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Abstract 
 
The adsorption capacity of activated carbon prepared from seed shells of Ziziphus Mauritania was studied using 

Methylene blue (MB), methyl orange (MO) and Rhodamine B (RB) dyes. The adsorbent was prepared by 

chemical activation using Phosphoric acid then characterized by SEM and FTIR. Analysis of point of zero charge 

(pHPZC), Ash content, moisture content and bulk density have also been carried out. The study of the adsorption 

capacity of the activated carbon was carried out using the batch adsorption method. The effects of influencing 

parameters such as contact time, adsorbent dosage, initial dye concentration, temperature and pH were 

investigated. The removals of the cationic MB and RB dyes were better in basic pH while the adsorption of MO 

was better in acid pH. The maximum adsorption capacities for MB, MO and RB were 80.79, 99.35 and 89.15 

mg/g respectively. The adsorption data have been fitted into the kinetic models and the best fit was obtained by 

the pseudo-second-order model. The equilibrium data revealed that the adsorption of MO obeyed the Langmuir 

isotherm while the removals of MB and RB obeyed the Freundlich isotherm. The thermodynamic studies revealed 

that all the adsorption processes were spontaneous and endothermic. Based on the foregoing findings, ZM-H3PO4 

can be a potential adsorbent for the removal of cationic and anionic dyes. 
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1. Introduction 

Synthetic dyes are extensively used in a wide range of industries amongst which textile processing 

industries are the major consumers (Keharia et al., 2003). One of the main sources of severe pollution 

problems worldwide is the textile industry and its dye-containing wastewater (Baban et al., 2010). A 

significant amount of the textile dyes are directly discharged as aqueous effluents in different 

environmental components. Many of the dyes released and their breakdown products are toxic, 

carcinogenic or mutagenic to life forms because they contain carcinogens, such as benzidine, 

naphthalene and other aromatic compounds (Suteu et al., 2009). The genotoxicity of textile dyes is the 

greatest potential long-term hazard to human health (Christie et al., 2007). Some dyes like Azure-B, 

Rhodamine B, Methylene blue and methyl orange which are widely used in the textile industries reveal 

mutagenic potentiality (Hunger et al., 2003; Goscianska et al., 2015), teratogenicity, and can cause 

gastrointestinal complications, respiratory disorder and diseases of the central nervous system (Ramsay 

et al., 2007). Without adequate treatment, these dyes can remain in the environment for a long time (Hao 

et al., 2000).  

To mitigate the effects wastewater pollution, various water treatment techniques are being used. 

Adsorption is regarded as efficient due to low cost, greater efficiency and effectiveness (Sohail et al., 

2019; Bhatti et al., 2018). The conventional techniques of water treatment like coagulation/flocculation, 

bed filtration, membrane filtration, precipitation, biodegradation and oxidation are unable to treat 

wastewater properly (Afroze & Sen, 2018; Ayad & El-Nasr, 2010). Due to design simplicity and 

flexibility, adsorption has been proven superior to various other techniques (Choudhary et al., 2020; Lin 

et al., 2014; Natarajan et al., 2018). Recently, activated carbons have gained much attention for the 

adsorption of dyes and heavy metals. Activated carbon is one of the efficient adsorbents preferred for 

wastewater treatment and remediation due to its extended surface area, porous structure, high adsorptive 

capacity and high degree of surface reactivity (El Hammari et al., 2022; Patra et al., 2020; Belbachir et 

al., 2013). For economic scalability in preparing activated carbons, cheap carbonaceous precursors such 

as lignocellulosic materials from agricultural waste are mostly preferred (Jawad et al., 2020). 

Several studies have exploited agricultural wastes (Sun et al., 2021; Loulidi et al., 2020; Jawad et al. 

