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Abstract:  Activated tamarind kernel powder (ATKP) was prepared from tamarind fruit (Tamarindus indica) and utilized for 

the removal of Acid Red 1 (AR 1) from its aqueous solution. The powder was activated using 4N HNO3. The 

adsorbent was characterised using infrared spectroscopy, bulk density, Ash content, pH, moisture content and dry 

matter content measurements. The effect of various parameters which include; temperature, pH, adsorbent dosage, 

ion concentration, and contact time were studied. Four different equilibrium Isotherm models were tested on the 

experimental data but the Temkin isotherm model (R2 values ranging between 0.913-0.987) was best-fitted into the 

experimental data. The pseudo-second order was best fitted into the experimental data with R2 value of 0.999. The 

values of the activation energy (E) obtained indicated that the adsorption of AR1, on ATKP is a physical process. 

The negative free energy (ΔG) indicated that the adsorption process is feasible and spontaneous, the negative 

enthalpy (ΔH) indicated that the reaction is exothermic in nature and the negative entropy (ΔS) indicated that there 

is decreased randomness at the solid/solution interphase during the adsorption process. Therefore, activated 

tamarind kernel powder has proven to be a very good adsorbent (with removal efficiency ranging from 54 – 95%) 

for the removal of Acid Red 1 from industrial waste water. 
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Introduction 

Environmental pollution control is said to be a matter of 

utmost concern in many countries. However, air and water 

pollution constitute the major environmental pollution in 

several countries. Consequently, open burning leads to air 

pollution, while industrial effluent and domestic sewage leads 

to water pollution. Water pollution results to bad effects on 

public water supplies which can cause health problem, while 

air pollution can cause lung diseases, burning eyes, cough, 

and chest tightness. The environmental issues surrounding the 

presence of colour in effluent is a continuous problem for dye 

stuff manufacturers, dyers, finishers, and water companies 

(Kesari et al., 2011).  

Textile and dyeing industry are among important sources for 

the continuous pollution of the aquatic environment. Because 

they produce approximately 5% of them end up in effluents. 

The textile and dyeing industries effluents are discarded into 

rivers, ponds and lakes; they affect the biological life various 

organisms (Ho and Mckay, 2003). Dye-containing effluents 

are undesirable wastewaters because they contain high levels 

of chemicals, suspended solids, and toxic compounds. Colour 

causing compounds can react with metal ions to form 

substances which are very toxic to aquatic flora and fauna and 

cause many water borne diseases (Vijayakumar et al., 2012). 

Due to the chemical structure of dye, they are act as a resistant 

to many chemicals, oxidizing agents, and heat, and are 

biologically non-degradable. So it is difficult to decolorize the 

effluents, once released into the aquatic environment. Many of 

the methods are available for the removal of pollutants from 

water, the most important of which are reverse osmosis, ion 

exchange, precipitation and adsorption. Of these methods, 

adsorption technique is a most versatile and widely used 

technique (Mattson and Mark, 1971), because of its 

inexpensive nature and ease of use. Activated carbons are 

widely used because of their high adsorption abilities for a 

large number of organic compounds. However, the price of 

activated carbons is relatively high, which limits their usage 

(Bhattacharya and Sharma, 2005). This has led many 

researchers to search for cheaper substitutes such as coal, fly 

ash, silica gel, wool wastes, agricultural wastes, wood wastes, 

and clay materials. They have been applied with varying 

success in dye removal (Akbal, 2005).  

The present study was performed to investigate the surface 

morphology of activated tamarind kernel powder (ATKP) 

using various methods viz; FT-IR spectroscopy and 

exploitation for removal of Acid Red 1 from aqueous solution. 

The parameters such as pH, initial concentration, contact 

duration and adsorbent dosage with different temperature 

were studied. Adsorption isotherm models (Freundlich, 

Temkin, DubininRadushkevich and Langmuir) and adsorption 

kinetic models (Pseudo first-second-order) were also utilised. 

 

Materials and Methods 

Sample collection, identification and treatment 

Tamarind kernel fruit was collected from the local market at 

Samaru, Sabongari Local Government Area of Kaduna state. 

