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Abstract: This work is aimed at comparing the adsorption capacities of the activated carbons derived from coconut shell and 

pineapple peels using Safranin-O as adsorbate. Physical activation method was employed to generate the activated carbons 

using phosphoric acid (H3PO4) as activating agent. Batch adsorption experiment was employed for the adsorption process. 

Effects of experimental factors such as adsorbent dosage, inititial Safranin-O dye concentration, pH and contact time on the 

adsorption process were examined. The results showed that the adsorption capacities were dependent on these factors. 

Langmuir and Freundlich Isotherms Models were applied and the results indicated that both models fitted well with the 

observed data but Freundlich Model fitted better. Pseudo first and second order kinetic models were also applied to describe 

the adsorption kinetic, only the second order model fitted well with the experimental data. Thermodynamic parameters such as 

enthalpy change (∆H), Gibb’s free energy change (∆G) and entropy change (∆S) were evaluated using Van’t Hoff equations, 

both the free energy and enthalpy change were found to be negative indicating the feasibility and exorthermic nature of the 

adsorption process respectively. While the entropy change was found to be positive indicating that the degree of dispersion in 

the adsorption process increased with increase in temperature, Based on the results obtained from this research work, the 

activated carbon derived from coconut shell (CSAC) showed better adsorbent when compared with the one derived from 

pineapple peel (PPAC) as CSAC recorded the highest percentage of Safranin-O dye removal from waste water under all the 

experimental conditions. 
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1. Introduction 

Today, the applications of dyes in various chemical 

industries have no doubt caused a significant negative impact 

in the environment, especially on water bodies. However, 

dyes are considered so important in chemical industries such 

as textile, printing pharmaceutical, ink, rubber, plastics, 

leather, cosmetics, and food industries that without them 

production cannot be complete[1]. This is because they are 

mostly used in coloring their products which make them 

attractive. Consequently, they become common source of 

industrial pollutants during their synthesis and later during 

their applications in these industries, especially the textile 

industries [2]. For instance, studies have shown that textile 

industry is the largest consumer of dye stuffs, it is estimated 

that 20% of dyes produced annually are discharged as 

effluents from manufacturing operations whilst 

approximately 40-65% are discharged from textile and 

associated industries [3]. 

However, indiscriminate discharge of waste water into 

water bodies without proper treatment from these industries 

as byproducts has been reported to have negative impact on 
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the normal function of aquatic lives and change in food web 

[4]. 

Dyes are broadly classified as anionic, cationic and non-

ionic depending on the ionic charge on the dye molecules. 

Investigations have shown that cationic dyes are more toxic 

than anionic dyes [5]. In the present study, Safranin-O was 

used as a case study. Safranin-O is a cationic dye mostly use 

in textile and pharmaceutical industries. Literature reveals 

that exposure to these effluents may be irritating to 

respiratory systems, skin, and digestive tract infections when 

ingested [6]. 

It is therefore, imperative to decolorize waste water to the 

lowest permissible concentration in order to safeguard the 

water bodies as stated by environmental regulations. 

The different methods of conventional waste water 

treatment includes oxidation or ozonation, membrane 

separation, precipitation, coagulation/flocculation, ion- 

exchange, and reverse osmosis [6]. However, a lot of 

findings have indicated that it is challenging using 

conventional methods to effectively remove dye from waste 

water because of their synthetic origin and complex nature of 

structures mainly aromatic structures, which are biologically 

non-degradable and may be toxic to health [6, 7, 8]. 

In order to remove dye from industrial effluents, several 

processes have been adopted by researchers worldwide. 

Among several chemical and physical methods available, the 

adsorption process has been reported as one of the most 

effective techniques that has been successfully employed for 

colour removal from waste water [9]. However, commercial 

activated carbon is one of the most widely used agents of 

decontaminating or decolorizing waste water due to its high 

adsorption capacity, surface area and degree of surface 

reactivity as well as micro porous structures [10]. Also, its 

effectiveness in yielding good results after treatment has been 

proven [11]. 

