (Brunaeur –Emmet–Teller) method using the adsorption–desorption isotherm of N2 at 77 160 

K. Before measuring the isotherm, the DSAC was degassed for 24 hours at 200 °C in order to 161 

remove any moisture and impurities fixed at the sample surface.     162 

The Iodine number (I2 (mg/g)) was determined according to the ASTM D4607-94 method (D-163 

94 2006). In fact, it is a measure of the activated carbon micropore content (up to 2 nm) and it 164 

provides an indication about the activated carbon capability to adsorb small molecular 165 
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compounds. The Phenol number (C6H5OH (mmol/g)) was measured using the method 166 

described by Ruiz Bevla et al (Ruiz Bevia, Prats Rico, and Marcilla Gomis 1984). 167 

2.2.4. Batch adsorption studies  168 

The effects of main variables governing the removal efficiency of MB such as solution pH, 169 

contact time, initial dye concentration and activated carbon dose were investigated in batch 170 

mode. A known quantity of the DSAC, prepared at the optimal conditions, was introduced into 171 

500 mL of MB solution. The obtained mixture was stirred magnetically at 200 rpm and at room 172 

temperature (25±2°C). At different time intervals, the suspensions were filtered using 173 

micropore filter (0.2μm); then the filtrates were analysed for determining the residual 174 

concentration of MB solution using a visible spectrophotometer (HACH DR/2000) at the 175 

wavelength of 660 nm. The adsorption capacities t
q  and e

q  (mg/g) at a given time t and at 176 

equilibrium, respectively, as well as the removal efficiency (%) were computed according to 177 

the Equations (2) to (4). 178 

                                                                          
0( )t

t

c c V
q

m

 
                                                                   (Eq.2) 179 

                                                                       
0( )

  e
e

c c V
q

m

 
                                                                  (Eq.3) 180 

                                                                        
0

0

( )
Removal efficiency(%) 100 t

c c

c


                       (Eq.4) 181 

Where 0c , t
c  and e

c  were the concentrations of MB (mg/L), at a given time t and at equilibrium, 182 

respectively. V is the volume of solution (L) and m the amount of the used DSAC (g).   183 

3.  Results and discussion 184 

3.1. Optimization of the DSAC preparation conditions 185 
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The effects of synthesis factors and their interactions were invistigated by using full factorial 186 

design (FFD). As it can be seen from Table 1, DSAC samples prepared under different 187 

conditions were tested towards the adsorption of MB. We can deduce that the adsorption ability 188 

of DSAC samples depends significantly on the used operating parameters, and by varying the 189 

synthesis conditions, the adsorption capacity was found to be in the range of 40.48 to 318.02 190 

mg/g.    191 

Table 1.  Dependence of activated carbon synthesis preparation factors and the yield of 192 

adsorbed MB.  193 

 194 

To estimate the positive and negative effects of different variables (calcination value, time of 195 

calcination and the ratio of impregnated ZnCl2), a Pareto Chart (Figure 1) was developed based 196 

on the obtained results (shown in Table 1) using FFD calculation. The Pareto chart has two 197 

lines, namely Bonferroni and t- Value limit lines. It is important to point out that the factors 198 

with t-Values between Bonferroni and t-Value limit lines are likely to be significant (Shahryari, 199 

Goharrizi, and Azadi 2010; Bingöl, Saraydin, and Özbay 2015).  From the Pareto chart, it can 200 

be deduced that the factor b (time of heating activation) is the main important factor for the 201 

fabrication of DSAC with high surface area and adsorption ability. The interaction AB is also 202 

very significant, wherein the calcination at 700°C for 120 min led to an excellent positive effect. 203 

In addition, the ratio of ZnCl2 showed a great effect towards the activation of DSAC. Certainly, 204 

the heating activation is a main factor, together with ZnCl2 activation as shown in Figure 1.a. 205 

The polynomial model equation, adopted in this study, is given as follows: 206 

Run 
Number 

Activated carbon preparation variables  
Adsorption capacity        

(mg/g) 
Activation temperature 

(°C) 
Activation time 

(min) 
Impregnation ratio 

(IR)  (w/w) 

1 400 30 0.25 40.48 
2 700 30 0.25 53.56 
3 400 120 0.25 43.8 
4 700 120 0.25 234.94 
5 400 30 2.00 95.86 
6 700 30 2.00 54.78 
7 400 120 2.00 199.33 
8 700 120 2.00 318.02 
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Y= 130.10 + 35.23A + 68.93B + 36.90C + 42.23AB - 15.83AC + 22.75BC                            (Eq.5) 207 

