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Abstract
The toxic effects of anionic dyes such as tartrazine and sunset yellow on humans and the aquatic environment are of seri-
ous concern. The need for the removal of these dyes from wastewaters led to the use of adsorption techniques as a cheap 
and efficient treatment method. Thus, this research was based on the preparation of a low-cost activated carbon derived 
from cassava sievate designated as CS, which was utilized in the adsorption of sunset yellow and tartrazine from simulated 
wastewater. The sorption process was carried out under varying process factors in a batch mode. Adsorbent characterization 
displayed the presence of surface functional groups by the FT-IR and a porous structure as revealed by scanning electron 
microscopy. Optimum dye uptake was recorded at pH (1.0–2.0), temperature (30–40 °C), CS dosage (0.1 g), and dye con-
centration (150 mg/L). A maximum CS monolayer uptake of 20.83 and 0.091 mg/g was recorded for tartrazine and sunset 
yellow dyes, respectively. The pseudo-second-order (R2 > 0.99) and Freundlich (R2 > 0.92) models were most fitted to the 
kinetics and isotherm data of the uptake of the dyes on CS. The adsorption equilibrium attainment was reached was within 
90 min of dye sequestration. The experimental results revealed that both sunset yellow and tartrazine dyes were considerably 
adsorbed onto the environmentally compatible and low-cost activated carbon derived from cassava sievate.
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Introduction

A great number of production processes employ a category 
of manufactured chemical dyes for various applications 
(Lata et al. 2008). Continuous use of these dyes in the food, 
cosmetic, leather, textiles, rubber, printing, plastics, pharma-
ceuticals industries aid in the impartation of color on their 
products. The resultant effect of these dye applications is 
the generation of a huge amount of wastewater containing 

dyes in very high concentrations. An estimated amount of 
nearly 800,000 tons of manufactured dyes are produced 
annually and about 50% of these are azo dyes (Greluk and 
Hubicki 2011). Sunset yellow and tartrazine are invaluable 
dyes applied at very low concentrations for the synthesis of 
medicines especially for the shells of drugs capsules, syrups, 
maquillage, and food additives. However, when present in 
high concentration, they are extremely toxic and are highly 
soluble in water, which renders them difficult to detect, that 
is, their existence in industrial wastewater (Dawodu and 
Akpomie 2016). Increased concentrations of sunset yel-
low and tartrazine in humans could endanger the torso to 
grave conditions, such as infertility, thyroid cancer, asthma, 
migraines, eczema, lupus, and hyperactivity (Caliman et al. 
2008). It is therefore vital that concentrations of such dyes 
are lowered or removed from effluents before being dis-
charged into water bodies.

Several modes of treatment for dye/color expulsion are 
used in order to reduce their effect on the environment 
and these include; Microbial decomposition, photo-cat-
alytic reduction, coagulation/flocculation, ion exchange, 
reverse osmosis, and adsorption technique. Adsorption as 
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a technique has been validated to be most helpful and reli-
able among these different methods of dye removal and has 
equally been observed to be more economical than others 
(Okeola et al. 2017). Activated carbon, a structurally homo-
geneous material has been rated as an excellent adsorbent 
material for adsorbate removal. It has been found to display a 
very high efficiency for the adsorption of bigger-sized com-
pounds such as dyes (Zhang et al. 2012). The disadvantage 
in its use is the high price and this curtails its application 
in an emerging economy, thereby endorsing the use of low-
cost activated carbons derived from agricultural materials 
as well as low-cost biomass materials for pollutants adsorp-
tion. A few examples include corncob, coconut husk, wheat 
bean, banana peel, and walnut shell-based activated carbons 
(Ahmad et al. 2009; Arami et al. 2005; Sulak et al. 2007; 
Ani et al. 2020).

