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Articlelnfo Abstract

Activated carbon was produced from kola nut pod, using H,SO, and CaOH as activating agents.
Received:24/05/2017 The produced acid activated kola nut pod carbon (KPAC) and base activated kola nut pod
Accepted: 03/11/2017 carbon (KPBC) were respectively characterized. The effect of adsorption parameters such as

pH, initial concentration, adsorbent dose and contact time, and adsorption kinetics and isotherm
of basic fuchsine (BF) dye removal by KPAC and KPBC was observed in this study. Pseudo-

Keywords first order model and pseudo-second order model was the selected kinetics model. Result
Activated carbon obtained suggested that the pseudo-second order model fitted the adsorption data than the
Adsorption pseudo-first order model, as gathered from their regression coefficients (R?) and rate constants
Basic fuchsine (K). The adsorption mechanism determined using Weber and Morris intraparticle diffusion
Isotherm model, showed that the adsorption process was simultaneously controlled by film diffusion and

intraparticle diffusion. Different isotherm models such as Langmuir isotherm model, Freundlich
and Temkin isotherm model were used in fitting the experimental data, and the regression
coefficients (R?) of Langmuir isotherm shows that it better described the adsorption isotherm of
BF dye adsorption using the produced activated carbons than the Freundlich isotherm model.
Experimental result also showed that the adsorption of FB dye using KPAC and KPBC is
dependent on pH, initial concentration, adsorbent dose and contact time. Comparison of the
result obtained from this study with literatures showed that kola nut pod is a good precursor for
producing cheap and highly efficient activated carbon.

1. INTRODUCTION

The use of dyes in manufacturing industries such as cosmetic, paper and pulp, textile, leather, food e.t.c.,
is a common practice in our world today. During dyeing operations, these industries are known to be
discharging coloured pigments which are hazardous and environmentally unfriendly into the streams and
rivers. Discharge of these coloured effluents presents a major environmental problem for developing
countries because of their toxic and carcinogenic effects on living beings [1]. The presence of dye in
natural water system inhibits sunlight diffusion into the water, consequently affecting the growth of
bacteria and as well inhibiting the photosynthetic process of aquatic plants [2-3]. In addition, its high
visibility also alters the colourless characteristic of good water. Furthermore, it is highly harmful to fish
and other aquatic organism. This necessitated the removal of dyes before the discharge of effluents into
surrounding water bodies.

According to available data, there are over 100,000 commercially available dyes with a production of
over 7 x 10° metric tons per year [4]. Removal of dyes from the industrial effluents in an economic
fashion remains a major problem [5]. This is as a result of the difficulty associated with treatment of
effluents from dye industries especially the ones from textile industries, because of their synthetic origin
and complex aromatic molecular structures, which make them more stable and more difficult to be
biodegraded [4].
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Many methods which can be broadly classified into physical, chemical or biological treatment techniques
have been applied in the removal of coloured matters especially dye, with different degrees of success
recorded. Some of the notable methods are photodegradation, ozonation, adsorption,
coagulation/flocculation, membrane separation and biodegradation [6-11]. Of these methods, adsorption
is generally one of the most recognized wastewater treatment methods because it is highly efficient.

Adsorption is usually regarded to be an important separation process due to its technological,
environmental and biological importance in operation. It is a separation process that favours the removal
of low concentrations of pollutants from large volumes of process potable water, wastewater, and aqueous
solutions. Adsorption process systems can be either of the following: liquid-gas, liquid-liquid, solid-liquid
and solid-gas.

Adsorption has been successfully used in adsorbing many dyes such as malachite green, methylene blue,
acid red 18, direct orange-26 dye, safranin-o, aniline blue, maxilon blue, direct yellow, brilliant green
dye, ramazol brilliant blue, remazol brilliant orange 3, reactive blue and red dyes, acid orange 7, direct
red-31, and direct yellow12 [12-23].

Many adsorbents have been employed in adsorption, some of which includes clay, polymers and resins,
zeolites, silica gel, activated alumina and activated carbon. Activated carbon are carbons of highly micro
porous form with both high internal surface area and porosity, and commercially the most common
adsorbents used for the removal of organic compounds from air and water streams [24].