The positive sign in front of the terms indicates a synergetic effect, whereas a negative sign 208 

indicates an antagonistic effect (Karacan, Ozden, and Karacan 2007). It can be seen, from 209 

Equation 5, that the effects of the three studied variables are significant. Accordingly, the 210 

positive sign of the coefficients associated with the factors A, B and C points out that the 211 

increase of the activation time, temperature and impregnation ratio enhances the adsorption 212 

ability of DSAC towards the removal of MB. The quality of the developed model was evaluated 213 

based on the correlation coefficient (R2) value. The closer the R2 value to unity (0.995) , the 214 

better is the model. The validation of the method was performed through a comparison between 215 

the empirical and the actual values. Results are depicted in Figure 1.b. In Figure 2, at fixed ratio 216 

of ZnCl2, the three-dimensional response surface showing the role of temperature and activation 217 

time is shown towards the adsorption of MB. 218 

 219 

Figure 1. (a): Pareto Chart showing the main positive factors for a successful synthesis of 220 

DSAC. (b): Actual versus predicted values plot for the adsorption of MB on DSAC. 221 
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 222 

Figure 2. Response surface plot showing the effect of the temperature and activation time, at 223 

fixed ratio of impregnated ZnCl2 (2 w/w). 224 

3.2. Characterization of as-prepared activated carbon    225 

Figure 3.a,b shows the SEM images of DS and DSAC. A notable change in the morphology of 226 

material after the heating treatment can be observed, wherein pores and channels of regular 227 

shapes were generated in the surface of DSAC, which in turn enhances the surface area of the 228 

material. Figure 3.c shows XRD patterns of raw DS and DSAC. Bare DS shows multi several 229 

diffraction peaks indicating its crystalline nature. However, the heat treatment has converted 230 

DS into AC carbon with amorphous nature. It can be seen in DSAC that there are two generated 231 

bands. The first is at (2θ = 20-30º) of C (002) diffraction which is due to amorphous carbon, 232 

and the second at around 2θ = 43° as a result of graphite structure (Liu et al. 2010). Figure 3.d 233 

shows the FT-IR spectra of DSAC. The broad band at the interval of 3200-3400 cm-1 234 

corresponds to the stretching vibration of the O-H functional groups. The characteristic bands 235 

of CH2 and CH are detected at 2900 and 2650 cm-1, respectively. The peaks at 1160 and 1050 236 

cm-1 are consistent with alcoholic C-O (Djellabi, Yang, Wang, et al. 2019) and C-N stretching 237 
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vibrations (Soleimani and Kaghazchi 2014), respectively. The peak at 1560 cm-1 is assigned to 238 

the stretching vibration of laconic groups C=O (Djellabi et al. 2020). The band at 1870 cm-1 239 

confirms the presence of carbonyl group (C=O) which is due to hemicellulose. The band at 240 

2100 cm-1 is corresponding to the C≡C or/and C≡N stretching vibrations in the lignin, while the 241 

strong peak at around 2360 cm-1 is due to isocyanate group of vibration (N=C=O) (Wang, Ding, 242 

and Wang 2019). Figure 3.e,f shows BET N2 adsorption/desorption isotherms of DSAC and its 243 

pore diameter distribution, respectively. The surface area of DSAC was found to be 1036 m2/g, 244 

while DSCA shows micro sized pores. The results of DSAC characteristics in terms of surface 245 

area, iodine number and phenol number are compared with some available commercial 246 

activated carbon as listed in Table 2. It is worth to mention that the characteristics of as-prepared 247 

DSAC are very similar to commercial activated carbon.             248 

Table 2.  Comparison of the characteristics of as-prepared DSAC with some commercial 249 

activated carbons. 250 

Material   SA (m2/g) I2 (mg/g) C6H5OH (mmol/g) 