2020), composites (Liu et al., 2019) and activated carbons (Wang et al., 2020; Park et al., 2019; Nizam 

et al., 2021; Yao et al., 2020) for the removal of water contaminants. Studies have been carried out on 

the adsorption of cationic dyes using Ziziphus species (Touzani et al., 2022; Khan et al., 2022). This 

Study investigates the adsorption capacity of activated carbon obtained from Ziziphus mauritania seed 

shell for the removal of MB, MO and RB dyes from mimicked dye-containing wastewater. 
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2. Materials and methods 

2.1 Materials 

The dyes used in this research are methylene blue (C.I. No. 52015, MW 319.85 g/mol, Ʌmax = 664 nm), 

methyl orange (C.I. No. 13025, MW 327.33 g/mol, Ʌmax = 487.10 nm) and rhodamine B (C.I. No. 

45170, MW 479.02 g/mol, Ʌmax = 554.06). Drying of samples was carried out using a Hot air oven 

(Oven NYC 101), carbonization was carried out using a furnace (p – SLECTA), UV/Vis 

spectrophotometer (Lambda 35, Perkin Elmer) was used for measuring dye concentration, incubator 

shaker (Innova 4000, New Brunswick Scientific Co. Inc.) was used for the agitation of the adsorption 

mixture, FTIR spectrophotometer, Scanning electron microscope (SEM) were used for characterization. 

2.2 Adsorbent preparation 

The adsorbent was prepared as described by (Alabi et al., 2020; Ibrahim and Umar, 2016). The ZM seed 

shells were washed thoroughly to remove any adhering dirt and left to dry under the sun. The dried 

material was pulverized and sieved using a 0.2 mm mesh sieve. 

2.3 Preparation of activated carbons 

The activated carbon of ZM was prepared by chemical activation with H3PO4 as per the procedure 

adopted by Pam et al., 2022. Powdered ZM seed shell was mixed with the activating agent in a ratio 2:1 

(activating agent to substrate) wt./wt., stirred intermittently for 30 min to make a slurry, and dried in an 

oven at 110 °C for 24 h. The sample was carbonized in a muffle furnace at 600 °C for 1 h. The resulting 

AC was washed several times with warm distilled water until the pH was neutral, then filtered and dried 

at 110 °C for 24 h. 

 

2.4. Characterization of the substrates 

The surface morphologies of the raw and carbonized substrates before and after the adsorption of dyes 

were determined using SEM. The Functional groups on the dye molecules and the surfaces of the 

adsorbents (before and after adsorption) were determined using an FTIR spectrophotometer.  

 

2.5. Point of zero charge (pHpzc)  

The point of zero charge of the adsorbents was determined by adding 0.1 g of the substrates different 

conical flasks containing 50 cm3 of 0.1 M NaCl solutions of different pH (2, 4, 6, 8 and 10). The pH 

adjustment was carried out using either NaOH or HCl as appropriate. The containers were sealed and 

agitated on a mechanical shaker at ambient temperature for 4 h after which the final pH values were 
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measured. The difference between the initial and final pH were calculated and plotted against the initial 

pH. The intercept of the resulting curve at which ∆pH = 0 represents the point of zero charge (Ofudje et 

al., 2015; Jawad et al., 2021). 

 

2.6. Moisture content 

3 g of the sample was placed in a crucible of known weight and heated in the oven at 110oC. The samples 

were removed and re-weighed at time intervals of 10 minutes until constant weight was attained. The 

final weight was recorded and the moisture content was calculated using equation (1) (Ohimora et al. 

2021): 

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒	𝑐𝑜𝑛𝑡𝑒𝑛𝑡	(%) = 	!!"!"
!!"!#

× 100             (1)     

Where W1 represents the weight of the empty crucible, W2 and W3 are the weights of crucibles 

containing moist activated carbon and dried activated carbon respectively.  

 

2.7. Ash content 

3 g of the sample was placed in a pre-weighed crucible and heated in a furnace at 700oC for 120 minutes. 

The crucible was allowed to cool down to room temperature and weighed. The Ash contents were 

calculated using equation (2) (Gaya et al., 2016): 

𝐴𝑠ℎ	𝑐𝑜𝑛𝑡𝑒𝑛𝑡	(%) = 	!""!#
!!"!#

× 100              (2) 

Where W1 is the weight of the empty crucible, W2 is the weight of the crucible containing the sample 

and W3 is the weight of the crucible containing the ash. 

