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Abstract 
In this study, adsorption of Congo red dye onto activated carbon prepared 
from Jujube (Ziziphus Mauritiania) seeds with phosphoric acid as the acti-
vating agent was investigated. Batch adsorption studies were carried out to 
study the influence of contact time, adsorbent dosage and initial dye concen-
tration on the adsorption. The data was analysed using pseudo-first order and 
pseudo-second order kinetic models. The pseudo-second order kinetic model 
was found to describe the adsorption more effectively with a perfect correla-
tion coefficient of unity. The rate constant, K was obtained as 0.182 (g/mg 
min) and the calculated qe (9.81) is very close to the experimental value 
(9.78). A high correlation coefficient obtained when the data was analysed 
with the intraparticle diffusion rate equation, revealed the presence of intra-
particle diffusion in the adsorption process even though it is not the sole con-
trolling step as shown by the value of the intercept (C ≠ 0). Isotherm studies 
showed that there is high correlation in each case when the data was modelled 
with Langmuir, Freundlich, Temkin and Dubinin-Radushkevic isotherm 
models but the best fit was obtained with the Freundlich model with R2 = 
0.9991, adsorption capacity, KF = 19.73 (mg/g)(mg/L)1/n and n = 1.563 indi-
cating the adsorption is favourable and occurs on a heterogeneous surface by 
multilayer. The study showed that activated carbon from jujube seeds is an 
effective adsorbent for the removal of Congo red dye from solution. 
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1. Introduction 

Water pollution caused by the release of colouring materials into the water bo-
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dies is becoming a serious environmental issue. Colored organic effluent is pro-
duced in industries such as textiles, rubber, paper, plastic, cosmetics, etc. Some 
of these coloring materials have been reported to be carcinogenic and mutagenic 
to aquatic organisms [1]. They are difficult to remove because they are not easily 
degradable and are highly persistent in the environment [2]. As little as 1 ppm of 
dyes in water is highly visible, undesirable and toxic which make its removal be-
fore discharge into water bodies. Congo red which is an anionic dye widely used 
in textiles, paper, rubber, and plastic industries. Congo red is extremely toxic, 
carcinogenic and can cause anaphylactic shock, visual impairment and vomiting 
in humans [3]. Its removal from wastewater before being discharged into water 
bodies is therefore imperative from both health and environmental point of 
view.  

Various methods have been used for dye removal such as chemical oxidation, 
ozonation, biological treatments, irradiation, filtration, reverse osmosis and 
coagulation. However, the dyes are not totally degraded by these methods be-
cause of the stability of the dyes and their xenobiotic nature [4]. An efficient 
technique for removal of colored material is necessary and adsorption has been 
effective due to ease of operation, low maintenance costs, high removal efficien-
cy, low energy requirements and safety. Numerous materials adsorbents have 
been used; however, activated carbon is the most promising candidate owing to 
its developed porosity, high surface area, large mesopore volume, surface chemi-
stry and its relative high adsorption rates [5]. Various agricultural by-products are 
potential sources of activated carbon because of their abundance, availability and 
low cost. Many carbonaceous materials have been used to produce activated 
carbon such as wood, coal, lignite and coconut shell [6].  

In this study, activated carbon was produced from Jujube (Ziziphus mauritia-
na) seeds, which grows abundantly in northern Nigeria. The seeds are available, 
inexpensive, however, not extensively investigated for its potential as adsorbent 
material for dye removal from coloured water. The aim of this work is to pro-
duce activated carbon from the jujube seeds via chemical activation with phos-
phoric acid and study its potential for adsorption of Congo red dye from syn-
thetic wastewater in batch mode. A composite of the activated carbon with zinc 
oxide was prepared and compared with the as-prepared activated carbon for 
removal of Congo red. The activated carbons were characterized using FTIR and 
then used for batch adsorption studies. The influence of operating parameters 
such as contact time, adsorbent dosage and initial dye concentration were ex-
amined to optimize the adsorption process. Kinetics data were fitted to pseu-
do-first order and pseudo-second order models, and isotherm data fitted to 
Freundlich, Langmuir, Temkin and Dubinin-Radushkevic isotherm models. 