The samples were taken to Biological Sciences Department of 

Ahmadu Bello University where it was identified as 

Tamarindus indica using the method described by Prescott 

(1977). The Tamarind kernel seeds were washed thoroughly 

with water to remove the adhering materials. Then, the 

reddish testa of the seeds was removed by heating seeds in an 

oven at 800C for 2 h. The kernels were tamped and placed in 

the oven at a temperature of 3000C for 3 h for the tamped 

powder to carbonize completely. The powder was sieved 

through 400 microns to get uniform particle size for use. The 

Acid Red 1 dye sample wassupplied by Sigma Aldrich 

Germany. Stock solution (1.0 g/L) of Acid Red 1 was 

prepared by dissolving about 1 gram of the dye in 1 litre of 

distilled water. All test solutions of the desired concentrations 

were prepared by successive dilutions to get the required 

initial Dye concentrations (20–100 mg/L). 

Characterization of the adsorbent 

The surface morphology of activated tamarind kernel powder 

was determined using infrared spectrophotometry. The pH of 

the adsorbent was obtained using standard test method ASTM 

D3838-80 (Andre et al., 2011) and the ash content was 

determined using standard test method ASTM E1755-01 

(ASTM, 1996; in Okoli et al., 2015). The moisture and dry 

matter content of the adsorbent was determined using the 

method described in Gimba et al. (2009).  
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Batch adsorption experiment  

The adsorption experiment was carried out by batch method. 

The experiment was carried out using 50 mL of adsorbate at 

ambient temperature (270C) with a basic reciprocating shaker 

using 120 ml glass bottle as the reactor. The effect of initial 

dye concentration was analysed using an initial working dye 

concentrations are 20, 40, 60, 80 and 100 mg/L.The 

experiment was carried out using 0.2 g of the adsorbent, pH6 

and at a contact time of 120 min. The effect of the adsorbent 

dosage was determined at a constant pH of 6, initial dye 

concentration of 20 mg/L and agitation time of 2 h. The 

adsorbent dosage was varied as follows: 0.4, 0.6, 0.8, 1.0 and 

1.2., as described in Oladunni et al. (2012). 

The effect of initial pH was determined by altering the pH at 

constant temperature (270C), adsorbent dosage (0.2 g), initial 

concentration (20 mg/L) and agitation time (2 h). The pH was 

varied at 2, 4, 6, 8 and 10 using 0.1M HCl and 0.1M NaOH to 

either increase or decrease the pH of the solution (Oladunni et 

al., 2012).  

The effect of contact time is an important factor in adsorption 

studies as it helps in the study of the kinetics of adsorption. 

The effect of contact time was determined by agitating the 

mixture at varied time intervals. The agitation was carried out 

at constant temperature (27 0C), adsorbent dosage (0.2 g), 

initial concentration (20 mg/L) and pH (pH 6). The contact 

time was varied at 20, 40, 60, 80 and 100 min. 

The effect of Temperature is important to this study as it helps 

in generating the data needed for adsorption thermodynamic 

study. This was determined by agitating the mixture at 

varying temperatures and initial dye concentrations. The 

agitation was carried out at constant adsorbent dosage (0.2 g), 

and pH (pH 6) and contact time. The different temperatures 

used were 298 K, 308, 318, 323 and 328 K (Oladunni et al., 

2012). 

The concentration of the dye remaining in the solution was 

determined using an Agilent Cary 300 UV/visible 

spectrophotometer. The amount of dye adsorbed was 

calculated using the equation: 

𝑞𝑒 = 𝑉
(𝐶𝑜−𝐶𝑒)

𝑊
   (1) 

Where: qe is the amount of dye adsorbed by unit mass of the 

adsorbent, V is the volume of the solution, Co is the initial dye 

concentration, Ce is the residual dye concentration and W is 

the weight of the adsorbent. The percentage dye removed (% 

Rem) was determined using the equation (Oladunni et al., 

2012).  

%𝑅𝑒𝑚 =
(𝐶𝑜−𝐶𝑒)

𝐶𝑜
 × 100  (2) 

 

Results and Discussion 

The Physicochemical parameters obtained are presented in 

Table 1. The moisture content of a sample can be seen as the 

amount of water present in that sample. It has been reported 

that moisture content dilutes the activated carbon as such 

increases its weight during treatment process (Oladunni et al., 

2012). For this reason, it can be said that the lower the 

moisture content of an activated carbon the better its 

adsorptive capacity (Gimba et al., 2009). Activated TKP is 

seen to possess 3.45% of moisture and 96.55% of Dry matter. 

