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Abstract

The potential of activated Chrysobalanus icaco shell for the removal of anionic dyes: tartrazine and
sunset yellow from aqueous solution by batch adsorption experiment was investigated in this study. The
adsorption capacity of the adsorbent was determined through consideration of the effects of pH, adsorbent
dose, temperature, contact time and initial dye concentration. The results showed that the optimum
adsorption for removal of tartrazine dye occurred at pH 1.0 while that of sunset yellow dye was at pH 2
and that adsorption equilibrium was attained within 120 min. The adsorption capacity of the adsorbent
was found to increase with increase in initial concentration of the dyes and with values for tartrazine
ranging from 5.97 mg/g to 23.40 mg/g and that of sunset yellow from 4.05 mg/g to 19.65 mg/g. The
equilibrium adsorption of the dyes was analyzed by Langmuir, Freundlich, Temkin and Dubinin-
Radushkevich isotherm models and the correlation coefficients (R’values) obtained showed that the
Freundlich isotherm (R* = 0.896) provided the best description for tartrazine dye adsorption while that of
Sunset Yellow dye was best described by Dubinin-Radushkevich isotherm with R’value obtained as
0.984. The kinetic data of the tartrazine and sunset yellow dyes adsorption were best interpreted by
Pseudo second-order kinetic
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Introduction

There has been an increasing scientific concern
about the hazardous effect of coloured dyes
which are widely used in many industries such
as textile, leather, paper, plastics and food
technology to colour the final products [1]. Dye
is a type of organic compound that can provide
bright and lasting colour to other substances [2].
Various techniques have been employed for the
removal of dyes from wastewater. These
methods include: adsorption, Nano-filtration,
electro-kinetic, coagulation and precipitation,
advanced chemical oxidation, electrochemical
oxidation,  ozonisation, supported liquid
membrane,  liquid-liquid  extraction  and
biological processes. Among the various
methods of dye removal, adsorption has been
reported to be the most effective method that
provides promising results [3]. Many scientific
workers have investigated the feasibility of
cheap and abundant substances for the removal
of dye pollutants from aqueous solution [4-7].
This work investigates the use of activated
Gbafilo shell as a biosorbent for the removal of

sunset yellow and tartrazine dyes from aqueous
solution under different experimental conditions.
The study includes an evaluation of the effects
of various operational parameters such as initial
dye concentration, adsorbent dose, temperature,
contact time, and pH on the dye adsorption
process. The equilibrium adsorption behaviour
of the adsorbent was studied using different
adsorption isotherm models.

Gbafilo (Chrysobalanus icaco) is a medicinal
herb that serves a number of purposes such as
therapeutic agent for treatment of undesirable
clinical conditions. It is recommended in the
treatment of diabetes [8]. It is commercially
grown in tropical rainforest of some western
Central African countries such as Nigeria,
Ghana, Congo and Senegal. The seeds are
economically and medically important, been
traditionally utilized for preparation of special
soup, control of blood pressure, malaria, fever
and treatment of stomach disorder.

Tartrazine for example is an azo dye, usually
present in many drugs, food products and
cosmetics. The contact of the dye is reported to
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result in various health problems like
hypersensitivity [9], allergy and asthma [10],
Skin eczema [11] and Immuno suppressive
effects [12]. It is also known to have mutagenic
and carcinogenic effects [13],

Sunset Yellow dye is a colorant used in drug
dosage forms such as tablets and capsules. It is a
water-soluble azo dye that imparts a reddish-
yellow colour to different food items. A study
has reported that FD & C Yellow No.6 dye
affects brain health and induce hyperactivity in
children but no carcinogenic (cancer-causing)
potential has been reported [14].