NORIT from Amersfoort, The 

Netherlands 
950 1020 - 

F-400 from Calgon Corp., Pittsburgh, PA 950 1000 - 

UUB from China Carbon 

Corp.Taipei,Taiwan 
980 1000 - 

F400 from Chemviron 1050 1187 1.8 

CECA 950 1094 1.7 

PICAZINE 640 887 0.22 

DSAC (this work) 1036 928.5 2.1 

 251 
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 252 

Figure 3. (a) and (b): SEM images of raw DS and as-prepared DSAC, respectively. (c): XRD 253 

spectra of raw raw DS and as-prepared DSAC. (e) and (f): BETadsorption-desoption isotherm 254 

and pore diamater of as-prepared DSAC,  respectively.  255 
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3.3. Effect of operating parameters on the adsorption capacity   256 

The capacity of adsorption of DSAC towards MB was studied from the range of 5 to 9 at a 257 

concentration of 83.5 ppm and a mass of DSAC of 0.2 g/L (Figure 4.a). The results showed 258 

that the capacity of adsorption was in the range of 321-313 mg/g at the pH range of 5-9. At this 259 

pH range, the charge of DSAC might be relatively negative within this pH range which allows 260 

the adsorption of MB molecules. To study the effect of the initial concentration of MB dye on 261 

the adsorption capacity at equilibrium time, a set of experiments was carried out at different 262 

concentrations varied from 50 to 185 mg/L. The quantity of DSAC was maintained at 0.2 g/L. 263 

As shown in Figure 3.b, the adsorption capacity increases from 204 to almost 318 mg/L when 264 

the initial MB concentration is increased from 50 to 83.5 mg/L. The higher the concentration, 265 

the higher the driving force to enhance the mass transfer from the solution to the adsorbent 266 

surface. Form the concentration of 80 to 180 ppm, the increase behaviour of adsorption capacity 267 

was found to be slower due to the saturation of adsorptive sites. The highest adsorption capacity 268 

was found to be 365 mg/g at 180 ppm. The effect of adsorbent mass, from 0.025 to 0.4 g/L, on 269 

the removal rate of MB at fixed concentration of MB (83.5 mg/L). As shown in Figure 4.c, the 270 

removal rate increases with the increase of adsorbent dose which is due to the availability of 271 

adsorptive sites as a function of the adsorbent dose.     272 
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                                   273 

Figure 4. (a) Effect of pH solution of the adsorption capacity of DSAC, [MB] 83.5 ppm, 274 

[DSAC] 0.2 g/L. (b) effect of MB concentration on the adsorption capacity, [DSAC] 0.2 g/L, 275 

pH 6. (c) Effect of DSAC dose on the removal rate of MB, [MB] 83.5 ppm.    276 

3.4. ADSORPTION ISOTHERMS STUDIES 277 

In order to study the isotherm adsorption of MB, a set of experiments was carried out by adding 278 

0.2 g of the DSAC at different MB concentrations varied from 50 to 185 mg/L. The mixture 279 

was stirred at room temperature until the equilibrium was reached. Three commonly used 280 
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isotherm models, Langmuir, Freundlich and Temkin have been applied to describe the 281 

mechanism of MB adsorption on the DSAC at the equilibrium state. Moreover, the applicability 282 

of the isotherm models, to fit the adsorption data, was evaluated by judging the correlation 283 

coefficients R2 values. The linear Langmuir equation is given by Equation (6).  284 

                                                                  
1e e

e m L m

c c

q q K q
                                                              (Eq.6) 285 

 Where e
q  is the adsorbed amount (mg/g) and e

c  is the dye concentration (mg/L) at the 286 

equilibrium state. m
q  and L

K  are Langmuir constants related to the maximum adsorption 287 

capacity (mg/g) and adsorption energy (l/mg), respectively. The Freundlich isotherm can be 288 

expressed by Equation 7. In fact, this model is an empirical equation based on adsorption 289 

phenomena occurring on the heterogeneous surface.  290 

                                                                  
1

log log
loge F

e

q K
n c

                                              (Eq.7) 291 

Where F
K  and n   are the Freundlich constants that depend on the nature of the adsorbent.  The 292 

Temkin isotherm has generally been applied in the linear form as presented by the Equations 8 293 

and 9. 294 

                                                                   ln ln
e T T T e

q B K B c                                                               (Eq.8) 295 

                                                                 /
T T

B RT b                                                                     (Eq.9) 296 

Where T  is the absolute temperature (K), R  is the universal gas constant (8.314 J/mol K), T
b  297 

is the Temkin constant related to the adsorption heat (J/mg) and T
K  is the equilibrium constant 298 

corresponding to the highest binding energy (l/mg). The experimental data were fitted to the 299 

isotherm models. The graphical presentations are displayed in Figure 5 (a, b and c). 300 