The percentage of moisture was lower when compared to 

values obtained from Khayasenegalensis fruit (6.17 %) 

(Gimba et al., 2009), walnut shell (4.18%) (Abechi, 2006), 

Delonixregia (6.286%) (Ocholi, 2006) and Locust bean husk 

(8.20%) (Oladunni et al., 2012). The low moistureand high 

dry matter content of the ATKP indicates that the adsorbent is 

an excellent material for adsorption processes (Okoli et al., 

2015).The bulk density of activated Tamarind kernel powder 

was found to be 0.4 g/cm3 which showed some variation with 

that reported  for locust bean husk (0.49 g/cm3) (Oladunni et 

al., 2012), 0.26 g/cm3 for saw dust of Dalbergiasisso 

(Shakirullah et al., 2006); 0.81 g/cm3 for Khayasenegalensis 

fruits (Gimba et al., 2009); 1.1034 g/cm3 for walnut shell 

(Abechi, 2006); 0.73 g/cm3 for rice husk carbon (Malik, 

2003); 0.48 g/cm3 for Euphorbia antiquorum Palanisamy et 

al., 2013); 0.28 g/cm3 for Enteromorphaprolifera (Sun and 

Yang, 2003); and 0.5494 g/cm3 for mosambi peel (Ladhe et 

al., 2011). The amount of ash depends on the carbon sources 

or biomass (OMRI, 2002).The percentage ash content of the 

activated tamarind kernel powder was found to be 5.30%. 

Thus, the low ash content value indicates that theATKP has 

low inorganic content and high fixed carbon. 2.08% was 

reported for Cornelian cherry, 2.21% for Apricot stone and 

2.14% for Almond shells (Erhanet al., 2004); 23.0% was 

reported for Mosambi peel (Ladhe et al., 2011); 3.72% for 

Enteromorphaprolifera (Deshuaiet al., 2013); 6.5% for saw 

dust carbon and 45.97 % for Rice husk carbon (Malik, 2003); 

13.4% for Euphorbia antiquorum L(Palanisamy et al., 2013); 

2.58% for Wheat shells (Bulut  and Aydin, 2006) and 3.50% 

for locust bean husk (Oladunni et al., 2012). The pH the 

activated Tamarind kernel powder was 6.45, and this happens 

to fall within the acceptable pH range for an ideal adsorbent. 

pH 6.30 was reported for rice husk carbon (Dada et al., 2012); 

pH 7.7 for Mosambi peel (Ladhe et al., 2011). pH 6.20, 6.25 

and 5.80 for Cornelian cherry, Apricot stone and Almond 

shell, respectively (Erhan et al., 2004).  

 

Table 1: Physicochemical parameters of tamarind kernel 

powder 

Parameters ATKP 

Dry matter content (%) 96.55 

Moisture content (%)  3.45 

pH  6.40 

Bulk Density (g.cm-1) 0.40 

Ash content (%) 5.30 

 

 

FTIR analysis of ATKP 
Fourier Transform Infrared Spectroscopy (FTIR) study was 

carried out to study and identify the functional groups present 

in the adsorbents ranging from 4000 to 650 cm-1. The 

adsorption capacity or potential of an adsorbent depends upon 

its porosity as well as the chemical reactivity of the functional 

groups at the adsorbent surface (Suresh et al., 1994). The 

spectra showing the functional groups and their peaks on the 

activated tamarind kernel powder and dyetreated activated 

tamarind kernel powder are presented. Furthermore, the 

results show the presence of Phosphates (P-O-C), (-C=C-

Stretch alkenyl), (-C=C-Stretch conjugated), alkanes (C-H 

stretch), alkenes (=C-H stretch), alkynes (-C≡C-), carboxylic 

acids (O-H bend), aromatic amines (C-N), nitrites (C≡N 

stretch), aromatics (C-H stretch), alkyl halides, (C-O Stretch, 

Primary alcohol) etc. An observed shift in the wave number of 

dominant peaks associated with the spectra indicatesthe 

various functional groups activities on the activated tamarind 

kernel powder surface (Okoli et al., 2015). These activities 

have been characterized by the interaction between the 

functional groups on the surface of the adsorbent and the 

functional groups in the dye molecule. A shift from 3261.4 

cm-1 on the ATKP spectrum (O-H stretch, carboxylic acid) to 

3257.7 cm-1 on AR 1 spectrum signifying an O-H (broad) 