 

2.8. Determination of Bulk Density  

Bulk densities of d ZM and ZM-H3PO4 were determined using the method in Evwierhoma et al., 2018 

as follows: An empty graduated measuring cylinder was weighed then filled with a sufficient amount of 

the activated carbon with constant tapping up to the mark and weighed again. The bulk density was 

calculated using equation (3). 

𝐵𝑢𝑙𝑘	𝐷𝑒𝑛𝑠𝑖𝑡𝑦 = !$
#%

                 (3) 

Where Wc (g) is the weight of the dried activated carbon and Vc (cm3) is the volume of the cylinder 

occupied by the activated carbon. 

 

2.9. Batch adsorption experiment  

1000 mg /dm3 stock solutions of MB, MO and RB dyes were prepared. Lower concentrations were 

obtained by successive serial dilution. The adsorption capacities of ZM adsorbents were examined under 
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various conditions to determine the effects of contact time (10 – 120 min), adsorbent dose (0.1 – 1 g), 

initial dye concentration (10 – 100 mg/dm3), pH of the medium (2 – 12), and temperature the adsorption 

process (303.15 – 333.15 K). Erlenmeyer flasks containing 100 ml of the dye solutions and the adsorbent 

were agitated in an incubator shaker. At pre-set time intervals, aliquots of the dye were withdrawn from 

the solutions and filtered. The filtrates were analysed using a UV/Vis spectrophotometer at the respective 

Ʌmax of the dyes to determine the residual dye concentrations after adsorption (Shehu et al., 2022). 

3. Results and Discussion 

3.1. Characterization 

3.1.1. SEM 

Figure 1 shows SEM images of ZM and its acid-activated derivative (ZM-H3PO4) before and after 

adsorption. The micrographs show evident pores of various sizes, ridges and cavities on the surface of 

the adsorbent, unlike the raw substrate which exhibited a smooth surface.  

 

 
Figure 1. SEM Images of (a) ZM, (b) ZM-H3PO4 before Adsorption, (c) ZM-H3PO4 after Adsorption. 

The activation as well as the pyrolysis might be the causes of the pores that were created on the surface 

of the activated carbon. It could also be concluded that the high porosity observed on ZM-H3PO4 is 

because, during the activation process, phosphoric acid acts as a catalyst which leads to the further 

incorporation of H3PO4 into the interior of the biomass structure, thereby enhancing the decomposition 

of the polymers (Habila et al., 2014). After dye adsorption, the surfaces of the ZM-H3PO4 became less 

porous, and the cracks vanished, indicating effective loading of the dye molecules onto the adsorbent 

surface. 

 

3.1.2. FTIR 

The FTIR spectra of the biomass precursor ZM and its phosphoric acid-activated carbon ZM-H3PO4 

before and after the adsorption of RB are presented in Figure 2. The spectra show a broad absorption 

a. b. c. 
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band at 3100 – 3500 cm-1 indicating hydroxyl group –OH stretch. The peak at 2950 cm-1 can be assigned 

to the alkane C─H stretch.  

 
Figure 2. FTIR Spectra of ZM and ZM-H3PO4 before and after Adsorption of RB 

The peak observed around 2100 can be attributed to alkyne C≡C stretch whereas bands at 1600 and 1650 

cm-1 are due to conjugated alkene C=C stretch. The presence of bands around 1450 cm-1 signifies alkane 

C─H bending while the peak around 1350 cm-1 indicates O–H bending.  The absorption bands located 

at 1050 to 1200 cm-1 are assigned to the stretching of C─O. After activation of the precursor by H3PO4, 

alterations in the observed peaks are evident. The bands corresponding to –OH and C─H stretching have 

been eliminated. The intensity of the alkene C=C stretching has reduced after activation and RB 

adsorption and the peaks at 1000 to 1500 cm-1 have shifted wave numbers indicating the cleavage of 

some weak bonds in the original compound. 
 

3.2. Point of zero charge 

Figure 3 shows the pHpzc of the raw ZM and activated ZM-H3PO4 adsorbents. The point of zero charge 

increased from 6.3 to 7.6 after acid activation.  

 
Figure 3. pHpzc for ZM and ZM-H3PO4 
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Adsorbents with low pHpzc have a high affinity to cationic molecules while those with high pHpzc tend to 

bind more with anionic molecules (Ayuba et al., 2022). 
 

