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INTRODUCTION

The presence of organic dyes in streams and rivers create
environmental problem [1]. Hence its elimination is very
important due to its toxicity and carcinogenicity. About 15%
of dyes are found in industrial effluents during operations and
manufacturing processes [2]. Many synthetic dyes have been
discovered and usually used in pharmaceutical, chemical, leather,
food, paper and textile industries and cannot easily be degraded
[3]. Excess of dyes leads to the change of aquatic life properties
like chemical oxygen demand (COD), biological oxygen demand
(BOD), dissolved oxygen (DO), taste, pH, colour and odour,
which ultimately can damage aquatic life [4]. Methylene blue,
a cationic dye is not only carcinogenic but also pollutes water
environment. Methylene blue can cause abdominal disorders,
respiratory disease and blindness [5].

Cadmium is found in fruits, seafood, vegetables, rice and
meats. Hence, it is important to control it to minimum especi-
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ally in aqueous water [6]. The use of cadmium in industries and
discarding of waste containing Cd(II) have led to an increase
in the residual concentration of cadmium in water, soil, air and
food and its exposure is associated with many health effects
of acute exposure and chronic conditions [7]. Cadmium(II) is
one of the most toxic metals, which has an extensive range of
sources including, chemical, nuclear, electroplating and elect-
ronic industries [8]. Intake of water containing cadmium is
harmful and has the risk of causing chronic diseases, such as
gastro-intestinal cancer, kidney damage and liver disease also
causes Itai-itai disease, hypertension and bone degradation
[9,10]. Due to toxic effects of metal ions and dyes on human
health, the removal of these pollutants is compulsory before it
adds in the environment and passes into the human food chain.

Reverse osmosis [11,12], chemical precipitation [13],
electro-dialysis [14], ion-exchange [15] and many others are
conven-tional methods employed for the removal of dyes and
metal ions from aqueous solutions. Disadvantages of these



conventional treatment technologies like partial removal of
certain ions espe-cially at low concentration and high cost often
make these processes not to be ideal. Adsorption process is an
alternative method in comparison with the other techniques, it
provides many opportunities such efficiency, low cost, easy
operation and control, high potential to bring about the
separation more effectively [9].

Among the various adsorbents, studies have shown that
low cost activated carbon obtained from biomass has a potential
for removing toxic metals and dyes due to chemical inter-
actions of polar functional groups, such as hydroxyl, carboxylic
and amino groups and also due to their high surface area, high
degree of porosity, which leads to high adsorption capacity [16].
The use of biomass as a source of carbon has other advantages
such as availability, low cost, renewability and ecological suit-
ability [17]. In this study, low cost carbonized black cumin
seeds were chemically activated using 10 and 20% of sulfuric
acid at 200 ºC. The adsorbents were labelled carbonized black
cumin (CBC), 10% activated carbon black cumin (ACBC-10)
and the 20% activated carbon black cumin (ACBC-20) seeds.
The three prepared adsorbents CBC, ACBC-10 and ACBC-20
were used for adsorptive studies of Cd(II) and methylene blue
under different experimental parameters such as temperature,
concentration and contact time. Sorption properties towards
methylene blue dye and Cd(II) of the prepared activated carbon
are also discussed.

EXPERIMENTAL

Black cumin seeds were bought from health shop located
in Vanderbijlpark, Vaal triangle, South Africa. Cadmium acetate
Cd(CH3COO)2 99.995%, sulphuric acid 98% A.R grade and
methylene blue (C16H18N3SCl) 82% were purchased from Sigma-
Aldrich South Africa Ltd.

Carbonized black cumin seeds adsorbent: Adsorbents
preparation method was adopted from Shooto et al. [18]. The
untreated black cumin seeds were washed dried and grounded.
The grounded black cumin seeds were carbonized at 200 ºC
in catalytic vapour deposition (CVD) furnace in nitrogen atmos-
phere thereafter they were labelled (CBC).

Activated black cumin (ACBC)-10 adsorbent: The
carbonized (200 ºC) black cumin seeds were activated with
10% H2SO4 and labelled ACBC-10. The adsorbent was agitated
for 24 h then rinsed with distilled water several times and dried
in the oven for 24 h. The obtained brownish-black material
was used for adsorption studies.

Activated black cumin (ACBC)-20 adsorbent: The carb-
onized adsorbent was activated with 20% H2SO4 then agitated
for 24 h. After elapsed time the adsorbent was rinsed with double
distilled water then dried for 24 h. This adsorbent was labelled
ACBC-20. The obtained black material was ready for charac-
terization.