stretch H-bonded, Hydroxyl group. A shift from 2922.2 cm-1 

on the ATKP spectrum signifying H-C-H stretch alkanes to 

2926.4 cm-1 on the AR 1 spectrum indicating methyl C-H 

asymmetric/symmetric stretch. A shift from 1699.7 cm-1 on 

ATKP spectrum indicating the presence of -C=C-stretch 

alkenyl to 1703.4 cm-1 on AR 1 spectrum indicating the 

presence of aromatic combination bands. A shift from 1237.5 

cm-1 on ATKP spectrum indicating the presence of C-N 

stretch aromatic amines to 1241.2 cm-1 on AR 1 spectrum 
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indicating the presence aromatic ethers, Aryl-O stretch or 

aromatic phosphates (P-O-C stretch) (Table 2). The presence 

of hydroxyl groups, carbonyl groups, ethers, and aromatic 

compounds is an evidence of the lingo-cellulosic structure of 

tamarind kernel powder which was also observed in other 

materials such as coconut shell (Andre et al., 2011) and cotton 

stalks (El-Hendaway et al., 2008; in Okoli et al., 2015). 

 

 

 
Fig. 1: FTIR spectrum of activated tamarind kernel powder 

 

 
Fig. 2: FTIR spectrum of acid red 1 treated TKP 

 

Table 2: FTIR analysis of AR1 adsorbed on ATKP 

Group frequency (cm-1) Functional group assignment 

3261.4 O-H (broad) Hydroxyl group, H-bonded OH Stretch 

2926.0 Methyl C-H asymmetric/symmetric Stretch 

2855.1 Methyl C-H asymmetric/symmetric Stretch 

2113.4 C C terminal alkyne (monosubstituted) 

1699.7 Aromatic combination bands  

1606.5 Open chain Azo , Primary amine (NH bend)  

1438.8 Aromatic nitro compounds 

1241.2 Aromatic Phosphates (P-O-P stretch) 

1159.2 C N   Stretch, tertiary amine  

1032.5 C-O Stretch, Primary alcohol 
 

 

Batch adsorption studies 

Effect of pH 

The effect of pH on the adsorption of AR 1 dye unto activated 

tamarind kernel powder was studied between the ranges of 2-

10. The percentage of dye adsorbed decreased from 95.00 to 

61.00% for Acid Red 1 as compared to Reactive Blue 29 and 

Reactive orange 20 dyes (Fig. 3). 

It was observed that the percentage removal of dye increases 

rapidly with an increase in contact time initially, and 

thereafter, beyond a contact time of about 80 min, no 

noticeable change in the percentage removal was observed. 

When the contact time was increased from 20 to 100 min the 

percentage dye removal increased from 62.5 to 79.0%. 

The initial concentration of adsorbate plays an important role, 

as a given mass of adsorbent can adsorb only a certain amount 

of a solute. The percentage removal of the dye depreciated 

with increase in initial dye concentration i.e. from 54.0 to 

78.3%. The result indicated that the more the concentration of 

the solution, the smaller the percentage of dye that a given 

mass of adsorbent can adsorb (Okoli et al., 2015). This is due 

to the fact that at lower concentrations, the amount of 

available adsorption sites are more, while at higher 

concentrations, the available sites become less. The adsorption 

sites take the available dye molecules more rapidly at lower 

concentrations while at higher concentrations the molecules 

are required to diffuse to the adsorbent surface by intra 

particle diffusion (Oladunni et al., 2012). Thus, the percentage 

of dye removal was dependent upon the initial concentration. 

The resultsobtained from this experiment as presented 

indicated that as the adsorbent dosage increased (from 0.4 to 

1.2 g) the percentage of dye adsorbed increased also from 

65.0 to 86.0%. The percentage of adsorption increased up to 

1.0g of adsorbent after which no significant changes in the 

percentages of dye adsorbed was observed with an increasing 

amount of the adsorbent. It has been reported that for every 

given initial concentration of an adsorbate, the adsorbent 

dosage determines the capacity of an adsorbent (Joseph and 

Philomena, 2011). It has also been reported that the increase 

in adsorption efficiency is as a result of the increased number 

of adsorption sites and surface (Okoli et al., 2015). However, 

from the experiment, it was observed that equilibrium was 

attained after 1.0 g of adsorbent was used for the analysis. 
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Most of the adsorbents studied attained equilibrium around 

1.0 g of dosage (Okoli et al., 2015), but further increase in the 

adsorbent dose resulted in the reduction in the amount of dye 

removed from the solution. This resulted from the overlapping 

of the adsorption sites as a result of overcrowding of the 

highest adsorbent dosage which has imposed a screening 

effect on the dense outer layer of the cells, thereby shielding 

the binding site from the dyes (Oladunni et al., 2012). 

