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ABSTRACT

Studies on the removal of Congo red (CR) dye by adsorption on acid activated carbon like Azadirachta indica
Bark Carbon (AIBC) has been made and the results have been compared with that of commercial activated
Carbon (CAC). Effect of various experimental parameters has been investigated using batch adsorption
technique at room temperature (30±1 0C). The percentage removal of CR increases with decrease in the
initial concentration of CR, initial pH and particle size of adsorbent and increases with increase in the
contact time and dose of adsorbent. Adsorption data were modeled with the Freundlich and Langmuir
adsorption isotherms and various first order kinetic equations at 30±1 0C. The kinetic of adsorption is
found to be first order with intra particle diffusion as one of the rate determining steps. The mechanism of
adsorption for CR on to various carbons were investigated by using the experimental results and confirmed
by FT-IR and SEM images. The adsorbent material AABC is employed as low cost adsorbent as an alternative
material to CAC for the removal of CR.

Key words: Congo red, Azadirachta indica Bark Carbon, Freundlich and Langmuir isotherms, Kinetics of adsorption, Intra
particle diffusion, Wastewater treatment.

Introduction

Providing clean water to the majority of the world’s
population is one of the main challenges of today’s
society. Water quality and availability are being
threatened by increasing pollution from point and
non-point sources such as industry and agriculture
(Raza et al., 2022). Among all the kinds of pollutants,
dyes are the main pollutants of water emerging
from the industrial sector (Mittal et al., 2010; Uddin
et al., 2017; Mondal, and Kar, 2018). Synthetic dyes
were monitored in wastewater from various indus-
tries, such as food processing, cosmetics, plastics,
and medicines (Aksu, 2005; Crini, 2006; Ofomaja
and Ho, 2008; Anderson, 2001). Usually, synthetic
dyes have a hard chemical structure and are highly

stable to light, oxidation, and biodegradation (Ajji
and Ali, 2007; Kadirvelu et al., 2003). Removing the
dye from wastewater is a necessary practice with the
increased use of dye in industry, which harms the
environment (Ajji and Ali, 2007). Dyes are insoluble
and highly toxic compounds. If it is drained directly
into the receiving waters, it poses an environmental
hazard, and is toxic to aquatic life as a hazardous
pollutant (Chen et al., 2010). Congo red (CR) (1-
napthalenesulfonic acid, 3, 3’-(4, 4’-biphenylene bis
(azo)) bis (4-amino-) disodium salt) is a benzidine-
based anionic disazo dye, this dye is known to me-
tabolize to benzidine, a known human carcinogen
(Mall et al., 2005). It was once widely used in the tex-
tile industry, but now it is banned in many countries
because of its toxicity (Stjepanovicì et al., 2021). Due
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to toxic effect of these compounds their careful use
and subsequent removal form wastewater is of
much concern. Hence, researchers have been pro-
posed several treatment techniques for the efficient
removal of these toxic compounds form wastewater
(Hsini, 2021). These various techniques are included
ultra-filtration, solvent extraction (Naciri, 2023),
sedimentation, electrolysis, oxidation/ionization
(Mauri et al., 2001), coagulation (Koch et al., 2002)
[17], adsorption (Panswad and Wongchaisuwan,
1986), ion exchange, reverse osmosis (Anbia et al.,
2019; Freeman, 1989) etc. Among these methods,
adsorption is most advantageous due to its effective-
ness and economy. Number of materials viz., coal,
wood, rice husk, fly ash, activated carbon, cotton
waste, clay, and other porous materials has been
used for the adsorptive removal of dye from its
aqueous solutions (Aguado et al., 2009; Bhatnagar et
al., 2015; Fu et al., 2019; Qin et al., 2019 and Arora et
al., 2019). Activated carbon is the most widely used
adsorbent for dye removal (Arora et al., 2016).

In the present study removal of CR was studied
by batch adsorption model. the effect of process pa-
rameters such as Ph, adsorbent dose, contact time
and initial concentration were investigated. The ki-
netics of CR adsorption on CAC and AIBC was ana-
lyzed by fitting various kinetic models. Experimen-
tal equilibrium data were fitted to the Freunlich and
Langmuir equations to determine the best fit iso-
therm equation. The data thus obtained may be
helpful to design adsorption treatment systems and
establishing a continuous treatment plant for water
and wastewater.