The economic effect of commercial activated carbon is on the high side; it is costly. This has warranted
the use of readily available and cheap materials that have both a high carbon and a low inorganic content,
as precursors for the production of activated carbon. Agro-forestry wastes have proved to be promising
raw materials for the production of activated carbons due to their availability at a low price or in
exchange for nothing. Some of the agricultural by-products that have been successfully used in producing
activated carbons are; cocoa shell, vitis vinafera leaf, cocos nucifera leaves, cocoa nibs, pigeon peas hulls,
salacca peels, spent tea leaves, pine nut shell, and oil palm shell [25-33].

The kola nut is the fruit of the kola tree. Kola nut is a caffeine-containing nut of evergreen trees of the
genus Cola, primarily the species Cola acuminata and Cola nitida [34]. Kola nuts are often used to treat
whooping cough and asthma. To Western culture, it is best known as a flavouring ingredient and one of
the sources of caffeine in cola and other similarly flavoured beverages, although the use of kola (or kola
flavoring) in commercial cola drinks has become uncommon. Originally a tree of tropical rainforest, but
can withstand a dry season in areas with a high ground water level. It may be cultivated in drier areas
where ground water is available. In Nigeria, it is commonly found in southwestern states such as Ondo,
Ekiti, Ogun and Osun.

The aim of this study is to produce a low-cost activated carbon from kola nut pod using two different
chemical activation agents, H,SO4 and CaOH. The prepared activated carbons will be characterized by
different surface science methods and their performance compared by testing the Basic fuchsine (BF) dye
adsorption capability, kinetics and isotherm of the produced activated carbons.

2. MATERIALS AND METHODS

2.1. Preparation of Adsorbate

Fuchsine basic BF (Amax= 543 nm; Molecular formula = CyHyN;-HCl; Molar mass = 337.86 g/mol;
Solubility in water = 2650 mg/L at 25°C) was purchased from a chemical store in Onitsha, Anambra,
Nigeria. The dye concentration was determined through the absorbance at the characteristic wavelength

using a double beams UV/Vis spectrophotometer (UV—Visible spectrophotometer, Shimadzu 1650). The
absorbance and concentration of the dye solution was plotted to obtain the calibration curve of BF dye.

2.2. Preparation and characterization of Activated carbon
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Kola nut pod was collected from Ifaki-Ekiti, Ido/Osi, Ekiti state, Nigeria. It was washed, dried and
carbonized at 500C for 1hr. The pyrolyzed carbon was activated using the method described by Arivoli et
al [35]. The carbonized kola nut pod divided into 2 separate sets. 100g of it was treated with sulphuric
acid, while the other set was treated with calcium hydroxide. This was done in the ratio of 2:1 by wt. The
treated carbons were placed in an oven and heated to a temperature of 200°C for a time period of 24
hours. After this, the activated carbon was washed thoroughly with distilled water, so as to neutralize the
pH of the activated carbons and later dried in an oven at a temperature of 150°C for 3hrs.

The produced activated carbons using sulphuric acid and calcium hydroxide were labeled as acid

activated kola nut pod carbon (KPAC) and base activated kola nut pod carbon (KPBC) respectively. The

method described by Bhole and Ramteke [36] was used in carrying out the proximate analysis of the
produced activated carbons:

1. Moisture content of the produced activated carbon was determined by heating 1g of activated carbon
in dried, clean silica crucible in an oven at 100°C to a constant weight. The difference in weight was
calculated and expressed in percentage.

2. Ash was determined by heating 1g of activated carbon in dried, silica crucible at 800°C for one hour
and weighed. The difference in weight was calculated and expressed in percentage.

3. Volatile matter was determined by heating 1g of activated carbon in volatile matter crucible in
absence of air at 900°C for seven minutes and weighed. The difference in weight was calculated and
expressed in percentage.

4. The fixed carbon was determined by using the formular: “Fixed carbon = 100 — (moisture content +
Ash content + Volatile matter)”.