 

 

 

 
Fig. 3 Effect of initial pH, adsorbent dose, contact time, and initial concentration on % dye removal 

 

 
Fig. 4: Langmuir isotherm model for AR1 adsorption on ATKP 

 

 

Langmuir isotherm model 

The non-linear expression of Langmuir isotherm model can be 

illustrated as Equation (1) (Langmuir, 1916): 

qe = qm KL  Ce/1+KLCe (3)   

Where: Ce is the concentration of solution at equilibrium 

(mg/L); qe is the corresponding adsorption capacity (mg/g); 

qm (mg/g) and KL (L/mg) are constants which are related to 

adsorption capacity and energy or net enthalpy of adsorption, 

respectively. Linear forms of the isotherms models are also 

widely adopted to determine the isotherm parameters or the 

most fitted model for the adsorption system due to the 

mathematical simplicity. The linear form of the Langmuir is 

as follows: 

Ce/qe = 1/qmKL + Ce/qm   (4) 

 

Langmuir constants b and qm represent the adsorption 

equilibrium constant and the maximum adsorption capacity, 

respectively. A straight line graph with slope of 1/qm and 

y = -8.1x + 101.5
R² = 0.9869

0

20

40

60

80

100

2 4 6 8 10

%
 R

e
m

o
va

l

Initial pH

y = 5.35x + 61.65
R² = 0.9063

0

20

40

60

80

100

0.4 0.6 0.8 1 1.2

%
 R

e
m

o
va

l

Adsorbent Dose (g)

y = 4.2x + 60.5
R² = 0.9037

0

20

40

60

80

100

20 40 60 80 100

%
 R

e
m

o
va

l

Contact Time (min)

y = -5.968x + 89.893
R² = 0.9331

0

20

40

60

80

100

20 40 60 80

%
 R

e
m

o
va

l

Initial Concentration (mg/l)

http://www.ftstjournal.com/


Investigation of Surface Morphology of Activated Tamarind Kernel Powder Using Various Methods 

FUW Trends in Science & Technology Journal, www.ftstjournal.com 

e-ISSN: 24085162; p-ISSN: 20485170; December, 2019: Vol. 4 No. 3 pp. 848 – 856  

 
852 

intercept b was obtained when Ce/qe was plotted against Ce. 

From the Figures it could be seen that the plots are linear and 

the correlation coefficient (R2) values were found to be 0.859, 

0.917, 0.978, 0.991, and 0.995 at 298, 308, 318, 323 and 328 

K, respectively which indicate that the graphs follow the 

Langmuir isotherm model (Fig. 4). The maximum adsorbate 

capacity (qm) for Acid Red 1 were 20.8, 18.87, 17.86, 17.24, 

and 16.67 mg/g at 298, 308, 318, 323 and 328 K, respectively. 

From the results it could be seen that qm, which also signifies 

the number of sites available for adsorption, is decreasing as 

the temperature increased from 298 to 328 K. The constant b 

relating to the coefficient of affinity of Acid Red 1 to 

activated tamarind kernel powder at 298, 308, 318, 323 and 

328 K is 0.04, 0.06, 0.09, 0.13, 0.18 l/mg, respectively. 

Separation factor RL 

The equilibrium parameter RL, which is a dimensionless 

constant, is referred to as separation factor and is given by: 

𝑅𝐿 =
1

1+(1+𝑏𝐶𝑜)
  (5) 

Where: Co is the initial concentration and b is the Langmuir 

equilibrium constant. The RL values indicate the adsorption to 

be favourable if (0< RL<1), unfavourable if (RL>1), linear if 

(RL=1) or irreversible if (RL=0). The RL values issued from 

this study were ranged from 0.05 to 0.35 for AR1 dyewith the 

increase in temperature from 298 to 328 K.  

The result obtained from separation factor (RL) calculation 

showed that adsorption of Acid Red 1 dye is favourable on 

activated tamarind kernel powder (Fig. 5). 