Materials and Method

Adsorbate

Exactly 50 mL of dye solutions of various initial con-
centrations were prepared in standard measuring
flask by diluting the stock solution of the dye (1000
ppm). The optical density (OD) of the dye solution
was measured spectrophotometrically by using UV-

Visible spectrophotometer at the wavelength of
maximum absorption (ëmax) 544nm respectively for
the CR dye (Pagutharivalan and Kannan, 2018).

Preparation and Activation of Adsorbent

Commercial Activated Carbon (CAC) was procured
from E Merck (India). The raw material Azadirachta
Indica Bark Carbon (AIBC) were collected locally,
washed, dried, carbonized at 300- 400°C and ther-
mally activated with sodium bicarbonate at 700-
900°C to produce CO2 inert atmosphere at this tem-
perature, which avoids ash formation. The obtained
carbon was ground well to a fine powder and sieved
(Jeyant Sieve, India) into discrete particle size (90,
125, 150, 180, 210 and 250 micron) and stored. Re-
quired particle size especially (90 micron) was acti-
vated by acid digestion (4N HNO3; 2hr at 80°C) and
in an air oven (at 120°C for 2 hr). The resulting car-
bon washed with distilled water until a constant pH
of the slurry reached (Pagutharivalan and Kannan,
2017).

Adsorption experimental procedure

A stock solution of CR (1000 mg L-1) was prepared
and suitably diluted accordingly to the various re-
quired initial concentrations. Adsorption experi-
ments were carried out at room temperature (30
±10C) under batch mode (Koch et al., 2002). The con-
centrations of the CR solution was analyzed by mea-
suring its absorbance at max = 497 nm (Figure 2)
with the help of UV–Visible Spectrophotometer
(ELICO Semi Micro Spectrophotometer, (Model, no:
207) India (Kannan and Pagutharivalan, 2011).

Exactly 50 ml of CR solution of known initial con-
centration (Ci) was shaken at constant agitation
speed (200 rpm) with required dose of adsorbent of
a fixed particle size (90 micron) for a specific period
of content time (Table 1). The pH of the dye solution
(6.6) was adjusted by adding either 1 M HCl (or) 1
M NaOH solution. Initial pH values of dye solutions
were noted with digital pen pH meter (Hanna in-
struments, Portugal). After equilibration, the final
concentration (Cf) of CR was measured by using a
UV – Visible Spectrophotometer (ELICO – Semi mi-
cro spectrophotometer, Model No. 207 India). The
values of percentage removal and the amount of dye
adsorbed were calculated using following relation-
ships (Kannan and Pagutharivalan, 2013).

Percentage removal (%) = Ci – Cf  / Ci x 100    .. 1
Amount adsorbed (qe) = Ci – Cf / m .. 2
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Congo Red

Fig. 1. Structure of Congo red dye
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Where,
Ci = initial concentration (ppm)
Cf = final concentration (ppm)
m = mass of adsorbent (gL-1)
Control experiments were carried out and the

average values of duplicate runs were obtained and
analyzed (Error: ± 1 – 2% for percentage removal
and ± 0.005 – 0.01 mg g-1 for amount adsorbent).

Results and Discussion

Effect of Initial Concentration

The adsorption experiments were carried out at dif-
ferent experimental conditions (Table 1) and the re-
sult obtained are discussed as follows: The effect of
initial concentration on the extent of removal of CR
(in terms of percentage removal and amount
adsorbed) on low cost carbons like AIBC are shown
in Figure 2 and the relevant data are given in Table
2. The percentage removal was found to decrease
exponentially, while the amount of dye adsorbed
increased exponentially with the increase in initial
concentration of CR. This indicates a decrease in
adsorption, which is attributed due to the lack of
available active sites required for the high initial
concentration of CR. Similar results have been re-
ported in literature on the extent of removal of dyes
(Anbia et al., 2019; Hsini et al., 2021; Mauri et al.,
2001) and (Mall et al., 2005 and Panswad et al., 1986)
Metal ions (Stjepanovicì et al., 2021; Naciri, 2023)
and Carboxylic acid (Freeman 1989; Aguado et al.,
2009; Kannan and Pagutharivalan, 2013).