2.3. Batch adsorption

Batch adsorption experiments were conducted using 250 mL glass-stopperred, Erlenmeyer flasks with
50mL of stock solution, with a concentration of 50 mg/L. 1 g of the adsorbent was added to the solution.
The flasks were agitated at a constant speed of 200 rpm for 2 h in a shaker at 303 + 1 K. Samples were
withdrawn from the flasks, at preset time intervals for analyzing the residual dye concentration in the
solution. The filtrate of dye in each flask was measured using UV/VIS spectrophotometer. The influence
of variables such as pH (2.0-10.0), initial dye concentration (50-500 mg/L), and adsorbent dose (0.5-2.5
g) were evaluated during the present study and reported in the results and discussion part. The amounts of
BF dye removed by sorbents, g. can be calculated using the following equation: “qe = (Co-Ce)V/W™.
Where C, is the initial BF dye concentration in mg/L, C. is equilibrium concentration of the dye ion in
mg/L.V is the volume of the solution (L) and W is the mass of the adsorbent (g), each of the experiment
was conducted in duplicate and the average of two values was used in the calculations.

3. RESULTS AND DISCUSSION

3.1. Characteristics of the Adsorbent

The result of the proximate analysis of KPAC as determined by Nwodika et al [37] and KPBC, studied
from standard procedures, have been listed in Table 1. From the fixed carbon content of both carbons, it
can be said that KPAC is richer in carbon than KPBC.

Table 1: Proximate analysis result for KPAC determined by Nwodika et al [37] and for KPBC

Parameter KPAC KPBC
Moisture content (%) 9.66 10.83
Ash content (%) 0.88 3.95
Volatile matter (%) 1.14 1.66
Fixed carbon (%) 88.33 83.56
Surface area (m?/g) 779 726
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3.2. Effects of Process Parameters
3.2.1. Effect of pH

In adsorption, the effect of pH of the aqueous solution is very important. It has an impact on both the
surface properties of an adsorbent, and the rate of adsorbate removal. The effects of initial pH on BF dye
removal from aqueous solution by KPAC and KPBC were investigated by varying the pH from 2 to 10
using 0.1M HCI and 0.1M NaOH. As seen in Fig. I, adsorption efficiency was in the increase between pH
of 2 and 4, and maximum efficiency was obtained at pH 4 for both adsorbents. The high percentage
removal of the BF in the acidic pH range may be attributed to the electrostatic interactions between the
positively charged adsorbent and the negatively charged BF dye ions [38]. As system’s pH increased,
adsorption efficiency decreased but started to rise again at pH of 10. A similar result was obtained by
Arivoli et al [35] in the study of the effect of pH on malachite green removal by borassus bark carbon, in
which case, the decrease in adsorption efficiency as pH increased was attributed to possible aggregation
of the dye molecules, likely caused by attractive electrostatic interaction between the ionic groups of the
monomer. This suggested that the adsorption capacity of activated carbon prepared from kola nut pod was
dependent on pH. Comparing the adsorption efficiency of both activated carbons with regard to pH
dependent, it is seen from the figure (Figure 1) that KPBC adsorbed more than KPAC.

102 -
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96 -
94 - KPAC
92 -
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88 -
86 ‘ ‘ ‘ ‘ ‘ ‘

% adsorbed
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Figure 1: Effect of pH on Basic fuchsine adsorption
3.2.2. Effect of initial concentration on BF adsorption

KPAC and KPBC were used to adsorb BF dye of different initial concentration ranging from 50 to
500mg/L. 50mL of the stock solutions of different concentrations were prepared and 1.0g of the
adsorbents was added to 250cm3flasks different concentration of stock solution. The content of each flask
was agitated for 1h, filtered and analyzed. From Figure 2, it can be seen that increase in initial
concentration from 50 to 500mg/L resulted in a decrease in the adsorption efficiency. This implies that
dye adsorption efficiency reduced as the initial concentration of BF dye increased. The reason behind this
is that at lower concentrations, there are sufficient active sites that the sorbate can easily occupy [39].
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Figure 2: Effect of initial concentration on Basic fuchsine adsorption
3.2.3. Effect of carbon dose on BF adsorption

The adsorption of the BF dye on carbon was studied by varying the carbon dose (0.5-2.5g/50ml) for 50
mg/L of dye concentration. The percentage of adsorption increased rapidly with increases in the carbon
concentration from 0.5-1.5g (Figure 3), further increase yielded no significant impact on the adsorption
process for KPBC unlike KPAC where there is a slight decrease in adsorption efficiency likely as a result
of aggregation resulting from high adsorbent concentration which would amount to a decrease in the
adsorbent’s total surface area. The increase in adsorption efficiency is attributed to increased carbon
surface area and the availability of more adsorption sites [40-41]. Hence, all studies were carried out with
100 mg of adsorbent /50 ml of the varying adsorbate solutions.
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Figure 3: Effect of adsorbent dose on Basic fuchsine adsorption