 

 
Fig. 5: Separation factor for AR1 adsorption on ATKP 

 

 

Freundlich isotherm 

The Freundlich adsorption isotherm [28]is given by: 

𝑞𝑒 = 𝐾𝑓𝐶𝑒
1/n    (6) 

A linear form of the expression above is written as: 

log 𝑞𝑒 = log𝐾𝑓 + 1/𝑛 log 𝐶𝑒 (7) 

Where: qe is the amount of adsorbate per unit weight of 

adsorbent, KF is Freundlich constant measuring adsorption 

capacity, Ce is the equilibrium concentration of the adsorbate 

in solution, n is a constant related to adsorption efficiency and 

energy of adsorption intensity of adsorbent. Kf and n can be 

obtained from the intercepts and slopes of the linear plot of 

logqe against logCe. From the figures it could be seen that the 

plots are linear and the correlation coefficient (R2) values 

were found to be 0.803, 0.793, 0.863, 0.797, and 0.931 at 298, 

308, 318, 323 and 328 K, respectively which indicate that the 

graphs follow the Freundlich isotherm model (Fig. 6). The 

adsorption capacity (Kf) of the activated tamarind kernel 

powder for Acid Red 1 were 1.57, 1.98, 2.93, 3.32, and 3.97 

(l/g) at 298, 308, 318, 323 and 328 K, respectively. From the 

results it could be seen that Kf, which also signifies the 

adsorption capacity of the adsorbent, is increasing as the 

temperature increased from 298 to 328 K. The constant n 

relating to the adsorption efficiency of activated tamarind 

kernel powder for Acid Red 1 at 298, 308, 318, 323 and 328 

K is 1.73, 1.88, 2.12, 2.27, and 2.66, respectively. 

 

  

 

 

 
Fig. 6: Freundlich isotherm model for AR1 adsorption on ATKP  
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Fig. 7: Temkin isotherm model for AR1 adsorption on ATKP 

 

Temkin isotherm 

The linear form of Temkin isotherm can be expressed as: 

𝑞e = (𝑅𝑇/𝑏𝑇) ln 𝐴𝑇 + (𝑅𝑇/𝑏𝑇) ln𝐶𝑒  (8) 

Where: AT is the Temkin isotherm equilibrium binding 

constant (L/g); bT is the Temkin isotherm constant; R is the 

universal gas constant (8.314 J/mol/K), T is the temperature at 

298 K; and Ce is the equilibrium concentration (mg/L). 

Temkin isotherm constant bT and Temkin isotherm 

equilibrium binding constant AT are obtained from the 

intercepts and slopes of the linear plot of qe versus lnCe. 

The Temkin isotherm equation assumes that the heat of 

adsorption of all the molecules in a unit layer decreases 

linearly with coverage due to adsorbent-adsorbate 

interactions, and that the adsorption is characterized by a 

uniform distribution of the bonding energies, up to some 

maximum binding energy. 

Temkin isotherm constant bT and Temkin isotherm 

equilibrium binding constant AT were obtained from the 

intercepts and slopes of the linear plot of qe versus lnCe. The 

Temkin adsorption isotherm models for Acid Red 1 at a 

temperature range of 298K to 328K respectively. From the 

figures it could be seen that the plots are linear and the 

correlation coefficient (R2) values were found to be 0.803, 

0.793, 0.863, 0.797, and 0.931 at 298, 308, 318, 323 and 328 

K, respectively which indicate that the graphs follow the 

Temkin isotherm model. The adsorption capacity (AT) of the 

activated tamarind kernel powder for Acid Red 1 were 2.27, 

1.69, 1.12 l/g, 1.33, and 2.21 l/g at 298, 308, 318, 323 and 328 

K, respectively (Fig. 7). From the results it could be seen that 

AT, which also signifies the equilibrium binding constant 

corresponding to the maximum binding energy of the 

adsorbent, is decreasing as the temperature increased from 

298K to 328K. The constant bT relating to the heat of 

adsorption of activated tamarind kernel powder for Acid Red 

1 at 298, 308, 318, 323 and 328 K is 552.4, 600.4, 668.8, 

808.1, and 820.6 J/mg, respectively. 

Dubinin-Radushkevich (D-R) isotherm 

This considers that adsorbent size is comparable to the 

micropore size and the adsorption equilibrium relation for a 

given adsorbate-adsorbent combination can be expressed 

independent of temperature by using the adsorption potential 

(ε) 

ε = RTln(1 +
1

Ce
)   (9) 

The D-R isotherm assumes a Gaussian-type distribution for 

the characteristic curve and the model can described as 

follows 

lnqe = lnqs – Bε2   (10) 

Where: qs is the D-R constant (mol/g) and B gives the 

activation energy EA (kJ/mol) per molecule of adsorbate at the 

moment of its transfer to the solid surface from the bulk 

solution and can be computed using the equation: 

𝐸𝐴 =  
1

(2𝐵)
1
2

   (11) 

Values of qs and B can be determined through linearization of 

the D-R isotherm by plotting ln qe versus ε2. 