However, economically, the cost of using commercial 

activated carbon is very high as such researchers developed 

an alternative low-cost adsorbents that can compete 

favorably with commercial activated carbons among which 

are agricultural wastes which have been proven to be 

effective, green and more economical method that can 

alternate the more expensive commercially available 

activated carbons [11, 12]. 

Furthermore, studies have shown that consumption of 

fruits such as cocoa nut, banana, orange and pineapple fruits 

is increasng on daily basis which was attributed to the fact 

that they have high nutritional and medicinal values. 

Consequently, they also generate a significant amount of 

waste into the environment [13]. Therefore, their conversion 

into adsorbents such as activated carbon is a wise decision. 

2. Materials and Methods 

2.1. Preparation of Adsorbate 

Safranin-O (cationic red dye; chemical formula, 

C20H19CIN4; MW, 350.84g mol
-1

; IUPAC name as 3, 7- 

diamino-2, 8-dimethyl-5-phenylphenazinium chloride) of 

high analytical grade was used as an adsorbate. The chemical 

was purchased in Jos, Plateau State, Nigeria. A stock solution 

of 1000ml was prepared by dissolving 1.0g of Safranin-O in 

1000ml of distilled water. Different concentrations were 

prepared by diluting the stock solution with suitable volume 

of distilled water and the natural pH of the stock solution was 

determined using pH meter (Jenway 3015). 

 

Figure 1. Molecular Structure of Safranin-O (BR2). 

2.2. Preparation of Activated Carbon 

Samples of the coconut shells and pineapple peels were 

collected from fruits sellers in Keffi local government area of 

Nasarawa State, Nigeria. The dried samples were ground and 

sieved to 2mm mesh size. Physical activation method (two 

step process) which involves carbonization and activation 

was employed. 

2.2.1. Carbonization 

The pretreated 100g of each sample (2mm mesh size) was 

placed in a separate crucible and introduced into a muffle 

furnace at 500°C for ten (10) minutes after which the content 

was transferred from the crucible into a bath of ice block. 

The excess water was drained and the samples were sun 

dried. The carbonized sample was washed with 10% HCl to 

remove surface ash, followed by hot water washing and 

rinsing with distilled water to remove residual acid [13]. The 

solid particles were then sun dried and finally dried in the 

oven at 100°C for 1hr. 

2.2.2. Activation 

Five grams (5g) of each carbonized sample was accurately 

weighed and separately mixed with 5ml of 1M activating 

agent (H3PO4), the samples were kept for 24 hrs after which 

they were introduced into a muffle furnace at 800°C and 

maintained for 5mins. The activated carbon produced from 

each sample was cooled in a cold water, drained off and 

further washed with 10% HCl to remove surface ash, 

followed by hot water washing and rinsing with distilled 

water to remove residual acid, sun dried, and finally dried in 

an oven at 105°C for two hours [14]. The prepared activated 

carbons were then stored in air tight containers for further 

studies. 

2.3. Adsorption Experiments 

Batch adsorption experiments were employed for the 

removal of Safranin-O dye from the solution. A 

predetermined amount (0.2 g) of each adsorbent was added 
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into100ml conical flasks each containing 30ml of Safranin-O 

dye solution of varying concentrations (10- 50mg/L) while 

other factors were kept constant. The contents were placed in 

an orbital shaker and thoroughly shaken at constant speed of 

250 rpm at ambient temperature. One milliliter (1ml) of each 

sample was withdrawn from the batch adsorption system at 

predetermined time intervals (30minutes) with the use of a 

micro-pipette (Dragon-Med Pipet-tor) and the supernatant 

was centrifuged at a speed of 400 rpm for 10 min. in order to 

separate the used adsorbent from the remaining dye solution 

Similarly, in order to determine the optimal conditions for the 

Safranin-O adsorption, other factors such as the amount of 

adsorbent (0.2-1.0 g), pH (2-10), adsorption temperature, 

(30-60°C) and adsorption time (20-100 min.) were studied 

using the same method described above. 

The unabsorbed dye absorbance characteristics were 

determined using UV/visible spectrophotometer (6100) at the 

maximum absorbance wavelength of 520 nm. The 

absorbance values found were used to estimate the 

corresponding concentrations using the calibration curve[14]. 