Concentration effect: Each adsorbents CBC, ACBC-10
and ACBC-20 (0.1 g) were weighed into sample vials. Methylene
blue dye (20 mL) with standard solutions of 20, 40, 60, 80
and 100 mg/L was transferred into each vial containing 0.1 g.
The solutions and the adsorbents were agitated for 60 min on
a shaker. The mixture was centrifuge and decanted. The decanted
solutions were used for analysis. The same procedure was used
for cadmium(II).

Contact time effect: About 0.1 g of adsorbent was weighed
and then transferred into nine vials. Each vial containing the
weighed adsorbent was added 20 mL Cd(II) solution with a
standard concentration of 100 ppm from Cd(CH3COO)2 solution.
The mixture was agitated on a shaker for each time interval of
1, 5, 10, 15, 20, 30, 60, 90 and 120 min, respectively. The
solutions were centrifuge then decanted and stored for analysis.
The same method was followed using methylene blue dye.

Temperature effect: Accurately weighed CBC, ACBC-
10 and ACBC-20 (0.1 g each) were placed into five test tubes.
Methylene blue solution (20 mL) with concentration of 100
ppm was transferred into each vial containing the adsorbents.
The effect of temperature was carried out at 25, 30, 40, 60 and
80 ºC. The mixture was put in a water bath for 60 min. The
solution with adsorbents were centrifuged and decanted. The
decanted solutions were used for analysis. The same procedure
was used for the metal ion.

pH effect: Each adsorbent (0.1 g) was weighed then placed
into five sample vials. Cadmium acetate (20 mL) solution with
a standard concentration of 100 ppm was transferred to each
vial containing the weighed adsorbents. The initial pH of each
solution was measured and thereafter adjusted with 0.1 M of
HNO3 and 0.1 M NaOH to pH of 1, 3, 5, 7 and 9. The mixtures
were agitated on a shaker for 60 min. After 60 min, the mixtures
were centrifuged then decanted. The solutions were collected
and used for Cd(II) analysis. The same procedure was followed
for methylene blue.

Characterization: The chemical features of the adsorbent
were determined by scanning electron microscope (SEM),
Fourier transform infrared (FTIR), thermogravimetric analysis
(TGA) and X-ray diffractometer (XRD). The surface morpho-
logy measurements were determined using field emission
scanning microscopy (FE-SEM)-ZEISS ultra plus, Germany.
Nicolet iS50 FTIR spectrometer 400 was used with measuring
range from 4000 to 520 cm-1. TGA 4000 thermogravimetric
analyzer, Perkin-Elmer was used at a heating rate of 10 ºC/min
under a nitrogen atmosphere between 30-900 ºC. Shimadzu
XRD 7000 was used to identify crystalline phase of the samples
with scan speed set at 10 º/min and scan range set from 10 to
80º. Hach Precision pH meter was used to measure pH using
deionized water and pH at point of zero charge pHPZC was
evaluated using the pH drift method. Ultraviolet-visible (UV-
Vis) spectrometer spectroscopy Perkin-Elmer Lambda 25 was
used for methylene blue dye with the visible range using a slit
of 1.0 and width of 0.1.

Data analysis: The adsorbed amount of cadmium(II) and
methylene blue onto the adsorbents was determined using the
following equation for batch dynamic studies:

o e
e

V(C C )
q

m

−= (1)

where qe is the Cd(II) and methylene blue concentration sorbed
onto the adsorbents at equilibria point (mg of metal ion/g of
adsorbent); Co is the initial concentration of cadmium(II) and
methylene blue in solution (ppm); Ce is the equilibria point
concentrations of Cd(II) and methylene blue in solution (ppm);
V is the initial volume of Cd(II) and methylene blue solutions
used (L) and m is the weight of the adsorbents

1362  Thabede et al. Asian J. Chem.



Eqns 2 and 3 are the non-linear forms which were used to
determine the kinetics models; pseudo-first order (PFO) and
pseudo-second order (PSO). The amounts of metal ions adsorbed
(mg/g) are qe and qt at equilibrium and time (t). The k1 is the rate
constant of PFO in min-1; and k2 is the rate constant of PSO (g
mg-1 min-1).