The activation energy EA reveals the nature of adsorption. 

Thus, if the value of activation energy EA is less than 8 

KJ/mol, adsorption process is physical; but if it is ranged from 

8 to 16 KJ/mol, it is a chemical adsorption. 

The Dubinin-Radushkevich parameters BD and qD (theoretical 

isotherm saturation capacity) were calculated from the slopes 

and intercepts of the linear plots of lnqe versus 𝜀2. The 

Dubinin Radushkevich adsorption isotherm models for Acid 

Red 1 at a temperature range of 298K to 328K respectively. 

From the figures it could be seen that the plots are linear and 

the correlation coefficient (R2) values were found to be 0.941, 

0.932, 0.974, 0.965, and 0.933 at 298, 308, 318, 323 and 328 

K, respectively which indicate that the graphs follow the 

Dubinin Radushkevich isotherm model. The saturation 

capacity constant (qD) of the activated tamarind kernel powder 

for Acid Red 1 were 13.0, 13.2, 13.1, 13.0 and 12.76 mg/g at 

298, 308, 318, 323 and 328 K, respectively (Fig. 8). From the 

results it could be seen that qD, is decreasing as the 

temperature increased from 298 to 328 K. The constant BD 

relating to the mean free energy of adsorption of Acid Red 1 

on activated tamarind kernel powder at 298, 308, 318, 323 and 

328 K is -1x10-5 (mol2/J2), -7x10-6, -4x10-6, -2x10-6, and -

9x10-7 (mol2/J2), respectively. 

 

 

 
Fig. 8: Dubinin-Radushkevich isotherm model for AR1 adsorption on ATKP 
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Fig. 9: Pseudo first and second order kinetic model for AR1 adsorption on ATKP 

 

 

Table 3: Equilibrium data for plotting pseudo first and second order kinetics for AR1 dye adsorption on ATKP 

Dye Time (min) qt (mg/g) qe (mg/g) qe- qt (mg/g) log (qe- qt) (mg/g) t/qt (min.g/mg) 

AR1 20 3.1 4.0 0.8 -0.1 6.4 

 40 3.5  0.5 -0.4 11.4 

 60 3.8  0.2 -0.7 16.0 

 80 4.0  0 0 20.3 

 100 4.0  0 0 25.3 

 

 

Adsorption kinetics 

Fitting an experimental data into different kinetic models 

enables us to study the adsorption rate, model the process and 

predict information about adsorbent/adsorbate interaction.  

In this study, two different models were used such as the 

pseudo-first-order (Hashem and El-Khirraigy, 2013; Hameed 

et al., 2008) and the pseudo-second-order (Ho and Mackay, 

2003). Pseudo-first order and pseudo-second order kinetic 

models described above were used to test the equilibrium data 

in order to investigate the mechanism of adsorption and 

potential rate controlling step of the adsorption process. 

However, in selecting optimum conditions for carrying out 

full scale batch dye removal processes, information on the 

kinetics of dye adsorption is required. A kinetic study at 

different time intervals, constant initial dye concentration and 

adsorbent dosage was performed and the results obtained. 

The pseudo-first and pseudo second order kinetics modelling 

of Acid Red 1 adsorption unto ATKP are presented. The 

experimental adsorption capacity of Acid Red 1 is 3.95 mg/L 

(Fig. 9). The adsorption capacity by using pseudo-first order 

model was calculated and presented as 2.56 mg/L while that 

of pseudo-second order model is 2.41 mg/L. The calculated 

adsorption capacity of the dye by pseudo-second order model 

was seen to be very close to its respective experimentally 

determined adsorption capacity. But whenthe adsorption 

capacities obtained from the pseudo-first order kinetics where 

compared with the experimentally determined value, a large 

difference was observed. The values obtained for the 

correlation coefficients, R2, of the pseudo-first order 

adsorption model was 0.074. For pseudo-second order 

kinetics we have R2 value as 0.999 (Fig. 9). From the above 

result it could be seen that the R2 value obtained from the 

Pseudo-second order kinetic plot is higher than that obtained 

from the Pseudo-first order adsorption kinetic plot. Thus, the 

correlation coefficient value and calculated adsorption 

capacities of all the dyes did not follow the pseudo-first order 

kinetic model, which suggest that theadsorption of Acid Red 1 

on activated tamarind kernel powder is dependent on initial 

concentration. Hence, pseudo-second order adsorption model 

is more suitable to describe the adsorption kinetics of Acid 

Red 1 unto ATKP and this relies on the assumption that 

adsorption may be the rate-limiting step. The obtained kinetic 

information has a significant practical value for technological 

applications, since kinetic modelling successfully replaces 

time and material consuming experiments necessary for 

process equipment design (Gupta and Rastogi, 2017). 