All the experiments were carried out in duplicates and the 

average values of the results were used to compute the 

amount of Safranin-O adsorbed at equilibrium Qe, the 

amount adsorbed at any time t, Qt (mg/g) and the percentage 

removal(%RE) using equations (1, 2&3) respectively [15]. 

Q
e

 = 
( )

W

Vcc to
−

                               (1) 

Q
t

 = 
( )

W

Vcc to
−

                               (2) 

%RE = 
( )

100x
C o

eo cc −
                        (3) 

3. Results and Discussion 

3.1. Effect of Initial Concentration 

The effect of varying concentration (10-50mg/L) of 

Safranin-O dye in equoes solution using a fixed mass of the 

adsorbents (0.2g) from coconut shell activated carbon 

(CSAC) and pineapple peels activated carbon (PPAC) was 

studied. It could be observed from both figures 2 and 3 

shown below that as the concentration of the Safranin-O 

increases from 10mg/L to 50mg/L, the percentage removal 

decreases from 96.40- 60.28% for CSAC and 89.50-67.25% 

for PPAC respectively. This implies that the higher the 

concentration of the Safranin-O dye in the solution, the lower 

the percentage of dye removed or adsorbed. This may be due 

to the saturation of adsorption sites on the adsorbent surface 

as the concentration increases. At low concentrations, there 

will be unoccupied active sites on the adsorbent surface, and 

when the initial dye concentration increases, the active sites 

require for adsorption of the dye molecules will not be 

available. It could also be seen that the percentage removal in 

coconut shell adsorbent is a little bit higher than in pineapple 

peels, this could be attributed to the fact that the active sites 

and the porosity of the coconut shell adsorbent are more than 

that of the pineapple peels [16]. 

 

Figure 2. Effect of Initial Concentration Using CSAC. 

 

Figure 3. Effect of Initial Concentration of Safranin-O Dye Using PPAC. 

3.2. Effect of Adsorbent Dosage (g) 

Adsorbent dosage plays a vital role in adsorption studies 

because it also determines the adsorption capacity of the 

adsorbent for a given initial concentration of dye solution 

[17]. The results from the figures 4 and 5 reveal that as the 

adsorbent dosage increases, the percentage removal of 

Safranin-O dye from the solution also increases from 0.20-

0.60g for CSAC and 0.20-0.80 for PPAC after which no 

significant changes in the percentage of Safranin-O dye 

removal were observed with futher increase in the adsorbents 

dosage. This implies that CSAC and PPAC attained 

adsorption equilibrium at the dosage of 0.60g while PPAC 

attained adsorption equilibrium with (0.80g) dosage. 

Literature reveals that the efficiency of dye removal increases 

with increase in adsorption sites of the adsorbent and 
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decreases with decrease in the adsorption sites of the 

adsorbents[18, 19, 20]. 

 

Figure 4. Effect of Dosage on Safranin-O Using CSAC. 

 
Figure 5. Effect of Dosage on Adsorption of Safranin-O Using PPAC. 

3.3. Effect of Contact Time 

The contact time was found to play an important role in 

the adsorption process of Safranin-O onto the two derived 

activated carbons; CSAC and PPAC as shown in figures 6 

and 7 respectively. The results of the investigation reveals 

that percentages of the Safranin-O removed were between the 

ranges of 59.95-90.70% for CSAC and 50.65- 78.88% for 

PPAC respectively. The rapid removal of Safranin-O dye and 

establishment of equilibrium within a short period indicate 

the efficiency of the adsorbents for their use in wastewater 

treatment [21]. It could be seen that removal of Safranin-O 

dye reached maximum at 80mins for both CSAC and PPAC. 

This implies that both CSAC and PPAC attained maximum 

adsorption equilibrium at the same time. But, the CSAC 

recorded higher percentage removal which could be 

attributed to the differences in the number of their active sites 

and porosity. 

 

Figure 6. Effect of Contact Time on Adsorption of Safranin-O Using PPAC. 

 

Figure 7. Effect of Contact Time on Adsorption of Safranin-O Using CSAC. 