3.3. Proximate analysis and bulk density 

Table 1 shows the Bulk densities, moisture and ash contents of ZM and ZM-H3PO4. The raw adsorbent 

shows a moisture content of 3.55% whereas the activated carbon, ZM-H3PO4, exhibited less moisture 

content of a value of 2.99%.  
 

Table 1. Moisture and Ash Contents and Bulk densities of the Adsorbents. 

S/N Adsorbent Moisture 
Content (%) 

Ash Content (%) Bulk Density 
(g/cm3) 

2 ZM 3.55 1.76 0.82 
4 ZM-H3PO4 2.99 37.68 0.68 

The moisture contents found in this study are far less than the value reported by Ohimor et al. (2021). 

The ash content increased from 1.76% for ZM to 37.68% after acid activation (ZM-H3PO4). The result 

of bulk density shows a minimal decrease from 0.82 g/cm3 for ZM to 0.68 g/cm3 for ZM-H3PO4. The 

bulk densities of the raw and acid-derived activated carbon are higher than those reported by Adebayo 

et al. (2020) who obtained 0.4408, 0.3316 and 0.3638 g/cm3. 

3.4. Effect of contact time 

The influence of contact time on the removal of MB, MO and RB by ZM-H3PO4 is shown in Figure 4. 

The adsorbent has shown the highest affinity for RB with a removal quantity of 89.15 mg/g followed by 

MB then MO with removal quantities of 80.79 and 79.24 mg/g respectively.  

 
Figure 4. Effect of contact time on the adsorption of MB, MO and RB onto ZM-H3PO4 
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The adsorption rate increases steadily until it reaches equilibrium then it stops. This may be due to the 

availability of adsorption sites at the initial stage of the process which are later occupied as the adsorption 

proceeds. The adsorptions were nearly stable after 30 mins in all three dyes, this was considered the 

point of equilibrium. The findings here are similar to the work of Hamzezadeh et al. (2020). 

3.5. Effect of adsorbent dosage 

The effect of ZM-H3PO4 dosage on the adsorption of MB, MO and RB was analysed in Figure 5. The 

adsorption capacity for all the dyes decreased when the adsorbent loading is increased.  

 
Figure 5. Effect of ZM-H3PO4 on the Removal of MB, MO and RB from Water 

The highest adsorbed dye is MB followed by MO then RB with adsorption capacities of 12.51, 11.57 

and 8.11 mg/g respectively. The removal capacity for RB declined to 1.66 mg/g. Those of MB and MO 

also followed the same trend where a decline of adsorption capacity to 1.95 mg/g was observed for both 

dyes when ZM-H3PO4 loading was increased from 0.1 to 1 g/100 cm3. This might be due to the decrease 

in the available adsorption sites as a result of adsorbent aggregation when the adsorbent load is increased. 

This result is congruent with the findings of Lafi et al. (2018). 

3.6. Effect of initial dye concentration 

The variation in the removal of MB, MO and RB with change in initial concentration was analysed and 

depicted in Figure 6. According to the data presented, the removals of MB, MO and RB increased with 

an increase in their initial concentrations.  
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Figure 6. Effect of Initial Concentration on the Adsorption of MB, MO and RB by ZM-H3PO4 

The rates of removal increase from 1.42 to 13.93 mg/g for MB, then from 1.10 to 9.59 mg/g for MO and 

from 1.10 to 9.19 mg/g for RB when the initial concentrations of the dyes increase from 10 to 100 

mg/dm3. The observed behaviour might be because the increase in the initial concentrations of the dyes 

causes an increase in its interaction with the adsorbent surface leading to greater adsorption. 

(Mohammadi et al., 2011). Similar trends have been reported by Boudechiche et al. (2019) on the 

adsorption of BY28 and RB46 onto activated carbon derived from Ziziphus lotus stones at the initial 

concentration ranges of 80 to 250 mg/dm3. 

