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a b s t r a c t
In this study, Moringa oleifera seeds (MOS) have been used as a biosorbent, to remove Congo red 
(CR) dye from the aqueous medium. The feasibility of using MOS as biosorbent was assessed by 
measuring adsorption, kinetic, and thermodynamic parameters. The removal of dye was affected 
by different factors, including initial dye concentration, adsorbent dosage, agitation time, tem-
perature and suspension pH. The optimal conditions (dye concentration 20 mg L–1; adsorbent dose 
20 mg; solution pH 8.0; temperature 40°C) resulted in 91.56% removal of CR dye within 40 min. 
Biosorbent was successfully regenerated by using different solvents for further use. Equilibrium 
data were fitted (R2 = 0.998) with the Langmuir isotherm model indicating the maximum mono-
layer adsorption capacity (104.6 mg g−1) of MOS. The thermodynamic parameters, that is, energy 
change (ΔG° = –8.592 kJ mol−1), enthalpy change (ΔH° = 31.801 kJ mol−1), and entropy change 
(ΔS° = 128.99 J mol−1 K−1) indicated the spontaneous and endothermic nature of adsorption process, 
and also showed an increase in randomness at the solid–liquid interface during the adsorption of 
CR onto the active sites of biosorbent. Based on the results, a filter was developed to treat water 
polluted with CR dye, which showed 96% CR dye removal efficiency. This study proved that MOS is 
a promising biosorbent for removing CR dye from aqueous media.
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1. Introduction

Nowadays, the use of dyes in many industries such 
as paper, plastic, food, leather, cosmetic, pharmaceutical, 
dyestuff, and textile industries, has become extensive [1,2]. 
Discharge of dye effluents in water bodies causes a major 
problem even at very low concentration, due to its high 
organic loading, toxicity, and aesthetic pollution associated 
with color [3,4]. Most of the organic dyes (methylthioninium 
chloride, Rhodamine B, Congo red, methyl orange, eosin 
Y, eosin B, methylene blue, etc.) are harmful to aquatic life 
and disrupt the natural equilibrium by reducing aquatic 
diversity and photosynthetic activity because dyes hinder 
the light penetration through water [5,6]. When the dyes are 
released into the aquatic system, they mix with water and 
other chemicals, thus making their decolorization process 
more difficult [7]. It has been reported that dyes are a toxic 
pollutant to human health because of their mutagenic or 
carcinogenic nature [8,9].

Among various dye species, Congo red (CR) is an 
immensely water-soluble diazo dye and mainly exists in the 
effluent of textile, paper, printing, industries [10]. It exists 
as a brownish-red crystal and is stable in the air [11]. It is 
an anionic acid-dye used as a laboratory aid in testing for 
free hydrochloric acid in gastric contents, in the diagnosis 
of amyloidosis, as an indicator of pH, and also as a histolog-
ical stain for amyloid [12]. It has a strong affinity towards 
cellulose fibers and thus, is employed in textile industries. 
It is known to metabolize into benzidine, which is a human 
carcinogen [13]. Removal of this dye is very difficult owing 
to its thermal, physic-chemical, and optical stability due to 
its aromatic structure [14].

Decolorizing by chemical precipitation, ion exchange, 
electro-dialysis, photo-degradation, chemical oxidation, 
biological treatment, catalytic ozonation, ultra-filtration 
membrane separation, aerobic/anaerobic biodegradation, 
reverse osmosis, coagulation/flocculation, and electrochem-
ical oxidation are the conventional approaches that have 
been widely applied to remove dyes from water [15–24]. 
However, due to several drawbacks (high price of treat-
ment and difficulty in regeneration), associated with the 
conventional methods, the adsorption process has been 
explored by many researchers [25–30]. Adsorption is a 
widely known separation method and it is considered to 
be superior to other techniques for water treatment because 
of its efficacy, easy operation, non-toxicity, simplicity and 
mild reaction condition [31–33]. Adsorption is commonly 
applied to decolorize, separate, detoxify, deodorize, purify 
and pre-concentrate to enable removal and recovery of 
toxic products from liquid and gaseous mixtures [34]. Until 
now, several adsorbent materials have been studied for the 
removal of colored dyes and other effluents from the waste-
water, including inorganic minerals, industrial by-products, 
organic polymers, carbon materials (e.g., activated carbon, 
carbon nanotubes), biochar or biomass-derived carbon 
material, and biomasses (e.g., cellulose, chitosan) [35–43].

Commercial activated carbon is extensively utilized as 
an adsorbent because of its high efficiency and capacity to 
adsorb contaminants [44]. However, its initial cost, rapid sat-
uration and difficulty in regeneration make it less attractive 
as an adsorbent. For these reasons, diverse studies have been 
carried out to search for affordable, eco-friendly and effi-
cient substitute adsorbent materials. Various natural-based 

materials such as waste apricot, coconut shell, bamboo, jack 
fruit peels, pistachio nut shells and date stone, palm tree 
waste, untreated sawdust, pigeon pea (Cajanus cajan L.) 
residue ash and sunflower (Helianthus annuus L.) residue 
ash, Persian kaolin, etc. have been investigated as potential 
low-cost coagulants for the removal of pollutants [45–52]. 
Regardless of the availability of a large number of absor-
bents, newer adsorbent constituents are being explored for 
wastewater treatment.