3.4. Effect of pH 

pH is a very crucial factor in adsorption studies especially 

on the adsorption of dyes because it controls the magnitude 

of electrostatic charges which are imparted both by the 

ionized dye molecules and the charges on the surface of the 

adsorbent. As a result, rate of adsorption varies with both the 

pH of an adsorbate and the adsorbent [22]. Figures 8 and 9 

show the effect of varying pH (2, 4, 6, 8 and 10) on the 

adsorption efficiency of the derived adsorbents. The results 

reveal that the lowest and highest percentage of Safranin-O 

dye removed were observed at the pH of 2 and 10 for both 

CSAC and PPAC respectively. This implies that increase in 

pH of the Safranin-O dye solution also increased the 
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percentage of Safranin-O dye removed. This could be as a 

result of the fact that as the pH of a system decreases, the 

number of negatively charged adsorbent sites also decreases 

while the number of positively charged surface sites 

increases. Also, as the pH of a system increases, the number 

of negatively charged surface sites increases and the number 

of positively charged surface sites decreases [22]. 

 

Figure 8. Effect of pH on Adsorption of Safranin-O Using PPAC. 

 

Figure 9. Effect of pH on Adsorption of Safranin-O Using CSAC. 

3.5. Adsorption Isotherms Analysis 

Adsorption isotherm models provide important 

information use to identify and describe the nature of the 

adsorption behavior between the adsorbate and adsorbent in 

the adsorption process [23]. In this study, Langmuir and 

Freundlich adsorption isotherm models were applied for the 

adsorption isotherm study. The linearised form of Langmuir 

isotherm equation (4) was applied to characterize the 

adsorption process of Safranin-O onto the adsorbents[24 ]. 

Q
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Q
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Where Q
e

, is the equilibrium dye concentration on 

adsorbent at any time t (mg/g), Q
max

 is the maximum 

Langmuir monolayer adsorption capacity (mg/g), B is 

Langmuir constant (L/mg) and ce
 is the equilibrium dye 

concentration in the solution (mg/L). The Langmuir constant 

B, was used to determine the suitability or favourability of 

the adsorption process using the Hall separation factor ( RL) 

as follows: 

RL = 
cB

0
1

1

+                                 (5) 

Where RL, is the constant separation factor (dimensionless) 

and can be used for interpretation of the sorption type as 

described; RL > 1, unfavorable RL < 0, unfavorable RL = 1, 

favorable (linear) 0 < RL < 1, favorable and RL = 0, 

irreversible. 

The linearised form of Freundlich isotherm is shown in 

equation (6).  

e
log Q  = k

f
log  + 









n

1
c

e
log             (6) 

Where Q
e

is the equilibrium dye concentration on 

adsorbent at any time (mg/g), k f
 is the Freundlich constant 

(mg/g ),
n

1
 is the exponential constant, ce

 is the equilibrium 

dye concentration in sample (mg/L). 

Figures 10 - 13 show the plots of Langmuir and 

Freundlich isotherm models for the adsorption of Safranin-

O dye solution with respect to varying initial dye 

concentration(10-50) for both CSAC and PPAC 

respectively. The values of the adsorption parameters for 

Langmuir and Freundlich Isotherm Models are also shown 

in Table 1 for both CSAC and PPAC respectively. Based on 

the data presented in the Table (1), the correlation 

coefficients (R
2
) obtained from the plots of Langmuir 

Isotherm Model fell within the range of 0.9981- 0.9992 for 

both CSAC and PPAC respectively. This implies that the 

model is suitable since it fitted well with the experimental 

data. This suggests that the adsorption of Safranin-O dye 

onto the CSAC and PPAC could be described as a 

monolayer adsorption and occurred on a homogenous 

surface. The maximum monolayer adsorption capacities 

were found to be -60.194 mg/g for PPAC and 69.013 mg/g 

for CSAC respectively. Also, the values of RL were found to 

be 1.6667 for PPAC and 1.7065 for CSAC which implies 

that adsorption of Safranin-O dye onto both PPAC and 
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CSAC was not favourable with respect to varying initial 

concentration. For Freundlich isotherm model, it could also 

be seen from the Table (1) that the correlation coefficients 

(R
2
) fell within the range of 0.9995 - 0.9998. This also 

signifies that the model is very good and well fitted with the 

observed data which implies that the adsorption process 

could be better be described by this model. This means that 

the adsorption occurred on a heterogeneous surface which 

may be attributed to the various active sites on the 

adsorbent surfaces [24]. The values of ( n) was found to be 

greater than one (n >1) in all cases which implies that the 

adsorption process of Safranin-O onto the activated carbons 

were favourable. 