3.7. Effect of temperature 

Figure 7 shows the variation of adsorption of MB, MO and RB with a change in temperature using ZM-

H3PO4 as adsorbent. When the temperature increased from 303.15 to 333.15 K, the rates of removals of 

MB increased from 2.65 to 2.73 mg/g, the removal of MO also increased from 4.54 to 4.75 and in the 

same vein the adsorption of RB increased from 0.91 to 0.96 mg/g. This could be due to the accelerated 

mobility of MB, MO and RB or a decrease in the viscosity of the solution which increases the diffusion 

rate of the molecules in the pores of the adsorbent. Similar findings were reported in Das et al. (2018). 
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Figure 7. Influence of Temperature Change on the Removal of MB, MO and RB using ZM-H3PO4 

Adsorbent 

3.8. Effect of solution pH 

The impact of pH on the removal of MB, MO and RB is described in Figure 8. The removals of MB and 

RB were observed to increase with the increase in pH with a marked increase above pH 8.  

 
Figure 8. Effect of pH on the adsorption of MB, MO and RB onto ZM-H3PO4 
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12. Meanwhile, the adsorption of MO decreases from 99.35 mg/g at pH 2 to 84.63 mg/g at pH 12. The 

low adsorption of MB and RB at low pH could be due to the competition for active adsorption sites 

between the cationic dye molecules and H+ produced at acidic conditions. Meanwhile, this condition 
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might be because, at pH > pHpza, the active groups on ZM-H3PO4 became deprotonated which renders 

the adsorbent surface negative (Yao et al., 2020) hence attracting the cationic MB and RB and repels the 

anionic MO. The report here is congruent with the work of Vigneshwaran et al., (2021). 

3.9. Adsorption kinetics 

The kinetic parameters for the adsorption of MB, MO and RB onto ZM-H3PO4 are shown in Table 2. 

The results show that the R2 values of PSO (0.9996, 0.9990 and 0.9997) are higher than those obtained 

by PFO and Elovich models.  

Table 2. Kinetic Parameters for the Adsorption of MB, MO and RB onto ZM-H3PO4 

S/N Kinetics 
Model 

Parameters Values 
MB MO RB 

1. 
Pseudo-First 
Order 

qe (mgg-1) 68.0613 139.7977 94.5584 
K1 (min-1) 0.1614 0.1607 0.1647 
R2 0.9182 0.8415 0.8436 

2. 

Pseudo-
Second 
Order 

qe (mgg-1) 79.3651 80.0000 89.2857 
K2 (gmg-1min-1) 0.0794 0.0062 0.0112 
h (mgg-1min-1) 500.0000 39.5257 89.2857 
R2 0.9996 0.9990 0.9997 

3. 
Elovich 
model 

α (mgg-1min-1) 2594.5849 73.2729 2005.5599 
β (gmg-1) 0.1128 0.0642 0.0990 
R2 0.9942 0.8952 0.9037 

This indicates that PSO is the most appropriate model to describe the kinetics of adsorption of MB, MO 

and RB onto ZM-H3PO4. Additionally, the qe values calculated from PSO (79.36, 80.00 and 89.29 mgg-

1 for MB, MO and RB respectively) are more agreeable with the experimental values (80.79, 79.24 and 

89.15 mgg-1) than those suggested by PFO. This further corroborates the suitability of PSO to describe 

the kinetics of the adsorption process. By implication, the adsorption of MB, MO and RB is governed 

by the number of adsorption sites on ZM-H3PO4 rather than the dye concentrations and the process is 

chemisorption (Ling et al., 2016). The result also reveals that the PSO adsorption rates for MB, MO and 

RB are 0.0794, 0.0062 and 0.0112 gmg-1min-1 respectively. This shows that the uptake of MB is the 

fastest followed by RB then MO. The results obtained here are similar to the report on the acid dyes onto 

modified Bentonite (Yan et al., 2015). 