A though literature search revealed that there is presently 
no research on the use of cassava sievate activated carbon for 
the adsorption of tartrazine and sunset yellow dyes. There-
fore, this work reports for the first time the application of a 
low-cost activated carbon derived from cassava sievate for 
the sequestration of the two anionic dyes from simulated 
wastewater. The prepared carbon was characterized to pro-
vide information on the surface properties and then the effect 
of operating factors on the uptake of the dyes was investi-
gated. The kinetics and isotherm modeling of the removal 
process was also performed.

Materials and methods

CS preparation, characterization, and sorption

The adsorbent- cassava sievate were gotten from Egbelu 
Obube in Owerri North L.G.A., Imo State, Nigeria. The 
processed cassava sievates were dried under the sun for 
5 days and were washed repeatedly with de-ionized water 
to wipe out all adhered particles and impurities. Thereafter, 
the washed substrate was kept under the sun to dry and the 
method of chemical activation and carbonization was used 
to produce the activated carbon. In this procedure, precisely 
50 g of the dry mass of Cassava sievate was impregnated 
with 50 mL of 85% phosphoric acid in the ratio of 1:1. The 
carbonization process was carried out on the substrate using 
a muffle furnace at 550 °C for 1 h. The carbonized sub-
strate was washed copiously with hot distilled water until a 
neutral pH was achieved and was dried in the oven at 100 
0C for 4 h; thereafter, it was grounded and sieved with a 
sieve mesh of 180–200 mesh size. The sieved particles as-
prepared activated carbon were designated as CS and used 
for the adsorption experiment without any further modifi-
cation. FT-IR spectrophotometer (Shimadzu model) was 
applied in the assessment of the likely functional groups 

in the processed CS responsible for the uptake of the dyes 
while an assessment of its surface morphology was equally 
done with the use of Scanning electron microscope (SEM; 
Hitachi S4800 model).

The reagents employed were bought from Sigma-Aldrich 
and were of analytical grade, utilized with no further purifi-
cation. A stock solution (1000 mg/L) of tartrazine and sun-
set yellow was prepared by dissolving the weighed amount 
of the dyes. The lower concentrations (30–150  mg/L) 
designed as working concentrations were all prepared from 
the 1000 mg/L using the dilution technique. The adsorp-
tion of the dyes on CS was done using the batch method as 
described in the supporting document. The kinetic and iso-
therm modeling of the adsorption process of sunset yellow 
and tartrazine was done using model equations (see Support-
ing document) (Chukwuemeka-Okorie et al. 2018; Ojo et al. 
2019; Ravishankar et al. 2016).

Results and discussion

CS characterization

The SEM micrograph of CS is presented in Fig. 1. The 
specimen micrograph was taken at low accelerating voltage, 
10 kV; and at this voltage, the surface microstructures of the 
sample are easily seen, as the penetration and diffusion area 
of incident electrons are shallow. As observed from the SEM 
image, the surface of the adsorbent is fine and highly porous. 
The working distance of 100 µm was used which gave the 
image a high resolution and a smaller depth of field. By 
decreasing the electron probe diameter on the specimen, the 
image was magnified to 500× and an objective lens aperture 
of 537 µm was used. From the SEM image of the adsorbent, 
pores of various sizes and varying layers could be observed. 

Fig. 1  Scanning electron microscopy morphology of the CS adsor-
bent
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Aside from the rough and irregular structure of the adsorbent 
surface, micropores could be seen at that magnification and 
field depth. Therefore, the as-prepared CS consists of fine 
grains of irregular shapes and textures, with considerable 
layers of varying pore sizes to provide an excellent potential 
for adsorption of the dyes (Ezekoye et al. 2020).. The FT-IR 
spectrum of the adsorbent is shown in Fig. 2. From FT-IR 
spectrum, numerous bands were observed signifying that the 
sievate is composed of many functional groups, which would 
aid the sequestration of the dye molecules (Chukwuemeka-
Okorie et al. 2018).