The adsorption experiments were carried out at
different experimental conditions (Table 1) and the
results obtained are discussed below:

Adsorption Isotherms

The adsorption data were analysed with the help of
the following linearised forms of Freundlich and
Langmuir isotherms (Adamson, 1960)
Freundlich isotherm : log qe = logK + 1/n log Ce  .. 3
Langmuir isotherm : Ce/qe  = 1/Q0b + Ce/Q0      .. 4

Where,
K - Adsorption capacity
(1/n) - Order / intensity of adsorption
qe - amount of CR adsorbed per unit mass of

adsorbent (mg g-1)
Ce - equilibrium concentration of dye (ppm)
Q0 - monolayer (maximum) adsorption capac-

ity (mg g-1)
 b - Langmuir constant related to energy of

adsorption (mg 1)
The values of Freundlich and Langmuir param-

eters have been obtained, respectively, from the lin-
ear correlation between the value of (i) log qe and log
Ce and (ii) (Ce / qe) and Ce (Table 2). They are found
to be linear (for the evidence the figure 3), indicating
the applicability of these adsorption isotherms for
removal of dye by these adsorbents are the mono-

Table 1. Effect of various parameters for the removal of dyes by adsorption technique

Variation Adsorbents Initial Conc Contact Dose of Initial Particle Percentage Amount
(ppm)  time(min)  ACs (g/l) pH size (ì)  removal Adsorbed

Initial Conc CAC 200 - 300(250*) 30 2 6.6 90 97.04-92.33 50.95-69.25
(ppm) AIBC 50-500(250*) 30 2 6.6 90 97.48-93.72 12.08-29.15
Contact time CAC 210 5-50 2 6.6 90 93.29-95.82 49.23-50.35
(min) AIBC 250 5-50 2 6.6 90  90.24-97.52 56.54 -60.95
Dose of ACs CAC 210 30 1.5-2.4 6.6 90 89.33 - 98.00 62.53-42.87
(g/l) AIBC 250 30 1.5-2.4 6.6 90 89.12-97.68 74.26-50.87
Initial pH CAC 210 30 2 2-11 90 98.28-94.47 51.46-49.65

AIBC 250 30 2 2-11 90 87.28-97.52 54.55-60.95
Particle size CAC 210 30 2
() AIBC 300 30 6.6 45-300 88.88-96.84 55.55-60.55

Fig. 2. Effect of Initial Concentration
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layer formation.
The monolayer adsorption capacities (Q0) of the

adsorbents are found to be of the order given below.
AAB C < CAC
Further, the essential characteristics of the

Langmuir isotherms can be described by a separa-
tion factor RL. The values of separation factor, RL,
indicate the nature of the adsorption process as
given below.

RL value Nature of the Process
RL> 1Unfavorable
RL = 1 Linear
0 < RL< 1 Favorable
RL = 0 Irreversible
In the present study, the values of RL are ob-

served to be fraction i.e., in the range of zero to one
(0.028 – 0.064), which indicate that the adsorption
process is favourable for all these low cost
adsorbents.

Effect of contact time

The effect of contact time on the amount of dye

adsorbed was observed at constant optimum initial
concentration of dye. Adsorption experiments were
carried out at different contact time (5, 10, 15 . . . 50
min.). The extent of removal of CR dye by these
adsorbents is found to increase and reach a maxi-
mum value with increase in contact time. The rela-
tive increase in the extent of removal of dye after 40
min., of contact time is not significant and hence it is
fixed as the optimum contact time. In batch type
adsorption systems, monolayer of adsorbate (dye)
species is formed on the further of adsorbent and the
rate of removal of adsorbate species from aqueous
solution in controlled primarily by the rate of trans-
port of the adsorbate species from the exterior /
outer sites into the interior sites of the adsorbent
(CAC / IPACS) particles. Similar results have been
reported in literature for the removal of dyes (Chen
et al., 2010; Mauri et al., 2001; Panswad and
Wongchaisuwan, 1986) metal ions (Stjepanovicì et
al., 2021; Naciri, 2023) and carboxylic acids (Free-
man, 1989) and (Aguado et al., 2009).