Materials and Methods

Adsorbent Preparation

Gbafilo (Chrysobalanus icaco) shell was
procured from Orie Ugba market in Umuahia
Abia State, Nigeria. The shells were washed for
several times with normal tap water, followed by
distilled water to remove adhered dust particles.
They were sundried for a day and were kept in
an oven for 24 h at 110°C. The production of
activated carbon from the shells was done using
the methods of carbonization and chemical
activation. In this process, 50 ml from 85%
phosphoric acid was taken and mixed with 50 g
of adsorbent (ratio 1:1) and placed in a muffle
furnace for 1 h at 550°C. The product was
washed with hot distilled water until it attained a
neutral pH (pH 7.0). It was then dried in an oven
at 105°C for 4 h. The dried biomass were
crushed and sieved to obtain the required
particle size and were kept for the adsorption
experiments without any further modification.

Adsorbate Preparation

The entire reagents used in the study were of
analytical grade and were used without further
purification. Tartrazine dye and Sunset yellow
dye solutions were prepared by dissolving 1.0 g
of each dye in 50 ml of distilled water in a
beaker. Then 50 ml of each solution was placed
in a llitre volumetric flask and made up to the
meniscus mark with distilled water to obtain a
stock solution of 1000 mg/L concentration of the
dyes solution. Several working solutions which
include: 30, 50, 80, 100, 150 mg/L were then
prepared from the stock solutions by serial
dilution.

Batch Adsorption Study

Batch adsorption experiment was applied to
determine the effects of pH, initial dye
concentrations, adsorbent dose, contact time and
temperature. In the determination of the
Influence of pH, tartrazine and sunset yellow
dyes solution of initial concentration of 150
mg/L each was used and the solution pH
adjusted to different pH values of 1.0, 2.0, 4.0,
6.0, 8.0 and 10 by the dropwise addition of 0.1
M of NaOH or 0.1 M of HCI solution as the case
may be. In the batch adsorption study, 0.1 g of
the adsorbent was placed in different 250 ml
Erlenmeyer flasks and 20 ml of the dyes solution
were added and left for a contact time of 120
min at a temperature of 30°C using thermostatic
water bath shaker (SHZ-82). At the end of the
given contact time of adsorption, the solutions
were filtered into another empty beakers using
Whatman No.1 filter paper. The filtrate was then
taken to the UV-Vis Spectrophotometer (model:
752) to determine the concentration of dye
solution remaining.

The effect of initial dyes concentration on the
adsorption process was investigated by
preparing different concentrations of the dyes
solution from the 1000 mg/L stock concentration
of the dyes. The pH of tartrazine dye solution
was maintained at 1.0 and pH of sunset yellow
dye solution was maintained at 2.0. Exactly 0.1
g of the adsorbent was placed in different 250 ml
flasks and 20 ml of the dyes solution were added
and left for a contact time of 120 min at a
temperature of 30°C using thermostatic water
bath shaker (SHZ-82). At the end of the given
contact time of adsorption, the solutions were
filtered into another empty beakers using
Whatman No.1 filter paper. The filtrate was then
taken to the UV-Vis Spectrophotometer (model:
752) where the absorbance reading was taken to
determine the concentration of dye solution
remaining.

The effects of adsorbent dose, temperature and
contact time were investigated by carrying the
adsorption process at different masses of the
adsorbent (0.1, 0.2, 0.3, 0.4 and 0.5 g), different
experimental temperatures of 27°C, 40°C, 50°C,
60°C and 70°C and different contact times of 30,
40, 60, 90, 120, 150 and 180 min. The pH of the
solutions were kept at 1.0 and 2.0 respectively
for tartrazine dye and sunset yellow dye while
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the initial concentration of both dyes was
maintained at 150 mg/L. The batch adsorption
studies were carried out on 0.1 g of the
adsorbent as earlier described and the residual
concentration of the dyes in solution determined
using the UV-Vis Spectrophotometer.

Data Analysis

The percentage of the dyes solution removed
and the adsorption capacity of the adsorbent
(Gbafilo shell) were calculated from equations
(1) and (2) as given:

%R="Cex 2 (M
0

qe(mg/g) = Co— Ce X - @
Where q. (mg/g) is the amount adsorbed at
equilibrium, C, (mg/L) is the initial dyes
concentrations in solution, C. (mg/L) is the dyes
concentrations remaining in the solution at
equilibrium, v (L) represents the volume of dye
solution and m (g) is the dry mass of the
adsorbent.