Moringa oleifera seeds (MOS) can be used as an alterna-
tive for the removal of organic pollutants from wastewater. 
Moringa oleifera is a multipurpose tree belonging to the family 
Moringaceae. MOS treats water in two ways, by acting both as 
a coagulant and an antimicrobial agent. These properties of 
MOS are due to the presence of positively charged, water-sol-
uble proteins, which bind with negatively charged parti-
cles (silt, clay, bacteria, toxins, etc.) permitting the resulting 
flocs to settle to the bottom or be removed by filtration [53].

The present study has been aimed at exploring the 
viability of MOS for biosorption of the carcinogenic CR 
dye from the aqueous medium. The effect of various oper-
ational parameters such as initial dye concentration, con-
tact time, temperature, adsorbent dosage and solution pH 
has been investigated for the maximum adsorption of dye 
molecules. The adsorption isotherms, kinetics, and thermo-
dynamic parameters were also studied in detail. Based on 
the promising outcomes, a filter was designed using Moringa 
oleifera seeds and activated charcoal, to remove CR dye 
from water. The inputs obtained from this research high-
light the possibility of using an inexpensive and valuable 
adsorbent for treating the dye-containing effluents.

2. Materials and methods

2.1. Reagents

All chemicals used in this research work such as Congo 
red (CR-C32H22N6Na2O6S), sodium hydroxide (NaOH), 
hydrochloric acid (HCl), ethanol, methanol, ethyl acetate, 
chloroform, acetone, and activated charcoal were of analyt-
ical grade. The dye solutions were prepared using Milli-Q 
water. Washing of all the glassware was carried out using 
triple distilled water.

2.2. Instrumentation

A double beam UV-visible spectrophotometer (Systronics, 
India, 2022 UV-visible double beam spectrophotome-
ter) was used for the determination of dye concentra-
tion. The pH measurements were made using a digital 
pH meter (Systonic, India, Auto digital pH meter S-901). 
Characterization of biosorbent was done using Fourier-
transform infrared spectroscopy (FTIR) (Thermo Scientific 
Nexus 670, China), and a scanning electron microscope 
(Thermo Scientific Apreo S, China). The coating of biosorbent 
for scanning electron microscopy with energy- dispersive 
X-ray spectroscopy (SEM-EDX) analysis was done by using 
a coater system (Quorum Q 15OR S).

2.3. Preparation of biosorbent

Moringa oleifera seeds (MOS) were purchased from M/S 
Shidh Seeds Sales Corp., Dehradun (Uttarakhand, India). 
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The hulls and wings were removed from the seed kernels 
and then kernels were crushed and ground to a fine powder 
using pestle-mortar. This powder was then used for further 
experiments.

2.4. Characterization of biosorbent

2.4.1. Fourier-transform infrared spectroscopy

FTIR spectra of MOS before and after the adsorption 
process were recorded by the Fourier-transform infrared 
spectrometer using the KBr disc method. The biosorbent 
was thoroughly mixed with KBr, powdered and disc was 
formed by applying the pressure. The absorption spectra 
were recorded in the range from 4,000 to 400 cm–1.

2.4.2. Scanning electron microscopy with 
energy-dispersive X-ray

Morphological examination and elemental analysis of 
MOS (before and adsorption process) was carried out by 
SEM and EDX, respectively. For SEM observation, parti-
cles of the biosorbent were dispersed onto carbon tape and 
coated with gold to prevent charge accumulation on the 
sample.

2.5. Adsorption experiments

Batch adsorption experiments were conducted for 
adsorption of CR dye onto MOS in 100 mL Erlenmeyer 
flasks containing required amounts of adsorbent and 
50 mL of CR dye solution with various initial concentra-
tions. The pH of each solution was adjusted using 0.1 N 
solutions of NaOH and HCl. An incubator shaker was 
used for agitation of these mixtures at 120 rpm and 30°C 
until the equilibrium was attained. The resultant mixture 
was then centrifuged at 2,500 rpm for 10 min. The equilib-
rium concentration of dye in the solution was measured at 
498 nm using a UV-visible spectrophotometer. Experiments 
were carried out in triplicates and negative controls (with-
out biosorbent) were also kept for comparison. The filter 
paper was not used for solid–liquid separation due to the 
potential of acidic functional groups present on the surface 
of filter paper to adsorb dye molecules. The actual amount 
of dye adsorbed at time t, Qt (mg g–1), amount of dye 
adsorbed at equilibrium, Qe (mg g–1) and percentage removal 
of CR was calculated using Eqs. (1)–(3), respectively.
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where Ce = absorbance of the sample at equilibrium × C0/
standard absorbance of the control and Ct = absorbance of 

the sample at a time, t × C0/standard absorbance of control. 
C0 and Ce are the initial and equilibrium concentration of 
CR (mg L–1) respectively, Ct is the actual concentration of CR 
(mg L–1) at time t, V is the volume of solution (L) and M is 
the mass of adsorbent (g). The experimental conditions were 
optimized at different dye concentrations (20 to 100 mg L–1), 
adsorbent dosage (5–60 mg), solution pH (2–12), temperature 
(20°C–45°C) and agitation time (5–50 min).