3.10. Adsorption isotherms 

Table 3 presents the Langmuir, Freundlich and Dubunin-Radushkevich model parameters for the 

adsorption of MB, MO and RB onto ZM-H3PO4. According to the results, the Freundlich model is more 

fitting for MB (R2 = 0.9835) and RB (R2 = 0.9797) adsorption data than Langmuir and Dubunin-

Radushkevich.  
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Table 3. Isotherm Parameters for the adsorption of MB, MO and RB onto ZM-H3PO4 

S/N Isotherms Parameters Values 
MB MO RB 

1 Langmuir qmax (mgg-1) 10.1420 9.7466 3.9541 
KL (Lmg-1) 4.4818 1.2200 9.9960 
R2 0.9804 0.9526 0.8650 

  RL 0.0083 0.0296 0.0038 
2 Freundlich KF (Lmg-1) 8.4562 4.2704 3.1569 

n 1.9908 3.0675 3.0202 
R2 0.9835 0.8484 0.9797 

3 Dubinin-Radushkevich qs (molg-1) 9.5630 5.9835 4.9412 
β (mol2kJ-2) 0.0281 0.0246 0.0210 
E (kJmol-1) 4.2182 4.5083 4.8795 
R2 0.9014 0.7557 0.6581 

It was observed that the KF values are in the order MB > RB indicating superior adsorption capacity for 

MB than RB. For both MB and RB, the degree of non-linearity, n values are greater than one indicating 

that the adsorption is satisfactory. It can be deduced from the findings that MB and RB form multilayers 

over heterogeneous sites on the surface of ZM-H3PO4. It is also evident from the result that the 

adsorption of MO follows the Langmuir assumptions as revealed by the calculated RL value (0.0296) 

which suggests favourable adsorption of MO as the value falls within the range of 0 < RL < 1.  The R2 

value of 0.9526 indicates that the experimental data fits the Langmuir model. The calculated maximum 

adsorption capacity qe (9.7466 mgg-1) is comparable with the experimental value of 9.5985 mgg-1. It can 

be concluded that MO is adsorbed by homogenous active sites to form a monolayer with no interaction 

between the dye molecules. The outcome of the Langmuir model fitting obtained corresponds with the 

report on the adsorption of crystal violet onto pyrophyllite with a calculated qmax of 9.58 mgg-1 (Miyah 

et al., 2017; Miyah et al., 2022) whereas the result of Freundlich fitting corresponds with the work of 

(Balkaya, 2019). 

3.11. Thermodynamic studies 

Table 4 shows the enthalpies, entropies and Gibb’s free energies for the adsorption of MB, MO and RB 

onto ZM-H3PO4. The results show that all ΔG values are negative indicating the spontaneity of the 

adsorption of MB, MO and RB onto the adsorbent.  
 

Table 4. Thermodynamic parameters for the adsorption of MB, MO and RB onto ZM-H3PO4  

Adsorbent Dye ΔH (kJ/mol) ΔS (kJ/mol. K) ─ΔG (kJ/mol) 
303.15 K 313.15 K 323.15 K 333.15 K 

ZM-H3PO4 
MB 14.2618 0.0525 1.6620 2.1873 2.7125 3.2378 
MO 17.9807 0.0589 0.1106 0.4789 1.0683 1.6578 
RB 26.4078 0.0874 0.0941 0.9684 1.8426 2.7168 
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The values of enthalpy change are found to be positive in all the adsorption processes revealing that the 

processes are endothermic (Ech-chihbi et al., 2016; Salim et al., 2021). The ΔS values are also positive 

indicating the increase in randomness at the solid/liquid interface (Luo et al., 2015). According to Bu et 

al. (2016), the cause of this could be attributed to water molecules being liberated as a result of molecular 

exchange between dye molecules and functional groups on the adsorbent surface, which led to greater 

irregularity at the solid/fluid boundary. 
 

Conclusion 

The phosphoric acid activation of the Ziziphus mauritania seed shell produced the activated carbon with 

marked porosity. In addition, the surface chemistry of the activated carbon reveals various functional 

groups that aided in the effective binding of the dye molecules. The optimization parameters; Contact 

time, adsorbent dosage and initial dye concentrations influence the adsorption efficiency of the activated 

carbon except for the temperature change which has a negligible effect. The maximum adsorption 

capacities of 80.79, 99.35 and 89.15 mg/g for MB, MO and RB were achieved at 30 minutes in neutral 

conditions. Therefore, it is concluded that ZM-H3PO4 can serve as a potential adsorbent that is effective 

in removing cationic and anionic dyes from wastewater. 
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