The slope and the intercept of each linear plot, presented, are used to compute Langmuir, 301 

Freundlich, and Temkin parameters listed in Table 3 together with the associated correlation 302 
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coefficients. It can be seen that the correlation coefficient R2 of Langmuir equation (R2 = 303 

0.9991) is higher than those of Freundlich (R2 = 0.956) and Temkin (R2 = 0.8713) equations. 304 

Hence, it seems that the adsorption isotherm data are well described by the Langmuir model 305 

which can be attributed to the homogeneous distribution of the active sites on the DSAC 306 

surface. The monolayer adsorption capacity, according to the Langmuir isotherm, is found to 307 

be 384.6 mg/g at 25oC. Furthermore, the value of 1/n gives by Freundlich assessed as 0.0778 308 

proves the efficiency of the MB adsorption. 309 

 310 

Figure 5. Presentation of Langmuir, Freundlich and Temkin isotherm models.  311 

Table 3. Langmuir, Freundlich and Temkin isotherm constants and correlation coefficients for 312 

adsorption of MB onto the DSAC. 313 
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3.5. ADSORPTION KINETIC STUDIES 314 

To investigate the adsorption mechanism of the MB on the DSAC, kinetic models such as the 315 

pseudo –first order, the second order and the intra-particle diffusion were applied to study the 316 

adsorption dynamics. The pseudo-first-order kinetic model equation, expressed in linear form, 317 

is defined by Equation 10.  318 

                                                                 1( ) ln
e t e

ln q q q k t                                                     (Eq.10) 319 

Where e
q  and t

q  (mg/g) are the MB adsorbed amount at equilibrium and at time t (min), 320 

respectively.  1k  (l /min) is the pseudo-first-order rate constant. 321 

The pseudo-second-order kinetic equation is described using Equation 11. 322 

                                                                            
2

2

1

t e e

t t

q k q q
                                                                    (Eq.11) 323 

Where 2k  (g/mg. min) is the pseudo-second-order rate constant. 324 

Spah and Schlunder model, given by Equation 12, is chosen to describe the external diffusion 325 

on the adsorbent. 326 

                                                                             

0

ln t
ext

c
k t

c
                                                                      (Eq.12) 327 

Where ext
k  is the external diffusion coefficient and t

C  is the concentration at time t. 328 

The intra-particle diffusion model is expressed by Equation 13. 329 

                                                                               
1/2

t pq K t C                                                                 (Eq.13) 330 

Where 
p

K  is the intra-particle diffusion rate constant (mg/g. min 0.5) and C is the constant 331 

related to the thickness of the boundary layer (the intercept). In fact, the greater the value of 332 

this constant, the higher is the effect of the boundary layer. 333 

       Langmuir isotherm   Freundlich isotherm    Temkin isotherm 

qm 

(mg/g) 
KL(l/mg) R2 

KF (mg/g) 

 
1/n R2 

 
T

b  

(J/mg) 
KT 
(l/mg) 

R2 

384.6 0.183 0.9991 253.1 0.0778 0.956   42.08 6.904 0.8713 
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The slope and the intercept values of each linear plot are listed in Table 4.  334 

Table 4. Pseudo-first-order, pseudo-second-order, external diffusion and intra-particle 335 

diffusion rate constants. 336 

qe,exp 

(mg/g) 

Pseudo-first-order Pseudo-second-order External diffusion Intra-particle diffusion 

 

e,calq
 

(mg/g) 

k1 

(1/min) 
R2 

e,calq  

(mg/g) 

k2 

(g/mg. min) 
R2 

kext 

(min-1) 

 

R2 

p
K  

(mg/g.min0.5) 

C 

(mg/g) 
R2 

322.5 245.57 0.0189 0.939 333.33 0.000132  0.997 0.0128  0.9953 3.5715 250.68 0.8539 

qe,exp :  the experimental adsorbed amount (mg/g) 337 

qe, cal : the calculated adsorbed amount (mg/g) 338 

From Table 4, it can be deduced that the correlation coefficient R2 value obtained from the 339 

pseudo second-order (R2=0.997) is significantly higher than that related to the pseudo-first-340 

order (R2=0.939). In addition, the adsorbed amount qe,cal computed using the pseudo-second-341 

order kinetic model seems to be in good agreement with the experimental value qe,exp . This 342 

result suggests that the adsorption data fit well with the pseudo-second-order kinetic model.  343 