3.2.4. Effect of contact time on BF adsorption

The effect of contact time on adsorption capacity of KPAC and KPBC for BF dye is shown in Figure 4. It
is clear that the adsorption capacity of both adsorbents increased rapidly with the increase of contact time
from 0 to 30 min and after 90 min, the adsorption capacity became constant, with the adsorption reaching
equilibrium. As a result, 90 min was selected as the contact time for the adsorption of BF dye onto KPAC
and KPBC under these particular experimental conditions. The fast adsorption at the initial stage may be
due to the higher driving force making fast transfer of BF ions to the surface of adsorbent particles and
the availability of the uncovered surface area and the remaining active sites on the adsorbent [42].
Comparing the adsorption of both adsorbents showed that KPBC adsorbed more BF dye than KPAC
under studied experimental conditions.
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Figure 4: Effect of contact time on Basic fuchsine adsorption

3.3. Kinetics study

In the present research, the kinetics of adsorption of BF dye on KPAC and KPBC was studied. Two types
of kinetic models, pseudo-first order [43], and pseudo-second order model [44], were employed to fit
experimental data (Figure 5 and Figure 6). The straight lines plots showed a good agreement of
experimental data with pseudo-first order model and pseudo-second order model. Table Il listed the
results of rate constant studies for both kinetic models. Comparing the R? values, pseudo-second-order
model shows a significant agreement with adsorption mechanisms for both adsorbents in comparison to
pseudo-first order model. In addition, general kinetic comparison of KPAC and KPBC shows that KPBC
is favourable than KPAC. This can be gathered from their rate constants and R? values, both for pseudo-
first order, and pseudo-second order models.

The pseudo first-order kinetic equation for kinetic study is written as:

log (de - o) = log (q) —ki t/2.303 ©)
The integrated form of the pseudo second-order kinetic equation is written as:
t/0, = 1/(ka0e2) + /0 )

The rate limiting step of the adsorption process was studied using Weber and Morris intraparticle
diffusion model equation:

q; = kigt"? + C; (5)

Where kig is known as the intraparticle diffusion rate constant (mg/gmin*?), and C; is the boundary layer’s
thickness. If the plot of log g; against 0.5 log t is linear and goes through the origin, the rate-liming step is
solely intraparticle diffusion. If not, then it involves both film diffusion and intraparticle diffusion.

The adsorption was controlled by both film diffusion and intraparticle diffusion at early and later stages
of the adsorption respectively. This can be observed in the Weber and Morris plots of the KPAC and
KPBC adsorption of basic fuchsine (Figure 7). Table 2 shows kiq for both plots.
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Figure 5: Pseudo-first order kinetic of KPAC and KPBC for adsorption of Basic fuchsine
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Figure 6: Pseudo-second order kinetic of (a) KPAC and (b) KPBC for adsorption of BF
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Figure 7: Intraparticle diffusion of (a) KPAC and (b) KPBC for adsorption of BF
Table 2: Kinetic parameters of KPAC and KPBC

Parameter KPAC KPBC
Pseudo first order model
Ki(min™) 0.132 0.146
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q(mg/g) 4.947 4.992
R 0.994 0.956
Pseudo second order model

K,(g/mg/min) 1.452 2.724
q(ma/g) 4.970 5.000
R’ 1.000 1.000
Intraparticle diffusion model

Kiq (mg/gmin-Y) 0.015 0.011
R 0.976 0.972

3.4. Isotherm study

The isotherm of the adsorption was fitted with two isotherm models; Langmuir model and Freundlich
model. Langmuir isotherm assumes that adsorption takes place at specific homogeneous sites within the
adsorbent, and is presented by the equation [45]:

Qe= Qe=QmK,Ce/1 + K:Ce (6)

1/Qe = (1/K:Qm)1/Ce + 1/Qn (7)

where Q. (mg of adsorbate per g of adsorbent) is the adsorption density at the equilibrium solute
concentration C,. C, is the equilibrium concentration of adsorbate in solution (mg/L). Q. (mg of solute
adsorbed per g of adsorbent) is the maximum adsorption capacity corresponding to complete monolayer
coverage. K, is the Langmuir constant related to energy of the adsorption (L of adsorbate per mg of
adsorbent).