Results and Discussion

Adsorbent Characterization

The infrared spectra of the adsorbent were
obtained using a Fourier transform infrared
spectrometer (model; Cary 630 by Agilent
Technologies USA). Figure 1 displays the FT-
IR spectra of Gbafilo shell in its natural form.
The spectra exhibited several peaks indicating
that Gbafilo shell is composed of various
functional groups which possibly helped in
binding of the dye molecules.

T T T T T
1500 1000

Figure 1: FT-IR spectra of Gbafilo shell.

Table 1: FT-IR spectra of Gbafilo shell in its
natural form.

Compounds | Functional | Band position

groups (cm™)
Alcohol O-H 3011.7
Alkene, alkyl | C-H 2922.2
Alkene, alkyl | C-H 2855.1
Alkynes C=C 2180.5
Carbonyls C=0 1744.4
Alkene C=C 1651.2
Amines C-N 1159.2
Alcohol C-O0 1099.6
Alkyl halides | C-Cl 790.2
Alkyl halides | C-Cl 719.4
Effect of solution pH

The pH of a solution plays an important role in
controlling the surface charge of an adsorbent, the
degree of ionization of the adsorbate in the
solution as well as dissociation of various
functional groups on the active sites of the
adsorbent [15]. In most cases, pH is termed as the
‘master variable’. The adsorption experiment of
the anionic dyes (tartrazine and Sunset Yellow)
was performed in a pH range of 1-10 at 30°C for
120 min. The effect of pH on the adsorption of
dyes under consideration unto the adsorbent is
shown in Figure 2. From the plots, it was observed
that maximum amount of Tartrazine dye adsorbed
occurred at pH 1 with a value of 29.68 mg/g
corresponding to 98.93% removal while that of
sunset yellow dye occurred at pH 2 with a value
19.20 mg/g corresponding to 64% removal. The
least amounts adsorbed were observed at the pHs
of 4 and 6 for tartrazine and Sunset Yellow dyes
respectively and with percentage removals of
70.07% and 58.67% for tartrazine and Sunset
Yellow dyes respectively. It can be interpreted here
that with the increase in pH, the positively charged
sites of the adsorbent get decreased and the surface
of the adsorbent progressively becomes negatively
charged. This leads to decrease in adsorption of the
anionic dyes from the system due to electrostatic
repulsion between the dyes and the negatively
charged surface and a similar result had been
recorded [16]. Also at high pH values, the OH
ions compete effectively with anionic dyes causing
a decrease in sorption of the dyes from aqueous
solutions. At a low pH (pH < 4), a significantly
high electrostatic force of attraction exists between
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the positively charged surface of the Gbafilo shell
and anionic dye, hence enhancing the dye removal.
Therefore, at lower pH values, the adsorbent
surface becomes protonated, thereby enhancing
increased adsorption of the dyes onto the adsorbent
due to electrostatic attraction between positively
charge surface and the negatively charge dye
molecules. It can be concluded here that the
removal of tartrazine and sunset yellow dyes is
drastically affected by increasing pH values. The
present finding is supported by earlier research on
the removal of tartrazine onto Chitin and Chitosan
[17].
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Figure 2: Amount of dyes adsorbed by the
adsorbent as a function of initial pH of
solution

Effect of Adsorbent dose

One of the most critical parameters for rapid and
efficient dye removal is size and amount of
adsorbent in the reaction mixture which must be
optimized. The adsorbent dose is an important
parameter in adsorption studies because it
determines the capacity of adsorbent for a given
initial concentration of dye solution. The effect
of adsorbent dose on the amount of dyes
adsorbed is shown in Figure 3. The adsorption
capacity decreased with increase in adsorbent
dosage from 0.1 g to 0.5 g for both tartrazine
and Sunset yellow dye and with values
decreasing from 23.40 mg/g to 5.88 mg/g and
17.10 mg/g to 3.60 mg/g respectively. The effect
of adsorbent dose on the percentage dye removal
is also shown in Figure 4. An increase from
76.00% to 80.00% with increase in adsorbent
dose from 0.1 g to 0.5 g was noted for Sunset
Yellow while an increase from 78.00% to
98.07% was recorded for tartrazine dye from 0.1
g to 0.5 g. Maximum percentage removal was
observed at adsorbent dose of 0.3 g (99.33% and
99.44%) for Sunset Yellow and tartrazine dye
respectively. The increase in percentage
adsorption with increase in adsorbent dosage can