Effect of solution pH

The effect of pH on the uptake of tartrazine and sunset yel-
low onto CS is shown in Fig. 3. Although solution pH is 
known to influence significantly the uptake of pollutants on 
adsorbents, we observed from the results that the pH solu-
tion did not have much effect on the dyes uptake onto CS. 
However, a slight decrease in the uptake of both dyes on CS 
was achieved with an increase in pH. This is because as the 
pH of the adsorbate increases, the positively charged sites 
on the adsorbent get decreased (with a consequent increase 
in negative charges on the adsorbent) thereby causing less 
attraction of the anionic dyes for the surface of CS. This 
condition leads to electrostatic repulsion because it does not 
support the uptake of anionic dyes from the system (Ozcan 
et al. 2004). A decrease in sorption of both dyes is observed 
at high pH, this is because hydroxyl  (OH−) ions compete 
effectively for the active site on the adsorbent with the 

anionic dye. The enhanced electrostatic force of attraction 
exists between the CS and anionic dyes at pH < 4 thereby 
increasing the removal of the dyes. At lower adsorbate pH, 
the adsorbent surface gets protonated, resulting in increas-
ing dye adsorption due to electrostatic attraction. A similar 
result was recorded in the sorption of tartrazine onto sawdust 
biosorbent (Banerjee and Chattopadhyaya 2013).

Influence of dye concentration

The influence of dye concentration on the adsorption of 
sunset yellow and tartrazine dyes is shown in Fig. 4. The 
adsorption capacity of both dye ions onto CS increased 
with increased dye concentration, and this is attributable 

Fig. 2  Fourier transform infrared spectrum of the CS adsorbent
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to an increased concentration gradient leading to enhanced 
driving force required to overcome all mass transfer resist-
ances of the dyes between the aqueous and solid phases. 
The present finding is similar to the result earlier reported 
(Hamid et al. 2014). The dye concentration of 150 mg/L was 
utilized for the rest of this study and not 30 mg/L despite the 
high percentage adsorption recorded at 30 mg/L at a fixed 
adsorbent mass of 0.1 g. This was done to permit an effective 
study of the influence of dosage on the adsorption process.

Adsorption isotherm modeling

The equilibrium adsorption isotherm gives knowledge 
of the surface properties of sorbent materials, adsorption 
mechanism, and adsorbents affinity for the adsorbates (Das 
and Mondal 2011). The linear regression coefficients (R2) 
obtained from the isotherm models in the present study were 
used to determine the most suitable isotherm. The closest 
value to one gives an indication of the best fit model. The 
equilibrium model constants for the sorption of sunset yel-
low and tartrazine onto CS are shown in Table 1. Freundlich 
isotherm assumes that the adsorbent surface is heterogene-
ous and also an indication of the possibility of multilayer 
adsorption (Akpomie and Conradie 2020). The R2 values 
obtained from Freundlich isotherm for the studied dyes are 
higher than those of other models, indicating a good inter-
pretation of the adsorption data. This suggests the heteroge-
neity of the CS surface and further explains the likelihood of 
multimolecular layer formation on the surface of the mate-
rial (Akpomie et al. 2017). The values of n (between 1 and 
10) obtained for the sorption of the dyes under study indicate 
favorable adsorption of the dye molecule on the adsorbent 
(Ezekoye et al. 2020). The Langmuir isotherm assumes a 
homogenous surface of the adsorbent and a formation of 
monolayer adsorption (Dawodu and Akpomie 2016). The  R2 
values obtained were lower than those of Freundlich for both 
dye molecules, indicating that Langmuir isotherm did not 

present a perfect description of the experimental adsorption 
data. The Temkin Isotherm uses the heat of adsorption to 
determine the mechanism and the likely interaction between 
the adsorbent and adsorbate. The R2 values obtained from 
Temkin isotherm for both dyes were lower than those of 
Frendulich and Langmuir isotherm models, indicating a poor 
description of the adsorption data for sunset yellow and tar-
trazine dyes. The Dubinin–Radushkevich model gives the 
description of the mechanism of adsorption through the val-
ues of its mean free energy. It was observed that the  R2 val-
ues obtained from the Dubinin–Radushkevich model were 
lower compared to those of Freundlich isotherm. Table 2 
shows the comparison of the adsorption uptake capacity of 
CS for tartrazine and sunset yellow with other materials. It 
is obvious that CS displayed a higher affinity for tartrazine 
than most of the materials used for tartrazine adsorption. 
However, that of sunset yellow was low than the materials 
used so far. This indicates the potential application of CS 
as a low-cost materials for the efficient decontamination of 
wastewater contaminated with tartrazine.