The values of kp and kext obtained respectively from external and intra-particle diffusion models 344 

are listed in Table 4 with their correlation coefficient values. It was concluded that the 345 

adsorption of MB on the surface of DSAC was achieved through two steps, the first step (during 346 

the first 90 min) fits with the external diffusion, while the second step, after 90 min, was in 347 

agreement with the intra-particle diffusion, which involves the insertion of MB molecules.   348 

3.6 Comparison of DSAC with others adsorbents 349 

Table 5 lists the adsorption performances of previously reported studies in terms of activated 350 

carbon fabrication from different raw materials under different conditions in comparison with 351 

the as-prepared DSAC. In can be seen that, out of the mentioned adsorbents, DSAC showed a 352 

great performance in terms of adsorption capacity, which proves the successful fabrication of 353 

highly sorptive activated carbon from available a local availably agriculture waste. 354 

Table 5. Comparison of activated carbons prepared from various raw materials and the 355 

optimum conditions of MB removal. 356 
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Raw material  Preparation conditions qm (mg/g) Reference  

Pea Shells IR=2, T=500°C for 1 hr. 246.91 (Geçgel, Özcan, and Gürpınar 
2013) 

Date stones 
IR=0.5, T=600°C for 

2hr. 
286.3 

(Alhamed 2006) 

Groundnut shell IR=1.75, T= 650°C for 
15 min. 

238 (Malik, Ramteke, and Wate 
2006)  

Walnut shells IR=2, T= 450°C for 1hr. 315 (Yang and Qiu 2010)  
 

Thevetia peruviana wood 
IR=10%, T=400 and  

800°C for 10 min. 
98 

(Baseri, Palanisamy, and 
Sivakumar 2012) 

Tea fruit peel residues 
IR=1, T=500°C for 40 

min. 
291.5 

(Gao, Kong, et al. 2013) 

Corn Husk Carbon IR=1, T=500°C for 5 hr. 462.96 (Khodaie et al. 2013) 

Biomass, Cartons and 
Polystyrene 

IR=1, T=200°C for 2 hr 100 (Alothman, Habila, and Ali 
2011) 

Sindora Siamensis seed 
IR=1-2, T=600°C for 3 

hr 
672.6 (Srisa-Ard 2014) 

Waste carbon powder 
IR=1, T=550°C for 1.5 

hr 
154 (Zaini et al. 2014) 

Tea seed shells IR=1, T=500°C for 1 hr 324.7 (Gao, Qin, et al. 2013) 

Euphorbia antiquorum (L) 

wood 

IR=10%, T=400 and 

800°C for 10 min. 
275 

(Palanisamy and Sivakumar 
2008) 

Cassava peels 
IR=7.5, T=200°C for 30 

min 
27 

(Ilaboya et al. 2013) 

Posidonia oceanica (L.) dead   

leaves     

 

 

IR=45% T=600°C for 2 

hr. 
270.3 

(Dural et al. 2011) 

Date Stones 
IR=2, T= 700°C  for 2 

hr. 
384.6 

This work 

4. Conclusions 357 

The present study shows that activated carbon prepared from date stones can be used as a good 358 

adsorbent. The methylene blue dye was employed as a molecule model to estimate the porosity 359 

and evaluate the adsorption aptitude of the synthesized DSCA. The optimal activated carbon 360 

was obtained using preparation conditions of 700 °C activation temperature, 120 min activation 361 

time and 2 impregnation ratio. Such conditions allow to obtain an activated carbon with high 362 

surface area comparable to commercial ones. The equilibrium data were analysed using the 363 

Langmuir, Freundlich and Temkin isotherm models. The Langmuir model was found to be the 364 
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best with a maximum adsorption capacity of 384.6 mg/g. Besides, it was found that the 365 

adsorption kinetics obeyed the pseudo-second order and; the intra-particle diffusion was not 366 

considered as the only rate controlling step. The iodine number value and maximum adsorption 367 

capacity of MB onto the synthesized DSCA showed that DSCA was capable of removal small 368 

and large environmental pollutants. According to the obtained results, it can be said that the 369 

DSCA could be employed as a low-cost alternative to commercial activated carbon for 370 

adsorption in the fixed-bed column system and in other industrial applications. 371 
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