2. Materials and Methods 
2.1. Sample Preparation 

The sample (jujube seeds) was bought from Rimi market in Kano state, Nigeria. 
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The seeds were washed with distilled water to clean and remove dirt and then 
dried in an oven at 80˚C. The dried sample was grounded using mortar and pes-
tle.  

50 g of the grounded sample was weighed into a beaker and digested in 50 ml 
of phosphoric acid, stirred and left for 24 hours. The sample was then filtered, 
thoroughly washed with distilled water and then dried at 80˚C in the oven. The 
dried sample was put into crucibles and carbonized at 500˚C for 1 hour. The ac-
tivated carbon (adsorbent) thus obtained was washed and dried.  

2.2. Preparation of ZnO-Activated Carbon Composite  

To prepare the ZnO-activated carbon composite, 1 g of ZnO powder and 1 g of 
the activated carbon were added to a beaker containing 100 ml of 1% acetic acid 
(99 ml deionized water and 1 ml acetic acid), the mixture was then transferred to 
a polyethylene bottle and put into an electric shaker for 20 minutes at 200 rpm. 
After shaking, it was filtered and washed with distilled water, dried in an oven at 
50˚C for 30 minutes.  

2.3. Preparation of Congo Red Dye Stock Solution (Adsorbate) 

A 1000 ppm stock solution of the dye was prepared by dissolving 0.1 g of Congo 
red dye in a 100 ml volumetric flask and diluted up to the calibration mark using 
de-ionized water. 10 ppm, 20 ppm, 30 ppm, 40 ppm and 50 ppm Congo Red dye 
standard Solutions were prepared by appropriate dilution.  

2.4. Characterization of the Activated Carbon 

FTIR was used to determine the functional groups present on the activated car-
bon and its composite. Ash content and bulk density were determined using the 
method of Ahmedna [7] and pH was determined using the method of Al-Gouti 
et al. [8]. The values were calculated using Equations (2.1) and (2.2). 

( ) weight of ash produced 100
initial weight of s

Ash c
ample

ontent % = ×             (2.1) 

( ) ( )
( )

3
3

weight of dry sample g
volume of packed d

Bulk densit
ry materia

y g cm
l cm

=        (2.2) 

2.5. Batch Adsorption Studies 

Batch studies were conducted by contacting a measured quantity of the adsor-
bent in 50 ml of the dye solution at constant pH of 7.2. The samples were put in 
electric shaker innover 4000 and shaken at 200 rpm at a constant temperature. 
They were then withdrawn from the shaker at the specified time ambient filtered 
using Whatman No. 1 filter paper. The filtrates were taken to UV-visible spec-
trophotometer for determination of absorbance from which the final concentra-
tion was determined. The effects of contact time (30 - 150 mins), adsorbent do-
sage (0.2 - 1.0 g) and initial dye concentration (10 - 50 ppm) on the adsorption 
were investigated. 
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The amount of dye adsorbed per unit mass of adsorbent (mg/g) was calculated 
using the Equation (2.3) 

( )o e
e

C C V
q

m
−

=                          (2.3) 

where Co is the initial concentration of adsorbate (mg/L), Ce is the final concen-
tration of adsorbate (mg/L), m is the mass of the adsorbent in gram (g) and V is 
the volume of the adsorbate in liters (L). 

The adsorption efficiency can be expressed as percentage adsorption of dye 
solution as; 

( )% removal 100o e

o

C C
R

C
−

= ×                   (2.4) 

where Co is the initial adsorbate concentration (mg/L) and Ce is the final adsor-
bate concentration (mg/L). 

3. Results and Discussion 
3.1. Characterization of the Adsorbent 

The physical properties of the activated carbon calculated using Equations (2.1) 
and (2.2) are summarized in Table 1. The values fall within the range reported 
in most literature. The density of activated carbon suggests a complete carboni-
zation of the plant material. The ash content showed that sufficient amount of 
the activated carbon was produced. Figure 1 depicts the FT-IR spectrum of both 
activated carbon and it’s composite. Both materials displayed bands at 1145, 
1582, and 1871 cm−1 were respectively attributed to C-O stretching, aromatic 
C=C, C=O stretching probably from aromatic compound. There is no difference 
between the two spectra, indicating no chemical interaction between the ZnO 
and activated carbon. 