1k t
e tq q (1 e )−= − (2)

2 e
e 2

2 e

1 k q t
q

k q t

+
(3)

The collected data was integrated into eqn 4 to calculate
the intra-particle diffusion (IPD) model. The amounts adsorbed
(qt) and rate constant (ki) were evaluate using the KyPlot soft-
ware, (ki) the rate constant (g g-1 min1/2) and C is the concen-
tration of metal ions on the adsorbent surface.

1/2
t iq k (t ) C= + (4)

To calculate the adsorption isotherms for Langmuir and
Freundlich respectively eqns 5 and 6 were used. Solute surface
interaction energy (b), (Qo)max is the maximum capacity of the
adsorbent (mg/g), Freundlich capacity factor (kf) and (1/n) is
the isotherm linearity parameter.

0 e
e

e

Q bC
q

1 bC
=

+ (5)

1/n
e f eq k C= (6)

Eqn 7 was used to evaluate the thermodynamic function
values; equilibrium constant (Kc).

e
C

e

q
K

C
= (7)

Other thermodynamic functions namely; enthalpy (∆Ho),
entropy (∆So) and Gibbs free energy (∆Go) were determined
using eqns 8 and (9) at 25, 30, 40, 60 and 80 ºC.

o o

C

H S
ln K

RT R

∆ ∆= − (8)

o
CG RT lnK∆ = − (9)

RESULTS AND DISCUSSION

Characterization of the surface morphology and physical
properties of the adsorbents was carried out using SEM. Figs.
1a-f show the surface morphology of CBC, ACBC-10 and
ACBC-20. Images of CBC (Figs. 1a-b) show that the adsorbent
consist of cavities and tiny pores on the surface which may be
taken as a sign that adsorption of Cd(II) and dye molecules can
take place in the cavities and pores. A similar trend was observed
in Figs. 1c-d and e-f for ACBC-10 and ACBC-20, respectively
with shiny smooth surfaces that have small spots.

FTIR analysis: The FTIR spectroscopy was used to tract
changes that has occurred after the activation. FTIR spectra of
CBC, ACBC-10 and ACBC-20 are shown in Fig. 2 with broad
peaks at 3287, 3279 and 3295 cm-1, which were due to (-OH)
stretching, respectively. The small peaks at 3008 cm-1 were
observed in all spectra which were assigned to (-CH). These peaks
are due to oil in the samples composition in fatty acids which
was observed on the three adsorbents [19]. The two bands of
(-CH3) and (-CH2) which was attributed to (-CH) stretch were
observed at 2922 and 2853 cm-1 on CBC, 2923 and 2853 cm-1

on ACBC-10 and 2922 to 2853 cm-1 on ACBC-20, respectively.
The sharp peak at 1743 cm-1 due to ketonic group (-C=O) [20]
was observed on all adsorbents. The band at 1651 cm-1 on ACBC-
10 and ACBC-20 was attributed to the vibration of (C=O) of
the carbonyl structure [21], the peak shifted to 1649 cm-1 on
CBC. The peak at this region might be with (N-H) deformation
of amino and amide groups along with C=O stretching vibra-
tion of amides [10]. There was a new peak due to (N-H) at 1530

Fig. 1. (a,b) SEM images of CBC. (c,d) ACBC-10. (e,f) ACBC-20 adsorbents
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Fig. 2. IR spectra of CBC, ACBC-10 and ACBC-20 adsorbents

cm-1 on ACBC-10 which shifted to 1527 cm-1 on ACBC-20,
then it dropped off on CBC [22]. The peaks at 1457, 1455 and
1456 cm-1 were assigned to (-CO) group stretching band of
CBC, ACBC-10 and ACBC-20, respectively. The band at 1377
cm-1 on CBC, ACBC-10 and ACBC-20 was due to (-CH) and
was associated with the deformation of cellulose and hemi-
celluloses [23]. The other bands at 1240 and 1157 cm-1 on all
adsorbents were attributed to structures of hemicellulose and
cellulose and lignin [24].