Effect of adsorbent dose

The size and amount of adsorbent are among the most 
critical parameters for rapid, efficient, and optimum dyes 
removal. The adsorbent dose determines the capacity of 
adsorbent for a given initial concentration of dye, and it is 
an important parameter in adsorption studies. The impact 
of dosage on the adsorption of sunset yellow and tartrazine 
onto CS is shown in Fig. 5. The uptake capacity of both dyes 
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Table 1  Isotherm parameters for the uptake of sunset yellow and tar-
trazine onto CS

Isotherm models Sunset yellow Tartrazine

Langmuir
 qL (mg/g) 0.09091 20.8333
 KL (L/mg) 0.00019 −3.4285
 R2 0.963 0.844

Freundlich
 KF 8.10961 21.1349
 1/n 0.865 0.309
 N 1.15607 3.2362
 R2 0.999 0.926

Temkin
 A (L/g) 2.74513 81.0228
 B (mg/g) 9.259 4.783
 R2 0.947 0.801

Dubinin–Radushkevick
 qm (mg/g) 18.7276 24.8784
 B  (mol2/J2) −2 × 10–07 −3 × 10–8

 R2 0.908 0.868
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on the surface of CS decreased with increasing in mate-
rial dose. With an increasing CS dosage from 0.1 to 0.5 g, 
a decrease in the uptake capacity from 22.2 to 4.49 mg/g 
for sunset yellow and from 29.4 to 5.78 mg/g for tartrazine 
was obtained. The decrease in the uptake capacity of CS 
for both anionic dyes with increasing CS dosage is ascribed 
to the decrease in the effective participation of the adsorp-
tion sites of CS as a result of aggregation/overlapping of 
the sites at higher doses (Mohammed et al. 2019; Mondal 
2017). Therefore, at lower CS doses there is a more efficient 
use of the active sites of CS resulting in higher dye loading. 
It is important to keep in mind that as the material dos-
age increases, the concentration of both sunset yellow and 
tartrazine remains the same. This promotes less loading on 
the specific-active sites of the material and thus less utiliza-
tion of the sites (Ezekoye et al. 2020). This accounted for 
the reason why we selected 0.1 g of CS for the adsorption 

study to ensure optimum use of the adsorption sites. A simi-
lar trend was also documented by other researchers in the 
removal of heavy metals (Abdus-Salam and Adekola 2018; 
Bayuo et al. 2019; Ozsin et al. 2019), and dyes (Terangpi and 
Chakraborty 2016; Uddin et al. 2017) from polluted water.

Effect of temperature

The influence of temperature was carried at temperature 
ranges of 27–70 °C. The graph in Fig. 6 indicates that 
the adsorption rate decreases with an increase in tempera-
ture from (22.46–21.96 mg/g) for sunset yellow dye. This 
could be attributed to the weakening of the bonds that 
bind the dyes to the active sites on the adsorbent as tem-
perature increases (Sujana and Anand 2011; Bhaumik and 
Mondal 2014). This is because the increasing temperature 
is associated with an increase in kinetic energy, which 
leads to the dissociation of some physically adsorbed 

Table 2  Comparison of the 
uptake capacity of CS for dyes 
with other reported materials