2.6. Desorption and regeneration

Desorption studies help to elucidate the mechanism and 
recovery of the adsorbate and adsorbent. In the desorption 
studies, dye loaded biosorbent was desorbed using 5 mL 
of different solvents viz. ethanol, methanol, ethyl acetate, 
Milli-Q water, chloroform, acetone, and 0.05 M NaOH solu-
tion. It was stirred in an incubator shaker at 120 rpm for 1 h. 
Then it was centrifuged at 2,500 rpm for 10 min. After cen-
trifugation, solvent containing dye was separated from the 
biosorbent, and biosorbent was then washed with double 
distilled water and regenerated. Properties (change in color 
of dye solution) of desorbed dye were then determined at 
acidic and basic pH (2–12).

2.7. Equilibrium isotherms

Equilibrium adsorption isotherms define the interactive 
behavior between adsorbate and adsorbent and are benefi-
cial for determining the maximum adsorption capacity of 
adsorbent, at a certain temperature. Adsorption data were 
subjected to Langmuir, Freundlich, and Temkin isotherm 
models to determine the relationship between the concentra-
tion and dye uptake.

2.7.1. Langmuir isotherm

Langmuir’s theory deduced that the adsorption process 
occurs on a set of distinct localized adsorption sites within 
the natural material without any lateral interactions bet-
ween adsorbate molecules on adjacent sites. It is mainly 
used to describe the monolayer adsorption process. In linear 
form, it is written as Eq. (4) [54]:
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where Qe (mg g–1) is the amount of dye adsorbed per unit 
weight of adsorbent, Ce (mg L–1) is the unadsorbed dye con-
centration at equilibrium, KL is the Langmuir constant or 
equilibrium constant related to the affinity of binding sites 
(L mg–1) and Qm represents the adsorption capacity when the 
surface of biosorbent is entirely occupied with dye molecules. 
The values for Qm and KL were calculated from the slope and 
intercept of the linear plot of Ce/Qe against Ce, respectively.

The basic aspects for the Langmuir isotherm can be 
expressed in terms of the dimensionless constant separation 
factor or equilibrium parameter (RL) which is presented as 
follows [55]:

R
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1 0
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where RL indicates the shape of Langmuir isotherm and 
nature of the adsorption process, KL is the Langmuir constant 
and C0 is the initial concentration of dye (mg L–1).

2.7.2. Freundlich isotherm

Freundlich model is suitable for describing multilayer 
adsorption and heterogeneous surface adsorption under 
various non-ideal conditions. Freundlich adsorption iso-
therm can be expressed in the linear form as [56]:

ln ln lnQ K
n

Ce F e= +
1  (6)

where KF and n are Freundlich adsorption constants. 
Qe (mg g–1) denotes the amount of dye adsorbed per unit 
weight of sorbent and Ce (mg L–1) is the unadsorbed dye con-
centration at equilibrium. KF and 1/n describe the sorption 
capacity and sorption intensity of the system, respectively. 
Favorability of the sorbent/adsorbate system was described 
by the magnitude of the term (1/n) [57]. The values for n 
(dimensionless) and KF (L g–1) were determined from slope and 
intercept of the linear plot of lnQe against lnCe, respectively.

2.7.3. Temkin isotherm

The heat of adsorption and the adsorbent–adsorbate 
interaction on adsorption isotherms is described by the 
Temkin model. It indicates that the heat of sorption for all 
molecules decreased linearly due to the indirect interaction 
between adsorbate and adsorbent. The linearized form of 
Temkin model is presented as following [58]:

Q B K B Ce T e= ( ) + ( )ln ln  (7)

where B (g mg–1 h–2) and KT (mg g–1 h–2) are Temkin constant 
related to the heat of sorption and maximum binding energy, 
respectively. The values of B and KT were determined from 
the plot of Qe against lnCe.

2.8. Adsorption kinetics

Adsorption kinetic models were used to know about 
the controlling mechanism of the dye adsorption process. 
To investigate the change in CR concentration with respect 
to agitation time, the adsorption behavior of CR dye was 
studied using the pseudo-first-order kinetic model, pseudo- 
second-order kinetic model and intraparticle diffusion model.

2.8.1. Pseudo-first-order model

Pseudo-first-order kinetic model postulates that sorption 
uptake with time is directly proportional to the difference 
between saturation concentration and the amount of solid 
uptake. Lagergren equation is broadly used for analyzing 
the adsorption in aqueous solution and can be expressed as 
follows [59]:

log log
.

Q Q Q
K

te t e−( ) = − 1

2 303
 (8)

where Qe (mg g–1) and Qt (mg g–1) denotes the amount of 
dye adsorbed onto sorbent at equilibrium and time t (min), 
respectively. K1 (min–1) is the rate constant of pseudo-first- 
order adsorption. The value of K1 and Qe was determined 
from the slope and intercept of log(Qe – Qt) against t, 
respectively.

2.8.2. Pseudo-second-order model

The pseudo-second-order model describes that the 
rate of adsorption depends on the square of the number of 
unoccupied sites on the adsorbent. The linearized form of 
pseudo-second-order can be presented as follows [60]:
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t
e e e

= +
1 1

2
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where Qe (mg g–1) and Qt (mg g–1) are the sorption capacity 
at equilibrium and at time t (min), respectively. K2 (g mg–1 
min–1) is the rate constant of pseudo-second-order sorp-
tion. A plot of t/Qt against t gives a linear relationship, from 
which the value of Qe and K2 was determined from the slope 
and intercept, respectively.