be attributed to greater surface area and the
availability of more adsorption surface sites on
the adsorbent. It was observed that initially, the
percentage removal increased rapidly with the
increase in adsorbent dose till 0.3 g which is the
critical dose, after which the percentage removal
began to decrease for Sunset yellow dye and the
percentage removal almost reached a constant
value for tartrazine dye. This may be due to the
saturation of adsorption sites of adsorbent

particles by the dyes.
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Figure 3: Amount of dyes adsorbed as a
function of adsorbent dose
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Figure 4: Percentage adsorption of the dyes
as a function of adsorbent dose

Effect of temperature

The effect of temperature on the adsorption of
the dyes was carried out at temperatures of 27
°C, 40°C, 50 °C, 60 °C, 70 °C and at pH 1 for
tartrazine, pH 2 for sunset yellow and at constant
initial concentration of 150 mg/L. The plots in
Figure 5 show that the adsorption capacity
decreases with increase in temperature from 27 -
70 °C for the two dyes. This may be attributed to
the weakening of the bonds that bind the anionic
dyes to the active sites on the adsorbent. Similar
results had been reported [18, 19], showing that
with increase in temperature, a decrease in
adsorption capacity is observed. Furthermore, an
initial increase in amount adsorbed was
observed for tartrazine dye with an initial
increase in temperature from 27 to 40 °C. This
correlates the fact that with an increase in
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temperature of a solution, the surface pores on
the adsorbent are enlarged leading to increased
rate of adsorption. It was also observed that with
further increase in temperature, rate of
adsorption decreased, which could still be
attributed to the fact that increase in temperature
will weaken the bonds between the dye ions and
the active sites on the adsorbent surface.
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Figure 5: Amount of dyes adsorbed as a
function temperature

Effect of initial dye concentration

An increase in adsorption capacity for both
anionic dyes on the adsorbent with an increase
in initial dye ion concentration was observed as
shown in Figure 6. With an increase in dye
concentration from 30 mg/L to 150 mg/L, an
increase in the amount of tartrazine from 5.97 to
23.40 mg/g and sunset yellow from 4.05 to
19.65 mg/g was recorded. This increase may be
attributed to an increasing concentration gradient
acting as an increasing driving force to
overcome all mass transfer resistances of the dye
molecules between the aqueous and solid phase,
leading to an increased equilibrium sorption
until saturation is achieved. A similar trend was
observed for the biosorption of Acid Yellow 17
from aqueous solution by non-living aerobic
granular sludge [20]. The effect of initial dye
concentration on the percentage adsorption of
tartrazine and sunset yellow onto the adsorbent
is also shown in Figure 7. A decrease in
percentage adsorption of both dyes on the
adsorbent with increase in initial dye
concentration was observed. In fact, with
increase in initial dye concentration from 30 to
150 mg/L, the percentage adsorption of
tartrazine decreased from 99.47 to 78.00%.
Similarly, the percentage adsorption of sunset
yellow also showed a decrease from 90.00 to
87.33%. This decrease in percentage adsorption
with increasing initial dye concentration is due

to the fact that at lower concentrations, more of
the anionic dyes under consideration would be
removed by the abundant active sites on the
adsorbent but at higher concentrations, more dye
ions would be left un-adsorbed due to saturation
of the active sites of the adsorbent. The result
observed is similar to the earlier results reported
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Figure 6: Amount of dyes adsorbed as a
function of initial dye concentration
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Figure 7: Percentage dyes removal as a
function of initial dye concentration

Equilibrium Adsorption Isotherms

Adsorption isotherms indicate the distribution of
the adsorbates between the bulk liquid phase and
the solid phase when the adsorption process
attains equilibrium. The analysis of the isotherm
data through fitting into different isotherm
models is an important step in finding a suitable
model that can be used for design purposes. The
adsorption capacity of the adsorbent was
investigated using the Langmuir,
Freundlich, Temkin and Dubinin - Radushkevich
adsorption isotherms.