3.2. Effect of Contact Time 

Effect of contact time on adsorption process facilitates the determination of ad-
sorption efficiency and equilibrium time. Figure 2 shows the plot of percent 
removal against contact time of the adsorption dye onto AC and the ZnOAC 
composite. In both cases, it was observed that percentage removal increases with 
an increase in contact time. The results indicated that equilibrium time is af-
fected by the modification of the activated carbon; equilibrium was reached 
around 100 minutes for the AC and 50 minutes for the ZnOAC. Further increase  
 
Table 1. Physical properties of the activated carbon. 

Property Value 

Bulk density (g/m3) 0.425 

Ash content (%) 4.25 

pH 6.30 
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Figure 1. FTIR spectra of prepared activated carbon (AC) and ZnO-Activated carbon composite (ZnOAC). 

 

 
Figure 2. Effect of contact time on percentage removal of Congo 
red dye onto AC and ZnOAC (concentration 10 ppm, tempera-
ture 30˚C, pH 7.2). 

 
in contact time did not result in any significant adsorption and maximum ad-
sorption was achieved at 120 minutes and 60 minutes for AC and ZnOAC re-
spectively. Interestingly, about 90% removal was achieved in the first 30 minutes 
of the experiment for both adsorbents. The initial increase in adsorption was due 
to the presence of free adsorption sites on the surface of the adsorbent which 
became saturated after some time when the dye molecules have attached them-
selves onto the adsorbent. The percentage removal for AC was higher than that 
of ZnOAC, this may be due to the blockage of pores in the activated carbon 
modified by ZnO thereby reducing the number of sites in the composite. The 
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FT-IR revealed no chemical attraction with surface of the activated carbon. Hence, 
only AC was used for the remaining experiment and 120 minutes was used as 
contact time to ensure maximum removal. The initial rapid removal of the dye 
and the establishment of equilibrium within a short time signifies the efficiency 
of the adsorbent for wastewater treatment [9]. 

3.3. Effect of Adsorbent Dosage 

The effect of adsorbent dosage on the adsorption of Congo red dye was studied 
between dose range 0.2 - 1.0 g as shown in Figure 3 It was observed that the ad-
sorption of the dye increased with increasing adsorbent dosage as expected. This 
is principally due to increased in surface area of the adsorbent, which conse-
quently increases the number of adsorption. The amount of dye adsorbed, how-
ever, decreased as the dosage increases as shown in Figure 4 which could be at-
tributed to the overlapping or aggregation of the active sites as the dosage in-
creases which makes the sites inaccessible for the dye [10]. 
 

 
Figure 3. Effect of adsorbent dose on percentage removal of Congo red dye 
on AC (Concentration 10 ppm, temperature 30˚C, pH 7.2, contact time 120 
mins). 

 

 
Figure 4. Effect of adsorbent dosage on the dye uptake onto the AC. 
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3.4. Effect of Initial Dye Concentration 

Figure 5 shows the effect of initial dye concentration on the adsorption process. 
It was observed that adsorption capacity of the dye increases with an increase in 
initial dye concentration which implies that adsorption process depends on ini-
tial dye concentration. A higher concentration of dye provides a higher driving 
force for dye molecules to approach adsorption sites more rapidly [11]. The rate 
of diffusion of dye molecules at lower initial dye concentration is slow; hence 
few dye molecules reach adsorption sites. However, since the same amount of 
the adsorbent was used, the percentage removal decreases as the initial dye con-
centration increases as shown in Figure 6. 

3.5. Adsorption Kinetics 

To investigate the kinetics of the adsorption process, the experimental data was 
analyzed using the pseudo-first order and pseudo-second order models. The ad-
sorption kinetic parameters of the models calculated using Equations (3.1) to 
(3.3) are shown in Table 2. 