2.8.3. Intraparticle diffusion model

During typical liquid–solid adsorption, various dif-
fusion mechanisms can act for the adsorbed molecules, 
namely surface diffusion and intra-particle bulk diffusion. 
The intraparticle diffusion model given by Weber and 
Morris [61] was applied to exploit the diffusion mechanism 
of CR onto MOS. This model presumes that film diffu-
sion is insignificant and intra-particle diffusion is an only 
rate- controlling step. Intra-particle diffusion is an empiri-
cally based relationship and demonstrates the adsorbate 
uptake, which varies proportionally with t1/2 [6,62].

Q K t Ct i= +id
1 2/  (10)

where Qt corresponds to CR dye adsorbed at time t (min), 
Kid depicts the rate constant (mg g–1 min1/2) and Ci (mg g–1) is 
the intercept, which signifies the boundary layer thickness. 
A plot of Qt against t1/2 gives a straight line, where Kid and Ci 
were computed from the slope and intercept, respectively. 
If the plot of Qt against t1/2 passed through the origin, then 
the intra-particle diffusion will be considered as an only 
rate-limiting step.

2.9. Adsorption thermodynamics

Thermodynamic parameters such as changes in Gibbs 
free energy (ΔG°), enthalpy (ΔH°) and entropy (ΔS°) are 
the actual indicators for practical applications. Adsorption 
thermodynamics was evaluated at different temperatures to 
authenticate the sorption nature. The thermodynamic para-
meters were calculated using the following equations [63]:

lnK G
RTd = −
°∆  (11)
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∆G RT Kd° = − ( )ln  (12)

where Kd (distribution ratio) = Qe/Ce.
Change in standard entropy (ΔS°) and standard enthalpy 

(ΔH°) was calculated using the following equations:

∆ ∆ ∆G H T S° = ° − °  (13)

lnK S
R

H
RTd =

°
−

°∆ ∆  (14)

The values of ΔS° and ΔH° were computed from the 
intercept and slope of Van’t Hoff’s plot lnKd against 1/T.

2.10. Development of a filter to treat CR contaminated water

Based on the positive outcomes of the present study, 
a prototype of a filter was developed to treat water con-
taminated with Congo red dye. This filter consists of four 
layers of Moringa oleifera seeds powder and five layers of 
activated charcoal powder in an alternative manner (Fig. 1). 
Activated charcoal was used to increase the efficiency of 
the filter. The amount of Moringa oleifera seeds powder and 
activated charcoal used in the layers was also standardized. 
The developed filter was then tested for its dye removal 
efficiency at different concentrations of dye, that is, 20, 50 
and 100 mg L–1.

3. Results and discussion

3.1. Characterization of biosorbent

FTIR spectra of MOS before and after sorption of 
dye have been shown in Figs. 2a and b. A broadband at 
3,293.6 cm–1 indicated the presence of –C≡C–H:C–H, O–H 
and N–H stretch (alkynes (terminal); alcohols; phenols, 1°, 
2° amines, amides; carboxylic acids) on the surface of MOS. 

Two bands were observed at 2,923.8 and 2,853.0 cm–1 attribut-
ing to C–H and O–H stretch (alkanes; carboxylic acids) pres-
ent in fatty acids. Two other bands at 1,746.0 and 1,710.2 cm–1 
confirmed the presence of C=O stretch (carbonyls; carbox-
ylic acids). Two peaks representing –C=C– stretch (alkenes) 
and N–O asymmetric stretch (nitro compounds) were pres-
ent at 1,656.9 and 1,543.8 cm–1, respectively, which confirms 
the structure of protein present in MOS. Peaks at 1,463.0 
and 1,237.0 cm–1 were identified as C–H bend, C–C stretch 
(in-ring) (alkanes; aromatics) and C–N, C–O stretch; C–H 
wag (–CH2X) (aliphatic amines; alcohols, carboxylic acids, 
esters, ethers; alkyl halides), respectively. Another peak for 
C–N and C–O stretch (aliphatic amines; alcohols, carboxylic 
acids, esters, ethers) was observed at 1,056.5 cm–1. Two peaks 
at 794.9 cm–1 and 721.5 cm–1 have indicated the presence of 
C–H rock (alkanes); C–Cl stretch (alkyl halides), C–H “oop” 
(aromatics), N–H wag (1°, 2° amines), =C–H bend (alkenes).