Langmuir Isotherm Model

Langmuir isotherm is considered as the best
model that accounts for formation of monolayer
of dye molecules on solid surface. A well-known
linear form of the Langmuir equation assuming
monolayer adsorption on a homogeneous
adsorbent surface is expressed as:
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Ce 1 Ce

de N AmaxKL  Qmax (3)
Where q. is the adsorption capacity of the

adsorbent (mg/g), K, is the Langmuir adsorption
constant (L/mg) related to the energy of
adsorption, which quantitatively reflects the
affinity of the adsorbate for the adsorbent, q.x is
the maximum adsorption capacity corresponding
to monolayer coverage (mg/g). The constants,
Jmax and Ky were determined from the slope and
intercept of the linear plots of C./q. against C,
(Figures 8 and 9). The constants were calculated
and presented in Table 2. The relatively high R*
values of 0.527 and 0.874 for sunset yellow and
tartrazine dyes respectively indicate a fairly
good fit to the Langmuir model.
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Figure 8: Langmuir isotherm plot for
adsorption of tartrazine dye onto Gbafilo
shell.
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Figure 9: Langmuir isotherm plot for the
adsorption of sunset yellow dye onto Gbafilo
shell

Table 2: Langmuir isotherm constants for the
adsorption of the dyes onto the adsorbent.

interaction between adsorbed molecules. The
Freundlich equilibrium isotherm equation is an
empirical relation involved in the description of
multilayer adsorption with interaction between
adsorbed molecules. The Freundlich equation in
its linearized form is expressed as:
logq, = logKp + %log Ce 4

Where q. is the amount adsorbed at equilibrium
(mg/g), C. is the equilibrium concentration
(mg/L), K¢ the Freundlich constant, (1/n) is the
heterogeneity factor and both constants Ky and n
are related to the intensity and capacity of the
adsorption process respectively. Linear plots of
log g, against log C, confirm the Freundlich
isotherm (figures 10 and 11) from which the
constants Ky and (1/n) were obtained from the
intercept and slope of the plots and presented in
Table 3. The correlation coefficients (R* values)
were high for the Freundlich Isotherm model
indicating a good fitting for the model. This also
reveals the heterogeneous surface for the
adsorbent and a possibility of multilayer
adsorption of the anionic dye. It is also worthy
to note that if the values of n lie between 1 and
10, a favourable adsorption process is indicated
[22]. The n values of 4.673 and 1.309 obtained
for the adsorption of tartrazine and sunset yellow
dye molecules respectively in this study indicate
a favourable adsorption by the adsorbent.
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Figure 10: Freundlich isotherm plot for
adsorption of tartrazine dye onto Gbafilo
shell

Adsorbates K (L/mg)  qumax R
(mg/g)

Tartrazine 0.455 19.61 0.874

dye

Sunset 0.056 40.00 0.527

yellow dye

Freundlich Isotherm Model

The Freundlich isotherm considers multilayer
adsorption  with  heterogeneous energetic
distribution of active sites accompanied by
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Figure 11: Freundlich isotherm plot for
adsorption of sunset yellow dye onto Gbafilo shell
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Table 3: Freundlich isotherm constants for
the adsorption of the dyes on the adsorbent.