Adsorbent Dye Qe (mg/g) References

Bottom ash Tartrazine 1.01 × 10–5 Mittal et al. (2006)
De-oiled soya Tartrazine 2.12 × 10–5 Mittal et al. (2006)
Hen feather Tartrazine 6.4 × 10–5 Mittal et al. (2007)
Soil (Romanian) Tartrazine 1.82 Caliman et al. (2009)
Sawdust Tartrazine 4.71 Banerjee and Chattopadhyaya (2017)
Chitin Tartrazine 30 Dotto et al. (2012)
Soil (Nigerian) Tartrazine 83.33 Dawodu and Akpomie (2016)
Plant-derived activated carbon (AC) Tartrazine 46.37 Torres-Perez et al. (2018)
Cassava sievate biomass Tartrazine 20.83 This study
Cassava sievate biomass Sunset yellow 0.091 This study
Amberlite Sunset yellow 130.6 Wawrzkiewicz (2011)
Mangrove bark Sunset yellow 12.72 Seey and Kassim (2012)
Ag nanoparticle loaded AC Sunset yellow 37.04 Ghaedi (2012)
Rhizopus arrhizus biomass Sunset yellow 59.9 Salvi and Chattopadhyay (2016)
Alligator weed AC Sunset yellow 132 Konga et al. (2017)
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dye molecules from the surface of the adsorbent (Khazri 
et al. 2016; Akpomie and Conradie 2020). Related result 
has also been reported (Arami et al. 2005). A decrease 
in adsorption capacity was observed with an increase in 
temperature implying an exothermic nature of the reac-
tion. Furthermore, an initial increase in amount adsorbed 
was observed for tartrazine dye with an initial increase 
in temperature from 27 to 40 0C. This correlates with 
the fact that the increase in temperature of solution aids 
in dilation of the pores on the adsorbent leading to an 
increased the rate of adsorption. But it was observed that 
with further increase in temperature, rate of adsorption 
decreased, which could still be attributed to the fact that 
an increase in temperature causes dissociation of the dyes 
from the surface of CS as a result of increasing kinetic 
energy (Akpomie and Conradie 2020).

Effect of contact time

The effect of contact time on uptake of dyes onto any 
material is vital in order to detect when equilibrium is 
attained (Akpomie et al. 2017). The effect of the contact 
time on the uptake of sunset yellow and tartrazine dyes 
onto CS was inferred as shown in Fig. 7. It can be seen 
that the rate of sequestration of the dyes from solution was 
originally quick and then slowly lessened until an equi-
librium was attained, after which there was no meaning-
ful increase in the sorption rate. The fast adsorption rate 
observed at the initial stages is attributing to the vacant 
and abundant surface-active sites on the adsorbent, which 
becomes saturated as the time increases implying attain-
ment of adsorption equilibrium (Gupta et al. 2010). It was 
observed that the same equilibrium times were observed 
for the two dyes. The equilibrium adsorption capacity 
of sunset yellow molecules is 22.38 mg/g at 90 min and 
30 mg/g for tartrazine at 90 min. A contact time of 2 h was 

applied in our experiments to ensure equilibrium removal 
of both dye molecules on CS.

Kinetic analysis

Kinetics provides valuable data for the description of the 
mechanism and rate of the adsorption process. In the present 
study, pseudo-first-order (PF), pseudo second-order (PS), 
liquid-film diffusion (FD), and intraparticle diffusion (ID) 
models were used to investigate the mechanism of adsorp-
tion. The kinetic rate constants are presented in Table 3. 
The regression (R2) values recorded for both dye molecules 
showed that PF model did not provide a perfect fit to the 
experimental data. The experimental value of equilibrium 
sorption capacity, qe(exp) showed great discrepancy from 
the calculated values,  qe(cal) for PF model for both sunset 
yellow and tartrazine dyes. The PS model was also tested 
to evaluate the rate and mechanism of uptake. The linear 
regression coefficients obtained showed that the PS model 
presented the best fit to the experimental data. Also, the 
values of qe(exp) were closer to the values of qe(cal) com-
pared to that of PF model indicating the best fit to removal 
data. This good fit provided by PS suggests that the mass 
transfer mechanisms (both internal and external) were 
important factors in uptake of both dyes on CS and that 
chemisorption may be the rate-determining step for the sorp-
tion process. (Das and Mondal 2011). Intraparticle diffusion 
model assumes that the dye molecules diffuse inward into 
the porous adsorbent. The values of the R2 recorded for the 
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Table 3  Kinetic model constants for the uptake of sunset yellow and 
tatrazine dye onto CS