 

Water contaminated with Congo red dye 

Layer of Moringa seeds powder 

Layer of activated charcoal powder 

Fig. 1. A prototype of a filter containing alternate layers of 
Moringa oleifera seeds powder and activated charcoal powder.
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Fig. 2. FTIR spectrum of Moringa oleifera seeds (a) before adsorption process and (b) after adsorption process (initial dye concentration: 
20 mg L–1; adsorbent dosage: 20 mg; solution pH: 8.0; temperature: 40°C; agitation time: 40 min).
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Fig. 2b shows the FTIR spectrum of CR loaded MOS. 
Due to the interaction of the functional groups present on 
biosorbent with CR, the peaks have shifted to lower or higher 
wavenumbers and new peaks belonging to the adsorbate (or 
splitting of original bands) has appeared. Shifting of bands 
to higher frequencies indicates an increase in bond strength 
while a shift to lower frequencies indicates bond weaken-
ing [64]. The peak at 3,293.6 cm–1 was shifted to 3,297.3 cm–1, 
while peaks at 2,923.8; 2,853.0; 1,746.0; 1,710.2; 1,543.8; 
1,463.0; 1,237.0; 1,056.5; 794.9 cm–1 shifted to 1,521; 1,441 cm–1 
shifted to 2,923.5; 2,852.5; 1,745.5; 1,710.5; 1,542.0; 1,464.7; 
1,242.9; 1,060.5; 721.6 cm–1, respectively after the sorption of 
CR onto MOS.

SEM micrographs and elemental composition of MOS 
before and after the adsorption process have been shown in 
Figs. 3a and b. SEM micrographs showed the morphology 
of MOS to be a heterogeneous and relatively porous matrix 

(Fig. 3a). This porous structure is responsible for the process 
of ion adsorption, due to the interstices and also the protein 
component of MOS. Thus, based on these characteristics, it 
can be concluded that MOS has an adequate morphological 
profile for adsorption of dye molecules. The EDX spectrum 
reveals the presence of Na+ (sodium) on CR loaded MOS 
which further confirmed the adsorption of CR dye onto 
MOS (Fig. 3b).

3.2. Effect of different reaction parameters on the sorption of dye

3.2.1. Effect of initial dye concentration

The effect of initial CR dye concentration on the adsorp-
tion process was examined in the concentration range of 
20–100 mg L–1. Removal efficiency declined from 91.56% ± 
2.912% to 39.86% ± 2.488% as the CR concentration increased 

 

 
(b)

(a)

Fig. 3. SEM-EDX analysis of Moringa oleifera seeds (a) before adsorption process and (b) after adsorption process (initial dye concen-
tration: 20 mg L–1; adsorbent dosage: 20 mg; solution pH: 8.0; temperature: 40°C; agitation time: 40 min).
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(Fig. 4a). Maximum percentage removal was achieved at 
20 mg L–1. An initial increase in percentage removal was 
due to the lower proportion of initial CR molecules on 
the adsorption sites. At lower concentrations, all the dye 
molecules interact with binding sites of adsorbent and facil-
itate maximum adsorption, while at higher concentrations; 

binding sites of adsorbent get saturated, resulting in lesser 
adsorption [65]. Pathania et al. [30] reported that the adsorp-
tion efficiency of Phoenix dactylifera seeds for the removal 
of CR dye declined from 73.2% to 45.74% with an increase 
in CR dye concentration from 20 to 120 mg L–1. Same 
outcomes were obtained by Namasivayam and Kavitha 

 
 

 

 
 

 

 
Fig. 4. Effect of different parameters on the removal of Congo red dye by Moringa oleifera seeds (a) initial dye concentration 
(20–100 mg L–1), (b) adsorbent dosage (5–60 mg), (c) agitation time (5–50 min), (d) solution pH (2–12), and (e) temperature (20°C–45°C).
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[66] and Tor and Cengeloglu [67] which showed that dye 
removal at equilibrium decreased from 66.5% to 30.5% as 
the dye concentration was increased from 20 to 80 mg L–1 
and from 85% to 50% by increasing CR concentration 
from 10 to 90 mg L–1, respectively. The percentage removal 
of CR was found to be higher in the present study when 
compared to all these reported findings.

3.2.2. Effect of adsorbent dosage

Adsorbent dosages determine the capacity of adsorbent 
required for the removal of the given initial concentration 
of the adsorbate. The dosage of MOS for maximum adsorp-
tion of CR was varied from 5 to 60 mg at optimized dye 
concentration (20 mg L–1). Fig. 4b shows the effect of MOS 
on the removal of CR dye. It was revealed that the adsorp-
tion efficiency increased sharply from 28.415% ± 0.558% 
to 89.62% ± 2.912% with an increase in MOS dosage from 
5 to 20 mg L–1. It may be due to the greater availability of 
adsorbent sites as well as the higher specific surface area 
with numerous functional groups on the adsorbent, thus 
making the diffusion of the adsorbate molecules into the 
adsorption sites easier. However, no significant removal 
was observed with a further increase in adsorbent dosage. 
It was attributed to the fact that the adsorbent molecules 
assemble to form a cluster, or a conglomeration of adsor-
bent particles takes place, as there is no significant increase 
in the effective surface area [68]. Therefore, 20 mg L–1 was 
chosen as the optimum adsorbent dose for further study. 
On the other hand, Namasivayam and Kavitha [66], Tor 
and Cengeloglu [67] and Pathania et al. [30] reported the 
maximum percentage removal of CR (20 mg L–1) using an 
adsorbent dosage of 500 mg L–1, 10 g L–1 and 60 mg L–1, 
respectively which is comparatively higher than the 
adsorbent dosage used in the present study.