XRD analysis: The X-ray diffraction patterns of CBC,
ACBC-10 and ACBC-20 are shown in Fig. 3. The broad peak
at 2θ between 15º and 21º on CBC, ACBC-10 and ACBC-20 is
assi-gned to cellulosic content of the adsorbents. CBC shows
a tall narrow peak at 2θ (62º) and disappeared on ACBC-10
and ACBC-20. The other peaks were assigned to the amorphous
nature of adsorbents.
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Fig. 3. XRD spectra of CBC, ACBC-10 and ACBC-20 adsorbents

Fig. 4 shows the thermal stability profiles of CBC, ACBC-
10 and ACBC-20 conducted in nitrogen atmosphere. The plot
showed two main decomposition steps namely, the first stage
between 34 and 174 ºC due to dehydration of water on the surface
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Fig. 4. TGA of CBC, ACBC-10 and ACBC-20 adsorbents

of the adsorbents. Samples weight loss percentages are 4, 2,
and 1% for CBC, ACBC-10 and ACBC-20, respectively. The
second decomposition between 174 and 516 ºC is attributed
to the breaking down of lighter volatiles hemicellulose then
the heavier cellulose and lignin [25] with weight percentage
of 81, 80 and 86% for CBC, ACBC-10 and ACBC-20, respec-
tively. After the degradation of lignocellulose materials, a long
tail from 516-900 ºC was due to pyrolysis of residues formed
during the breaking down of cellulose, hemicellulose and lignin
was observed.

Adsorption studies: The effect of adsorption concentra-
tion at different concentrations (20, 40, 60 80 and 100 ppm)
was studied to determine sorption ability of CBC, ACBC-10
and ACBC-20 at constant temperature of 25 ºC for methylene
blue and cadmium(II) in aqueous solution is shown in Fig. 5.
The adsorption rate was rapid at lower concentrations between
20 and 60 ppm solutions. This might be attributed to the presence
of vacant bounding sites and free pore space on the surface of
CBC, ACBC-10 and ACBC-20. As the concentration increased
the sorption capability started to slow down indicating the
saturation of vacant sites and pores [26]. Thereafter, no further
increase of capacity was observed which indicated that equili-
brium was reached. The maximum capacity of adsorption of
methylene blue were 15.11 mg/g on CBC, 15.89 mg/g on ACBC-
10 and 16.00 mg/g on ACBC-20 with maximum capacity trend
as ACBC-20 > ACBC-10> CBC. Cadmium(II) maximum
capacities were; 6.27 mg/g on CBC, 7.61 mg/g on ACBC-10
and 7.14 mg/g ACBC-20. Adsorbents maximum capacity trend
for Cd(II) was ACBC-10>ACBC-20 >CBC. It was observed
that the adsorbents were selective towards pollutants. Table-1
shows isotherm parameters of CBC, ACBC-10 and ACBC-
20, which were evaluated at 25 ºC in order to determine inter-
action behaviour and capacity of the adsorbents. The sorption
of methylene blue on all adsorbents followed Langmuir iso-
therm model with r2 between 0.994-0.998 whilst cadmium(II)
fitted Freundlich isotherm model with r2 between 0.992-0.997,
which was close to the unity. The Langmuir isotherm model
indicates that the adsorption took place on active sites and has
equal attraction for adsorbates and also implies that there is
monolayer adsorption occurring on dye surface. The Freundlich
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model suggest that the process involves multi-layer adsorption
with interactions between the adsorbate and the adsorbent, it
further proposed that surface was heterogeneous in nature.

The rate at which cadmium(II) and methylene blue was
removed from aqueous solution was important, hence, we had
to evaluate and determine the efficiency of CBC, ACBC-10,
ACBC-20 for wastewater treatment. The efficiency of CBC,
ACBC-10, ACBC-20 were determined using the time intervals
of 5, 10, 15, 20, 30, 40, 60, 90 and 120 min as indicated in
Fig. 6. The plots show that sorption was rapid within the first

30 min, this is because of unoccupied active sites at the initial
stage of the sorption process. However, as the time increased
the sorption sites decreased in number and got saturated. The
maximum capacities were 13.19 mg/g on CBC, 15.25 mg/g
on ACBC-10 and 16.42 mg/g on ACBC-20 for methylene blue
and 12.01 mg/g on CBC, 13.66 mg/g on ACBC-10 and 12.57
mg/g on ACBC-20 for Cd(II). To calculate the kinetic para-
meters, three kinetic models were used and kinetic data is shown
in Table-2 for methylene blue and Cd(II) onto CBC, ACBC-
10 and ACBC-20. The three models were pseudo first order
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Fig. 5. Concentration effect of methylene blue-(a) and Cd(II)-(b) onto CBC, ACBC-10 and ACBC-20 adsorbents

TABLE-1 
ISOTHERMS STUDIES AND THEIR PARAMETERS 

CBC ACBC-10 ACBC-20 
Isotherms 

Cd(II) Methylene blue Cd(II) Methylene blue Cd(II) Methylene blue 
Qo 13.34 15.47 15.68 23.03 13.16 21.54 
B 0.24 0.857 0.27 0.15 0.16 0.51 