Freundlich isotherm is an empirical equation employed to describe the heterogeneous system. The linear
form of the equation is given below [46]:

Logq. = logK;+ 1/n logC.. (8)

where g. is the quantity of solute adsorbed at equilibrium (adsorption density: mg of adsorbate per g of
adsorbent). C, is the concentration of adsorbate at equilibrium, where Ksand 1/n are empirical constants
dependent on the nature of sorbent and sorbate and the temperature. Both of these values (K; and 1/n) are
important in selecting an adsorbent as a separating medium, in which Ky (mg/g) is the over-all adsorption
capacity (g. at C, = Img/L or log C. = 0) and 1/n is the heterogeneity factor. The heterogeneity factor 1/n
indicates the strength of bond energy between sorbate and sorbent. A plot of log g. against log C, yielding
a straight line indicates the confirmation of the Freundlich isotherm for adsorption. The constants can be
determined from the slope and the intercept.

From the figures (Figure 8 and Figure 9) of the isotherm plots of the adsorption of BF dye using the
produced activated carbons, it can be seen that Langmuir isotherm model better described the adsorption
isotherm of KPAC and KPBC than the Freundlich isotherm model, as can be reached from the value of
their regression coefficients (R?). In like manner, the regression coefficients (R?) of both adsorbent for
Langmuir isotherm model and Freundlich isotherm model also suggest that KPBC is a better adsorbent of
the two, for the removal of BF dye from aqueous solution.
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According to Abdel-Ghani et al [47], the Temkin isotherm model can be applied in this form:
X=a+bInC 9)

Where C is the concentration of adsorbate in solution at equilibrium (mg/L), while X is the amount of
adsorbate adsorbed per unit weight of adsorbent (mg/g). In addition, a and b are constants related to
adsorption capacity and intensity of adsorption respectively. If the plot of In C against X is linear for an
adsorption system, it implies that Temkin isotherm can be used to describe it. From Figure 10, the
adsorption of BF using KPAC and KPBC can be described using this model. The regression coefficient
and Temkin parameters are expressed in Table 3.

The Dubinin-Radushkevich (D-R) isotherm model is expressed in linear form as [48]:
Inge=Ingp-2Bp RT In (1 + 1/Cy) (10)

A plot of In g, against RT In (1 + 1/C,) if linear, shows that this model described the adsorption
isotherm suitably. The apparent energy (E) of adsorption from Dubinin-Radushkevich isotherm model
can be computed using the relation given below [49].

E=Y\2 Bp (11)

In D-R isotherm, if E<8kJmol™, physisorption dominates the sorption mechanism. If E is between 8
and 16kJmol™, ion-exchange is the dominant factor. If E >16kJmol™, sorption is dominated by particle
diffusion [50].

The mean adsorption energy (E) calculated from the Dubinin-Radushkevich (D-R) isotherm provides
important information about the physical and chemical properties of the adsorption of any adsorption
process [50-51]. From Table 3, the value of E for the adsorption of BF using KPAC and KPBF are greater
than 16 kJmol™(E>16kJmol™) this suggests that the adsorption process is dominated by particle diffusion
[51].
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200,15 - 0 015 -
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Figure 8: Langmuir isotherm plot of (a) KPAC and (b) KPBC for adsorption of BF
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Figure 9: Freundlich isotherm plot of (a) KPAC and (b) KPBC for adsorption of BF
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Figure 10: Temkin plot of (a) KPAC and (b) KPBC for adsorption of BF
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Figure 11: D-R isotherm plot of (a) KPAC and (b) KPBC for adsorption of BF
Table 3: Isotherm parameters of KPAC and KPBC

Parameter KPAC KPBC
Langmuir model coefficients

Qm(Mg/q) 5.769 3.436
Ka(L/mg) 10.417 14.286
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R. 0.0020 0.0014
R® 0.996 0.998
Freundlich model coefficients

Ke(Mg/g) 4.459 4.424
1/n 0.779 0.611
R® 0.979 0.989
Temkin model coefficients

a 12.273 11.698
b 1.991 -4.426
R® 0.954 0.945
D-R model coefficients

Bp(mol°kJ?) -0.0012 -0.0017
go(Mg/q) 1.2940 1.2600
E(kJmol™) 20.412 17.150
R? 0.940 0.908