3.2.3. Effect of agitation time

The effect of agitation time on the adsorption of CR onto 
MOS was inspected under the optimized initial CR concentra-
tion (20 mg L–1) and MOS dosage (0.020 g). Fig. 4c shows 
that the adsorption of CR was boosted from 48.8% ± 2.547% 
to 89.662% ± 1.705% with an increase in agitation time 
from 5 to 40 min and attained equilibrium after 40 min. 
A rapid adsorption rate at the initial stages was observed 
because of the presence of abundant binding sites on the 
surface of MOS. Further adsorption is followed due to pore 
diffusion or intra-particle diffusion, which facilitates the 
diffusion of CR molecules from the aqueous phase to the 
surface of the adsorbent. Adsorption process slows down 
in the equilibrium stage because of the repulsive forces 
occurring between the adsorbate molecules on the solid and 
bulk phases [69]. In the present study, the time required 
to reach equilibrium was faster when compared to other 
adsorbents, which generally required a contact time of 
more than 80 min [30,67].

3.2.4. Effect of solution pH

The pH of the aqueous solution is the most significant 
parameter as it affects the chemistry of both a dye molecule 

and an adsorbent. The pH affects the charge of the surface of 
the adsorbent and the degree of speciation and ionization of 
the adsorbate. Change in color of an aqueous solution of CR 
from dark blue at pH 2–5 to red (different from the original 
red) at pH 12 was observed. Similar results were obtained 
by [70]. As evident from Fig. 4d, the efficiency of MOS 
increased from 23.73% ± 1.527% to 85.83% ± 0.721% upon 
increasing the pH of the solution from 2 to 12. The maxi-
mum adsorption of CR dye occurred at pH 8.0. This is due 
to the neutralization of the charges at the surface of the 
adsorbent till pH 8.0. On further increasing the pH, per-
centage adsorption decreased because an abundance of 
OH− ions in basic solution leads to repulsion between the 
anionic ions of CR and adsorption sites causing a decrease 
in adsorption [66,71]. Thus, the results suggested that the 
removal efficiency was higher in an alkaline environment 
as the optimum pH was recorded at 8.0. Outcomes of 
this study agreed with the previous evidence by [67].

3.2.5. Effect of temperature

Adsorption of CR dye was also affected by tempera-
ture because the equilibrium capacity of MOS changes with 
temperature. To determine the endothermic and exother-
mic nature of the ongoing adsorption process, the effect of 
temperature was studied in the range of 20°C–45°C, keep-
ing all other parameters constant at their optimum value 
(MOS dosage 0.020 g; target dye concentration 20 g L–1; 
contact time 40 min; solution pH 8.0). It has been evident 
from Fig. 4e that the percentage removal increased from 
82.24% ± 1.583% to 91.56% ± 0.254% with an increase in tem-
perature (20°C–40°C) and is referred to as the endothermic 
sorption of CR dye. This is because the movability of the dye 
was increased with a rise in temperature and the swelling 
effect of the adsorbent was diminished, so CR dye molecules 
were easily accessible onto the adsorbent surface [72]. The 
optimum temperature for maximum removal of CR was 
60°C and 55°C in the study conducted by Namasivayam 
and Kavitha [66] and Pathania et al. [30], respectively.

3.3. Adsorption isotherms

To understand the adsorption equilibrium behavior, 
three isotherms, namely Langmuir, Freundlich and Temkin 
were tested. It is usually the ratio between the quantity of 
dye adsorbed and residual dye in the solution at equilib-
rium. Langmuir, Freundlich and Temkin models explain 
the mechanism, properties and tendency of the adsorbent 
for adsorbate by interpreting experimental equilibrium 
data [73,74].

3.3.1. Langmuir isotherm

Langmuir isotherm indicates that adsorption takes 
place at specific homogeneous sites with the formation of 
a monolayer. Fig. 5a shows the linear plot for Langmuir 
isotherm from which the value of Qm and KL was determined. 
The maximum sorption capacity (Qm) was recorded to be 
104.6 mg g–1. A higher value of the correlation coefficient 

(0.998) confirmed the applicability of Langmuir isotherm 
and determined the monolayer nature of CR on the surface 
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of MOS. The value of KL was used to determine the dimen-
sionless separation factor, RL which indicates the type of 
isotherm to be irreversible (RL = 0), favorable (0 < RL < 1), 
linear (RL = 1) or unfavorable (RL > 1) [75]. The value of 
RL was obtained in the range of 0–1, suggesting favorable 
adsorption. Calculated values of RL and other parameters 
of Langmuir isotherm have been shown in Table 1. Similar 
outcomes were achieved by Panda et al. [76] and Pathania et 
al. [30]. Table 2 showed the maximum adsorption capacity 
(Qm) of different adsorbents used for the removal of CR dye.

3.3.2. Freundlich isotherm

Freundlich isotherm is a purely empirical equation and 
is one of the most widely used isotherms for the descrip-
tion of multi-site adsorption. Different parameters were 
calculated from the linear correlations of lnQe against lnCe 
(Fig. 5b). From Freundlich isotherms, the values of KF, n and 
R2 were calculated as 1.322 L g–1, 4.53 and 0.976, respectively 
(Table 1). The value of n > 1 indicates the favorable and 
heterogeneous adsorption of CR on the MOS surface [86]. 