Kinetics of Adsorption

The kinetics and dynamics of adsorption of CR on
various adsorbents (CAC / IPACS) have been stud-

Table 2. Results of correlation Analysis on testing the
applicability of Adsorption Isotherm

S. Parameters CAC AIBC
No

1 Freundlich isotherm
Slope(1/n) 0.375 0.754
Intercept (logk) 16.45 9.24
r-value 0.987 0.945

2 Langmiur isotherm
Slope (1/Q0) 0.087 0.062
Intercept1 /Q0b) 79.45 13.45
r-value 0.9457 0.9856
Q0 (mgg-1) 142.45 67.12
b (gL-1) 6.124 3.215
RL  = 1/(1+C0b) 0.0278 0.71

Fig. 3. (A) Freundlich and (B)-Langmuir adsorption isotherms for the removal of CR on CAC and AIBC

Fig. 4. Effect of contact time for the extent removal of CR
on CAC and AIBC
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ies by applying the following kinetic equations.
Natarajan and Khalaf equation: log (Ci/Ct) = (Kad/
2.303) t … 5

Lagergren equation : log (qe – qt) =  log qe – (Kad/
2.303) t .... 6

Battacharya and Venkobachar equation: log [1-U
(T)] = - (Kad/2.303) t ... 7

Where,
Ci and Ct- concentration of CR at time zero and

time (t), respectively (mg l-1)
qe and qt-amount of CR adsorbed at equilibrium

and time (t), respectively (mg g-1)
U(T) = [(Ci-Ct) / (Ci – Ce)] ... 8
Ce - equilibrium CR concentration (mg l-1)
Kad - first order adsorption rate constant (min.-1)
The values of log (Ci/Ct), log (qe-qt) and log [1-U

(T)] were linearly correlated with time (t). The val-
ues of first order rate constant and correlation coef-
ficient (r-values) are given in Table 3 and the graphs
are given. All the linear correlations were found to
be close statistically significant (as evidence by r –
values to unity) indicating the applicability of these
kinetic equations and the first order nature of the
adsorption process of CR on these low cost
adsorbents.

Intra particle diffusion study

The possibility of intra particle (Pore) diffusion pro-
cess was explored by using the Weber and Morris

intra particle diffusion model (Fu et al., 2019) and
(Qin et al., 2019).

qt   =   Kpt½ + C ... 9
Where,

qt - amount of CR adsorbed at time, t (mg g-1)
C - intercept
Kp - intra particle diffusion rate constant (mg g-1

min-1/2)
The values of qt were found to be linearly corre-

lated with the values of t½ the Kp values were calcu-
lated by using correlation analysis (Table 3). The
applicability of this model indicates the presence of
intra – particle diffusion process (Arora et al., 2019).

Fig. 5. (A) Natarajan & Khalaf, (B) Lagergren and (C) Bhattachary & Venkobachar
Plots for the removal of CR onto CAC and AIBC

Table 3. Results of Correlation Analysis of Adsorption
data of kinetic studies

S. Parameters Values
No CAC AIBC

1 Natarajan and Khalaf equation
Correlation coefficient (r) 0.9954 0.9733
102k (min-1.) 1.271 1.321
q(%) 38.61 30.56

2 Lagergren equation
Correlation coefficient (r) 0.9617 0.9587
102k (min-1.) 8.076 12.180
q(%) 8.300 1.857

3 Bhattacharya and Venkobachar equation
Correlation coefficient (r) 0.9617 0.9587
102k (min-1.) 8.076 12.180
q(%) 0.045 0.084
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The intra – particle diffusion plots are given in fig-
ures. The values intercept (Table 3) given an idea
about the boundary larger thickness that is the large
the intercept, the greater is the boundary layer effect
(Mall et al., 2005) and (Qin et al., 2019). The correla-
tions of the values of log (% removal) with that of
log (time) also resulted in linear relationships (as
evidenced by r values close to unity). These results
indicate the presence of intra – particle diffusion
process in adsorption of Congo Red. The divergence
in the value of slope indicates the presence of intra
particle diffusion process as one of the rate limiting
steps, besides many other processes controlling the
rate of adsorption, all of which may be operating si-
multaneously (Fu et al., 2019; Mall et al., 2005).

found to increase exponentially with the increase in
dose of adsorbent. This may be due to the increase
in availability of surface active site resulting from
the increased does of adsorbent and conglomeration
of the adsorbent especially at higher dose. The rela-
tive increase in the extent of removal of CR in found
to be insignificant after a dose of 2 gL-1 for CAC and
4 gL-1 for two IPACS. These are fixed as the opti-
mum dose of adsorbents. The percentage removal of
CR graph is shown in the figure.