The pseudo-first order is expressed as: 
 

 
Figure 5. Effect of initial dye concentration on the dye uptake onto the AC 
(adsorbent dose 1.0 g, temperature 30˚C, contact time 120 mins, pH 7.2). 

 

 
Figure 6. Effect of initial dye concentration on the percentage removal of 
dye (adsorbent dose 1.0 g, temperature 30˚C, contact time 120 mins, pH 
7.2). 
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Table 2. Kinetic parameters. 

Kinetic Model Parameter Value 

 Exp qe (mg/g) 9.78 

Pseudo-first order qe (mg/g) 0.198 

 K1 (min−1) 0.018 

 R2 0.9776 

Pseudo-second order qe (mg/g) 9.81 

 K2 (g/mg min) 0.182 

 R2 1.00 

Intraparticle diffusion rate Kd (mg/g min1/2) 0.021 

 R2 0.9797 

 

( ) ( )1log log 2.303e eq q q K t− = −                   (3.1) 

where q is the amount of dye adsorbed (mg/g) at time t (min), qe is the amount 
of dye adsorbed at equilibrium (mg/g), and K1 is the equilibrium rate constant of 
pseudo-first order adsorption. K1 and qe were obtained from the plot of log(qe – 
q) against t. The R2 obtained was high (0.9776) but there is a wide discrepancy 
between the experimental and the calculated qe. 

The pseudo-second order model is expressed as: 
2

21 e et q K q t q= +                         (3.2) 

where K2 is the pseudo-second order rate constant. The correlation coefficient 
(R2 = 1) shows a perfect fit of the data to this model and the calculated qe (9.81) 
is very close to the experimental value (9.78). 

Based on the correlation coefficient and the difference between experimental 
and calculated values of qe, the adsorption of Congo red dye unto the activated 
carbon can best be described by the pseudo-second order model. The model as-
sumes that the rate controlling step is chemisorption promoted by either valency 
or covalent forces [12]. 

To identify the step that governs the overall rate of removal, the experimental 
data was further analysed using the intraparticle diffusion rate equation, ex-
pressed as: 

1 2
dq K t C= +                           (3.3) 

where Kd (mg/g min1/2) is the intraparticle diffusion rate constant and C is the 
intercept. The high value of R2 (0.9797) indicates that there was indeed intrapar-
ticle diffusion, but it is not the rate controlling step since the intercept C is not 
equal to zero [13]. Presence of the intercept shows that boundary layer diffusion 
occurs in the initial stages of the adsorption [14]. 

3.6. Adsorption Isotherms 

Adsorption isotherm studies were carried out to understand the interaction be-
tween the dye molecules and the activated carbon at equilibrium. This will give 
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an indication of the practicability of using the activated carbon for removal of 
the Congo red dye from wastewater. To establish the most suitable equilibrium 
curve that can be used for design of adsorption system, the data was analysed 
using four different isotherm models namely Langmuir, Freundlich, Temkin and 
Dubinin-Radushkevic. The isotherm parameters of the four models are calcu-
lated using Equations (3.4) to (3.9) and presented in Table 3. 

Langmuir model assumes that the adsorption occurs on a homogenous sur-
face by monolayer adsorption and there is no interaction between the adsorbed 
molecules [15]. The linear form of the model is: 

1e e

e L L

C C
q Q K Q

+=                           (3.4) 

where Ce is the equilibrium concentration (mg·L−1), qe the amount adsorbed at 
equilibrium (mg·g−1), QL is the monolayer adsorption capacity of the adsorbent 
and K is the Langmuir constant related to adsorption capacity and energy of ad-
sorption. The linear plot of Ce/qe versus Ce gives a straight line and QL and K are 
determined from the slope and intercept of the plot. To determine the favorabil-
ity of the adsorption using this model, a dimensionless separation factor was 
calculated, given as 

[ ]1 1L oR KC= +                           (3.5) 

If 0 < RL < 1, the adsorption is favorable and if RL is > 1, it is unfavorable. Re-
sults showed that the correlation coefficient was high (0.9523) and RL is 0.21 
which shows the adsorption is favorable. 