Adsorbates Kg 1/n n R’
Tartrazine 8.729 0.214 4.673 0.896
dye

Sunset 2523  0.764 1309 0.759
yellow dye

Temkin Isotherm Model

The linear form of the Temkin model is
expressed as:
qe = BInA + BInC, 5)

where C. (mg/L) is the equilibrium concentration
of dye solution, q. (mg/g) is the amount of dye
solution adsorbed at equilibrium, B = RT/br,
where T(K) is the absolute temperature, R is the
ideal gas constant (8.314J/mol K) and bt (J/mol)
is the Temkin constant. The constant B is related
to the heat of adsorption and A (L/mg) is the
equilibrium binding constant corresponding to
the maximum binding energy. The constants A
and B for the adsorption process were
determined from the intercept and slope of the
linear plots of q. versus In C. as shown in
Figures 12 and 13. The Temkin isotherm
parameters and R” values obtained from the
plots are presented in Table 4. It can be
concluded that the Temkin Isotherm also gave a
good fit to the experimental data and in
particular for adsorption of sunset yellow onto
the adsorbent.

adsorption of sunset yellow dye onto Gbafilo
shell

Table 4: Temkin isotherm constants for the
adsorption of the dyes on the adsorbent.
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Figure 12: Temkim isotherm plot for
adsorption of tartrazine dye onto Gbafilo
shell.
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Figure 13: Temkim isotherm plot for

Adsorbates A (L/g) B R
(mg/g)

Tartrazine 45.286 2.508 0.747

dye

Sunset 0.699 8.200 0.901

yellow dye

Dubinin - Radushkevich Isotherm Model
The D-R isotherm model is applied to estimate
the apparent free energy and characteristics of
adsorption. The isotherm is similar to the
Langmuir type but it is more general because it
is used to determine the occurrence of
adsorption on  both  homogenous and
heterogeneous surfaces. The linear form of D-R
isotherm can be expressed as:

Ing, ZIHQm‘l'Bgz (6)
where q. (mg/g) is the adsorption capacity, q,
(mg/g) is the theoretical saturation capacity, 8
(mol*/J%) is a constant related to the mean free
energy of adsorption per mole of the adsorbate
and ¢ is the Polanyi potential expressed as:
£ =RT In (1+1/C,) (7)
where C. (mg/L) is the equilibrium
concentration of dyes in solution, T(K) is the
absolute temperature and R is the gas constant
(8.314)/mol K). The D - R isotherm model is
applied by a linear plot of In g, versus &2 from
which the constants f and q, were obtained
from the slope and intercept of the plots
respectively. The D-R isotherm plots for the
adsorption of tartrazine and sunset yellow dye
onto Gbafilo shell are shown in Figures 14 and
15. The isotherm parameters obtained are
presented in Table 5. The high correlation
coefficient (R* = 0.984) obtained for adsorption
onto sunset yellow showed that the model
provides the best description for adsorption of
sunset yellow dye onto the adsorbent compared
to the other models.
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Figure 14: Dubinin - Radushkevich isotherm
plot for adsorption of tartrazine dye onto
Ghbafilo shell
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Figure 15: Dubinin-Radushkevich isotherm
plot for adsorption of sunset yellow dye onto
Gbafilo shell

Table 5: Dubinin-Radushkevich isotherm
constants for the adsorption of the dyes on
the adsorbent.

Adsorbates Um B R?
(mg/g)  (mol’/J?)

Tartrazine 14.88 -4x107 0.660

dye

Sunset 22.78 -4x10° 0.984

yellow dye

Effect of contact time

The effect of the contact time on the adsorption
of tartrazine and sunset yellow dye unto the
adsorbent is shown in Figure 16. It is observed
that the rate of removal of the dye molecules
from solution was initially rapid and then
diminished gradually until an equilibrium time
beyond which there was no significant increase
in the removal rate. The fast adsorption rate at
the initial stages may be due to the presence of
abundant active sites on the adsorbent at the
initial time which become used up with time as a
result of saturation of the sites on attainment of
equilibrium [23]. It was observed that the same
equilibrium time was observed for the two dyes.
As shown in the Figures, the equilibrium
amounts adsorbed were 19.65 mg/g and 23.80
mg/g for sunset yellow molecules and tartrazine
respectively at equilibration time of 120 min. A

contact time of 2 hours was utilized in the
current study to ensure equilibrium sorption of
both dye molecules on the adsorbent.
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Figure 16: Effect of contact time on the
amount of dyes adsorbed by the adsorbent
Kinetic Analysis

Kinetics is a key factor for adsorption
investigation because it can predict the rate at
which a pollutant is removed from aqueous
solution and provides valuable data for
understanding the mechanism of adsorption
process. Several models are available to
investigate the adsorption mechanism but the
present study is restricted to application of
pseudo first-order and pseudo second-order
kinetic models.