Table 4. Statistical results of intra-particle models for the
adsorption of CR on CAC and AIBC at 30±1°C.

S. Parameters Adsorbents
No. CAC EOBC

I Intra-particle diffusion model
kp 118.6 83.28
Correlation coefficient(r) 0.9564 0.9541
Intercept 19.88 4.517
q(%) 0.015 0.143

II Log (% Removal) vs log (time)
Slope 10.58 22.07
Correlation coefficient(r) 0.9956 0.9697
Intercept 1.726 1.465
q(%) 62.91 58.05

Fig. 6. (A) Intra-Particle diffusion (B) log (time) Vs log (%Removal) Plots for the removal of
CR onto CAC and AIBC

Effect of dose of adsorbent

The effect of dose of adsorbent (CAC/IPACS) on the
amount of dye adsorbed was studied. The equilib-
rium value of amount adsorbed (qe) decreases with
increase in dose, the percentage removal of dye was

Fig. 7. Effect of Dose

Effect of Initial pH

The effect of initial pH of the dye solution on the
amount of CR adsorbed was studied by varying the
initial pH, under constant conditions of other pro-
cess parameters. The pH value changes slightly after
adsorption and a decrease in pH value is noted (pH
= pH final – pH initial). The optimum pH value is
fixed 6.6. The decrease and increase of pH, decreases
the amount of CR adsorbed. This is depending upon
the nature of surface functional group of the adsor-
bent and nature of the dose. The percentage removal
graph is given in the Fig. 8. The change in initial pH
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values of dyes solution significantly affect the ad-
sorption characteristic of acidic dye indicating that
removal of CR in enhanced by acidic solution.

Effect of Particle size of IPACS

The effect of particle size on the amount of Congo
Red dye adsorbed was studied by varying only the
particle size of IPACS as, 45, 90 …….. 250 microns
(Figure 9), but CAC was hot used since its particle
size is uniform and constant at 90 micron. The
amount of CR adsorbed increases with the decrease
in particle size of the adsorbent. This is due to the
increase in available surface area with the decrease
in particle size. There exists a linear relationship be-
tween the amount of dye adsorbed and particle size,
as evidenced by the r – value close to unity. Similar
observations have been reported for the adsorption
of dyes (Mall et al., 2005; Hsini, 2021; Panswad and
Wongchaisuwan, 1986; Qin et al., 2019).

the Q0 values, obtained from Langmuir isotherm,
which are given in the Table 2. The increasing order
to relative adsorption capacity of IPAC compared to
that of CAC is AIBC.

Characterization Studies

UV - Visible spectrophotometer

A stock solution of Congo Red (CR) (1000 mgL-1)
was prepared and suitably diluted to the required
initial concentration. The initial concentration (Ci) of
AB were also checked by observing absorbance at
605 nm (lmax) in UV- visible double beam spectro-
photometer (model no: 1700 made by shimazu Ja-
pan) and then interpolating it into the standard
curve (Raza et al., 2022 and Mittal et al., 2010). We
observed mainly three CR sorption bands located at
545, 370 and 250 nm respectively.

Fig. 8.  Effect of Initial pH

Fig. 9. Effect of Particle Size

Relative Adsorption Capacity

The values of relative adsorption capacity of various
IPAC compared to that of CAC are calculated from

Fig. 10. UV Visible Spectrum of Congo Red

FT-IR Spectroscopic Studies

The FT-IR spectra of CAC and AIBC before and af-
ter adsorption of CR were used to determine the fre-
quency changes in the functional groups in the
adsorbents.  FT-IR spectra of the adsorbent displays
number of absorption peaks, indicating the complex
nature of studied adsorbent (Uddin et al., 2017).
Table 5 presents the fundamental peaks of the ad-
sorbent before and after use. The peak around
3385.9 cm-1 and 1708.5 cm-1 represented bonded hy-
droxyl group and C=O stretching. The peak ob-
served at 1708.5 cm-1 corresponds to C=O stretching.
The peaks around 1614.7cm-1corresponds to the
C=C stretching and at 1037.4 cm1 corresponds to C–
O band. The observed peak of –OH, C=O and C–O
bands are shifted to 3448, 1891 and 1082 cm-1 when
CAC and AIBC are loaded with RB (Figure 11 and
12). It seems that these functional groups participate
in dye binding on the surface of CAC and AIBC.
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Textural studies using SEM