The value of 1/n is known as heterogeneity factor which 
ranges between 0 and 1. For more heterogeneous surfaces, 
the value of 1/n is close to 0. The correlation coefficient (R2) 
value indicated that the adsorption of CR dye does not obey 
the Freundlich model as closely as the Langmuir isotherm.

3.3.3. Temkin isotherm

Temkin adsorption isotherm model is used to evaluate 
the adsorption potential of an adsorbent for the adsorbate 
from experimental data. Fig. 5c concludes that the Temkin 
model fitted well with greater regression coefficient (0.992) 
suggesting the uniform distribution of binding energy over 
the surface binding adsorption sites, therefore, supporting 
the homogeneous mechanism of adsorption. The values of 
various isotherm parameters have been listed in Table 1.

3.4. Adsorption kinetics

To understand the dynamics of the adsorption process 
in terms of the order of rate constant, the kinetic adsorption 
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Fig. 5. Linear plots of (a) Langmuir, (b) Freundlich, (c) Temkin isotherm, for removal of Congo red dye from aqueous medium 
by using Moringa oleifera seeds (initial dye concentration: 20 to 100 mg L–1; adsorbent dosage: 20 mg; solution pH: 8.0; 
temperature: 40°C; agitation time: 40 min).
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data was processed. The rate of adsorption was governed 
by the initial transfer of CR from the solution to the sur-
face of MOS. Pseudo-first-order and pseudo-second- order 
kinetic models were applied for the adsorption of CR and 
the results have been shown in Table 3. The calculated val-
ues for Qe and R2 obtained from the pseudo-second-order 
model were 50.607 mg g–1 and 0.996, respectively. The cor-
relation coefficient for the pseudo-second-order kinetic 
model (0.996) was higher as compared to the pseudo- first-
order model (0.938) (Figs. 6a and b). Thus, adsorption of 
dye onto MOS followed the pseudo-second-order kinetic 
model which revealed that chemisorption delivers an 
imperative mechanism in the adsorption process [87]. As 
inferred from the regression coefficient (R2 = 0.959), the 
plot for CR dye does not cross the co-ordinate axis and 
exhibits multi-linearity, concluding that intra-particle dif-
fusion cannot be considered as a rate-controlling step, even 
though it is involved in the sorption process (Table 3 and 
Fig. 6c). This indicated that more than one mechanism dic-
tates the adsorption process of CR dye on MOS [88]. Similar 
kinetic results have also been reported for the adsorp-
tion of CR onto Azadirachta indica leaves, Eucalyptus wood 
sawdust and Phoenix dactylifera seeds [30,77,83].

3.5. Adsorption thermodynamics

Thermodynamic parameters, that is, free energy change 
(ΔG°) enthalpy change (ΔH°) and entropy change (ΔS°), were 
evaluated to know the thermodynamic feasibility and spon-
taneous nature of adsorption process (Table 4). The negative 
value of ΔG° showed that the adsorption process was spon-
taneous in nature and the degree of spontaneity increased 
with a rise in temperature (Fig. 7). The positive value of ΔH° 
(31.801 kJ mol–1) indicated the endothermic nature of the 

adsorption process which confirmed that strong interactions 
occurred between the adsorbate and the adsorbent. Further, 
the positive value of ΔS° (128.99 J mol–1 K–1) inferred the 
increase in randomness at the solid–liquid interface during 
the adsorption of CR onto the active sites of the adsorbent 
[89]. It was because, before the adsorption process, the 
molecules of CR dye in the aqueous phase were deeply sol-
vated and well-ordered. This order vanished when the CR 
was adsorbed onto the adsorbent surface due to the libera-
tion of solvated water molecules [90]. The thermodynamic 
parameters have been summarized in Table 4. A similar 
trend has been reported by Mane and Vijay Babu [83] and 
Pathania et al. [30].

Table 1
Isotherm parameters for removal of Congo red dye from 
aqueous medium by using Moringa oleifera seeds (initial dye 
concentration: 20 to 100 mg L–1; adsorbent dosage: 20 mg; 
solution pH: 8.0; temperature: 40°C; agitation time: 40 min)

Isotherm Parameters

Langmuir isotherm Qm (mg g–1) = 104.6
R2 = 0.998
KL (L mg–1) = 0.308
RL = 0.139

Freundlich isotherm KF (L g–1) = 1.322
R2 = 0.976
n = 4.53

Temkin isotherm KT (mg g–1 h–2) = 2.659
R2 = 0.992
B (g mg–1 h–2) = 2.732

Qm = adsorption capacity when the surface of biosorbent is entirely 
occupied with dye molecules; KL = Langmuir constant or equilibrium 
constant related to affinity of binding sites; RL = shape of Langmuir 
isotherm and nature of adsorption process; KF, n = Freundlich 
adsorption constants; B, KT = Temkin constant related to the heat of 
sorption and maximum binding energy, respectively; R2 = value of 
correlation coefficient.