The overall results of the adsorption isotherm analysis 

indicate that the adsorption of Safranin-O dye onto the two 

activated carbons exhibit both Langmuir and Freundlich 

isotherm models characteristics reflecting the presence of 

more than one kind of adsorbent–adsorbate surface 

interactions.  

Table 1. Langmuir and Freundlich Paramaters. 

Langmuir Model Freundlich Model 

Adsorbents B(L/mg) Qmax (mg/g) RL R2 Kf (mg/g) n R2 

CSAC -69.013 -0.0207 1.7065  0.9992 1.1260 1.2532 0.9805 

PPAC -60.914 -0.0237 1.6667 0.9981 0.4331 1.9800 0.9805 

 

 

Figure 10. Langmuir Model for Adsorption of Safranin-O Dye onto PPAC. 

 

Figure 11. Langmuir Model for Adsorption of Safranin-O Dye onto CSAC. 

 

Figure 12. Freundlich Model for Adsorption of Safranin-O onto CSAC. 

 

Figure 13. Freundlich Model for Adsorption of Safranin-O Dye onto PPAC. 
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3.6. Analysis of the Adsorption Kinetics 

Kinetic models are used to describe the dynamic nature of 

the adsorption process in terms of the order of rate constant 

[24]. In this study, pseudo-first-order and pseudo-second-

order kinetic models were applied. A linear form of pseudo-

first-order model is given in equation (7) [25]. 

( )QQ
te

−log  = t
kQ

e 303,2
log 1−              (7) 

Where Q
e

, is the equilibrium dye concentration on 

adsorbent at any time (mg/g), Q
t

 is the amount of dye 

uptake (mg/g) at time, t (min) and k1
 is the rate constant of 

pseudo-first-order sorption, (min
-1

). A linear form of pseudo-

second-order model is given in equation (8). 

Q
t

1
= 

Qk e

2

2

1
 +  t

Q
e

1
                  (8) 

Where k2
 is the equilibrium rate constant of pseudo-

second-order (g/mg min), Q
t

 is the amount of dye uptake 

(mg/g) at time, t (min), Q
e

, is the equilibrium dye 

concentration on adsorbent at any time (mg/g) and t  is the 

contact time (min). 

 

Figure 14. Plot of Pseudo First Order Kinetic Model for Adsorption of 

Safranin-O Dye Using CSAC. 

Figures 14-17 show the plots of the two kinetic models 

while Table 2 shows the Kinetic model constants/parameters 

and correlation coefficients for the adsorption of Safranin-O 

dye solution using the two adsorbents. Based on the results 

obtained from the pseudo-first-order model plot, the values 

of correlation coefficients (R
2
) were found to be within the 

range of 0.7524 - 0.7858 for both adsorbents. Literature 

reveals that a suitable model is one that gives a perfect fit 

with the experimental data and is achieved when the value of 

R
2
 is within the range of 0.9 to 1.0 [26]. This implies that the 

model does not fit well with the observed data and might not 

be suitable to describe the dynamic nature of the adsorption 

process. 

For pseudo-second-order model, the values of the 

correlation coefficients (R
2
) were found to be within the 

range of (0.9987 – 0.9999) indicating a very good model 

which means well fitted with the observed data. This 

suggests that the dynamic nature of the adsorption of 

Safanin-O dye onto the two activated carbons can best be 

described by pseudo-second-order model. Similar results 

were obtained by [26] on batch adsorption of basic dye using 

acid treated fiber char. 

 

Figure 15. Plot of Pseudo First Order Kinetic Model for Adsorption of 

Safranin-O Dye Using PPAC. 

 

Figure 16. Plot of Pseudo Second Order Kinetic Model for the Adsorption of 

Safranin-O Dye Using CSAC. 
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Figure 17. Plot of Pseudo Second Order Kinetic Model for the Adsorption of 

Safranin-ODye Using PPAC. 