Langmuir 
 
 r2 0.902 0.998 0.904 0.994 0.914 0.997 

1/n 53.34 25.67 45.68 23.03 46.15 21.54 
kf 5.10 0.56 0.22 0.43 1.14 0.75 

Freundlich 
 
 r2 0.992 0.821 0.995 0.903 0.997 0.911 

Experimental qe 11.09 15.11 11.31 16.00 11.36 16.01 
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(PFO), pseudo second order (PSO) and intraparticle diffusion
(IPD) models. In order to evaluate whether the adsorption has
a good fit for the PFO or PSO, the values of correlation coeffi-
cient must be close to 1 and the values of adsorption capacity
need to be close to the experimental data. The data showed
that the adsorption of methylene blue on all adsorbents best
fitted PFO model with r2 values ranging from 0.993-0.997 whilst
Cd(II) data fitted PSO with r2 values of 0.991-0.998. The adsor-
ption mechanism of PFO propose that Cd(II) on the adsorbents
involved van der Waal forces attraction and PSO indicates that
the adsorption process on methylene blue was dependent on
the availability of the adsorption sites. The nature of the process
was estimated using IPD kinetic model which evaluates whether
adsorption takes place on the surface (ESA) or pores (EPA). The
estimated pore adsorption (EPA) was observed in all adsorbents.

Effect of temperature: A sequence of experiments were
accomplished at different temperatures to investigate the effect
of temperature to the sorption of methylene blue and Cd(II)
dyes on CBC, ACBC-10 and ACBC-20. The effect of temper-
ature was determined at 25, 30, 40, 60 and 80 ºC as shown in
Fig. 7. The plots showed that there is an increase in adsorption
capacities as the temperature from 25 to 60 ºC in Fig. 7a for

TABLE-2 
KINETIC MODELS AND THEIR PARAMETERS 

CBC ACBC-10 ACBC-20 
Models 

Cd(II) Methylene blue Cd(II) Methylene blue Cd(II) Methylene blue 
qe 13.07 14.66 14.05 14.72 12.16 17.66 
K1 4.09 4.07 4.19 0.073 4.23 4.13 PFO 
r2 0.808 0.993 0.877 0.997 0.838 0.996 
qe 9.87 4.83 8.44 8.14 6.08 4.08 
K2 0.023 0.056 0.020 0.085 0.022 0.030 PSO 
r2 0.998 0.872 0.991 0.895 0.993 0.874 
C 4.177 5.097 3.515 4.556 7.54 5.39 
Ki 6.81 5.34 7.716 1.79 1.89 1.35 IPD 
r2 0.933 0.715 0.909 0.769 0.976 0.759 

EPAa % 83.60 71.28 72.47 71.69 66.55 69.21 
ESAa % 16.40 28.72 27.52 28.31 33.45 30.79 

Experimental (qe) 13.37 14.01 13.23 15.24 12.57 16.42 
aEPA = Estimated pore adsorption of IPD and *ESA = Estimated surface adsorption of IPD. 

 
methylene blue. As the temperature increased further from 60
to 80 ºC resulted in reduced adsorption capacities and hence
reaching equilibrium. This suggests at high temperatures there
is more kinetic energy which makes molecules to move fast in
the solution which in turn decrease interaction with the active
sites for adsorption to occur. Fig. 7b shows slight different patterns
in that as the temperature increases the capacity increased as
well. This suggested that the adsorption of Cd(II) in this study
prefer a slight increase in temperature in order to improve the
adsorption process. The thermodynamic parameters viz. enthalpy
(∆Hº), Gibbs free energy (∆Gº) and entropy (∆Sº) are shown
in Table-3. The ∆Gº for all CBC, ACBC-10 and ACBC-20
were negative indicated that the reaction was exothermic and
spontaneous and ∆Hº as well as ∆Sº were positive. The positive
value of ∆Hº indicates that Cd(II) biosorption is an endothermic
process [27], which in turn explains the temperature enhanced
Cd(II) biosorption as shown in Fig. 7b.