Table 2
Comparative maximum adsorption capacity (Qm) for sorption of 
Congo red dye onto different adsorbents

Adsorbents Qm (mg g–1) References

Pine cone 32.65 [11]
Phoenix dactylifera seeds 61.72 [30]
Jute stick powder 35.70 [76]
Neem leaf powder 72.4 [77]
Bagasse fly ash 11.89 [78]
Tamarind fruit shell 10.48 [79]
Coffee press cake 14.00 [80]
Cashew nut shell 5.18 [81]
Sugarcane bagasse 39.80 [82]
Eucalyptus wood sawdust 31.25 [83]
Neem tree leaves 24.81 [84]
Watermelon rinds 24.75 [84]
Corn cob 50.00 [85]
Moringa oleifera seeds 104.60 This study

Table 3
Kinetic parameters for removal of Congo red dye from aque-
ous medium by using Moringa oleifera seeds (initial dye concen-
tration: 20 mg L–1; adsorbent dosage: 20 mg; solution pH: 8.0; 
temperature: 40°C; agitation time: 5 to 40 min)

Kinetic model Parameters

Pseudo-first-order Qe (mg g–1) = 0.180
R2 = 0.938
K1 (min–1) = 0.098

Pseudo-second-order Qe (mg g–1) = 50.607
R2 = 0.996
K2 (g mg–1 min–1) = 0.0035

Intraparticle diffusion model Kid (mg g–1 min1/2) = 4.482
R2 = 0.959
Ci (mg g–1) = 17.86

Qe denotes the amount of dye adsorbed onto sorbent at equilibrium; 
K1 is the rate constant of pseudo-first-order adsorption; K2 is the rate 
constant of pseudo-second-order sorption; Kid depicts rate constant; 
Ci is the intercept, which signifies boundary layer thickness; R2 is the 
value of correlation coefficient.
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3.6. Regeneration study

For real applications, the regeneration capacity of the 
adsorbent is very important. An excellent adsorbent should 
not only possess high adsorption capacity, but also high 
desorption capability in order to reduce the overall cost of 
the adsorbent. For desorption, experiments were conducted 

by using 5 mL of each solvent viz. ethanol, methanol, ethyl 
acetate, Milli-Q water, chloroform, acetone, and NaOH 
solution (0.05 M) for CR-loaded MOS. Desorption tests 
showed that maximum dye was released in these solvents. 
After desorption, properties (change in color of dye solu-
tion) of released dye were determined at acidic and basic 
pH (2–12). Dye recovered by using polar solvents showed a 

(a)  (b)  

 
 

(c)

Fig. 6. Linear plots of (a) pseudo-first-order kinetic plot, (b) pseudo-second-order kinetic plot, (c) intraparticle diffusion model, for 
removal of Congo red dye from aqueous medium by using Moringa oleifera seeds (initial dye concentration: 20 mg L–1; adsorbent 
dosage: 20 mg; solution pH: 8.0; temperature: 40°C; agitation time: 5 to 40 min).

Table 4
Thermodynamic parameters for removal of Congo red dye from aqueous medium by using Moringa oleifera seeds (initial dye concen-
tration: 20 mg L–1; adsorbent dosage: 20 mg; solution pH: 8.0; temperature: 20°C–45°C; agitation time: 40 min)

T (K) ΔG° (kJ mol–1) ΔH° (kJ mol–1) ΔS° (J mol–1 K–1) R2

293.15 –6.012

31.801 128.99 0.99

298.15 –6.657
303.15 –7.302
308.15 –7.947
313.15 –8.592

T (K) denotes temperature in kelvin; ΔG° is free energy change; ΔS° is the change in standard entropy; ΔH° is the change in standard enthalpy; 
R2 is the value of correlation coefficient.
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change in color within the pH range of 2–12, which is similar 
to CR dye as described in section 3.2.4 (effect of suspen-
sion pH). However, no change of color was observed in the 
dye solution which was recovered by using NaOH (0.05 M).

3.7. Testing of a developed filter to treat CR contaminated water

Series of experiments were performed to test the dye 
removal efficiency of the developed filter. Maximum dye 
removal of 96% was achieved by treating 100 mg L–1 of 
dye solution with a filter containing Moringa oleifera seeds 
powder and activated charcoal powder in a quantity of 1:2 
(500 mg of Moringa oleifera and 1 g of activated charcoal in 

the alternative layers). Dye removal of 92.14% and 94.89% 
was obtained after treating 20 and 50 mg L–1 of dye solu-
tion with the developed filter, respectively. Fig. 8 shows 
the condition of contaminated water, before and after treat-
ment with a developed filter. Dye from the contaminated 
water was adsorbed in the filter by its components, that is, 
Moringa oleifera seeds powder and activated charcoal pow-
der, thereby passing clear water from the filter. This kind of 
filter is itself novel and can be developed on a large scale to 
treat water contaminated with CR dye.

4. Conclusion

Application of Moringa oleifera seeds (MOS) could be 
an effective option for the removal of Congo red (CR) dye. 
The maximum adsorption capacity using MOS at the opti-
mal conditions was 104.60 mg g–1. The adsorption kinetics 
obeyed the pseudo-second-order model indicating that 
chemisorption plays a vital role in the adsorption process. 
The thermodynamic parameters validate the spontaneous, 
feasible and endothermic nature of the adsorption process. 
The developed filter showed 96% CR dye removal efficiency, 
further proving the adsorption capacity of Moringa oleif-
era seeds powder in combination with activated charcoal 
powder. Thus, environment-friendly and readily available 
MOS can be used as a remediation agent in many water 
treatment industries.
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