3.7. Thermodynamic Analysis of the Adsorption Process 

The thermodynamic parameters were determined at 

various temperatures of 30, 40, 50 and 60°C using Van’t Hoff 

equations (9) and (10) respectively [26]. 

( )Kd
ln  = 

R

S ads∆   +   

RT

H ads∆              (9) 

G ads∆ = H ads∆ - Sads
T ∆                 (10) 

Where Kd
, is the distribution coefficient at different 

temperatures (i.e. Kd
= Ceads/ Ces), G ads∆ is the  

change in Gibbs free energies at different temperatures, R  is 

the gas constant, H ads∆  is the change in enthalpy of 

the adsorption process and S ads∆  is the change in 

entropy of the adsorption process. 

 

Figure 18. Van’t Hoff Plot for the Safranin-O Dye Adsorption onto CSAC. 

 

Figure 19. Van’t Hoff Plot for the Safranin-O dye Adsorption onto PPAC. 

Table 2. Kinetic Parameters and Correlation Coefficients for the Adsorption of Safranin-O. 

Kinetics Models 

Pseudo- first order Pseudo-second order 

Adsorbents Qmax (mg/g) R2 K1(min-1) Qmax(mg/g) R2 K2(g/mg min) 

CSAC 0.9980 0.7858 -0.0260 24.870 0.9999 0.8000 

PPAC 1.0020 0.7833 -0.0236 32.890 0.9984 0.0040 

 

The values of S∆  and H∆  were obtained from the 

intercept and slope using Van’t Hoff plot of lnKd against 

I/T as shown in figures 18-19 respectively. Table 3 

displays the values of the thermodynamic parameters of 

the adsorption process, the negative values of G∆ in both 

CSAC and PPAC imply that the adsorption process was 

thermodynamically feasible and spontaneous. 

Furthermore, the free energy change for the adsorption 

was greater than -20Kj/mol and less than zero in all cases. 

This implies that the magnitude of G∆  values were in the 

range of multilayer adsorption which occurs by both 

physisorption and weak or partial chemisorptions [27]. 

This also, confirms the results of the adsorption isotherm 

which followed the Freundlich model. The value of G∆  

became more negative with increasing temperature. This 

shows that increase in temperature was favourable for the 

removal of Safranin-O using the two adsorbents. Also 

from the Table 3, H∆  values were observed to be 
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negative in the two adsorbents which signify that the 

process was exothermic. The change in entropy ( S∆ ) 

values were observed to be positive at given temperatures 

implying that the degree of dispersion in the adsorption 

process increased with increase in temperature [28].

Table 3. Thermodynamic Parameters for the Adsorption of Safranin-O Dye Solution Using. 

CSAC, and PPAC 

Thermodynamic parameters 

Adsorbents T(K) ( )∆G KJ / mol  ( )S KJ/ mol / K∆  ( )H KJ / mol∆  

CSAC 303 -139.99 0.2351 -68.750 

 313 -142.30   

 323 -144.69   

 333 -147.03   

PPAC 303 -71.330 0.1219 -34.380 

 313 -72.550   

 323 -73.770   

 333 -74.993   

 

4. Conclusion 

The effects of experimental factors such as initial dye 

concentration was found to be inversely proportional to 

percentage of Safranin-O dye removal while dosage, pH and 

contact time were directly proportional to the percentage of 

Safranin-O dye removal. Adsorption isotherms analysis 

indicate that the adsorption process exhibit both Langmuir 

and Freundlich isotherm model characteristic, reflecting the 

presence of more than one kind of adsorbent–adsorbate 

surface interaction. The adsorption kinetics models fitted 

well with pseudo-second-order kinetic model with high 

correlation coefficients ranging from(0.9984-0.9999). The 

thermodynamic study indicates that both H∆ and G∆  of 

the adsorption process in all cases were negative which 

implies the process is exothermic and is thermodynamically 

feasible and spontaneous. S∆ was positive signifying that 

the degree of dispersion in the adsorption process increased 

with increase in temperature. From the results obtained, it 

could be inferred that CSAC showed better adsorbent when 

compared with PPAC. 
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