Kinetic parameter/adsorbent Sunset yellow Tartrazine

qeexp (mg/g) 22.40 30.06
Pseudo-first-order
 qecal (mg/g) 0.893 1.479
 K1  (min−1) 0.018 0.025
 R2 0.581 0.925

Pseudo second-order
 h (mg/g min) 18.078 32.140
 K2 (g/mg min) 0.035 0.035
 qecal (mg/g) 22.727 30.303
 R2 1.000 1.000

Intraparticle diffusion
 Kd (mg/g min1/2) 0.109 0.109
 C 21.08 28.75
 R2 0.748 0.710

Film diffusion
 Kfd 0.019 0.027
 D −3.222 −3.007
 R2 0.580 0.580
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uptake of both dyes onto CS were low (R2 < 0.750), indicat-
ing that ID is not the dominant mechanism for the removal 
of the dye molecules onto CS. Besides, the ID model had 
intercept values indicating the involvement of surface sorp-
tion process (Yadav et al. 2014). The R2 values obtained 
for the FD model for both dyes were lower than those of 
the PS model, but the R2 value obtained for the sorption of 
tartrazine molecules was higher than that of the ID model. 
This implies that FD (surface phenomenon) played more 
roles in the uptake process of tartrazine molecules onto CS 
than the ID. Nevertheless, the best fit expressed by the PS 
models indicates chemisorption as the main process for the 
uptake of tartrazine and sunset yellow dye molecules onto 
CS (Okeola et al. 2017).

Conclusion

This study investigated the use of a low-cost material (CS), 
which is an activated carbon derived from cassava sievate 
biomass for the abstraction of tartrazine and sunset yellow 
anionic dyes from simulated dye polluted water. The FT-IR 
spectrum of CS displayed a potent surface functional group 
required for efficient uptake of tartrazine and sunset yellow 
dyes onto CS. Besides, the SEM morphology of CS exhib-
ited a porous structure favorable for the dye uptake on CS 
adsorbent. The sequestration of sunset yellow and tartrazine 
dyes on CS attained equilibrium uptake at 90 min. Lower 
pH values (1.0–4.0) were found to be most favorable for the 
uptake of both dyes on CS. Besides the optimum adsorption 
of both tartrazine and sunset yellow was achieved at a high 
dye concentration of 150 mg/L. On the other hand, lower 
CS doses were more favorable for efficient uptake of both 
dyes. Thus, decreasing adsorption capacity of CS from 22.2 
to 44.9 mg/g for sunset yellow and 29.4 to 5.78 mg/g with 
increasing CS dosage from 0.1 to 0.5 mg/g was exhibited. 
In addition, optimum solution temperatures of 30 and 40 °C 
were most favorable for the removal of sunset yellow and 
tartrazine anionic dyes, respectively. The Freundlich model 
was more suited in the isotherm modeling of the dyes uptake 
on CS. A maximum monolayer tartrazine uptake on CS of 
20.83 mg/g was obtained, which was found to be signifi-
cantly higher than must documented materials. However, a 
low monolayer uptake capacity of 0.091 mg/g was reported 
and was lower than most materials used in the adsorption 
of sunset yellow. The kinetics of dye’s uptake on CS was 
well modeled by the pseudo-second-order kinetic model. 
The findings of this research showed the efficiency of CS in 
the decontamination of waters polluted with sunset yellow 
and tartrazine anionic dyes, most especially for the latter.
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