Scanning Electron Microscope (SEM) study gives
useful informations regarding the textural/morpho-
logical characteristics of the adsorbents (Mondal and
Kar, 2018). The SEM images of pure CAC and AIBC
(Figures 13, 14) show the porosity of the structure.
After dye adsorption, a significant change is ob-
served in the surface morphology of these
adsorbents. The adsorbents have a rough surface
and pores containing a new shiny and bulky par-
ticle.

It also shows that the particles can be included to
account for the irregularities. At higher magnifica-
tion, the globules are distinctly visible and they ap-
pear to be quite uniform with internal porous struc-
tures. The sizes of the particles of used adsorbents

were 90 microns. From the SEM picture we find well
aligned uniform pore network is developed upon
activation and pore shape is spherical layer struc-
ture (Sankari et al., 2025).

Thermo gravimetric Studies

The thermo grams recorded for that adsorbents and
dye adsorbed adsorbents are presented in Figures
15. It has been found that the samples undergo two
stages of thermal degradation in the temperature
ranges of 35.5 – 300°C and 300 – 900°C respectively.
The first stage of degradation is a single step, while
the second stage of degradation involves three steps,

Table 5. FT-IR Spectroscopic characteristic frequencies (   in cm-1) of CAC and AIBC before and after adsorption of CR

Adsorbents O-H C-H >C=O >C=C< C-O -CN =
stretching  stretching stretching bending stretching stretching

CAC 3446-3454 2424-2432 1631-1660 1612-1550 1119-1121 ——
CAC-CR 3437-3440 2969-2719 1631-1657 1380-1385 1118-1123 1526-1532
AIBC 3385-3448 2924-2938 1708-1891 1611-1600 1032-1082 —-
AIBC-CR 3444-3448 2244-2253 1733-1893 1444-1458 1037-1084 1560-1568

Fig. 11. FTIR Spectrum of before and after adsorption of
CR on CAC

Fig. 12. FTIR Spectrum of before and after adsorption of
CR on AIBC

Fig. 13. SEM images (A, B) of before and after adsorption
of CR on CAC

Fig. 14. SEM images (C, D) of before and after adsorption
of CR on AIBC

Fig. 15. TGA Spectrum of CAC and AIBC before and af-
ter adsorption of CR
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which are indistinguishable with lesser increase in
the quantities of weight losses. The peak tempera-
ture (T in °C) and weight loss (–m, in %) for the two
stages of degradation of the CAC, CAC-dye and
AIBC (Table 6).

About 17.73 – 31.31 % and 16.65 – 29.77 % of the
total weight losses are observed in AIBC and AIBC-
dye samples respectively. CAC has been reported
by E Merck, India, which the loss on ignition (LOI)
of sample is 95 % and hence the residue left after
ignition of CAC at 600 °C is approximately only 5%,
whereas for the indigenously prepared ACs the LOI
is of the order of 17.73 – 31.31 % of the total weight
loss at 900 °C. The dye loading on Adsorbents leads
to a decrease in thermal stability of these ACs.  It is
due to the presence of high content of refractoriness
and minerals in the respective Activated Carbons
(Crini, 2006).

Conclusion

Congo red dye is found to adsorb strongly on the
surface of carbons (CAC / IPACS). The equilibrium
adsorption is practically achieved in 30 min. The
percentage removal of CR increases with decrease
with initial concentration of the dye (CR), initial pH
and particle size of adsorbent, and increases with
increase in the contact time and dose of adsorbent.
Adsorption data were modeled with the Freundlich
and Langmuir adsorption isotherms and various
first order Kinetic equations at 30±10C. The results
suggest that pore diffusion ie. intra particle diffusion
is more important. Adsorption behavior is described
by a monolayer Langmuir type isotherm. The ad-
sorption process is found to be first order with intra
particle diffusion, as one of the rate determining
steps. The present study concludes that AIBC could
be employed as low cost adsorbents as alternative to
CAC for the removal of colour / dyes from water
and wastewater in general and for the removal of

Congo Red in particular.
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