Effect of pH: The effect of pH was studied at pH 1, 3, 5,
7 and 9 for methylene blue and Cd(II) on CBC, ACBC-10,
ACBC-20. The adsorption capacity of methylene blue and Cd(II)
was largely dependent of pH. The adsorption of methylene
blue (Fig. 8a) was steadily increased with increasing pH 1 to
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Fig. 7. Temperature effect of methylene blue-(a) and Cd(II)-(b) onto CBC (filled square), ACBC-10 (filled circle) and ACBC-20 (filled
triangle) adsorbents
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5. A similar trend was observed for Cd(II). This suggests that
at low pH the solution is protonated due to functional groups
(-COOH, -OH and-NH2) on the adsorbent surface hence low
adsorption due to repulsion force. At higher pH 7-9, there was
less repulsion force between the adsorbent surface and the
functional groups due to deprotonation hence an increase in
adsorption capacity [18]. The increase in negative charges of
the adsorbent surface benefits, improved the forces of attraction
and the adsorption capacity.

Point of zero charge is an important characteristic which
evaluates the point at which the adsorbent surface has net elect-
rical neutrality [17]. Fig. 9 shows the plots of ∆pH vs. pHi of
CBC, ACBC-10 and ACBC-20. The point of zero charge attained
was 5.7 on CBC and 2.3 for both ACBC-10 and ACBC-20.
The pHi-pHf values were negative before 2.3 and 5.7. This
indicates that the pHpzc is less than pH 7.00, causing an increase
in the negative charge density on the surface of activated carbon
for adsorption of methylene blue and Cd(II). The pH values
above pHPZC 2.3 and 5.7 showed that CBC, ACBC-10, ACBC-
20 surfaces acquired positive charge and ∆pH values became
positive.

Comparative studies: Table-4 shows different adsorbents
used for the removal of Cd(II) and methylene blue dye from
aqueous solutions. From the data, it is cle ar that activated
black cumin seeds can be used for adsorption of Cd(II) and
methylene blue dye. Activated black cumin seeds (CBC,
ACBC-10 and ACBC-20) adsorption studies showed a
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Fig. 9. Point zero charge of methylene blue and Cd(II) onto CBC (filled
square), ACBC-10 (filled circle) and ACBC-20 (filled triangle)
adsorbents

potential and good removal capacity in comparison to some
of the previously reported biosorbents.

Conclusion

In this work, a low cost black cumin seeds were carbonized
and activated with 10 and 20% H2SO4 for the adsorption of
methylene blue dye and cadmium(II) ions. Adsorption process
was evaluated using different parameters such as time, concen-

TABLE-3 
THERMODYNAMIC STUDIES AND THEIR PARAMETERS 

CBC ACBC-10 ACBC-20 
Parameter 

Cd(II) Methylene blue Cd(II) Methylene blue Cd(II) Methylene blue 

∆H° (KJ mol-1) 1.3 × 10-3 2.1 × 10-2 1.4 × 10-3 1.5 × 10-3 1.3 × 10-3 9.0 × 10-4 

∆S° (KJ mol-1K-1) 1.6 × 10-3 1.8 × 10-3 1.6 × 10-3 2.3 × 10-3 1.8 × 10-3 2.7 × 10-3 

∆G° (KJ mol-1) 298 K -3.47 -1.82 -3.06 -1.88 -2.99 -1.87 
303 K -3.30 -1.72 -2.65 -1.55 -2.86 -1.72 
313 K -3.11 -1.54 -2.54 -1.40 -2.84 -3.39 
333 K -2.96 -1.49 -2.53 -1.31 -2.95 -0.85 
353 K -2.89 -1.48 -2.42 -1.21 -2.90 -0.61 
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tration and pH. The results showed that maximum capacity
trend for Cd(II) was in order of ACBC-10 > ACBC-20 > CBC
and for methylene blue ACBC-20 > ACBC-10 > CBC.
Adsorption kinetics of CBC, ACBC-10 and ACBC-20 both
Cd(II) ions and methylene blue was fast. The data showed
that the adsorption of methylene blue on all adsorbents best
fitted pseudo first order (PFO) whilst Cd(II) data fitted pseudo
second order (PSO) model. Isotherms best fitted Freundlich
model for Cd(II), while methylene blue fitted Langmiur model
for methylene blue. The entropy (∆Sº) was positive which indi-
cated the randomness and degree of freedom for methylene blue
and Cd(II) in the solution during sorption process whilst (∆Gº)
with negative values suggested that the sorption processes for
CBC, ACBC-10 and ACBC-20 was spontaneous. This work
affirms the use of black cumin seeds as adsorbents for the adsor-
ption of methylene blue dye and Cd(II) from aqueous solution.
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