Adsorption thermodynamics 

Thermodynamic considerations of an adsorption process are 

necessary to conclude whether the process is spontaneous or 

not. The Gibb’s free energy change, ΔG, indicates 

thefeasibility and spontaneity of a chemical reaction and 

therefore is an important criterion for spontaneity 

determination. Both enthalpy (ΔH) and entropy (ΔS) factors 

must be considered in order to determine the Gibb’s free 

energy of the process. Reactions occur spontaneously at a 

given temperature if ΔG is a negative quantity (Papita et al., 

2010) ΔH determines if the process is exothermic or 

endothermic; and ΔS determines the increase or decrease in 

randomness of the process at the solid/solution interface. 

Reactions occur spontaneously at a given temperature if ΔG is 

a negative quantity (Okoli et al., 2015). The temperatures 

used in the thermodynamic study were 298, 308, 318, 323 and 

328 K. The values ΔH and ΔS were obtained from the slopes 

and intercepts, respectively of the Van’t Hoff plots (Fig. 10).  

 

 
Fig. 10: Van’t Hoff plot for thermodynamic studies for 

AR1 adsorption on ATKP 
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The negative ΔG values indicate that the process is 

thermodynamically feasible and spontaneous. The negative 

ΔH values indicate that the nature of the adsorption process is 

exothermic indicating that heat is released during the 

adsorption process. This is also supported by the decrease in 

the value of adsorption capacity of the adsorbent with the 

increase in temperature. The negative values of ΔS pointed to 

a decreased disorder of the solid/solution interface during the 

adsorption process. However, similar results were obtained in 

(Okoli et al., 2015). 

 

Conclusion 

In this research, adsorption of C.I Acid Red 1 using activated 

carbonized tamarind kernel powder was successfully carried 

out. The characterization analysis carried out on the activated 

carbon indicated that all parameters namely: bulk density, pH, 

ash content and dry matter were within acceptable range. The 

Fourier transform infrared spectroscopic analysis carried out 

on the raw activated tamarind kernel powder indicated the 

presence of functional groups which include: Hydroxyl, 

alkanes, alkenes, alkynes, carboxyl, phenols, phosphates, 

carbonyl, primary and secondary amines, etc.; which 

constitute very important adsorption sites on the adsorbent 

surface. The FTIR analysis carried out on the dye-adsorbed 

activated tamarind kernel powder indicated the presence of 

some functional groups which did not appear in the FTIR 

spectrum of raw ATKP. They include: open chain azo groups, 

quinones, conjugated ketones, sulphonates, aromatic ethers, 

aromatic nitro groups etc. The effect of the different 

parameters namely:  pH, adsorbent dosage, initial dye 

concentration, contact time and temperature indicated that the 

adsorption of Acid Red 1 from wastewater using activated 

tamarind kernel powder isdependent on this factors. From the 

four equilibrium isotherms tested in this research the order in 

which the data obtained best fits the isotherm models are 

Temkin >Langmuir > Dubinin Radushkevich > Freundlich.  

From the Adsorption kinetic models, Pseudo-Second order 

kinetic model offered the best description of the adsorption 

kinetics modelling carried out. From the thermodynamic 

studies, it could be inferred that the adsorption of Acid Red 1 

on activated tamarind kernel powder is a physical process 

(physisorption) due to the fact that the activation energy (EA) 

value was less than 8kJ/mol and hence the adsorbent can be 

easily regenerated and re-used. It is also feasible and 

spontaneous due to negative value of the Gibb’s free energy 

(∆G). The negative change in enthalpy (ΔH) value revealed 

the exothermic nature of the adsorption process. The negative 

change in entropy (ΔS) values of the system suggests the 

decrease in adsorbate concentration in solid-solution interface 

indicating thereby the increase in adsorbate concentration onto 

the solid phase. This is the normal consequence of the 

physical adsorption phenomenon, which takes place through 

electrostatic interactions as reported in (Seswati and Uday, 

2012). 
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