Pseudo first-order model

The pseudo first-order kinetic plots for the
adsorption of tartrazine and sunset yellow
molecules on the adsorbent is shown in Figures
17 and 18. The constants k; and qeeay Were
obtained from the slope and intercepts of the
plots and are shown in Table 6. From the R?
values obtained for sunset yellow dye as shown
in Table 6, it is observed that the pseudo-first
order model did not provide a good fit to the
experimental data, due to the low R* value,
actually 0.174. The R? value for sorption of
tartrazine dye was as high as 0.952 but still
lower than that of the pseudo-second order
model. The values of the qeexp) also showed
great deviation from the Qe for the pseudo
first-order model for both dye molecules onto
Gbafilo shell. The low R* values and the large
difference  between the calculated and
experimental equilibrium amount adsorbed (q.
values) simply showed that the adsorption of the
two dye molecules onto the adsorbent did not
follow the pseudo first-order kinetic mechanism.
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Figure 17:  Pseudo first-order plot for
adsorption of tartrazine dye onto Gbafilo
shell
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Figure 18: Pseudo first-order plot for
adsorption of sunset yellow dye onto Gbafilo
shell

Table 6: pseudo first-order Kinetic constants

for the adsorption of the dyes onto the

adsorbent.

Adsorbates  Qe(exp) Qe(cal) k; R?
(mg/g) (mg/g) (min')

Tartrazine  23.80  14.421 0.023 0.952
dye

Sunset 19.65 4.159
yellow dye

0.002 0.014

Pseudo second-order model

The applicability of the pseudo second-order
model was tested by a linear plot of t/q, versus t
for the adsorption of tartrazine and Sunset
yellow molecules unto Gbafilo shell as shown in
Figures 19 and 20. The constants qecay and k,
were calculated from the slope and intercept of
the plots respectively as shown in Table 7. It is
observed from the values of the linear regression
coefficient (R® values) which are 0.997 and
0.955 for both dyes, that pseudo second-order
model presented the best fit to the adsorption
data of tartrazine and Sunset yellow dye
adsorption unto the adsorbent. Also, the values
of Qecay Were closer to the values of Qeexp)
compared to those of the pseudo first-order
model. This good fit presented by the pseudo

second-order model suggests that chemisorption
mechanism may be the rate-limiting step for the
sorption of these dye molecules and that the
internal and external mass transfer mechanisms
were important factors in the adsorption process
[24].
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Figure 19: Pseudo second-order plot for
adsorption of tartrazine dye on Gbafilo shell
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Figure 20: Pseudo second-order plot for
adsorption of sunset yellow dye on Ghbafilo
shell

Table 7: pseudo second-order Kinetic
constants for the adsorption of the dyes onto
the adsorbent.

Parameters Adsorbates
Tartrazine Sunset yellow
dye dye

Jeexp) (Mg/g) | 23.80 19.65

Qe(cany (Mg/g) 26.316 17.241

k, (g/mg min) | 0.0026 -0.024

h (mg/g min) | 1.801 -7.134

R’ 0.997 0.955

Conclusion
This study demonstrates that Gbafilo

(Chrysobalanus icaco) shell is a viable, cost
effective adsorbent material for the adsorption
removal of tartrazine and sunset yellow dyes
from aqueous solution. The adsorption of these
anionic dyes were found to be highly dependent
on pH, contact time, initial dye concentration,
adsorbent dose and temperature. The maximum
adsorption for tartrazine was at pH 1 and pH 2
for sunset yellow. The adsorption kinetic data
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best fitted into the pseudo second-order for both
dyes and the equilibrium isotherm best fitted
into the Freundlich isotherm for tartrazine and
Dubinin-Radushkevich isotherm for sunset
yellow. It is therefore concluded that Gbafilo
shell could be efficiently utilized in the
adsorption of these dyes at the studied pH.
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