3.5. Thermodynamic study

Van’t Hoff equation [52] was used in studying the thermodynamic of the adsorption of basic fuchsine
(BF) using KPAC and KPBC:

log K. = -AH/2.303RT + AS/2.303R (12)
K. = F/1+F. where F is the fraction sorbed at equilibrium. T is absolute temperature (K).
The free energy of adsorption AG was calculated using the equation:
AG= -RT In K, (13)

R is the ideal gas constant. The slope and intercept of the plot of log K. against 1/T gives the values of AH
and AS respectively.

Based on the thermodynamic studies, the negative values obtained for the enthalpy (AH) and free energy
(AG), as shown in Table 4, reflects the exothermic, and feasibility and spontaneous nature of sorption
respectively [52-53]. This could be a resultant of weakened adsorptive forces between the active sites of
the adsorbents and the adsorbate species and also between the adjacent molecules of the adsorbed phase.
The negative values of AS show a decrease in the degree of freedom of the adsorbed species. These
negative values of the entropy also indicate favourable adsorption. The entropy AS < -10J/mol generally
imply an associative mechanism [52]. For both activated carbons, the negative entropy values suggest dye
sorption to be of an associative mechanism.

Table 4: Thermodynamic parameters KPAC and KPBC

Parameter Activated carbon
Temperature | KPAC KPBC
AG® (kJ/mol) 30°C -8.758 -9.780
40°C -8.019 -8.343
50°C -8.219 -8.408
60°C -7.953 -7.895
AH(kJ/mol) -46.85 -81.32
AS(J/mol/K) -22.78 -57.09

3.6. Comparison with Literatures

The result of this study was compared to those obtained from other studies on the adsorption of basic
fuchsine, using other adsorbents. Emphasis was placed on best fitting kinetic and isotherm model of those
studies, in addition to the thermodynamics (if studied). Generally, the kinetic of the literatures considered,
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favoured the pseudo-second order kinetic model. Best fitted isotherm model varied with respect to
adsorbent, likewise the thermodynamics study outcome. The adsorption efficiency of KNA and KNB (99.
4% and 99.7% respectively), is of the same range with modified aromatic polyurethane foam material
which has a maximum adsorption efficiency of 99.5% [54], and a more than that of Euryale ferox
Salisbury which is 97.4% [55]. Table V presents the summary of this comparison.

Table 5: Summary of literature comparison

Adsorbent Best fitted Kinetic Best fitted Thermodynamics | Source
model isotherm model | comment

Modified Pseudo-second order | Langmuir Spontaneous, [54]

aromatic endothermic

poyurethane

foam

Euryale ferox Pseudo-second order | Langmuir Spontaneous, [55]

salisbury endothermic

Loess based Pseudo-second order | Freundlich [56]

copolymer

Jackfruit waste | Pseudo-second order | Langmuir [57]

activated carbon

Leather Pseudo-second order | Freundlich Spontaneous, [58]

activated exothermic

carbon

Biosorbents Pseudo-second order | Langmuir Spontaneous, [59]
endothermic

Carboxylated- Pseudo-second order | Langmuir Spontaneous, [60]

functionalized exothermic

cellulose

nanocrystal

Kola nut pod Pseudo-second order | Langmuir Spontaneous, Present study

activated carbon exothermic

4. CONCLUSION

In conclusion to this research, the result presented clearly suggests that the produced activated carbon;
KPAC and KPBC can be efficiently used for the removal of Basic fuchsine dye. KPBC proved to be more
efficient than KPAC for the adsorption of Fuchsine basic dye. At room temperature, an amount of 1g of
KPAC and KPBC could remove over 95% of Fuchsine basic from an aqueous solution of 50mg/L, with
solution pH of 4, at a stirring speed of 200rpm for a contact time of 90 minutes. The adsorption data was
tested with pseudo-first order and pseudo-second order kinetic models and it was observed that though
both models fitted the adsorption data, pseudo-second order model better fitted the experimental data. The
Langmuir isotherm model fitted the adsorption data better than the Freundlich isotherm model for both
KPAC and KPBC. The use of activated carbon from kola nut pod for dye removal from industrial
effluents is economically feasible and environmentally friendly.
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