For Freundlich model, the adsorption takes place on a heterogeneous surface 
by multilayer adsorption. The model is expressed linearly as 

log log log1
e F eq K

n
C= +                       (3.6) 

 
Table 3. Equilibrium isotherm parameters. 

Isotherm Model Parameter Value 

Langmuir QL (mg/g) 75.76 

 K (L/mg) 0.383 

 R2 0.9523 

Freundlich KF (mg/g)(mg/L)1/n 19.73 

 N 1.563 

 R2 0.9991 

Temkin B (mg/g) 14.483 

 A (L/g) 5.052 

 R2 0.9438 

Dubinin-Radushkevic qm (mg/g) 37.23 

 Β (mol2/kJ2) 1 × 10−7 

 R2 0.8714 
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where KF (mg/g)(mg/L)1/n and n are the Freundlich constants related to adsorp-
tion capacity and adsorption intensity, respectively. A plot of logqe against logCe 
gives a straight line with an intercept and slope KF and 1/n respectively. Results 
showed that there is a good fit of the data to the model (R2 = 1) and the value of 
n (1.563) lies in the range of 1 to 10 which indicates favourable adsorption [16]. 

The data was further analysed using Temkin isotherm which assumes the ad-
sorption energy decreases linearly with the surface coverage due to adsor-
bent-adsorbate interactions [17]. It is given as 

ln lne eq B A B C= +                        (3.7) 

where B = RT/b (mg/g) is the isotherm constant related to heat of adsorption, 
and A (L/g) is the equilibrium binding constant corresponding to the maximum 
binding energy, R is the gas constant and T (K) is absolute temperature. A and B 
were determined from the plot of qe against lnCe. The values are shown in Table 
3. 

The Dubinin-Radushkevic isotherm is expressed as: 
2ln lne mq q βε= −                         (3.8) 

where qm (mg/g) is the theoretical saturation capacity, β (mol2/J2) is a coefficient 
related to the mean free energy of adsorption, and is the ε Polanyi expressed as: 

( )ln 1 1 eRT Cε = +                        (3.9) 

A plot of lnqe against ε2 gives a straight line with β and qm obtained from the 
slope and intercept respectively. The results showed a poor fit for this model. 

Among the four isotherm models tested, the data fitted the Freundlich iso-
therm more closely with R2 = 0.9991. This shows that the adsorption of the 
Congo red dye unto the activated carbon occurs on a heterogeneous surface by 
multilayer and the amount of adsorbate adsorbed increases infinitely with an in-
crease in the solute concentration. An approximate indicator of the adsorption 
capacity is given by KF = 19.73 (mg/g)(mg/L)1/n and the value of n (1.563) greater 
than 1 indicates chemisorption reflecting a high affinity between the dye and the 
adsorbent [18]. 

4. Conclusions 

Activated carbon was prepared from Jujube seeds via the chemical method using 
phosphoric acid as the activating agent. The activated carbon was used as an ad-
sorbent for removal of Congo red from solution. Modifying the activated carbon 
using ZnO did not increase the adsorption capacity and the unmodified acti-
vated carbon was used for the rest of the experiment. It was concluded that: 
• The amount of dye uptake and the percentage removal of the dye by the ac-

tivated carbon are affected by the contact time, activated carbon dosage and 
the initial dye concentration. 

• The kinetic data is fitted well by the pseudo-second order model which shows 
that the rate controlling step is chemisorption.  

• The mechanism of the adsorption is by boundary layer diffusion in the initial 
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stages followed by intraparticle diffusion. 
• The Freundlich isotherm model best fits the experimental data which shows 

that the adsorption is in multilayer and the activated carbon has a heteroge-
neous surface. Value of n greater than unity also confirmed the process to be 
chemisorption. 

• This study has shown the potential of activated carbon produced from jujube 
seeds as a low-cost adsorbent for the removal of colour from Congo red dye 
solutions. As such, future efforts should be made to determine the adsorption 
performances activated carbon from jujube seeds in water treatments. 
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